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Electrochemical Oxidation of 3-Amino-4,5-dihydro-I -phenylpyrazole 

By Brian D. Baigrie * and Trevor A. Joslin, Kodak Limited, Headstone Drive, Harrow, Middlesex HA1 4TY 
David W. Sopher, Brunel University, Kingston Lane, Uxbridge, Middlesex U B 8  3PH 

The electrochemical oxidation of 3-amino-4.5-dihydro-1 -phenylpyrazole in acetonitrile has been examined. One 
reversible oxidation wave was observed between the potentials -0.6 a n d  0.9 V versus s.c.e. Controlled potential 
electrolysis indicated the formation of a persistent red radical-cation which decayed to give mainly the dimeric 
species 3-amino-4.5-dihydro-l- [4'-(3-amino-4,5-dihydropyrazol-l -yl) biphenyl-4-yl]pyrazole plus a sma l l  
amount of 3-amino-I -phenylpyrazole. Kinetic studies using visible light spectroscopy a n d  e.s.r. were made in 
conjunction with the usual electrochemical techniques. 

1-PHENYLPYRAZOLIDIN-3-ONE (I) iS a Well known photo- 
graphic developer and its electrochemical properties in 
aqueous 2,3 and non-aqueous 4*5  media have been studied 
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extensively. 3-Amino-4,5-dihydro-l-phenylpyrazole 
(11), which is iso-x-electronic with (I), is however not an 
active developer in aqueous solution,6 possibly because 
of lack of solubility. Because we are interested in the 
behaviour of developers in non-aqueous media, a study 
of the oxidation of (11) in acetonitrile was undertaken. 
The results obtained between the electrode potentials of 
-0.6 and 0.9 V veysus saturated calomel reference 
electrode (s.c.e.) are reported in this paper. 

RESULTS 

Cy~Zic Voltammetry.-Cyclic voltammograms were ob- 
tained with a platinum wire working electrode (geometric 
surface area 3.5 x 
mol dm-3 (11) and 10-1 mol dm-3 tetra-n-butylammonium 
tetrafluoroborate or tetraethylammoniurn perchlorate. 
One reversible oxidation wave was observed between -0.6 
and 0.9 V veysus s.c.e. The oxidation peak potential 
occurred at 0.26 V with a corresponding reduction peak 
potential a t  0.20 V, with a voltage sweep rate (v) of 0.1 V SP. 

This reversible one-electron wave had a half-wave potential 
a t  0.21 V. A comparison of the oxidation peak current 
with the corresponding peak current observed for ferrocene 

which is known to undergo a reversible 
one-electron transfer 7 3 8  was made. The ratio of the peak 
currents of (11) to ferrocene was 0.95. Complete re- 
versibility of the current-voltage curves was observed with 
sweep rates above 0.01 V s-l, whilst a t  slower sweep rates 
the ratio of the cathodic to anodic peaks began to decrease 
indicating a slow following chemical reaction. A plot of 
the peak current function ip/v* against v* was horizontal 
between 0.4 and 0.01 V s-l indicating diffusion control a t  
0.26 V. 

During the oxidative sweep a red intermediate was 
generated which was removed by the corresponding 
reductive scan suggesting that the red species is probably 
the radical-cation of (11). 

Coulornelry .-Cyclic voltammograms were recorded during 

m2) in acetonitrile containing 

mol 

a controlled potential electrolysis at 0.26 V and the decrease 
in the oxidative peak current was plotted as a function of 
the charge passed. A linear relation was observed for a 
5 x mol dm-3 solution of (11) giving an n value of 0.91. 
This result was confirmed by polarography in acetonitrile 
(n 0.92, Ei 0.21 V). The diffusion coefficient of (11) was 
calculated from the IlkoviC equation to be 1.05 x 
1112 s-1. 

E.s.Y. Studies.-E.s.r. measurements were obtained from 
samples of (11) which were externally and internally electro- 
chemically oxidised . O  Both techniques gavc the same broad 

-50 G +50 G 
Resonance signal of the radical species (111). Field set 3 349 G; 

time constant 1.0 s ;  scan time 16 min; modulation frequency 
100 KHz; modulation amplitude 4 G 

signal using several concentrations of the generated radical 
in solutions degassed with nitrogen. The signal, which 
could not be resolved, is shown in the Figure. 

Kinetic Studies.-The red intermediate which was 

generated electrochemically was initially studied by visible 
light spectroscopy. A sample of the oxidised solution was 
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transferred rapidly from the anode compartment of the 
electrochemical cell to a spectrophotometer and scanned 

cm, 

dimerisat ion 1 

li 

475 nm. The absorption at 530 nin slowly decreased and a 
sharp absorption a t  Ann.,. 584 nni appeared and increased in 
intensity. Eventually a deep blue solution was obtained. 

The disappearance of the red intermediate as a function 
of time was monitored by following the decay of the 
absorbance a t  530 nm. The results indicated that the 
intermediate was decaying by a second-order reaction ; the 
decay of the second-order absorbance function ueyszIs time 
was linear over four half-lives. Similar experiments were 
also performed by monitoring the decay of the e.s.r. signal 
as a function of time. This signal was also found to decay 
by a second-order relation suggesting that the generated red 
intermediate was the radical-cation species (111). 

The second order homogeneous rate constant for the dis- 
appearance of (111) wa5 calculated to be 11.3 dm3 mol-l s-l 
from e.s.r. experiments. The initial concentration of the 
radical, which was necessary for the determination of the 
second-order rate constant, was obtained by coniparison 
with a known concentration of 2,Z-diphenyl- 1-picryl- 
hydrazyl in carbon tetrachloride solution. 

Controlled Potential EZectroZyses.-Controlled potential 
electrolyses were performed at 0.26 V in a divided glass cell 
containing platinum gauze electrodes (0.04 dm2). The 
major product isolated from the anolyte consisted pre- 
dominantly ( >SO:,; by n.1ii.r.) of 3-amino-4,5-dihydro- 
1 -[a'- (3-amino-4,5-dihydropyrazol- l-yl)biphenyl-4-yl]pyr- 
azole (V) (Scheme 1). A number of other products was also 
formed as indicated by t.1.c. Only one of these, 3-amino- 
1-phenylpyrazole (VIII) was obtained in sufficient quantity 
(9% current yield) to allow full characterisation. 
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SCHEME 1 

between 350 and 700 nni. The spectrum showed one 
strong absorption (Ama,. 530 nm) with shoulders at ,506 and 

DISCUSSION 

Our experiments indicate that (I) is 
oxidised to a red, persistent lo radical-cation (111). The 
persistence of this species may be attributed to extensive 
resonance stabilisation as indicated by the numerous 
possible mesomeric forms. By blocking the para- 
position of the phenyl ring, thus precluding the possi- 
bility of head-to-head dimerisation, an even more 
persistent radical-cation would be expected. Cyclic 
voltammetry of 3-amino-4,5-dihydro- 1- (9-toly1)pyr- 
azole showed a reversible oxidation process (E,  0.31, 
EPp 0.25 V) resulting in the generation of a red radical- 
cation with a lifetime of several weeks. 

Radical (111) slowly reacts via a second-order reaction 
to give a head-to-head dimeric product (V) as shown 
in Scheme 1. Similar reactions of this type have 
been reported for aromatic amines l1 and dihydro- 
pyra~oles . l~-~* 

The major product was initially obtained either as a 
blue-black monofluoroborate (IVa) or monoperchlorate 
(IVb) salt, dependent on the nature of the background 
electrolyte. The dihydrochloride salt of (V) could how- 
ever be obtained by crystallisation of (V) from concen- 
trated hydrochloric acid-water (1 : 1). The relative 
solubilities of the mono- and di-salts of (V) in aceto- 
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nitrile may explain why, contrary to our expectations, 
the monosalt was obtained. 

That the dimerisation had occurred in a head-to-head 
manner was confirmed by lH n.m.r. and mass spectral 
data. In the lH n.m.r. spectrum of (V) in deuteriotri- 
fiuoroacetic acid, a characteristic AA’BB’ pattern was 
observed at 8 7.38 and 7.72, each doublet integrating 
for four protons which was consistent with para-sub- 
stitution in the phenyl rings. In  addition, two triplets 
at 6 3.4 and 4.23 confirmed the presence of ring methylene 
groups. Detailed analysis of the mass spectrum 
supplied strong supporting evidence for structure (V) 
(Scheme 2). Accurate mass measurements of each of 
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SCHEME 2 

these fragments confirmed the postulated fragment a t  ion 
pattern (Table 1). 

TABLE 1 
mle Formula Calculated mass Measured mass 
320 CIEHZONfi 320.174 936 320.173 184 
252 Cl,H,I31C’, 252.137 490 252.135 842 
184 ClZHlZ~ 2 184.100 043 184.098 586 

Attempts to obtain an analytically pure sample of 
(V) were frustrated by the insolubility of the dimeric 
products in common organic solvents. Careful attempts 
to recrystallise (V) from 1-methylpyrrolidin-2-one or 
hexamethylphosphoramide under nitrogen invariably 
resulted in a more complex mixture of products. That 
products (VI) and (VII) were present was shown by mass 
spectral evidence (Table 2), and confirmed by n.m.r. 
data which recorded the appearance of four doublets at 

8 6.37,7.74, 8.04, and 8.22 assigned to the vinylic protons 
of (VI) or (VII). Attempts to isolate (VI) and (VII) 
were unsuccessful. 

TABLE 2 
mle Formula Calculated mass Measured mass 
318 C18H1EN6 318.159 289 318.158 663 
316 C18H16N6 316.143 637 316.142 572 

It is interesting to note that a blue solid was also 
obtained when (11) was chemically oxidised with nitrous 
acid or other oxidising agents in acid solutions,l5 
although the original authors did not assign a structure 
to this product. 

A $riori one would not expect acidic solutions of (V) 
to be strongly chromogenic; salts of radical-cations are 
known to give coloured solutions of various hues, 
Wurster’s salts and viologens being classic examples.16 
However, e.s.r. measurements a t  room temperature of 
acidic solutions of (V) and (IVb) indicated that no 
radical species were present. A likely explanation of the 
chromogenic properties exhibited by (V) in acid solution 
is the formation of a charge-transfer complex between 
(V) acting as a donor species and the appropriate acid 
acting as the acceptor [equation (l)]. In  accord with 

(V) + H X  -+ [(V)HX]* + [(V)+’][HX-’] (1) 
this postulate is the observation that A,,,. of the complex 
varied with changes in the acceptor component when a 
sample of the monofluoroborate (IVa) was dissolved in 
the appropriate acid and diluted with water (Table 3). 

TABLE 3 
Aqueous acid HC1 HBr HClO, 
A,,,./nm 59 1 589 588 
Aqueous acid H,SO, CF,COOH CH,COOH 
Amax./nm 587 586 584 

Moreover, a green solution (Amax. 600 nm) is obtained 
when dilute solutions of (V) and iodine in dimethyl 
sulphoxide are mixed. I t  is well known that hydrogen 
halides and strongly accepting halogens such as I, and 
IC1 can act as a-type sacrificial acceptors.l’ 

In  addition when (V) in dimethyl sulphoxide was 
added to a solution of 7,7,8,8-tetracyanoquinodimethane 
in dimethyl sulphoxide another green solution was 
obtained. Visible spectroscopy between 450 and 850 
nm showed an intense absorption, A,&,. 604 nm, with a 
narrow half-band width (20 nm). 7,7,8,8-Tetracyano- 
quinodimethane is a well known acceptor component 
in numerous charge transfer ~omp1exes.l~ 

The formation of (V) as a major product and (WII) 
as a minor product differs from our r e s ~ l t s , ~  obtained 
previously with l-phenylpyrazolidin-3-one (I), although 
similar trends have been reported in the oxidation of 
dihydropyrazoles.12 A simple rationale for our findings 
lies in the ease of proton loss from the radical-cation 
(IX) compared with (111). Cyclic voltammograms of 
(I) showed an oxidation wave for protonated substrate, 
formed by transfer of a proton from (IX) (Scheme 3). 

No such wave was observed in voltammograms of (II), 
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although a wave due to the oxidation of protonated (11) 
is obtained at  0.98 V (Ep) upon addition of 40% per- 
chloric acid, 

A further anodic oxidation wave observed at 1.27 V 
(E,) with a half-wave potential a t  1.19 V (sweep rate 
0.1 V s-l) was ascribed to further oxidation of (111). 
The separation between the initial oxidation peak at 

SCHEME 3 

0.26 V and this second peak was 1.01 V which militates 
against the possibility of disproportionation of (111) .18 

Although the magnitude of the separation between the 
two anodic waves is larger than that normally observed 
for the stepwise oxidation-reduction of a compound,18 
similar large separations have previously been re- 
p ~ r t e d . l ~ - ~ l  

Because disproportionation of (111) is highly dis- 
favoured, the most probable route to the minor product 
(VIII) is by slow proton loss followed bv further oxidation 
(Scheme 4). 

. I *  1 - l e  - ,- 

A 
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A similar mechanism is postulated for the electro- 
chemical formation of pyrazoles in the presence of 
bases.129 22 

EXPERIMENTAL 

Equipment.-To obtain U.V. spectra and study the decay 
of the radical species a Unicam SP 800 spectrophotometer 
was used. E.s.r. spectra were recorded on a Varian E 3  
spectrometer and n.m.r. spectra were recorded on a JEOL 
F X  100 instrument. Polarography was accomplished using 
a Radiometer PO4 Polariter. All other electrochemical 
equipment was as previously r e p ~ r t e d . ~  

Chemicals .-Acetonitrile (B.D.H.) was purified as previ- 
ously de~c r ibed .~  Ferrocene (B.D.H.) was used directly. 
Tetra-n-butylammonium tetrafluoroborate and tetraethyl- 
ammonium perchlorate (Eastman Kodak) were dried a t  
80 "C in a vacuum oven for ti h before use. 
3-Amino-4,5-dihydro-l-phenylpyrazole was prepared by 

the method of Duffin and Kendall 1 6 3 2 3  in 62% yield, m.p. 
168 "C (lit.,15923 168-169 "C). 

3-Amino-4,5-dihydro- 1 - (p-tolyl) pyrazole, prepared analo- 
gously, was obtained as plates from chloroform-petroleum, 
m.p. 142 "C (lit.,15*23 143 "C). 

Coiztrolled Potential E1ectrolyses.-A controlled potential 
electrolysis was performed a t  0.20 V u e r s w  s.c.e. with a 

J.C.S. Perkin I1 
divided glass cell containing tetraethylammonium fluoro- 
borate (16.5 g, 0.05 niol) in acetonitrile (5 x 10-1 d d )  with 
a working electrode compartment containing 3-amino-4,5- 
dihydro-l-phenylpyrazole (3.0 g, 0.019 mol). After passage 
of 1 205 coulombs, the precipitate in the working compart- 
ment was filtered off, washed well with acetonitrile and 
ether, and dried (Found: C, 53.4; H, 5.0; N, 20.4. 
C,,H,,N,HBF, required C, 53.0; H,  5.1; N, 20.6%). The 
mother liquors were concentrated to  half the original 
volume and on standing a further precipitate was obtained. 
The combined precipitates [1.8 g, 71% current yield based 
on the monotetrafluoroborate salt of (V)] were dissolved in 
trifluoroacetic arcid (1 x 10-l dm3) and the resultant deep 
blue solution was added dropwise to a saturated solution of 
sodium carbonate ( 5  x 10-l dm3). The fine beige pre- 
cipitate was filtered off and washed thoroughly until the 
washings were neutral. The precipitate (1.0 g) was dried 
and recrystallised from 1 -methylpyrrolidin-2-one to give a 
pale yellow product identified as 3-amino-4,5-dihydro- 1-[4'- 
(3-amino-4,5-dihydropyraxol- l-yl) biphenyl-4-yl]pyranole (0.8 
g, 40% current yield), m/e 320 (Found: M f ,  330.173 184. 
C1,H,,N6 requires iVf, 320.174 936) ; 6(CF3C022H) 3.48 
(4 H, t, CH,), 4.23 (4 H, t, CH,), 7.38 (4 H, d, aromatic), 
and 7.72 (4 H, d, aromatic). The dihydrochloride was 
obtained from concentrated hydrochloric acid-water (1 : 1) 
as a pale blue solid (Found: C, 50.6; H, 6.3; N, 19.9; C1, 
16.4. Cl,H,,N6,2HCl,2H,0 requires C, 50.4; H, 6.1; N, 
19.6; C1, 16.6%). 

The anolyte was further concentrated to 5 x lo-, dm3, 
ether (5 x dm3) was added, and the precipitated base 
electrolyte was filtered off and washed with ether. The 
filtrate was evaporated to dryness and the residue (2.4 g) 
was chromatographed on silica gel (150 g), eluting with 
chloroform. The major fraction was further purified by 
p.1.c. (toluene-ethyl acetate 1 : 1) to give, after recrystallis- 
ation from toluene-petroleum, 3-amino-l-phenylpyrazole 
(0.09 g, 9% current yield) as pale yellow needles, m.p. 90- 
92 "C (lit.,15 101 "C) (Found: C, 67.7; H, 5.8; N, 26.4%; 
fM+, 159. Calc. for C,H,N3: C, 67.9; H, 5.7; N, 26.4%; 
S(C2HC1,) 3.84br (2 H, exchangeable with 2H,0),  5.82 (1 H, 
d, C=CH), 7.0-7.6 (5 H, ni, aromatic), and 7.67 (1 H, d, 
HC=C) . 

A controlled potential electrolysis was also performed 
using tetra-n-butylammonium perchlorate as electrolyte. 
Both dimer and pyrazole were obtained as before from a 
work-up identical with that described above. 
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