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It was proved tha t the limiting current of ca thodic waves of ten studied 3- a n d 4-subst i tuted 
3-phenyl iminoxindole derivatives has diffuse character a n d tha t t h roughou t the whole range of p H 
reduct ion of these c o m p o u n d s involves two electrons. These results, together with e lect rophoret ic 
a n d spec t ropho tomet r i c measurements , isolation of hydrolysis products and s tudy of electron-
- t ransfer propert ies of the system, show that 3-phenyl iminoxindole derivatives exist in solut ions 
in var ious forms . 

It is known tha t isatin, i.e. 2,3-dioxoindole, exists in solut ions in var ious forms , depending 
on p H of the s o l u t i o n 1 , 2 . These fo rms are shown in Scheme 1. 

We have conf i rmed all these fo rms polarographical ly and spectroscopically. Our investiga-
t ions 3 show tha t the electronic absorp t ion spectra, publ ished by several a u t h o r s 4 - 1 1 , were 
measured in solut ions in which var ious fo rms of 2,3-dioxoindole were present. T h e s t u d y 3 

proved fu r the r tha t 2,3-dioxoindole exists in O l M - N a O H as an ion of isatinic acid which under-
goes a two-electron reduct ion and af fords the dimeric p roduc t . 

La ter , po la rograph ic i n v e s t i g a t i o n s 1 2 ' 1 3 have shown tha t the s t ructure of 2,3-dioxoindole 
depends on p H of its solution. Dioxindole , which is s t ructural ly close to 2,3-dioxoindole, was 
studied po l a rog raph ica l l y 1 4 whereas ano the r w o r k 1 5 used the po la rograph ic m e t h o d for the 
identif icat ion of isatin, dioxindole , ph tha l imide a n d indigo carmine. Recent po la rographic 
s tudy of isatin and N-methyl isat in in d i m e t h y l f o r m a m i d e 1 6 have conf i rmed the radical me-
chan ism of ca thod ic reduct ion of these c o m p o u n d s . 

This paper represents a continuation of spectrophotometric investigations of some 
3-phenyliminoxindole structures17 and of kinetic studies1 8 - 1 9 of basic hydrolysis 
of some 3-phenyliminoxindole derivatives (/). Following 3-phenyliminoxindole 
derivatives (/) are investigated: 

1. 4 ' -N(CH 3 ) 2 ; 2. 4 ' -NH 2 ; 3. 4 '-OH; 4. 4 ' -OCH 3 ; 5. 4 ' -OC 2 H 5 ; 6. 4 ' -CH 3 ; 7. 3 '-CH3 ; 
8 . — H ; 9. 4'-Br; 10. 3'-Cl. 

Since the compounds / are isatin derivatives we can anticipate that they will • 
exist in various forms depending on p H of their solutions The aim of this investiga-
tion is a basic polarographic study of the compounds I, i.e. characterisation of the 
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limiting polarographic currents, determination of the number of electrons in the 
electrode reaction, identification of various forms of compounds I at various pH 
of their solutions and study of transfer of electronic substituent effects. 

E X P E R I M E N T A L 

Derivatives of 3-phenyliminoxindole were prepared in a previous w o r k 2 0 according to re f . 2 1 . 
All reagents used were of analytical purity (Lachema, Brno). 3-Phenyliminoxindole was hydro-
lysed at 30°C in 5 . .10"3m solutions with added 1 . 10~ 2m-HCI. After 2 hours the hydrolysis 
products were extracted with ether and identified polarographicaily in O-lM-NaOH, by the melting 
point (2,3-dioxoindole melts at 201 —2°C) and by comparison of RF values using thin-layer 
Silufol plates. The hydrolysis products were found to be 2,3-dioxoindole and aniline. 

Polarographic measurements were performed on an LP-7 polarograph (Labora torn i prlstroje, 
Prague) in a Kalousek cell, thermostated using a Wobser U8 (Mechanik Priifgerate, Dresden) 
thermostat . D r o p time of the dropping mercury electrode was 2-3 s in 1m-KC1 and at 0 0 V; 
reservoir height 70 cm, rate of mercury flow 2-72 m g s - 1 . Saturated calomel electrode (s.c.e.) 
was used as the reference electrode. Measurements of pH were performed using a P H M - 2 6 
(Radiometer, Copenhagen) pH-meter with G-202 B and K 401 electrodes. 

Sp;ctra were measured in the region 350—700 nm on a Perkin-EImer 402 spectrophotometer 
in 1-24 . 10 ~ 4 to 2-5 . 10~ 4m solutions of / w i t h 25% of methanol added; cell thickness 1-000 cm, 
accuracy -±_2 nm. Electrophoretic measurements were carried out on paper W h a t m a n N o 2 
8 x 160 mm in a chamber of own construct ion, the potential gradient being l O V c m - 1 . The 
power pack made by Tesla, Prelouc, was used as source. The compounds were studied in 0-1m-
- N a O H and in Br i t ton-Robinson buffers (B-R). The ionic strength was adjusted to 1 = 0 1 
by addition of KC1. Tn order to increase the solubility, 40% (v/v) of ethanol were added in all 
measurements. The polarographic parameters were calculated f rom the curves taken five minutes 
after the solutions had been mixed. The accuracy of the half-wave potentials is + 5 mV. Since 
half-wave potentials of the compounds I and of the anions of a-anilisatinic acids arising f rom 
them were very similar and exhibited different dependence on pH, it was possible to distinguish 
between them only using high-resolution derivative polarography and working only at certain 
pH. The found limiting currents of compounds 1 and a-anilisatinic acids were thus uncertain 
and therefore in the region of pH 6-8 — 8-8 the sum of limiting currents of the both forms was 
used in the plot of z'Hm against pH. All measurements were performed on freshly prepared solu-
tions. Most of the a- constants used in the correlations were taken f r o m the work of M c Daniel 
and B r o w n 2 2 . The a constant for the 4 - 0 ~ substituent was taken f rom r e f . 2 3 and that for 
4 - O C 2 H 5 f r o m r e f . 2 4 because these two constants are not listed in re f . 2 2 . Calculations were 
carried out on a Minsk 21 digital computer using trivial programs. 

H 

/ 
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RESULTS AND DISCUSSION 

Polarographic Measurements 

Substituted 3-phenyliminoxindole derivatives exhibit throughout the whole range 
of pH one or two cathodic waves which can be assigned to various forms of the com-
pounds I and to their hydrolysis products. Fig. 1 depicts the dependence of half-wave 
potentials on pH for some of the compounds I . At pH 1, 3-phenyliminoxindole and 
its studied derivatives exhibit only one cathodic wave. Its half-wave potential does 
not depend on the kind of substituent and is about —310 mV in 0-IM-HCI. We see 
(Fig. 1) that the half-wave potential depends linearly on pH, the slope d£ 1 / 2/dpH 
being 0-050 V. The limiting current of this wave (Fig. 2) is lower than the limiting 
currents at higher pH values. This wave corresponds to cathodic reduction of 2,3-dio-
xoindole — one of the acid hydrolysis products of compounds I . The already known 
fact that compounds I undergo an acid hydrolysis to the original components 2 5 - 2 7 , 
i.e. to 2,3-dioxoindole and substituted aniline derivatives, was confirmed by the isola-
tion and identification of 2,3-dioxoindole (m.p. 201 —202°C (Fig. 3). Curves 5 and 6 
(Fig. 3) correspond to the cathodic reduction of 2,3-dioxoindole and 3-phenylimino-
xindole, respectively, in 01M-HC1. The half-wave potentials and heights of both 
waves are identical. The identity of one of the acid hydrolysis products of compounds 
I with 2,3-dioxoindole was also proved polarographically in OLM-NaOH in which 

FIG. 1 
Dependence of Half-wave Potentials of Ca-
thodic Waves of Some 3-Phenyliminoxindole 
Derivatives on pH 

Measured in 2 . 10~4M solutions of com-
pounds / in 40% (v/v) ethanol, / = 0-1. 
®4 ' -NH 2 , O H, • 3'-CI. 

pH 

FIG. 2 
Dependence of Limiting Current of Cathodic 
Waves of Some 3-Phenyliminoxindole Deri-
vatives on pH 

For composition of the solutions and 
description see Fig. 1. 
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2,3-dioxoindole exists as the anion of isatinic a c i d 1 - 3 (curve 2 in Fig. 3). Curve 3 
in Fig. 3 corresponds to a 5 . 10_4M solution of 3-phenyliminoxindole in 40% ethanol 
and in (MM-HCI to which 2M-NaOH was added to make the final solution (MM 
in NaOH. The curves 2 and 3 in Fig. 3 have identical half-wave potentials (approxima-
tely — 1500 mV) and, taking into account the mentioned dilution with 2M-NaOH 
in the case of the curve 3, also the same limiting current values. From these, as well 
as from electrophoretic and spectrophotometric measurements on 3-phenyliminoxin-
dole, it follows that in an acid medium compounds I undergo rapid hydrolysis to the 
polarographically active 2,3-dioxoindole and to substituted aniline derivatives. 

In the region pH 2-8-4-8 (Fig. 1) two polarographic waves can be distinguished. 
Besides the already discussed polarographic wave at more negative potentials, cor-
responding to 2,3-dioxoindole (product of acid hydrolysis of I), a wave was observed 
at more positive potentials, which is attributed to reduction of the C = N bond in com-
pounds I. In solutions of pH 3—4-7, where the above-mentioned acid hydrolysis 
of compounds I is observed, the sum of the limiting currents of the cathodic waves 
is constant and identical with that found for the range pH 4-8 — 12 (Fig. 3). In solu-
tions of pH < 4 the limiting current of the more positive wave decreases as the re-
sult of the hydrolysis, and at pH < 2-8 only the acid hydrolysis product can be polaro-
graphically detected. From the dependence of the limiting current on time it also 
follows that in the region pH 3 — 5 the kinetics of the acid hydrolysis of compounds I 
can be studied polarographically, particularly in the case of derivatives with electron-
-accepting substituents, because the half-wave potentials of the reduction of these 

FIG. 3 

Derivative Po la rogram 
Measured in 2 . 10~ 4 M solutions of the compared c o m p o u n d s in 40%(v /v ) e thanol , 1= 0-1, 

200 mV/abc , S.C.E. 1 2 ,3-Dioxoindole 3-oxime in O l M - N a O H , f r o m — 900 mV; 2 2,3-dioxo-
indole in O l M - N a O H , f r o m — 900 mV; 3 a solut ion of 3-phenyl iminoxindole in OIM-HCI, 
treated with 2M-NaOH to obta in p H 13, f r o m — 900 mV; 4 3-phenyl iminoxindole in 01M-
- N a O H , f r o m —400 mV; 5 2,3-dioxoindole in 01M-HC1, f r o m —100 mV; 6 3-phenyl iminox-
indole in (MM-HCI, f r o m - 1 0 0 mV. 
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compounds differ sufficiently f r o m that of their hydrolysis product , i.e. 2,3-dioxoindole 
(Fig. 1). 

Fo r the cathodic wave due to reduct ion of the C = N bond in the studied com-
pounds the slope d£ 1 / 2 /c / p H is 0-070 V (in the interval p H > 3 to about p H 10). 
At p H > 6-8 this wave overlaps with the cathodic wave corresponding to reduction 
of the a-anil isat inat anion, which is fo rmed by reversible hydrolysis (Fig. l). The 
plot of the half-wave potentials of this second wave against p H has the slope d £ 1 / 2 / d 
p H = 0-036 V (with the exception of compounds 1 — 3). Since the values of half-wave 
potentials for compounds / and the corresponding a-anilisatinic acids change differently 
with p H , the half-wave potentials of the both fo rms coincide in solutions of p H 7 — 8. 
Both fo rms were polarographical ly detectable at p H 6-8 and 8-8. 

At p H > 12 (Fig. 2) it is possible to observe a polarographic curve with a half-wave 
potent ia l of abou t — 1 500 mV, corresponding to cathodic reduct ion of the hydro-
lysis p roduc t of compounds I — isatinate anion — in an alkaline medium. 

Curve 4 in Fig. 3 corresponds to cathodic reduct ion of a-anilisatinic acid in 0-1M-
- N a O H ( £ 1 / 2 = — 750 mV). At abou t — 1 5 0 0 m V the curve 4 shows the format ion 
of the isatinat anion, which arises in a non-reversible alkaline hydrolysis of com-
pounds / , and the half-wave potential of which is identical with tha t of the curves 2 
and 3. The curve 1 corresponds to cathodic reduction of d ioxindole 3-monoxi-
m e 2 8 " 3 0 . A compar ison of the limiting current of curve 1 with the limiting current 
of curve 2, the corrected limiting current of curve 3 and with the sum of the limiting 

£T 

Fig. 4 

Plot of Half-Wave Potentials of the Cathodic 
Reduct ion of 3-Phenyliminoxindole Deriva-
tives against • Hammet t a Substituent Con-
stants 

B - R buffer solutions of pH 6-8 (below) 
and of p H 8-8 (above). 
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currents of curve 4 shows that in the whole region of pH the studied compounds J, 
as far as they are not hydrolysed on the mercury dropping electrode, undergo a two-
-electron reduction. From the dependence of the limiting currents on concentration, 
temperature and mercury column height, it follows that the limiting currents are 
of diffuse character when measured under conditions, which do not allow significant 
operation of non-reversible hydrolysis reactions. 

The influence of substituents on the polarographically active center was proved 
by linear plots of the half-wave potentials of compounds I against a substituent con-
stants28. The half-wave potentials were correlated with the a constants at pH 6-8, 
8-8, 11-8 and 13. 

Fig. 4 depicts the plot of the half-wave potential of the C = N bond reduction 
against d-constants at p H 6-8 and 8-8. At pH 6-8, the polarographic wave at more 
positive half-wave potentials (gn = +0-104 + 0 003 V; r = 0-991) corresponds to 
cathodic reduction of the C = N bond in compounds / . At pH 8-8, the parameters 
of this correlation are gK = +0-108 + 0-004 V; r = 0-991 (the polarographic wave 
at more negative half-wave potentials). 

Compound 1 was not included in both correlations; its half-wave potential was 
found at more positive values than would be expected from the linear correlations 
with a values. The electronic spectra of this compound in B—R buffer solutions 
exhibited also deviations17. 

Half-wave potentials for the C = N bond reduction in a-anilisatinic acids were 
correlated with a constants and following parameters were obtained: 

at pH 6-8 Qn = (0 076 + 0-005) V, r = 0-972; at pH 8-8 gK (0-069 ± 0-003) V, 
r = 0-985; at pH 1 1 - 8 ^ = (0-071 + 0-003) V, r = 0-990; at pH 1 3 ^ = (0-076 + 
± 0-006) V, r = 0-991. 

We did not include compounds 1—3 in the linear correlations at any pH values, 
since their d £ 1 / 2 / d pH values differ from the values for the other compounds. 

These linear correlations indicate a lower electron-transfer ability of the anions 
of a-anilisatinic acids as compared with the transfer ability of the compounds I. 

Electrophoretic and Spectrophotometry Measurements 

Electrophoretic measurements of both 3-phenyliminoxindole and 2,3-dioxoindole 
in solutions of pH < 1 - 8 showed in both cases spots migrating towards cathode and 
having an identical electrophoretical mobility. These spots correspond to a protonat-
ed form of 2,3-dioxoindole. As has been shown in the polarographic part of this 
study, 2,3-dioxoindole is formed by rapid hydrolysis of 3-phenyliminoxindole. In solu-
tions of p H 1-8 — 4-8, 2,3-dioxoindole is also formed by acid hydrolysis of 3-phenyl-
iminoxindole but since it is not protonated it remains at the start. The hydrolysis 
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of protonated 3-phenyliminoxindole is shown by a cathode-migrating spot with 
a 10% lower electrophoretical mobility as compared with protonated 2,3-dioxoindole. 
At pH > 10-5 the isatin ring is reversibly hydrolysed to a-anilisatinate anion. 

Non-reversible hydrolysis of C = N bond in the a-anilisatinate anion occurs at 
pH > 12 and affords 2,3-dioxoindole and aniline19. The electrophoreograms of such 
alkaline solutions exhibited a rapidly migrating spot with a 10% lower mobility 
than the a-anilisatinate anion. 

Molar extinction coefficient of the 3-phenyliminoxindole absorption band, situat-
ed in the visible region, was correlated with pH of the solution (Fig. 5). At pH 1 — 3, 
the value of the molar extinction coefficient, e416 , is 7 1 0 m o l l - 1 c m - 1 ; this is the 
value for the n -> n* transition in 2,3-dioxoindole31. The part of the curve in the 
region pH 2-8 — 4-8 corresponds to a mixture of protonated 3-phenyliminoxindole (/) 
and 2,3-dioxoindole (VII), formed by acid hydrolysis of I. The value of molar ex-
tinction coefficient at pH 5 — 10 corresponds to n-n* transitions in 3-phenyliminoxin-
dole {II, III). At pH > 10-5 the value of the molar extinction coefficient decreases 
as the result of a reversible hydrolysis of II or III to the anion of a-anilisatinic acid 
(/F). The lower molar extinction coefficient of this anion, as compared with that 
of 3-phenyliminoxindole, is caused by a lower electron-transfer ability of the anion. 
Analogous results of the spectrophotometric measurements throughout the whole 
pH region were obtained for all the compounds I with the exception of the derivative 
3 in which the acidity of the 4'-OH group manifests itself in alkaline media17. 

On the basis of the experimental material obtained in this study and of the polaro-
graphic method of determination of equilibria (ref.30, p. 20 and foil.), the equilibrium 
between the particular forms of 3-phenyliminoxindoles can be described by the 
Scheme 1: 

3 0 0 0 

e, l"1- mo I-cm'1 

2000 -

1000 -

F I G . 5 

Dependence of the Molar Extinction Coef-
ficient of 3-PhenyliminoxindoIe on pH 

Concentration of 3-phenyliminoxindole 
1 - 2 4 - 2 - 5 . 10~4m , 25% (v/v) of methanol 
added, 7 0-1. 
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