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A study is made of the polarographic behavior of some halogen and
mercury derivatives of phenyloxazoles. By considering the mechanism
of electroreduction, it is ascertained, that, the first polarographic
wave corresponds to reduction of the halogen or mercury-containing
substituent, and the second to reduction of the heterocyclic ring. By
analysis of polarographic data it is shown that the electron density
sequence for carbon atoms in the oxazole ring is C-2 < C-§ < C-4.

Study of electrophilic substitution reactions showed
[1~3] that the electron density in the oxazole ring,
which under certain conditions exists as the oxazolium
cation, lies in the order C-5 > C~-4 > C-2, However
these results did not enable conclusions to be drawn
regarding relative distribution of electron density in
the nonionized heterocyclic ring. Polarographic in-
vestigation of the appropriate series of substituted
oxazoles gives definite information regarding the
nonionized form.

It was previously shown [4, 5] that oxazole deriva-
tives with aryl substituents at positions 2 and 4, or
2 and 5, are respectively reduced at the mercury
dropping electrode at group C=N and C=C, giving
4-electron waves, or at groups C=N, C=C, and C—0,
giving 6-electron waves. Furthermore the oxazole
derivatives show hydrogen catalytic waves.

The present paper sets out the results of an investi-
gation of the polarographic behavior of 1, 3-oxazole
derivatives, having in addition to phenyl substituents in
the oxazole ring, substituents at the 2,4, 2,5, and 4,5
positions, which are either halogens or contain mer-
cury. For comparison, a study is made of 4, 5-di-
phenyl-, 2-(4-bromophenyl)-5-phenyl- and 2-bromo-
methyl-5-phenyl-1,3-oxazoles, hitherto not investi-
gated polarographically.
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Fig. 1. Polarographic waves of some 1, 3~
oxazole halogen derivatives (compounds
numbered as in table); 1) XVII, C = 0,38
mM/l, Eq = -0.33 V; 2) XI, C = 0.26 mM/,
Eg =~0.33 V; 3) V, C=0.30 mM/, Eg =
=-0,31 V;4) VI, C =0.28 mM/l, Eg =

= =~0.34 V,
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Fig. 2. Polarographic waves of some oxazoles

having mercury-containing substituents (com-

pounds numbered as in table); 1) VI, C = 0,48

M/1; Eq =—0.30 V, 2) XII, C=0.98 M/1, Ey =
=—=0.27 V.

The table and Figs. 1 and 2 give the results ob-
tained. The table shows that phenyl substituted oxa-
zoles (I, IV, IX) are reduced by diverse mechanisms
at the mercury electrode. Polarographic reduction of
IV, IX, XV has already been considered [4, 5]. For I
we found only one 4~electron wave, belonging to re-
duction of the C=N and C=C bonds of the oxazole
ring. Like IV, and unlike IX, there is, as follows
from the values of n (see table) no scission of the
C—Obond in I;

Ph—C—N . Pt~ C-—NH - Ph—HC—NH
Pn—é‘\ofn v oZe + 2H — ph~5\0/c'n2 +2ze +2H — phonl_ CH,

o

i

All the oxazole halogen derivatives give two polaro-
graphic waves (Fig. 1). The first of these, at a poten-
tial of —0.6 to 1.8 volts, is absent for the correspond-
ing oxazole derivatives not containing halogen. The
half-wave potential for this wave changes on changing
the halogen, moving to positive values on passing from
bromine to iodine, Obviously, in the molecules of the
oxazole halogen derivatives reduction of the C—Hal
bond is characterized by the first wave, this bond, as
in other organic compounds [6] being reduced by a
2-electron mechanism, e.g.:

H alﬁl(;—N HCwN

; N o
ph—C  Copn T 26 T 2H — pyoq  Copp tHHa
o~ o’

X1, Xu Hat - Br, |

From the table it follows that the facility of re-
duction of the C—Hal bond in oxazoles rises in the
order Hal—C-4 < Hal—C-5 < Hal—C-2, showing that
the carbon atoms are unequal, Here the clearest dif-
ference is found between the C-4 position, on the one
hand. and the positions C-5 and C-2 on the other, which
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Polarographic Characteristics of 1, 3-Oxazole Derivatives

Com- i 1 | K
Eq/9, V (relative. d d
pound Compound* t1/t2h I K= ——a—- n= *r
rg':e?- ca?omglt?:értl:ode ¢ Cm%'rl/“ 607 -D
Ph—C—N
I P (u — -223| — 56 | — 3.8 (4)
[¢]
Ph—~C—N
11 iy —062 | —226 | 25 45 1202) 35(4)
[
Ph—C—| _ _
1311 P ;_HEOM 102 | —227 | 22 48 [21(2)] 404
v o IV — | —2.16 —_ 6.2 — 42 (4)
A
Ph—Cnmr)
\Y Br—(, /ﬁ_ph —-131 | 213 | 35 6.9 |22(2)] 48(4)
» Ph—C—N
A2 1-€_ £-pn —0.67 | —208 | 34 57 1242 41(4)
Ph—g—N
VII|  Acomg—C_ E—ph —121 ) —209 | 22 49 |1.8(2)] 4.0 (4)
N..EC_Ph
VI ""—Qoﬁ"'"rfﬁ’ C—ph 4 —123 | —193 | 47 95 |42(4)] 84(8)
H—c—y Ph—C—N
IX ht Bpw — | -207 — 8.0 — 5.5 (6)
\o/
X ,,*,',:ﬁ\_"é_,,h,,._ ] —1.75 | —2.00 | 36 85 (26(2) 63(6)
Br—C—N
XI Ph—C_ C—Ph —169 | —203 | 30 68 [21(2) 474
I—C—P-N
X1 Ph—C_ C—ph -1.02 | —192 | 34 58 |24(2)| 424
AcOHg—C—N
XII|  ph=d_ {—pn —067 | —191 { 07 70 |06(1)| 58(6)
o —1.21 0.7 0.6(1)
Ph ’o‘c P
X1V Ncomg b | —L80 | —200 | 44 | 145 |39(9)] 128(12)
Ph—C_ C—Ph
H—C\—O—N
XV - }‘:'—Cﬂa unreduced
XVI Ph_g P—cu b ~057| — | 26 — 182 -
Br—C—\-.iN
XVl ph—a\oﬁ-cu, -183| — 3.3 — 123(2) —_
1-¢—N
XVIIT| o EcHy ~ta| — | 36 | — 28] —
XIX Aw:ﬁ’_'ﬁ\—v_c"a —0.40 (ill-defined wave)
o’ -0.77 —1.901 1.1 | 4.7 10.9(1)‘ 3.9 (4)

*Ac = CH3—CO; Ph = phenyl group.
*Rounded off values of n are given in parentheses,
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are very alike with respect to polarographic proper-
ties. Replacement of a phenyl group at C-2 by methyl,
makes reduction of C-4 halogen even more difficult,
as would be expected from its positive inductive effect.
Hence, themost electrophilic center in the oxazole ring
is C-2, and the order of increasing electron density
of the oxazole ring carbon atoms is C-2 < C-5 < C-4,
Atthesametime, the oxazole ring carbon atoms' reac-
tivities change to another sequence, for electrophilic,
subsitution reactions, viz, C-2 < C-4 < C~5, obviously
due tothe formation under those conditions of an oxazole
cation with the corresponding heterocyclic ring elec-
tron distribution.

Considering the effect of the oxazole ring as a
substituent on the half-wave potential of C—Br in

phenyl or alkyl, it can be seen that in oxazole X, where

the bromine atom is in the phenyl group, or in XVI,
where the bromine atom is linked to an alkyl group,
the half-wave potentials corresponding to reduction
of the C—Br bond are considerably lower than those
of, for example, bromobenzene [7], p-bromodiphenyl
[8], or of bromoalkylaryls [7] and bromoalkyls [7],
but are approximate to the values of the half-wave
potentials of alkyl bromides containing powerful elec-
tron-accepting groups. Hence, the electronic effect
of the oxazole ring as a substituent in a benzene ring
or in an alkyl chain is an electron-accepting one.

The second polarographic wave of the halogenoxa-
zoles lies inside the limits of the reduction potentials
of unsubstituted phenyloxazoles (~1.9 to —-2.2 V) and
it is not very sensitive to the nature of the halogen or
its position in the oxazole molecule, Toall appearances
this wave characterizes the reduction of the hetero-
cyclic part, Though formally E, /, for the second waves
of all halogen derivatives should coincide with E1/2
of the corresponding unsubstituted oxazole, actually,
as can be seen from the table, they are rather more
positive than E;/; for the unsubstituted oxazole. This
is obviously connected with the effect of the halogen
anions at the double electric layer formed during
electrolysis, For all the halogen-substituted oxazoles
investigated, independent of the positions of the sub-
stituents in the heterocyclic ring with respect to one
another, the wave proves to be a 4-electron one, but
it is absent for XVI, XVII, and XVIII, as the cor-
responding unsubstituted oxazole XV itself behaves
as a polarographically inactive compound.

Oxazole derivatives with mercury acetate sub-
stituents in the heterocyclic ring are reduced at a
mercury dropping electrode to give one 2-electron,
or two l-electron waves, in addition to waves char-
acterizing reduction of the heterocyclic ring. By
analogy with reduction of other organomercruy com-
pounds [9, 10], these waves can be ascribed to re-
duction of the mercury-containing substituent accord-
ing to the equation

CH,COOHg~R+e+H*— R—Hg+CH,COOH

R-Hg+H+e— RH+Hz, where R = diphenyloxazolyl.

Two-electron waves arising when oxazolylmercury
derivatives III, VII and VII are reduced are distorted
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by polarographic maxima, and addition of gelatin to
the solution under investigation leaves these maxima
practically unenlarged (Fig. 2, curve 1).

Still another 4-or 6-electron wave is observed with
oxazolyomercury compounds, in the region of poten-
tials of reduction of unsubstituted phenyloxazoles, and
in all probability this is characteristic of reduction of
the oxazole part.

The polarographic behavior of dioxazolylmercury
compounds VIII and XIV is characterized by two com-
plex waves, one of which, a 4-electron one at lower
potentials, obviously belongs to the reduction of the
mercury substituent, while the second, an 8- (VII) or
12-electron one (XIV), corresponds to the reduction
of two oxazolyl rings.

EXPERIMENTAL

All the compounds here investigated were synthesized and purified
as described in [1, 2]. The polarographic measurements were made
with a LP-55A polarograph and a sensitive mirror galvanometer, ~1.5 -
- 107° a/mm, The capillary used had the following properties: m =
=1,96 mg/sec, T = 38 sec (without applied potentials). The base
electrolyte was 0.02 N Et,NI in 92% MeOH. Standard solutions of the
compounds studied were prepared in a 30% benzene —70% MeOH
mixture, concentration ~10"% mole/l. An electrolyzer with an in-
ternal anode, whose potential was checked against a saturated calomel
electrode was employed,
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