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The structures and properties of a-(6-methyl-2-benzothiazolyl)- a-phenyl-g -picrylhydrazyl,
a-(2-methyl-6-benzothiazolyl)- a-phenyl-g -picrylhydrazyl, and their corresponding hydraz-
ines and complexes were studied by means of IR, UV, and visible spectroscopy and electrical
conductivity, The half-wave potentials and limiting currents for reduction on a dropping mer-
cury electrode were found for the hydrazines, The charge and spin densities of the investi-
gated compounds were calculated by the Hiickel MO and MacLachlan methods. It is shown that
in the case of strong interaction with a medium the characteristics of the trinitrophenyl groups
of the picrylhydrazines are practically the same, regardless of the structure of the hydrazine
residue bonded to them,

It is shown in {1, 2] that the simplest hydrazyl—diphenylpicrylhydrazyl (DPPH) — exists in solutions
as a charge-transfer complex with solvent molecules.

The aim of this investigation is an explanation of the dependence between the structures and proper-
ties of two isomeric radicals and their hydrazines in solution, viz., ¢ ~{6-methyl-2-benzothiazolyl)-a-
phenyl-3 ~picrylhydrazyl (I), o-(2-methyl-6-benzothiazolyl)-a-phenyl- g-picrylhydrazyl (II), o-(6-methyl-
2-benzothiazolyl)-a-phenyl-5 -picrylhydrazine (II), and o-(2-methyl-6-benzothiazolyl)-« -phenyl- g-picryl-
hydrazine (IV).

For comparison, data were also obtained for DPPH and its hydrazine (DPPHy) and for sym-trinitro-
bhenzene (TNB).

It is known that the frequency of the asymmetrical vibrations of the nitro groups for aromatic com-
pounds is more sensitive to a change in the structure of the aromatic residues than the frequency of the
symmetrical vibrations. InIII, IV, and DPPHy, the frequencies of the symmetrical vibrations are constant,
while the frequencies of the asymmetrical vibrations of the nitro groups for these hydrazines are also
practically constant and are almost the same as those for TNB.

The potentials for the reduction of the nitro groups of TNB and the indicated picrylhydrazines differ
only slightly (Table 3). The conductivities of the piperidine complexes of picrylhydrazines IIl and IV and
DPPHy, and TNB are practically identical (Fig. 1).

Benzene solutions of III and IV do not have maxima at 280-500 nm (Table 2). Two maxima at 320~
340 and 420-440 nm appear when piperidine is added to them. The maximum at 430 nm is characteristic
for the complex of TNB with piperidine [4], and the short-wave maximum (320-340 nm) is identified from
the absorption maxima of the corresponding diarylhydrazines: «-(6-methyl-2-benzothiazolyl)-a-phenyl-
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TABLE 1, Characteristic Absorption Bands of Radicals and Hydra-

zines
Frequency, cm™!
Compound VnmE N Vo N < V>N—c,,
DPPHh' 3260 Acum. 1548vys 1306 s —
Cum. 1343 vs
DPPH — Acum. 1530 vs 1295 g 1215 m
Cum. 1330 vs
111 3288w Acum. 1542 vs 1306 m —
! CumM. 1344 m
v 3295w Acum. 1546 s 1303 m —
CuM. 1344 vg
I — Acum. 1536 s ) 1300 w
Cum. 1330 vs decrease in in- | 1214 w-m
tensity

* The values presented for DPPH and DPPHy, concur with the data
in [3, 4].

t For 1,3,5-trinitrobenzene, asym 1550 cm~! (vs) and sym 1340
cm™! (vs).

TABLE 2. Electronic Absorption Spectra

hmu:cl' A’maxz’ emaacl' Bmaac2'
Compound nm nm liter/mole - cm| liter/mole - cm
I 360 570 9400 6750
I 340 540 10620 ' 9800
DPPH 320 525 11900 8500
1l No absorption
v No absorption
DPPHy 320 6200 —
DPPHy, + piperidine 325 430 12300 16600
III + piperidine 320 440 24000 21000
1per1d1ne 345 430 18200 18000
DPPHP yridine 320 525 12200 8600
dP 326 450 6000 4100
II + 1d1ne 340 540 11200 9500
III + idine — 430 — 7400
iphenylhydraz. 295 13750
310 23750
VI 317 13250

hydrazine (V) and oz—(2—methy1—6—benz6thiazoly1)—oz -phenylhydrazine (VI) (Table 4). A benzene solution of
DPPHy, has a maximum at 320 nm. A maximum appears at 430 nm during complexing, while a small shift
and an increase in intensity is observed for the maximum at 320 nm [4].

On the basis of the above, it can be assumed that as a result of complexing of I, IV, and DPPHy, with
piperidine due to considerable charge transfer from piperidine there is a pronounced weakening of the bond
of the picryl group with the hydrazine nitrogen atom, and by virtue of this, the individﬁality of the diaryl-
hydrazine residue is manifested more here than in benzene solutions of the investigated hydrazines. In
other words, the picryl residue in the examined compounds turns out to be, as it were, doubly bonded. In
benzene solutions of III, IV, and DPPHy, the intermolecular interactions are weaker as expressed in their
different conductivities, which depend on the structure of the hydrazine bonded to the trinitrophenyl group.
In addition, the reduction potentials of 2,6~dinitrophenylhydrazines V and VI and diphenylhydrazine and the
conductivities and optical parameters of their benzene —piperidine solutions also depend on the peculiarities
of the hydrazine component.*

All of this provides a basis to suppose that III, IV, and DPPHy, form charge-transfer complexes in
benzene —piperidine solutions, in the crystalline state, and during reduction on a dropping mercury electrode;
within the limits of these complexes, the picryl grouping displays properties which are independent of the
residue bonded to it.

* This is the subject of a special communication.
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TABLE 3. Half-Wave Potentials and Limiting Current Constants*

Compound A Eyp¥ 1 By, L/AN LA K K K
111 0,075 0,47 0,727 0,987 1,33 2,02 | 14 2,71
v 0,058 0,47 0,692 0,985 1,34 1,17 | 1,94 | 4,27
DPPHy, 0,077 0,497 0,737 0,993 1,415 1,81 1 1,814 211
1,3,5-Trinitro- — — 0,64 1,045 1,33 — 1,36 | 1,09

benzene | !

*Depolarizer concentration ¢ = 0.8 mmole /liter,

+ When the hydrazine concentration is increased above 0.8 mmole /
liter the accurate determination of E,, of the first wave is hindered
as a consequence of distortion of the wave due to the maximum. For
1,3,5-trinitrobenzene the maximum appears when ¢ = 0.2 mmole/liter.
f The height of the second wave remains almost unchanged when the
concentration is increased. Nevertheless, this wave appears only for
picrylhydrazines and does not appear for 2,6-dinitrophenylhydrazines
and 1,3,5-trinitrobenzene.

** The fifth wave is markedly distorted by the maximum, particularly
at concentrations above 0.8 mmole/liter. The accuracy of the deter-
mination of E, /, and K is consequently lowered, K =J/cm?/’3T!/%,
where J is in microamperes, ¢ is in millimoles per liter, m is the
dropping rate (in milligrams per second), and T is the dropping time
(in seconds).
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Fig. 1. Specific conductivity of the benzene —piperidine —acceptor system as a function of the
piperidine concentration (n is the volume ratio of piperidine and a benzene solution of the ac-
ceptor with a concentration of 1 - 1072 mole/liter): 1) in the absence of acceptor; 2) with
sym-trinitrobenzene; 3) with DPPHy; 4) with IIT; 5) with IV,

Fig. 2. Specific conductivity of the benzene —hydrazyl —pyridine system as a function of the
pyridine concentration (n is the volume ratio of pyridine and a benzene solution of the
hydrazyl with a concentration of 1 - 1072 mole/liter): 1) in the absence of hydrazyl; 2) with
DPPH; 3) with I; 4) with II.

Fig. 3. Volt-ampere characteristics of benzene solutions of: 1) DPPHy; 2) III; 3) IV,
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Fig. 4a. Charge densities (Hiickel MO) of DPPHy, III, and IV.
Fig. 4b. Spin densities (MacLachlan, upper number) and charge densities (Hickel MO) of DPPH,

I, and II.
TABLE 4
Radical Ay lA AitAy, An Aa.
v ’ Oe ( Oe Oe SH0.L Oe
I 0,607 l 16,81 6,35 10,46 6,12
I\ 0,841 17,68 8,08 9,60 5,61
DPPH 0,83 17,68 8,03 9,65 5,29

Interesting results were obtained during an investigation of the properties of I, II, and DPPH. Thus,
in the IR spectra of II and DPPH (the IR spectrum of I was not obtained since this radical is not isolated in
the crystalline state) a decrease in the frequencies of the asymmetrical and symmetrical vibrations of the
nitro groups from 1546 to 1536 em™! and from 1344 to 1330 cm™! is observed, and the intensities of the
band at 1300 cm™! decrease appreciably for both radicals. Finally, a new band of medium-weak intensity

appears at 1214 cm™. The latter can probably be assigned to the >N—Cap grouping,

Close results are observed in a study of the conductivities of pyridine complexes of I, II, and DPPH.
However, according to the parameters of the electronic and ESR spectra, the investigated radicals are dif-
ferent, The hydrazyls also differ substantially in reactivity. The rate constant of the reaction of I with

benzylphenylamine is almost two orders of magnitude greater than for II. DPPH is virtually unreactive
with this amine,

As already noted, in benzene solutions the interaction of I, II, and DPPH with the medium is small in
comparison with such donors as piperidine or pyridine. A considerable difference is therefore observed
in the electronic ESR spectra as a function of the structure of the hydrazine component of these radicals.

It is apparent that the reduction proceeds through the formation of an intermediate complex in which
the picryl group is blocked, and the rate of hydrogen transfer from the amine to the hydrazyl nitrogen is
already determined by the structure of the hydrazine residue.

434



It should be noted that both I, II, and DPPH as well as the complexes of their hydrazines with piperid-
ine are characterized by the appearance of maxima at 320-360 nm. In addition, a decrease in the intensity
at 1300 cm™! and the appearance of a new band at 1208-1214 cm ™' are noted for DPPH and the complex of
DPPHy, with piperidine [4]. The formation of stable complexes apparently leads to substantial energy
changes in the system. In this respect, the disappearance of the absorption maximum of I in the visible re-
gion with simultaneous preservation of the short-wave maximum and the appearance of the characteristic
absorption of the complex of I with pyridine (Table 2) is remarkable; the solution remains paramagnetic in
the process,

EXPERIMENTAL

Molecular Spectra, The IR spectra (Fig. 1) were obtained with a UR-20 double-beam IR spectro-
photometer, The samples were prepared. as KBr pellets, The spectra of identical substances investigated
as pellets and mineral oil pastes coincided. In view of the complex structures of the compounds investi-
gated, the spectra of model compounds were obtained. The results are presented in Table 1.

UV and Visible Spectra, The electronic absorption spectra of benzene solutions of the following were
obtained with an SF-4 spectrophotometer: radicals DPPH, I, and II; hydrazines DPPHy, III, and IV (1 - 1073
mole /liter); complexes of these radicals with pyridine; and complexes of their hydrazines with piperidine
(Table 2).

Conductivities. The conductivities of benzene —piperidine solutions of hydrazines III, IV, and DPPHy,
and of benzene —pyridine solutions of radicals I, II, and DPPH (Figs. 1 and 2) were investigated with a setup
similar to that described in [5]. The conductivities of benzene solutions of hydrazines III, IV, and DPPHy,
are presented in\Fig. 3.

Polarography. The reduction of 1,3,5-trinitrobenzene, IIi, IV, and DPPHy, on a dropping mercury
electrode was carried out with an LP-60 polarograph. Dimethylformamide solutions of the hydrazines (0.4
to 2 mmole /liter) with a background of a 0,1 M solution of tetraethylammonium iodide in anhydrous dim-
ethylformamide were studied. Sludge mercury was used as the unpolarizable electrode, The capillary
parameters were T = 2.6 sec, and m = 1.3 mg/sec for H = 400 mm. The recordings were obtained at from
0 to —2 V. In addition, the anode wave from +0.25 to —0.1 V was obtained, All of the investigations were
carried out at 24°, The results of the polarographic investigations are presented in Table 3.

,ESR Spectra, Degassed benzene solutions of I, 11, and DPPH (1 - 107% mole /liter) were obtained with
an RE-1301 radiospectrometer, The hfs constants were constructed with an M-20 computer via a method
similar to that described in [6] (Table 4).

Quantum-Chemical Calculations, The calculation of the spin densities of I, II, DPPH were carried
out according to the method of MacLachlan, while the charge densities for I, II, DPPH, II, IV, and DPPHp
were calculated using the Hiickel MO method. The results are indicated in the formulas in Figs. 4a and 4b.
The major parameters for the calculation were the same as those used in [7], while the parameters for the
CHj group were taken from [8],
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