VERDAZYL RADICALS WITH PERFLUOROPHENYL RINGS

0. M. Polumbrik, I. G. Ryabokon', UDC 547.883'221.07
and L. N. Markovskii

New formazans, tetrazines, and verdazyl radicals containing pentafluorophenyl
.residues were synthesized onthe basis of the reaction of perfluorophenylhydra-
zones withbenzenediazonium salts. The stabilities of the free radicals obtained
considerably exceed the stability of the diphenylpicrylhydrazyl radical.

Polyhalophenyl substituents in free-radical molecules have a substantial effect on their
stabilities, reactivities, and spectral characteristics, For example, in contrast to the
triphenylmethyl radical, the tris(pentachlorophenyl)methyl is extremely stable and is not
decompased even by strong mineral acids [1]. The perchlorodiphenylaminyl [2] and perchloro-
diphenylnitroexyl [3] radicals are just as stable. The introduction of a perfluorinated ben-
zene ring in the diphenylpicrylhydrazyl radical, on the other hand, lowers its stability and

affects the reactivity of the diphenylplcrylhydrazyl radical and its ability to undergo com-
plexing J4].

The formation of complexes with aromatic solvents is characteristic for verdazyl radicals
153]; this is assaeciated with the high spin density of the heterocyclic ring [6]. A study of
the dynamic polarization of the '°F nuclei of hexafluorobenzene in the presence of the tri-
phenylyerdazyl radical showed [6, 7] that contact interaction makes a substantial contribu-
tion ta polarization. It may be assumed that the introduction of high~complexing nuclei into
the yerdazyl molecule has a significant effect on its properties. In this connection, for
the firgt time we have synthesized verdazyl radicals with perfluorinated aromatic substituents.

A comparison of the conditiens for the synthesis of verdazyl, triphenylverdazyl [8], and
pother triarylverdazyl radicals [9] with perfluorophenyl rings indicates that the presence of
perfluorinated substituents has an appreciable effect not only on the stabilities of the rad-
icals but also on the ease of formation of the starting formazans, their tendency to undergo
cyclization to tetrazines, and on the oxidation of the latter to radicals.

Diazo coupling, whichleads to the formation of formazans IIa, b, proceeds only under
relatively severe conditions in alcoholic potassium hydroxide solution, whereas formazan Ilc
is readily obtained in pyridine.

The alkylation of fermazans IT with methyl iodide proceeds under approximately identical
conditiens, However, whereas in the case of formazan ITb the reaction stops with the forma-
tion of N-methylformazan IIIb, formazan IIc gives a mixture of products of alkylation of IIIc
and cyclizatien products, and the principal reactioen product in the alkylation of formazan
IIa is tetraliydrotetrazine IVa, According to [10], the alkylation of unsymmetrical formazans
takes place at the nitrogen atom bonded to the perfluorophenyl ring.

N-Methylformazans IIIb,c undergo cyclization in dimethylformamide (DMF) at 110-120°C.
In this case tetrazine IVc cannot be isolated in the individual state, since it is readily
oxidized te radical Vc. In coentrast to the leuco bases of the triphenylverdazyl radical and
tetrazine XVc, tetrazines IVa,b are stable under ordinary conditions, and this significantly
expands the possibilities for the study of their physicochemical properties; they are con-
verted to radicals only under the influence of lead dioxide or potassium ferricyanide.

Thus a perfluorinated substituent attached to the 3-C atom of formazans promotes the
stability of tetrazines and hinders their oxidation to radicals; this is explained by the
determining effect of this substituent on the configuration of the formazan chain [11]. The
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presence of a perfluorinated ring attached to the nitrogen atom increases the stability of
the verdazyl radical,
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The verdazyl radicals with perfluorophenyl substituents are crystalline substances that
do not underge decomposition on prolonged storage under ordinary conditions. Their stabili-
ties considerably exceed the stability of the well~known stable diphenylpicrylhydrazyl rad-
ical. Thus the addition of the latter to benzene solutions of the leuco bases of verdazyl
radicals leads to the instantaneous formation of the corresponding colored perfluorinated
yverdazyl radicals, The ESR spectra of radicals V consist of nine lines (Va) or nine groups
of lines (¥b,c), and this constitutes evidence for the approximate equivalence of the four
nitragen ateoms, The hyperfine splitting censtant (ay) is 6.25 G for Va and 6.5 G for Vb,c.
The g factor carresponds to the g factor of the triphenylverdazyl radical [8]. The charac-
ter and the parameters of the ESR spectra indicate that the introduction of perfluorinated
rings in the yerdazyl radicals leads to an increase in the spin density on the heteroring of
the verdazyl radical, and additional splitting on the fluorine nucleiis observed only if the
perfluorinated ring is attached to the nitrogen atom.

EXPERIMENTAL

The UV spectra of the compounds were recorded with a Specord UV-vis spectrophotometer.
The ESR spectra were recorded with a Varian E-3 radiospectrometer.

1,5~Diphenyl~3-pentafluorephenylformazan (IIa) and 1-Phenyl-3,5-bis (pentafluorophenyl)-
formazan (IIb). A seolution of 25 mmole of hydrazone I in 200 ml of ethanol and 4.2 g (30 -
mmole) ef an aqueous selution of benzenediazonium chloride were added simultaneously with
stirring at 0-3°C to a solution of 5 g of potassium hydroxide in 200 ml of ethanol. After
30 min, the coeling bath was removed, and the mixture was stirred at 20°C for 3 h. Water
(500 ml) was added, and the mixture was acidified to pH 6 with dilute acetic acid. The pre-
cipitated formazan was removed by filtration and crystallized from ethanol to give the prod-
uct in the form of red plates (see Table 1).

1,3~-Diphenyl-5-pentafluorophenylformazan (IIc). A total of 7 g (50 mmole) of an aqueous
solutien of benzenediazonium chloride was added at 0-3°C to a solution of 14.3 g (50 mmole)
of Ic in 150 ml of pyridine, After 1 h, the temperature was raised to 20°C, and the mixture
was stirred for 3 h, Tt was then diluted with 200 ml of water, and the precipitated formazan
wag removed by filtration and crystallized from acetone to give the product in the form of
dark-~red plates (see Table 1),

*The formation of radical V in the case of cyclization of formazans II with paraformaldehyde
or farmalin through a step involving the formation of salt VI was proved in [8, 9].
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TABLE 1. Formazans, sym-Tetrahydrotetrazines, and Verdazyl
Radicals with Perfluorophenyl Rings

Com- oc Found, % Empirical. Calc., %o Yield,
pound| TP ¢ | H ‘ N | F formula C | H l N| F] %

Ila 187—188 58,4128 [14,3124,1 CyioH F5Ny 585 (2,8 144} 24,3] 52
1Ib | 154—155 |474 1,1 {11,5] 392 CigHgF 10N 4751 1,3 [11,71396] 75
IIc 168—169 58,4128 (14,3 | 24,1 CioH 1 FsNy 58,5128 [14,4] 243 60
IIIb 110—1202 [ 485115 |11,3] 383 CooHgF1pNy 486116 (11,3384 53
Iva | 155—156b | 504 |32 [13,8]233 | CooHisFsNs |594 132 [13,8}235| 53
Ivb | 176—177b 485116 |11,3] 38,2 CaoHgF1oNs 486116 (11,3384 55
Va 144—145 59,5 (2,9 [139 23,5 CopH2F5N4 59,6 {3,0 {139 }236 60
Vb 118—119 4861 1,4 {11,1 [ 38,3 CooH7F 19Ny 48,7 1,4 11,4 138,5 40
Ve 120—121 59,5129 13,8232 CogH 2F5Ny 59,6 | 3,0 [13,9 (236 58

aUndergoescyclization. bsealed capillary,

1~Phenyl-3,5-bis (pentafluorophenyl)~5-methylformazan (IIIb) and1l,3-Diphenyl-5-pentaflu-
orophenyl-5-methylformazan (IIIc). A l4-g sample of BaO and 0.7 g of Ba(OH).*8H.0 were added
to a selution of 2.4 g (5 mmele) of formazan IIb in 100 ml of dimethylformamide (DMF) cooled
to 0~3%C, and 15 ml of methyl iodide was added dropwise to the resulting mixture. The mix-
ture was then stirred at 0-3°C for 1 h and at 20°C for 3 h, after which it was filtered to
remove the inorganic substances. The filtrate was mixed with benzene, and the mixture was
washed with water until the wash waters were neutral. The benzene solution was dried with
gadium sulfate and vacuum evaporated., The solid residue was crystallized from methanol—ace-
tene (3:1) to give the preduct in the form of yéllow plates. UV spectrum (in benzene), Apgx
(log €): 352 mm (4.5),

Alkylation of IIc under similar cenditiens gave a mixture consisting of 5-methylformazan
IIIc and its transformatien products (tetrazine IVec and verdazyl radical Ve). 5-Methylfor-
mazan was isolated in57 yield in the form of orange platesby chromatography witha columnfilled with
silica gel (elution with benzene). Formazan IIIc was oxidized immediately to radical Ve at
110-120°C in a sealed capillary. Found: N 13.6: F 23.3%. CzoHiaFsN,. Calculated: N 13.8;
F 23.5Z.

2,4~Diphenyl~6~pentafluorophenyl-l1,2,3,4~tetrahydro~-sym-tetrazine (IVa). A 12-ml sam-
ple of methyl iodide was added dropwise with stirring to a cooled (to 0°C) mixture of 1.95 g
(5 mmole) of formazan IIa in 50 ml of DMF, 5 g of Ba0O, and 0.5 g of Ba(OH).+<8H 0, and the
mixture was stirred at 0°C for 1 h and at 20°C for 2 h. It was then worked up as in the prep-
aration of IIIb and crystallized from ethanol to give the product in the form of colorless
needles (see Table 1).

2~Phenyl-4,6~bis (pentafluorophenyl)-1,2,3,4~tetrahydro-sym-tetrazine (IVb). A solution
of 2 g (4 mmele) of IITH in 15 ml of DMF was heated at 115°C for 5 min, after which 10 ml of
benzene was added, and the mixture was washed with water, dried with sodium sulfate, and
vacuum evaporated. The residue was crystallized from methanol—acetone (3:1) to give the prod-
uct in the form ef colerless needles. UV spectrum (in acetonitrile): inflection at 242 nm.

2,4-Diphenyl-6-pentafluorophenyl-3,4~dihydro-sym~tetrazin-1(2H)-yl Radical (Va) and 2-
Phenyl-4,6-bis (pentafluorophenyl)~3,4~dihydro~sym-tetrazin-1(2H)-yl Radical (Vb). A total of
20 ml1 of a 1 N selution of sodium carbonate and 5 ml of a 0.5 mole/liter solution of potas-
sium ferricyanide were added teo a solutlon of 2.5 mmole of IVa or IVb in 100 ml of benzene,
and the mixture was atirred for 10 min (IVa) or 50 min (IVb). The benzene layer was separated,
waghed te neutrality with water, dried with sodium sulfate, and vacuum evaporated. The res-
idue was crystallized frem ethanol to give green needles of tetrazine Va. UV spectrum (in
benzene), Apax (log €): 319 (4.12), 380 (4.04), and 675 nm (3.78). Tetrazine Vb was ob-
tained ag blue needles, UV spectrum (in benzene), Apax (log €): 315 (4.05), 372 (3.97), and
625 nm (3.67),

2,6-Diphenyl~4~pentafluorophenyl-3,4~dihydro~sym-tetrazin~1(2H)-yl Radical (Vc). A mix-
ture of 1 g of pavaformaldehyde, 40 ml of dry chloroform, and 5 ml of boron trifluoride ether-
ate was atirred for 20 min, after which a solution of 2 g (5 mmole) of TIc in 200 ml of
chloroform was added dropwise in the course of 2.5 h. The mixture was then stirred for 6 h,
after which 30 ml of 40Z formalin was added, and the mixture was stirred for 10 min. It was
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then transferred to a separator funmel, and 1 N sodium hydroxide was added until the color
changed from violet to green. The organic layer was worked up as in the case of IIIb, and
the residue was crystallized from.acetone-methanol (1:2) to give the product in the form of
green needles. UV spectrum (in benzene), Apax (log €): 385 (4.02) and 675 nm (3.63).
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