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Abstract
Full Text

Chemistry
V. A. GINSBURG, A. Ya. YAKUBOVICH, A. S. FILATOV, V. A.
SHPANSKII,
E. S. VLASOVA, G. E. ZELENIN, L. F. SERGIENKO, L. L. MAR-
TYNOVA
and S. P. MAKAROV

PREPARATION, PYROLYSIS, AND PHOTOLYSIS OF
POLYFLUORINATED ALIPHATIC AZO COMPOUNDS
(Presented by Academicians I. L. Knunyants and M. I. Kabachnik on 1 VI 1961)

A number of methods for preparing polyfluorinated aliphatic azo compounds
have been described (1). For a more complete characterization of these little-
studied substances, we developed several other methods for the synthesis of
polyfluoroazoalkanes and their derivatives. It was found that polyfluorinated
azo compounds are formed:

a) by vapor-phase reduction of the corresponding azoxy compounds, in a
nitrogen atmosphere, over carbon with vapors of phosphorus trichloride
at 100–150∘

𝑅𝑓𝑁 = 𝑁(𝑂)𝑅′
𝑓

PCl3−−−→ 𝑅𝑓𝑁 = 𝑁𝑅𝑓 + POCl3;
b) by oxidation of the corresponding hydrazo compounds containing the

groups 𝑅𝑓𝑁𝐻 (𝑅𝑓 = CF3, CF2𝐻, etc.), synthesized by reduction of the
corresponding azoxy compounds, for example, with hydrogen iodide:

𝑅𝑓𝑁𝐻𝑁𝐻𝑅′
𝑓

O−→ 𝑅𝑓𝑁 = 𝑁𝑅′
𝑓 .

As oxidizing agents for the hydrazo derivatives listed, halogens (Cl2, Br2), nitro-
gen oxides, chromic acid mixture, potassium permanganate in acetic acid, and
others were used.

c) by fluorination of linear or cyclic azines with cobalt trifluoride in a flu-
orocarbon medium at 90–120∘, or with elemental fluorine (diluted with
nitrogen) at −10∘.

𝑅2𝐶 = 𝑁 − 𝑁 = 𝐶𝑅2
F2−→ 𝑅2𝐶𝐹𝑁 = 𝑁𝐶𝐹𝑅2,
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N − NRC� �CR
NHNH

F2−→ 𝑅𝐶𝐹2𝑁 = 𝑁𝐶𝐹2𝑅 + 𝑁2 + 2𝐻𝐹;

d) by vapor-phase fluorination on CoF3 at 100–150∘ of nitriles of polyfluoro-
carboxylic acids and hydrogen cyanide

𝑅𝑓𝐶 ≡ 𝑁 → 𝑅𝑓𝐶𝐹2𝑁 = 𝑁𝐶𝐹2𝑅𝑓 .

Some derivatives of polyfluoroazoalkanes were synthesized:

e) by halogenation (vapor-phase chlorination under ultraviolet irradiation
at 300∘, or fluorination on cobalt trifluoride at 50 ÷ 80∘) of hydrogen-
containing azo compounds, for example:

𝑅𝑓𝑁 = 𝑁𝐶𝐻3
Cl2−−−→

u.-v.
𝑅𝑓𝑁 = 𝑁𝐶𝐻𝐶𝑙2

or

𝑅𝑓𝑁 = 𝑁𝐶𝐻3
CoF3−−−→ 𝑅𝑓𝑁 = 𝑁𝐶𝐻𝐹2 and others;

f) by the usual transformations of functional groups present in them.

in the aliphatic radical of the fluorinated azo compound:

RfN=NCH2CH2OH

PCl5−−−→ RfN=NCH2CH2Cl
(CH3CO)2O
−−−−−−−→ RfN=NCH2CH2OCOCH3,

RfN=NCH2CH=CH2
Br2−−→ RfN=NCH2CHBrCH2Br etc.

The starting azo compounds used in reactions (d) and (e) were obtained by
condensation of polyfluorinated nitrosoalkanes with the corresponding amines,
as described by us earlier (1). The constants of the substances obtained are
given in Table 1.

Polyfluorinated azo compounds are yellow-colored liquids (or gases), which ex-
plode on heating, od—

Table 1

Properties of newly synthesized polyfluoroazoalkanes
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No. Compound
b.p.,
°C/mm𝑑20

20 𝑛20
𝐷

Found
C,
%

Found
H,
%

Found
N,
%

Found
F,
%

Found
Cl
(Br,S),
%

Calculated
C,
%

Calculated
H,
%

Calculated
N,
%

Calculated
F,
%

Calculated
Cl
(Br,S),
%

1 CF3N=NCHF2−9 — — 16.7015.851.141.5719.8619.0564.2264.78— 16.220.68 18.9064.20 —
2 CF3N=NCF2Cl4.5 — — 13.0313.13— 15.5315.2352.8753.0419.2 13.1 — 15.3 52.2 19.5
3 CF2ClN=NCF2Cl40.5 1.4581.3275— — 13.7014.0339.1839.1636.1336.19— — 14.1 38.2 35.7
4 CF2ClN=NCFCl278.0 1.5131.327512.5312.65— 14.7514.5726.7626.8449.0251.5111.1 — 13.0 26.5 49.5
5 CF3N=NCH2Cl48 1.4401.378015.0116.050.780.8119.2219.50— — 16.381.36 19.1 38.9 —
6 CF3N=NCHCl280 1.4521.386014.3514.851.161.4514.8213.5038.0029.82— 13.300.60 15.4531.42 —
7 CF3N=NCCl355/921.6151.462810.5711.08— 7.146.8429.6425.12— 11.17 — 6.50 26.5 —
8 CH3SCF2N=NCF2SCH344/5 1.4151.458322.3022.303.203.0011.6411.9225.2235.90S 21.612.73 12.6134.24S28.81
9 (CH3)2CFN=NCF2SCH390/3 1.4351.511523.2623.863.563.2010.6410.6624.6028.8328.6724.0 3.60 11.2022.8038.40
10 (CH3)2CFN=NCF(SCH3)2140/51.4061.614327.2826.654.203.8312.9812.8112.2112.5136.2237.2225.9 4.32 10.4013.2 S46.16
11 CF3N=NCH2CH2F66 1.1801.3460— — 18.5718.3751.63 — — — 19.4052.78 —
12 CF3N=NCH2CHF245 — — 22.5022.401.601.5517.5817.6757.6357.80— 22.221.85 17.2858.64 —
13 CF3N=NCH2CF328 1.360<1.3 21.020.501.992.0016.3016.2063.0163.51— 20.0 1.11 15.5663.33 —
14 CF3N=NCHFCF317 — — 18.2118.351.250.9813.1013.4067.7567.98— 18.300.50 14.1068.00 —
15 CF3N=NCH2CH2OH34/9 1.3201.353024.9524.653.974.3020.1120.4440.3740.10— 25.353.52 19.7240.14 —
16 CF3N=NCH2CH2OCOCH345/101.2251.361032.4033.284.903.9515.2014.77— — 32.603.80 15.22 — —
17 CF3N=NCH2CH2OCOCF334/8 1.4291.326824.9924.842.702.8112.0712.8047.7148.18— 25.201.68 11.7647.90 —
18 CF3N=NCH2CH2Cl88 1.3011.359022.8123.104.003.5017.6517.1236.1636.4023.7223.6122.432.50 17.4595.5122.20
19 CF3N=NCH2CHFCl43/300.4491.365020.1420.121.881.5014.9615.1543.0043.0019.9219.5020.201.68 15.8042.6019.85
20 CF3N=NCH2CF2Cl48 1.4591.314318.1718.551.270.9513.2013.2643.5943.9617.0617.0018.601.00 14.2043.5018.00
21 CF3N=NCHFCHFCl31/1001.48701.343718.8518.791.671.6613.4113.5244.5044.6017.8217.7318.601.00 14.2043.5018.00
22 CF3N=NCH2CH=CH247 1.0731.3325— — — 40.4040.80— — — — 41.30 —
23 CF3N=NCH2CHBrCH2Br52/7 1.8831.452316.3016.151.631.659.368.86— Br53.1354.4016.111.67 9.40 — Br53.69
24 [CF3N=NCH2CH2N(CH3)3]Cl120°

m.p.
— — — — — — 16.3016.40— — — — 16.15

25 HCF2CF2N=NCF2CF2H58 1.577<1.3 20.9320.711.031.1012.3012.4466.1566.30— 20.840.88 12.1866.10 —
26 CF3CHFCF2N=NCF2CHFCF398 1.652<1.3 21.9821.920.700.79—

8.68
69.3069.44— 21.810.60 8.50 69.10 —

however, they are appreciably more stable than their analogs containing no
fluorine. The pyrolytic decomposition of polyfluorinated azo compounds, as
is known, has been studied only with hexafluoroazomethane as an example (2),
and the formation of tetrafluoromethane and tetrafluoroethylene was shown. We
have investigated these transformations in greater detail. It turned out that hex-
afluoroazomethane is slowly pyrolyzed at 400∘ in a copper tube (a mixture with
nitrogen containing 9% by volume of hexafluoroazomethane does not explode),
decomposing into molecular nitrogen and hexafluoroethane:

CF3N = NCF3 → N2 + CF3−CF3.
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Polyfluorinated analogs of hexafluoroazomethane decompose in a similar way,
for example:

C2F5N = NC2F5 → N2 + C2F5−C2F5

or

CF3N = NCHF2 → N2 + CF3−CHF2,

CF2ClN = NCF2Cl → N2 + CF2Cl−CF2Cl.

As can be seen, the pyrolytic decomposition of polyfluorinated azo compounds
may serve as a method for the synthesis of the corresponding polyfluoroalkanes.
At higher temperatures (600—700∘), decomposition of hexafluoroazomethane
gives other products, including tetrafluoromethane, tetrafluoroethylene, and
soot, which indicates thermal decomposition of the trifluoromethyl radicals
formed as intermediates:

CF3N = NCF3 → 2CF3 ⋅ +N2,

CF3⋅ → CF2 ∶ +F → CF ∶ +F → C + F,

2CF2 ∶→ CF2 = CF2,

CF3 ⋅ +F → CF4.

When working with high concentrations of azo compounds, the rate constant of
the decomposition reaction of hexafluoroazomethane has a very small tempera-
ture coefficient (𝐸act ∼ 5 kcal/mol), which indicates the chain radical character
of the reaction.

Table 2

Nos. Compound b.p., °C 𝑑20
20

1 CF3N(CF2H)N(CF2H)CF3 55 1.520
2 CF3N(CF2H)N(CF3)N(CF2H)N(CF2H)CF3133 1.648
3 CF3N(CH3)N(CH3)CF3 76 1.408
4 CF3N(CH3)N(CF3)N(CH3)N(CH3)CF375/135 1.570
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Experiments on the pyrolysis of hexafluoroazomethane at low concentrations
of the azo compound (10—20 mm Hg in a nitrogen atmosphere; at 300—350∘)
lead to a value of 𝐸act for the decomposition reaction of ∼ 55 kcal/mol (cf. (3)).
The free-radical character of the decomposition of aliphatic polyfluorinated azo
compounds is also clearly manifested in the reactions of their photolysis. In ac-
cordance with the data of Desse and Young, as well as Pritchard and Trotman-
Dickenson (4,5), we have shown that in ultraviolet light hexafluoroazomethane
is destroyed with the formation of perfluorotetramethyl- and perfluorohexam-
ethylhydrazine and tetrazine.

It should be emphasized that polyfluorinated hexaalkyltetrazines have remark-
able stability; their thermal decomposition begins only at 350—400∘:

(CF3)2N⋅N(CF3)N(CF3)⋅N(CF3)2 → (CF3)2N⋅N(CF3)2 + CF3N = NCF3.

Some analogs of hexafluoroazomethane behave similarly. Thus, on photolysis of
trifluoro- and pentafluoroazomethane, the corresponding substituted hydrazines
and tetrazines were isolated (see Table 2).

The structures of the mixed substituted hydrazines and tetrazines (established
with the aid of mass spectra* and a number of chemical transformations) [[un-
clear: continuation cut off on this page]]

* The mass-spectral study was carried out by S. S. Dubovyi and A. M.
Khokhlova.

showed that, for unsymmetrical azo compounds of the type CF3N = NR, addi-
tion of an active free radical occurs preferentially at the nitrogen atom of the
azo group adjacent to the less electrophilic group. The free-radical character of
the transformations described for polyfluoroazoalkanes is clearly illustrated by
the reaction of the latter in ultraviolet light in the presence of free-radical ac-
ceptors. Thus, on photolysis in the presence of chlorine, hexafluoroazomethane
is converted into trifluorochloromethane; in the presence of nitrogen oxide or
methyl nitrite—into trifluoronitromethane. Fatty-aromatic azo compounds of
the type RfN = NC6H5 proved stable to the action of high temperatures and
ultraviolet light.

The reactions of polyfluorinated azoalkanes indicate a general tendency of sub-
stances of this type toward homolytic dissociation into free polyfluorinated rad-
icals and a nitrogen molecule.

The same tendency is also illustrated by the behavior of the indicated com-
pounds toward electron impact: in the mass spectra a considerable intensity of
the ion N+

2 is observed. In this connection it is of interest to note that the py-
rolytic decomposition of hexafluoroazoxymethane (at 250–300°)—a compound in
which elimination of molecular nitrogen is hindered—proceeds differently, with
predominant cleavage of the molecule at the N = N bond. Among the products
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of this reaction were found trifluoronitromethane, trifluoromethylcarbylamine di-
fluoride, and hexafluoroazomethane, apparently formed according to the scheme

CF3N
O−−−→ NCF3 → CF3N ∶ +CF3NO → CF3NO2 + CF3N=CF2

∣ ⟶ CF3N=NCF3

Received
1 VI 1961
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