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Abstract
Full Text

Chemistry
A. Ya. Yakubovich, V. A. Ginsburg, S. P. Makarov, V. A. Shpanskii,
N. F. Privezentseva, L. L. Martynova, B. V. Kir’yan, and A. L. Lemke

OXIDATION, REDUCTION, AND DISPROPORTIONA-
TION REACTIONS OF POLYFLUORONITROSOALKA-
NES
(Presented by Academicians I. L. Knunyants and M. I. Kabachnik, June 1, 1961)

Whereas the chemistry of aromatic nitroso compounds has been studied in con-
siderable detail, nitrosoalkanes still remain little investigated, although in recent
years a number of works have appeared devoted to methods of synthesis and
to the study of certain properties of polyfluoronitrosoalkanes (1−4). Methods
for the synthesis of polyfluoronitrosoalkanes from polyfluoroolefins and nitrogen
oxides, or from nitrogen oxide and halides in ultraviolet light (5,6), appear to be
the most accessible and have enabled us to obtain various nitroso compounds
with functional groups in quantities sufficient for their detailed investigation.

Below are presented the results of a study of the polyfluorinated nitrosoalkanes
synthesized by us with respect to oxidizing and reducing agents. The indicated
transformations were also studied using the simplest polyfluoronitrosoalkane—
trifluoronitrosomethane—as an example.

Possessing strongly pronounced electrophilic properties, polyfluorinated
aliphatic nitroso compounds proved to be rather resistant to the action of
acidic oxidizing agents (nitric, permanganic, and chromic acids, halides).
At 150–200° Hopcalite oxidizes nitroso compounds to the corresponding
polyfluoronitroalkanes:

RfNO
MnO2−−−−→ RfNO2.

In aqueous alkaline media trifluoronitrosomethane is slowly converted into tri-
fluoronitromethane and hexafluoroazoxymethane:

3CF3NO → CF3NO2 + CF3N2(O)CF3.

The action of aqueous alkali solutions on trifluoronitrosomethane was first
described by Ruff and Giese, who erroneously assumed that trifluoronitro-
somethane is isomerized in this process to difluorocarbaminoyl fluoride (7).
In practice, the indicated compounds are formed not in the molar ratio
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represented in the scheme, but with predominance of the nitro product. Thus,
at room temperature with a 10% aqueous NaOH solution, the molar ratio
of the products formed, CF3N2(O)CF3/CF3NO2, is ∼ 0.6. In the presence
of oxidizing agents the yield of trifluoronitromethane increases; in the case
of the use of a 10% aqueous solution of sodium hypochlorite, trifluoroni-
tromethane is formed in more than 90% yield based on trifluoronitrosomethane.
Conversely, the addition of reducing agents to the alkaline solution changes
the ratio of the resulting azoxy and nitro derivatives toward an increase in
the yield of hexafluoroazoxymethane. Thus, in a 10% aqueous solution of
sodium hydroxide containing 10–12% sodium hypophosphite, the conversion of
trifluoronitrosomethane into hexafluoroazoxymethane reaches 90%.

Haszeldine, considering the disproportionation reaction of trifluoronitro-
somethane under the action of aqueous alkalis, suggests that trifluoromethylhy-
droxylamine is formed as an intermediate in this process (8).
This scheme is unconvincing, since trifluoromethylhydroxylamine is completely
mineralized in alkaline media (see below).

The oxidation–reduction disproportionation of trifluoronitrosomethane may be
represented, for example, by the scheme:

CF3N�(+)=O�(−) + OH(−) →

→ [CF3N(O(−)

OH ) CF3N(O(−)

OH )
CF3N�(+)=O�(−)

−−−−−−−−−→ CF3N(O⋅N(CF3)O(−)

OH )] →

→ CF3NO2 + [CF3N(−)−OH]

[CF3N(−)−OH + CF3N�(+)=O�(−) → CF3N(OH)−N(O(−)

CF3
)] →

→ CF3N=N( O
CF3

) + OH(−).

This scheme is consistent with the behavior of trifluoronitrosomethane toward
nucleophilic reagents in nonaqueous media. Thus, this nitroso compound read-
ily combines with triethyl phosphite or trimethylamine, forming at low tempera-
tures in ether (−70∘) complexes of composition 1 ∶ 1 (in moles), which, under the
action of an excess of trifluoronitrosomethane, liberate hexafluoroazoxymethane:

CF3NO + P̈(OC2H5)3 → CF3N=O
CF3NO

−−−−−−−−→
↑ P̈(OC2H5)3

CF3N2(O)CF3 + OP(OC2H5)3,
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CF3NO + N̈(CH3)3 → CF3N=O
CF3NO

−−−−−−→
↑ N̈(CH3)3

CF3N2(O)CF3 + [(CH3)2NH] + CH2O.

These transformations resemble the known reaction of phosphinomethylenes
and phosphinimides with oxidizing agents. Indeed, trifluoronitrosomethane, on
interaction with the latter, forms the corresponding polyfluoroazo compounds:

(C6H5)3P=NR + CF3NO → (C6H5)3P=O + CF3N=NR,

where 𝑅 = CH3,C6H5 (see Table 1, Nos. 11, 12).

In aqueous alkaline solutions, polyfluoronitrosoalkanes decompose somewhat
differently:

ClCF2CF2NO
OH(−)
−−−→ [ClCF2CF2N(O(−)

OH ) −F(−)
−−−→ ClCF2CF=N( O

OH)] → ClCF2COOH + [HNO].

In reduction reactions under the action of hydrides of sulfur or phosphorus, and
also hydrogen iodide in an ether or methanol medium, trifluoronitrosomethane
behaves analogously to other nitroso compounds. Thus, when hydrogen iodide
acts on trifluoronitrosomethane in ether, 𝑁 -trifluoromethylhydroxylamine, com-
paratively stable as an etherate, is smoothly formed:

CF3NO + 2HJ
(C2H5)2O
−−−−−−→ CF3NHOH ⋅ O(C2H5)2 + J2.

When hydrogen sulfide or phosphine is used as the reducing agent in an ether
medium, it is possible to isolate the primary reaction product—an unstable
adduct of the hydride and the nitroso compound—which, in an excess of re-
ducing agent, decomposes according to the scheme:

CF3NO + C2H5SH → CF3N(OH)SC2H5
C2H5SH
−−−−−→ CF3NHOH + (C2H5S)2.

Table 1
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No. Compound
B.p.,
°C/mm𝑑20

20 𝑛20
𝐷

Found,
%
C

Found,
%
H

Found,
%
N

Found,
%
F

Found,
%
Cl

Found,
%
Br

Calculated,
%
C

Calculated,
%
H

Calculated,
%
N

Calculated,
%
F

Calculated,
%
Cl

Calculated,
%
Br

1 CF3(N2O)CF2CF2NO2
*

75 1,4220— 14,0314,27— 15,2015,7350,2550,25— — 13,9 — 16,2 51,4 — —

2 CF3(N2O)CF2CF2Cl
*

61
—
62

1,5401,337014,9515,17— 11,2911,3552,5152,8614,3714,57— 14,5 — 11,2 53,7 14,3 —

3 CF3(N2O)CF2CF2Br
*

74 1,7221,338012,6213,39— 10,1110,1344,6044,19— 26,9227,1012,2 — 9,6 45,4 — 27,3

4 CF3N(O)NCH3−15/1501,349— 17,4317,702,152,25— 44,7544,15— — 18,7 1,2 — 44,5 — —
5 CF3N(O)NC2H553

—
54

1,18 — 23,6923,954,254,0818,4518,1939,3539,78— — 23,9 3,5 19,7 40,0 — —

6 CF3N(O)NC3H7
(iso)

60
—
62

1,145— 30,3630,534,704,3717,7317,8336,2036,42— — 30,8 4,5 18,0 36,5 — —

7 CF3N(O)NC6H563/51,3451,483048,5048,022,933,0914,3214,3428,929,07— — 49,5 2,64 14,7 30,0 — —
8 CF3NHOH(C2H5)2O

**
5
—
7/5

— — 34,5434,667,607,909,669,4032,7732,19— — 34,0 6,8 8,0 32,6 — —

9 CF3N(CH3)OCH38
—
10/2

1,0221,634542,0042,108,608,095,696,0928,5929,45— — 41,5 7,9 6,9 28,0 — —

10 CF3N(OH)CONHC6H5m.p.
146

— — 41,9742,002,902,7612,6012,7925,1025,25— — 43,5 3,10 12,6 25,9 — —

11 CF3N=NCH33,5 — — 21,783,42 25,7 50,2050,51— — 21,4 2,68 25,0 50,4 — —
12 CF3N=NC6H5141/7521,2221,466048,052,91 16,7931,59— — 48,202,88 16,1032,40— —

* The position of the oxygen atom in the azoxy group was not established.
** The substance reacts with glass.

The reduction of 𝛼-H -polyfluoronitrosoethane, ClCF2CFHNO, proceeds simi-
larly.

As indicated earlier 5,6, in the case of 𝛼,𝛼-dihalogenonitroso compounds
𝑅𝑓𝐶𝑋2𝑁𝑂 (where 𝑋 = 𝐹, 𝐶𝑙), the hydroxylamine derivatives formed are unsta-
ble and, on decomposing, are converted into acid fluorides of the corresponding
hydroxamic acids:

𝑅𝑓𝐶𝑋2𝑁𝑂 HJ−→ [𝑅𝑓𝐶𝑋2𝑁𝐻𝑂𝐻] −𝐻𝑋−−−→ 𝑅𝑓𝐶𝑋 = 𝑁𝑂𝐻.

N -Trifluoromethylhydroxylamine is one of the few known compounds contain-
ing the 𝐶𝐹3𝑁𝐻 grouping. This compound is thermally unstable and decom-
poses, giving trifluoronitrosomethane and hydroxylamine fluoride in low yield.
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Diazomethane methylates N -trifluoromethylhydroxylamine with formation of N -
trifluoromethyl-N,O-dimethylhydroxylamine. Phenyl isocyanate also gives the
corresponding derivative (Table 1, Nos. 9, 10).

The reaction of trifluoromethylhydroxylamine with nitroso compounds proved
to be of interest; it leads to previously little-known polyfluorinated azoxy com-
pounds:

𝑅𝑓𝑁𝑂 + 𝐶𝐹3𝑁𝐻𝑂𝐻 → 𝑅𝑓𝑁2(𝑂)𝐶𝐹3 + 𝐻2𝑂.

Along with the principal direction of this reaction described above, oxidative–
reductive disproportionation is observed, leading to the formation of trifluoroni-
trosomethane and acid fluorides of the corresponding hydroxamic acids:

𝑅𝑓𝐶𝐹 2𝑁𝑂 + 𝐶𝐹3𝑁𝐻𝑂𝐻 → 𝐶𝐹3𝑁𝑂 + [𝑅𝑓𝐶𝐹 2𝑁𝐻𝑂𝐻] → 𝑅𝑓𝐶𝐹 = 𝑁𝑂𝐻.

In the reaction of polyfluorinated nitroso compounds with fluorine-free N -
alkyl-(aryl)-hydroxylamines, the corresponding polyfluoroazoxy compounds are
formed analogously:

𝑅𝑓𝑁𝑂 + 𝑅𝑁𝐻𝑂𝐻 → 𝑅𝑓
↓𝑂
𝑁 = 𝑁𝑅.

Investigation of the structure of the substances obtained by IR and mass spec-
trometry showed that the elimination of the elements of water from the primary
product of interaction of the nitroso compound and hydroxylamine proceeds
according to the scheme

OH OH
| |

𝑅𝑓𝑁−𝑁𝑅
−𝐻2𝑂
−−−−→ 𝑅𝑓

↑𝑂
𝑁 = 𝑁𝑅,

which illustrates the great ease of proton abstraction from the hydroxyl adjacent
to the electrophilic 𝑅𝑓 -group. The constants of the compounds synthesized for
the first time are presented in Table 1.
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Note: Figure translations are in progress. See original paper for figures.
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