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REACTIONS OF BIS(TRIFLUOROMETHYL)NITROXYL WITH (CF
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SUMMARY

Bis(trifluoromethyl)nitroxyl gives oxidative addition products with
(CFj)ZPX (X = F, C1, Br and CN). With (CFj)zPI, iodine is eliminated to
afford (CF3)2NOP(CF3)2. Mechanisms for the reactions are proposed and

discussed, and spectral data of new compounds presented.

INTRODUCTI ON

Reactions of bis(trifluoromethyl)nitroxyl with compounds of phosphorus
are varied, It has been reported to undergo additi on reaction with
(CHBO)BP [1], substitution reaction with [(CHB)ZNJBP [1], hydrogen
abstraction reaction with (CFE)ZPH [2], and rather different kind of
reactions with phosphorus trihalides. With phosphorus trifluoride at
ambient temperatures, the reaction is as shown by the equation:

N NON(CF
FF_ + 2(CF3)210 —_ (CFB)Z om(cw3)2 + OFF

3 3

¢ ol r . oA ;
But at ~45 C, the corresponding phosphorane, L(CF3)2N0]2PF3, is formed [3].
The reaction with phosphorus trichloride at room temperature is different
in that two products, namely, (CFB)QNOPCll and (CF3)2N0P012 are arforded
;

[4]; and phosphorus tribromide, however, gives a mixture of [(CF5)2N0]5PO,
(CFE)ZI\‘OI\(CL'5)2
a series of trifluoromethyl-substituted phosphines [6].

and bromine [5]. This work discusses the reactions with
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RESULTS AND DISCUSSION

Bis(trifluoromethyl)nitroxyl reacts with (CFB)ZPX (x =F, 01, Br and
CN) readily to give oxidative addition products, as shown by the equation:

(®3)2Px + 2(CF,) N0 —> [(CF5)2I€0]2P(CF3)2X

The reactions are similar to that with (095)3P [7] but are distinetly
different when compared with the reactions involving [(CH3)2N13P or
(CF3)3M (M = As and Sb) which give substitution products [1, 8].

Free radical mechanisms are most probably operative in the addition

reactions, as illustrated by the equations:

(CF3)2Px + (CFj)ZNO — (CF3)21’\IOP(CF3)2X (1)
(1) + (CF3)21\10 —_— [(CF5)2N0]2P(CF3)2x

On prolonged standing {ca 3 months) only the fluoro- and cyano-
phosphoranes, [(CFB)ZNOJZP(CFj)ZX (X = F and CN), are stable, the least
stable being the bromo~phosphorane since the liquid became coloured due to
the presence of bromine as one of the decomposition products, Attempts at
isolating the other decomposition products pure were unsuccesstul. The
order of stability of the phosphoranes [(CF3)ZNO]2P(CF5)2X (X =F, Cl, Br
and CN) follows the sequence: F ~ GN > Cl > Br.

The reaction with bis(trifluoromethyl)iodophosphine proceeds by a
displacement of iodine to afford the substituted phosphine,

7 1
(CF3)2P1 + (CF3)2N0 _— (CFB)QI\OP(CFB)2+212
The above reactions demonstrate that for (CFB)ZPX’ the overriding factor
that determines both the stability of the phosphoranes and the nature of
the reactions is the halogen atoms attached to phosphorus. Thus, the
stability sequence explains the diffiiculty that is associated with

synthesizing the phosphoranes containing P-I bond.

The radical mechanisms that can be proposed for the displacement

reaction is as follows:
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(CF3)2NO + (C.F})ZPI —_—— (CFB)ZNOP(CF3)21 (11)

|

(c:5‘3)21\101=(<:F3)2 + —;—12

which suggests the unstable nature of the phosphoranyl intermediate (II).

The reactions with phosphorus tribromide probably follow a similar course:

(CF3)2NO + 19131-3 0
(CF}) NO + (w3)2nopar2 — [(CF3)2N0]2 PBr,—» [(CFB)ZNOJZPBI' + %Br?_
(G 5) o + [(CF;) NO],PBr —»[(CF;) N0],PBr - —»[(CF,) NOL,P + 3Br,
(cF3) o + [(Fy) jolyp —> [(cFy) o] LAY

[(CFj)lzNOLPO + (CFB)ZN
(CFB)ZNO + (CFB)ZN- — ((*,3'3)21\101\1((:3'3)2

1
—_— (GFB) 21\10?3:-3—» (cr3) JOPBr,, + 3Br

ﬁ
- N(CFj) 5

A1l the new bis(trifluoromethyl)nitroxy~phosphorus compounds formed
in the present study are susceptible to hydrolysis when exposed to air,
Heating them with 20% sodium hydroxide at elevated temperatures eliminates
the trifluoromethyl groups bonded to phogphorus as trifluoromethane, The
results are given below.

TABLE 1

Hydrolysis by 20% sodium hydroxide

Compound (g., mmole) Temp. (°C) /hr CF5H: g.mmole Per cent Yield
RZ(CFB)ZPF (0,092, 0.176) 120/48 0,021, 0.345 964
112(01?3)21%1 (0.197, 0.365) 129/53 0.0501, 0.715 8.2
R2(CF5) oPBr (0.166, 0.284) 130/96 0,0240, 0,0343 60.5
RZ(CFB)ZPCN (0.206, 0.388) 130/48 0,0270, 0.386 99.5
RP(CF3)2 (0412, 1,22) 130/30 0.170, 9.hk 99.8

R = (CF5) NO
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Attempts at confformational studies by undertaking F19 n,m,r. measure-
ments at low temperatures (ca -60°C) met with no success. In [(CFB)ZNOJZ_
(CF3)2PX (X = F and C1), only two peaks were obtained: X = F: ﬁ(CFjN),
68.1 p.p.m.; ¢(CF3P), 55.4 p.p.m.; J(CFB—P), 114 Hz; and X = Cl: ¢(CF3N),
68.2 p.pem.; and ﬁ(CFBP), 59.0 p.p.m. In both the spectra, the peaks
associated with CF5P are broad,

Tentative assignments of infrared data of bis(triflucromethyl )nitroxy
derivatives of phosphorus are given in Table 2. The new peak located at
850 cm-1 is associated with the P-O-N stretching vibration, and can be

taken as diagnostic of compound formation,

EXPERIMENTAL

Since all the compounds used in this study are volatile, inflammable
and/or susceptible to hydrolysis, a vacuum system is used. The infrared
spectra were recorded on an Infracord Spectrometer 337. All the phosphorus

compounds were prepared by known methods,

Reaction of bis(trifluoromethyl)nitrogyl with bis(trifivoromethyl)fiuoro-
phosphine

A mixture of bis(trifluoromethyl)fluorophosphine (0.345 g., 1.84 mmole)
and bis(triflucromethyl)nitroxyl (0.717 g., 4.27 mmole) was condensed in an
evacuated ampoule which was allowed to warm gradually to room temperature.
After standing for a day, a liquid tinged by the purple nitroxyl was
obtained, Fractionation under vacuum gave a colourless liquid at -ASOC
trap, identified to be di[bis(trifluoromethyl)nitroxy Jbis(trifluoromethyl)-
phosphorane, [(CF3)2N0]2 (CF3)2PF, (0.792 g., 1.5% mmole; 91% yield).
Analysis: F, 70.3%; 06F19N202P requires F, 70.3%. Vapour pressures
(24° - 55°C) were represented by log,y P(mm) = 6.270 - 1.390/T, giving an
extrapolated b.p. of 138°C and latent heat of vapourisation of 6,380 kecal.

mole—1.

Reaction with bis(trifluoromethyl)chlorOphogphine

Bis(trifluoromethyl)chlorophosphine (0.723 g., 3.53 mmole) and bis-
(trifluoromethyl)nitroxyl (1.29 g,, 6,09 mmole) were allowed to react in an
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ampoule for a day, Fractionation yields di[bis(trifluommethyl)nitroxy]—
bis(trifluoromethyl)chiorophosphorane, [(CF )zno]?_ (CFB) PCL (1.78 2.,
3.29 mmole; 93.54 yield). Analysis:- Found: Cl, 6.55%; CgF,gPN,0,C1
requires Cl, 6.5%. The vapour pressure measurements cver & temperature
range of 240 to 77°C can be represented by the equation 10510 p(mm) =
8.120 - 2125/T, giving an extrapolated b.p. of 13200 and latent heat of
vapourisation of 9,750 kcal, mole_1.

Reaction with bis(trifluoromethyl)bromophosphine

Bis(trifluoromethyl)bromophosphine (O.744 g., 2,98 mmole) and bis-
(trifluoromethyl)nitroxyl (1.170 g., 6.97 mmole) were allowed to react at
room temperature for three days. Fractionation gave di[bis(trifluoromethyl)-
nitroxy] bis(trifluoromethyl)bromophosphorane, [(CFB) 2NO]2 (CF3) P57
{(1.34 g., 2.30 mmole, 76.8% yield). Analysis:- Found: Br, 13.2%;

6 18Br1\ 0 P reguires Br, 13, % Vapour pressure measurements over &
temperature range of 26° to 53 °c can be represerrted by 10510 plum) =
6.340 - 1600/T, giving an extrapolated b.p. of 190°C and latent heat of

vapourisation of 7.350 keal. mole™ !,

Reaction with bis(trifluoromethyl)iodophosphine

When bis(trifluoromethyl)iodophosphine (0.737 g., 2.49 mmole) and
bis(trifluoromethyl)nitroxyl (0.436 g., 2.59 mmole) were allowed to stand
at -7400, iodine was immediately discharged. After standing for three days,
the mixture was fracticnated to give (a) bis{trifluoromethyl)nitroxybis-
(trirluoromethyl)phosphine (0.624 g., 1.85 muole, 7h.4% yield) at -74°C
trap, Traces of iodine was removed by shaking with mercury., Analysis:-—
Found: mol. wt. 328; F, 67.3%; C,F,NOP requires mol. wt., 337; F, 67.7%;
and (b) icdine found at -25°C and ~45°C traps. Vapour pressure
measurements over a temperature range of 7° to AOOC can be represented
by log,, P p(mm) = 7,940 ~ 1800/T, giving an extrapolated b.p. of 83°C and

latent heat of vapourisation of 8,250 kcal, mole .

Reaction with bis(trifluoromethyl)ecyanophosphine

Reaction of bis{trifluoromethyl)cyangphosphine (0.439 g., 2.25 mmole)
and bis(trifluorcmethyl)nitroxyl (0.892 g., 5.31 mmole) at -72.%C for 16
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hours gave dl[bis(trifluoromethyl)nitroxyl] bis(trirluoromothyl)cyano—
phosphoréne (0.970 g., 1.83 mmole; 88.4% yield). Analysis:- Found: F,

6l o 4Jos C7F18N302P requires F, 64.4%, Vapour pressure measurements over a
temperature range of 26° to 68°C can be represented by log10 p(mm) =

7.600 - 1950/T, giving an extrapolated b.p. of 1400C, latent heat of

vapourisation of 8,940 kcal. mole, and Trouton constant of 21.6.
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