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RRACTIOK~ OF BIS(TRIFLUOROl&FYI'Hi)NITRoXYL Wl'H @F&PA 

(X = F, Cl, Br, I and CN) 

h.G. ANG anc1 K.F. HO 

Chemistry Department, University cjf Singapore, Bukit Timah Road, 

Singapore 10, Republic of Singapore. 

Bis(trifIuoromethyl)nitroxyl gives oxi2ative adiiition products with 

(CF,);QX (X = F, Cl, Br anti CN). #ith (CF ) PI, 
32 

iodine is eliminateit to 

afford (CFj)2NOP(CFj)20 Mechanisms for the reactions are proposed and 

discussed, anil spectral data of new compounla presented. 

INICRODUCTION 

Reactions of bis(trifluoromethyl)nitroliyl with CODpGUndS of phosphorus 

are varied. It has been reported to urn&ergo a&lition reaction with 

(CHjO)jP [I], substitution reaction with [(CHj)2N]J~ [I], hydrogen 

abstraction reaction with (CFJ)2pH 123, anal. rather different kind of 

reactions with phosphorus trihslides. dith phosphorus tlifIUOride at 

ambient temperatures, the reaction is as shown by the equation: 

pFj + 2(CF&NO __) (cFJ)2NON(cF3)2+ OWj 

But at -&5"C, the corresponding phosphorane , [(CFJ)2NO]2P'FJ> is formed [3]. 

The reaction with phosphorus trickloride at room temperature is different 

in that two prcirlucts, 

141; 

namely, (CF3)2KOPC14 ancl (CF3)2NOPC12 are affom1ed 

and phosphorus tribromi&e, however , gives a mixture of [(cF~)~No]~Po, 

(CF3)~0K(CF3)2 anii bromine i5]. This work discusses the reactions with 

a series of trifluoromethyl-substituted dhosphines [6]. 
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IUZSUETS AND DISCUSSION 

Bis(trifluoromethyl)nitroxyl reacts with (CF3)$'X (X = F, Cl, Br and 

CN) readily to give oxidotive addition products, as shown by the equation: 

(m3)2px + 2(‘33)2N0 - [ (CF3) $O]2P(CF3) 2X 

The reactions are similar to that with (CFj)jP [7] but are distinctly 

different when compared with the reactions involving [(CH3)2N]3P or 

(CF3)3bl (M = As and Sb) which <give substitution products [I, 8). 

Free radical mechanlsma are moat probably operative in the addition 

reactions, as illustrated by the equations: 

(CF3) 2m + (CF3)$0 - (CF3)~OP(~3)$ (1) 

(1) + (@3)p - [(CF,) $Q],P(CF,) +f 

On prolonged standing (ca J months) only the fluoro- and cyano- 

phoaphorenea, [(CF3)$O]2P(CF3)2X (X = F and CN), are stable, the least 

stable being the bzumc-phosphorane since the liquid became coloured due to 

the presence of bromine as one of the decomposition products. Attempts at 

isolating the other aecompoaition proaucta pure were unaucceaa~~l. The 

oder of stability of the phosphoranea [(LT~),$IO]~P(CF~)~X (X = F, Cl, Br 

anti CN) follows the sequence: F 6 CN > Cl > Br. 

The reaction with bia(trifluoromethyl)iorlophoaphine proceeds by a 

displacement of idine to afford the substituted phoaphine, 

W3) 2= + (CF3)2N0 4 (CF3)pOP(CF3)2 + $I2 

The above reactions demonstrate that for (CF3)2PX, the overriding factor 

that determines both the stability of the phosphornnea and the nature of 

the reactions is the halogen atoms attached to phosphorus. Thus, the 

stability sequence explcins the difficulty that is associated with 

synthesizing the phoaphoranea containing P-I bond. 

The rdical mechanisms that can be proposed for the displacement 

reaction is as follows: 
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which suggests the unstable nature of the phosphorenyl intermediate (II). 

The reactions with phosphorus tribromide probably follow a similar course: 

(CF3)2NO + PBr3 - (CF3)2NOPBrj--, (CF3)ZNOPBr2 + &r2 

(CF3)$0 + (CF3)2NOPBr2 - [(CF3)2NO]2 PBr2-)[(CF3)$0]2PBr + &*2 

(CF3@0 + [(CF3)2N012PB' +[(CF3)~O]3PBr. -+[(CF3)2NO)3P + $Br2 

(@3)$0 + [(~3)2W]3P + [(CF3)2NO]3 +a-G-nN(CF3)2 

4 
[(CFJ)2NO]3W + (CF3)p 

(CF3@O + (CF3)2NS - (CF3)$CN(CFJ)2 

All the new bis(trifluoromethyl)nitroxy-phosphorus compounds formed 

in the present stidy are susceptible to hydrolysis 

Heating them with 2% sodium hydroxide at elevated 

the trifluoromethyl groups bonded to phosphors as 

results are given below. 

TABLE 1 

Hydrolysis by 2% sodium hydroxide 

when exposed to air. 

temperatures eliminates 

trifluoromethane. The 

Compound (g., mmole) T=p.('C)/hr CF3H: g.mmole Per cent Yield 

R2(CF3)2PF (0.092, 0.176) 120/G 0.0241, 0.345 96.4 

R.$cF~)~Fc~ (0.197, 0.365) 129/53 0.0501, 0.715 98.2 

R2(CF3)2PBr (0.166, 0.284) 130/96 0.0240, 0.0343 60.5 

R2(CF3)2FCN (0.206, 0.388) 130/48 0.0270, 0.386 99.5 

.aP(CF3)2 (0.412, 1.22) 130/30 0.170, 9.44 99.8 

R = (CF3)zN0 
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Attempts at conformational studies by undertaking F 19 n.m.r. measure- 

ments at iow temperatures (ca -6O'C) met with no success. In [(CF3)2KOj2- 

(CF3)2PX (X = F ad Cl), ciriLy two peaks were obtained: X = F: $(CF N), 

68.1 p.p.m.; $(CF3P), 55.4 p.p.m.; J(CP3-P), 114 Hz; and X = Cl: &CF3R), 

68.2 p.p.m.; and $(CF3P), 59.0 p.p.m. In both the spectra, the peaks 

associated with CF 
3 
P are bmnd. 

Tentative assignments of infrared data of bis(trifluorometQyl)nitroxy 

derivatives of phosphorus are given in Table 2. The new peak located at 

850 cm-' is associated with the P-O-N stretching vibration, and can be 

taken as diagnostic of compound formation. 

Since all the ccimpounds 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)nitroxyl with bis(trifluoromethyl)fluoro- 

phosphine 

A mixture of bis(trifluoromethyl)fluorophosphine (0.345 g., 1.84 mmole) 

and bis(trifluoromethyl)nitroxyl (0.717 g., 4.27 mmole) was condensed in an 

evacuate3 smpoule which was allowed to warm gradually to room temperature. 

After standing for a dsy, a liquid tinged by the purple nitroxyl was 

obtained. Fractionation under vacuum gave a colourless liquid at -45'C 

trap, identified to be di[bis(trifluoromethyl)nitroxy]bis(trifluoromet~l)- 

phosphorane, [(CF3)$0]2 (CF3)2PF, (0.792 g., 1.51 mmole; 91% Yield). 

Analysis: 

(UC" 

F, 7O.yA; C6FlYN202P requires F, 70.3%: Vapour pressures 

- 55'C) were represented by loglo P(mm) = 6.270 - 1.390/T, giving an 

extrapolated b.p. of lJ8'C and latent heat of vapourisation of 6.380 kca.l. 
-1 mole . 

Reaction with bis(trifluoromethyl)chlorophosphine 

Bis(trifluoromethyl)cNorophosphine (0.723 g., 3.53 mmole) and bis- 

(trifluoromethyl)nitroxyl (I,29 g., 6.09 mmole) were allowed to react in an 
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smpoule for a day. Fractionation yields di[bis(trifluoromethyl)nitroxy]- 

bis(trlfluoromethyl)chiorophosphorane, [(cF~)~No]~ (CFg)2PC1 (1.78 g., 

3.29 mmole; 93.33 yield). Analysis:- Found: Cl, 6.55%; C6F,8En202Cl 

requires Cl, 6.5@. The vapour pressure measurements over a temperature 

rsnge of 2L+' to 77'C can be represented by the equation loglO p(mm) = 

8.120 - 2125/T, &ving an extrapolated b.p. of l32*C and latent heat of 

vapourisation of 9.750 kcal. mole -1 . 

Reaction with bis(trifluoromethyl)bromophosphine 

Bis(trifluoromethyl)bromophosphine (0.744 g., 2.98 mmole) and bis- 

(trifluoromethyl)nitr6xyl (1.170 g., 6.97 mmole) were allowed to react at 

room temperature for three days. r'ractionatfon gave di[bis(trifluoromethyl)- 

nitroxy] bis(trifluoromethyl)bromophosphorane, [(CF )2NO] 
3 

2 CF3 2PW ( ) 

(1.34 g., 2.30 mmole, 76.6% yield). Analysis:- Fauna: Br, 13.G; 

C6F18BrK202P requires Br, 13.B. Vapour pressure meusurements over a 

temperature range of 26' to 53'C can be represented by loglo p(mm) = 

6.340 - I~OO/T, giving an extrapolated b.p. of 190°C and latent heat of 

vbpourisation of 7.350 kcal. mole -1 . 

Reaction with bis(trifluoromethyl)iodophosphine 

'rYhen bis(trifluoromethyl)iodophosphine (0.737 g., 2.49 rmde) ad 

bis(trifluo~methyl)nitroxyl (0.436 g., 2.59 mmole) were allowed to stand 

at -74"C, iotine was immediately discharged. After stading for t@ee deys, 

the mixture was fractionated to give (a) bis(trifluoromethyl)nitroxybis- 

(trifluoromethyl)phosphine (0.624 g., 1.85 mmole, 74.4% yield) at -74'C 

trap. Traces of icdine was removed by shaking with mercury. Analysis:- 

Found: mol. wt. 328; F, 67.N; C4F1$JOP requires mol. w-t., 337; F, 67.%:; 

an& (b) iodine fGunr3. at -25'C ard -45'C traps. Vapour pressure 

measurements over a temperature range of -7" to 40°C can be represmted 

by lo.~+~ P(mm) = 7.940 - 1800/T, giving an extrapolated b.p. of 83'C and 

latent heat of vapourisation of 8.250 kcal. mole 
-1 

. 

Reaction with bis(trifluoromethyl)cyanophosphine 

Reaction of bis(trifluoromethyl)cyangphospXne (0.439 g., 2.25 mmole) 

ad bis(trifluorcimethyl)nitro~l (0.892 g., 5.31 mmole) at -74'C for 16 
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hours gave dl[bls(trlfluoromethyl)nitroX.Yl] bls(tril.luoromethyl)cYano- 

phosphorane (0.970 g., 1.83 mmole; 88.4$ yieti). Analysis:- FGund: F, 

64.4$; C~,8Nj02P requires F, 64.4% Vapour pressure measurements over a 

taperature rangt of 26” to 68°C can be represented b> logzo p(mm) = 

7.600 - 1950/T, giving an extrapolated b.p. of 140GC, latent heat of 

vapourisation of 8.940 kcal. mole, and Trouton COnStmt G?' 21.6. 
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