
Journal of Fluorine Chemistry, 27 (1985) 45 l-460 

Received: August 7, 1984; accepted: January 21, 1985 

451 

REACTIONS OF TRlFLUORONITROSOMETlHANE WITH f3ISTRlFLUOROMETHYLPHOSPHORUS 

COMPOUNDS, (CF3)2PX (WHERE X = H. Cl, CF3 ) 

H.G. ANG and K.K. SO 

Chemistry Department, National University of Singapore, Kent Ridge, 

Singapore 0511 (Republic of Singapore) 

SUMMARY 

Trifluoronitrosomethane reacts with bis(trifluoromethyl)phosphine to give 

(CF&P(O)N(OH)CF, and a small amount of (CF&NOH. On the other hand, the 

reactions with tris(trifluoromethyl)phosphine and bis(trifluoromethyl)chlorophosphine 

afford (CF 
32 

NOP(0)CF3N(CF3+ and (CF3$NP(0)(CF3)C1 respectively. lsomerisation of 

‘-N-O-P: to sN-P(0): may be involved as found for the isomerisation of the 

phosphine, (CF3),JOP(CF& to the phosphoryl compound, (CF3)2NP(0)(CF3)2 . 

Mechanisms for the above reactions are discussed. 

INTRODUCTION 

Hitherto, only a few reactions have been reported between trifluoronitroso- 

methane and inorganic compounds. These reactions are confined to compounds of 

silicon, nitrogen and phosphorus. 

The gas phase photolysis of a mixture of trimethylsilane and trifluoronitroso- 

methane gives a I:1 adduct, believed to be N-trifluoromethyl-O-trimethylsilyl- 

hydroxylamine, CF3(NH)OSiMej, and N,N-bis(trifluoromethyl)-O-trimethylsilylhydroxyl- 

amine, (CF$pOSiMe [I]. When both the gas and liquid phases are irradiated, the major 

product is (CF3+NOSiMe . On the other hand, the platinum-catalysed reactions give 

the product, CFJNH)OSiMe , in high yield. The reactions of trifluoronitrosomethane 

with the halogenated silanes, HSiX3 (where X = F or Cl). give only CF,(NH)OSiX3 [Z]. 

1 rifluoronitrosomethane gives distinct reactions with a number pf compounds 

of nitrogen and phosphorus. Trifluoromethyl azide, CF3N3, is formed in 70% yield by 

reacting trifluoronitrosomethane with hydrazine [3]. Moreover, trifluoronitroso- 

methane affords N-trifluoromethyl-N’-methylcarbodiimide with methylisonitrile [4]. 

a 1:l adduct with ethyl azodicarboxylate [51, a 2:l adduct with trifluorostyrene [51 
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and both 1:l and 2:l adducts with styrene 141. IHowever, the reactions of Lrifluuro- 

nitrosomethane with phosphorus Lrichloride in tl\c! presence of fluoro-olefins, 

CF2:CFX. have been reported by Ginsburg et al. to give cumpounds (I) and (II) 16.7). 

(I) X = F 

This paper reports Lhe invt!stigaLiorls 

with a nurnber of trifluoromethyl-substituted 

Ol’(CljCI 
7 

(II) X = Cl, Br 

uf t.k rt!;jct.iurls of Lrifluo~~or,itrosomctharic 

phosphinF!s. 

RESUL TS &ND DISCUSSION 

Reactions with bls(trifluorornethyl)phosphine 

The reactIons of an equimolar mixture of trifluuronitrosometh~~ne and bis- 

(trifluolumethyl)ptiosphine at 100°C for 22 hours gave the phosphoryl-substituted 

hydroxylamine, CF3N(OH)P(0)(CF3)2 , as shown by the following equations: 

OH CF 
( 13 

OH cl 

CF 3NO + (Cf3)2PH --t CF3-N --k’ -CF3 
NLI/NO I u 
--+ CF3-N-t’--CF3 

I 
(1) 

CF 
3 

Oxidation of trifluoromethyl-substit,uted phosphine by nitric oxide and nitrogen 

dioxide is similar to that reported by Burg [a], Griffith 191. Dobbie [lo] and others 111-141. 

The formation of the P=O bond via a pentacovalerlt phosphorus (V) intermediate 

cannot be discounted, as shown below: 

CF 3 CF 

C13NO + CF3N(OH)P(CF3)2 - 
r\ 1 I 3 

CF3N - t’ -NN(OIi)I:F 3 --+ O=P -N(OH)CI- 3 + [CF3N:j 

I-Y I I 
0 CF 

3 
CF 

3 

Trifluoronitrosomcthane has also been reported Lo give similar type of 

reactions with (EtO)2Pti0 and Me2CH13(Me)PH0 to give the corresponding phosphoryl- 
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substituted hydroxylaminer;, as shown below 11’5): 

clti u 

CF 3Nll t (Et~l)pPtiIl - ,r/-;I: -[JI-t 
Y 

[Jf:L 

;I” \l 

CF3NU + Me$t-iO(Mc)f’HIJ - U’3N - g - cll:tiMe2 

Me 

The above reactions with bis(trifluoronleth\/l)phosphirle also generated 

a number of volatile compounds albeit in smaller amounts. nameI\; Llis(l.rifluoromet.t~~lj- 

hydroxylamine, silicon tetrafluoride and an intraclahle phusptiol’us liquid. 

Reactions with bis(trifluoromethyi)chlorophosphirlr! 

Trifluoronitrosumetllane and bis(tl~ifluorornet.hyl)chlr~r~)~~~usp~~ine were 

reacted in a I:1 ratio at 70°C for 9 hours to give the followirlg producls. namely: a 

new compound bis(triFlcrnromethyl)an~ino-trifluoromet,hylrl~~lor~opt~c~spl~ir~c~ oxide (III) (n), 

(CF3)2NP(0)(CFj)pCI, pcrfluoro-2-arapropenu. carbonyl fluoride and silicon Letrafluoridn. 

Cumpourld (Ill) was confirmed by its infrared spectrum and elemental 

analysis. Alkaline hydrolysis with 20% sndium hydroxide at lOO@C gives trifluoromethane 

in 74% yield. No reactions were observed with chlorine or hydrogen chloride even at 

elevated temperatures. The formation of compound (III) can he ralionalised irj terms 

of a pentavalent phosphorus intermediate, followed by a cor~commitma~lt oxidation 

and migration of a CF 
j 

group from phospIIorus to nitrogen: 

“F3 
cl 

CF SNU b (CF3$PCl - CF3Nr; -- CF3 - (CF3$N - j 

I-/I 

- CT3 (2) 

0. Cl ‘Cl 

The above rcacLions also yield o mixture of volatile compounds, namely: 

perfluoro-Z-azapropene, carbonyl fluoride and silicon Lotrafluoride. 

Reactions with tris(trifluoromethyl)phosphine 

The reactions of an equimolar mixture of trifluoronitrosomet,Ilerle and 

tri(lrifluoromelhyl)phosphine were carried out at 100 to 1SVC. In each experiment 

about half the amount of tris(trifluoromethyl)phosphine was required although all 

the trifluoronitrosomethane had reacted. 
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Fractionation of the products gave bis(trifluoromethyI)aminobis- 

[Ir-~fluorometh~/l)nitroxytrifluoromethylphosphine oxide (IV), (CF312NP[OIN[CF312 

Its structure was confirmed by its infral?d spect,rurn and elr!mentnl analysis. 

Furthermore, no reactions were observed with chlorine or hydrogen chloride. Alkaline 

hydrolysis with 20% sodium hydroxide at 110% for 30 hours gave trifluoromethane in 

100% yield. The formation of compourid (IV) can be explained by Lht? following 

reaction mechanisms: 

CF 

r--I 3 
CF jNO + (CF~J~P - Cl- N.cP -Cr: 

3l/1 3 

- (U$NOfYCT- & 

Cl CF 
3 

l-X3 0 
rl 

CF3NO + (CF J2NflP(CF3$ __c CF N-P -ON(CF3$ - 

31-$’ I 
(I:Fp -: - uN~CF3)2 

0 ffj O3 

Isomerisation of bis(trifluoromcthyl)nitroxybis(trifluoromethyl)pht~s~~~~ine 

When bis(trifluoromethyl)nitroxybis(trirluorL~~~ethyl)ph~~sp~~i~~e was heated 

at 1DO’X for 42 hours, it underwent isomerisation to give 59% of the corresponding 

phosphine oxide according to the equation: 

(CF&N - 0 - P(CF& - (CF3$NP(Q)(CF3$ (V) 

The infrared spectrum is identical to the phusphine oxide prepared 

according to the following equation: 

2KF3)2P(0)Cl + KCF3$NO12Hg - 2(CF3)2P(0)O”(CF& + tigC$ 

Compound (V) did not give any addition reaction with chlorine, nor cleavage reaction 

with hydrogen chloride, unlike the reactions with bis(trifluoromethvl)nitrohybis- 

(trifluoromethyl)phosphine which proceed as follows: 

(IZF&,NOP(CFJ)~ + Cl2 - (CF3)ZNOP(Cf’3’2C12 

(CFJ)2NOP(CFj)2 + HCl - UQNOH + (Lq*PCl 



Although the bis(trifluoromethyl)nitroxy phosphinu, !CF3)2NUP(CF3)2, 

undergoes isomorisation at elevated temperatures, the corresponding difluoride 

(CF3)2NOPF2, however, isomerises at room temperature and decomposes at elevated 

temperatures to give perfluoro-Z-azapropene and trifluorophosphine oxide [16]: 

(CF3)2NOPF2 - (CF3)2NP(Cl)F2 = CF3N=CF 
2 

+ OPF 
3 

OBSERVATIONS 

From the foregoing reactions between trifluoronitrosomethane and 

(CF3)2PX (X = H. Cl, CF3), we observe that bis(trifluoromethyl)nitroxy group(s) 

are formed. This is probably due to the migration of CF3 group from phosphorus 

to the nitrogen atom, as illustrated by equation (2). Similar reactions have also been 

observed in the reactions between tris(trifluoromethyl)antimony and O-nitroso- 

bis(trifluorumethyl)hydroxylamine [17]. The formation of the P=O bonds in the new 

phosphorus derivatives, namely (CF3)2NP(O)(Cl)CF3 and (CF3)2NP(0)(CF3)0N(CF3)2 , 

is probably due to isomerisation of the corresponding phosphines (CF3)2NOP(CF3)X 

(where X = Cl and CF3 ). 

The infrared spectra of the new phosphorus compounds together with 

their tentative assignments are summarised in Table 1. 

EXPERIMENTAL 

All reactions are carried out in a vacuum system. Infrared spectra were 

recorded on Perkin Elmer Infrared 337 spectrometer. Known compounds were identified 

by their infrared spectra and molecular weights unless otherwise stated. 

Reactions of bis(trifluoromethyl)phosphine with trifluoronitrosomethane 

Bis(triFluoromeLhyl)phosphine (0.557 g, 3.27 mmoles) and trifluoronitroso- 

methane (0.334 y. 3.37 mmoles) were allowed to react in a sealed Pyrex glass ampoule 

at 1OOcC for 22 hours. Fractionation of the reaction mixture gave (a) a colourless 

liquid (0.0637 g, 0.230 mmole; 35% yield), trapped at -60°C trap. Analyses gave F,59.8%; 

mol. wt. 287; C3F9HN02P requires F.60.0%; mol. wt. 285. The major infrared absorption5 

were located at 3580m, 187Ow, 138Om, 127Ovs, 125Ovs, 1204vs, 1166~s. 113lvs, 985m. Slow 

and 455m cm ; (b) N.N-bis(trifluoromethyl)hydroxylamine (0.0496 g, 0.290 mmole) 

was obtained in 9% yield at -78QC trap; (c) 80% of bis(trifluoromethyl)phosphine 

(0.443 g, 2.61 mmole) at -126QC trap: and (d) silicon tetrafluoride (0.0608 g. 0.580 mmole), 

at -196°C trap. A heavy viscous liquid of a phosphorus compound (0.195 g) remained 

in the glass ampoule. 
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Table I. 

Infrared absorptions of some phosphorus derivatives 

iU (11) (Illj W) Tentative Assignments 

358Om 

IWOW 

1380m 1350m 

1270~s 1325~s 

1252~s 

125ows 1240~s 

1219vs 

1204~s 1200vs 

1166vs 1187~s 1150vs 

1131vs 1130s 

985m 

970m 

7lOm 

610m 

5lOw 5OOm 

455w 

1350m 

13lOvs 

1028m 

985m 

969m 

858m 

735m 

722m 

7lOm 

587m 

500m 

O-H stretching 

IN-O stretching of =N-0 group 

1340m P=O stretching 

1330vs 

1265~s C 
I - 

F stretching of CF3N group 

1242vs,sh 

1230~s 
1 

1202vs 1 

1165vs.sh 

115ovs C-F stretching of CF3P group 

114Os.sh 

1120s 

972m 

745w 

712m 

579m 

5oow 

460~ 

J 

N-Cl stretching of (CF3)2N0 group 

C-N stretching 

P-O stretching 

CF3 deformation 

P-Cl stretching 

P=O bending 

(I): CF3N(OH)P(0)(CF3)2: (II): (CF3)2NP(0)(CF3Kl; (110: (CF3)2NP(0)(CF3)0N(CF3)2 

(IV): (CF3)NP(0)(CF3)2. 
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Reactions of bis(trifluoromethyl)chlorophnsphine with trifluoronitrosomethane 

f3is(lrifluoromeLhy1)chlorophosphine (0.613 g, 3.UO mm&) and trifluoro- 

nit.rosomethane (0.296 g, 2.99 mmole) were allowed to react at 70°C for 9 hours. 

Fractionation of the reaction mixture gave (aj an unidentified liquid (KlOEi g) at 

-55°C trap, whose infrared ahsorpLion bands are located at 1350~s (P=Cl stretching) 

132Ovs, 127Ovs, 125Ovs, 119Ovs (C-F stretching), 1032m. 9/Ow, 950m, 9lOm, B55m, 72011 

and 610~ cm -‘; (b) a colourless liquid (0.504 g, 1.66 mmole; 55% yield), at -7BQC. was 

identified as his(trifluoramethyl)a~~~inotrifluoromethylchlorophosphine oxide (III) (n) 

(Found: F.56.2%; C1.11.4%; C3ClFgNOP requires F,56.3%; Cl,ll./%). The infrared 

spectrum gave bands located at 1350m, 1325vs, 1252vs, 1240s. 1219vs, IZOOvs, 1187~s. 

113Os, 97Om. 710m. 6lOm and 525m cm ; and (c) a mixture! (0.116 g) of carbonyl fluoride 

perfluoro-aza-propene and silicon tekafluoride. 

Hydrolysis of compound (Ill) by sodium hydroxide 

0.125 g (0.410 mmole) of compound (III) and 5 ml of 20% aqueous sodium. 

hydroxide were heated at 120°C for 3 days to give trifluoromethane (0.0214 g, 0.306 

mmole; 74% yield). 

Reactions of tris(trifluoromet,hyl)phosphine with trifluoronitrosomethane 

Equimolar quantities of tris(trifluoromethyl)phosphine and trifluoro- 

nitrosomethane were found to react at temperaLures above IOOV. Table 2 

summarises the results of 3 experiments. 

Table 2. 

Reactions between tris(trifluoromethyl)phosphine and trifluoronitrosomethai~e 

Experiment (1) (2) (3) 

(CF3)2P (g, mmole) 0.273,1.16 0.598,2.51 0.728,3.06 

CF3N0 (g, mole) 0.129,1.30 0.250.2.54 0.325.3.28 

Temperature (“C) 150 130 110 

Products: 

Y 
(a) (CF3 $NP(CF3)0N(CF3) 2 0.0490.0.112 0.244,0.560 0 743 0.558 . I 

(9. mAe) 

(b) (CF3)3P (g. mmole) 0.141,0.592 0.447.1.UB 0.121,0.509 

(c) SF4 + CoF2 (g) 0.0605 0.0757 0.0716 (only CUF2) 
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Fractionation of Lhc reactions gave as the principal component 

bis(Lrifluoromot~~yl)aminot~i~(trifluo~~omethyl)nitroxyLrif~uo~~umet~~ylpt~osp~~i~~e oxide 

(iVj (nj at -65°C trap. Elemental analysis gave F,66.4%; C5Flz,~02P requires 

IF, 66.4S. Its infrared speclrum showed bands located at 135Os, 1310s. 13OOsh. 12Btis. 

i71as, 124&, 1200~3, 1185vs, 115Osh. 1120~. iO9Ow, IOZBm, 9R5rn. 969n1, 9SOw, 881:~~. 85Bm. 

735m. 722m. 110m, SH7m and SOOm cm -1. Hydrolysis of comprll,rld (IV) (0.243 g. 0.56U 

mmole) with IOml 212 sodium hydroxide at 170°C for 24 hnurs yieidcd trifluoromettlanc 

(0.0011 g, 0.020 mmole). No reactions were obtained w;tlh chlorine cv(.'n at IOOQC. 

Preparation of bis(trifluoro~nethyl)r~itroxybis(trifl~~i~r~~n~ethyl)ptio~i~~t~~~~e 

A mixture of bistrifluoromethyl~odopl~osphine (U.854 g, Z.RO mmoles) and 

bis(trifluoromethyl)nitroxyl (0.509 g. 3.03 mmole) was allowed to warm up from -7AQC 

to room temperature over a period of 12 hours. Bis(t.riFluoromcthyl)nitroxy- 

bis(trifluoromethyI)phosphine was obtained at -78°C trap (11.649 g, 1.93 mmole; 

67% yield). Its infrared spectrum gave the following peaks: 143Um. 1319vs, i265vs. 

1240~s. 1219.1208 (doublet)vs, 1180,1168 (doublet)vs, 1135ws, llZOm,sh, 1026m, 972m, 
-1 

RZOm, 745w, 710m. 62Uw, 560~ and 438m cm ; and molecular weight gave 336; C 

C4F,$JOP requires mol. wt. 337. 

Reactions of bis(trifluoromethyl)nitrox~~bis(trifluo~~nmethyl)p~~osphir~e 

~is(Lrifluoromett~yl)~~itroxybis(trifluor~~met~~yl)~~~~ospt~ir~e (0.184 g, 0.550 

mmole) and anhydrous hydrogen chloride (0.0643 g. 1.76 mmole) were reacted at 60°C 

for a day to give on fractionation (a) N,N-bis(trifluoromethyl)hydroxylamine 

(0.0837 g, 0.500 mmole; 90% yield); and (b) bis(trifluoromethyl)chloroPhosphine 

(0.105 g, 0.520 mmole; 95% yield; mol. wt. 204: C2C!r6P requires mol. wt. 204). Its 

infrared spectrum showed three strong C-F absorptions located at 1215, 1270 and 

1135 cm-' . 

A mixture of bis(trifluoromethyl)nitroxybis(trif~uoro~netl~yl~phosphine 

(0.224 g. 0.660 mmole) and chlorine (0.130 g, 1.83 mmole) was slowly warmed up from 

-78T to -70°C to give. on fractionation, a white crystalline solid of bis(trifluoro- 

methyl)nitroxybis(trifluoromethyl)dichloroPl~osP~~orane (0.161 g. 0.400 mmole; 61% 

yield) at the -4OT trap. Elemental analysis gave: Cl, 17.4%; C4CI,FlzNOP requires 

Cl, 11.4%). Its infrared spectrum gave the following bands: 1318ws, 126Bvs, 1245m.sh. 

12333, 1218s. 1180s. 1150,1148 (doublet&. 1031m. 97Om, 829m, OOOw, 712m. 615m, 599m. 

579m. 535m and 478m cm-' . 
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Bis(trifluoromethyl)nitroxyhis(trifluoromethyl)dichlorophosphorane 

(0.161 g, 0.0400 mmole) was reacted with 5 ml of 20% sodium hydroxide at 13OsC 

for 3 days to give trifluoromethane (0.0289 g, 0.410 mmole; VY% yield; found: 

Cl. 17.4%: C4C12F,2NOP requires Cl, 17.4%). 

Isomerisation of bis(trifluoromethyl)riitroxybis(trifluoromethyl)phosphine 

Bis(trifluorornethyl)nitroxybis(trifluoromethyl)pt~nsphine (0.598 g, 1.76 

mmole) was heated at 100°C for 42 hours to give, on fractionation, bis(trifluoro- 

methyl)aminobis(trifluoromethyl)phosphine oxide (V) (n) (0.350 g, 1.04 mmole; 59% 

yield; found: F, 68.1%; C4F,2NOP requires F, 67.6%). Its infrared spectrum gave 

bands located at 1360m, 1330~s. 1265~s 1240vs,sh, 1230~s 1200~s 1165sh, 1150~s. 
-1 

1145sh, 112Ovs, 1020~. Y70m. 745~. 71Um, 650~ and 578m cm . No cleavage reactions 

were obtained with chlorine and hydrogen chloride. 

Reactions of mercury(R) bis(trifluoromethyl)nitroxide with bis(trifluoromethyl)- 

phosphinic chloride in 1:2 molar ratio 

Bis(trifluoromethyl)phosphinic chloride (0.511 g, 2.32 mmole) and the 

mercurial, prepared by the reaction of bis(trifluoromethyl)nitroxyl (0.387 g, 2.31 

mmole) with mercury (0.323 g, 1.63 mmole [(CF3)2NO:Hg = 1.4:lI were allowed to react 

at room temperature to give bis(trifluoromethyl)nitroxybis(trifluoromethyl)phosptrine 

oxide (n) (0.783 g* 2.22 mmole; 96% yield; found: F,62.3%; P,8.6%; C4F12N02P requires 

F, 64.6%: P.8.R%). 

Hydrolysis of the phosphine oxide (V) 

Hydrolysis of the phosphine oxide (V) (0.407 g, 1.75 mmole) with 10 ml of 

20% sodium hydroxide was undertaken at l2O~C for 24 hours to give trifluoromethane 

(LT.0807 g, 1.15 mmole; 100% yield: found: mol. wt. 70; talc. for CF3H: 70). 
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