
Joumalof~uorineChemistry,8( 1916)481 -496 
0 Elsevier Sequoia S.A., Lausanne - Printed in the Netherlands 

Received: July 1,1976 

481 

REACTIONS OF BIS(TKiFLUOROWTJiYJ,)NITROXYL WITH (CF&d (M=P, Sb) AND 

PROPERTIES OF BIS(TRIFLUOBOMlWYL)NITROXY DERIVATIVES OF P. As and Sb 

H.G. ANG an(i Y.C. SYN 

Chemistry Department, University of Singapore, Bukit Timah Road, 

Singapore IO, Republic of Singapore 

Bi8(trifluoromethyl)nitroxyl give8 an oxidative addition reaction 

with tris(trifluoromethyl)phosphine and radical exchange reactions with 

stibine. The mechanism8 of the above reactions and the properties of 

bi8(trifluoromethyl)nit~xy derivatives of phosphor-us, arsenic and 

antimony are discussed. 

INTRODUCTION 

In recent years, several papers have appeared showing interesting 

reaction8 between bis(trifluoromethyl)nitro~l and COmpOun&S of Group V 

elements. Reaction8 with phosphorus trichloride yield two products, 

namely, (CFJ)~O~14 and (CF&WC12 [l]. On the other hand, phosphorus 

trdfluoride yields (cF+~oK(cF~)~, POF~ and [(cF~)~No]~PF~ [2]. 

Displacement of iodine occurs tith (CF3)2PI to give (CF3)2PQN(CF3)2 [3]. 

The latter can also be obtaind from (CF3)2Hi since bis(trifluoromethyl)- 

nitroxyl i8 both a powerful hydrogen abstractor and a radical scavenger 

c41. Reaction8 of the nitroxyl are extended to trifluoromethyl- 

substituted compounds of Group V elements. 

RESULTS AND DISCUSSION 

It has recently been shown that tris(trifluoromethyl)arsine 

undergoes stepwise group exchange reactiops with bis(trifluoromethyl)- 

nitroxyl to form monc-, di-and tri-bis(trifluoromethyl)nitroxy arsenic 
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derivativqs, [(CFj)2N0]nAs(CFJ)3_n (n = i, 2, 3), and tris(trifluoro- 

methyl)hydroglamine according to the equation (5, 6): 

As(CF~)~ + 2n(CF&NO -[(cF~)~o]~As(cF~)~~ + n(CF3)$0CF3 

(n = 1, 2, 3) 

In our hands, it is found that a stoichiometric mixture of 

tris(t~fluoromathyl)phosphine and bis(trif.luoromethyl)nitroxyl interacts 

at room temperature to give di-[bis(trifluoromethyl)nitroxy~tris- 

(trifluoromethyl)phosphorane, [(CF3)2NO)2P(CFJ)3 (I), confirmed by its 

fluorine analysis and infrared spectrum. No exchange reaction is 

founcl uder the condition of the experiment, which is distinctly 

different from the reaction with [(CH3)2N13P since [(CH3)2N]2PON(CF3)2 

and (cF~)~N~N(CH~)~ are formed [7]. 

The phosphorane (I) is a colourless liquid. On hydrolysis with 

2% sodium hyydruxiiide at 120' for 48 hours, fluoroform is eliminated in 

80.5% yield. 

"F nuclear magnetic resonance spectrum of the phosphorane (I) 

gives a resonance at +68 ppm w.r.t. trichlorofluoromethane, and is due 

to the presence of bis(trifluoromethyl)nitroxy group. A broad peak 

which could be attributed to the trifluoromethyl groups bonded to 

phosphorus is also observed. 

Compound (I) is unstable at elevated temperatures, On heating 

at 80°C, a heavy liquid was obtained which could be assigned as 

C(CF3)2N014~FJ. Another compourd which was isolated and identified was 

tris(trifluoromethyl)hydroxylamine. 

At -7L+'C, the reaction between triz(trifluoromethyl)stibine and 

bis(trifluoromethyl)nitroxyl in the ratio of I:2 proceeds smoothly 

according to the following equation: 

Sb(Cf3)3 + 2(m3)$0 - (m3)2NOSb(CF3)2 + (~3)~OCF3 

CBis(trifluoromethyl)nitroxy]bis(trifluoromethyl)stibine (II) is a 

colourless liquid which can be trapped at -65'~ under vacuum. Its 
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structure is established by the reaction with ZQ.$ sodium hydroxide solution 

which yields two moles of fluoroform, as well as its reaction with 

anQ4rous hydrogen chloride which gives a quantitative yield of 

bis(trifluoromethyl)hy(iroxylamine. The latter reaction indicates the 

relative ease of oleaving the Sb-0 bond as shown by the equation: 

(a,> 2NOSb(CF3)2 + HCl --_* (CF3)2SbCl + (CF3)2NOH 

Confirmation of the structure of compoti (II) is obtained from its 

infrared spectrum. 

Compound (II) is stable at -3O'C. On standing at room temperature, 

it.@ves an intractable non-sublimable white solid (III), perfluoro-2- 

asapropene, trifluoromethylisocynate and d&on tetrafluoride. The last 

three compounds are trapped together as a mixture at liquid air 

temperature, and their presence are confirmed by their infrared spectra 

[8, 91. The white solid aoes n6t react with s&ydrous hydrogen chlorilde, 

indicating the bis(trifluoromethyl)nitrcpry group is not present. It is 

hydrolysd easily by 2C$ sodium hyamxtie solution to yield fluorofons. 

The infrared spectrum of solid (III) contains one broad-to-strong peak 
-1 

in the range 1115 to 1135 cm , which csn be assigned to the C-F 

stretohing vibrations of trifluoromethyl group bonded directly to antimony 

[IO]. The above reactions together with the infrared spectrum of (III) 

establish the presence of trifluoromethyl group directly bonded to 

antimow, and the absence of bis(trifluorometbyl)nitroay group. 

Eviaence for the presence of Sb=O in aolia (III) is derived from the peak 
-1 

of moiierate intensity looated at 665 us in its infrared spectnun 

c 11 - 141. Difficulties are encountered in establishing its composition 

because of its ease of hydrolysis in air. 

The reaction between the nitroxyl radicsl and tris(trifluoromethyl)- 

stibine in the ratio of 4:1 at 70°C produces a complete discharge of the 

coloured radical. On warming to room temperature, a white solid (IV) 

precipitates and the other volatile products that are identified are 

petiluoro-2-azapropene, trifluoromethylisocyanate and silicon tetrafluoride. 

Extension of the reaction using 6:1 molar ratio also produces a 

white solid (V) and similar volatile prducts. In this case, the purple 

colour due to the radical is not completely disohar&d. 
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The white solids (IV) ad (V) contain only trifluorometbyl group 

but not bis(trWluoromethyl)nitroxy group as irriicated by th? i.r. spectra 

and their inertness to hydrogen chloride. No further attempts are made at 

identiQing the solids as they are very sensitive to air. They coulit 

presumably be the same compound as that proposed far compound (III). 

The mode of decomposition of bis(trifluoromethyl)nitrowbis- 

(trifluoromethyl)stibine could proceed as follows: 

F 
(~&'JOSb(CFJ)2--+ (CFj)2Sb=0 + CF3N=U?2 

i 
;(CFjSbO)n,+ CFq 

The presence of trifluoromet~lcyanate anti silicon tetrei'luoride most 

probably arise from the hydrolysis of perfluoro-2-azapropene, as shown 

[a, 9, 121 : 

CJ? 
r 

=CF2 + H20 
so2 

-cJ?co+wF-SiF 
3N 4 

of 

CF 
3N 

=CF2 + Si02- CF3NC0 + Si.F& 

The above reactions of bis(trifluoromethyl)nitroxyl show that 

with (CF ) 
33 

P the addition product is obtained, whereas with the arsenic 

and antimony analogues substitution reactions occur. Moreover, 

bis(trifluoromethyl)nitroxybis(trifluoromethyl)antimony is unstable in 

contrast to either the phosphorus and arsenic analogues or [(CF3)2NO]3Sb 

which was isolated as a stable oqystalline solid‘[3, 6, 151. 

The above findings also show that the reactions between (CF3)3M 

(M = P, As, Sb) and bis(trifluoromethyl)nitrolCyl are somewhat different 

v&en compared with the reactions involving methyl iodide or N-halogeno- 

bis(trifluoromethyl)amine. 

Whilst the reactions of (CF3)3P with methyl iodide ad N-halogeno- 

bis(trifluoromethyl)crmine, (CF3)zNX (X = Cl, Br), give substitution 
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products, bis(trifluoromethyl)nitroxyl gives only addition compound 

[I& 17, 181. The latter reaction illustrates the similarity in property 

between bis(trifluoromethyl)nitroxyl and chlorine which also gives an 

addition product, (CFJ)3PC12 [IY]; Such a similarity has also been 

exhibited in their reactions with selenium or telltium [20]. 

Unlike the reactions involving tris(trifluoromethyl)arsine with 

methyl iodide or N-balogenobis(trifluoromethyl)smine, the reactions between 

tris(trifluoromet~l)arsine and bis(trifluoronetbyl)nitroxyl give not only 

mono- snd &i-substituted derivatives, [(cF~)~o]~AB(cF~)~_~ (n = 1, 2), 

but also proceed a stage further to afford the M.-substituted derivative, 

As[ON(CF3)2]3, even at moderate temperatures. 

Tris(trifluoromethyl)stibine does not react with methyl iodide. 

On the other hand, the nature of reaotions of N-hslogenobis(ttifluorometiqyl)- 

amine ti bis(trifluoromethyl)nitroxyyl with tris(trifluo~methyl)stibine 

is different since no bis(trifluoromethyl)amino-derivatives of antimow 

have been isolated even at low temperatures. 

radical 

The mechanism of addition to (CF3)3P is probably a step-wise free 

addition: 

Substitution reactions with the arsenic ad antimony anslogues 

can proceed via addition followed by elimination reactions. For example, 

/ 

W3)2 

(CP'#b + 2(C93JO - (%&Sb 

1' 
W33)2 

(CF3)2Sba('=3)2 + (C%,)2NO'=j 

The fonaation of the four co-ordinate radical intelmediate (V) 

cannot be eliminated since trifluoromethyl radical can be easily released 

to af'forii the antimony derivative, (CFJ)21VCSb(CFj)2., The formation of 

only tris(trifluorometkUrl)hyiimxylamine instead of hexafluoroethane 
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indicates that the rate of scavenging of the trifluoromathyl rdical by 

the nitroxyl is much faster than the rate of coupling of trifluorometQ1 

radicals. The reactions ow be represmted by the following equations: 

Sb(Q3)3 + oq;fio _3 

(Cp3)$OSb(CF3)3 - 

(cF~)~NO + m3 - 

It is not unlikely that the 

(m3)pOSb(@3)3 09 

(@3>$OSb(CF3)2 + cF3 

(~3>2NOcF3 

reaction of bis(trifluoromethyl)nitro~l 

with tris(trifluoromethyl)stibine proceeds both via a pentacovalent 

intermediate as well as an antimow radical intermediate (V). 

Properties of Arsenic Derivatives 

The yield of t~bis(trifluoromethyl)nitro~]arsine arising from 

the reaction of bis(trifluoromethyl)nitro~l with tris(trifluoromethyl)- 

arsine or arsenic metal, or from the interaction of ~bis(trifluoromethyl)- 

nitrog]mercuzy with arsine is usually very low [45, 211. It has now been 

prepared in better yields (- 75%) by the reaation of di[bis(trifluoro- 

methyl)nitmxy] merow with arsenic tricbloriae in an inert polyhalogeno 

solvent, 

3H{ON(@3)2]2 + 2hc13- <(cF3)$O]3~ + JI.9, 

Thus, this method is adopted in the preparation of tri[bis(trUluoromeQyl)- 

nitrorylarsine for further study of its prr,perties. 

The mono- and di~~bis(trifluoromethyl)nitrolCy arsenic derivatives 

are liquids st room temperature, while the tri[bis(trifluoromethyl)nitroxy]- 

&sine is a oolourless crystalline solid which melts at 29.5'C. They are 

all susceptible to attack by moisture. Hyrkolys'is with so&ium hydroxide 

solution releases fluoroform from t&3 mono- and di-derivatives. 

The mono-, and di- and t&-substituted arsenic derivatives remain 

unchanged despite heating at 120°C for 3 dsys. They react readily with 

excess anhydrous hydrogen chloride, cleaving the As-O bonds: 

[(m,),po]p~(a~)~~ + tici + (Q73)+nA~Cln + n(m3)2NOH 
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Tti[bis(trit'luorometb,yl)nitro~] arsine interacts with methanol at 

room temperature to fans di[bis(trifluoromethyl)nitroxy]metho~arsine in 

96.5% yield. 

[(CFJ)2NO]jAs + MeOH __* [(CFJ)2N0]2AsOMe + (cFJ)2NOH 

It is confirmed by the reaction with anhyilrous hycirogen chloride which 

effords a quantitative yield of bis(trifluorome~l)hydro~lamine end 

methoxydiohloroarsine. 

[(cF~)~No]~A~OM~ + mc1 -+ MeOAsC12 + 2( cF3) 2~0~ 

There was no reaction between d~bis(trifluoromethyl)nitro~l- 

trifluoromethylarsine ad trimethylsilane at room temperature. At 80'C 

for 5 days, however, a small amount of bis(trifluoromethyl)hydroxylamine 

is formed. Tri[bis(trifluoromethyl)nitro~] amine gives only a trace of 

bis(trifluoromethyl)hydmxylamine with trichlorosilane and timethylchloro- 

silane. 

The reaction of tri[bis(trifluoromethyl)nitroxy]arsine with 

trimethylstannane produces initially an orange solid which slowly turned 

black as the reaction continues. After 2 hours, fractionation in vacua 

gives only a smell amount of volatile products, bis(txifluoromethyl)- 

hydroqlamine being the major component. 

Infrared spectra 

The gas-phase infrared absorptions of bis(trifluoromethyl)nitro~ 

derivatives of phosphorus, araenio ma antimow give numerous intense 
-1 

bands at 1100 to 1350 cm ; and these absorptions are generally asoribed 

to C-F stretching frequezyies [22]. The bands appearing in the higher 

region from 12JO-1350 cm are due to the C-F stretching absorptions of 

bis(trifluoromethyl)nitroxy group(s) [23 - 251. The frequencies in the 
-1 

lower region from about 1100 to 1250 cm are ascribed to the C-F 

stretching vibrations of trifluoromethyl bonded directly to phosphorus, 

arsenic and antimony [48, 19, 261. 
-1 

A strong peak at lO2.$lOJO cm can 
-1 

be assigned to the N-O stretching vibration, while that at 970 cm to 

the symmetric C-N-C skeletal stretching vibration. A new absorption of 
-1 

medium intensity which appears at about 855 cm for the phosphorane and 
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the &ON(CF3)2 stretching vibration (M = P, As, Sb). Peaks in the 740-750 
-1 

cm region can be attributed to the symmetric C-N-C bonding mode, and 
-1 

those at 710-720 cm to CF3 deformation mode. 

Because many of the compounds handled are susceptible to hydrolysis 

and some also to otiddation, all manipulations were carried out in a vacuum 

system. Infrared spectra were recorded 0n'Perki.n Elmer 337 spectrometer. 

Reaction of bia(trifluoromethyl)nitroxyl with tris(trifluoromethyl)phosphine 

Tris(trifluoromethyl)phosphine (0.984 g., 4.13 mmoles) and bis- 

(trifluoromethyl)nitrowl (1.38 g., 8.22 mmoles) were sealed in a Pyrex 

ampoule under vacuum, and left to react overnight at room temperature. 

The next morning, the purple of colour of bis(trifluoromethyl)nitroxyl 

radical was completely dischrged. Vacuum fraction through five traps at 

temperatures ranging from O°C to -196'~ gave a colourless liquid at -20'~. 

It was identified to be di[bis(trifluoromethyl)nitro~]ttis(trifl.uoromethyl)- 

phosphorane, [(CF3)2NC]2P(CF3)3, (2.28 g., 3.97 mmoles; 96.1% yield based 

on the amount of phosphine used). Analysis:- Found: F, 69.5%; P, 5.32; 

calculated for C7F2, N 0 P: F, 69.5%; P, 5.39. The vapour pressure over 2 2 

the range 34' to 65'Cgave the equation 10g,~P(nun) = 7.We - 1930/T. The 

extrapolated b.p. was 149'C, the latent heat of vaporisation 8.83 kcal. 

mole 
-1 

, and Trouton constant 20.9. 

(a) Action of heat on [(CF3~N~]2P(CF3)3 
-_ 

Di[bis(trifluoromethyl)nitro~l]tris(trifluoromethyl)phosphorane 

(1.28 g., 2.23 mmoles) was heated at 80°C in a sealed tube for 30 hours. 

Fractionation in vacua gave the following fractions:- 

(i) tetrakis[bis(trifl uoromethyl)nitroxy]trifluoromethylphospho- 

rane (0.744 g., 1.00 mmoles) at -2Q'C trap. Analysis:- Found: F, 66.456; 

calculated for C$27N404P: F, 66.45%; 

(ii) tris(trifluoromethyl)hy&roxylamine (O&31 g., 2.03 mmoles), 

passed -2O'C trap, identified by its i.r. spectrum and molecular weight; 

and. 
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(iii) an intractable heavy liquid in the reaction ampoule. 

(b) Warolysis of [ (CF3)pJ2P@F3& 

Di[bis(trifluoromethyl)nitro~]tris(trifluo~meth 

(0.162 g., 0.282 mmoles) was k@-olysed by 30 ml of 2% sodium hydroxide 

solution at 120O.c for 48 hours to give fluoroform (0.318 g., 0.454 mmoles). 

Reparation of tri[bis(trifluoromethyl)nitroxy]arsine, [(CF&KI~~AS 

Mercury (0.443 g., 0.0022 g. atom) was sealed with excess bis- 

(tri.t~uoromethyl)nitroxyl (1.57 g., 9.35 mmoles) in a Pyrex ampoule with 

two break seals. The mixture was set aside to react at room temperature 

for three days. By this time, all the mercury was taken up in the purple 

liquia. Excess radical (0.813 g., 4.84 mmoles) was then removed under 

vacuum at koom temperature to leave behind a colourless crystalline, 

neeUe-shape solid, d$bis(ttiluoromethyl)nitroxy]mercury. About 3 ml 

of an inert polyhdogeno solvent, CF2C1CFC1 
2' 

was then a&led to the solid, 

and followed by the a&lition of arsenic trichloride (1.03 g., 5.68 mmoles). I 

The resulting mixture was allowed to react at room temperature, with 

occasional shalring, for 2 dsys. 

The volatile proctict was subjected to trap-to-trap fractional 

condensation in vacua to give:- 

(i) a colourless, crystalline solid at -3O'C trap, identified by 

its i.r. spectrum to be tri[bis(trifluoromethyl)nitroxy]- 

arsine; and 

(ii) the inert solvent -84OC trap. 

A white solid which remained in the reaction vessel was identified 

as mercuric chloride. 

Fraction (i) was further purified by fractionation, and tri[bis- 

(trifluommethyl)nitroxy]arsine (0.651 g., d.12 mmoles; 74.7% yield based 

on the amount of tie nitroltyl radical consumed) was found at the -5'C trap. 

The arsine derivative remained unchanged on heating at 120°C for 

3 says. It reacted with excess anhydrous hydrogen chloride to give a 

quantitative yield of arsenic trichloride and bis(trifluordmethyl)hydroxyl- 

amine. 
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Reaction of [(cF~@A]~As with trimethylstannane 

Tri[bis(trifluoromethyl)nitroxy]arsine (0.800 g., 1.38 mmoles) 

reacted very vigorously with trimethylstsnnane (0.252 g., 1.53 mmoles) 

at room temperature to give initially an orange solid which slowly turned 

black as the reaction continued. After 2 hours, the product was 

fractionated in vacua to afford only a trace of bis(trifluoromethyl)- 

wroulamine. A black mass of solid remained behind in the reaction 

vessel. 

Reaction of (CF3j2hx]$s with methanol 

Tri[bis(trifluoromethyl)nitroxy]arsine (1.56 g., 2.70 mmoles) 

was seded with methanol (0.082 g., 2.56 moles) in a Pyrex ampoule 

(30 a; ad the mixture was aLlowed to react at room temperature for 7 

dWS. Vacuum fractionation yielded the following fractions:- 

(i) 

(ii) 

(iii) 

unreacted tri[bis(trifluo~methyl)nitroxy]arsine (0.070 g., 

0.121 mmoles; 4.5% recovery) in the -2oOC trap; 

a colourless liquid identified to be di[bis(trifluoromethyl)- 

nitro~~methoxyarsine (1.10 g., 2.49 mmoles; 96.5% yield 

based on the amount of [(CF3)2NO]3As reacted) in the -45'C 

trap; and 

bis(trifluoromethyl)~dro~lsmine (0.430 g., 2.54 mmoles; 

98.5syiela based on the amount of [(CF3)2NO]3As reacted). 

Fraction (ii) was snalysed by reacting it with _s.nh@rous hydrogen 

chloride, which proaucea bis(trifluoromethyl)hydroxylamine quantitatively. 

The vapour pressure of [(CF3)2N0]2A~OCH3 over the range 12' to 100°C was 

represented by loglo P(mm) = 7.25 - 1730/T, @ving an extrapolated b.p. 

of 122'C, latent heat of vaporisation'of 7.89 kcal. mole -1 , ana Trouton 

constant 20. 

Reaction of di[bis(trifluorometbyl)nitro~]methoxyarsine with 

hydrogen chloride 

The reaction of di[bis(trifluoromethyl)nitro~]methoxyarsine 

(1.10 g., 2.49 mmoles) with anbyarous Qdrogen chloride (0.219 g., 6.00 
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nuuoles) at room temperature for 4 dsys pro&cd, on vacuum fractionation, 

-the following fraations: 

(i) a colourless liquid at -5O'C trap which was identified to be 

methoxydichloroarsine (0.425 g., 2.40 mmoles; 96.4$ yield 

based on the amount of arsine reacted). Analysis:- Found: 

Cl, 40.%; calculated for CC12H3AsO:C1, 40.1%; 

(ii) a quantitative yield of bis(trWluoromethyl)hydro~lsmine 

(0.836 g., 4.95 mnoles; 99.4$yield based on the amount of 

the arsine reacted); and 

(iii) unreacted hydrogen chloride 

The v&pour pressure measurement of CH30AsC12 over a range 23' to 

73'C gave an equation logloP = 9.57.- 2380/T. The extrapolated b.p. 

was 83'c. 

Reactions of r(CF3)2Nd3As with trichlorosilane and climsthyl- 

chlorosilane 

A mixture of tri[bis(trifluoromethyl)nitroxy]arsine (0.680 g., 

1.17 mmoles) and trichlorosilsne (0.158 g., l.l7_mmoles) was allowed to 

react in a sealed smpoule at room temperature for two days. The reaction 

afforded only a trace of bis(trifluoromethyl)hydroxylamine. 

A similar observation was obtained in the reaction of tri[bis- 

trifluoromethyl)nitroxy~arsine with dimethylchlorosilae. 

Reaction of (CF3)2NOA~(CF3)2 with hydrogen chloride 

(CF3)2NOAs(mJ)2 (0.401 g., 1.05 mmoles) reacted with hydrogen 

chloride (0.045 g.) at 100°C for a day to afford bis(trifluorometQvl)- 

chloroarsine (0.255 g., 1.03 mmoles) trapped at -60'~ and bis(trirluoro- 

methyl)I@roxylamine (0.170 g., 1.01 mmoles) trappea at -84'C. The 

products were identified by their i.r. speotra. 

Reaction of r(CFJ)~~,AsCF'3 with hyclrogen chloride 

The interaction of di[bis(trifluoromethyl)nitroxy]trifluoromethyl- 

arsine (0.373 g., 0.777 mmoles) with wdrogen chloride (0.061 g., 1.67 

mmoles at 100°C for 1 dsy afforded the following fractions:- 
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(i) trifluoromethyldichloroarsine (0.106 g., 0.493 mmoles) at 

-60'~ trap. Analysis:- Found: Cl, 32.86%; calculated for 

CF3C12As; Cl, 33.01%; 

(ii) a mixture of trif!luoromethyldichloroarsine and bis(trif.luoro- 

methyl)hydro~lsmine (0.292 g.) at -84'C trap, and identified 

by its i.r. spectrum; and 

(iii) excess hydrogen chloride (traoe) at liquid air trap. 

The i.r. spectrum of trifluoromethyldichloruarsine contains only 
-1 

two intense peaks at Ii87 cm -1 
an& 1134 cm which are ascribed to the 

C-F stretching frequencies. 

Reactions of bis(trifluoromethyl)nitroxyl with tris(trifluoro- 

methyl)stibine 

(a) With two moles of bis(trifluoromethyl)nitroxyI 

Tris(trifluoromethyl)stibine (0.392 g., ‘1.19 mmoles) and bis- 

(trifluoromethyl)nitrowI (0.406 g., 2.42 mmoles) in 0 I:2 ratio were 

kept at room temperature in an ampode. The purple colour of the radical 

was discharged almost immediately, irdicating the completion of reaction. 

After 2 hours, a white solid was deposited. Vacuum fractionation gave 

the following fractions:- 

(i) 

(ii) 

sn intractable, non-sublimable white solid (0.128 g.) was 

left behind in the reaction vessel. Its infrared spectrum 

contains one broad band at 1125 -I cm (due to a trifluoro- 

methyl group attached to antimony) and another band of 
-1 moderate intensity at 665 cm . It tia not react with 

anhydrous hydrogen chloride, but was hydrolysed by 2@ 

sodium hydroxide solution at room temperature to give 

fluoroform; 

a colourless liquid (0.178 g.) was obtained in the -4O'C 

trap. The vapour infrared spectrum shows bands character 

istic of the (CF ) NO and CF 
32 3 

groups: 1885~, 1808s, 14661, 

137Os, 1325vs, 1280~3, 124Ovs, II~OVS, 1145vs, sh, 1125vs, 
-1 

1095vs, 107Os, 9709, 8OOm, 71Os, cm . It decomposed 

rapidly to a white solid on standing at room temperature; 
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(iv) 

(v) 

493 

another colourless liquid (0.134 g.) was found in the -65'~ 

trap which had an infrared spectzum identical to that of 

(ii); 

tris(trifluoromethyl)hydro~lamine (0.274 g., 1.16 mmoles), 

was confirmed by its infrared spectrum and molecular weight; 

ma 

the fraction trapped at liquid air teqerature consisted of 

a mixture of products (0.073 g.). Trifluoromethylisocynate, 

perfluoro-2-azapropene and silicon tetrafluoride were 

believed to be present from the infrared spectrum recorded: 

23106, 2370s (doublet), 196Om, 193Qn (doublet), 1805vs, 

146Os, 14609, 1328s, I~OOS, I~o~vs, 1160sh, 1155~, lojos, 
-1 

IOlOsh, IOOOs, 775m, 725m, 710w cm . 

In another experiment, a mixture of tti(trifluoromet~l)stibine 

(0.755 g., 2.30 mmoles) and bis(trifluoromethyl)nitroxyl (0.769 g., 4.58 

mmoles) was allowed to react at -74OC. The purple colour was completely 

discharged within 1 hour. As the stibine derivative was unstable at room 

temperature, the products were not vacuum fractionated in the conventional 

way, but the following method of separation was *adopted insted. 

Tris(trWluoromethyl)hydro~lamine (0.497 g., 2.10 mmoles) was 

distilled off from the reaction vessel which was maintained at -3O'C into 

a liquid air trap, passing -60'~ and -94'C traps. Nothing was trapped 

at -6O'C and -84'C traps. The stibine derivative, which remained behind 

at -30°C, was immediately ardysect by bdrolysis with 2f@ sodium hydroxide 

solution , giving a quantitative yield of fluoroform. The infrared 

spectrum of this stibine Lterivative is similar to those recotied for 

fractions (ii) and (iii) from the previous reaction. 

Hydrolysis of (CF3)$OSb(CF3)_2 

About 25 ml of 2$ SO~~LU hydroxide solution were added to the 

above quantity of stibine derivative which was initially chilled at -74°C. 

The reaction vessel containing the mixture was then removed from the 

saturated acetone&y-ice bath and left at room temperature. Hydrolysis 

proceeded smoothly to give a quantitative yield of fluoroform (0.305 g., 

4.36 mmoles; 97.37. yield based on the amount of (CF3)3Sb used) in 24 hours. 
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The result clearly indicated that two equivalent moles of fluoroform 

were eliminated from [ bls trifluoromethyl)nitroxy]bis(trifluoromethyl)- . ( 

stibine. 

Reaction of (Cl?31$OSb(CF3)_2 with anhydrous wrcgen chloride 

Excess anhydrous hydrogen chlotie was reacted with (CF3)2NOSb(CF3)2 

which yielded crude bis(trifluoromethyl)chlorostibine (-40°C and -60'~ 

traps), and bis(tlifluoromet~l)b,ydroxylsmine (-84'C trap) (0.272 g., 

1.61 mmoles; 96.4% yield based on the quantity of tris(trifluoromethyl)- 

stibine reacted). Tris(trifluoromethyl)stibine (-126'~ trap snd excess 

hydrogen chloride (-196'~ trap) were also detected. Attempts to purify 

the crde compouna were unsuccessfil since it disproportionate& rapidly 

to tris(trifluoromethyl)stibine ana antimony trichloride at room 

temperature [27]. 

(b) With four moles of bis(trifluoromethyl)nitroxyl 

The reaction of tris(trifluoromethy1)stibine (0.351 g., I.07 moles) 

with bis(trifluoromethyl)nitroxyl (0,726 g., 4.32 mmoles) produced a 

white solid after 24 hours of standing at -65'. Vacuum fractionation 

yielded (i) liquids trapped at -40'C (0.103 g.) ad -7O'C (0.052 g.), 

both fractiona containing (CF3)2N0 and CF3 groups as indicated by their 

infrared spectra, (ii) tris(trifluoromethyl)hydroxylsmine (0.477 g.) 

trapped at -126'c, and (iii) a mixture of trifluommethylisocynate, 

perfluoro-2-azapropene ana silicon tetrafluoride (0.130 g.) trappea at 

liquid air temperature. A white solid remained behind in the reaction 

vessel. It aid not react with anhyarous hydrogen chlotie, but interacted 

vigorously with 20% sodium hydroxide solution to liberate fluorofozm on 

heating. The liquids at -4O'C and -7O'C decomposed tn give white so1it.k 

on warming to room temperature. The infrared spectnua of the -4O'C 

fraction gave the following peaks: 185Os, 178Om, 1640s, 14509, l32Ovs, 

127Ovs, I~JOVS, 117ovs, 1155vz3, 112Om, lc95s, 106ovs, 975v.3, 95Ow, 91Ow, 

81Ow, 715s cm -I, and the -7O'C fraction gave peaks located at 189Ow, 

179ov~, 1305~~, 128ovs, 1232~~, 12159, 11983, 1160sh, 107Os, 990sh, 

97Ovs, 8OoW, 715w, 715vs, 675m cm-'. Peaks of the liquid air fraction 

consisted of 2308w, 22729, 2180m, 18089, 146os, 13289, 13oOs, 128Ovs, 

l245vw, 1205vs, 1185w, 1163sh, 11559, 103Ovs, IOlOs, IOCKk, 775m, 725m, 

71Om cm-'. 
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(c) With six moles of bis(trifluoromethyl)nitroxyl 

A mixture of tris(trifluorometby~)stibine (0.400 g., 1.22 mmoles) 

and bis(trifluoromethyl)nitroxyl (1.20 g., 7.14 mmoles) was set aside to 

react at -7O'C. On standing overnight at this temperature, a white 

amorphous solid was obtained. However the purple colour of the nitroxyl 

radical was not completely discharged. Trap-to-trap fractional 

codensation in vacua gave.(i) liquids at -4OOC (0.122 g.) ad -7OOC 

(0.109 g.) which were shown by their infrared. spectra to contain (CF3)$0 

and CF3 groups, (ii) a mixture of tris(tri~'luoromethyl)hy??ro~lamine and 

bis(trifluoromethyl)nitroxyl (0.685 g.) at -126'c, and (iii) a mixture 

of trifluoromethylisocynate, perfluoro-2-azapropene and silicon tetra- 

fluoride (0.152 g.) at liquid air temperature. A white solid remained 

in the reaction vessel. It was inert tbwards anhydrous hydrogen chloride, 

but interacted with X$ sodium hydroxifle solution to give fluoroform. 

The infrared spectra (vapour) of the -4O'C fraction gave tie following 

bands: 13528, 1785vs, 1320~8, 128Ov8, 1225~8, 1195m, 1126m, IOVJw, 1065s, 
-1 

1006w, 975s, 8OCm, 77Ow, 715s, 635~ cm . The -7O'C fraction gave peak3 

at 192Ow, 1893s, 1856w, 1795~8, 132Ovs, 1280~8, 1225vs, 118Os, 114Ovs, 
-1 

10659, 1043s, 9978, 973vs, 805m, 715~8, 685m cm . Bands at the liquid 

air fraction are located at: 2307w, 22758, 2180s; 18059, 14629, 13258, 

13008, 128Ovs, 12459, 1207~8, 11658, 1155s, 1028~8, 101ls, 10023, 7739, 
-1 

727m, 712n1, 630s cm . 
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