
JoumalofFluorine Chemistry, 17 (1981) 331-343 
0 Elsevier Sequoia S.A., Lausanne - Printed in the Netherlands 

Received: June 27.1980 

NITROXIDE CHEMISTRY. PART XVII [I]. REACTION OF 

BISTRIFLUOROMETHYL NITROXIDE WITH SOME HALOGENOALKANES 

AND RELATED ALXENES 

R.E. BANKS, J.A.BERNARDIN, R.N. HASZELDINE, B. JUSTIN and 

A. VAVAYANNIS [2] 

Chemistry Department, The University of Manchester 

Institute of Science and Technology, Manchester M60 IOD 

(Great Britain) 

SUMMARY 

The mono(bistrifluoromethylamino-oxy)alkanes 

(CF+2NOCXYZ (X = Y = F, Z = Cl; X = H, Y = F or Cl, 

z = CH3; X = Y = F, Z = CH3; X = H, Y = Cl or Br, Z = CF3; 

X = Cl, Y = Br, Z = CF3) have been synthesised by treatment 

of appropriate halogenoalkanes, CHXYZ, with bistrifluoro- 

methyl nitroxide. The 1,2-bis(bistrifluoromethylamino-oxy)- 

alkanes (CF3)2~~C~2C~0~(~~3)2 were obtained as by-products 

in the reactions involving the ethanes CH3CH.XY (X = H, 

Y = F or Cl; X = Y = F); these products, like their 

analogues (CF3)2~~~~~~2~~(~~3)2 and (cF$,NoCH,CC~,~N(CF~),, 

were also prepared via attack of bistrifluoromethyl nitroxide 

on the corresponding ethenes. 

INTRODUCTION 

331 

Work on reactions between bistrifluoromethyl nitroxide 

and halogeno-methanes and -ethanes was undertaken as part 

of a methodical survey of attack by the nitroxide on organic 

substrates [ 31. In particular, the intention was to extend 

knowledge of the action of the nitroxide on alkanes [4]. 
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RESULTS AND DISCUSSION 

Details of the synthesis in excellent yield of the 

(bistrifluoromethylaino-oxy)trihalogenomethanes 

(CF3)2N0Cx3 (X = Cl, 99.5%; X = Br, 98%) via attack on 

chloroform and bromoform by bistrifluoromethyl nitroxide 

at room temperature were reported [5] shortly before our 

investigation began. As expected from knowledge of the 

ease of homolytic attack on chloro- and fluoro-alkanes 

[6,7], the nitroxide, a pseudo-halogen 'instant' radical 

resembling chlorine atom, proved much less capable of 

abstracting hydrogen from chlorodifluoromethane (see Scheme 

I) and apparently incapable of doing so from fluoroform 

during 3 weeks at 80 'C. 

cHF Cla (CF3)2NO-a 
2 P (CF3)2~~~ + .CF~C~ *j 

Scheme 1 

a Equimolar ratio. b Yields (based on the nitroxide) 

after 3 weeks at 80 'C; 23% after 1 week at 100 'C. 

: 18% 

Deactivation of B-hydrogen by fluorine substituents 

[6,7] was clearly evident in reactions between bistrifluoro- 

methyl nitroxide and the halogenoethanes CF2C1CH3, CF3CH2C1, 

and CF CH2Br, all of which were attacked extremely slowly 

at 50 a C. The first substrate underwent only ca. 5% 

reaction with the nitroxide at 80 'C during 3 weeks [8], 

and forcing conditions were employed with CF3CH2C1 (100 'C, 

15 days) and CF3CH2Br (150 'C, 15 days) in order to 

obtain samples of the derivatives (CF3)2NOCHXCF3 (X = Cl, 

Br) within a reasonable time. (In the case of the bromo- 

compound this caused deep-seated decomposition, as 

indicated by the presence of free bromine in the complex 
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product). Replacement of hydrogen in I-chloro-2,2,2- 

trifluoroethane by bromine decreased the activation energy 

for removal of the remaining a-hydrogen, attack of the 

nitroxide on CF CHClBr occurring at room temperature to 
3 

give (CF3),NOCClBrCF3 quantitatively after 2 weeks. 

Reactions involving bistrifluoromethyl nitroxide and 

chloro-, fluoro-, and 1,1-difluoro-ethanealso produced no 

surprises : attack at a-hydrogen [6] occurred smoothly at 

ambient temperature with the first two substrates, and at 

80 'C in the case of the difluoro-compound,producing a 

mixture of mono- (mainly) and bis-(bistrifluoromethylsmino- 

oxy)ethanes (see Scheme 2). The dehydrogenation leg of 

the reaction mechanism parallels that established for 

alkanes [4] and aralkanes [9]; authentic samples of the 

2:l nitroxide:olefin adducts were prepared in separate 

experiments, which were extended to include the halogeno- 

ethenes cH2=cc12 and cm=cF2 [- (cF~)~N~CH,CC~,~N(CF~)~ 

(98.5% yield) and (CF3)2NOCHFCF20N(CF3)2 (97%)] as a 

prelude to a kinetic study of saturation of ethenes by 

bistrifluoromethyl nitroxide [IO]. 

EXPERIMENTAL 

N.m.r. Data 

Unless stated otherwise, n.m.r. spectra were recorded 

with a Perkin-Elmer RIO instrument operating at 56.46 

("F) and 60 ('H) MHz with trifluoroacetic acid and 

benzene, respectively, as external references. Absorptions 

to high field of reference 'spikes' have been assigned 

negative chemical shift values. 

Reactions of Bistrifluoromethyl Nitroxide 

(a) General procedure 

The nitroxide was condensed, in vacua, onto the frozen 

substrate contained in a Pyrex smpoule cooled to -196 'C; 

the ampoule was then sealed by fusion of the neck (for 

reactions at elevated temperatures ) or closure of a PTFE 
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CHXYCH, + (cF,),No* -9 (CF,),NOH + l CXYCH, 

(CF+~NOH + CXY=CH 2 

, 

(CF3)2NO* 

X=H,Y=F 17 74 
Yields 

(%>a 
X = H, Y = Cl 15 72 

X=Y=F 5 76 

Scheme 2 

2 Based on (CF$~NO. . 2 In separate experiments between 

ethenes and the nitroxide, these adducts were obtained in 

98, 99 and 97% yield, respectively. 

needle valve (Rotaflo or Fischer-Porter type for experiments 

at room temperature) and placed in a steel guard to warm 

to ambient temperature. After being kept at reaction 

temperature for an appropriate period in the guard (occasional 

inspection of the ampoule enabled the progress of reaction 

to be assessed owing to diminution of the purple colour of 

the nitroxide as it was consumed), the ampoule was re- 

cooled to -196 'C and opened to a vacuum system. Volatile 

product was transferred to the system and subjected to 

trap-to-trap fractional condensation at l-2 mmHg pressure; 

the fractions were analysed by i.r. spectroscopy, g.l.c., 

and molecular weight determination (Regnault's method). 

In the case of a hydrogen-abstraction reaction (Table I), 

final isolation of pure (bistrifluoromethylamino-oxy)- 

alkane material involved removal of NJbistrifluoromethyl- 

hydroxylsmine with cold aqueous sodium hydroxide. 
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(l$ Results 

(;i;) Hydrogen-abstraction reactions involving 

halogenoalkanes.- Essential experimental details 

are presented in Table 1. The mono(bistrifluoromethyl- 

amino-oxy)-derivatives were characterised as shown in 

Table 2. 

(ii) Addition reactions involving halogenoalkenes.- 

These were carried out with equimolar ratios of reactants, 

as shown in Table 3, to ensure 'clean' reactions. The 1,2- 

bis(bistrifluoromethylamino-oxy)ethanes obtained were 

characterised as described in the footnotes to the table 

and,for (cF~),N~CH,CHXON(CF~)~ (x = F, cl) and 

(CF~)~N~CHFCF~~N(CF~)~, as described previously [14; n.m.r. 

data]. 
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