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1. Introduction 

This chapter is intended to bring together the chemistry of compounds 
which bear the general formula (CF,),NR, where R represents an atom 
or a group. The development of this area of chemistry in recent years has 

* Mr. Syn provided essistanoe with the literature. 
1 
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been stimulated by the discovery of two distinct types of compounds, 
namely, N-chloro- or N-bromobis(trifluoromethy1)amine and bis- 
(trifluoromethy1)nitroxyl. The reactivity of the former is facilitated by the 
ready fission of the halogen-nitrogen bonds under both free radical and 
ionic conditions. Although bis(trifluoromethy1)nitroxyl is stable a t  
ambient temperatures to  both dimerization and decomposition, i t  is 
reactive toward a vast number of organic and inorganic compounds. 
These properties are different from those of a large number of non- 
fluorinated organic nitroxyls where chemical reactivity does not reside 
a t  the oxygen atom. Articles which amply illustrate this fact have 
appeared in two excellent books : one by Forrester, Hay, and Thomson 
( 1 )  and the other by Rozantsev (2), as well as in other reviews ( 3 , 4 ) .  Thus, 
this chapter not only assesses the present status of the chemistry of 
(CF,),NR compounds, but also serves as a pointer to  future develop- 
ments. 

Nitroxide and nitroxyl have been adopted as a group nomenclature 
for R2N0 free radicals, where R is an organic group. I n  this Chapter, 
bis(trifluoromethy1)nitroxyl is the nomenclature adopted for the 
parent free radical. The term bis(trifluoromethy1)nitroxy is used to 
describe the presence of (CF,),NO group in any molecular compound; 
and bis(trifluoromethy1)nitroxide is used either for “salts” of inorganic 
compounds [e.g., (CF3)2NO-Na+ is named sodium bis(trifluoromethy1)- 
nitroxide] or whenever this term appears a t  the end in the naming of 
any compound (e.g., [NSON(CF,),], is named tetrathiazyl tetra-[bis- 
(trifluoromethyl)nitroxide]). This approach is more in keeping with the 
IUPAC recommendations (5). 

I I .  Mercurials Containing the Hg-N(CF3)z Bond 

A. PREPARATIONS 

Young and co-workers were the first to  synthesize di[bis(trifluoro- 
methyl)amino]mercury in good yield by reacting mercuric fluoride with 
perfluoro-2-azapropene a t  an elevated temperature (6). Later, Emelbus 

and Hurst showed that the mercurial could be conveniently obtained 
by the fluorination of cyanogen chloride with mercuric fluoride (7). 
(Table I). Although the yield is low, the availability of the starting 
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TABLE I 

PREPARATION OF BIS(TRIFLUOROMETHYL)AMINO-SUBSTITUTED MERCURIALS 

Yield 
Compounds Reagents Conditions (%) Ref. 

~~ ~ 

[(CF3)2NIzHg CNCl + HgFz 32O0/flowmethod 25 7 
CF3N:CFz + HgFz 100°/15 hr 79 6 

[(CF&NNCF&Hg (CF3)Z":CFz + HgFz 140°/6 hr 97 8 
(CF3)zNHgCHs (CF&NBr + (CH&Hg Room temp./rapid 70 9 
(CF&NHgSCF3 (CF&NCl+ (CF3S)zHg Room temp./36 hr 50 9 

material makes this method more convenient for small-scale prepara- 
tions. The other mercurial, [(CF,),NNCF,],Hg, can also be formed in 
like manner from (CF,),NN: CCl, (8) .  Mixed mercurials are produced by 
group exchange reactions as shown below (9). 

(CFs)aNX + (CHs)zHg + (CFs)aNHgCHa + CHsX 
(CF3)zNCI + 2(CFsS)zHg -+ (CFs)zNHgSCFs + CF3SHgCI f CFsSSCF3 

X = C1, Br 

(CF&NHgCH, is detected in the interaction of a mixture of dimethyl- 
mercury with di[bis(trifluoromethyl)amino]mercury by the 19F nuclear 
magnetic resonance spectrum. 

B. PHYSICAL PROPERTIES 

Apart from the mercurials, (CT,),NHgR (R = CH,, SCF,), which are 
unstable a t  room temperature, the other symmetrical mercurials are 
stable if stored in sealed evacuated ampoules. All the mercurials are 
mononuclear and soluble in fluorocarbon and hydrocarbon solvents. 
They are extremely sensitive to moisture, hydrolyzing immediately with 
the formation of yellow mercuric oxide (Table 11). 

TABLE I1 

PHYSICAL DATA FOR BIS(TRIFLUOROMETHYL)AMINO - S U B S ~ T E D  MERCTTRIALS 

Compounds B.p. ("C) M.p. ("C) Ref. 

[(CFdzNlzHg 127 17.5 6, 7 
[(CFdzNNCFslzHg - 29.5 8 
(CFdzNHgCH3 Unstable At room temp. 9 
(CFdzNHgSCF3 Unstable At room temp. 9 
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C. ~ E M I C A L  PROPERTIES 

1. Introduction 

The N-Hg bonds in all the mercurials are susceptible to ready cleavage 
in the presence of halogens, sulfur, or suitable halides. Advantage is 
taken of this property either to furnish the N-halogenoamines, which 
are important precursors, or to prepare a number of derivatives contain- 
ing the amino groups. The products from these reactions are given in 
Table ITI. 

2. Reactions with Acid Halides 

Although a few amides of the general formulaRCON(CF3), have been 
obtained by electrochemical fluorination, the metathetical method 
involving the use of hydrocarbon as well as fluorocarbon acid halides 
gives improved yields and can be controlled to allow wide variation in 
the nature of R. The methyl derivative is not readily attacked by water, 
showing that compounds bearing both fluorinated and fluorine-contain- 
ing groups on nitrogen tend to be hydrolytically stable as long as the 
nitrogen is tertiary and fluorine cannot be split off as H F  from adjacent 
atoms (10). 

With other halides of Group IIIB, IVB, or VB elements, di[bis- 
(trifluoromethyl)amino]mercury undergoes reactions to give perfluoro- 
2-azapropene and the fluorinated derivatives : 

The production of perfluoro-2-azapropene seems to be a common feature 
in a large number of such reactions and certainly reflects the ease of 
intramolecular fluorination by the bis(trifluoromethy1)amino group. 

3. Reactions with Sulfur Compounds 

The main products obtained from the interaction of di[bis(trifluoro- 
methyl)amino]mercury with sulfur and substituted sulfenyl chlorides 
are shown in Table 111. Both S02C12 and CCl3SC1 fail to give derivatives 
containing the (CF3)zN group (11). Instead, perfluoro-2-azapropene is 
formed in quantitative yield, indicating that the desired compounds 
could have undergone intramolecular fluorination. 

With sulfur, two distinct types of reactions are observed. The first 
involves the thermal dissociation of the mercurial to HgF,, CF,N=CF,, 
and (CF3)2NCF=NCF3, while the other reaction affords HgS, [(CF,),N],S, 



TABLE I11 
REA- OF BIS(TRIFLUOROMETEYL)~O-SWSTITOTED ~ E R C U R W  

Compound Reagent Conditions PmdUCte (% yield) Ref. 
~ ~~ 

[(CFs )aNl2Hg a 2  
Br2 
I2 

Se 

SCl2 
CFsSCl 
CHaSCl 
CClsSCl 
s 0 2 C l 2  
CFsCOCl 
CHsCOCl 
PhCOCl 

[(CFs)zN12Hg Prolonged 
irradiation 

Room temp. 
Room temp. 
Roomtemp./21 days - 

- 
80°/4 days 
Room temp./rapid 
80°/16 hr 

- 

hv/31 days 

Room temp. 
20°/rapid 
Room temp. 
Room temp. 
2Oo/3S hr 
20°/3 days 
Room temp./rapid 
Room temp./rapid 

12 
9 .a 
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and (CF,),NS,N(CF,), (12). The relationships are shown by the follow- 
ing equations : 

HgFz + CF3N4F2 + (CFa)zNCF=NCFs 

i HgS + [(CFs)2NlzS + [(CFa)2NlzS2 

HglN(CF3)zla 

The mercury derivative when heated alone above 135' dissociates 
into HgF, and CF3N=CF2, but reforms quantitatively on cooling. I n  the 
presence of sulfur and mercuric sulfide at 165', dimerization of the 
CF,N=CF, takes place, apparently interfering with the recombination 
between HgF, and CF,N=CF,. However, dimerization does not occur in 
the absence of a mercuric salt. 

D . PEOTOLY SIS 

Prolonged irradiation of the mercurial alone gives unchanged 
material (36%), tetrakis(trifluoromethy1)hydrazine (53%), per- 
fluoro-2-azapropene (15%), perfluorodimethylamine ( 13%), and 
(CF3)2NN(CF3)CF2N(CF,)2 (15%). These products could have arisen by 
two distinct primary decomposition modes of the mercmials ( l a ) ,  i.e., 

The formation of the (CF,),N radical predominates, a+~ shown by the 
production of (CF,),NH (97%) when the mercurial is irradiated in 
pentane. The products CF,N=CF2 and (CF,),NF must then be formed by 
secondary reactions of the (CF3),N radicals, 115 shown below. 

2(CF3)2N. w (CF3)zNF + C.FaN=CFz 

2(CF3)2N. + 2Hg - 2CF3N=CF2 + 2HgzFz (or HgF2) 

HgxFs 
(CF3)tN. _____+ (CF3)zNF 

01 ngF, 

The hydrazine, (CF3)&N(CF3),, is formed either by dimerization of 
(CF3),N radicals or by reaction of (CF,),N radicals with undissociated 
mercurial. The compound (CF,)2NN(CF3)CF2N(GF3)z arises from (CF,),N 
radical addition to  perfluoro-2-azapropene to give the radicals 
(CF,),NN(GF,)CF, or (CF,),NCF,fiCF,, followed by reaction of these 
with (CF,),N ra.dicals or with [(CF,),N],Hg. 
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Photolysis of a 1 : 1 molar mixture of the mercurial and perfluoro- 
cyclobutene (31 days) gives (CF,),NN(CF,), (47%), CF,N=CF2 (13%), 
(CF&NF (6%) and 

FzC -CFN(CFs)z 

FzC-CFN(CFa)z 
I I  

The low yield of the last compound indicates that reaction of the (CF,),N 
radicals with the butene is slow and the secondary reactions leading to the 
other products have time to occur, or that the initial addition is reversible, 
or that the abstraction reaction (below) is not favored. 

(CF3)zN. + F2C-CF - FzC-CFN(CF3)z 
I I  

FzC-CF. 

(1) 

I I1 
FzC-CF 

111. N-Halogenobis(trifluorornethyl)amines and Derivatives 

A. METHODS OF SYNTHESIS 

Di[bis(trifluoromethyl)amino]mercury(I) provides a convenient route 
to the synthesis of N-iodo, N-bromo-, and N-chlorobis(trifluoromethy1)- 
amine. Although the N-iodamine is formed only under mild conditions in 
diffuse daylight over an extended period, the N-chloro and N-bromo 

[(CF)zN]zHg + 2x2 + 2(CFs)zNX + HgXz 

analogs are obtained readily in high yields. The N-chloramine was first 
prepared by reacting phosphorus pentachloride with bis(trifluoro- 
methy1)hydroxylamine (15). 

(CF3)zNOH f Pcl5 + (CFs)zNCl+ PoC13 + HCl 

N-Fluorobis(trifluoromethy1)amine has not been prepared by reacting 
the mercurial(1) with fluorine. Instead it can be formed in fairly good 
yield by either fluorinating trimethylamine with cobaltic fluoride or by 
subjecting HCONMe, to electrochemical fluorination. Table I V  summar- 
izes other reactions that are now known to give N-fluorobis( trifluoro- 
methy1)amine. 

Interesting gradations in some physical properties of the N-halogeno- 
bis(trifluoromethy1)amines are shown in Table V. 
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TABLE N 
FRODWCXTON OF N -FLUOBOBIS(T&TPZUOROYETHYL)~~ 

Starting materials Conditions Yield (%) Ref. 

HCONHMe 

MeNH2, MezNH, Me3N 

130"-220" 
hv 
hv/30 days 

100" 
250"/20 hr 
100"/24 hr 
50"/15 hr 

100"/18 hr 
Electrochemical 

fluorination 
Electrochemical 

fluorination 
Electrochemical 

fluorination 

Electrochemical 
fluorination 

300°/24 hr 
260" 

620' 
Electrolysis at 80" 
Jet fluorination 

115'-275' 

40-70 
13 
6 

45 
- 
- 
- 
60 
38 

11 

As a mixture with 
CF&F2NFa, 

12-22% 

18 

16 
14 
14 

17 
17 
17 
18 
18 
19 

19 

20 

20 

21 
22 
23 
24 
25 

24. 26 

TABLE V 

N -SUBSTITUTED BIS(TRIFLUOROMETHYL)AMINES 
CO&fPARISON OF PHYSICAL PROPERTIES OF 

-37 
-9 
22 
57 

-6.7 to -6 
-4 to -3 

16.4 
21 

246[ 11 61 
293[ 1201 
352[ 124) 

1320,1275,1230,975 
1315,1260,1210,968 
1310,1250,1200,962 
1305,1245,1185,960 

71.3 9, 17 
64.1 6 , 9  
60.7 6, 9 
55.8 9, 27 
- 28,29 
- 12 
- 30 
- - 
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B. PHOTOLYSIS 

Progress in the chemistry of bis(trifluoromethy1)amino radical is 
facilitated by the ease of rupture of the nitrogen-halogen bond, which is 
certainly much less when the halogen is fluorine. N-Iodobis(trifluoro- 
methy1)amine is unstable since, on standing, tetrakis(trifluoromethy1)- 
hydrazine is formed and iodine is liberated. The N-bromamine undergoes 
similar decomposition only on photolysis. Its mode of decomposition can 
be  shown w follows : 

Many reactions which are now known to yield tetrakis(trifluoromethy1)- 
hydrazine are shown in Table VI. 

TABLE VI 

FORMATION OF TETRAKIS(TRIFLUOROMETHYL)HYDRAZINE 

Starting Reagents 
Yield 

Conditions ('YO) Ref. 

looo 
250°/20 hr 
60°/15 hr 
100°/18 hr 
Irradiation with Hg lamp 

for 6 days 
lOO0/96 hr/dark 
100°/48 hr/dark, followed 

by hv/168 hr 
hv/21 days 
hv/30 days 
hv/35 days 
hv/30 days 
hv/31 days 
hv/5 cm pressure 
Electrochemical 

fluorination 
Fluorination process 

- 
- 
- 
13 
- 

40 
91 

80 
43 
55 
53 
47 

35 

14 

- 

17 
17 
18 
18 
31 

32 
32 

33 
14 
14 
14 
14 

34 ,35  
19 

18, 20 

Young and Dresdner have reported that the N-N bond in tetrakis- 
(trifluoromethy1)hydrazine is extremely stable to thermal rupture com- 
pared to the bonds in a number of substituted hydmzine (36). Thus, 
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pyrolysis a t  550°C over a period of 5 hr gave an 84% recovery of the 
hydrazine. The stability possessed by this compound is indeed remark- 
able since the bulky trifluoromethyl groups must cause substantial 
repulsions. The N-N bond appears to be unusually strengthened and 
shortened despite the strong nonbonded F . + .  F repulsions across it. The 
crowding of the trifluoromethyl groups is found to flatten the two N 
pyramids almost to planarity and to  set the dihedral angle between 
opposite bis(trifluoromethy1)amino groups at  a value of 90". A molecular 
orbital descript,ion suggests that the shorter N-N bond may be under- 
stood in terms of the enhancement of 7r bonding ensuing from the nearly 

symmetry imposed by steric forces (37) (Fig. 1). 

C. 

1. 

0 Fluorine Nitrogen 0 Carbon 

FIG. I .  Structural representation of N&F& (37). 

REACTIONS 

Formation of Boron Compounds 

Bis(trifluoromethy1)amine produces no reaction with boron tri- 
%uoride (6 ) ,  but the reactions -with boron trichloride and tribromide 
proceed smoothly at room temperature to afford white crystalline 
amino derivatives, (CF,),NBX2 (X = CJ, Br), according to the following 
equations (38). 

(CF3)zNH + BXs -+ (CF3)2NH.BX3 
(CF3)zNHBXa -+ (CF3)2NBXz + HX 

X = C1, Br 

The reaction with boron trichloride at 110' gives only volatile products, 
namely, boron trifluoride, hydrogen chloride, and 1 ,l-dichloro-3,3,3- 
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trifluoro-2-azapropene. Both bis(trifluoromethy1)aminoboron dichloride 
and the dibromide are white crystalline solids which undergo rapid 
decomposition a t  room temperature. 

(CF3)zNBXz -+ CF3N4X2 + BF3 

2. Reactions with Silicon Compounds 

Di[bis(trifluoromethyl)amino]mercury reacts with trimethylchloro- 
silane at  room temperature to afford trimethylfluorosilane, perfluoro-2- 
azapropene, and mercury chloride (39). 

[(CFa)aN]zHg + 2MerSiCl -+ 2MesSiF + 2CFsNdFa + HgCIz 

The interaction of N-chlorobis(trifluoromethy1)amine with di- 
(trimethylsily1)mercury proceeds vigorously at  room temperature to give 
perfluoro-2-azapropene, trimethylfluorosilane, trimethylchlorosilane, 
and mercury. At -126", the reaction gives bis(trifluoromethy1)amino- 
trimethylsilane, together with a substantial amount of other decomposi- 
tion products. 

2(CF&NCl + 2(MeaSi)&g -+ (CF&NSiMea + 2MesSiC1+ MeaSiF + CFaN=CFz + 2Hg 

The silane is unstable at room temperature, and decomposition is usually 
complete within 24 hours, involving probably ,!?-elimination, a process 

$ /"icp. 
Me3Si-N-CFs __.+ MeaSi-F + CFsN=CFt 

rather common for silicon compounds containing either halogen or 
hydrogen in a position beta to  silicon. 

The unstable nature of the silane is of interest in that it indicates the 
difficulty that may be associated with the preparation of similar com- 
pounds of the lower members in the series of elements with the group. 

3. Reactions with Compounds of Group V B  Elements 
a. Compounds of Nitrogen. N-Bromo- and N-chlorobis(trifluoro- 

mthye1)amine react with a number of unsaturated nitrogen compounds. 
With cyanogen chloride, the N-chloramine gives 1 : 1 addition under 
ultraviolet irradiation (8). 

hv 
(CFa)zNCl+ CNCl - (CF3)zNN:CClz 
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Nitroso derivatives are formed with both nitric oxide and nitrogen 
dioxide (31 ) . 

800 (CF3)zNBr + NO2 - (CF3)eNONO 

(CF3)zNBr + NO tPmp_ (CF3)zNNO 
room 

b.  Compounds of Phosphorus, Arsenic, and Antimony. Earlier attempts 
to attach (CF3)ZN group(s) to phosphorus by reacting either PCl, or 
(CF3),PI with [(CF3),Nl2Hg have produced only the fluorinated deriva- 
tives, namely, PF, and (CF,),PF. Other attempts involving the reactions 
of red phosphorus with the mercurial have been equally unsuccessful (40) .  
However, when tris(trifluoromethy1)phosphine is allowed to react with 
either N-chloro- or N-bromobis(trifluoromethy1)amine in a 1 : 1 molar 
ratio at elevated temperatures, bis(trifluoromethyl)aminobis(trifluoro- 
methy1)phosphine and CF,X (X = C1 or Br) are produced quantitatively. 
Further stepwise substitution reactions give both the di- and tri- 
substituted derivatives, [(CF,),N],P(CF,),, ( n  = 2, 3). The overall 
reactions are shown by the equations (41, 42). 

An extension of the exchange reactions to tris(trifluoromethy1)arsine 
gives only the mono- and disubstituted derivatives, 

However, the reaction of tris(tri0uoromethyl)stibine and N-chlorobis- 
(trifluoromethy1)amine even a t  -20" proceeds differently. Only decom- 
position occurs, as shown by the equation : 

3(CF3)zNCl+ (CF3)3Sb -+ 3CF3NdFa + 3CFaClf SbF3 

These findings can be best explained by suggesting that an unstable 
intermediate, (CF3)2NSb(CF3)2, which is initially formed, undergoes 
intramolecular fluorination to give CF,N =CF,and (CF,),SbF. In view 
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of the fact that the rate of disproportionation for (CF,),SbX (X = C1, Br, 
I) decreases in the order C l>Br>I ,  it  is therefore expected that 
(CF3),SbF would also undergo successive disproportionation to give 
antimony trifluoride. The complete reactions can be represented as 

(CFs)sSb + (CF3)zNCI + (CFs)aNSb(CF3)2 + CFsCl 

(CFs)zSbN(CFs)z + (CF3)zSbF + CFsNdFz 

2(CFdzSbF + (CFs)sSb + CF3SbFz 

2CFaSbFz + (CF3)zSbF + SbF3 

It seems reasonable to suppose that the nonreversible reactions 
between, for example, N-chlorobis(trifluoromethy1)amine and tris- 
(trifluoromethyl)phosphine, involve the formation of the phosphorus(V) 
derivative which decomposes to give (CF,),NP(CF,), and CF3C1. 

The preferential elimination of CF&l as against (CF,),NCI may be 
explained on energetic ground. 

Reaction of bis(trifluoromethyl)aminobis(trifluoromethyl)phosphine 
with chlorine at room temperature forms the addition product, 
(CF3)2NP(CF3)zC1z, which decomposes on standing to give perfluoro-2- 
azapropene and bis(trifluoromethy1)dichlorofluorophosphorane. Com- 
plete decomposition occurs on heating the dichloride at  60" for a day. 

In  this respect, the adduct differs from that of (CF,),PCl,, which can be 
distilled a t  70'1370 mm without decomposition, but may explode 
violently on nearing the boiling point. 

The arsenical, (CFY)2NA~(CF3)z, behaves quite differently with 
chlorine No pentavalent arsenic dichloride is obtained. With two moles 
of chlorine, the products isolated are CF,Cl, (CF&?NCl, and 
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(CF3),NAsC12; an excess of chlorine gives only CF,Cl, (CF3),NCl, and 
AsCl ( 43). 

?rir 
(CF3)2NA~C12 + 2CF3Cl 

(CFdzNA8(CFdz 

AsC13 + LCF&l+ (CF3)2NCl 

The entry to the field of metal carbonyls is achieved through the 
synthesis of (CF3),NP(CF3)2Ni(CO)3 (44). This compound, a colorless 
liquid which decomposes on fractionation, is prepared by the reaction of 
(CF3),NP(CF3), with Ni(CO)* in ether. Attempts to  carry out further 
substitution reactions have been unsuccessful. 

Emel6us and Onak have discovered that the reaction between N -  
chlorobis(trifluoromethy1)amine and PF,X (X = F, C1) gives addition 
products (45) .  In  this reaction some perfluoro-2-azapropene is also 

(CF3)zNCI + PFzX + (CF3)2NPF&lX 

produced, indicating that intramolecular fluorination, a feature common 
to many compounds containing bis(trifluoromethy1)amino grouy(s), has 
occurred. It has also been found that N-chlorobis(trifluoromethy1)amine 
reacts with bis(trifluoromethy1)phosphorus chloride and fluoride in the 
same manner a t  temperatures not greater than 20" (46) .  While the 
chloride gives two phosphoranes, namely, bis(trifluoromethy1)amino- 
bis(trifluoromethy1)dichlorophosphorane and bis(trifluoromethy1)di- 
chlorofluorophosphorane, the fluoride yields bis(trifluoromethy1)amino- 
bis(trifluoromethy1)chlorofluorophosphorane and bis(trifluoromethy1)- 
chlorodifluorophosphorane. Perfluoro-2-azapropene is also one of the 
products in both reactions. The overall reactions may be considered to  
proceed as follows. 

(CF3)zPX + (CF&NCI + (CF3)zNP(CFa)zXCI 

(CF3)2NP(CF3)2XCI -+ (CF3)zPXFCI + CF3N4Fz 

X = F, C1 

The interactions with trifluoromethylphosphorus dichloride and di- 
fluoride follow a similar course. Apart from perfluoro-2-azapropene 
produced in these reactions, the dichloride gives bis(trifluoromethy1)- 
aminotrifluoromethyltrichlorophosphorane, which undergoes decompo- 
sition at room temperature to yield trifluoromethyltrichlorofluorophos- 
phorane and perfluoro-2-azapropene. The reaction with trifluoromethyl- 
phosphorus difluoride gives the expected products, namely, bis(trifluor0- 
inethy1)aminotrifluoromethylchlorodifluorophosphorane and trifluoro- 
methylchlorotrifluorophosphorane. 
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Bis(trifluoromethy1)phosphorus iodide reacts somewhat differently 
even at  -126" to-afford bis(trifluoromethyl)fluorophosphine, perfluoro-2- 
azapropene, and a dark brown solid which is presumably iodine mono- 
fluoride. In addition, bis(trifluoromethy1)chlorodifluorophosphorane is 
also formed. 

4. Reactions with Compounds of Group V I B  Elements 
Tullock claims that the reaction of N-chlorobis(trifluoromethy1)- 

amine with sulfur heated to 350" in a pressure vessel gives (CF3),NSCI 
and [(CF,),N],S (47).  Irradiation of a mixture of N-chlorobis(trifluoro- 
methy1)amine and sulfur chloropentafluoride gives bis(trifluoromethy1)- 
aminopentafluorosulfur (as), whereas with sulfur tetrafluoride, two 
bis(trifluoromethy1)amino derivatives of sulfur are formed, namely, 
(CF3),NSFS and (CF&NSCl, although in low yield. (CF3),NSCl 
has also been prepared from N-chlorobis(trifluoromethy1)amine by 
either heating it with sulfur (47) or on prolonged irradiation with sulfuryl 
dichloride (13). 

N-Chloro-, N-bromo-, and N-iodobis(tri8uoromethyl)amines react 
with selenium at room temperature. The chlor- and bromamines give 
products which could be explained by the equations, 

(CF&NX + Se -+ (CF&NSeX 
2(CF&NX + 358 --t [(CF3)2N]2Se + SezX2 

and iodine is liberated in the reaction with the N-iodamine, 

~ ( C F ~ Z N I  + Se -+ [(CF3)zNIzSe + I2 

No derivatives containing the Se-I bond are known ( 4 9 ~ ) .  

5. Addition to Alkenes 
Addition of N-halogenobis(trifluoromethyl)amine, (CF,) ,NX (where 

X = C1, Br and I), to olefins has been extensively investigated. In most 
cases, 1 : 1 adducts are produced, as illustrated by the equation (27, 
31, 32, 49), 

(CF3)zNX + CH2=CH2 -+ (CP3)2NCHz*CHzX 
X = B r , I  

With unsymmetrical olefins, mixtures of isomeric products are obtained. 
For example, 

(CF3)zNX + RCHSH2 + (CF3)zNCHRCHzX + (CF3)zNCHzCHRX 

Haszeldine and co-workers have suggested that both free radical and 
ionic mechanisms are operative. As to whichis the overriding one depends 
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to a great extent on the conditions under which the experiments are 
conducted. Thus, in general, photolyzing and heating are considered to 
favor chain reactions, whereas reactions carried out a t  low temperatures 
in the dark are considered to involve ionic intermediates. 

Table VI I  summarizes the isomer ratios obtained from the reactions 
of N-halogenoamines with substituted olefins under various conditions. 
Thus, under ultraviolet light the N-chloramine reacts with trifluoro- 
ethylene to give 1 : 1 adducts of 2-chloro-l,2,2-trifluorobis(trifluoro- 
methyl)ethylamine(IV) and 2-chloro- 1,1,2-trifluorobis(trifuoromethyl)- 

TABLE VII 

REACTIONS OF N -HALOOENOBIS(TRIFLUOROMETHYL)AMINE WITH ALKENES 

Reactants Conditions Products (% yield) Ref. 
~~ 

CH3CH : CH2/(CF3)2NCl -24"/dark/3 days (CF&NCH(CH3)CH2C1(60) 

CH2 :CHF/(CF&NCl hv/30 min 1. (CF3)2NCH&HFCl (95), 
(CF3)2NCH2CH( CH3)Cl 

2. (CF3)zNCHF CHzCl(5) 
25"/dark/10 days 
Room temp./dark/ (CF3)2NCH~.CHFBr 

1 .  (93), 2. (7 )  
CH2 : CHF/(CF&NBr 

12 weeks 
CHz:CHF/(CF3)2NI hv/l hr 3. (CF3)2NCH2*CHFI (93), 

4.(CF3)2NCHFCH21(7), 
and tracesof (CF3)2NH 
and CF3N : CF2 

Gasphase/day- 3. (65),4. (35) 

-24"/dark/24 hr 
light/l hr 

3. (2), 4. (98), andsmall 
amounts of (CF&NH, 
CF&: CFz, and CHF3CH2I 

CH2 :CF2/(CF3)2NBr 25'/dark/) hr 5. (CF3)2NCH&FzBr 
100°/dark/24 hr 5. 

CFsCF :CFz/(CF3)2NCl 165"/7 days (CF3)2NCFzCFCICFs (96), 
(CF3)2NCF(CFs)CF2CI (41, 
and traces of (CF3)zNH 
and CF3N : CF2 

CFBCF : CFz/(CF3)2NBr 100°/dark/24 hr (CF&NCF&FBrCF3 
C F ~ C F : C F Z / ( C F ~ ) ~ N I  hv/lO days (CF3)&CF2CFICF3, SiFg, 

COF2, CF3N:CFz, 
(CF3 )2NH, and [ (CF3) 2NIz 

and [(CF3)2Nl2 

120"/3 hr SiFg, CF3N : CF2, CFaNCO, 
CO2, COFz, (CFa)&H, 

50 

50 

50 
32 

50 

50 

32 

51 

32 
51 

51 
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ethylamine (I7) in the ratio of 87: 13. The bidirectional addition involves 
(CF,),N radical as the chain carrier, as shown below. 

A or 
(CF&NCl 7 (CFs)2N* + C1 

(CFs)zN* + CF2: CHF __+ (CF3)aNCFzCFH + (CFs)2NCHFCFz 

(CFahNCI I (CFs)rNCI 

(IV) 

I 
(V) 

The isomeric distribution afforded by N-halogenoamines is similar to that 
given by CF,I, also under free radical conditions, suggesting that (CF,),N 
and CF3 radicals me of comparable electrophilicity. 

Under nonradical conditions, substituted olefinswhich contain electro- 
positive substituents are attacked by N-chloro-, N-bromo-, and N-iodo- 
bis(trifluoromethy1)amine. The reactions between the N-bromamine and 
cis- or trans-but-2-ene at -78’ in the dark give stereospecific trans 
addition products, namely, threo- and erythro-2-bromo-l-methyl-N,N- 
bis(trifluoromethyl)propylamine, respectively, in high yield. The reac- 
tions are considered to involve cyclic bromonium ion intermediates, and 
not four-center addition, as shown below (49). 

Me Me 
\ /  

H/ ‘H 
C:C +(CFa)sN-Br __f 

Me N(CF3)2 
(CFdsN- or \ /  - H4-C-Me 
(CFahNBr / \  

\ /Me 
Me 

c-c 
H’ v/ \H Br H 

(thrw) Br 

Me H 
\ /  
/c:c + (CF3)ZNBr - 

H \Me 

Me H Me N(CFs)2 

H I/ Me Br Me 

\ I  

/ I  
(CFshN- or \ /  

/ +  \ (CFdaNBr 
c-c h H-C-C-H 

Br 
(erythru) 

Similarly, an iodonium intermediate is proposed in the reaction with the 
N-iodamine at low temperatures in the dark. 
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TABLE VIII 
REACTIONS OF N-HALOGENOAMIKES WITEI TRIFLUOROETHYLENE (51) 

~~~~~~~~~ ~ 

Ratio of attack on CHF and CFZ groups - -  
N -Halogeno- ... 

amine 25'/light W irradiation 20"/dark 

- 87:13 (96%) 78:22 (99%) - 

76:24 (99Yo) 74:26 (93%) - - 
- - 77:23 (15%) 

(CF3)ZNCl 
(CF3)zNBr 78:22 (95%) 
(CFa )zNI 

With olefins containing electronegative groups, the tendency to add 
the N -halogenoarnines across the double bonds under nonradical con- 
ditions decreases in the order I > Br > Cl(51). This could be due to both 
the decrease in the availability of the 7~ electrons of the olefins as well as 
the ease of expansion of coordination number of the halogen decreasing 
in the order I > Br > C1. Thus, the N-chloramine does not react with 
vinyl fluoride at  -24" in the dark in contrast to the reaction that has been 
observed with the N-iodamine under similar conditions. On the other 
hand, the N-halogenoamines react with olefins containing electro- 
positive substituents even a t  low temperatures ; with olefins containing 
only electronegative substituents ultraviolet or high temperature 
conditions are necessary to ensure addition reactions (Table VIII). 

It is in the area involving the reactions with electronegative sub- 
stituents under nonradical conditions where the postulated mechanisms 
need be restated, for it seems unlikely that free radical mechanism can 
be proposed for the reaction between the N-chloramine and vinyl 
fluoride at 25" in the dark (50). Under such conditions, the (CF3)2N 
radical is unlikely to be generated. It is now proposed that under non- 
radical conditions, two types of reactions are possible-the unimolecular 
and bimolecular reactions. The former is favored when X in (CF8)2NX 
is iodine or bromine and the latter is preferred when X is chlorine. The 
unimolecular reaction explains as in the case of the reaction between 
(CF3)2NI and CH,=CHF, the preferential attack on the CHF carbon, 
as shown below, 

(CF3)2NI + CH2:CHF + (CF3)zN- + CHz-CHF 

\+/ 
I 

together with the presence of (CF3),NCH2CHFI as a minor product. 
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For the bimolecular reaction involving the N-chloramine the mechan- 
ism can be written as follows : 

' N  
/ \  

CF3 CFs 

(CF3)zNCHzCHFCl 

This mechanism explains the predominant amount of (CF3),NCH2 
CHFCl as against (CF3),NCHFCH2C1, thus avoiding the rather unlikely 
free radical pathway. The ratio of the isomers would therefore be in the 
same order as that expected for radical reactions. This same mechanism 
is operative in the reactions between (CF,),NBr and either CH, : CHF or 
CH, : CF, a t  room temperature in the dark (32). 

6. Addition to Allenes 
Haszeldine and co-workers have reported the addition of N-bromo- 

bis(trifluoromethy1)amine t o  allene to  give a mixture of olefins, namely 
(CP3),NCH2*CBr :CH, and (CP,),NC(CH,Br) : CH,. With a twofold 
excess of N-bromamine, however, addition across both the double bonds 
is observed, but only one product has been isolated, (CF3),NCH,CBr, 
CH,N(CF,), (27,32). The vapor phase reaction of the N-bromamine with 
allene in daylight is considered to  proceed via free radical intermediates, 
while the liquid phase reaction a t  -78" in the dark probably proceeds via 
ionic intermediates. Addition to  a number of bis(trifluoromethy1)- 
amino-substituted allenes can proceed at much lower temperatures 
(-78'); [(CF3)zN]zC:C:CHz does not react, whereas [(CF,),NCH:C: 
CHN(CF,),] affords only [(CF,),N],CH.CBr: CHN(CT3),. A mixture of 
addition compounds, namely, [(CF,),N],CH -CBr : CH, and (CF,),NCH, 
CBr:CHN(CF,),, is obtained from (CF,),NCH:C:CH,. I n  contra- 
distinction, no addition reaction is observed with [(CF,),N],C: C: 
CHN(CF&. Only a substitution reaction involving a displacement of the 
labile allenic hydrogen is noted. 

A series of bis(trifluoromcthy1)amino-substituted allenes are con- 
verted to the corresponding oxazetidincs, as shown below (52). 
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(CF3)zN'CH:C:CR'R' + CF3NO __* (CF3)2N,CH--C:CRlR' 
I I  
O-NCF3 

R'=RZ= H 

R'=H, RZ=(CF&N 

R'=Rz=(CF&N 

Pyrolysis of the oxazetidines by a flow method at  200"-300" gives 
equimolar quantities of N,N-bis(trifluoromethy1)formamide and the 
corresponding N-trifluoromethylketenimine by ring cleavage as illus- 
trated by the equation : 

H 
(CF3)zN-C-C:R'R' - (CF3)zN.CHO + CF3N :C:CR'R2 

I 1  
0- NCF3 

R ' = R Z = H  
R' = H, R2 = (CF.y)2N 
R1 = R2 = (CF&N 

This reaction serves to confirm the oxazetidine structures. 

7. Addition. to Alkynes 

with acetylene at  50" (31). 
Only one mole of N-bromobis(trifluoromethy1)amine is taken up 

(CF3)zNBr + C H z d H  -+ (CF&NCH=CHBr 

With a substituted acetylene, (CF,),NCX!H, N-chlorobis(trifluoro- 
methy1)amine under the influence of ultraviolet light produces a mixture 
of isomers (51). 

(CF3)2NCCI=CHN(CF3)2 + [(CF3)2N]zC=CHCl hv (CF3)zNCI + (CFa)2NCdH - 
IV. Bis(trifluorornethy1)amino-Substituted Organic Compounds 

A. UNSATURATED BIS(TRIFLUOROMETHYL)AWNO DERIVATIVES 

1. Synthesis by  Dehydrohalogenation 
Dehydrohalogenation of a number of bis(trifluoromethy1)amino 

derivatives has demonstrated that it can be adopted as a general method 
for the synthesis of unsaturated derivatives. Thus, the olefin, acetylene, 
and allene derivatives have been prepared by this method using mainly 
potassium hydroxide as a dehydrohalogenating reagent. In  one instance, 
a zinc-ethanol mixture has been employed (53). Most of these reactions 
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have been conducted under relatively mild conditions. The nature of the 
reaction products depends to a large extent on the derivatives under 
investigation. Most saturated bromo or iodo derivatives produce only 
olefins, as shown below (27, 53, 54). 

H Br 
I I  

(CFS)ZN-CR'-CRZ + KOH - (CFs)zN-CR'=CRz 

On heating erythro-Me[(CF,),N]CH. CHMeBr and threo-Me[((=F',),N] 
CH- CHMeBr with potassium hydroxide, cis-MeCH : CMe[N(CF'3)2] and 
trans-MeCH : CMe[N(CF3)2] are formed, respectively. With a dibromide 
derivative where the bromine atoms reside on the p-position of a substi- 
tuted propene, the final product could be an allene. 

(CF~)~NCH~.CB~~.CHZN(CF~)Z + KOH + (CFS)ZNCH:C:CHN(CFS)Z 

Several allenic compounds containing bis(trifluoromethy1)amino groups 
have been derived from the substituted bromopropenes. For example, 

(CFs)zNCHz.CBr:CHz f KOH --f (CF3)zNCH:C:CHz 

Acetylenic bonds can be formed from the same reaction using bromo- 
ethylene derivatives, as illustrated below (54). 

(CF2)zNCH:CHBr + KOH -+ ( C F 3 ) z N W H  

2. Reactivity 
Compounds containing bis(trifluoromethy1)amino group(s) bonded 

to carbon are relatively more stable to heat and hydrolysis when com- 
pared to those compounds where bis(trifiuoromethy1)amino groups are 
bonded to other elements. Thus, addition reactions have been observed 

TABLE IX 

ADDITION REACTIONS OF (CF3)zNCR : CR2 

O l e h  Reagent Product (% yield) Ref. 

(CF3)zNCF : CFz Bra (CFs)zNCFBrCF2Br (98) 53 
(CF3)zNCF :CFz HBr/hv (CF&NCHF 4F2Br 53 
(CF3)zNCH :CHz HBr/AlBr3 (CF&NCHBr 4H3  (94) 27 
(CF3)zNCH : CHz HBr/hv/96 hr (CF3)zNCHzCHzBr (88) 27 

(CF3)zNCHBrCH3 (6) 
(CF3) zNCH : CHz CFaI/hv ( C F ~ ) Z N C H I C H ~ C F ~  (46) 54 

(CF3)zNCHz.CHzCFs (22) 54 
(CF3)zNCH : CHCF3 (22) 54 

(CF3)zNCH :CHz Brz (CF3)zCHBrCHzBr 54 
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for bis(trifluoromethyl)aminoethylene, bis(trifluoromethy1)aminotri- 
fluoroethylene, and bis(trifluoromethy1)aminoacetylene without 
breaking up the (CF,),N-C moiety (see Tables IX and X). 

TABLE X 

REACTIVITY OF (CF3)2NCrCH 

Reagent Conditions Product (% yield) Ref. 

HBr/AlBr3 Dark 
Brz/AIBrs 7 hr 

3 weeks 
HBr hvlliquid phase 

HzS04/HgS04 Room temp. 

MeOH Acid catalyzed 
Hz/Raney Ni - 

at 95" 

MeOH Basic condition 

KOBr Alkaline 

(CF3)zNCBf=CHz (95) 55 
tram-(CF3)2NCB&Brz (95), 55 

(CF3)zN -CBr: CHZ (53), 55 

cis-(CF3)zNCB1--CBrz (22) 
Ratio of trans :cis is 36 : 64 

trum-(CF3)2NCH:CHBr (32), 
cis-(CF3)2NCH:CHBr (9) 

(CF3)2NCOCH3 
(CF3)zNCH : CHz 27 
Decomposition 27 

M e 0  

55 
I 

(CFdzNC=CHz (561, 

(CF3)zN .CzCBr (89) 55 

cis-(CFs)zNCH : CHOMe (28), 
(CF3)zNC(OMe)zCH3 (3)? 

B. SATURATED BIS(TRIFLUOROMETHYL)AMINO DERIVATIVES 

1. Synthesis by Electrochemical Fluorination 
The electrochemical fluorination of the methyl ester of N,N-dimethyl- 

glycine (CH,),NCH,. CO,CH3 and the corresponding dimethylamide 
(CH,),NCH, -CON(CH,)2, both derivatives of glycine, afford the 
expected product, i.e., the acid fluoride of N,N-bis(trifluoromethy1)- 
difluoroglycine [(CF3),NCF,COF], albeit in only 6% yield. It is hydro- 
lyzed to the parent acid, and the nitrogen atom in this acid is inert and 
completely nonbasic (30). The by-products of the dimethylamide 
derivatives are perfluorotrimethylamine, [(CF,),N], N,N-bis(trifluor0- 
methy1)carbamoyl fluoride, [(CF,),N-COF], and an oxazolidine deriva- 
tive. 
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The first two of these must presumably have been produced by the same 
carbon-carbon bond cleavage, although the yield of the amine (2%) is less 
than that of the carbamoyl fluoride derivative (7%). The oxazolidine 
could have arisen from a simple cyclization reaction such as 

This could also have occurred at  any stage in the fluorination. Such 
cyclizations are a very common feature of electrochemical fluorinations. 

The electrochemical fluorination of a series of carbamic acid deriva- 
tives (Table XI) with the general structure (R.CH,),.NCOM (R = H ,  
alkpl ; M = H, C1, alkyl, NR2) affords bis(trifluoromethy1)carbamyl 

TABLE XI 

ELECTROCHEMICAL FLUORINATION OF SOME (RCH2)zNCOM 
COMPOUNDS (56) 

Organic starting material Products (YO yield) 

HCON(CH3)z (CF3)2NCOF 
(CH3)2NCOCl (CF3)2NCOF 

(CzH5)zNCOCI CFzOCFzCFzNCzFs aa well (CF3)zNCOF 
depending on experimental conditions 

r----l 

I I  
(C~HQ)~NCOCI (CF3)2NCOF, C F ~ O C F ( C Z F ~ ) C F Z N C ~ ~ Q  
O(CHzCH2)2NCOCl (CF3)zNCOF, O(CF2CFz)zNCOF 
CF3CON(CH3)z CFaCOF, (CF3)2NCOF, CF3CON(CF3)2 
(CH3)zNCON(CH3)2 (CF3)2NCOF, ( C F ~ ) ~ N C O N ( C F ~ ) Z  

fluoride, [ (CF3) ,N.COF],  as the major product in yields ranging from 
4-37% ; and the best yields are obtained from the carbamyl chloride 

Bis(trifluoromethy1)carbamoyl fluoride gives esters with alcohols, 
and apparently hydrolyzes to the free acid which resembles the non- 
fluorinated analog in its stability. Pyrolysis of the fluoride at  575°C gives 
perfluoro-2-azapropene, CF,N=CF, .  

The yield of the fluoride from dimethylcarbamyl chloride is depen- 
dent on the concentration as tabulated below (56,57). 

(R = H ,  M = C1) (56). 
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~~ ~ 

Concentration of (CH3)zNCOCl Yield (YO) of (CF3)zNCOF 

0.5 mole% 24 
3.5 mole % 6 
Higher concentration (CF3)zNCOCl (considerable amount) 

The yield is also influenced by temperature, current, and voltage. Unlike 
other acid chlorides (58, 59), i t  reacts very sluggishly with hydrogen 
fluoride. This could account for its formation. 

Perfluoroamide products from N,N-dimethylformamide, N,N- 
dimethyltrifluoroacetamide, and tetramethyl urea have been obtained 
in yields of 5.5 and 2%, respectively (56). Fluorination of dimethyl- 
formamide with elementary fluorine produces a small amount of bis- 
(trifluoromethy1)carbamoyl fluoride and N-fluorobis(trifluoromethy1)- 
amine ; the latter is not formed in the electrochemical process. 

2. Bis (trijuoromet h y1)amine 
Bis(trifluoromethyl)amine, a colorless liquid, can be readily prepared 

by the addition of hydrogen fluoride to perfluoro-2-azapropene (29). 
Several methods are also known which lead to the formation of this 
secondary amine, as summarized in Table XII. It boils a t  about -6", 

TABLE Xu 
FORMATION OF BIS(TRIFLUOROMETHYL)AMINE 

Reactants Conditions Other products Ref. 

6 
29 

HF/CF3N : CFz 100°/15 h r  - 
150°/1 5 hr - 
Room temp./ - 53, 61 

200'-450' - 62  
62  

HF/(CN)z 
HF[XCN (X = halide) 200'450" 

63 HF/CC13N : CClz 30"-35' - 
HCl/CF3N : CF2 20"/44 hr CF3N=CClz 53 
C~HSOH/CF~N :CFz Room temp./40 min CF3NHCOOCzH5 64 

6 (CF3)zNCOF 400"/18 hr - 
28 ICN/IF5 - - 
13 (CF~)ZNC~/HZO Room temp./30 min - 

(CF~)ZNB~/CH(CH~)ZCZH~ hv/4 days - 32 

Electrolysis of Hg(CN)z in an - - 

immediate 

- 

(CFs) zNOH/PC15 50°/21 hr, then - 1 5 , 6 5  
20'/20 hr 

[(CF3)zNlzHg hv/30 days - 14 
I(CF~)ZNIZH~/CH(CH~)ZCZH~ hv/14 days - 32 

25 
electrolyte of K F  -2HF 
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12 degrees lower than dimethylamine. This is due to the highly electro- 
negative trifluoromethyl groups which cause a marked decrease in the 
electron density at the nitrogen atom. The resultant effect is a decrease 
in hydrogen bonding. A significant reduction in its basicity is demon- 
strated by its lack of reactivity with either hydrogen chloride or boron 
trifluoride (6).  It does not react with acid chlorides or trifluoroacetic 
anhydride. 

In  contrast to its unreactivity toward the usual amine reagents, it 
is entirely destroyed by exposure to water and aqueous acids or bases. 
Its decomposition under these conditions has been suggested to proceed 
by an initial loss of H F  and subsequent hydrolysis of perfluoro-2-aza- 
propene, according to  the following equation (29). 

(CF3)zNH 2 CF3N:CFz CF3N.=C=O 

H*OJ 

F- + COa + NHa 

Facile elimination of hydrogen fluoride is also encountered in its 
reactions with inorganic halides such as Pa, .  Compounds of the type 
(CF8),NMCl2 are not obtained; rather, the products are MP,, HCl, and 
CF,N=CCl,. The proposed mechanisms are as shown below (6).  

(CF.q)aNH + CF3N:CFz + HF 

3HF+MCl3 + MF3+3HC1 

CF3N : CFz + HCI + CFaNECFzCI 
4 

J. 

CF3N : CFCl + HF 

CFsN: CFCl + HCl + CFsNHCFClz 

CF3N:CClz + HF 

Although boron trichloride has been reported to follow the above 
course, Greenwood and Hooten have reported the isolation of the amino- 
derivatives, (CF3),NBX2, with boron trichloride and tribromide, 
according to the following equations (38). 

(CF3)zNH + BX3 + (CF3)zNH*BX3 
(CF3)zNHBXs + (CF3)zNBXz + HX 

X = C1, Br 

Both bis(trifluoromethy1)aminoboron dichloride and dibromide are 
white crystalline solids which undergo rapid decomposition at  room 
temperature according to the equation : 

(CFs)zNBXz + CF3N:CXg + BF3 



26 H. 0. ANQ AND Y.  C. SYN 

Although the reaction between bis( trifluoromethy1)amine and 
potassium fluoride at about 150" yields CF3NHCOF (66), its reaction 
with argentic fluoride causes fission of the N-H bond to afford HF and 
(cF3) 2"(CF3) 2 ( 18). 

3. Some PerfEuoroalkyl Tertiary Amines, (CF3)2NR 
Perfluoroalkyl tertiary aminessuch as (CF3),N and (CF3),NC2F5 have 

been prepared by methods involving either the electrochemical process 
or cobaltic fluoride. However, perfluoro-2-azapropene reacts with RSF5 
to afford (CF3)2NR (R = CF3 and C2F5) in fairly good yields. These and 
a few other methods are summarized in Table XIII. 

TABLE XI11 

FORMATION OF (CF&NR 

Starting materials Conditions Yield (%) Ref. 

U 
Fz F2 

Electrochemical fluorination - 
Electrochemical fluorination 5 
Fluorination process 11-15 

Jet fluorination - 
Electrolysis - 

250" 
540°/1 atm 

hv/35 days 

6 
Quite good 

yield 
22 

hvjll days 12 

250" 
400°/12 atm 

- 
46 

30 
19 
20 

6 7 , 6 8  
69 

22, 70 
71  

14 

72 

z 9 , 7 0  
71 

Both the amines are poor Lewis bases by virtue of the highly electro- 
negative perfluoroalkyl substituents. Therefore, numerous salts formed 
by trialkylamines have no counterparts for the perfluoroanalogs. 

The structure of tris(fluoromethy1)amine has been established by 
Livingston and Vaughan (73 ,74) .  The structural parameters as compared 
with trimethylamine reveal some interesting features (Table XIV). 
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TABLE XIV 
COMPARISON OF STFLIJCTURAL PARAMETERS 

Molecule CN (A) CF (4 CNC (deg) FCF (deg) 

(CFa)sN 1.47 + 0.01 
(CFdsN 1.43 f 0.03 1.32 f 0.03 114 f 3 108.6 f 2 

- 10s f 4 - 

The CF, groups in tris(trifluoromethy1)amine are similar to those in 
tetrakis(trifluoromethy1)hydrazine. The C-N bonds are slightly shorter 
than in trimethylamine, in keeping with the usual trend. There is 
deviation at the nitrogen from a tetrahedral to a planar structure, but 
the effect is less than is encountered in (CF,),NN(CF,),. This is certainly 
due to the steric stress introduced by the bulky CF, groups. The closest 
approach of fluorine atoms attached to different carbon atoms is less 
than the limiting value of 2.70 A. 

C. PYROLYSIS OF BIS(TRIFLWOROMETHYL)AMINO DERIVATIVES 

1. Cyclobutanee (53) 

FzC-CF.0 .CFs F2C -CF.N(CF~)Z 

I I  
F2C -CF 'N(CF3)g 

I /  
FzC -CF *N(CF3)2 

(VI) (VII)  

Pyrolysis of compounds (VI) and (VII) in a platinum tube under 
optimum conditions of 600Owith a contact time of 1 sec/l-2 mm proceeds 
as follows (75). 

(VI)  - CFs .O*CF:CFz  + (CF3)2N.CF:CFz 

I I 
CFsCFz. COF CFaN : CFCFzCFs 

(VII)  - (CF3)zNCF: CF2 __* CFaN: CFCFaCF3 

Pentafluoropropionyl fluoride could be formed either via the thermal 
rearrangement of the vinyl ether, 

CFs.O-CF:CFa - CF2:CFO + CFs.  __+ CzFa 

CFz * : COF CF3. CFz .COF 
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or via a 4-center intramolecular rearrangement, 
0-CF ---+ CzFs*COF 

I 11 
FsC -CF2 

2. PolyJlwrrovinylumines (53) 
The rearrangement of the perfluoro(N,N-dimethylvinylamie) to 

perfluoro-2-azapentene a t  600" and contact time of about 7 sec could 
proceed by a radical process (A) or by an intramolecular process (B). 

Reaction ( A )  (CF3)2N.CF:CF2 CF3N.CF:CFz + CF3. 
CFI. 

CF3N .CF : CF2 +--3 CF3 . N :  CF.CF2. - CF3N: CF-CF2 .CF3 

Reaction ( B )  CF3 
__* CF3 -N: CF -CF2 .CF3 

In the presence of a large excess of toluene and at 610°, with a contact 
time of 0.66 sec, perfluoro(N,N-dimethylvinylamine) affords perfluoro- 
2-azapentene (46% yield), fluoroform (31%), 1,l-difluoroethylene 
(38%), and the breakdown products, COF,, CF,NCO, and SiF,. The 
presence of fluoroform indicates the attack of CF, radical generated on 
toluene. 

2-Chloro-1,2-difluorovinylbis(trifluoromethyl)amine, on pyrolysis 
under similar conditions to those above, produced 4-chlorooctafluoro-2- 
azapent-2-ene (51%), together with a mixture consisting mainly of 
hexafluoroethane, silicon tetrafluoride, and carbonyl fluoride. 

CF37Tr __+ A CF3.N:CF.CFCl-CFa 

C&v CFCl 

A radical process is also operative although to  a lesser extent. 

A 
(CF3)2N'CF:CFCl ----+ CF3.N-CF:CFCI + CF3. 

CF3 . N . C F  : CFCI ---+ CF3. N : CF.CFCI. % CF3N : CF.CFClCF8 

V. Bis(trifluoromethyl)carbamyl Fluoride, (CF3)zNCOF 

Although bis(trifluorornethy1)carbamyl fluoride (VIII)  has been 
prepared independently by reacting perfluoro-2-azapropene or bis- 
(trifluoromethy1)arnine with perfluorophosgene in the presence of 
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cesium fluoride (76), the major procedure lies in the electrochemical 
fluorination of compounds such as (CH,),NCOCl, (CH,),NCOH, 

( CH,) ,NCON( CH,) ,, (CH,) 2NCH,COOMe, and (CH3)zNCHzCON( CH,), 
(56, 77, 78). All these compounds have in common the structure 
(RCH,),N-C, where R is hydrogen or alkyl, and it is probable that any 
starting material containing this structural arrangement will afford the 
carbonyl fluoride aa one of the products. As is expected from this process 
other fragmentation products are formed, the best yield of the perfluoro- 
carbonyl fluoride (37%) being obtained from dimethylcarbonyl chloride 
under conditions of minimum concentration and voltage. 

Bis(trifluoromethy1)carbamyl chloride can be prepared by electro- 
chemical fluorination of dimethylaminocarbamyl chloride (76). The 
bromo and chloro derivatives of compound (VIII) have also been 
obtained by reacting N-bromo- and N-chlorobis(trifluoromethy1)amine 
with carbon monoxide, respectively (31,80). 

Bis( trifluoromethy1)carbamyl fluoride resists hydrolysis with water 
at room temperature, but reacts destructively with aqueous base or 
water at  elevated temperatures. It does not undergo simple halogen 
exchange with AlCl,, SnCl,, or SiC1, (56). Pyrolysis of the carbamyl 
fluoride in the presence of nitrogen gives CF,N : CFz in 96% yield (56,77), 
but the pyrolytic product is (CF&NCF=NCF, if the experiment is 
conducted in the presence of activated charcoal (17). The reaction with 
argentic fluoride at 100°C gives (CF,),NF and COF2. In the presence 
of an alcohol, the corresponding ester is formed (56). 

(C2HS)2NCOCl, (CH3)2NCOCH,, (CH,)zNCOCF,, O(CH,CHZ),NCOCl, 

(CF8)eNCOF + ROH + (CF3)zNCOOR 

VI. Bis(trifluoromethy1)amino-Substituted Inorganic Compounds 

A. N-NITROSOBIS(TRXFLUOROMETHYL)AMINE 

N-Nitrosobis(trifluoromethyl)amine, whose reported b.p. is -3" to 
-4", is fairly unstable at room temperature (12). It is extremely sensitive 
to traces of moisture and is attacked by mercury at room temperature. 

Several good preparative methods for the nitroso derivative as 
reported in the literature are summarized in Table XV. In the method 
involving the catalytic oxidation of perfluoro-2-azapropene, Young et al. 
suggest that formation of nitrosyl fluoride is the intermediate step, 
followed by addition to excess perfluoro-2-azapropene, as shown 
below (12). 
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RhF 
CFsN:CFz + 0 2  - 2COFz + NOF 

CF3NdF2 + NOF - (CF3)zNNO 

The ease of addition of nitrosyl fluoride to perfluoro-2-azapropene can 
be explained as being due to the formation of the resonance-stabilized 
nitronium intermediate (77). 

B. N-NITROBIS(TRIFLUOROMETHYL)AMINE 

The N-nitramine is a stable colorless liquid. Two important methods 
of synthesis have emerged, namely, the oxidation of bis(trifluoromethy1)- 
amine by nitric acid in the presence of trifluoroacetic anhydride (6, 82) 
and the addition of NOzF to perfluoro-2-azapropene (77). A few other 
reactions also give the nitroamine though in much reduced yield, as 
shown in Table XV. 

TABLE XV 
PREPARATION OF N - N m s o -  AND N-NITROBIS(TRIFLUOROMETHYL)AYINE 

Reagents Conditions Yield (%) Ref. 

Room temp. 
- 

3250-500° 
Room temp. 

hv 
50°/1 hr 
7S0/14 days or 

7S0/14 days/Oz 

Room temp. 
Room temp. 

- 
93 
6 

31 
81 
12 
77 

82 
6 ,  82 

82 

81 
12 
77 

VII. Bis(trifluoromethy1)nitroxyl and Its Derivatives 

A. METHODS OF SYNTHESIS 

Trifluoronitrosomethane, a key material to the formation of bis- 
(trifluoromethyl)nitroxyl, can be prepared by numerous methods (4 ) .  
Of these, the most convenient practical method involving the ultraviolet 
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irradiation of a mixture of trifluoromethyl iodide and nitric oxide in the 
presence of mercury waa established by Haszeldine (83,84). 

CF31+N0 CF3N0 

The next step proceeds by dimerization of trifluoronitrosomethane to 
o-nitrosobis(trifluoromethyl)hydroxylamine, which probably involves 
radical intermediates (82). 

CFsNO -% CFs- +NO 

CFs. + CFsNO - (CFa)zNO. 

(CFa)zNO* + NO ___* (CFs)zNONO 

or 

(CFa)nNO. + CFaNO __f (CF&NONO + CF3. 

Dimerization is reversible, and the equilibrium (CF,),NONO + 2CF,NO 
lies well to the left. Photolysis of o-nitrosobis( trifluoromethy1)hydroxyl- 
amine also causes breakdown by way of (CF,),N radicals, leading to the 
formation of the compounds CFsN : CF2 and (CF,),NNO,. Hydrolysis by 
aqueous hydrochloric acid of o-nitrosobis(trifluoromethy1)hydroxyl- 
amine gives an almost quantitative yield of bis(trifluoromethy1)- 
hydroxylamine. 

(CF&NONO + HCl/HZO 
or 10% NeOH 

orMeOH --t (CF3)aNOH 

A more useful method of preparation that can be carried out on a 
larger scale and in a shorter time consists of interacting equimolar 
volumes of gaseous ammonia and trifluoronitrosomethane at  atmosphere 
pressure and ambient temperature. The formation of the hydroxylamine 
is considered to proceed via radical reactions. It is suggested that the 
trifluoromethyl radical and hydrogen atom, which are thought to  be 
formed by the decomposition of trifluoromethylazohydride, attack the 
trifluoronitrosomethane, as shown by the reaction scheme (85) : 
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The oxidation of bis(trifluoromethy1)hydroxylamine to the nitroxyl 
cannot be brought about with chlorine even in the presence of ultra- 
violet light (15). This can, however, be achieved by the reaction with 
fluorine, argentous oxide, argentic oxide, potassium permanganate in 
glacial acetic acid, or by using an electrochemical method (85-88). The 
reaction with argentic oxide at room temperature gives a 100% con- 
version within a few hours. 

B. STABILITY 

The stability of bis(trifluoromethy1)nitroxyl to dimerization has been 
attributed to its hybrid structures [(u) and (b) ] .  It has also been repre- 
sented by a structure with three electron bond NzO, i.e., with a u bond 

and one electron between the nitrogen and oxygen atoms. The bond 
order of one and a half is consistent with its physical data such as bond 
length and N-0 stretching vibration when compared to other related 
compounds as shown in Table XVI. Linnett's double quartet theory 
describes adequately the stability of this kind of bond [see (41. 

TABLE XVI 

PWSICU, DATA OF BIS(TRIFLUORO~TEYL)NITROXYL 
AND RELATED COMPOUNDS 

No. of electrons 
Molecules Bond length (8) in N-0 bond IR (cm-1) Ref. 

NO 1.151 5 1876 89 
CF3NO 1.171 4 1595 90, 9Oa, 91 
(CFddo 1.26 3 1395( 9 )  92 

The stable nature of bis(trifluoromethy1)nitroxyl cannot be ascribed 
to steric hindrance, but is believed to result from the strongly electro- 
negative character of the trifluoromethyl groups. Evidence for some 
delocalization of the unpaired electron in the six fluorine atoms is given 
by its nine-line symmetrical electron spin resonance pattern (86). Unlike 
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the non-fully-fluorinated nitroxyls such as dimethylnitroxyl (93)) 
diethylnitroxyl (94), or the aromatic nitroxyls (95, 96), bis(trifluor0- 
methy1)nitroxyl shows a distinct difference in that it does not undergo 
disproportionation even at  elevated temperatures (97). 

C. STRUCTURE OF BIS(TRIFLUOROMETHYL)NITROXYL 

The physical parameters of (CF3)2N0 are strikingly different from 
those of m,NO which has a Iong CN bond, a short NO bond, and a large 
FCF angle. It resembles (CF,),NN(CF,), in that the CF and CN bond 
lengths are almost the same, and the angles between the CNC plane and 
the N-X bond is small in both compounds (see Table XVII). The greater 

TABLE XVII 

COMPARISON OF BOND LENGTHS (A) AND ANGLES (") 

r(C-F) 1.320 f 0.004 1.325 f 0.005 1.321 & 0.004 
r G N )  1.441 f 0.008 1.433 f 0.007 1.555 f 0.015 
r (N-X)a 1.26 *0.03 1.40 f 0.02 1.171 i 0.008 
F-C-F 109.8 f 1.0 108.2 f 0.5 111.9 f 0.4 
C-N-C 120.9 f 2.0 121.2 f 1.5 - 
GN-X 117.9 & 0.6 119.0 f 1.5 121.0 f 1.6 
e b  21.9 f 3 9 * 5  - 

a X = 0 or N. 
6 = angle between the CNC plane and the NX bond. 

deviation from planarity for the nitroxyl can be explained since the 
oxygen atom is smaller than the nitrogen atom. The shortest 0 F 
contact found (2.53 A) is about 0.2 A shorter than the van der Waals 
distance. This is similar to the F F nonbonded contacts in (CF3)2 

NN(CF3)2, also 0.2 A less than the van der Waals distance (Fig. 2). 
A comparison of the structures of various nitroxyls reveals a number 

of interesting features. The deviation from planarity at the N atom 
appears to be small, and zero for di(t-buty1)- and di(pmethoxybenzy1)- 
nitroxyls. In all cases except di(p-methoxybenzyl)nitroxyl, the oxygen 
makes close 0 * * * C or 0 * * * F contacts (see Table XVIII). This observa- 
tion can be attributed to steric factors. 
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Nitrogen @ Carbon @ oxygen 

0 Fluorine 

FIG. 2. The structure of bis(trifluoromethyl)nitroxyl. 

TABLE XVIII 

COMPARISON OF DISTANCES AND ANGLES IN NXTROXYLS 

(t-Bu)zNO 
Bond (CF3)zNO (98)  

Ferrocenyl -t- 
(p-MeOC& butylnitroxyl 
CH2)2NO (99) (99) 

r(GN) 1.441 + 0.008 1.512 =t 0.020 
r(N-0) 1.26 f0.03 1.28 + 0.03 
C-N-C 120.9 f 2.0 136 f 3 
G N - 0  117.2 f 0.6 112 f 2 
Ba 21.9 f 3 0 

1.44 * 0.05 - 
1.23 * 0.05 1.20 
124 rt 5 
118 f 3 

- 
- 

0 small 

a B = angle between the CNC plane and the N-0 bond. 

D. ORGANIC DERIVATIVES 

I .  Addition Reactions 

Bis(trifluoromethyl)nitroxyl undergoes addition reactions with 
ethylene and polyhalogenated olefins, and the yields of the products are 
generally high (85,100,101). The rate of addition depends on the nature 
of the olefins and can be described by afirst-order equation. The reaction 
scheme is as follows (102). 
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slow 

fast 

(m3)zNO. + CF2dXY - (CFs)2NOCFaCXY. 

(CF3)aNOCFaCXY * + (CF3)aNO * __* (CF3)2NOCFaCXYON(CFs)z 

X = F, Y = H, F, C1, Br, CFa 

X = Y = H  

X = Y = CF3 

On the basis of rate values and activation energies, the reactivities of 
olefins with the nitroxyl decreases in the following order : 

CFa=CFz > CFz=CFCI > CFn=CFBr > 

C F d F H  > CF3--CF= CF2 > CFadHr > (CFs)z(7---CFz > 

FaC - CF 

I II 
F& -CF 

In the reaction with hexafluorobutadiene at room temperature, only 
one product is formed, namely, (CF8)2N0CF2CF=CFCF20N(CF3)2 (100). 
The structure is confirmed by the absence of an IR C=C stretching 
vibration, which would have been present for an unsymmetrical isomer. 
Thus, this reaction involving a l12-shift in the double bond may be shown 
by the scheme, 

(CFa)aNO * + CFa=CF--CF=CFa - (CFs)aNOCFaCF-CF=CF2 

I 
(CFs)aNOCFaCF=CFCFa 

(CFs)rNOCFaCF=CFCFa. + (CFa)aNO * - (CF~)BNOCF&F=CFCF~ON(CF~)~ 
Under more drastic conditions ( 250°), however, complete addition to 
both the double bonds is observed. 

In the presence of a mixture of CF,=CF2 and NO, the nitroxyl 
undergoes interactions which can be described by the following 
equations. 
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(CF&NO + C F 2 4 F z  -+ (CFs)2NOCF2CF2. 
(CF3)2NOCF2CFa* + N O  + (CF~)ENOCFZCF~NO 

(CF&NO. + N O  + (CF3)zNONO 
(CF3)2NOCFzCF2- + (CF&NO* -+ ( C F ~ ) ~ N O C F ~ C F ~ O N ( C F ~ ) Z  

Formulation of 2:  1 adducts from the reactions of the nitroxyl and 
olefins as nitroxyalkanes and not as amine oxides [e.g., (CF3),NOCF2 
CF,0N(CF3)2 and not as (CF3)2N'(O-)CF,CF,N+(O-)(CF3)2] is based on 
nuclear magnetic resonance and mass spectra measurements, as well as 
the failure to deoxygenate them by hot iron; the adducts give mass 
spectra that do not show peaks due to (P-16)+ or (P-32)+ ions, contrary 
to what would be expected if they contain oxygen atoms coordinated 
to nitrogen ( 70 I ) .  

The reactions between bis(trifluoromethy1)nitroxyl and isobutene, 
2-methylbut-1-ene, and 2-methylbut-2-ene at room temperature yield 
predominantly 2 : 1 nitroxyl : olefin adducts. By contrast, hydrogen 
abstraction predominates in the case of 3-methylbut-1-ene to afford the 
isomeric bis(trifluoromethyl)nitroxyalkanes, namely, (CF3),NOCMe2 
CH:CH, and Me,C:CHCH,ON(CF,),, in 32 and 60% yield, respect- 
ively (103). 

The fact that only 2:  1 nitroxyl-olefin adducts are obtained shows 
that the nitroxyl is an excellent free radical scavenger, a conclusion that 
is underlined by the formation of only the compound (CF,),NOCF2CF2 
ON(CF,), when the nitroxyl and tetrafluoroethylene are mixed in the 
molar ratio of 1 : 10. With an excess of an equimolar mixture of ethylene 
and tetrafluoroethylene, the nitroxyl combines almost exclusively (98%) 
with the perfluoroolefin, pointing to  its strong nucleophilic character, 

The nitroxyl undergoes addition reaction with hexafluorobenzene to 
(CF 3) ~k-0~. 
give a 6:  1 adduct (IX) (102). 

Similarly, pentafluoropyridine yields 2,3,4,5 tetrakis[bis(trifluoro- 
methyl)nitroxy]-2,3,4,5,6-pentafluoropyridine (X). The C : N bonds are 
resistant to radical attack (104). 

Reactions with acetylene and a number of substituted acetylenes 
give a wide range of products which are listed in Table IX. A plausible 
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TABLE XIX 

REACTIONS OF (CF3)zNO WITH SUBSTITUTED ACETYLENES (105) 
~~ ~ 

Acetylene Conditions Products 

mechanism is suggested to account for the products obtained with 
hexafluorobut-2-yne, as shown below (105). 

2(CFs)aNO* + CFsCsCCF3 - 
(CF3)2NOC(CFs) : C(CFs)ON(CFs)2 

I 
/ o .  
'CF3 

(CF3)2NOC(CFs) : C 

I 
(CFs)aNOC(CF3)C<O CF3 

(CFdzN. (CFshNO 
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0 0  
II I I  

The formation of perfluorobiacetyl RFGCR'F occurs with a number 
of substituted acetylenes, RFC : CR'F (RF = a fluorocarbon group; 
RIF = F or RF). 

The reactions with acetylene, CHzCH, are outlined in the following 
course. 

2(CF3)2NO + CHECH - (CF~)ZNOCH=CHON(CF~)~ 

*?AP [ ( CFs)zNO]zCH-CH-O-N( CFs)z 

2. Substituth Reactions 
Bis(trifluoromethy1)nitroxyl is rather unusual when compared to 

other nitroxyls containing hydrocarbon groups in that it behaves as an 
excellent hydrogen abstractor and a scavenger. As such, it facilitates 
substitution reactions with organic compounds. The reaction of the 
nitroxyl with chloroform affords (CF,),NOCCl, (87). With PhCHRz 
(R = H, CH,), PhCR20N(CF3), is produced (101). The attack is at  the 
benzylic carbon, and the benzene nucleus remains unscathed. However, 
with benzene alone 1,2,4-tri[bis(trifluoromethyl)nitroxy] benzene is 

R&ON(CFs)z 



BIS( TRIFLUOROMETHY L)AMINO COMPOUNDS 39 

formed, which on alkaline hydrolysis gives 1,2,4-trihydroxybenzene 
from methanol (111, 120). 

Alkanes. Although methane resists attack by bis(trifluoromethy1)- 
nitroxyl, other alkanes undergo essentially hydrogen abstraction followed 
by an intermediate scavenging of the radical generated by the nitroxyl 
(103). The ease of hydrogen abstraction increases in the order tertiary 
hydrogen > secondary hydrogen > primary hydrogen, as illustrated by 
its reactions with isopentane. 

I 
MeZC.CH2Me + RH 

J 
RH + CH2 : CMe . CHzMe 

(XIII) 

+ 
RCHz .CRMeCHZMe 

\ MezCR. CHaMe 

Me2C:CHMe + RH 

(XII) 

J. 

Me&R .CHRMe 

The tertiary hydrogen is postulated to be attacked initially, followed by 
abstraction of hydrogen atoms at  positions beta to the tertiary carbon 
of the intermediate (XI), leading to the formation of intermediate olefins 
(XII) and (XIII). Their respective ratio (1 : 3.2) is governed by both the 
statistical probability of encounter of the nitroxyl with a /%hydrogen 
(secondary H: tertiary H is 1 : 3) and the energy requirements for the 
respective abstractions. 

The formation of the carbonyl derivatives is always accompanied by 
perfluoro(2,4-dimethyl-3-oxa-2,4-diazapentane). Thus, the reactions 
with ethane and neopentane give MeC02N(CF,), and MesCCOzN(CF&, 
respectively, apart from the diazapentane. 
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In the reactions with a series of alkanes (Table XX), it  is noted that 
the molar ratio of di- to monosubstituted product increases as the 

TABLE XX 

REACTIONS OF ( C F 3 ) a O  WITH ALEANES 

Alkane 

0.15 
0.4 
1.3 
1.2 

number of G H  bonds adjacent to the site of the initial hydrogen abstrac- 
tion increases. 

3. Reactions with Sodium, Mercury, and Cesium Derivatives 

Haszeldine et al. have shown that sodium bis(trifluoromethy1)- 
nitroxide reacts in the normal way with CH31, COFz, and CF,COCl to 
give (CF3)2NOCH3, [(CF3)2N0]2C0, and (CF3),NOCOCF3, respectively. 
With perfluoropyridine, however, substitution at  the 4-fluorine is 
observed (106). 

Mercury di[bis(trifluoromethyl)nitroxide] reacts in a similar manner 
with CH31 and COClz (107). 

Acyl or allyl chlorides react readily with bis(trifluoromethy1)- 
hydroxylamine in the presence of cesium fluoride at  room temperature 
to give good yields of the respective nitroxy derivatives. The use of 
tetramethyl sulfone as a solvent is necessary in the reaction with allyl 
chloride (108). 

room temp. 
CHz=CHCHzCl+ (CF8)zNOH + CsF CH~=CHCH~ON(CFS)~ + HCl 

The reaction of the solid adduct, [(CF,),NOH],.CsF, with halides such 
as COXz or RCOX can be formulated thus (109). 

[(CFs)zNOH]nCsF + nRrCOX --+ n(CF3)zNOCORt + CsF-nHX 
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4. Polymerization 
When perfluorobutadiene is left to stand for 1 week at  60” in the 

presence of bis(trifluoromethyl)nitroxyl, it  undergoes homopolymer- 
ization to yield 3-5% poly(per fluorobutadiene). Infrared evidence 
indicates the existence of a copolymer of perfluoro-1,4- and perfluoro- 
1,2-butadiene. The copolymer structure was further confirmed by 
comparison of the l9F NMR spectrum of perfluorobutadiene with that of 
poly(perfl uorobutadiene) in hexafluorobenzene, which indicated that the 
end part CF=CF2 formed by 1,2-addition of polymerization gives a 
signal at  a lower field than that of CF=CF formed by 1,4-polymerization 

5. Photolysis 
a. (CF3),N0.  Photolysis of bis(trifluoromethy1)nitroxyl at ordinary 

temperature and pressure causes a 60% conversion to the stable dimer, 
(CF3)2NOON(CF3), (ill), and smaller amounts of other products such 
as (CF&NONO and (Cli’s)&OCE’3 are also formed. The reactions can 
be rationalized as follows. 

(110). 

hv 
(CFs)zNO. + .ON(CFs)z (CFs)zNOON(CF3)2 

(CF&NO. 2CF3. + NO 

(CFs)zNO. + NO - (CF3)zNONO 

(CF3)zNO. + CF3. (CFs)zNOCF3 

b. (CF3),NOCF3. Prolonged irradiation (Hanovia 5500 lamp) of tris- 
(trifluoromethy1)hydroxylamine gives perfluorotetramethylhydrazine 
in high yield and the breakdown products can be accounted for by the 
following equations (112). 

Decomposition proceeds by cleavage of the relatively weak N-0 bond. 
Photolysis of tris(trifluoromethy1)hydroxylamine in the presence of 

several unsaturated compounds produces products, which are sum- 
marized in Table XXI. 
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TABLE XXI 

PIIOTOLYTIC INTERACTIONS OF (CF&NOCF3 \KZTH UNSATURATED 
ORQANIC C O M P O ~ S  (14) 

Ratio of (CF3)zNOCFs 
to unsaturrtted Time 

compounds (days) Products ('YO yield) 

FzC 4 F  

1 I/ 30 
F2C 4 F  

1 : 1 ratio 

2: 1 ratio 30 

CFsCF : CFCF3 

CF3N : CF2 
1 : 1 ratio 30 

1 : 1 ratio 35 

6. Pyrolysis 
a. (CF3),N0.  Bis(trifluoromethy1)nitroxyl is stable at temperatures 

up to 200" (1 11) .  A large part of the compound decomposes at 350" with 
a contact time of 2 min. The pyrolysis products are perfluorodiazo- 
methane, tris(trifluoromethyl)hydroxylamine, and nitrogen oxides. The 
reactions can be described by the following equations (111). 

(CF3)zNO. + 2CF3. + NO 

2(CF3)zNO- -+ (CF3)zN- + NO2 + 2CFs. 
(CFa)zN- -+ CFaN=NCF3 + 2CF3- 

(CF3)zNO. + CF3. -+ (CF3)zNOCFs 
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Hot iron deoxyfluorinates bis( trifluoromethy1)nitroxyl to perfluoro- 
2-azapropene (101). 

b.  (CF3)2NOCOCF3. Pyrolysis in a platinum-lined autoclave a t  220" 
yields tris(trifluorornethy1)amine (33%), his( trifluoromethy1)hydroxyl- 
amine (30%), carbon dioxide, and carbon monoxide (106). 

c .  ( C F ~ ) Z N O C P ~ .  Pyrolysis is essentially complete at 775" to give 
approximately equimolar amounts of perfluoro-2-azapropene (39%) and 
N-fluorobis(trifluoromethy1)amine (35%), together with carbonyl 
fluoride and silicon tetrafluoride ( l l Z ) ,  according to the equations, 

(CFa)zNOCFs + (CF&N. + CFsO. 
2(CFs)zN* + (CF&NF + CFsN4Fz 

The bis(trifluoromethy1)amino radical disproportionates under these 
conditions rather than dimerizes as in the photochemical reaction. Small 
quantities of perfluoromethane and perfluoroethane are also formed. 
N-Fluorobis(trifluoromethy1)amine is itself only 22% decomposed under 
these conditions. 

(CF&NF - (CF&N. - CF3N:CFz + SiF4 
9101 

(77% yield) 

sioa 
CF3N:CF2 - CFsNCO + SiF4 

(9%) 

d. F 
I 

I /  
I 

F2C--C---ON(CFs)z 

FzC--C-ON(CFs)z 

F 

It has been reported that the adducts from the nitroxyl and ethylene, 
tetraAuoroethyIene and perfl uoropropene undergo no change at  all 
when heated at 210' for 3 hr with hot iron powder. Under these condi- 
tions, however, the adduct from perfluorocyclobutene does not undergo 
deoxygenation, but breaks down to give high yields of perfluoromethyl- 
enemethylamine and perfluorosuccinyl fluoride (101). Plausible mechan- 
isms proposed could be : 

XIV 
t 

CFaN===CFz 
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F F 

CFzCOF 

CFzCOF 
CFsN==CFz I 

e .  (CF,),NONO. At 80") o-nitrosobis(trifluoromethy1)hydroxylamine 
is converted to (CF3)2NNO2, (CF3),NOCF3, CF3NC0, CF3N02, and 
(CF3)2NN(CF3)2. A free radical mechanism is suggested for the rearrange- 
ment of the 0-nitroso compound into the N-nitro compound (82). 

(CFs)zNONO f (CF3)zN. + NO2 -+ (CF3)zNNOz 

Other products which are formed have been accounted for by the follow- 
ing reaction scheme. 

Pyrolytic breakdown of o-nitrosobis( trifluoromethy1)hydroxylamine 
at 730" can be interpreted by assuming that intermediates such as bis- 
(triAuoromethy1)amino and bis(triAuoromethy1)nitroxyl radicals are 
formed, presumably by the initial cleavage of N-0 and NO-N bonds 
(112). The formation of the products can be explained by the following 
scheme. 
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J 
CF3. __* COFz 

E. INORGANIC DERIVATIVES 

1. Group III B Compounds 
Tri[bis( trifluoromethyl)nitroxy]boron can be formed either by 

reacting boron trichloride with di( bistrifluoromethylnitroxy )mercury (11) 
or by reacting boron tribromide with bis(trifluoromethy1)hydroxylamine 
(113,114). 

It reacts with ammonia or tertiary amines at 25' or below to give 
thermally stable adducts in high yields. 

[(CFs)aNO]sB + Base -+ BES~.B[ON(CF~)~]~  
Base = (CH&N, C~HSN, or NH3 

With dimethylamine, a typical Lewis acid-base adduct does not form, 
but rather (CF,),NOH and dimethylaminodi[bis(trifluoromethyl)- 
nitroxylboron are produced quantitatively. 

Hydrolysis of tri[bis(trifluoromethyl)nitroxy]boron with water is 
complete, giving boric acid and bis(trifluoromethy1)hydroxylamine. 

2. Group I VB Compounds 
Silicon derivatives can be readily obtained by reacting the nitroxyl 

with the appropriate silanes containing at  least one Si-H bond. This 
reaction is dependent on both the hydrogen-abstracting and radical- 
scavenging properties of the nitroxyl(87,115). 

(CF.q)zNO* + (CHs),Cls-nSiH + (CHs)nCls-nSi. + (CF&NOH 

?a = 0. 1,2,3 

(CF3)2NO. + (CHg),C13-,Si- -+ (CHa)nC13-nSiON(CF3)a 
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Sodium bis(trifluoromethy1)nitroxide has been reported to give high 
yields of (CH3)3SiON(CF3)2 with trimethylchlorosilane (106). Di[bis- 
(trifluoromethyl)nitroxy]mercury has been utilized for the preparation 
of a series of silicon and germanium derivatives. Its unusual behavior is 
that it can act as both a halogen and a hydrogen abstractor (113,116). 

In situations where both the halogen and a hydrogen are directly bonded 
to silicon, the reactions are less specific. Both the bonds are equally 
susceptible to cleavage. For example, 

The reaction between trimethylstannane and the nitroxyl is violent 
and is accompanied by a flash, depositing a black residue (115). 

3. Group V B Compounds 
Bis(trifluoromethy1)nitroxyl reacts instantly with nitric oxide to give 

a quantitative yield of the corresponding 0-nitroso derivative (86,104). 

(CF3)zNO. + NO + (CF3)zNONO 

With nitrogen dioxide, bis(trifluoromethy1)nitroxyl is reported to form 
a compound believed to be the oxygen-substituted adduct, O-nitrobis- 
(trifluoromethy1)hydroxylamine. 

0-Nitrosobis(trifluoromethy1)hydroxylamine is reported to be 
formed in thereaction between bis(trifluoromethy1)nitroxyl and trifluoro- 
nitrosomethane (101). In this case, apparently, a radical reaction occurs 
in which trifluoromethyl radicals are formed, which then attack tri- 
Auoronitrosomethane to afford the nitroxyl. 

(CFs)zNO + CF3NO -+ (CF&NONO + sCF3 
CF3NO + *CF3 -+ (CF3)zNO- 

Formation of pe~uoro(2,4-dimethyl-3-oxa-2,4-diazopentane) is also 
reported to occur from the same reaction, which can similarly be explained 
by the following radical sequence. 

0 
t 

(CF3)zNO. + CF3NO - C F ~ N - O N ( C F ~ ) Z  - CF3NOz + (CF3)zN. 
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Bis(trifluoromethy1)nitroxyl reacts vigorously with phosphorus 
trichloride at room temperature to yield two products, namely, 
(CF3),NOPC14 and (CF,),NOPCl, (111). The former can also be obtained 
from phosphorus pentachloride and o-nitrosobis(trifluoromethy1)- 
hydroxylamine, according to the equation, 

(CF&NONO + Pels -+ (CFs)zNOPC14 + NOCl 

With phosphorus trifluoride, no phosphorus derivatives of the nitroxyl 
are produced. Instead, the reaction gives a mixture of products, namely, 
(CF3),NOON(CF3)z, POF,, and CF3N=CF,. A clearer picture emerges 
in the reactions with trifluoromethyl-substituted phosphines. Thus, a 
series of phosphines (CF,),PX (X = CF,, F, C1, and Br) undergoes oxida- 
tive addition reactions with bis(trifluoromethy1)nitroxyl to afford the 
corresponding phosphoranes (117). 

(CFs)zPX + 2(CF3)zNO* + [(CFs)zNO]zP(CFs)zX 

Of all these compounds, only the bromophosphorane appears to be un- 
stable. Bromine is given off on long standing. The reaction with an equi- 
molar quantity of bis(trifluoromethy1)iodophosphine proceeds differ- 
ently, giving bis(trifluoromethyl)nitroxybis(trifluoromethyl)phosphine 
and iodine. 

(CFs)zPI + (CF3)zNO. -+ (CF3)zNOP(CF& + &Iz 
The phosphine can also be obtained from the mercurial. 

2(CFs)zPI + [(CFstzNOlzHg + 2(CFs)zPON(CFs)z + HgIz 

The mercurial has certainly been a good starting point to obtain other 
phosphorus derivatives such as [(CF,),NO],PO and [(CF&NO],PS. An 
interesting synthetic approach is to utilize both the hydrogen-abstracting 
and hydrogen-scavenging properties of the nitroxyl to obtain both the 
phosphine and the phosphorane derivatives. For example, 
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With bis(trifluoromethyl)arsine, only the trivalent arsenic derivative is 
afforded, in almost quantitative yield. 

(CF3)zAsH + (CF3)aNO. - (CF3)zAs. + (CF3)zNOH 

(CF3)aNO. I 
(CFdzNOAs(CF3)z 

The above reactions indicate that the rate of scavenging of (CF&P and 
(CF,),As radicals by the nitroxyl is faster than the rate of coupling. 

A series of reactions of tris(trifluoromethy1)arsine with the nitroxyl 
have established that further stepwise substitution reactions lead to di- 
and tri[bis(trifluoromethyl)nitroxy]arsenic derivatives, and the overall 
reactions are represented by the following equations. 

Two possible mechanisms can be proposed for the radical exchange 
reactions. First, a pentacovalent arsenic derivative can be postulated. 

Second, the reaction could also proceed by addition of one mole of the 
nitroxyl to give aradical intermediate (XVI), followed by the elimination 
of a trifluoromethyl radical. The formation of only tris(trifluoromethy1)- 
hydroxylamine instead of hexafluoroethane can be attributed to the 
effective scavenging ability of the nitroxyl. The reactions can be repre- 
sented as follows. 
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It is likely that the reactions proceed by both mechanisms via a penta- 
covalent and an arsenic radical intermediate (XVI). 

Tri[bis(trifluoromethyl)nitroxy]arsine can also be prepared in 76% 
yield by the reaction of the nitroxyl with arsenic metal. Except for this 
compound, both the mono- and the di[bis(trifluoromethyl)nitroxy] 
derivatives are liquids. They are all susceptible to attack by moisture. 
Hydrolysis of the compounds (CF3)2AsON(CF3)2 and CF3As[ON(CF3)2]2 
by 20% sodium hydroxide at 110" cleaves the CF3-As bond to  give a 
quantitative yield of trifluoromethane, which can be used to  provide 
additional confirmation of the composition of the compounds. 

All the arsenic derivatives react readily with hydrogen chloride, 
cleaving the As-0 bonds. 

Arsenic trichloride does not react with the radical even a t  tempera- 
tures up to  lOO"C, but in the presence of sufficient iodine to  convert all 
the chlorine into ICl, it was converted rapidly into [(CF3),N0]2AsCI. 
The influence of stoichiometric amounts of iodine in promoting the 
reaction of the radical with these chlorides may be due to its combination 
with free chlorine, which is known to react with [(CF,)2NO]3As to  
reform AsC1,. 

The reaction of bis(trifluoromethy1)nitroxyl with tris(trifluor0- 
methy1)stibine at room temperature gives an intractable white solid. 
Carried out a t  -40°C in a 2 : 1 ratio, bis(trifluoromethy1)nitroxybis- 
(trifluoromethy1)stibine (XVII) and tris(trifluoromethy1)hydroxyl- 
amine are formed, as shown by the following equation (118). 

Compound (XVII) releases bis(trifluoromethy1)hydroxylamine and 
bis(trifluoromethy1)chlorostibine easily with hydrogen chloride. With 
dimethylamine and methanol, the reactions proceed in a similar manner. 

(CF3)zSbOMe + (CF3)zNOH c (CF3)zSbNMez + (CF3)zNOH 
(CFs)zNOSb(CF3)z 

MerNH 

4. CTOUP V I B  Compounds 

The reactions of bis(trifluoromethy1)hydroxylamine with some 
halides of sulfur in the presence of cesium fluoride give stable sulfur 
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derivatives of the general formula (CF&NOX, where X represents S02F, 
S03N(CF3),, S(0)ON(CF3),, SON(CF3),, S(O)F, and SSON(CF,), (114) 
(see Table XXII). 

TABLE XXII 

REACTIONS OF (CF3)aOH IN TEE PRESENCE OF CsF 

Reactants Temp. ("C)/hr Products 

Liquid bis(trifluoromethy1)nitroxyl converts tetrasulfur tetranitride 
quantitatively at  room temperature into a stable, white crystalline solid, 
tetrathiazyl tetra[bis(trifluoromethyl)nitroxide], "SON( CF3)Ja (60, 
6Qa, 6Qb) (Fig. 3). It is also formed by reacting the nitroxyl with either 

0 (CF,),NO @ Sulphur Nitrogen 0 Fluorine 

FIG. 3. Tetrathiazyl tetra[bis(trifluoromethyl)nitroxide], showing one of the 
bis(trifluoromethy1)nitroxy substituenta. 

N4S4H4 or N3S3CI3 at room temperature. The tetramer is not wetted by 
water and is not attacked at  room temperature by gaseous or concen- 
trated hydrochloric or nitric acid. Complete breakdown occurs at  60" 
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with 10% aqueous sodium hydroxide. A complex decomposition occurs 
at  6Oo-8O0 in vacuo, and about 30% of bis(trifluoromethy1)nitroxyl is 
retrieved. 

Thiazyl fluoride, NSF, reacts with di[bis(trifluoromethy1)nitroxy]- 
mercury to afford thiazyl bis(triff uorornethyl)nitroxide, NSON(CF,),, in 
good yield. It undergoes spontaneous polymerization to give the trimer 
trithiazyl tri[bis( trifluoromethyl)nitroxide], "SON( CF3).J3. Unlike the 
tetramer, both the monomer and trimer are readily hydrolyzed and they 
react with hydrogen chloride to form (CF3)2NOH and N3S3C13. The 
greater reactivity of the trimer has been attributed to its geometry 
resembling that of N3S3C13, in which all the halogen atoms are on the 
same side of the NsS3 ring (60 ,69) .  

The crystal structure of the tetramer shows that the geometry of the 
N4S404 moiety is very similar to that reported for N4S4F4 (78) ,  the 
parameters being given in Table XXIII. 

TABLE XXIII 

COMPARING PARAMETERS OF ISOMERIC (NSOR)4 

Bond length in the 
Compound ring (4 NSN (") SNS (") NSO(") 

"SON(CFa)& 1.62 1.56 111.8 123.4 107.9 
88.9 

(NSOFh 1.66 1.54 111.7 123.9 106.2 
91.5 

5 .  Metalation 
So far, bis(trifluoromethy1)nitroxyl is known to react directly with 

tin (85), lead (85), arsenic (87), selenium, tellurium (79), sodium (106), 
potassium (119), and mercury (107) and the metal derivatives can be 
formulated as shown. 

[(CF3)zNOlzM [(CFs)2N014M' [(CFs)zN012Hg ( 9 )  [(CFs)zNO]sAs (CFdzNOM" 
M = Sn, Pb M' = Se, Te M" = Na, K 

The sodium derivative can also be prepared from sodium iodide and 
the nitroxyl. Cesium iodide, however, takes up two moles of the radical 
to form a light-sensitive buff-colored solid, CsI[ON(CF3),],, which is 
analogous to CsICl, (116). 

The derivatives of sodium, tin, and lead are crystalline, ionic solids, 
whereas the arsenic, selenium, and tellurium derivatives are molecular 
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compounds. The mercurial is believed to be polymeric, involving tetra- 
coordination. The sodium and mercurial derivatives are important 
intermediates in metathetical reactions, and their uses have been ex- 
plained in previous sections. 

Sodium bis( trifluoromethy1)nitroxide can also be prepared by treat- 
ing a solution of N,N-bis(trifluoromethy1)hydroxylamine in tetrahydro- 
furan with an equimolar amount of powdered sodium hydroxide in the 
presence of Linde molecular sieve type 4H at 0"-20' (106). Evaporation 
of the solvent leaves behind a white solid which is difficult to free from 
tetrahydrofuran and which reacts rapidly with water, regenerating 
N,N-bis( trifluoromethy1)hydroxylamine and sodium hydroxide. 

Sodium bis(trifluoromethy1)nitroxide if formed by passing gaseous 
bis(trifluoromethy1)hydroxylamine over sodium wire at 20'/50 mm is 
contaminated by sodium fluoride and this method can lead to violent 
explosion. However, no explosion occurs if excess hydroxylamine is 
reacted with a sodium mirror (106). 

F. N,N-BIS(TRIFLUOROMETHYL)HYDROXYLAMINE 

N,N-Bis(trifluoromethyl)hydroxylamine, the first member of fluoro- 
carbon hydroxylamine series, was discovered by Haszeldine and Mattin- 
son in 1957 by treating o-nitrosobis(trifluoromethy1)hydroxylamine with 
hydrochloric acid, methanol, or 10% sodium hydroxide (15). A later 
method reported by Makarov et d. in 1965, in which trifluoronitroso- 
methane and ammonia are reacted together (85), is a better one. 

N,N-Bis(trifluoromethy1)hydroxylamine is a very weak acid with a 
dissociation constant of 1.5 x in aqueous solution (120). It forms a 

TABLE XXIV 

FORMATION AND PHYSICAL DATA OF BIS(TRIFLUOROMETHYL)- 
FIYDROXYLAMINE ADDUCTS (121)  

Physical Yield 
Adduct state M.p. ("C) (Yo) 

94 (CF~)ZNOH, =B Liquid - 
(CF3)zNOH wMeNH2 Solid 28.0-28.5 -99 
[(CF3)2NOH sMe2NH Solid 35.0 -98 
[(CF3)2NOH12MeaN Solid 28.0-28.5 98 
(CF3)zNOH *EtNH2 Liquid - >99 
[(CF3)2NOH]2EtzNH Solid 4 1.5-42.5 -98 
(CF3)zNOH - Et3N Liquid - -93 
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well-defined 1 : 1 adduct with a molecule of water, and the latter can be 
readily removed with phosphorus pentoxide (85). With a variety of 
simple organic amines, it forms a series of weakly associated adducts 
which are liquids or low melting, sublimable, crystalline solids at room 
temperature (Table XXIV). These adducts are partially dissociated in 
the gas phase (121). 

At -1 83", N,N-bis(trifluoromethy1)hydroxylamine forms a solid 
adduct with cesium or potassium fluoride. At room temperature, the 
potassium fluoride adduct has an equilibrium vapor pressure of 4 mm. 
For the cesium fluoride adduct the value is 0.5-1 mm. The cesium fluoride 
adduct melts a t  70". On the basis that two moles of N,N-bis(trifluor0- 
methy1)hydroxylamine combines with one mole of cesium fluoride the 
reaction probably occurs as follows. 

n(CFs)zNOH + CSF -> [(CF~)~NOH],CSF 

(n 6 2) 

Metathetical reactions involving cesium or potassium salts with a 
number of halides are discussed in previous sections. 

G. !~IS(TRIFLUOROMETEYL)HYDROXYLAMINE 

The formation of tris(trifluoromethy1)hydroxylamine has been 
reported in several instances, as summarized in Table XXV. Among the 
preparative methods, photolysis of a mixture of (CF,),NO and CF,I or 

TABLE XXV 

FORMATION OF (CF3)zNOCFs 

Starting material Conditions Yield (%) Ref. 

CFsNO/NzF4 - - 
(CFdzNO hv/6 hr - 
CFaO Flow pyrolysis at 400'13 mm 66 

with contact time of 3 see ; or 
pyrolysis at 25O0-30Oo 
with contact time of 1-2 min 

(CF&NO/CF31 hv/4 hr 84 
CF&(O)ONO Thermal decomposition 5 

CFsNO/AgFz/F2 24' 55 
CF,NO/AgFz 129' 23 

122 
123 
124 
125 

101 
126 
126 
126 

flow pyrolysis of CF3N0 at high temperatures seem to render fairly good 
yields. A free radical mechanism can be proposed for both reactions. 
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Tris(trifluoromethy1)hydroxylamine is stable to at least 200°C even 
in the presence of elemental fluorine. 

Intense irradiation of tris(trifluoromethy1)hydroxylamine gives 
mainly (CF,),NON(CF,),, whereas weaker irradiation gives mainly 
(CIi'&NON(CF& and a smaller amount of (CF,),NN(CF,)OCF,. The 
formation of the products is rationalized in terms of free radical reactions 
involving an initial cleavage of the N-0 bond in the hydroxylamine to 
give (CF3)zN and CF,O radicals (33, 112) : 

The formation of radicals such as (CF&N* and CF,O - involving the 
cleavage of N-0 bond is confirmed by the nature of products that are 
afforded as a result of the photolysis of (CF3)2NOCF3 with several 
olefins and perfluoro-2-azapropene. The results of such reactions are 
summarized in Table XXI. 

H. PEBFLUORO(2,4-DIMETHYL-3-OXA-2,4-DIAZAPENTANE), 
(CF3)2NON(CF3)2 

Several reactions are now known which lead to the formation of 
(Cli'&NON(CF3)2. It is formed in 73% yield by irradiating gaseous tris- 
(trifluoromethy1)hydroxylamine ( 1.7 atm) with Hanovia S.500 ultra- 
violet lamps for 28 days (33). The mechanism that has been proposed 
involves the attack of (CF3)zN. on the oxygen of (CF,),NOCF, with 
displacement of a CF, radical, leading to the formation of the compound, 
as illustrated below. 

(CF3)zN. + (CFa)2NOCFs - (CFa)2NON(CFs)z + CF3. 
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The interaction between (CF3)2N0 andCF3N0 gave a 99% conversion 
(101). The reactions of (CF3)2N0 with various substituted acetylenes 

0 
t 

(CFs)zNO- + CFsNO. __f CFsN-ON(CFs)z 

I 
also give (CF3)2NON(CF3)z in yields ranging from 26-55% (105). The 
product obtained from the reaction between tin and bis(trifluoromethy1)- 
nitroxyl which was originally thought to be (CF3)zNOON(CF3)2 (111) is 
now established as (CF3)2NON(CF3)2 (128). 

(CF3)2NON(CF3)z undergoes reactions with perfluorobut-2-yne, and 
the mechanism scheme suggested is indicated below (105). 

Its reactions with tetrafluoroethylene gives only (CFs)2NOCFz 
CF,N(CF,),. Both these reactions with unsaturated perfluoroorganic 
compounds reflect the relative ease of cleavage of the N-0 bond in 
(CF3)ZNoN(w3)2. 

VIII. Spectroscopic Properties 

A. INFRARED SPECTRA 

Infrared spectroscopy has been extensively employed to establish 
the presence of compounds containing bis(trifluoromethy1)amino and 
bis(trifluoromethy1)nitroxy groups. As such, it is an important diagnostic 
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tool. Characteristic peaks due to the presence of these groups can be 
assigned as follows : 

v(C-F) 1200-1400 cm-' usually three peaks of strong to very 
strong intensity 

6(C-F) one peak of medium to strong intensity 
v(C-N) 960- 980 cm-' one peak of strong intensity 
v(N-0) 990-1070 cm-' one peak of strong intensity 

The N-0 stretching vibration of alkyl- or aryl-substituted nitroxyls 
are located in the region of 1340-1370 cm-' ( I ) ,  which is not detected at 
all in the spectrum of bis(trifluoromethy1)nitroxyl. This band is probably 
masked by those due to the G-F stretching vibrations. A shift of the N-0 
stretching vibration is observed for all bis(trifluoromethy1)nitroxy 
derivatives, which can be taken as indicative of compound formation. 

705- 730 cm-' 

B. NUCLEAR MAGNETIC RESONANCE SPECTRA 

To maintain some form of consistency, the values of the chemical 
shift are given with respect to the standard CCl,F. Where CF,COOH has 
been used as a standard in the original paper, conversion can be effected 
by the equation + = CF,COOH + 78.5. 

I .  Bis( trifiuoromethyZ)amino Derivatives 

a. (CF,),N-Substituted Alkanes. I9F Nuclear magnetic resonance 
spectroscopy is useful not only in confirming the presence of bis(trifluor0- 
methy1)amino groups in a large number of derivatives, but also in 
determining the structures of some derivatives. For example, the pro- 
ducts arising from the interaction between (CF3)2NC1 and CF3CF : CF2 
consist of two isomers which have been assigned as (CF3)2NCF2CFC1CF3 
and (CF3)2NCF(CF3)CF2C, whereas (CF,),NCF,CFICF, is the structure 
adopted for the product given by the addition of (CF,)2NI to CF3CF : CF2. 
Their l9F NMR data are provided in Table XXVI. 

The magnetically nonequivalence of trifluoromethyl groups in a 
series of N,N-bis(trifluoromethy1)alkylamines has been demonstrated 
(131). The 19F NMR spectra of these compounds of the general formula 
(CF3),NR (where R is a substituted ethyl group) show a single resonance 
due to trifluoromethyl groups at normal temperature, and two coupled 
absorptions of equal intensity (JCFSCF, ca. 10 Hz) at lower temperatures. 
These observations have been explained on the basis that inversion at 
the nitrogen is restricted, with contributions from hindered rotation 
about the N-C(R) bond. The free energies that have been derived from 
the series of compounds for coalescences, G g ,  ranges from 8.4-15.8 kcal 
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TABLE XXVI 

NMR DATA FOR BIS(TRIFLIJOROMETHYL)AMINO DERIVATIVES 

Chemical 
shift Coupling constant 

Compound Group Type (ppm) (Hz) 

(CF3)2N-CFF-CFCl-CF3 X 
X A B G P  P 

A 

B 
G 

(CF&N-CF(CFa)-CFFCI X 
X G P A B  P 

AB 
G 

(CF3)2N-CFF-CFI-CF3 X 
X A B G P  

P 
AB 
G 

br. q. 
t o f q  

g 

q 
Complex 

g 

9 ofq  

Multiplet 

54.5 
80.5 

88.8 

88.8 
139.0 

93.1 
76.6 
65.8 
2.8 

59.7 

75.3 
76.5 
10.7 

AX BX GX = 15.2 
AP BP = 12.1 
GP = 6.2 
AB = 241, 

BG = 2.4 
AC = 10.0 

AX BX GX = 15.5 
PX = 2.0 

AB = 243 

mole-l ; and these values are associated in part with steric hindrance 
from substituents at  the a-carbon of the substituted ethyl group (R). 
Thus, for compounds with a single halogen at  the a-carbon, Ge#, increases 
with increasing size of the halogen. Changing substituents on the 
p-carbon has a much smaller effect. 

b .  (CF3)2N-Substituted Ole$ns and Acetylene. For a series of N,N-bis- 
(trifluoromethyl)vinylamines, the fluorine chemical shifts appear in the 
region ranging from -18.8 to -21.4 ppm (55). The band due to (CF3),N 
group is somewhat broadened, probably because of 14N quadrupolar 
relaxation. No coupling is obtained with the geminal, cis, or trans 
protons. 

In  lH NMR, however, spectral coupling between the olefinic protons 
and the fluorine nuclei is well defined, and the values recorded are given 
below : 

F . - - H  (geminal) 1.6-1.9 Hz 

F - - - H (trans) 
F . - . H  (cis) 0.7-0.8 HZ 

0.5 Hz 

Substantial coupling between the protons and fluorine through three or 
four bonds is obtained, whereas coupling through five bonds is either 
small or not observed. 
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In (CF3)2NC: CH, a coupling constant of 0.6 Hz is obtained in the lH 
NMR spectrum. 

c .  (CP,),N-Mercury. The fluorine chemical shifts of compounds of 
the type (CF,),NHgR [R = (CF3),N, CH,, SCF,] appear at about 48 
ppm. There is no coupling between the fluorine nuclei and lgOHg, unlike 
the presence of lg9Hg-'H coupling in (CF3),NHgCH3. 

The band due to the ((=F3)2N group in [(CF3)2NNCF3],Hg is located 
at 66.9 ppm, possessing a weak coupling (1.9 Hz) with the NCF, fluorine. 

d .  (CF,),N-Boron. llB NMR studies of bis(trifluoromethy1)amino- 
boron dibromide suggest that it is dimeric, involving 4-coordinate boron 
and nitrogen (38). 

The chemical shift is comparable to that for dimeric dimethylaminoboron 
dibromide, as shown by the llB chemical shifts. 

a w.r.t. trimethyl borate. 

e .  (CP,),N-Phosphorus and (CF,),N-Arsenic. The chemical shifts 
of fluorine of (CF,),N in many phosphorus and arsenic derivatives fall in 
the normal range, i.e., 48 to 55 ppm. In trivalent compounds of the type 
[(CF3)2N],M(CF3)3-, (M = P and As n = 1, a), the fluorines in (CF,),N 
groups couple with distant fluorines, the coupling constant ranging from 
3.5 to 5.5 Hz; and coupling with phosphorus gives rise to distinct 
doublets (J ca. 14-24 Hz). 

As expected, only phosphorus gives 5-coordinate derivatives con- 
taining (CF&N groups. The structures of several phosphoranes have 
been elucidated by means of their lgF NMR spectra. The fluorines in 
(CF3)zN groups couple weakly with phosphorus (0.5-4 Hz), and in a 
number of compounds such coupling is not observed. Coupling with 
fluorine directly bonded to phosphorus is strong (10-15 Hz). Thus, 
(CF,),NPF,Cl has been characterized mainly by its '@F NMR spectrum, 
giving the following parameters : A t  -70°, a typical trifluorophosphorane 
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spectrum is observed with : Jp-F(axial) = 930 HZ ; &(axial) = -16.9 ppm ; 
JF(axlal)-F(equat.) = 95 HZ ; JP-F(equat.) = lo30 Hz;  +F(equat.) = +55.8 PPm ; 
JCFs-F(p)= 10.8 Hz; JCFI-p = 2.3 Hz; &Fa = +55.3 ppm. 

At room temperature, only a broad doublet is observed because of a 
rapid exchange process. 

f. 8ulfur Derivatives. The chemical shifts of the (CF3),N fluorine in 
divalent derivatives of sulfur appear at  54 to 59 ppm. Weak coupling 
with distant protons in (CFS),NSCH3 and give rise to distant fluorines in 
(CF3)2NSCF3 quartets (11). In (CP3),NSF5, the only derivative of hexa- 
valent sulfur, the spectral pattern is of the AB,X, type, where coupling 
of the (CF3),N fluorine with the equatorial fluorine is stronger than 
with the apical fluorine (48). 

2. Bis(tri~uoromethy1)nitroxy Derivatives 
Unlike bis(trifluoromethy1)amino derivatives, '@F NMR spectra due 

to bis(trifluoromethy1)nitroxy groups are generally simpler since one 
resonance ranging from 67-85 ppm with respect to CC13F is obtained. 
Only in a limited number of compounds is F a -  - F coupling observed, as 
illustrated in Table XXVII (101,105). 

TABLE XXVII 

NMR DATA FOR BIS( TRIFLUOROMETHYL)NITROXY DERIVATIVES 

(CF3)zNO-CFa X 9 65.1 XP = 5.0 
X P P SeP 67.6 

(CF3);NO-CF2CFtrON(CF3)2 X t 71.6 XA = 1.7 
X A A SeP 11.0 

B 
(CF3) 2NO-CFAF-CFa X t 70.0 XA = 7.9 

Y d 09.7 YB = 9.9 
I 

X A ON(CFs)2 
Y 

C. ELECTRON SPIN RESONANCE SPECTRA 

The existence of bis(trifluoromethy1)nitroxyl as a free radical carrying 
a lone electron is demonstrated by its electron spin resonance studies. 
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Dilute solutions of the nitroxyl in both CCl, (85 )  and CC1,F (86)  give a 
nine-line symmetrical ESR pattern with relative intensities of 1 : 6 : 20.6 : 
40: 50 : 40 : 20.5 : 6: 1 ,  which corresponds very closely with the theoretical 
expectation of 1 : 7 : 22 : 41 : 50: 41 : 22 : 7 : 1 for the six equivalent fluorine 
atoms of two trifluoromethyl groups attached to  nitrogen. At very low 
concentrations, however, the central peaks are observed to split into 
triplets, the splitting for nitrogen and fluorine being 9.3 and 8.2 gauss, 
respectively. A g value of 2.0046 is obtained. Further examination of the 
ESR spect,ra of the nitroxyl measured over a temperature range of 163" 
to 297°K shows that the fluorine and nitrogen hyperfine splitting can be 
expressed by the equations 

aF = (9.327 - 0.0036 T) gauss 

aN = (8.776 - 0.0023 T) gauss 

where T is the temperature in degrees Kelvin (129). These equations 
show that as the temperature is decreased, aF increases and aN decreases. 
Thus, a t  the lower temperatures, the favorable configurations are 
weighted more heavily, leading to a greater configuration of the fluorine 
p orbitals with the nitrogen p orbital, and hence a larger transfer of spin 
to the fluorine atoms. These results seem to confirm that there is some 
delocalization of the unpaired electron on to the six fluorine atoms, which, 
as first suggested by Blackley and Reinhard, contributes to  the stability 
of the nitroxyl radical. 

When the gaseous nitroxyl radical assumes a yellow form solid a t  low 
temperatures, i t  becomes diamagnetic. Makarov et al. (85, 130) suggest 
that it is a dimer having the configuration 

According to Blackley and Reinhard, dimerization a t  low temperatures 
follows the equilibrium 

which give the equilibrium constant for dimerization as K ,  = X / (  B - 
2X)2, where B is the initial concentration of radical and X the concentra- 
tion of dimer. From the values of K ,  a t  temperatures ranging from 232" 
to 126°K as obtained by ESR measurements, the derived heat of 
dimerization is -2.5 kcal mole-'. 
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