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atom solvation, not much less active as a catalyst 
than trifluoroacetic acid. 

An alternate explanation, which cannot be dis
counted, can be offered for the difference in rate 
response of the aromatic chlorination and dichlo-
ride dissociation reactions to the replacement of 
trifluoroacetic acid catalyst by its mixed dimer with 
acetic acid. Again it is assumed that the primary 
solvation sites in the activated complexes are the 
negative ends of the dipoles and that the mixed 
dimer is less suited for this purpose than is tri
fluoroacetic acid. The magnitude of the effect 
of change in the acid may then be related to the 
degree to which polarization (in one case of an I-Cl 
bond and in the other of a Cl-Cl bond) occurs in the 
activation process. That is, the extent to which 
the changes in solvating power of the catalyst (as 
it is converted to mixed dimer) is reflected in re
action rate will depend on the extent to which de
velopment of negative charge takes place when 
activation occurs. If this argument is correct, the 
activated complex for aromatic chlorination in 

Although the fluorination of many nitrogen 
compounds by various methods has been rather 
extensively studied,3 little has been done with 
fluorocarbon nitrogen derivatives, which, by vir
tue of their lack of hydrogen external to the func
tional group, might be expected to exhibit cleaner, 
less complex behavior toward fluorinating agents. 
This paper describes the reaction of three types of 
functional groups—carbon-nitrogen unsaturation, 
amine or amide hydrogen and carbonyl—when 
fluorocarbon compounds containing these groups, 
alone or in combination, are treated with silver 
difluoride under mild conditions. 

(1) For the preceding paper in this series, see J. A. Young, S. N. 
Tsoukalas and R. D. Dresdner, T H I S JOURNAL, 82, 396 (1960). 

(2) Presented in part at the 136th Meeting of the American Chemi
cal Society, Atlantic City, N. J., September, 1959. This work was 
supported by the Office of Naval Research and by the Office of Ord
nance Research; reproduction in whole or in part is permitted for any 
purposes of the U. S. Government. 

(3) (a) O. Ruff and H. Giese, Ber., 69, 598 (1936); (b) O. Ruff 
and W. Willenburg, ibid., 73, 724 (1940); (c) W. Huckel, C. A., 44, 
4359 (1950); (d) G. E. Coates, J. Harris and T. Sutcliffe, J. Chem. Soc, 
2762 (1951); (e) F. Nerdel, Naturwiss., 39, 209 (1952); (f) J. Cuculo 
and L. A. Bigetow, T H I S JOURNAL, 74, 710 (1952); (g) F. P. Avonda 
and L. A. Bigelow, ibid., 78, 2978 (1956). 

carbon tetrachloride must be substantially more 
polar than that for dichloride dissociation. 

Whether the magnitude of the acetic acid effect 
is related to the degree to which polarization ac
companies activation or to the degree to which 
solvation of an electropositive center controls the 
energetics of activation, it seems reasonable 
that trichloroacetic acid should be less inhibitory 
than acetic acid (see Table IV and V). The 
stronger acid, which itself has some catalytic 
activity, should not reduce the anion solvating 
power of trifluoroacetic acid through mixed dimer 
formation as much as should acetic acid. It has 
been observed previously that combinations of 
acids may be less effective as catalysts for reactions 
in non-polar media than one would predict on the 
basis of their individual activities, in particular when 
the reactivities of the two compounds are far apart.15 

Acknowledgment.—The authors are indebted to 
the National Science Foundation for a grant in sup
port of this research. 

(15) J. N. Bronsted and R. P. Bell, T H I S JOURNAL, 53, 2478 (1931). 

It has previously been shown4'5 that fluorination 
of carbon-nitrogen unsaturation in fluorocarbon de
rivatives proceeds via a nitrogen-containing free 
radical. Extension to functional groups other 
than unsaturation, as described in the present 
work, shows that this generalization holds true. 
In every case the products may be adequately ex
plained by postulating initial formation of an inter
mediate carrying an unpaired electron on nitrogen, 
this intermediate then reacting by coupling, rear
rangement or saturation with fluorine. 

The primary intermediate may be formed in any 
of several ways, depending on the structure of the 
reactant. If carbon-nitrogen unsaturation is pres
ent, fluorine attacks the carbon atom. 

C F 3 N = C F 2 — > (CFs)2N. (1) 

R F C = N > - R F C F = N - (2) 

If an N-acyl bond is present, the acyl group may 
be eliminated as an acid fluoride. 

(CF3)2NCOF > (CFs)2N- + COF2 (3) 
(4) J. A. Young, W. S. Durrell and R. D. Dresdner, ibid.. 81, 1587 

(1959). 
(5) J. H. Attaway and L. A. Bigelow, ibid., 81, 3599 (1959). 
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The indirect fluorination of some fluorocarbon nitrogen compounds has been investigated and reactions of the following 
functional groups have been determined under mild conditions: — N = C < , N = C — , c—(—N=C<) 3 , >N—-H, > N C O F , 
— N = C = O , —NHCOF, —CONH2 and —CONHCO—. Fluorocarbon N - F compounds can be synthesized in certain cases 
by the action of silver difluoride on carbon-nitrogen unsaturation, by replacement of amine hydrogen or by cleavage of an 
acyl group from nitrogen. Rearrangement and coupling of the free radical intermediates are competitive with N - F bond 
formation, coupling becoming more important with progressively milder conditions. Volatile fluorocarbon isocyanates can 
be conveniently prepared from the corresponding amides by reaction with AgF2, and fluorocarbon azoalkanes, R F C F 2 N = 
NCF2Ry, from nitriles by use of the same reagent. Similarity of the isocyanate synthesis to the Hofman and Curtius re
actions is discussed. 
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If an N - H bond is present, hydrogen is abstracted 
(CF3)2NH >- (CFs)2N- + H F (4) 

The direction of further reaction depends greatly 
upon reaction conditions. In a highly energetic 
environment, i.e., large excess of fluorinating agent, 
good contact, and high temperatures, fluorine 
pickup by the free radical is favored. 

(CFs)8N- + AgF2 *~ (CFs)2NF + AgF (5) 

A coupling reaction, as shown in reaction 6, is 
always competitive with reaction 5 and is often 
predominant, moderation of reaction conditions 
favoring coupling. 

2(CFs)2N s- (CFs) 2 N-N(CFs) 2 (G) 

The effect of changing reaction conditions on the 
competition between N - F or C - F bond formation 
and coupling can be seen in other types of fluorina-
tion as well. Thus, in the liquid phase fiuorination 
of chlorofluoro olefins, Miller6 found tha t additive 
dimerization increased with decreasing tempera
ture, a t the expense of simple addition of fluorine. 
Bigelow5 found a complete change in the nature of 
the direct fiuorination products of trifluoroaceto-
nitrile, CF 3 CF 2 NFj resulting at high temperatures 
and fluorine concentrations, C F 3 C F 3 N = N C F a C F 3 

at low. Dresdner,7 in a study of the reaction of 
NF 3 with C F 3 C F = C F 2 , found tha t at 520° a large 
par t of the olefin was converted to C3FsI a t 320° 
little C3F8 was formed and products resulting from 
coupling of perfiuoroisopropyl radicals predomi
nated. In the electrochemical fiuorination process 
similar results have been observed. The electrol
ysis of pyridine in H F a t 5.0-5.5 volts gave a fair 
yield of C-(CF2)SNF and a small amount of per-
fluoro-l,l-dipiperidyl8; if the impressed voltage is 
lowered by 0.5 volt, the yield of fluoramine de
creases sharply and tha t of the coupled product 
increases substantially.9 I t should be possible, 
therefore, to control the nature of the products to 
some extent by selection of proper conditions. 

In the illustrations given in reactions i, 3 and 4, 
the same perfluorodimethvlamino free radical is 
formed from C F 3 N = C F 2 , (CF3)2NCOF, and (CF 3 ) r 
NH, although the mode of formation differs in 
each case. The final products should then be 
identical, and this fact has been found to be true, 
all three of these compounds giving various rela
tive amounts of (CF 3 ) ,NF and (CFs)2NN(CF3), , 
depending on the exact conditions used. 

I t was thought tha t some measure of the relative 
preference for each of these modes of reaction— 
at tack at an unsaturated carbon, at tack at carbonyl 
carbon and abstraction of hydrogen from N - H — 
could be acquired from the behavior of compounds 
which contained more than one type of functional 
group. For this purpose the compounds CoF5-
N = C = O . CF3CONH2 , C 2 F 5 NHCOF and (CF3-
CO)2NH were studied. 

In the case of the isocyanate, it would be expected 
tha t fluorine would at tack the carbonyl carbon 
quite readily to give the structure 

(T>> W. T. Miller and S. D, Koch , T i n s J O U R N A L , 69, 3084 (HM") 
(7) R. D. Dresdner , F. N, T I u m u e and J, A, Yunng, paper V in lhis 

series, in p r e p a r a t i o n . 
(8! T. C. S i m m o n s , R, B. Beck, el al., T H I S J O U R N A L , 79 , 342!) 

(11)57). 
(9) Unpubl i shed work of t h e a u t h o r s . 

R F N = C = O 
AgF2 F 

R F N - C = =0 (T) 
This intermediate could then undergo either loss 

of the carbonyl group or reaction at the nitrogen 
free radical by coupling or fluorine at tack. The 
identity of the products, COF2 and C 2 F 5 N=NC 2 F 5 , 
showed tha t the first of these processes had occur
red. Since neither R F N F 2 nor ( R F N F ) 2 was de
tected, it appears tha t no fluorine a t tack on nitrogen 
took place, and tha t the probable intermediate was 
the species R F N : 

F-
AgF2 . F1/ 

R F N = C = O > R F N— C = O >• 
R F N : > R F N = N R F (8) 

A somewhat similar six-electron intermediate 
was found in the case of trifluoroacetamide. This 
compound reacted so vigorously with AgF2 t h a t it 
was necessary to moderate the reaction by sus
pending the amide in a inert solvent and adding the 
silver difluoride slowly. Under these conditions 
some CF 3 COF and CF 3 CN were formed, but the 
main product, obtained in 5 8 % yield, was the 
isocyanate C F 3 N = C = O . 

Formation of the isocyanate can be accounted for 
by assuming that the initial reaction was hydrogen 
abstraction. Loss of the second hydrogen, either 
by stepwise abstraction or by fiuorination and con
certed loss of H F , would lead to an electron-de
ficient intermediate identical with tha t postulated 
for the Hofmann and Curt ius reactions. Subse
quent internal rearrangement of this intermediate, 
as in those reactions, would give the isocyanate 

O 

/ 
CF3CONH2 >• C F 3 C - N : ^ C F 3 N = C = O (9) 

I t is probable tha t the large yield of isocyanate 
was due a t least in par t to its volatility, since iso-
cyanates react with AgF2, as shown earlier, to form 
COF2 and azoalkanes. Some indication of CF 3N-
= N C F 3 was found, but the greater par t of the iso
cyanate escaped unchanged. Conditions could 
probably be varied to produce either the isocyanate 
or the azoalkane as the principal product. The 
reaction constitutes a convenient synthesis of those 
fluorocarbon isocyanates which are not easily ac
cessible via the Curtius reaction because of the low 
boiling points of the corresponding acid chlorides. 

Reaction of (CF3CO)2NH with AgF2 in the same 
manner as tha t of the amide led to cleavage of the 
imide linkage and formation of CF 3 COF and CF3-
NCO. This result shed some light on the mecha
nism of the previous reaction, since in the case of 
the imide, if the first step is assumed to be hydro
gen abstraction, no plausible further reaction on 
nitrogen can be written which could lead to the iso
cyanate. I t is likely, therefore, t ha t the second 
step was at tack of fluorine on the carbonyl carbon, 
as shown in reaction 11. 

AgF2 
(CF3CO)2NH (CFsCO)2N- (10) 

CF3-

CF3 

VN-
/ 

.0 
// 

C F 3 C -

C F 3 V CF3N = C = O (11) 



Sept. 5, 1960 INDIRECT FLUORINATION OF FLUOROCARBON N I T R O G E N COMPOUNDS 4555 

Subsequently, or simultaneously, homolysis of 
the carbon-nitrogen bond occurred and the R F -
C O N : intermediate was formed, which rearranged 
to the isocyanate. 

Since this mechanism necessitates preferential 
at tack of fluorine at carbon and not at the nitrogen 
free radical, its plausibility in this case supports 
the contention tha t a similar sequence is followed 
in the cases of both the nitrile and the isocyanate, 
and tha t a nitrogen diradical, or six electron inter
mediate, is present in all three cases.10 I t has been 
alleged11 tha t in the related Hofmann and Curtius 
reactions, the six-electron nitrogen structure is not 
a true intermediate, and tha t the rearrangement 
occurs via a concerted elimination of halide ion or 
nitrogen, respectively. The present work would 
seem to indicate tha t a t least in the Curtius reac
tion, where conditions are more nearly similar, 
the possibility of such an intermediate cannot be 
completely disregarded. 

In fluorination of the compound C2F5NHCOF 
(made by addition of H F to C 2 F 6 N = C = O ) , the 
N H group was found to be much less reactive 
toward AgF than the others studied, no reaction 
occurring a t 70°. At 100° reaction took place to 
a moderate extent, with formation of small amounts 
of the azoalkane and also of a second compound 
which may have been the coupled bis-carbamyl 
fluoride. 

ring bu t cleaved it, and indications of such frag
ments as CF 4 and possibly CF 3 NF 2 were found. 

A g F 2 
R F N H C O F > R F N — C O F • ( R F X - C O F ) 2 (12) 

At 150°, with a shorter reaction time only the azo
alkane was found, with no coupled carbamyl 
fluoride. The last result may have been due to 
loss of H F from the carbamyl fluoride before fluori
nation occurred, so tha t the effective reactant was 
the isocyanate rather than the carbamyl fluoride. 

Conclusions concerning the relative probability 
of occurrence of each of the three modes of reaction 
(reactions 1, 3 and 4), where more than one is 
possible, must be very tentat ive since the data are 
drawn from only four compounds. Reasoning 
from the high reactivity of CF 3 CONH 2 and (CF3-
CO) 2NH, from the formation of a possible N - N 
coupled product in the case of C 2 F 5 NHCOF, and 
from the fact tha t C F 3 N = C = O was largely un
affected by reaction conditions which at tacked CF3-
CONH 2 , i t would appear tha t abstraction of hy
drogen from N - H is favored over fluorine at tack 
a t either carbonyl or unsaturated carbon. 

Reactivity of the individual functional groups is 
of course influenced by other structure in the mole
cule. Incorporation of the carbon-nitrogen double 
bond in a stabilized structure such as the triazine 
ring greatly decreased its reactivity toward fluo-
rinating agents. Thus, although several metal 
fluorides were found to catalyze trimerization to 
triazines (see Table I) , the triazine ring so formed 
gave little further reaction with AgF2 at tem
peratures up to 150°. The small amount of reac
tion actually taking place did not fluorinate the 

(10) With CF3CN, the sequence would be - C F = N - — - C F 2 N -» 
- C F J N = N C F S - , rather than - C F = N - - • - C F = N - N = C F = : — 
•—CF2N=NCF2—, as postulated by Bigelow.) 

(11) Jack Hine, "Physical Organic Chemistry," McGraw-Hill Book 
Co., Inc., New York, New York, 1956, p. 317. 

Catalyst 

None" 
HgF2 

AgF 
AgF2 

TABLE I 

T H E TRIMERIZATION 

Catalyst: 
nitrile 
ratio 

(mules) Hr. 

0 16 
2.3 20 
0,7 44 
3 0 48 

Cond 

OP CF3CX 

itions 
T, 0C. 

300 
150-200 

100 
100 

Yield of 
triazine, 

/6 

25 
40 
47-64 
20* 

« W . L . Rei l ly a n d H . C . B r o w n , J. Org. Chem., 22, 698 
(1957) . b T h e m a i n p r o d u c t in this case was t h e a z o a l k a n e . 

Experimental 
Reaction of CF3CN with H g F 2 . - T w e n t y - f i v e g r a m s of 

C F 3 C N (0 .26 mole) a n d 146 g. of H g F 2 (0 .61 mole) were 
rocked in a s ta inless s tee l a u t o c l a v e a t 150-200° for 20 h r . 
F r a c t i o n a t i o n of t h e 25 g. of c rude p r o d u c t gave on ly t w o 
p r o d u c t s : 14 g. of u n r e a c t e d C F 3 C X , m o l . w t . 9 6 - 9 7 , a n d 
10 g. of m a t e r i a l , b . p . 9 3 . 5 - 9 5 ° , n2 'D 1.3200, m o l . w t . 290 . 
K n o w n v a l u e s " for ( C F 3 C X ) 3 a re b . p . 9 5 ° , K25D 1.3161, 
m o l . w t . 2 8 5 . C o m p a r i s o n of a n infrared s p e c t r u m wi th 
t h a t of k n o w n ( C F 3 C X ) 3 confirmed t h e ident i f ica t ion . T h e 
t r imer iza t ion convers ion was 4 0 % of t h e o r v . 

Reaction of CF3CN with A g F . - T h i r t y ' g r a m s of C F 3 C X 
(0 .31 mole) a n d 30 g. of A g F (0.02 mole) were sealed in an 
au toc l ave a n d rocked a t 100° for 44 h o u r s . F r a c t i o n a t i o n 
of t h e 22 g. of c rude p r o d u c t ( some was ev iden t ly lost b y 
leakage) gave 8 g. of u n r e a c t e d CF3CX", m o l . w t . 9 1 - 9 5 . 
T h e r e m a i n d e r was all t r i az ine , b . p . 9 5 - 9 6 ° , M29D 1.3187. 
This a m o u n t s t o 4 7 % t r imer i za t ion based on t h e original 
30 g. , or 64%, based on t h e t o t a l a m o u n t recovered . 

Reaction of (CNF) 3 with A g F 2 . — F o u r t e e n g r a m s of 
( C X F ) 3 (0 .1 mole) , m a d e b y a modif icat ion of Bige low's 
me thod , 1 2 a n d 100 g. of AgF 2 (0 .69 mole) were loaded in to an 
au toc l ave and rocked a t 5 0 ° . After 18 hou r s , a series of 
molecu la r weights were t a k e n , t h e observed values being 
118, 131, 132, 133 ( m o l . w t . ( C X F ) ; ! 135). T h e same 
charge of t r i az ine was r e t u r n e d t o t h e b o m b a n d rocked a t 
150° for 10 h o u r s . F r a c t i o n a t i o n of t h e resu l t ing p r o d u c t 
(10 g.) gave 2 g. ove rhead t h r o u g h an ice-water cooled 
condenser . T h e r e m a i n d e r , 8 g . , 5 7 % recovery , was u n 
reac ted t r i az ine , b . p . 7 0 - 7 3 ° , m o l . w t . 135. Au infrared 
s p e c t r u m of t h e more vola t i le p r o d u c t showed lines ascr ibed 
t o C F 4 ( 7 . 8 M) a n d C F 3 X F 2 ( 9 . 7 , 10 .3 , 14.1 M ) . 

Reaction of (CF3CN)3 with A g F . . - T h i r t e e n g r a m s (0 .05 
mole) of ( C F 3 C X ) 3 and 50 g. of AgF 2 (0 .34 mole) were rocked 
in an au toc l ave for 76 hours a t 100° . After th is t ime 3 g. of 
volat i le ma te r i a l was ob t a ined , mo l . w t . 8 3 - 8 8 , which on 
infrared examina t ion p r o v e d to be ma in ly C F 4 . T h e rest of 
the t r iaz ine ( 7 7 % ) was recovered u n c h a n g e d . 

Reaction of CF3CN with AgF, a t 100° .—Twentv - f ive 
g rams of C F 3 C X (0.26 mole) and 100 g. of AgF 2 (0 .68 mole) 
were rocked a t 100° for 48 h o u r s . F r a c t i o n a t i o n of t h e 
31 g. of c rude p r o d u c t g a v e 3 g. ove rhead t h r o u g h a D r y 
Ice-cooled condenser and 2 g . , b . p . —59 t o 4 - 2 0 ° , m o l . w t . 
over th i s r ange 9 5 - 1 1 4 , b o t h fract ions consis t ing of CF3CX", 
C F 4 a n d C F 6 , accord ing to infrared ev idence . 

T h e r e followed 20 g. of C 2 F 0 X = X C 2 F 5 , b . p . 2 0 - 2 3 ° , m o l . 
w t . 264 (ca lcd . 266 ) . A cen te r c u t , b . p . 2 2 ° , was shown 
ch roma tog raph i ca l l y t o be > 9 9 % p u r e . An infrared spec
t r u m was ident ica l wi th t h a t for C 2 F 5 X = N C 2 F 5 , furnished b y 
D r . L . A . Bigelow, wi th peaks as fol lows: 7 .33 , 7 .43(n i ) , 
8 .05(vs) , 8 .48(vs) , 9 .33(vs ) , 13 .25 , 14.12, 14.80 fi (all 
w e a k ) . Yield of (C2Fs)2N"-), based on unrecovered n i t r i l e , 
was 6 8 % of t h e o r y . 

T h e res idue , 5 g . , consis ted m a i n l y of (CF3CX^)3 , p lus 
t r aces of C F 3 C O O H . 

Reaction of C3F7CN with A g F 2 . - T h i r t v five g r a m s of 
C 3 F 7 C N (0 .18 mole) a n d 100 g. of AgF 2 (0 .68 mole) were 
loaded in to an a u t o c l a v e a n d rocked a t 100° for 24 h o u r s . 
T h e reac t ion p r o d u c t was t h e n p u m p e d ou t of t h e b o m b 
in vacuo a n d f rac t iona ted t o give 20 g. of yellow l iquid 
b . p . 4 5 - 4 7 ° (60 m m . ) . A c h r o m a t o g r a p h of a h e a r t cu t 
b . p . 4 7 ° (60 m m . ) , M2SD 1.2730, d2s

t 1.672, showed 9 8 % 

(12) A. F. Maxwell, J. S. Fry and I./. A. Bigelow, THIS JOURNAL, 
80, 548 (1958), 
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purity. An n.m.r. spectrum showed peaks at 5 = 5.6 (CF3), 
32.7 (a-CF2), and 48.7, 50.3 (0- and 7-CF2), while infrared 
peaks appeared at 7.35Cs), 7.65(s), 7.75-8.50(s), 8.60(s), 
8.65-8.80 (doublet, s), 11.30(s), 13.20-13.50(triplet, m) , 
13.75(m), 14.0(m) M. The yield of (C4Fg)2N2 was 57%. 
The n.m.r. spectrum was taken on a Varian Associates 
instrument using a 40 mc. proble. The S-values are relative 
to CF3COOH. 

Anal. Calcd. for C8F18N2: C, 20.6; F , 73.4; N, 5.94; 
MRo, 47.1. Found: C, 19.6; F , 71.86; N, 5.81; MRD, 
47.8. 

Reaction of (CFs)2NH with AgF2.—Twenty-five grams of 
(CFs)2NH (0.16 mole) and 50 g. of AgF2 (0.35 mole) were 
rocked in an autoclave for 15 hours at 50°. The volatile 
contents were then vacuum-transferred into NaF to remove 
H F and fractionated, giving 3 g. (CF3)2NF, b .p . - 3 4 
to - 2 0 ° , mol. wt. 167-171; 6 g. of (CFj)2NH, b.p . - 1 0 
to - 2 , mol. wt. 153-158; and 11 g. of (CFa)2NN(CFs)2, 
b.p. 31°, mol. wt. 304, chromatographic purity 99%. 
Infrared spectra checked very well with those of the known 
compounds and the amounts obtained represent yields of 11 
and 44%, respectively, for (CFa)2NF and (CFa)2NN(CFa)2. 

Reaction of (CFa)2NCOF with AgF 2 . -Twenty grams of 
(CFa)2NCOF1(OTO mole) and 30 g. of AgF2 (0.21 mole) 
were rocked in an autoclave at 100°. After 6 hours the 
pressure rise ceased, but heating was continued for an 
additional 12 hours. Fractionation of the 23 g. of volatile 
products gave 57 g. of COF2 overhead, mol. wt. 68-81, 
containing a small amount of (CF3)2NF, and 10 g. (CF3)2NF, 
b.p. - 3 6 to - 2 5 ° , mol. wt. 160-170. The column holdup, 
4 g., after treatment with alcoholic NaOH to remove any 
unreacted carbamyl fluoride showed a mol. wt. range of 
270-302. Its infrared spectrum agreed with that of known 
(CFs)2NN(CFa)2, mol. wt. 304. The yield of (CFa)2NF, 
based on 20 g. (CFs)2NCOF, was 60%; that of (CFs)2NN-
(CFs)2, 13%. 

Reaction of C 2 F 5 N = C = O with AgFo.—Twenty-one 
grams of C2F6NCO^ (0.13 mole) and 74 g. of AgF2 (0.51 
mole) were rocked in an autoclave for 11 hours at 100°. 
The yellow crude product obtained by vacuum transfer was 
fractionated, giving 3 g. of COF2 overhead, mol. wt. 66-71, 
and 13 g. of C2F5NCO, b.p . - 8 . 5 to - 5 ° , mol. wt. 155-
163; the holdup and residue, containing some unreacted 
C2F6NCO, were put through aqueous base and dried to give 
5.5 g. (C2Fs)2N2, mol. wt. 254-271, chromatographic purity 
95%, infrared spectrum identical with that of a known 
sample. The yield of (C2Fs)2N2, based on unrecovered iso-
cvauate, was 82%. 

Reaction of C2F5NCO with AgF2 in the Presence of H F . -
Thirteen grams of C2F5NCO (0.08 mole), 13 g. of AgF2 
(0.09 mole) and 2-3 g. of H F (ca. 0.1 mole) were rocked in 
an autoclave for 15 hours at 60°. Vacuum transfer after 
this time gave only 9 g. of volatile material, mol. wt. 95-
167. By pumping, about 10 g. of colorless liquid was ob
tained which fumed in air, was insoluble in, but very 
reactive with water and alcohol, and boiled with decomposi
tion at about 90°. Distillation through a small Vigreux 
column gave a colorless product, b.p. 50-51° (80 mm.) . 
Approximately 3-4 g. of this was transferred in vacuo into 
2 g. of ethanol and allowed to warm to room temperature. 
Distillation of the washed and dried product gave a colorless 
liquid, b.p. ca. 55-60° (15 mm.), M25D 1.3406. Known 
values for C2F5NHCOOC2H6" are b.p. 66-69° (15 mm.), 
»25D 1.3403. This identification of the ester and the mode 
of formation of the initial AgF2 reaction product indicate 
that the latter was the carbamyl fluoride, C2F5NHCOF. 

Twenty grams (0.12 mole) of C2F5NCO, 5-6 g. of H F 
(0.25 mole) and 50 g. (0.34 mole) of AgF2 were sealed in an 
autoclave and rocked at 75° for 48 hours. The contents 
were then pumped out over several hours and fractionated. 
There were obtained 1.5 g. overhead (b.p. < — 80°), mol. wt. 
65 (COF2); 2.5 g., b .p . - 9 . 5 to - 7 ° (mostly C2F5NCO); 
4.5 g., b .p . 0-30°, containing C4Fi0 and C 2F 5N=NC 2F 5 ; 

(13) R. L. Dannley and M. Lukin, J. Org. Chem., 21, 1036 (1056). 

and a residue of 6 g. The latter was washed quickly with 
water and dried, distillation of the dried product giving 3 g., 
b.p. 135-150°, flat at 146°, re28-5D 1.3080. The last product 
showed a strong -COF band in the infrared at 5.33 ft, and 
reacted with ethanol to give an ester. The boiling point, 
spectrum and esterification reaction of the 146° material 
indicate that it may have been the coupled carbamyl fluoride 
(C2F5NCOF)2. On standing over several months in a 
corked vial, the material became solid. 

Reaction of CF3CONH2 with AgF2.—One hundred twenty 
grams of AgF2 (0.83 mole) was finely ground and suspended 
in 200 ml. of fluorocarbon solvent (Minnesota Mining and 
Mfg. Co. product FC 102) contained in a 500-ml. three-
neck flask equipped with stirrer, air condenser, and an 
arrangement for adding solids out of contact with air. All 
equipment was thoroughly dried before use. Twenty grams 
of CF3CONH2 (0.18 mole) was added in small portions over 
1 hour with vigorous stirring. The temperature was 
allowed to climb to 50-60°, and maintained in that range 
by intermittent cooling during the addition, then raised to 
reflux for 0.5 hour. At that time the liquid air tail t rap 
contained 3 g. of bluish solid, mol. wt. 88-89, and the Dry 
Ice tail t rap 31 g. of clear, nile-green liquid, about a third 
of which turned out to be FC 102 carried through the 
condenser. 

Fractionation of the Dry Ice condensate gave 1.5 g. 
overhead, partly liquid and partly subliming solid; 3 g., 
b.p. - 5 7 to - 5 0 ° , mol. wt. 105-111; 2 g., b .p . - 5 0 to 
- 3 5 ° , mol. wt. 110-112; 7 g., b .p . - 3 5 to - 3 0 ° , mol. wt. 
110-111; 4.5 g., b .p . —30 to —20° (temperature readings 
inaccurate because of Slow reflux), mol. wt. 110-112; 
and 2 g. of holdup and residue, yellow, mol. wt. 111-124. 

Infrared spectra were taken on the principal cuts. The 
over-head and liquid air condensate consisted principally of 
SiF4 with some COF2; smaller quantities of CF3CN, 
CF3COF and CF3NCO were also present. The - 5 7 to 
- 5 0 ° cut was mainly CF3COF, with some SiF4, COF2, 
CF3CN and CF3NCO. Both t h e - 3 5 to 30° and the - 3 0 to 
— 20° cuts were pure CF3NCO, freezing to a crystalline 
mass and melting very sharply. Their infrared spectra 
showed only a singlet in the C = N region, and no carbonyl 
bands. The infrared spectrum of the holdup and residue 
indicated the presence in small quantity of CF3N = NCF3 . 
Lines primarily used for identification were: SiF4 9.7, COF2 
5.2, 12.9, CF3COF 5.3, 7.5, CF3CN 4.4, CF3NCO 4.3, 6.9 
and C F 3 N = N C F 3 7.8 ix. The infrared spectrum of CF3-
NCO is 4.3(s), 6.9(s), 8.2(sh), 8.3(s), 8.7(sV- The yield of 
CF3NCO was 58%. 

Reaction of (CF3CO)2NH with AgF2.—The starting mate
rial was made either by the method of Smith14 from (CF3CO)2-
O and CF3CONH2, or by addition of CF3COOH to CF3CN, 
the latter procedure giving a purer product but with erratic 
variations in yield. The imide when pure was a very 
hygroscopic solid melting at 84.5-85.5°, rather than a liquid 
as reported.14 

Thirty grams (0.21 mole) of AgF2 was suspended in 60 ml. 
of FC 102 and stirred while 10 g. (0.05 mole) of (CF3CO)2NH 
was added slowly, out of contact with the atmosphere, 
gaseous products being collected in a liquid air t rap. The 
reaction temperature was maintained at about 60° during 
the addition, then raised to reflux (ca. 100°) for a short time. 
The condensate in the trap amounted to 5 g. and had a mol. 
wt. of 103-122. Its infrared spectrum showed all lines for 
CF3COF and CF3NCO, plus traces of unidentified products. 
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