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Azidotrifluoromethane reacts readily with halogen fluorosulfates and peroxydisulfuryl difluoride to form the new compounds 
CF,NX(OSO,F), X = F, C1, Br, OS02F, in high yield. These materials were characterized, and their thermal reactions 
in the presence of CsF were studied. The reactions of CIF and BrF with CF,N3 at ambient temperature furnish CF,NFC1 
and CF3N=NCF3, respectively, in high yield. Under similar conditions CF,N, did not react with Cl,, Br,, HF, or HCI. 
Photochemical activation of CF3N3 resulted in a rapid, controlled decomposition leading to the formation of CF3N=CF2 
and (CFJ2NN(CF,), as major products. 

Introduction 

Highly fluorinated organonitrogen species are of continuing 
interest particularly with respect to their interactions with 
simple inorganic A basic member of this class 
of materials is azidotrifluoromethane. However, despite its 
existence having been known for some 20 years,5 the chemistry 
of CF3N3 has remained virtually unexplored. Recently6 we 
reported on the physicochemical properties of CF3N3. In this 
paper, its chemical reactions with halogen-containing oxidizers 
and photochemical reactions are summarized. 

Experimental Section 

Caution! Although no explosions were encountered in this study, 
covalent azides are in general expl~sive.~ Makarov and co-workers 
reported that CF3N3 explodes at 330 0C.8 Appropriate safety 
precautions should be taken when working with CF3N3 and N-halo 
amines, especially in larger amounts. 

Apparatus and Materials. The apparatus employed in this work 
has previously been described.6 Literature methods were used to 
prepare CF3N3,6 CF3NF2,9 FOSO2F,I0 CIOS02F," BrOS02F,12 
S2O,F2,I3 ClF,I4 and BrF.IS Cesium fluoride was fused in platinum 
and then cooled and powdered in a glovebox. Other chemicals were 
purchased and used as received. 

General Procedure. Typically a 30-mL stainless steel Hoke cylinder 
was cooled at -196 OC and measured amounts of reactants were 
successively condensed into the cylinder from the vacuum line. 
Bromine monofluoride was an exception, and it was formed in the 
cylinder prior to admitting CF,N3. The closed cylinder was allowed 
to warm to the desired temperature slowly, in either a cold empty 
Dewar or one partially filled with dry ice. Quantitative information 
on the CF3N3-oxidizer reaction parameters is shown in Table I. 

After the desired reaction time the reactor was recooled to -196 
OC and the noncondensable gas, presumed to be N2, was removed 
and measured. The condensable products were separated by fractional 
condensation in a series of U-traps on the vacuum line. In general 
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a lower temperature trap and a higher temperature trap were used 
to remove minor byproducts or unreacted material. The primary 
products were retained at the temperatures shown in Table I. One 
or more repetitions of the fractionation procedure were used to 
complete the purification. Product identification was based on the 
observed material balance of the synthetic reaction and 19F NMR, 
infrared, Raman, and mass spectroscopy. For the new compounds, 
CF3NXOS02F, vapor density molecular weight data and vapor 
pressure-temperature data were collected. This information and the 
derived thermodynamic relations are summarized in Table 11. Known 
compounds were identified by comparison of their properties with 
published properties. Measured vapor pressure-temperature points 
for individual compounds are given below. Also included is a listing 
of infrared and Raman bands and the observed ions from the mass 
spectra. I9F NMR data are presented in Table 111. 

CF,NF(OS02F). T ("C), P (mm): -78.4, 3; -63.5, 9; -46.0, 27; 
-31.9, 56; -23.4, 89; -7.5, 184. IR, cm-' (intensity): 1500 (s), 1285 
(vs), 1254 (s), 1220 (s), 997 (m), 924 (m), 885 (m), 828 (s), 717 (mw), 
609 (m), 568 (ms). Raman, cm-' (intensity polarization): 1500 (0.7, 
dp), 1285 (0.2), 1256 (8.6, p), 1220 (0.2), 998 (1.6, p), 947 (2.4, p, 
impurity?), 922 (1.4, dp), 890 (5.7, p), 835 (10, p), 820 (sh), 720 
(6.0, p), 613 (1.5, p), 608 (1.7, dp), 569 (1.3), 548 (1.0, dp), 522 (1.4, 
dp), 488 (2.3, p), 431 (1.2,dp), 418 (1.3, p), 321 (8.1, dp), 310 (sh, 
dp), 272 (2.3, dp), 217 (4, p), 202 (2.5, dp). Mass spectrum, m / e  
assignments: CF3NSO3F+, CF3NO+, CF3N+/S02F+, CF2NO+, CF,+ 
(base), SOF', CF2N+/S02+, CF2+, SO'. 

CF,NCI(OS02F). T ("C), P (mm): -30.2, 8; -8.1, 30; 0.0, 49; 
11.3, 85; 25.5, 154. IR, cm-' (intensity): 1490 (s), 1280 (s), 1248 
(s), 1197 (s), 928 (m), 873 (m), 839 (s), 822 (sh), 760 (w), 694 (w), 
600 (w), 572 (w), 541 (m). Raman, cm-l (intensity, polarization): 
1485 (0.5, dp), 1280 (sh), 1248 (6.5, p), 1198 (O+), 930 (0.9, dp), 
879 (1.3, dp), 840 (sh, dp), 827 (7.3, p), 770 (10, p), 760 (sh, p), 699 
(1.4, p), 608 (0.9, p), 577 (1.4, dp), 548 (2.9, p), 542 (2.0, dp), 514 
(1.9, dp), 444 (2.7, p), 432 (1.3, dp), 382 (8.6, p), 323 (9.2, p), 277 
(2.5, p), 268 (3.8, p), 248 (2.5, p), 238 (sh), 200 (2.1, dp), 155 (2.2, 
dp). Mass spectrum, m / e  assignments: CF,NCl(SO,F)+, 
CF3NC1(S03)+, CF3NC1+, CF3NO+, CF3NC/SO2F+; CF2NO+, 
CF3NO+, CF3+ (base), SOF+, CF2N+/S02+, CF2+, SO+. 

CF3NBr(OS02F). T ( O C ) ,  P (mm): -30.3, 3; 0.0, 18; 11.1, 31; 
21.4, 51. IR, cm-' (intensity): 1492 (s), 1276 (s), 1250 (s), 1240 
(s), 1195 (s), 923 (m), 874 (m), 836 (s), 819 (sh), 725 (w), 688 (w), 
602 (w), 570 (w), 534 (w). Raman, cm-' (intensity): 1248 (3), 925 
( l ) ,  880 (1.5), 828 (6), 730 (lo), 575 (2), 538 (4), 512 (3), 435 (4), 
338 (5), 317 (9.5), 242 (S), 230 (5), 178 ( l ) ,  133 (1.5). Mass 
spectrum, m / e  assignments: CF3NS03F+, CF,NBrO+, CF3NBr+, 
CF,NOF+, CF3NO+, CF3N+/S02F+, CF2NO+, Br', CF3+ (base), 

CF,N(OSO,F),. IR, cm-I (intensity): 1501 (s), 1300 (s), 1276 
(s), 1253 (s), 1208 (s), 979 (mw), 908 (m), 850 (sh), 838 (s), 767 
(s), 606 (m), 579 (m), 538 (w), 516 (w). Raman, cm-' (intensity), 
polarization): 1502 (0.5, dp), 1261 (10, p), 982 (0.7, dp), 913 (2.0, 
p), 860 (5.3, p) 843 (6.5, p), 770 (0.7, p), 728 (4.7, p), 612 (1.1, p), 
583 (0.7, dp), 544 (1.1, dp), 525 (1.5, dp), 458 (1.0 p), 450 (0.8 dp), 
432 (1.5, p), 385 (0.8, p), 337 (2.6, dp), 318 (5.5, p), 269 (4.2, p), 
252 (8.8, p), 210 (0.5, dp), 185 (0.7, dp), 125 (0.8, p). Mass spectrum, 
m/e assignments: CF,NO(S03F)+, CF3NS03F+ CF3NOF+, 
CF3NO+, CF3N+/S02F+, CF2NO+, CF,+ (base), SOF', CF,N+/ 

SOF', CF2Nf/S02+, CF2+, SO". 

S02+, CF2+, SO'. 
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Table I. Reaction Parameters 

reactants ("01) conditions 

CF,N, (1.42), CIF (2.75) 
CF,N, (1.53), BrF (-3) 
CF,N, (1.70), FOS0,F (2.31) 
CF,N, (2.50), CU)SO,F (2.27) 
CF,N, (3.15), BrOS0,F (3.13) 
CF,N, (1.741, (-OSO,F), (1.62) 
CF,NF (OS0,F) (1.09), CsF (13.4) 
CF,N(OSO,F), (0.86), CsF(13.4) 
CF,NBr(OSO,F) (1.09), CsF (8.75) 
CF,NCl(OSO,F) (0.711, CsF (8.75) 

25 "C, 4 h 
25 "C, 16 h 
25 'C, 4 days 
25 "C, 16 h 
-45 "C, 3 weeks 
25 'C, 2 days 
90 'C, 20 h 
90 "C, 16 h 
90 "C, 6 h 
90 "C, 10 h 

trapping 
temp, "e products (% yield)b 

-142 

-112 
-112 

-78 
-196 CF,NO (loo), SO,F, (100) 
-196 

-142 

CF,NFCl(98), N, (93), ClF, C1, 

CF,NF(OSO,F) (961, N, (1031, FOSO,F, CF,N(OSO,F), 
CF,NCI(OSO,F) (89), N,(97), CF,OSO,F, CF,N, 

CF,N(OSO,F), (771, N, (102), CF,OSO,F, CF,N, 

CF,NO (loo), SO,F, (loo), CsS0,F (88) 

CF,N=N(O)CF, (61), CF,NO, SO,F,, Cl,, CsSO,F 

-196 CF,N=NCF, (99), N, (91), BrF 

CF,NBr(OSO,F) (88), N, (102), CF,OSO,F, CF,N=NCF,, CF,N,, Br, -78 

-142 CF,N=N(O)CF, (86), SO,F, (98), CsS0,F (671, Br,, CF,NO 

a Temperature at which first listed product was retained during fractional condensation under a dynamic vacuum. Yield based on the 
limiting reagent. The N, percent yield is based on 1 mol of N, per mole of CF,N, reacted. If the C-N bond is also broken, the evolved N, 
yield may be higher than 100%. 

Table 11. Properties of CF,NX(OSO,F) 

vapor dens log [P(mm)] = A - B / [ T ( K ) ]  
A% xa ob sd calcd bP, "C kcal/mol eu A B T, "C 

F 200 201 31.1 5.95 19.5 7.152 1300 -78 to -7 
c1 225 227.5 66.4 7.71 22.7 7.845 1686 -30 to +25 

260 262 96.8 7.77 21.0 7.473 1699 -30 to +21 Br 
OSO, F 27 8 281 24 (36 mm) 

Colorless liquids except for X = Br, which is pale yellow. 

Table 111. "F NMR Data' 
compd CF, NF OS0,F J F - C F ,  HZ 

CF,NF(OSO,F) 80.8 d -11.2 bq -40.3 dq 1.1 

CF,NCI(OSO,F) 76.4 d -37.6 q 2.6 
CF,NBr(OSO,D 74.8 d -36.7 q 2.9 
CF,N(OSO,F), 78.3 t -42.7 q 3.0 

CF,OSO,F 57.0 d -46.8 q 6.5 

4.6 (JNF-SF) 

( 3 3 %  57.6 s 

CF, NFCl 79.9 d 7.0b 9.8 ( J F - F )  

Chemical shifts in ppm, positive values being upfield from 
internal CFCI,. Abbreviations: d, doublet; q, quartet; s, singlet; 
t, triplet, b, broad. 

Photolysis of CF,N3. A 150-mL quartz bulb fitted with a Teflon 
stopcock was charged at -196 OC with CF3N3 (2.00 mmol). Upon 
removal of the cold bath the bulb was irradiated while it was warmed 
and while it was kept at ambient temperature for a total of 3 h with 
use of a Hanovia 100-W lamp at a distance of about 5 cm. After 
the bulb was recooled to -196 OC, the generated noncondensable gas, 
presumed to be N,, was removed and measured (2.58 mmol). The 
remaining products were separated by vacuum fractionation through 
traps cooled at -1 12, -142, and -196 OC. Retained at -1 12 OC was 
(CF3),NN(CF3), (0.205 mmol), identified by its reportedl6~'' prop- 
erties. The yield was 41 mol %. The fraction obtained at -142 OC 
was found to be CF3N=CF21gm (0.415 "01) in 41% yield. A minor 
amount of (CF,)2NH'8*21 was present in this fraction and probably 
arose by scavenging of H F  by CF3N=CF2 from the metal vacuum 
system. The remainder of the CF3N=CF2 was converted to (C- 
F3),NH by treatment was HF, which further confirmed its identity.'* 
The -196 OC trap contained mainly CF, and some CZF6 (0.246 mmol 
total) together with traces of CF2=NF.22 No unreacted CF3N3 was 
observed. If the lamp was placed closer (2.5 cm) to the quartz bulb 
and photolysis was carried out for only 1.5 h, the yield of CF2=NF 
was increased to about 2%. 

A similar reaction in a steel cell 7.5 cm in length with a 5-cm 
diameter sapphire window gave comparable results after a 4-h pho- 

(16) Haszeldine, R. N.; Tipping, A. E. J .  Chem. SOC. C 1966, 1236. 
(17) Durig, J. R.; Thompson, J. W.; Witt, J. D. Inorg. Chem. 1972,II, 2477. 
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1960, 82, 396. 
(19) Ogden, P. A.; Mitsch, R. A. J .  Am. Chem. SOC. 1967, 89, 3868. 
(20) Haszeldine, R. N.; Barr, D. A. J.  Chem. SOC. 1955, 1881. 
(21) Ginsburg, V. A.; Smirnov, K. N. Zh. Obshch. Khim. 1969, 39, 1331. 
(22) Dybvig, D. D. Inorg. Chem. 1966, 5, 1795. 

tolysis: (CF,),NN(CF,),, 33%; CF3N=CF2, 43%. In a Pyrex bulb 
after 80 h, 6% of the CF3N3 was recovered, but the same products 
were formed in about the same proportions. 
Results and Discussion 

Synthesis of CF3NX(OS02F) Compounds. The reaction of 
azidotrifluoromethane with the halogen fluorosulfates and 
peroxydisulfuryl difluoride can be described by the equation 

X = F, C1, Br, OSOzF 
These reactions proceed a t  or below room temperature to  
provide the new group of compounds N-fluorosulfato N-halo 
amines in excellent yield. The synthetic data are summarized 
in Table I. The course of the  reaction is easily followed by 
monitoring the amount of nitrogen evolved. 

A plausible mechanism for the reaction of CF3N3 with 
halogen fluorosulfates involves the attack of the positive 
halogen of the fluorosulfate on the negatively charged nitrogen 
adjacent to the CF3 group of CF3N3 in its most important 
resonance structure6 

CF3N3 + XOS02F - N2 + CF,NX(OSOZF) 

F3C, 

,N-0 
X \ 

F 

followed by N2 elimination induced by an internal nucleophilic 
substitution (SNi) reaction involving the fluorosulfate group. 

Properties of CF3NX(OS02F) Compounds. All of the new 
compounds are stable a t  ambient temperature and have been 
stored in stainless steel vessels. A sample of CF3NC1(OSO2F) 
in a stainless steel cylinder was heated a t  90 O C  for 1 month 
without evidence of decomposition. Some of the properties 
of the CF3NX(OS02F) compounds are given in Table 11. In  
the  case of BrOS02F and CF3N3 a reaction temperature of 
-45 O C  was used to  minimize a side reaction giving 30% or 
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Table IV. Assignment of Fundamental Vibrations (cm-') of CF,NX(OSO,F) Compared to Those of Related Molecules 

Schack and Christe 

CF3 NF2 CF, NFCl CF 3 NF(OSO2 F) CF 3 NCl(OS0, F) CF ,NBr(OSO, F) CF , N(OS0 F) CF,NOa assignt 

1500 

u,(CF,) 1290 1268 1285 
(1254) 
1220 

1242 
u,,(CF,) 1218 

854 892 828 

1215 

1018 95 1 
95 1 752 997 

1490 
1248 
839 
928 
873 

1280 
(1248) 
1197 
827 
770 

1492 
1250 
836 
923 
880 

1276 
1240 
1195 
828 
730 

1501 
1261 
838 
908 
980,170 
(4NOZ)) 

1300 1291 
1276 1230 
1208 1175 
860 810 

6(CF,) 720 695 120 

a Reference 28. 

more CF3OSOzFZ3 when conducted at ambient temperature. 
A plausible path for the formation of this derivative might 
involve rupture of the N-Br bond, followed by stabilization 
of the resulting CF3NOSOZF radical by nitrogen elimination: 

L '  -I 

Much smaller amounts of CF30SOZF were encountered in the 
C10S02F and the Sz06Fz reactions, indicating that the 
well-known weakness of N-Br bonds facilitates their decom- 
position reaction. 

In addition to the good material balances obtained in the 
syntheses, the observed spectroscopic properties agreed fully 
with their formulation as CF3NX(OSO2F) species. 

I9F NMR Spectra. The I9F NMR spectra of the CF3NX- 
(OSOZF) compounds (Table 111) were particularly definitive. 
All the observed chemical shifts,z4 coupling constants, mul- 
tiplicities, and peak area ratios are consistent with the desig- 
nations given. 

Vibrational Spectra. Table IV contains a summary of the 
fundamental vibrations for the CF3NX(OSO2F) molecules and 
a comparison of those of related molecules. The infrared and 
Raman spectra, respectively, of gaseous and liquid CF,NX- 
(OSOZF) show the bands characteristic for a monodentate 
OSOzF group. Thus all have strong infrared bands at about 
1500 and 1250 cm-' attributable to uas and v, of the SO2 group 
and a strong band at 835 cm-' due to the S-F stretching 
mode.25)26 In the Raman spectra the 1500-cm-' vas band is 
very weak as expected. Also, as expected, the intense C-F 
stretching bands noted in the infrared spectra at about 1280 
and 1220 cm-' are very weak in the Raman ~ p e c t r u m . ~ ~ ~ ~  The 
N-0-S linkage gives rise to two medium-intensity bands in 
the infrared spectra at about 920 and 880 cm-' arising from 
asymmetric and symmetric stretches for this group. For the 
C-N stretching mode an assignment of the band at about 825 
cm-' in both the infrared and the Raman spectra is made on 
the basis of the assignment for CF3N0, which was established 
by I5N isotopic shifts and the results from a normal-coordinate 
analysis.28 This band often appears as a shoulder on the very 
intense S-F band. The remaining important stretching vi- 

(23) Lustig, M. Inorg. Chem. 1965, 4, 1828. 
(24) Dungan, C. H.; Van Wazer, J. R. 'Compilation of Reported I9F NMR 

Chemical Shifts"; Wiley-Interscience: New York, 1970. 
(25) Christe, K. 0.; Schack, C. J.; Curtis, E. C. Spectrochim. Acta, Parr A 

1970, 26A, 2367. 
(26) Qureshi, A. M.; Levchuk, L. E.; Aubke, F. Can. J .  Chem. 1971, 49, 

2545. 
(27) Schack, C. J.; Christe, K. 0. Inorg. Chem. 1974, 13, 2374. 
(28) Demuth, R.; Biirger, H.; Pawelke, G.;  Willner, H. Spectrochim. Acta, 

Part A 1979, 34A, 1 1 3 .  

699 688 728 730 

bration arises from the N-X bond and is expected to be of 
medium to weak intensity in the infrared spectra and weak 
to strong in the Raman spectra for the series X = F, C1, Br. 
Accordingly the N-X stretching mode in these compounds is 
attributed to the following bands: X = F, 997; X = C1, 770; 
X = Br, 730 cm-'. These bands have the anticipated intensities 
in the infrared and Raman spectra, and their frequency trend 
agrees with that given in the literaturez9 for the following series 
of XN, compounds: X = F, 869; X = C1, 719; X = Br, 687 
cm-'. 

Trifluoromethyl compounds normally exhibit a weak CF3 
deformation mode at about 700 cm-', and such a band is 
present in all these spectra. For CF3NF(OSOZF), the 947- 
cm-' Raman band, which lacks an infrared counterpart, is 
attributed to an impurity band. 

Mass Spectra. The mass spectra of the CF3NX(OSO2F) 
compounds do not contain parent ion peaks except for the 
chlorine compound, where it is very weak. Loss of X or F gives 
rise to the highest m / e .  Intense CF,NO+ and CF3N+ and 
CF3N+/SO2F+ peaks (both m / e  83) are always present, and 
CF3+ is the base peak in all cases. A similar mass spectrum 
has been reported for the related moiety (CF3)2NOS02F.30 
For the chlorine and bromine compounds the correct isotope 
ratios were obtained for those ions containing those elements. 
The peak for the parent minus OSOZF was of low intensity 
for all, and no OSOzF+ ion was observed, as is normal for 
covalent f l u o r o s ~ l f a t e s . ~ ~ ~ ~ ~  

CsF-Catalyzed Decomposition. As an aid in the charac- 
terization of the fluorosulfate amines their reaction with CsF 
under thermal conditions was investigated. The results are 
tabulated in Table I and are described by eq 1-3. The N-C1 

(1) 
CsF 

CF,NF(OSO,F) - CF3N0 + SOzF2 

CF,N(OSOzF)z + CSF - CF3NO + SOZF, + C S S O ~ F  
(2) 

2CF,NBr(OSO2F) + CsF - 
CF3N(0)=NCF3 + S02F2 + CsS03F + Br2 (3) 

compound reacted according to both (3) and (4). In all the 
CF3NCl(OSOZF) + CSF - CF3NO + SO2F2 + CSCl (4) 

examples the susceptibility of the OSOzF group to attack by 
the strong base CsF is confirmed. While eq 1 and 2 proceeded 
as expected for a CsF-induced displacement, the N-Br com- 
pound behaved quite differently. Here only a trace of CF3N0 
was formed and the primary product involved a coupling re- 

(29) Milligan, D. E.; Jacox, M. E. J .  Chem. Phys. 1964, 40, 2461. 
(30) Sprenger, G .  H.; Wright, K. J.; Shreeve, J. M. Inorg. Chem. 1973, 12, 

2890. 
(31) Schack, C. J.; Christe, K. 0. J .  Fluorine Chem. 1979, 14 ,  519. 
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action furnishing the known32-34 CF3N(0)=NCF3. This 
difference in reactivity is probably attributable to the weak 
N-Br bond, which permits facile coupling with Br, elimination. 
A plausible mechanism for the above reactions involves fluoride 
ion attack on sulfur, followed by S02F2 elimination with 
CF3N(X)O- formation. The latter anion can readily undergo 
X- elimination with formation of CF,NO: 

;- 
For X being Br, the observed coupling reaction (eq 3) could 
be explained by the weak and highly polarizable N-Br bond, 
which might undergo the Br,-elimination reaction 

-S02F2 YB +CFs NEr (0502F) - CF3N 
/Br  

'0-SOzF 
CF3N 

Lo- - 8 r 2  

I 
I -  
F 

CF~N-NCFS - S O ~ F -  
I I  - CF3N(O)=NCF3 
O-OSO2F 

This Br, elimination might be explained by the negative charge 
in CF3N(Br)O- permitting the bromine to become negatively 
polarized, which could then undergo a facile Br, elimination 
with the positively polarized Br of the neutral CF3N(Br)OS- 
OzF molecule. The fact that the N-Cl compound reacted with 
CsF by both (3) and (4) can be ascribed to the N-C1 bond 
being intermediate between the N-Br and N-F bonds. 

Reactions of CF3N3 with Halogens and Halide Molecules. 
Previously we had reported on the fluorination of CF3N3 to 
furnish CF3NF2 in high yield.g At ambient temperature this 
reaction required a catalyst, and thus it is not surprising that 
Cl,, Br,, HCl, and H F  do not react with CF3N3 at ambient 
temperature. However, the interhalogen fluorides ClF and 
BrF react readily and disparately (Table I): 

CF3N3 + C1F - CF3NFC1 + N l  
BrF 

2CF3N3 - CF3N=NCF3 + 2 N2 

The C1F example parallels the XOS0,F systems described 
above, and the chlorofluoramine produced is ~ e l l - k n o w n . ~ ~ - ~ ~  
The high yield and simplicity of this reaction render it an 
attractive synthetic method for CF,NFCl. In contrast to the 

(32) Jander, J.; Haszeldine, R. N. J .  Chem. SOC. 1954, 919. 
(33) Fields, R.; Lee, J.; Mowthorpe, D. J. Trans. Faraday SOC. 1969, 65, 

2278. 
(34) Dubov, S. S.; Khokhlova, A. M. Zh. Obshch. Khim. 1964, 34, 587. 
(35) Hynes, J. B.; Bishop, B. C.; Bigelow, L. A. Inorg. Chem. 1967,6,417. 
(36) Swindell, R.  F.; Zaborowski, L. M.; Shreeve, J.  M. Inorg. Chem. 1971, 

10, 1635. 
(37) Sekiya, A,; DesMarteau, D. D. J .  Am. Chem. SOC. 1979, 101, 7640. 
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C1F case, BrF and CF3N3 did not result in any N-Br deriv- 
ative, although CF3NBrF is a known stable compound.38 
Instead, an excellent conversion to h e x a f l u o r o a ~ o m e t h a n e ~ ~ ~ ~ ~ ~ ~  
ensued in a BrF-catalyzed reaction. Again, this is attributed 
to the low N-Br bond strength of the expected CF3NFBr 
intermediate, which leads to further reaction producing the 
much more stable end product. Again this facile, high-yield 
process makes it a potentially useful synthesis for CF3N=N- 
CF3. The azomethane did not react with BrF even at 90 "C. 
Indeed it a has been reported not to react with F2 at 400 

W Photolysis of CF3N3. Azidotrifluoromethane has a UV 
absorption spectrum typical of covalent azides6 and thus is 
capable of photochemical excitation and transformation. This 
behavior was examined at ambient temperature in Pyrex, 
quartz, and sapphire-steel vessels. Two predominant com- 
pounds were obtained, CF3N=CF218-20 and (CF3),NN(C- 
F3),,l6%l7 each in about 40% yield. Additional products were 
CF4 and C2Fs together with large quantities of N,. All of the 
products can be accounted for by the generation, combination, 
and rearrangement of CF3N and CF3 radicals (Scheme I). A 
very low yield of perfluoro(methanimine), CF,=NF,,, was 
noted in these photolysis experiments and is attributed to 
fluorine rearrangement in the nitrene, CF3N-. 
Scheme I 

CF3N) -* CF3N. + N, 
CF3N- - CF,. + 0.5N2 

CF3N- - CF3- - CF3NCF3 
2CF3NCF3 - (CF3),NN(CF3), 
CF3NCF3 - CF,N=CF2 + F* 

CF3. F. - CF4 
2CF3. - CF3CF3 

Summary. It has been found that azidotrifluoromethane 
is a reactive compound capable of furnishing a wide variety 
of CF,N-containing products. It is anticipated that many other 
useful derivatives can be prepared from this azide. 
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