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Polyfluoroalkyl Derivatives of Nitrogen. Part XXXVI.l Photochemical 
Reaction of N-Bromo- and N-Chloro-bistrif luoromethylamine with cis- 
or trans-But-2-ene8 and the Synthesis of 1,2-Di(bistrif~uoromethylamino)- 
dif luoroethylene and 2-Bromo-I ,2-difluoro-NN-bistrif luoromethylvinyl- 
amine 
By G. L. Fleming, R. N. Haszeldine,' and A. E. Tipping, Chemistry Department, University of Manchester 

Institute of Science and Technology, Manchester M60 1 QD 

Photochemical reactions of N-bromobistrifluoromethylamine with cis- or rrans-but-2-ene gives the 1 : 1 adducts 
eryrhro- and rhreo-2-bromo-1 -methyl-NN-bistrifluoromethylpropylamine in the ratios 17 :83 and 77 : 23, re- 
spectively. The corresponding N-chloro-amine reactions afford the eryfhro- and rhreo- 1 : 1 adducts in the ratios 
10 :90 and 87 :I  3, respectively. A thermal reaction of the N-bromo-amine with 1,2-difluoro-NN-bistrifluoro- 
methylvinylamine gives 1.2-di(bistrifluoromethylarnino)-2- bromo-I ,2-difluoroethane in high yield, which i s  
dehydrobrominated to give 1,2-di(bistrifluoromethylamino)difluoroethylene. The synthesis of cis- and rrans- 
2- bromo-I ,2-difluoro-NN- bistrifluoromethylvinylamine is described. 

A NUMBER of presumed free-radical additions of N -  
bromo- 2-4 and N-chloro- 5*6 bistrifluoromethylamine to 
olefins have been reported, but the extent to which such 
reactions are cis- or trans-stereospecific has not been 
investigated. It has been observed 798 however, that the 
similar reaction of the N-bromo-amine with acetylenes 
gives products resulting from both cis- and trans- 
addition, e.g.7 

(CF,),NBr + C2H2 __+ (CF,),N*CH:CHBr (trans 72%; cis 28%) 

The photochemical reactions of the N-bromo- and 
N-chloro-amine with cis- and with trans-but-2-ene under 
presumed radical conditions have thus been investigated 
in order to determine the ratio of trans- to cis-addition. 
Reaction under ionic conditions gave stereospecifrc 
trans-addition to the olefins.' 

In addition, the radical reaction of the N-bromo- 
amine with 1,Z-difluoro-NN-bistrifluoromethylvinyl- 
amine has been investigated as a route to the olefin 
(CF,) ,N C F X F - N  (CF,) 2. 

Bat-2-enes.-Photochemical reactions at room tem- 
perature of the N-halogeno-amines with a slight excess 
of olefin gave the products shown in the Table. In all 

Photochemical reaction of (CF,),NX (X = C1 or  Br) 
with the but-2-enes 

7,; : Ratio of 1 : 1 adducts Olefin 
isomer X Adducts evythro threo 
cis Br 95 17 83 
trans Br 96 77 23 
cis c1 99 10 90 
trans c1 99 87 13 

the reactions the recovered olefin was observed not to 
have isomerised, thus showing that the initial addition 
of the (CF,),N* radical to the olefin was irreversible. 
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The Table shows that (i) trans-addition (77-90%) 
predominates over cis-addition (10-23%) of the N-  
halogeno-amine, (ii) a higher proportion of trans-addition 

U.V. 

(CF,),NX __t (CF,),N* + X. 

(CF,),N. + MeCHZCHMe (CF,),NCHMe-tHMe 
(1) 

(CF,),N*CHMe*eHMe + (CF,),NX 
(CFJ2NCHMe.CHMeX + (CF,),N* 

(1 I> 

occurs with the N-chloro-amine than with the 11;- 

bromo-amine, and (iii) a slightly higher proportion of 
trans-addition occurs with cis-but-2-ene than with the 
trans-olefin. 

Stereospecific trans-addition has been observed in the 
photochemically initiated addition of deuterium bromide 
to both cis- and trans-but-2-enel0 at  temperatures be- 
tween -60 and -78", but at higher temperatures this 
stereospecificity is lost. Similarly the photochemically 
initiated reaction of hydrogen bromide with cis- or 
trans-2-bromobut-2-ene a t  -78" is trans-stereospecific ,11 

but a t  room temperature the reaction is non-stereo- 
specific and the isomers (5)- and meso-2,3-dibromobut- 
ane are formed in the approximate ratio 3 : 1 irrespective 
of the reactant olefin. The high degree of trans-stereo- 
specificity of photochemical addition at room tempera- 
ture in the present reactions is in contrast to this, 

The predominance of trans-addition can be explained 
in terms of a fast chain-transfer reaction between the 
intermediate radical (I) and the N-halogeno-amine 
(because of the weak N-halogen bond) which for steric 
reasons occurs a t  the side of the molecule opposite to 
which initial (CF,),N* radical addition took place. 
1,2-Di~uoro-NN-bistri~uo~omethylvinylam~ne.- Ther- 
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excess of the olefin (CF,),N*CF:CHF gave the 1 : 1 adduct 
1,2-di(bistrifluoromethylamino)-l-bromo-l,2-difluoro- 
ethane (111) (98%) together with appreciable amounts of 
unchanged reactants. The adduct was shown by n.m.r. 
spectroscopy to be a mixture of the erythro- and threo- 
forms in an approximately 1 : 1 ratio. 

Dehydrobromination of the adduct mixture with 
powdered potassium hydroxide afforded unchanged 
adduct (17%) and 1,2-di(bistrifluorornethylamino) di- 
fluoroethylene (93y0), formed exclusively as one isomer. 

In difluoroethylenes the chemical shifts of the olefinic 
protons have been shown l2 to exhibit an approximately 
additive dependence upon the nature and position of the 
remaining substituents. The effect of a (CF,),N group 
on the chemical shifts of olefinic fluorine atoms may be 
obtained by a comparison of the chemical shifts of the 
olefinic fluorine atoms in the compounds CF,:CF, (57.7 
p.p.m. relative to external trifluoroacetic acid) and 
(CF,),N*CF:CF, (FSm 66.9 p.p.m. ; F,,, 33.2 p.p.m. ; 
F,,, 19.3 p.p.m.) .13914 Thus the expected chemical 
shift for the olefinic fluorine atoms in cis-(CF,),N*- 
CF:CF*N(CF,), is 28.5 p.p.m. (57-7 - 38-4 + 9-2) and 
in trans-(CF,),N*CF:CF~N(CF,), is 42.4 p.p.m. (57.7 - 
24.5 + 9-2). The observed chemical shift of 25.8 p.p.m. 
thus strongly suggests that the olefin is the sterically less 
favoured cis-isomer (IV). If this assignment is correct 
the reaction is in contrast to the dehydrobromination of 
the compound (CF,) ,N*CH,*CHBr*N (CF,) ,, which gives 
the trans-isomer of the olefin (CF,) ,N*CH:CH-N (CF,), as 
the exclusive p r o d u ~ t . ~ , ~ ~  

F / 
(ml (IY) 

The cis-olefin (IV) is the expected product from an E2 
dehydrobromination of the threo-isomer of (111), but the 
erythro-isomer, by a similar mechanism, would afford the 
tram-isomer of (IV). The formation of only one olefin 
implies that one of the isomers of (111) is dehydro- 
brominated by a cis-periplanar process. 

Treatment of 1,2-difluoro-NN-bistrifluorornethylvinyl- 
amine with bromine in daylight (24 h) gave the dibromide 
(V) (99%) as an approximately 1 : 1 mixture of the 
erythro- and threo-isomers (n.m.r.). This mixture on de- 
hydrobromination afforded unchanged dibromide (19%) 
and a 1 : 1 mixture (93%) of cis- and trans-2-bromo-1,2- 
difluoro-NN-bistrifluoromethylvinylamine (VIa and b) ; 
the two olefins could not be separated on the g.1.c. 
columns investigated. 

It has been observed14 that the compound (CF,),N*- 
CHFCFClBr, formed by reaction of the N-bromo- 
amine with l-chloro-1,2-difluoroethylene, is dehydro- 
halogenated by potassium hydroxide to afford an 

12 M. G. Barlow, unpublished results and unpublished correla- 
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approximately 1 : 1 mixture of the olefins (CF,),N*CF:- 
CFBr (cis-isomer) and (CF,)2N*CF:CFC1 (equal amounts 
of cis- and trans-isomers). The lSF n.m.r. spectra of 

\ / B r  
( C F,I2N - C F Br. CH FBr (CF312N 

c:c 
F / - \F  

samples of the olefin (VIa) prepared by the two routes 
were identical. 

EXPERIMENTAL 

Techniques used were as described previously 4 except 
that i.r. spectra were recorded on a Perkin-Elmer 257 
instrument with sodium chloride optics, mass spectra were 
recorded on an A.E.I. MS/902 instrument, and g.1.c. em- 
ployed Perkin-Elmer Fraktometer models 154B or 451 with 
columns of silicone MS550 oil or Kel-F 10 oil (30%) on 
Celite. N-Bromo- 33 16 and N-chloro- bistrifluoromethyl- 
amine were prepared as described previously. 1,2-Di- 
fluoro-NN-bistrifluoromethylvinylamine was prepared by 
dehydrobromination of the 1 : 1 adduct formed by the re- 
action of the N-bromo-amine with cis- 1,2-difluoroethylene.l3 

Reaction of N-Chlorobistrijhoromethylamine with 0lejins.- 
(a) cis-But-2-e.ne. The N-chloro-amine (4.50 g, 24.0 mmol) 
and cis-but-2-ene (1.49 g, 26.6 mmol), mixed in the gas phase 
in a Pyrex bulb (2 1) and irradiated (1 h), gave unchanged 
olefin (0.14 g ,  2.6 mmol, 10% recovered) and a higher-boiling 
fraction (5.78 g, 23.8 mmol, 99%) which was separated by 
g.1.c. (6 m silicone a t  100’) into its two components present 
in the ratio 10 : 90 and identified as erythro-2-chloro-l- 
methyl-NN-bistrifluoromethylpropylamine (0.58 g, 2.4 
mmol, 10%) and threo-2-chZoro-l-methyLh”-bistri~uoro- 
methyZpropylamine (5.20 g, 21.4 mmol, 89%) (Found: C, 

29.55; H, 3.3; N, 5.8%; ill, 243), b.p. (Siwoloboff) 100’; 
main i.r. bands at  3 . 3 5 ~  (C-H str.), 6-84m (C-H bend), 
7.02m, 7.45vs, 7.64s, 7*7Ovs, 7-90w, 8.14s, 8.35vs, 8.70w, 
9.30m, 9*68m, 10-05m and 10.37s (C-N str.), 11,70ni, 12*52w, 
13.54m (CF, def.), and 14.46m pm. 

(b) trans-But-2-ene. The N-chloro-amine (5.00 g, 26.7 
mmol) and trans-but-2-ene (1.68 g, 30.0 mmol), treated as 
in (a), gave unchanged olefin (0.18 g, 3.3 mmol, 11% re- 
covered) and a higher-boiling fraction (6.44 g, 26.5 mmol, 
99%) (Found: M ,  243. Cak. for C6H,C1F,N: M ,  243) 
which was shown by g.1.c. (6 m silicone a t  100’) to contain 
erythro- (5.61 g, 23.1 mmol, 86%) and threo-2-chloro-l- 
methyl-NN-bistrifluoromethylpropylamine (0.83 g, 3.4 
mmol, 13%) in the ratio 87 : 13. 

29.4; H, 3.5; N, 5.7% ; M ,  245. C6H8C1F6N requires c, 
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Reaction of N-Bromobistrifluoromethylamine with 0Zefins.- 
(a) cis-But-2-ene. The N-bromo-amine (1.67 g, 7.2 mmol) 
and cis-but-2-ene (0.52 g, 9.3 mmol), mixed in the gas phase 
in a Pyrex bulb (2 1) and irradiated (1 h), gave unchanged 
cis-but-2-ene (0-13 g, 2-3 mmol, 25% recovered) and a 
higher-boiling fraction (1.96 g, 6.8 mmol, 95%) (Found: 
M ,  286. Calc. for C,H,BrF,N: M ,  288) which was shown 
by g.1.c. (6  ni silicone a t  150") and n.m.r. spectroscopy to  
consist of evythro- (0.33 g, 1.2 mmol, 16%) and threo-2- 
bromo- 1-methyl-NN-bistrifluoromethylpropylamine (1 -63 
g, 5.6 mmol, 79%) in the ratio 17 : 83. 

The N-bromo-amine (4.80 g, 20.7 
mmol) and trans-but-2-ene (1.55 g, 27.7 mmol), treated as 
in (a), gave unchanged trans-olefin (2.70 g, 7-7 mmol, 28% 
recovered), contaminated with a trace of bistrifluoromethyl- 
amine (i.r.), and a higher-boiling fraction (5.70 g, 19.8 
mmol, 96%) (Found: M ,  286) which was shown by g.1.c. 
(as above) and n.m.r. spectroscopy to  consist of erythro- 
(4.41 g, 15.3 mmol, 74%) and threo-2-bromo-l-methyl-NN- 
bistrifluoromethylpropylamine (1-29 g, 4.5 mmol, 22%) in 
the ratio 77 : 23. 

(c) 1,2-Di$uoro-NN-bistrifluoromethyZvinylamine. The 
N-bromo-amine (2.50 g, 10-8 mmol) and the vinylamine 
(3.00 g, 13-9 mmol) , sealed in vacuo in a Pyrex tube (300 ml) 
and heated at  80' (56 h), gave (i) a mixture (2.92 g, 13.2 
mmol) show-n by g.1.c. (4 m silicone a t  20") to consist of 
unchanged bromo-amine (1.16 g, 5.0 mmol, 46% recovered) 
and unchanged vinylamine (1-76 g, 8-2 mmol, 59% re- 
covered) and (ii) 1,2-di(bistrifluoromethylamino)-l-bromo- 
lJ2-di$uoroethane (2-50 g, 5.6 mmol, 98%) (Found: C, 16.4; 
H, 0-4; N, 6.1%; M ,  446. C,HBrF,,N, requires C, 16.1; 
H, 0.2; S. 6.30,6; M ,  447), b.p. (Siwoloboff) 84"; main i.r. 
bands at  6*87xv and 6 . 9 4 ~  (C-H bend), 7-36s, 7*50vs, 7 . 6 5 ~ ~  
7.75s, 7.92s, 8*02s, 8 . 2 3 ~ ~  8 . 5 2 ~ ~  8*62m, 8.90m, 9.35m, 
10.10vs (C-N str.), 1 0 . 7 4 ~ ~  ll-92mJ 12-60m, 13-45m, 13-67m, 
1 3 . 9 5 ~ ~  14.28s, and 14.75m pm; lgF n.m.r. bands for an 
approximately 50 : 50 mixture of erythro- and threo-(CF,),N*- 
CHF,*CFbBr*N(CF,), a t  -20 to -24 (complex, 12F), +31.0 
(complex asymmetric multiplet, Fb) and + 77.6 and + 85.8 
(complex, Fa) p.p.m. relative to  external trifluoroacetic acid 
and lH n.m.r. band a t  T 3.38 (two overlapping dd) ; rn/e 448 
and 446 (trace, M+),  353 and 351 (5.574, C,HBrFllN+), 264 
and 262 [2.7%, (CF,),N*CFBr+], 234 (lo%, C4HFQN+), 202 
(8-8%, C,F,N' or C,F,N,+), 184 [lo%, (CF,),N*CHF+], 163 
and 161 (2.0%, C,HBrF,), 146 (4.4%, C,HF,N+), 101 (2-7%, 
C,HF,+), 96 (8.8%, CF,*N:CH+), 69 (loo%, CF,+), and 31 

The adduct (1.21 g, 2.7 mmol), treated with dry, powdered 
potassiuni hydroxide (ca. 5 g) in vacuo a t  room temperature 
(1 h) gave unchanged adduct (0.20 g ,  0.45 mmol, 17% re- 
covered) and cis- 1 , 2-di (bistrifluoromethylamino) difluoroethyl- 
ene (0.77 g, 2.1 mmol, 93%) (Found: C, 20-0; N, 7.4%; M ,  
365. C,F,,N, requires C, 19.7; N, 7.7%; M ,  366), b.p. 
(isoteniscope) 60'; i.r. bands a t  4 . 1 3 ~ ~  4-63w, 5*60w, 5.72w, 
5.90w, 6 . 3 8 ~ ~  7 . 2 0 ~ ~ ~  7 . 7 8 ~ ~ ~  7.90m, 8+20vs, 8-66mJ 9.10111, 
10-Olvs and 1 0 . 3 0 ~ ~  (C-N str.), 10*67w, 1 1 . 7 3 ~ ~  1 2 . 4 0 ~ ~  
12-88w, 13.30s, and 13.70s (CF, def.) pm; lgF n.m.r. bands 

(b) trans-But-2-ene. 

(3-3%, CF'). 

1879 

for [C(Fa)J,N*CF,:CFb*N[C(Fa)3]z a t  - 19.0 [broad t, 12F, 
Jab 4.4 Hz] and +25-8 (complex, 2F) p.p.m. relative to 
external trifluoroacetic acid; m/e 366 (6.1%, M f ) ,  347 

C,F,N,+), 183 [3-9%, (CF,),N*CF+], 164 (5-1%, C,F,N+), 
114 ( 3 ~ 0 % ~  C,F,N+), 69 (loo%, CF,+), and 31 (4-3%, CF+). 

Reaction of 1,2-Di~uoro-NN-bistrijluorornethyZvinyZamine 
with Bromine.-The olefin (3.60 g, 16-7 mmol) and dry 
bromine (2.12 g, 13.2 mmol) were sealed in a Pyrex tube 
(300 ml) and exposed to daylight a t  room temperature (24 h) . 
The excess of bromine was removed by shaking with mer- 
cury in vucuo to give unchanged olefin (0.99 g, 4.6 mmol, 
27 yo recovered) and 1 , 2-dibromo- 1,2-dij?uoro-NN-bistri- 
jluoromethylethylamine (4.50 g, 12.0 mmol, 99%) (Found : 
C, 13.0; H, 0.4; N, 3.6%; M ,  374. C4HBr2F,N requires C, 
12.8; H, 0.3; N, 3.7%; M ,  375), b.p. (Siwoloboff) 120'; 
main i.r. bands a t  7.20mJ 7.35s, 7 . 4 1 ~ ~ ~  7.64vs, 7.97s, 
8 . 2 2 ~ ~ ~  8.51m, 8-77m, 9-10mJ 10.10s (C-N str.), 10-65m, 
12-04m, 13*12m, 13.70s, 13.90s, and 14.52s pm; m/e 377, 
375, and 373 (l%, M+), 264 and 262 [1.7%, (CF,),N*- 
CFBr+], 225, 223, and 221 (4-8%, CHFBrCFBr+), 208 and 
206 (5*2%, C,HBrF,N+), 207 and 205 (8~0%~ C,BrF,N+), 
127 ( 7 ~ 2 % ~  C,HF4N+), 113 and 111 (3.4%, CHBrF+), 69 
(loo%, CF,+), and 31 (lo%, CF+). The n.m.r. spectra 
showed the presence of approximately equal amounts of 
threo- and erytlzro-[C(Fa),],N-CFbBr*CH,FdBr, with lgF 
n.m.r. bands for the threo-isomer a t  -23-3 (dd, 6F, Jab 15.5, 
J a a  1.3 Hz), +33.7 (ddsep, F b ,  Jba 18.8, Jbc 16.6 Hz), and 
3-71.2 (ddsep, Fd, Jca 46-9 Hz) p.p.m. relative to external 
trifluoroacetic acid; the erythro-isomer showed a band a t  
-223.45 (dd, 6F, J 16.5 and 3.4 Hz) p.p.m. with the CFBr 
and CHFBr absorptions coinciding with those for the 
threo-isomer. The lH n.m.r. spectrum showed absorption 
a t  T 3.22 (two overlapping dd). 

Reaction of 1,2-Dibromo-1, 2-di~uoro-NN-bistri~uoro- 
methylethylamhe with Potassium Hydroxide.-The di- 
bromide (2.01 g, 5.4 mmol), as a mixture of the erythro- and 
threo-isomers, condensed in vacuo on to dry, powdered 
potassium hydroxide (ca. 10 g) and left a t  room tempera- 
ture (1 h), gave unchanged dibromide (0.38 g, 1.0 mmol, 
19% recovered) and a 1 : 1 mixture of cis- and trans-2- 
bromo- 1,2-difluoro-NN-bistrifluoromethylvinylarnine ( 1.2 1 
g, 4.1 mmol, 93%) (Found: C, 16.5; N, 5.0%; M ,  293. 
Calc. for C,BrF,N: C, 16-3; N, 4.8%; M ,  294), b.p. (iso- 
teniscope) 51.3"; main i.r. bands a t  5-87m (>C:C< str.), 
6-98mJ 7.28vs, 7 . 4 6 ~ ~  7.65s, ~ ~ O V S ,  8 . 0 0 ~ ~  8 . 2 0 ~ ~ ~  8 . 3 9 ~ ~  
9-10mJ 9.40s, 9.64vs, and 10.1Ovs (C-N str.), ll.55vs, 
12-35vs, 13-16s, 13*65s, and 14.52s pm; lQF n.m.r. bands for 
trans-[C(F,),],N*CF&F,Br a t  - 18-9 (t, 6F), +44.2 (dsep, 
Fb, Jbc 133.7, JbR 2.8 Hz), and +31-0 (dsep, F,, Jca 3.5 Hz) 
p.p.m. and for the cis-isomer l4 a t  -19.1 (dd, 6F, Jab 2.8, 
Jac 1.7 Hz), +l5.7 (dsep, F,, Jbc 38.3 Hz) and +27-6 (dsep, 
F b )  p.p.m. relative to external trifluoroacetic acid. The 
mixture of olefins could not be separated on a variety of 
g.1.c. columns available. 

[5.8%, ( M  - F)'], 271 (5.4%, CpFQN,'), 252 (5*5%, 
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