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Polyfluoroalkyl Derivatives of Nitrogen. Part XL1I.l Reaction of N- 
Bromobistrifluoromethylamine with 1 H-Pentafluoropropene and Some 
Further Studies on the Thermal Rearrangement of NN-Bistrifluoromethyl- 
vinylamines 
By George L. Fleming, Robert N. Haszeldine," James R. McAllister, and Anthony E. Tipping, 

Chemistry Department, University of Manchester Institute of Science and Technology, Manchester 
M60 1QD 

N-Bromobistrifluoromethylamine reacts with a 95 : 5 mixture of cis- and trans-I H-pentafluoropropene under free- 
radical conditions to give a high yield of a mixture of erythro- and threo-2-bromo-l,2,3,3,3-pentafluoro-/VA/- 
bistrifluoromethylpropylamine in the ratio 62 : 38. Dehydrobromination of the erythro-isomer affords a mixture 
of cis- and trans-1.2.3.3.3-pentafluoro-NN-bistrif1uoromethylprop-1 -enylamine in the ratio 38 : 62 whereas the  
threo-isomer yields the cis-olefin exclusively. The static pyrolysis of perfluoro- (NN-dimethylvinylamine) at 
500 "C affords perfluoro-2-azapent-2-ene in reasonable yield, together with hexafluoroethane and other decompo- 
sition products. Pyrolysis in the presence of an excess of toluene gives trifluoromethane and only a low yield of 
the azapent-2-ene. Similarly 1.2-difluoro-NN-bistrifluorornethylvinylamine affords 4H-octafluoro-2-azapent-2- 
ene on pyrolysis, but 2-bromo-l,2-difluoro-NN-bistrifluoromethylvinylamine and NN-bistrifluoromethylvinylamine 
give mainly decomposition products. 

N-BROMOBISTRIFLUOROMETHYLAMINE (I) reacts with a 
variety of olefins, both symmetrical and unsymmetrical, 
under free-radical conditions (u.v., sunlight, or thermal) 
to afford 1 : 1 adducts in high yield; 2-5 the chain carrier 
is believed to be the (CF,),N* radical. More recently 
ionic additions of (I) to olefins susceptible to electrophilic 
attack, e.g. but-2-ene and propene,' have been observed. 

We report here the reactions of (I) with 1N-penta- 
fluoropropene (I I) under free-radical conditions, carried 
out as part of a general investigation into the chemistry 

tCF,),NSr CFiCF :CHF 

I I) 1111 
of this olefin ; radical addition of trifluoroiodomethane 
and hydrogen bromide have previously been studied.8 

Reaction of a 95 : 5 cis-trans-mixture of (11) with the 
N-bromo-amine (I) (2 : 1 molar ratio) in the vapour 
phase in weak sunlight gave unchanged olefin (55% 
recovered), 2-bromo-l,2,3,3,3-pentafluoro-NN-bistri- 
fluoromethylpropylamine (111) (85%), 2-bromo-2,3,3,3- 
tetrafluoro-NN-bistrifluoromethylpropylamine (IV) 
(a%), a mixture of erythro- and threo-l,2-dibromo- 
1,2,3,3,3-pentafluoropropane (V) [7y0 based on olefin, 

12% based on N-bromo-amine (I)], and tetrakistrifluoro- 
methylhydrazine (VI) (14?/0). 

The 1 : 1 adduct was separated by g.1.c. into its two 
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stereoisomers, present in the ratio 53 : 32, which were 
identified on the basis of the products formed from each 
on dehydrobromination with potassium hydroxide. The 
major adduct isomer on dehydrobromination afforded 
1,2,3,3,3-pentafluoro-NN-bistrifluoromet hylprop-l-enyl- 
amine ( l O O ~ o )  as a 38 : 62 mixture of cis- (VIIa) and trans- 
(VIIb) isomers; the minor adduct afforded cis-olefin 
(VIIa) (78%) exclusively. 

A trans-E2 elimination of hydrogen bromide from the 
threo-like isomer (where threo-like and erythro-like are 
designated from a consideration of the group sizes on each 
of the asymmetric carbon atoms) would yield cis-olefin 
(VIIa) whereas the erythro-like isomer would yield the 
trans-olefin (VIIb). The major adduct is thus con- 
sidered to be the erythro-like isomer (IIIa) and the minor 
adduct the threo-like isomer (IIIb) . 

H 

H 

The elimination from isomer (IIIa) is not completely 
of the trans-E2 type since olefin (VIIb) is not formed 
exclusively. The preponderance of cis-olefin (VIIa) 
formed in both reactions suggests that perhaps it is the 
thermodynamically more stable olefin even though it is 
the least sterically favoured olefin. In this respect 
it is interesting that dehydrobromination of a 1 : 1 
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mixture of erythro- and threo-(CF,),N*CFBr.CHF-N (CF,), 
under comparable conditions gave exclusively the cis- 
isomer of the olefin (CF,)2N*CF:CF-N(CF,),.6 In con- 
trast dehydrobromination of the compound (CF,),N*CH,* 
CHBrN (CF,) , gave only the trans-isomer of the olefin 
(CF,) ,N*CH:CH*N (CF,),.4 

It has been postulated previously that the cis-CFKF 
grouping has greater electronic stabilising effect than 
than the tram-CF:CF grouping; the present results are 
in agreement with this. 

The structure of the unexpected product (IV) was 
established by mass spectrometry and n.m.r. spectro- 
scopy. The mass spectrum showed peaks at m/e 266 
[ ( M  - Br)+] and 195 and 193 (CF,*CFBr*CH,+) in addi- 
tion to  a base peak at mle 166 [(CF,),N*CH,+]; com- 
pounds which contain a (CF,),NCH, grouping have 
been observed lo previously to contain base or very in- 
tense peaks at mle 166 in their spectra. The n.m.r. 
spectra showed the presence of (CF,),N, CFBr, CH,, 
and CF, groups on the basis of the observed chemical 
shifts and coupling constants and the coupling (7.8 Hz) 
between the CF, and CFBr fluorines was strong evidence 
that the grouping CF,*CFBr was present. 

The formation of product (IV) is best accounted for 
by the presence of a small amount of 2,3,3,3-tetrafluoro- 
propene (VIII) in the reactant olefin (11). Free-radical 
reaction of the N-bromo-amine (I) with this olefin would 
be expected to take place via exclusive (CF,),N- radical 
attack on the terminal CH, group. 

Crn l  
The olefin (11) was prepared from hexafluoropropene 

by hydrogenation over palladium [to give (IX)] followed 
by dehydrofluorination.ll Hydrogenolysis of the adduct 
(IX) would afford 1,2,3,3,3-pentafluoropropane (X), 

CF3*CHF *CHF2 CF,*CHF*CH,F 

which on treatment with potassium hydroxide would be 
expected to afford the olefin (VIII). Such further reduc- 
tion occurs in the presence of a nickel catalyst,12 but has 
not been reported previously for the palladium catalyst. 

The dibromide (V) was identified by a comparison of 
its spectral data (i.r., n.m.r.) with those of an authentic 
sample prepared by reaction of bromine with the olefin 
(II).* The hydrazine (VI) was also identified spectro- 
s~opically.~ 

The only 1 : 1 adduct detected in the products was 
that formed via exclusive (CF,),N* radical attack on the 
terminal CHF group in the olefin (11), i.e. (111). Initial 
(CF,),N* radical attack on hexafluoropropene occurs to 

a W. A. Sheppard and C. M. Sharts, ' Organic Fluorine Chem- 

10 J. Freear and A. E. Tipping, J. Chem. SOC. (C), 1968, 1096. 
l1 D. Sianesi and R. Fontanelli, Ann. Chim. (Italy). 1966, 55, 

istry,' Benjamin, New York, 1969, p. 31. 

860. 

the extent of 96% on the CF, group and 4% on the CF,*CF 
group.ls The proportion of attack on the CF,*CF group 
in the olefin (11) would be expected to  be less than 4% 
because a CF, group can stabilise a lone electron to  a 
greater extent than can a CHF group [(CF,),N* radical 
attack on CHFXF, occurs in the ratio 78 : 22 Thus the 
adduct, (CF,),NCF(CF,) *CHFBr, formed via (CF,),N* 
radical attack on the CF,*CF group of the olefin (11), was 
expected to be present in the products in a trace amount 
only. 

If the addition of the amine (I) to the olefin (11) had 
been exclusively trans-stereospecific then the adducts 
(IIIa and b) would have been formed in the ratio 95 : 5 
(the cis-trans-ratio of reactant olefin) rather than the 
ratio 62 : 38 (1.7 : 1) observed. The additions of hydro- 
gen bromide and trifluoroiodomethane to the olefin (11) 
gave adducts resulting from trans- and cis-addition in the 
ratios 2.3 : 1 and 1.4 : 1, respectively.8 Since all three 
addends have relatively weak element-halogen bonds it is 
possible that the ratios represent to some degree the 
amount of interaction in the intermediate radical (XI) 
tending to aid chain-transfer from the opposite side of 
the molecule. If this is correct then the effectiveness of 

Y 
X. + (~-+cHF-,cF*cF~-% CHF-CF~CF~ I 

\x; 1 
X 

(XI) 
X for such interaction lies in the order Br > N(CF,), > 
CF,. 

Reaction of (I) with the olefin (11) did not take place 
under ionic conditions (-78 "C, dark) ; this is as expected 
because the olefin (11) is not susceptible to electrophilic 
attack. 

Thermal Rearrangement.-It has been reported pre- 
viously 1* that flow pyrolysis of the olefins (CF,),N*CF: 
CF, (XII) and (CF,),N*CF:CFCl (XIII) at ca. 600°C 
gave the rearrangement products perfluoro-2-azapent-2- 
ene (XIV) (55%) and 4-chloro-octafluoro-2-azapent-2- 
ene (XV) (51 yo), respectively, together with decomposi- 
tion products which included hexafluoroethane. 

Flow pyrolysis of the vinylamine (XII) in the presence 
of an excess of toluene afforded the rearrangement pro- 
duct (XIV) (46%) and trifluoromethane (31 %) ; hexa- 
fluoroethane was not detected.14 This result was inter- 
preted on the basis that the rearrangement involved 
mainly an intramolecular mechanism and did not occur 
to any large extent via free-radical intermediates. 

In  the present work the static pyrolyses of the vinyl- 
l2 I. L. Knunyants, G. L. Mysor, and M. P. Krasuskaya, 
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amines (XII), (XVI), and (XVII) and the flow pyrolyses of 
the vinylamines (XVI) and (XVIII) have been investi- 
gated. The results obtained from the static pyrolyses 

(CF3)ZN. CH : C Hz 

Free-radical attack on the tenninal CF, group of the 
olefin (XII) by the CF,. radical is to be expected because 

Initiation {CF,I,N .CF:CF,+Cq+ CFJ.i*CF: CF,+decomposition 
(CG I2N C F : CHF 1 C Fj 12N * CF : CFBr products ,  

D M l  IXYUI (XMI) 
of the vinylamine (XII) are compared in Table 1 with 
those previously reported l4 for flow pyrolysis. A reason- 
able conversion of the olefin (XII) into the rearrangement 
product (XIV) occurs at a temperature ca. 100 "C lower 
in the static pyrolysis than in the flow pyrolysis. The 
major difference between the flow and static pyrolyses is 
the yield of (XIV) obtained in the presence of an ex- 
cess of toluene. In the latter experiment fluoroform 
(70%) was formed [this accounts for 81% of the CF, 

including C v  
Prop ag a t  i on c 5 + 1 W) + c F~ c FZ' i. F * N [ c F~ 12+ l x l ~ )  + c 5 

Termination 2CF3'-+ C2F6 

C 5 . t  R e  --+ CF3R 

htt. 

SCHEME 1 

it is reported l4 that bromine atoms formed from hydro- 
gen bromide attack this position [reaction (i)]. The 

TABLE 1 
Pyrolysis of perfluoro-(NN-dimethylvinylamine) 

Products (%) 
A 

I -I 

WIV) Reactant 
Pyrolysis recovered 

Type time (min) Temp. ("C) (%I C,F,t CHF,t 
Static 60 460 87 6 40 44 
Static 40 600 36 29 44 42 
Static * 30 600 63 6 14 70 
Flow 696 16 46 66 t + 
Flow * 610 60 18 46 31 

* Excess of toluene present. t Yields based on vinylamine not recovered on the basis that vinylamine (1 mol) can give C,F, 
(1 mol) or CHF, (2 mol). 1 Not determined. 

groups in the olefin (XII) not recovered or rearranged]; 
in the flow reaction a lower yield of fluoroform (31%) was 
obtained (equivalent to 57% of the CF, groups in de- 
composed olefin). Thus the scavenging of trifluoro- 
methyl radicals by toluene (CF,. + PhCH, _+ CHF, + 
PhCH,. + PhCH,CH,Ph, etc.) was more effective in 
the static than in the flow pyrolysis, although hex, fl uoro- 
ethane, formed by combination of trifluoromethyl radicals, 
was not observed in either reaction. 

In the flow reactions in the absence and presence of 
toluene the comparable yields of (XIV) obtained were 
taken as indicating that the rearrangement occurred to 
an appreciable extent by an intramolecular mechanism. 
The results from the static experiment contrast with this 
in that the much decreased yield of (XIV) obtained 
from the reaction in the presence of toluene suggests that 
the rearrangement is mainly free-radical. 

These two results may be reconciled as follows. The 
rearrangement does occur mainly by a free-radical mech- 
anism, but the different results obtained are a direct 
result of differences in the scavenging efficiency of the 
toluene for trifluoromethyl radicals in the two experi- 
ments, far better mixing of the reactants being achieved 
in the static pyrolysis. The CF,* radicals when formed 
are scavenged by either the toluene or unchanged vinyl- 
amine (XII), the reactions occurring in the absence of 
toluene being as illustrated (Scheme 1; where R is any 
radical present in the system). The better the mixing 
of the toluene and olefin the more efficient will be the 
suppression of the chain reaction by removal of CF,. 
radicals from the system as trifluoromethane. 

alternative free-radical mechanism (ii) put forward pre- 
viously,l4 is considered either not to operate or to be a 
minor reaction pathway. 

Since some rearrangement was observed to occur in the 
static pyrolysis in the presence of toluene it is possible 
that an intramolecular rearrangement does take place to 
some extent. Alternatively it may indicate that even in 
this reaction the vinylamine (XII) does scavenge CF,* 
radicals to some extent. 

The results obtained from both flow and static pyroly- 
sis of the vinylamine (XVI) are shown in Table 2. As 
observed with the vinylamine (XII) reasonable yields of 
the rearranged product , 4H-octafluoro-2-azapent-2-ene 
(XIX) , are obtained either by flow or by static pyrolysis 
but the latter may be used at a temperature ca. 100 "C 
lower. Little, if any, hexafluoroethane is observed in 
these reactions and the major decomposition product is 
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fluoroform. The presence of toluene in a carefully con- 
trolled flow reaction almost completely stops the rear- 
rangement reaction and so, as with the vinylamine (XII), 
rearrangement of the vinylamine (XVI) to (XIX) is 
considered to occur mainly by a free-radical mechanism 
(Scheme 2).  In this flow reaction all the CF, groups in 

. (ml+ C s * +  CG*N*CF:CHF ______) decomposition 

CF3* + IXYI) --+ CF;CHF*CF*N/CF&--+ CF; CHF*CF: N*CFjfCFj 
products 

IXIX) 
SCHEME 2 

the vinylamine (XVI) decomposed are recovered as 
trifluoromethane. Trifluoromethane (ca. 80% based 
on olefin decomposed) is also the major by-product from 
the reactions carried out in the absence of toluene [the 

J.C.S. Perkin I 
EXPERIMENTAL 

Reactants and products were manipulated, where pos- 
sible, in a vacuum system to avoid contamination with air 
or moisture. 

Products were separated by fractional condensation in 
vacuo or by g.1.c. [Pye model 104 or Perkin-Elmer F21 
machine ; columns packed with Celite impregnated with 
dinonyl phthalate (DNP) (10% by weight) unless stated 
otherwise] and were identified by molecular weight deter- 
mination (Regnault's method), elemental analysis, i.r. 
spectroscopy (Perkin-Elmer 257 spectrophotometer fitted 
with sodium chloride optics), n.m.r. spectroscopy (Perkin- 
Elmer R10 instrument operating a t  60.0 MHz for 1H and 
56.46 MHz for 19F or a Varian HA 100 instrument operating 
a t  100.0 MHz for lH and 94.1 MHz for 19F, tetramethylsilane 
as internal reference for lH and trifluoroacetic acid as ex- 
ternal reference for 19F) , and mass spectrometry (A.E.I. 
MS902 machine). 

1H-Pentafluoropropene (11) was prepared (84%) as a 

TABLE 2 
Pyrolysis of 1,2 difluoro-NN-bistrifluoromethylvinylamine (XVI) 

Products (7;) 

T w e  Time (min) Temp. ("C) (%) .Conv. Yield' CHF, C,F, 
Flow (1.37 s) 610 44 36 64 i i 

Static 60 400 91 
Static 30 500 38 38 67 30 
Static 60 520 19 11 13 74 

Flow * (1.34s) t 630 73 45 15 s'5 3 

* Excess of toluene present. t Contact time. Not determined. 5 Based on vinylamine (1 mol) giving fluoroform (2 rnol). 

yield in these reactions in the absence of toluene is 
based on olefin decomposed: olefin (1 mol) + CHF, (1 
mol)]. It is unlikely that this product arises by a vinylic 

hydrogen abstraction reaction (iii), and it is more prob- 
able that it is formed by an intramolecular elimination 
via a cyclic five-membered transition state (iv). 

CFjN-CF n I %F-> CHFJ+IC5*N*CF:CF] 
l i v )  

C%---H' I 
J, 

decomposition 
products 

Flow pyrolysis of the bromo-olefin (XVIII) a t  620 "C 
gave unchanged olefin (69%) and only a low yield (4%) 
of a compound tentatively identified as the rearrangement 
product 4-brorno-octafluoro-2-azapent-2-eneJ CF,*N: 
CF*CFBr*CF,. Extensive decomposition of the olefin 
also occurred to give a mixture of products which in- 
cluded hexafluoroethane and bromotrifluoromethane. 
Similarly the vinylamine (XVII) also decomposed ex- 
tensively on static pyrolysis at 520 "C (30 min); un- 
changed olefin (28%) was recovered and trifluorome- 
thane (ca. 10%) was the only volatile major product 
identified . 

95: 5 mixture of the cis- and truns-isomers by hydro- 
genation of hexafluoropropene over palladium-alumina and 
dehydrofluorination of the resultant adduct.11 N-Bromo- 
bistrifluoromethylamine (I) was prepared as described 
previously 39 l5 and was handled in vacuo outside the vacuum 
system. The vinylamines (XII),14 (XVI),14 (XVII),4 and 
(XVIII) were prepared by standard methods in good 
yield. 

Reaction of N-Bromobistrifluoi.olnethylartzine with 1H- 
Pentafluoropropene.-A mixture of the N-bromo-amine 
(1.97 g, 8.5 mmol) and 1H-pentafluoropropene (2.06 g, 15.6 
mmol), mixed in the vapour phase in a Pyrex bulb (ca 5 1) 
and kept in weak sunlight (12 h), gave a mixture (1.24 g, 
8.6 mmol; M ,  144) which was shown by i.r. spectroscopy and 
g.1.c. (6 m column at  25 "C) to contain unchanged olefin (1.06 
g, 8.0 mmol, 55 yo recovered), tetrakistrifluoromethylhydra- 
zine (VI) (0.18 g, 0.6 mmol, 14%) contaminated with traces 
of NN-bistrifluoromethylamine and perfluoro-2-azapropene, 
and a higher-boiling fraction (2.73 g) which was separated 
by g.1.c. (6 m column a t  60 "C) into its five components iden- 
tified as (i) threo-2-bromo- 1,2,3,3,3-pe~ztufluoro-NN-bistri- 
fluorometlzyl~ropylurnine (IIIb) (0.87 g, 2.4 mmol, 32%) 
(Found: C, 16.8; H, 0.4;  N, 3.7%; M ,  362. C5HBrFllN 
requires C, 16.5; H, 0.3; N, 3.8%; fU, 364), b.p. (isoteni- 
scope) 75.0 "C; wz/e 346 and 344 [1%, ( M  - F)+] and 69 
( loo%, CF,+) ; lH n.m:r. band for C(Fa),*CFbBr*CHFc*N- 
[C(F,),lZ a t  T 4.11 (dd, CHF, J H , ~  43.2, JH,b 17.4 Hz) and 
lSF n.m.r. bands at -21.0 (6F, S, Fd),  2.0 (3F, dd, F a ,  Ja,c 

14.1, Ja,b 7.3 Hz), 67.0 (lF, complex, Fc) and 76.0 p.p.m. 
(lF, complex, F b )  ; (ii) erythro-2-bvomo- 1,2,3,3,3-pentafEuoro- 

l5 H. J. EmelCus and B. W. Tattershall, 2. anovg. Chem., 1964, 
327, 147. 
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NN-bistri~uovomethyl~vupylamine (IIIa) (1.47 g, 4.0 mmol, 
53%) (Found: C, 16.5; H, 0.4; N, 3.9%; M ,  365), b.p. 
(isoteniscope) 86.1 "C; m / e  346 and 344 [1%, ( M  - F)+], 
and 69 (looyo, CF,+) ; lH n.m.r. band for C(F,),*CFbBr* 
CHF,*N[C(Fd),], at T 3.67 (dd, CHF, J H , ~  42.3, JH,b 13.5 Hz) 
and 19F n.m.r. bands a t  -21.4 (6F, ddq, Fd,  Jd,b 14.4, Jay, 
9.0, Jd,a 2.0 Hz), 2.0 (3F, ddsep, Fa ,  Ja,b 9.3, Ja,c 5.1 Hz, Ja,d)t 
62.0 (IF,  ddsepq, Fc, J ~ , H ,  Jc,b 14.1 Hz1 Jc,a, Jc,a), and 80.4 
p.P.m. (lF, nOnq, F b ,  Jb,d Jb,H * JbSc = CU. 14 Hz, 
Jb,a) ; (iii) 2-bromo-2,3,3,3-tetrafluoro-NN-bistrifluoro- 
methylpropylamine (IV) (0.10 g, 0.3 mmol, 4%); m/e 266 
[3%, ( M  - Br)+], 195 and 193 (37%, CH,*CFBr-CF,+), 166 

[loo%, (CF,),N*bH,], and 69 (74%, CF,+); lH n.m.r. band 
for C(F,),.CFbBr.CH2*N[C(F,),]~ at T 6.17 (d, CH,, JH,b 17.3 
Hz) and l9F n.1n.r. bands a t  -20.3 (6F, dq, F,, Jc,b 9.5, 
Jc,, 1.5 Hz), 5.5 (3F, dsep, Fa, Ja.b 7.8 Hz), and 52.8 p.p.m. 
(lF, tdec, Fb) ; and (iv) a mixture of erythro- and threo-1,2- 
dibromo-1,2,3,3,3-pentafl~~oropropane (V) (0.15 g, 0.5 mmol, 
7%) which was identified by i.r. and n.m.r. spectroscopy 
and g.1.c. retention time. 

Reaction did not occur when a mixture of the N-bromo- 
amine and the olefin (2 : 3 molar ratio) was kept in the dark 
a t  -78 "C (16 h). 

Reaction of threo-2-Bvomo- 1,2,3,3,3-pentafluoro-NN-bis- 
tri,fluovomethyl~ropylami~e (IIIb) with Potassium Hydroxide. 
-A mixture of the amine (0.26 g, 1.0 mmol) and powdered 
dry potassium hydroxide (5 g), heated at 40 "C (30 min) in 
vacuo, gave unchanged aniine (0.03 g, 0.1 mmol, 9% re- 
covered) ancl cis- 1,2,3,3,3-pentafluoro-NN-bistrifluoro- 
methylprop-l-enylamine (VIIa) (0.20 g, 0.7 mmol, 78%) 
(Found: ill, 280. Calc. for C,FIlN: M ,  283), A,, 5.76m 
pm (C:C str.); 19F n.m.r. bands for C(F,),-CFb:CF,*N- 
[C(Fd),l2 a t  -18.1 (6F, S, F d ) ,  -6.6 (3F, tsep, Fa, J8.b fi 

Ja,c = 9.8, Ja,d ca. 1.0 Hz) ,  22.3 ( lF ,  complex, F,), and 67.0 

Reaction of erythro-2-Bvomo- 112,3,3,3-penfafluoro-NN- 
bistri~uoromethylpropylavnine (IIIa) with Potassium Hydrox- 
ide.-Reaction of the amine (0.47 g, 1.3 mmol) with potas- 
sium hydroxide (5 g), as in the previous experiment, gave a 
mixture (0.36 g, 1.3 mmol, 1OOyo) (Found: MI 281. Calc. 
for C6FllN : MI 293) of cis- and trans-1,2,3,3,3-pentafluoro- 
NN-bistrifluoromethylprop- l-enylamine (VII) shown by 
n.m.r. spectroscopy to contain the isomers in the ratio 
38 : 62; 19F n.m.r. bands for trans-C(Fa),*CFb:CFc*N- 
[C(Fd),I2 at -17.8 (6F, S, Fd), -5.6 (3F, dd, Fa, J B , ,  21.7, 

Hz), and 79.9 p.p.m. (IF,  dqsep, F b ,  Jb,c, Jb,a, Jb,d ca. 1.0 
H z ) .  

Pyrolysis of Perfluoro-( NN-dimethylvinylamine) (XII) .-(a) 
A t  450 "C. Pyrolysis of the vinylamine (0.85 g, 3.7 mmol) in 
a steel autoclave (ca. 60 ml) in vucuo at 450 "C (1 h), gave (i) 
material non-condensable a t  - 196 "C (0.14 mmol), (ii) 
hexafluorethane (0.22 mmol, 44%), and (iii) a mixture (0.78 
g, 3.4 mmol, 92%) of unchanged vinylamine (XII) and per- 
fluoro-2-azapent-2-ene (XIV) which, when treated with bro- 
mine (0.8 g) in vucuo a t  room temperature (56 h), yielded 
1 , 2-dibromo- 1,2,2-trifluoro-NN-bistrifluoromethylethyl- 
amine (1.26 g, 3.2 mmol, 87%) and perfluoro-2-azapent-2-ene 
(XIV) (0.05 g, 0.2 mmol, 5% conversion, 40% yield) 
(Found: MI 233. Calc. for C4F9N: M ,  233), the i.r. and 
n.m.r. spectra of which were identical with those reported.l* 

(b) A t  500 "C. The vinylamine (1.30 g, 5.6 mmol), 
treated as in (a) a t  500 "C (40 min), gave (i) material non- 
condensable at - 196 "C (ca. 0.18 mmol) ; (ii) hexafluoro- 

P*P*m. (IF1 dqsepi F b ,  Jb.0 21.2, Jb,a 9-9, Jb,d 1.5 Hz). 

J a , b  9-6 Hz), 37.8 (IF,  dqsep, Fc ,  Jc,b 130.5, Jc,a, Jc,d ca. 1.0 

ethane (0.22 g, 1.6mmol; M ,  136) shown byi.r. spectroscopy 
to be contaminated with silicon tetrafluoride and which, on 
hydrolysis with aqueous sodium hydroxide (5% w/v, 5 ml) 
in vacuo, gave hexafluoroethane (0.21 g, 1.5 mmol, 42%) ; 
and (iii) a mixture (0.83 g, 3.6 mmol, 64% ; MI 233) which, 
when treated with bromine (as in the previous experiment), 
afforded 1,2-dibromo- 1,2,2-trifluoro-NN-bistrifluoromethyl- 
ethylamine (0.79 g, 2.0 mmol, 36%) and perfluoro-2-azapent- 
2-ene (XIV) (0.36 g, 1.6 mmol, 29% conversion, 44% yield). 

A mixture of the vinylamine 
(0.58 g, 2.5 mmol) and toluene (2.02 g, 22.0 mmol), heated in 
the autoclave in vacua at 500 "C (30 min), gave (i) material 
non-condensable at -196 "C (ca. 0.22 mmol); (ii) a 
mixture (0.10 g, 1.4 mmol; MI 72) of trifluoromethane, 
silicon tetrafluoride, and unknown material with i.r. bands 
at 4 . 4 ~ ~  5.4w, and 8 . 1 ~  pm, and which on hydrolysis with 
aqueous sodium hydroxide (5% w/v, 5 ml) in vacuo, gave 
trifluoromethane (0.09 g, 1.3 mmol, 70%; M ,  70) con- 
taminated with the same unknown material; (iii) a mix- 
tute (0.39 g, 1.7 mmol, 68% ; M ,  232) of unchanged olefin 
(XII) and a small amount of rearranged material (XIV) 
and which, on hydrolysis with aqueous sodium hydroxide 
(5% w/v, 5 ml) in vacuo, gave unchanged vinylamine (XII) 
(0.36 g, 1.57 mmol, 63% recovered); and (iv) unchanged 
toluene (1.86 g, 20.0 mmol; M ,  93) contaminated with un- 
known material with i.r. bands a t  7 . 2 5 ~ ~  7.42w, 7.80m, 7 . 9 9 ~ ~  
8.24m, lO.IOw, and 1 0 . 8 0 ~  pm. 

Pyrolysis of 1,2-Di~uoro-NN-bistrifluoromethylvinylamine 
(XVI) .-(a) Flow. The vinylamine ( 1.94 g, 9.0 mmol), passed 
in vacuo a t  low pressure (1-2 mmHg) through a platinum 
tube (40 cm heated length, 1 cm i.d.) a t  610 "C (40 min; con- 
tact time 0.23 s), gave (i) a small amount of material non- 
condensable at - 196 "C; (ii) a mixture (ca. 5 gas ml) of 
hexafluoroethane, trifluoromethane, silicon tetrafluoride, 
trifluoromethyl isocyanate, and carbonyl fluoride (i.r.) ; and 
(iii) a mixture (1.80 g, 8.4 mmol, 93%) (Found: M ,  214. 
Calc. for C,HF,N: MI 215) of unchanged olefin (XVI) and 
4H-octafluoro-2-azapent-2-ene (XIX) which condensed at 
-95 "C. The -95 "C fraction was re-passed several times 
through the platinum tube at 600 "C (total time 4 h, contact 
time 1.37 s), with separation after each pass, to afford (i) a 
mixture (0.17 g, 1.6 mmol; M ,  105) of the same decomposition 
products; (ii) a -95 "C fraction (1.55 g, 7.2 mmol, 80%) 
(Found: M ,  215) ; and (iii) a trace of higher boiling material. 
Separation of the - 95 "C fraction by g.1.c. (10 m Kel-F 10 
oil at 25 "C) gave unchanged vinylamine (XVI) (0.86 g, 4.0 
mmol, 44% recovered) and 4H-octafluoro-2-aza~ent-2-ene 
(XIX) (0.69 g, 3.2 mmol, 64% yield, 36% conversion) 
(Found: C, 22.6; H, 0.6; N, 6.3%; M ,  215. C4HF,N re- 
quires C,  22.3; H, 0.5; N, 6.5%; MI 215), b.p. (isotenis- 
cope) 30.5 "C; i.r. band a t  5.65s (C:N str.) pm; m/e 215 (4% 
M+) and 69 (loo%, CF,+); 19F n.m.r. bands for C(Fa),* 
N:CFb*CHF,*C(Fd), a t  -58.6br (lF, s, Fb) ,  - 19.5 (3F, d, Fa, 

Hz), and 132.3 p.p.m. ( lF ,  dquin, F,, Jc,n 44.8, Jc,b 2 Jc,a 
= 12.8 Hz) and lH n.m.r. band a.t T 4.48 (dquin, JH,, 44.8, 

The vinylamine (1.60 g, 7.4 mmol), 
heated in the autoclave in vacuo at 500 "C (30 min), gave 
(i) material non-condensable at - 196 "C (ca. 0.14 mmol), 
(ii) trifluoromethane (0.10 g, 1.4 mmol, 30%; M ,  72), and 
(iii) a mixture (1.20 g, 5.6 mmol, 76% ; M ,  217) of unchanged 
vinylamine (XVI) (0.60 g, 2.8 mmol, 38% recovered) and 
4H-octafluoro-2-azapent-2-ene (XIX) (0.60 g, 2.8 mmol, 
5770, 38% conversion) as determined by g.1.c. (as before). 

(c) W i t h  an excess of toluene. 

Ja,b 14.4 Hz), 1.3 (3Fj dt ,  F d ,  Jd,c 12.8, Ja,H * Ja,b = 5.5 

JH.b * JH,d = 5.5 Hz). 
(b) Static at 500 OC. 



J.C.S. Perkin I 
A reaction carried out a t  400 "C (1 h) gave unchanged 

vinylamine (XVI) (9 1 % ) . 
(c) Static at 520 "C. The vinylamine (1.00 g, 4.7 mmol), 

treated as in the previous experiment a t  520 "C (1 h), gave 
(i) material non-condensable a t  - 196 "C (ca. 0.27 mmol), 
(ii) trifluoromethane (0.20 g, 2.8 mmol, 74%; M ,  72) con- 
taminated with a trace of silicon tetrafluoride (i.r.), (iii) a 
mixture which was shown by g.1.c. (as before) to contain 
unchanged vinylamine (XVI) (0.19 g, 0.9 mmol, 19%) and 
4H-octafluoro-2-azapent-2-ene (XIX) (0.12 g, 0.5 mmol, 
13%, 11% conversion), and (iv) a trace of higher boiling 
material (ca. 2 gas ml) which decomposed in the system to 
form silicon tetrafluoride. 

A mixture of the 
vinylamine (0.65 g, 3.02 mmol) and toluene (3.00 g, 33.0 
mmol), pyrolysed as in experiment (a) in vucuo at ca. 4 
mmHg and 630 "C (6 h;  contact time 1.34 s), gave (i) tri- 
fluoromethane (0.10 g, 1.4 mmol; M ,  72) contaminated with 
traces of silicon tetrafluoride, carbonyl fluoride, and trifluoro- 
methyl isocyanate (i.r.), (ii) a mixture (0.50 g, 2.32 mmol, 
76%) shown by g.1.c. (as before) to contain unchanged 
vinylamine (XVI) (0.47 g, 2.20 mmol, 72%) and 4H-octa- 
fluoro-2-azapent-2-ene (XIX) (0.03 g, 0.12 mmol, 15%, 4% 
conversion), and (iii) a higher boiling fraction (3.00 g, 32.6 
mmol; M ,  92) shown by i.r. spectroscopy to be mainly 
toluene. 

(d) Flow with an excess of toluene. 

Pyrolysis of 2-Bromo- 1,2-di;fEuoro-NN-bistrifEuoromethyl- 
vinylamine (XVIII).- The vinylamine (1.20 g, 4.1 mmol), 
passed through the pyrolysis tube a t  1-2 mmHg and 620 "C 
and the -120 "C fraction re-passed a further three times 
through the tube (total time 3 h; contact time 2.2 s) with 
separation after each pass, gave (i) a mixture (0.25 g, 1.8 
mmol ; M ,  140) of  bromotrifluoromethane, trifluoromethyl 
isocyanate, hexafluoroethane, carbonyl fluoride, and silicon 
tetrafluoride (i.r.), and (ii) a mixture (0.85 g, 3.0 mmol, 73%) 
which was shown by g.1.c. (as before) to contain unchanged 
vinylamine (XVIII) (0.80 g, 2.85 mmol, 69%) and an un- 
known component possibly 4-bromo-octafluoro-2-azapent-2- 
ene l0.05 g, 0.15 mmol, 12%, 4% conversion; Am= 5.67m 
pm (C:N str.)]. 

Pyrolysis of NN-Bistri)7uorometJzyZvinylamine (XVIII) .- 
The vinylamine (1.10 g, 6.1 mmol), heated in the autoclave 
at 620 "C (30 min), gave (i) nitrogen (0.54 mmol), (ii) tri- 
fluoromethane (0.05 g, 0.71 mmol; M ,  72) contaniinated with 
traces of carbonyl fluoride and trifluoromethyl isocyanate 
(Lr.), (iii) unchanged vinylamine (XVII) (0.31 g, 1.7 mmol, 
28% recovered; M ,  180) shown by i.r. spectroscopy to  be 
contaminated with a small amount of an unknown com- 
ponent (ix. bands at 8.00 and 12.50 pm), and (iv) a higher 
boiling fraction (0.10 g). 
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