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Polyfluoroalkyl Derivatives of Nitrogen. Part XL.l Reaction of Trifluoro- 
nitrosomethane with NN- Bistrif luoromethylamino-substituted Allenes 
By David H. Coy, Robert N. Haszeldine," Michael J. Newlands, and Anthony E. Tipping, Chemistry 

The allenes (CF,),N*CH:C:CH, and (CF,),N.CH:C:CH.N(CF,), react with trifluoronitrosomethane under mild 

conditions to give the oxazetidines (C F,) ,N *CH e0.N (CF,) *C:CH, and (CF,) ,NCH - 0 - N  (CF,) C C H  *N ( CF,), 
(mixture of two isomers), respectively, as the major products. The oxazetidines decompose quantitatively on flow 
pyrolysisat 200-250" to give"-bistrifluoromethyiformamideand the iminoethylene CH,:C:N.CF,or (CF,),N*CH:- 
C:N*CF,. Reaction of the allene (CF,),N*CH:C:C[N (CF3),I2 with trifluoronitrosomethane is more complex and 

a mixture of four 1 : 1 adducts is formed which contains the oxazetidine (CF,),N-bH.O.N(CF,).k:C[N(CF,),I,. as 
shown by flow pyrolysis of the mixture to afford NN-bistrifluoromethylformamide and the iminoethylene [ (CF,),N],- 
C:C:N*CF, among the products. The allene [(CF3),Nl2C:C:CH2 does not react with trifluoronitrosomethane 
under comparable conditions. 
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TRIFLUORONITROSOMETHANE reacts with a variety of 
fluoro-olefins 394  to  give either the corresponding oxazeti- 
dine or a 1 : 1 copolymer as the major product, depend- 
ing on the conditions used. The oxazetidines are the 
predominant products in reactions carried out a t  70- 

1 Part XXXIX, D. H. Coy, R. N. Haszeldine, M. J. New- 

Preliminary communication, D. H. Coy, R. N. Haszeldine, 
lads, and A. E. Tipping, J.C.S. Pevkin I, 1973, 1066. 

M. J. Newlands, and -4. E. Tipping, C h e m  Comm., 1970, 456. 

loo", whereas the copolymers predominate in reaction 
a t  ca. 0". 

The only allene which has been reported5 to react 
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with trifluoronitrosomethane is tetrafluoroallene. At 
ca. 20" a 1 : 1 copolymer was the major product, but a t  
ca. 60" in the vapour phase the cyclic oxazetidine 

CF,*N*O*CF2-kCF2 was formed, together with 2 : 1 and 
2 : 2 adducts. 

In the present work the reaction of trifluoronitroso- 
methane with bis t rifluorome t hylamino-subs t itut ed 
allenes (I)-(IV) has been investigated and the products 
have been subjected to pyrolysis. 

(C F3) ,NCR1:C:CR2R3 
(I)  R' = R2 = R3 = H 

(11) R' = (CF,),N, R2 = R3 = H 
(111) R2 = (CF3)2N, R1 = R3 = H 
(1V) R' = R2 = (CF,),N, R3 = H 

Reactioits of Allenes with T r i ~ ~ ~ o r o r t i t ~ o s o ~ ~ a e t ~ ~ a i a e . -  
The reaction conditions and the products are shown in 
Table 1. The allenes (I) and (111) reacted to give 

TABLE 1 

Reaction of allenes with trifluoronitrosomethane 
Allene Conditions Products 

(I) T O O ,  7 h (C1:,),N.6H*0.N(CF3).~:CH, (V) (47%) + 1 : 1 copolymer (3304,) + break- 
down products (lo?(,) 

(11) 80°, 48 h No reaction 

(111) &5", 54 h cis- and tvaizs- 

(CF3),N.~H.0.N(CI;,).~:CH.N(CF,)Z 
(VI) (89%) in the ratio 32 : 57 

(IV) TO", 24 h Four 1 : 1 adducts (98%) 

exclusively oxazetidines in which the oxygen atom of 
the reactant nitroso-compound was bonded to the 
terminal olefinic carbon atom. A similar orientation of 
addition has been observed in the reaction of trifluoro- 
nitrosomethane with tetrafl~oroallene.~ With the allene 
(I) the nature of the product indicates that the 
(CF,),N*CH:C double bond is more reactive towards 
addition than the CHJ double bond. 

The reaction of the allene (I) also gave a 1 : 1 co- 
polymer [i.r. bands at  5.81 and 5.93 pm (C:C str.)] and 
decomposition products of the oxazetidine later identi- 
fied as NN-bistrifluoromethylformamide and N-tri- 
fluoromet h yliminoet hylene. 

The assignments of the cis- and trans-configurations 
(where cis and trans refer to the configuration of the 
vinyl proton relative to the ring N*CF3 group) to the 
oxazetidines (VIa and b) are based on n.m.r. spectral 
evidence (see later). 

The allene (IV) reacted with trifluoronitrosomethane 
to give a mixture (98%) of four compounds in the ratio 
7 : 29 : 34 : 30. Elemental analysis of the mixture 
indicated that all four products were 1 : 1 adducts. If 
the orientation of addition were as observed with the 
allenes (I) and (111) then the oxazetidines (VII) and 
(VIII) would be expected to be formed; the latter could 
exist in cis- and trans-configurations comparable to 
(VIa and b). This would explain the formation of three 

oxazetidine isomers; to  explain the presence of a fourth 
isomer either a second mode of addition of trifluoro- 
nitrosomethane, to  give the oxazetidine (IX) or (X), 

must be invoked, or the two possible ring isomers of the 
oxazetidine (VII) are present and nitrogen inversion is 
not taking place (the CF3 group can be cis or trans to  the 

CFsN-0 

(lx) 
ring proton). As later shown by pyrolysis, isomer (VII) 
is present in the product mixture t o  the extent of at 
least 32%. 

Surprisingly, the allene (11) did not react with tri- 
fluoronitrosomethane even on heating at  80" for 48 11. 

The reason for this is not apparent since the nature of 
the products obtained from reaction of the allene (IV) 
implies that reaction can take place with a [(CF,),N],C:C 
double bond. 

PyroZysis of the 0xnxctidirtes.-On ff ow pyrolysis at 
ca. 550" the oxazetidines obtained by reaction of tri- 
fluoronitrosometliane with fluoro-olefins undergo ring 
cleavage in which the N-0 and C-C bonds are broken 3 7 4  

(e.g. Scheme 1) .  The trifluoronitrosomethane-tetra- 

heat CF3.N-0 1 1 CF3*N:CF2+COXY 
C Fz- CXY 

SCHEME 1 

fluoroallene adduct (XI) was not pyrolysed directly, 
but was first chlorinated ; the chlorinated oxazetidine 
(XII) was then pyrolysed to give the expected products 
(Scheme 2). 

cF2:i  - cF2 

CF&I*CtC -CF2 

S C H E M E  2 

The oxazetidines prepared in the present work were 
subjected to flow pyrolysis through a silica tube at  
ca. 1.5 mmHg; the temperatures used and the products 
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are shown in Table 2. At far lower temperatures than 
those reported for the successful pyrolysis of oxazetidines 
formed from fluoro-olefins and trifluoronitrosomethane, 

TABLE 2 
Pyrolysis of tlie oxazetidines 

Reaction 
temp. 

Compound ("C) 
(V) 200 

(VI) 260 

650 

Mixture of 300 
allene 

adducts 
(IV) 

% 
Reacted Products 

64 (CF,),N-CHO (XIII) (100%) + 
87 (XIII) (98%) + (CFJ,N*CH:- 

CH,:C:N*CF, (XIV) (100%) 

C:N.CF, (XV) (98%) 

96 (XIII) (32%) i [(CFJ,N,C:- 

100 Complex mixture containing 
CO, C2F6, and (CF,),NH 

C X C F ,  (XI I) (31%) + 
complex mixture 

the oxazetidines (V) and (VI) gave almost quantitative 
yields of NN-bistrifluoromethylformamide (XIII) and 
the corresponding N-trifluoromethyliminoethylene (XIV) 
or (XV). These products provide unequivocal proof as 
to the structures of the oxazetidines. 

The iminoethylene (XV) could not be separated from 
(XIII) either by distillation or by g.1.c. on a variety of 
columns. An attempt was made therefore to synthesise 
it by the illustrated route (Scheme 3). A mixture of 

(CF,) ,NBr + CH,:C:N-CF, (CFJ ,N-CH,CBr:NCF, 
(XVII) 

I 
J. -€IBr 

the iminoethylene (XIV) and excess of the N-bromo- 
amine reacted in the vapour phase in light t o  give the 
adduct 3-bromo-l , 1,1,6,6,6-hexafluoro-5-trifluorornethyl- 
2,5-diazahex-2-ene (XVII) in 96% yield. However, 
attempts to  dehydrobrominate (XVII) over powdered 
potassium hydroxide in vaczto resulted in complete 
decomposition of the adduct. 

Pyrolysis of the mixture of oxazetidines prepared 
from the allene (IV) to give the formamide (XIII) and 
the iminoethylene (XVI) shows that the oxazetidine mix- 
ture contained isomer (VII) to the extent of at least 32%. 
The pyrolysis products which would be expected from 
the other isomeric oxazetidines (VIII), (1x1, or (X), 
possibly present in the mixture, are as shown (Scheme 4), 

heat 

heat 

heat 

(YI I I )  __t (CF,) ,N.CO.N (CF,) f CF,.K:C:CH.N(CF,)~ 

(IX) -6 [(CF,),N],C:C:O + CI;,.N:CH.N(CF,), 

(X) --+ (CF,),N.CH:C:O 4- CF,.N:C[N(CF3)2]2 
SCHEME! 4 

but no firm evidence was obtained for the presence of 
the carbonyl compounds; after several minutes in vacuo 
at room temperature the pyrolysate partially solidified, 
suggesting further reaction of the initial pyrolysis 
products. 

Attempted Reactions of A Llenes with TetraJEuoro- 

ethyZene.-It has been reported that tetrafluoro- 
ethylene reacts with allene to  give either a 1 : 1 or a 2 : 1 
adduct depending on the molar ratio of reactants used 
(Scheme 5) .  Attempted reactions of the allenes (I) and 

CF&CF2 1-1.. CFSXF, 

1500 150" 
CH,:C:CH, ~-b CF,*CF2*CH2*C.CH, --+ 

1 ti---. 
CI;,.CF,.CH,.C.CH,.CI;,.CI;, 

SCHEME 5 

(111) with excess of tetrafluoroethylene at  140 and 100", 
respectively, were unsuccessful in that with the allene 
(I) only unchanged reactants were obtained and with the 
allene (111) dimerisation (60%) occurred. 

EXPERIMENTAL 

The allenes were prepared as reported previously.' 
Experimental techniques were as described in the preceding 
Part.l 

Reaction of Trifluovonitrosoinethane with A 1lenes.-(a) NN- 
BistvifluoroiizethyEpvopadienylainine (I). The allene (2-01 g, 
10-52 mmol) and trifluoronitrosomethane (1-04 g, 10.52 
mmol), sealed in a Pyrex ampoule (ca. 300 nil) and heated a t  
70' (7 h), gave (i) a mixture (0.36 g, 2.14 mmol; M ,  168) of 
NN-bistrifluoroniethylformamide and N-trifluoromethyl- 
iminoethylene; (ii) 4-bistrifluoromethyEamino-3-methylene-2- 
triflzcoromethyZ-l,2-oxazete'dine (V) (1.43 g, 4-96 mmol, 47%) 
(Found: C, 25-0; H, 1.2; N, 9.4%; M ,  289. C6H,F,N20 
requires C, 24.8; H, 1-0; N, 9.6%; M, 290), b.p. (Siwolo- 
boff) 107 "C a t  732 mmHg; Awl. 5.83m pm (C:C str.); 
mle 290 (14%, M+),  191 [22%, (CF,),S.C,H,+], 153 [15%, 
(CF,),NH+], 121 (18%, CF,*N*C,H,+), and 69 (loo%, 
CF,+); T 3-32 (lH, s, CH) and 5-00 (2H, s, :CH,); leF 
6 -21.6 [SF, s, (CF,),K] and -1.5 p.p.m. (3F, s, NCF,); 
and (i i i)  a non-volatile, viscous 1 : I copolymer (1.01 g) 
(Found: C, 24-4; H ,  1 - 1 ;  N, 8.9%). 

(b) 1,3-Di( bistrifEuo~o~net~~yZa.p~ino)propadiene (111). 
The allene (2.44 g, 7.13 mmol) and trifluoronitrosomethane 
(0.71 g, 7-13 mmol), sealed in a Pyrex ampoule (ca. 300 ml) 
and shaken at room temperature (24 h), gave (i) a mixture 
(2.80 g, 6-35 mmol, 8976) which was separated by g.1.c. 
(8 m Kel-F oil a t  150') into its two components, identified 
as cis-4bistrifluorometltyla.pnino-3-bis~r~~uo~omethyEamino- 
metlzylene-2-trifl'uorometlzyl- l12-oxazetidine (VI) ( 1.01 g, 2-29 
mniol, 32%) (Found: C, 21-8; H, 0.7; N, 9.6. C,H,F,,N,O 
requires C, 21.8; H, 0.5; PIT, 9-50/,), b.p. 118 "Cat 745 mmHg 
(Siwoloboff); Lx 5 . 6 3 ~  and 5 . 7 1 ~  vm ( C X  str.); mle 441 

C6H,FgN2'), 260 (34%, C,HFgN2+), 191 (2176, C4HF,N"), 
96 (13%, CF,*N*CH+), and 69 (loo%, CF,+), z 3.34 (lH, s ,  
)CH*O), and 4.33 (lH, s, -CHI); 19F 6 -21-2 [6F, s, 
(CJ?,),N-CH:], - 17.5 [6F, s, (CF,),NCH.O], and -3.7 
p.p.m. (3F, s, NCF,); its trans-isomer (1-79 g, 4.06 mmol, 
57%) (Found: C, 21.9; H, 0.8; N, 9-57!!), b.p. 135 "C a t  
745 mmHg (Siwoloboff) ; A,, 5 . 7 3 ~  ym (C:C str.) ; m/e 441 
(lo?&, M'), 342 [8%, ( M  - CF,.NO)+], 273 (17%, 
C6H,F,Plj2+), 260 (32y0, C,HFgN2+), 191 (22y0, C,HF6Nf), 
96 (150/;, CF,NCHi), and 69 ( l O O o A ,  CF,+); T 3-27 ( lH,  s ,  
)CH-O) and 4-19 (133, s, -CHI); 19F 6 -20-7 [GF, s, 
(CF,),N*CH:], - 17.6 [6F, s, (CF,),N*CH*O], and - 1.9 
p.p.m. (3F, s, K-CF,) ; and (ii) a viscous, non-volatile residue 
(0.32 g). 

(c) l,l-Di(bistri~uoromethylanzi~zo)propadiene (11). The 
6 D. D. Coffman, P. L. Barrick, R. D. Cramer, and R. S. 

(12%, A!P), 342 [7%, ( M  - CF,*NO)+], 273 (17%, 

Raasch, J .  Amev. Chezn. SOC.,  1949, 71, 490. 
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allene (1-48 g, 4.32 niniol) and trifluoronitrosoniethane 
(0.43 g, 4-32 mmol), sealed in a Pyrex ampoule (ca. 300 ml) 
and heated at 85" (48 h), gave only unchanged reactants 
[allene (99%) and trifluoronitrosoniethane ( 100~O)] .  

(d) 1 , 1,3-Tri (bistvi$.uorozizetIlyla~nino)~ro~adie~ze (IV) . 
The allene (2.20 g, 4-46 mniol) and trifluoronitrosomethane 
(0.44 g, 4-46 mmol), sealed in a Pyrex ampoule (ca. 300 nil) 
and heated a t  70" (24 h),  gave a 1 : 1 adduct mixture (2.60 g, 
4-40 mmol, 98%) (Found: C, 20.2; H, 0.3; N, 9-4. Calc. 
for C,,HF,,N,O: C, 20.3; H, 0.2; N, 9.5%) which was 
shown by g.1.c. (4 m Kel-F oil at 100') to consist of four 
adducts in the ratio 7 : 29 : 34 : 30. 

Pyvolysis of the 0xazetidines.-(a) 4-Bistvi~uoro11zet?tyl- 
nrrzino-3-methylene-2-tvifluorout.tethyl- 1,2-oxazetidine (V) . 
The oxazetidine (1.47 g, 5.06 mmol) was passed slowly 
(45 min) in vacuo a t  1-2 mmHg through a silica tube (80 
cni, 1.5 cm i.d., heated length 40 cni) a t  200" and the 
products were collected in traps cooled to -196". This 
afforded (i) unchanged oxazetidine (0.54 g, 1-86 niniol, 36% 
recovered), (ii) NN-bistrifluoromethylforlnanzide (0.58 g, 
3.20 nimol, 1000/,) (Found: C, 20-2; H, 0.7; N, 7.5%; 
A t ,  179. C,HF,NO requires C, 19-9; H, 0.5; N, 7.7%; 
-7M, 181), b.p. 51 "C (Siwoloboff); Amx. 5.56 and 5.67s pni 
(C:O str.); m/e 181 (19yo, M+) ,  153 [looyo, (CF,),NH+], 134 
(30%, C,F,*NH+), 114 (29%, C,F,N+), 85 (18y0, C,F*NO+), 
and 69 (99yo, CF,+) ; 'i 1-32 (qniult, J 1-6 Hz) ; l9F8 - 19-55br 
(s, cis-CF,) and -19.5 p.p.m. (d, trans-CF,); and (iii) N- 
tr.ifluoromet?~~~liminoet~~ylene (0.35 g, 3.22 mmol, 1000/,) 
(Found: C, 33.3; H, 2-0; N, 12.9%; M ,  109. C,H2F,N 
requires C, 33.0; H, 1.8; K, 12-8y0; M, log), b.p. 6.7 "C 
(isoteniscope); A,,, 4.80m and 4.85s pm ( C C N  str.); 
m/e 109 (39%, M+),  90 [l8%, (M - F)+], 69 (loo%, CF,+), 
and 40 (13%, CH,*CN+); 7 6.09 (9, J 2.2 Hz); 19F 6 
- 17-0br p.p.ni. (s) . 

A sample of the iminoethylene polymerised to an orange 
viscous material during 2 weeks in vucuo. 

(b) cis- and trans-4-Bistr~$uorounethylamino-3-bistrifluoro- 
methy Zaminomethylene-2-trifluoronzethyl- 1,2-0xazetidine (VI) . 
A mixture (2.26 g, 10.25 mmol) of the oxazetidine isomers, 
pyrolysed as in (a) a t  250" (45 min), gave unchanged 
oxazetidine (0.32 g, 0.72 mmol, 12% recovered) and a 
niixture (2.21 g, 10-04 mniol, 98%) (Found: M, 219. 
Calc. for a 1 : 1 mixture of C,HF,NO and C,HF,N,: M, 
220-5) of NN-bistrifluoromethylformamide (0-91 g, 5-02 
mmol, 98%) and 1-bistrifluoromethylamino-Ztrifluoro- 
methyliniinoethylene (1.30 g, 5.02 mmol, 98%), A,, 4-90s 
(C:C:N str.) and 10-22vs pm [C-N str. in (CF,),N] ; iiz/e 260 
(M'), 241 [M - F f ] ,  191 [(M - CF,)+], and 175 
(C,HF,N,+); T 4.29 (sept, J 1.2 Hz); 19F 6 - 17-3 (3F, 
s, NCF,) and -16.8 p.p.m. [6F, d, (CF,),N]. 

The mixture could not be separated by g.1.c. on a variety 
of columns, or by distillation. 

In  a second experiment pyrolysis of the oxazetidine 
isomers a t  550" gave a complex mixture of breakdown 
products which included hexafluoroethane, hTN-bistri- 
fluoromethylamine, and carbon monoxide. 

(c) The mixture of 1 , 1,3-tri (bistrifluoronzethy1amino)propa- 
diene-trifluoronitrosomethane 1 : 1 adducts. The mixture of 
adducts (2.22 g, 3-74 mmol), pyrolysed as in (a) at 300" 
(30 min), gave (i) a complex mixture (1-44 g, 2-43 mmol, 
65%) of products containing a small amount of unchanged 
starting material, which on warming to room temperature 
reacted further and deposited crystalline material in the 
fractionation trap, (ii) 4WAr-bistrifluoromethylformamide 

(0.23 g, 1.30 mmol, 31%) (Found: M, 183. Calc. for 
C,HF,NO: M, 181), ancl (iii) 1,l-di(bistrifluoronietliy1- 
aniino)-2-trifluoromethyliminoethplene (0.54 g, 1.3 1 niniol, 
32%) (Found: M ,  409. Calc. for C,F,,N,: M ,  411), 
A,,, 4.85m and 4.90s ( C C K  str.), 10.00m and 10.15s 
(C-N str.), and 13.61s [mi (CF, clef.); 19F 6 -20.1 (3F, s, 
NCF,) and -19.7 [12F, s, 2 x (CF,),S]. 

The iminoethylene rapidly polymerised to a pale yellow 
oil in vacuo at room temperature. 

Attempted Preparation of lf1-Bistvif7.uorollzethyla~i?zo-~- 
trifluovomethyliminoethylene .- AT-Trifluoromethylimino- 
ethylene (0.50 g, 4-58 mmol) and N-bromobistrifluoro- 
methylamine (1-39 g, 6.00 mmol), rapidly vapourised into 
a Pyrex bulb (5 1) in vacuo and exposed to daylight (2 h), 
gave unchanged N-bronio-amine (0-35 g, 1.50 mmol, 25% 
recovered) and 3-broino- 1,1,1,6,6,6-Jiexa~uoro-5-tri~~ovo- 
iizetJzyZ-2,5-diaza~iex-2-ene (1.50 g, 4.40 mniol, 96%) (Found : 
C, 17.8; H, 0.7; N, 8.2%; Af, 338. C,H,BrFgN2 requires 
C, 17-6; H, 0.6; N, 8.20,/,; A f ,  311), b.p. 111 "C (Siwolo- 
boff); A,,, 5.71m, 5.81vs, and 5.93s (C:N str.) and 9.9Ovs 
pin (C-N str.); m/e 323 and 321 [trace, (AT - F)+], 261 
[21%, (M - Br)+], 166 [GO%, (CF,),SCH,+], 78 (48%, 
CF,-N*CH,+), and 69 (1000/,, CF,') ; 7 5.76 (sept, J 1-1 Hz) ; 
19F 8 -19.7 [6F, t, (CF,),S] and -16.4 p.p.m. (3F, s, 
hT-CF,). 

Treatment of the 1 : 1 adduct with an excess of dry, 
powdered potassium hydroxide in zmcuo did not give any 
volatile product. 

N.9n.r. Spectra.-The spectra were recorded with tri- 
fluoroacetic acid as external reference for 19F (negative 
values to low field) and tetramethylsilane as internal 
reference for lH. 

The two trifluoroniethyl groups in the amide (CF,) ,KCHO 
are non-equivalent and show separate 19F absorptions. 
This can be attributed to partial double bond character 
in the nitrogen-carbonyl carbon bond. A trans-CF,,H 
coupling (1.6 Hz) is observed and there is possibly a cis- 
CF,,H coupling (< 1 Hz) which is hidden by the broadness 
of the bands. A similar n.m.r. spectrum has been reported 
for NN-dimethylf~rmamide.~ The cis- and trans-isomers 
of the oxazetidine (VI) were assigned on the basis that  it was 
expected that a proton tvnns to the CF,*N group would 
absorb a t  lower field than a proton cis to this group (cf. 
H cis and trans to a bromine atom). 

The spectrum of the iminoethylene CF,*N:C:CH, shows 
an  unusually large CF,,CH, coupling constant (2-2 Hz)  
through five bonds. In  contrast the ketenimine 
(CF,),N*CH:C:NCF, did not exhibit CF,,CH coupling, but 
i t  did show a geminal (CF,),N,H coupling (1.2 Hz). 

Mass Spectra.-The base peaks in the spectra of all the 
compounds, except that  of bistrifluoromethylformamide, 
were a t  m/e 69 (CF,'). The amide spectrum contained a 
strong peak at m/e 69 (99%), but, surprisingly, the base 
peak was a t  m/e 153, assigned to the rearrangement ion 
(CF,),NH+ formed by loss of CO from the parent. Reason- 
ably strong parent peaks were observed in the spectra of 
all the compounds except that  of the imine (CF,),N*CH,*- 
CBr:N.CF, which did, however, show a strong peak a t  
m / e  166 [(CF,),KCH,+] as expected. In  all cases the 
spectra were in agreement with the proposed structures. 
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J: R. Dyer, ' Applications of Absorption Spectroscopy of 
Organic Compounds,' Prentice-Hall, New Jersey, 1965, p. 114. 


