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1044. Polyhalogeno-allenes. Part 1 I . I  Reaction of Tetrajuoro- 
allene with Trijluoronitrosornethane 

By R. E. BANKS, R. N. HASZELDINE, and D. R. TAYLOR 

Tetrafluoroallene reacts with trifluoronitrosomethane to yield perfluoro- 
(2-methyl-3-methylene- 1,2-oxazetidine), perfluoro- (2-methyl-4-methylimino- 
1,2-0xazetidine), perfluoro-{ 4-methyl-3-oxa-4-azabicyclo[4,2,O]oct-l(6) -ene}, 
a 2 : 2 adduct (C,F,,N,O,), and a 1 : 1 copolymer. 

TRIFLUORONITROSOMETHANE reacts with a fluoro-olefin CF,:CXY [where (i) X = Y = F; 
(5) X = F, Y = C1; (iii) X = Y = C1; (iv) X = F, Y = CF,] to yield an oxazetidine 
and a 1 : 1 copolymer;2 the oxazetidine predominates in reactions carried out a t  -looo, 
and the copolymer predominates at 4'. When the fluoro-olefin is unsymmetrical, 
the oxazetidine is mainly ( >goyo) of type (I), and the copolymer contains both repeating 
units (11) and (111), with (11) predominating. The structures of the oxazetidines and copoly- 
mers have been established by pyrolysis : 

CF,-N-;-O A I I __+ CF,*N:CF,+ COXY 
C F,-:-CXY 

(1 1 
I A 

-N-i-O-CF -'-CXY- __)- CF,*N:CXY + C0F2 
I s  2 :  

The reaction of tetrafluoroallene with trifluoronitrosomethane was carried out in an 
attempt to synthesise the oxazetidine (IV) and a 1 : 1 alternation copolymer containing 
repeating unit (A) as possible precursors of difluoroketen : 

CF,-N--I-O A A I I I I __t CF,*N:CF, 3- CF&O f- -N-j-O-C-j-CF,- 
CF,-;-C=CF, I :  l l !  

CF3 CF2 
(IV) (A) 

Difluoroketen is said to be formed when chlorodifluoroacetyl bromide is treated with zinc,3 
but attempts to repeat this synthesis have failed.* 

Tetrafluoroallene reacts readily with trifluoronitrosomethane to yield a complex mix- 
ture of products. Five of the six main products have been isolated and, on the basis of 
the structural investigations here described [except for (VIII), which has been described 
earlier l], four of the five have been assigned structures (V-VIII), and the fifth is believed 
to be a mixture of isomers of type (IX). 

(A) [-N(CF3)*O°C(:CF,)*C F2-],, 

(6) [-N(CFJ*O*CF,*C(:CF,)-], 
+ 
(V) 

F3- 7-P 
CF,=C-C F, 

(VI) 

The 1 : 1 Copolymer of Tetrafluoroallene with Trijuoronitrosomethane (V) .-This copoly- 
mer is almost the sole product when an equimolar mixture of tetrafluoroallene with 

Part I, R. E. Banks, R. N. Haszeldine, and D. R. Taylor, J., 1965, 978. 
D. A. Barr, R. N. Haszeldine, and C. J. Willis, J. ,  1961, 1351. 
N. N. Yarovenko, S. P. Motornyi, and L. I. Kirenskaya, J .  Gen. Chem. (U.S.S.R.) ,  1957, 27, 2832. 
J.  hl. Birchall, R. N. Haszeldine, and M. Jefferies, unpublished results. 
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trifluoronitrosomethane is kept under pressure (liquid phase present) at temperatures 
below 20". It is obtained as a transparent, weak elastomer absorbing strongly at 1724 
and 1757 cm.-l, which indicates the presence of C=C linkages, although the polymer is 
unaffected when its solution in perfluoro-n-pentane is mildly irradiated in presence of 
chlorine (cf .l polytetrafluoroallene). 

On the basis of analytical figures, infrared spectroscopic analysis, and the nature of the 
1 : 1 copolymers obtained from trifluoronitrosomethane and fluoro-olefins of type CF&CXY, 
the copolymer of tetrafluoroallene with trifluoronitrosomethane was expected to have 
either structure (A), [-N(CF,)*O*C(:CF,)CF,-],, or (B), [-N(CF,).OCF2*C(:CF,)-3,, or to be 
composed of chains containing the units present in (A) and (B). Pyrolysis of the polymer 
at 500"/1 mm. afforded a complex mixture that contained perfluoro(methylenemethy1- 
amine) (28%) and carbonyl fluoride (59%), and several unidentified compounds; neither 
difluoroketen nor perfluoro- (N-vinylidenemethylamine) , CF,*N:C:CF,, was isolated. 
This result can be explained in terms of a copolymer containing the repeating units of both 
(A) and (B), if it is assumed that the carbonyl fluoride and perfluoro(methylenemethy1- 
amine) are the primary decomposition products, and that the unidentified products arise 
through decomposition of difluoroketen and perfluoro-(N-vinylidenemethylamine) : 

I 
I A A 

(A) -N (CF3)-:-O-C( :C F2)-I-C F2-N (C F,)-;-O-C(:CF,)-j-C F2- __+ CF3*N :CF2 + CF&O ? 
1 

I 

I I I A A 
(B) -N(C F3)-i-0-C F2-j-C( :C F,)-N (CF3)-/-O-CF2-j-C(:CF2)- _+ CO F2 + CF3*N:C:CF, ? 

I 

The thermal stability of the copolymer was marginally increased by treatment with 
hexamethylenediamine in an attempt to cross-link it. 

Pe~JE.uoro-(2-methyZ-3-methylene-l,2-oxazetidine) (VI) .-Satisfactory yields of this oxaz- 
etidine can be obtained only under conditions that are defined much more closely than those 
normally used for the preparation of oxazetidines (I) from trifluoronitrosomethane and 
fluoro-olefins of the type CF,:CXY; the highest yield (43% based on trifluoronitroso- 
methane) was achieved in a vapour-phase reaction between an excess of tetrafluoroallene 
and trifluoronitrosomethane at  60°/1 atm. (initial pressure). Use of an excess of tetra- 
fluoroallene considerably reduces the undesirable side-reaction between the compound 
(VI) and trifluoronitrosomethane, leading to formation of perfluoro-(2-methyl-4-methyl- 
imino-l,2-oxazetidine) (VII) (see below). 

Perfluoro-(2-methyl-3-methylene-l,2-oxazetidine) is a colourless liquid, b. p. 27.4", 
which shows C=C absorption at  1818 cm.-l. Its structure was determined by 19F nuclear 
magnetic resonance (n.m.r.) spectroscopy, and by photochemical chlorination and pyrolysis 
of the resultant dichloro-oxazetidine (X) : 

CF3-N-0 c12,hv CF3-N-0 

C F2=C-C F, 
1 I (34%) + CF,*N:CCI.CF,CI (63%) + COF, (63%) 

CF2CI-CCI-CF, 
I l -  
(W (XI 

CF3-N-i-O 550/4" rn rn . I ' 1 ___+ CF,*N:CCI-CF,CI (93%) + COF, (95%) 
C F2C I-CC I:-€ F, 
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Interaction of trifluoronitrosomethane and 2,3-dichlorotetrafluoropropene, prepared 
by the nearly quantitative reaction of tetrafluoroallene with chlorine in the dark, provided 
an independent synthesis of the oxazetidine (X) admixed with isomer (XI); pyrolysis 
of a mixture of these gave the products shown. 

100°/10 atm. 
CF3*N0 + CF,CICCI:CF, _____t 

CF3-N-;-O C F3- N-i-0 I : I (32%)-t I I (14%) + CF,*N:CCl.CF,CI ( I  1%) + CF&I.COCI ( I % )  
CF,Ci-CCI-;-CF, c F&CC I-CF,C I + I : I copolymer (13%) 

(XI (XI) 

+ 5550" mm' 

CF,*N:CCI*CF,CI (73%), COF, (77%), CF,*N:CF, (30%), CF,CI*COCI (6%) 

It is not known why the yield of chlorodifluoroacetyl chloride in the pyrolysis is so low; 
the pure acid chloride is unaffected by the pyrolysis conditions used. 

Formation of an equimolar mixture of the compounds CF3*N:CC1*CF2C1 and carbonyl 
fluoride in 63% yield during the photochemical chlorination of perfluoro- (2-methyl-3-methy- 
lene-l,%oxazetidine) (VI) must be due to photolytic cleavage of the oxazetidine (X), 
or to photolysis of the perfluoro-oxazetidine (VI) followed by chlorination of the perfluoro- 
(N-vinylidenemethylamine) CF,*N:C:CF, : 

hv Cia, hv cF3-p-i-p 
CF,=C-:-CF, 

__t COF, + CF,*N:C:CF, ___+ CF,*N:CCI*CF,CI 

(VI) 

Photolytic breakdown of other polyfluoro-oxazetidines is kn0wn.5 The pyrolytic break- 
down of the perfluoro-oxazetidine (VI) occurs much more readily than that of an oxazetidine 
of type (I), and at 300" yields carbonyl fluoride (74%) and an unstable product believed to 
contain perfluoro-(N-vinylidenemethylamine), since it absorbs strongly at  2262 cm.-l 
(cf. substituted ketenimines such as p-Me*C,H,*N:C:CPh,, which absorb at  2010-2020 
cm .-I). 

Per$uoro- (2-methyl-4-methylimino-l ,2-oxazetidine) (VII) .-The best yield (42%) of 
this product was obtained when tetrafluoroallene was heated with an excess of trifluoro- 
nitrosomethane at 100°/<l atm. It is an unstable liquid, separable from the oxazetidine 
(VI) only by gas-liquid chromatography; it decomposes readily when kept in a Pyrex 
vacuum system at room temperature, but can be stored at  -196" in vacuo for short periods 
without decomposition. 

The structure of the perfluoro-oxazetidine (VII) was established by pyrolysis 

C F,-N-:-O SOO0/2 mm. I 1 1  ____+ CF,*N:CF, (94%) + CF3.NC0 (94%) 
C F,-;-C=N-C F, 

WII) 
and the presence of the C=N link was also revealed by infrared spectroscopy (intense ab- 
sorption at  1815 cm.-l). Like other perfluoro-compounds containing a C=N link (e.g. 

CF3*N:CF2,7 CF2*[CF2],*CF:N 8 ) ,  the oxazetidine (VII) reacts readily with anhydrous hydro- 
gen fluoride to yield a secondary amine, and with aqueous sodium hydroxide solution to 
yield fluoride ions ; full characterisation of the secondary amine, which absorbed strongly 

R. E. Banks, R. N. Haszeldine, and H. Sutcliffe, J. ,  1964, 4066. 
C. L. Stevens and J. C. French, J .  Auner. Chem. Soc., 1953, '95, 657; 1954, 76, 4398. 
D. A. Barr and R. N. Haszeldine, J. ,  1955, 2532; J. A. Young, S. N. Tsoukalas, and R. D. 

Dresdner, J. Amer. Chem. Soc., 1958, 80, 3604. 
* R. E. Banks, W. M. Cheng, and R. N. Haszeldine, J. ,  1964, 2485. 
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a t  3425 and 1506 cm.-l [N-H stretching and bending vibrations, respectively; ~ f . ~  bis- 
(trifluoromethy1)amine 3460 and 1504 cm.-l], was prevented by its instability. 

Perfluoro-(2-methyl-4-methylimino-1,2-oxazetidine) (VII) is also obtained (82% 
yield) when perfluoro-(2-methyl-3-methylene-1,2-oxazetidine) (VI) is heated with trifluoro- 
nitrosomethane; its formation in this manner may involve either decomposition of the 
oxazetidine (VI) followed by combination of the perfluoro-(N-vinylidenemethylamine) 
thus formed with trifluoronitrosomethane, 

CF3-N-0 750 CFI*NO CF3-N-O I I COF,+ CF3*N:C:CF2 --+ I 1 
CF,=C-CF, C F,-C=N-CF3 

(VI) (VW 

or formation of a spirocyclic compound, which decomposes under the reaction conditions : 
CF,-N-;-O 

CF,-N-0 
I I  + COF, 

I I I  cF3-7-9 + CF3*N0 CF,-C-i-CF, 
CF,=C-CF, CF,-C=N-CF3 I I  

(VW CF3-N-0 (VI) 

PerJlztoro-(4-methyL3-oxa-4-axabicycZo [4,2,0] oct-1(6) ene) (VI I I) ,-This product is formed 
(optimum yield : 22% at 145"/10 atm.) when tetrafluoroallene is heated with trifluoronitro- 
somethane under conditions favourable for dimerisation of tetrafluoroallene to perfluoro- 
(1,Z-dimethylenecyclobutane) . Reaction of this dimer with trifluoronitrosomethane at  
room temperature gives an almost quantitative yield of the perfluoro-compound (VIII), 
the properties of which have been rep0rted.l 

The 2 : 2-Adduct, C,F,,N,O,.-The main product (up to 62%) of reactions between 
equimolar amounts of tetrafluoroallene and trifluoronitrosomethane at 56-145"/5-10 
atm. is a colourless, liquid 2 : 2-adduct, C,F,,N,O,, b. p. 137-138", which gives a single 
broad peak when examined by gas-liquid chromatography, indicating that it may be a 
mixture of isomers. This product gives a mass spectrum too complex to do more than 
confirm the molecular weight, and its 19F n.m.r. spectrum shows nine regions of absorption, 
some of which are broad and lack useful fine structure. 

J- 2c 
\\ 

,C-CF 
CF3 

-*o y\ I 

' ' ' (XIII)  

O-N-CF, 
I 1  

CF 2- C - CF2 7F2-C F3C-N 

CF2-C -CF, 
ll I I I 

Flc CF3 

N-CF, CF2-C NLO- O, / 
I I  

F2C-C 
\\ 

I f  
O-N-CF, CF, 

(X 11) 

I I I t  
F3C- 

The possibility that the 2 : 2-adduct is either compound (XII) or (XIII), or a mixture 
of these two, produced by the reaction of trduoronitrosomethane with perfluoro-( 1,2- 
dimethylenecyclobutane) (tetrafluoroallene dimer, see above and ref. 1) is discounted, 
since this reaction is known to yield only the bicyclo-octene (VIII), and the infrared 

a D. A. Barr and R. N. Haszeldine, J., 1956, 4169. 
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spectrum of the adduct contains a sharp intense absorption at 1760 cm.-]., which is best 
correlated with the presence of an exocyclic difluoromethylene group. 

That the adduct contains only one C=C bond is supported by the fact that mild photo- 
chemical chlorination gives a saturated dichloride, C,Cl,F14N,0,, in 90% yield, which 
militates against eight-membered ring structures with two exocyclic difluoromethylene 
groups of type (XIV). Pyrolysis of this dichloride yields, inter alia, perfluoro(rnethy1ene- 
methylamine), 2,3-dichlorotetrafluoropropene, chlorodifluoroacetyl chloride, and carbonyl 
fluoride. 

By analogy with the structures of 2 : 2-adducts obtained from allene and a number of 
olefins,1° C,F14N202 might be expected to have structure (XV) or (XVI); however, the 
strong C=C absorption at  1760 cm.-l and the 19F n.m.r. spectrum are not consistent with 
such symmetrical structures, and the formation of products containing the CF,Cl*CCl < 
group on pyrolysis of the dichloride C,C12F14N20, is not compatible with the dichlorides 
derived from structures (XV) and (XVI), but indicates that the 2 : 2-adduct contains an 
exocyclic difluoromethylene group. Several structures meeting the last requirement can be 
devised, and although it is impossible to relate simply and completely any one of them, 
e.g., (IX) or (XVII), to the pyrolysis fragments obtained from the dichloride, it seems 
likely that compounds of these types are present in the 2 : 2-adduct. 

c F2 

E f e c t  of Temperature on the Reaction between Tetrajuoroallene and Tri~ztoroni~osonzet~~ane. 
-A series of reactions was carried out in which equimolar mixtures of tetrafluoroallene 
and trifluoronitrosomethane were kept under pressure (ca. 10 atm.) at temperatures in the 
range - 10" to 145". As in reactions between trifluoronitrosomethane and fluoro-olefins 
of the type CF,:CXY, the yield of 1 : l-copolymer (V) falls off rapidly with increase in tem- 
perature, and becomes negligible a t  temperatures above 100". This decrease in copolymer 
yield is accompanied by increases in the yields of the bicyclo-octene (VIII) and the 2 : 2- 
adduct (e.g., IX), and not, as in reactions between trifluoronitrosomethane and fluoro- 
olefins, by an increase in the yield of oxazetidine (VI). Since the rate of dimerisation of 
tetrafluoroallene increases as the temperature is increased within the above range, the 
observed temperature-eff ect can be explained by postulating that both the bicyclo-octene 
(VIII) and the 2 : Z-adduct arise by interaction of trifluoronitrosomethane with tetra- 
fluoroallene dimer or with an intermediate biradical in the formation of the dimer, e.g., 

10 H. N. Cripps, J.  K. Williams, and W. H. Sharkey, J .  Amsr. Chenz. Sor., 1959, 81, 2723. 
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Support for the hypothesis that the bicyclo-octene is formed by reaction of tetrafluoro- 
allene dimer with trifluoronitrosomethane is provided by the observation that the yield 
of the bicyclo-octene diminishes as the initial concentration of the allene is decreased. 
However, the yield of the 2 : 2-adduct is favoured by low initial concentrations of tetra- 
fluoroallene, so some other factor apparently operates during its formation. 

EXPERIMENTAL 
Trifluoronitrosomethane l1 and tetrafluoroallene were prepared as described previously. 
Reaction of TetrafEuoroallene with Trij7uoronitrosomethane.-The detailed description of the 

experiments carried out under various reaction conditions is preceded by a summary of the 
optimum yields obtained for the five major products (see Table 1). 

TABLE 1 
Optimum yields of products from the CF,:C:CF2/CF,*N0 reaction 

Yield a Calc. initial * Initial allene 
Product (mole yo) press. (atm.) Temp. Time conc. (molar) 

1 : 1 Copolymer (V) ........................ 98 10 -10" 21 days 0.50 
Perfluoro- (2-methyl-3-methylene- 1,2- 

Perfluoro- (2-methyl-4-methylimino- 

Perfluoro-(4-methyl-3-oxa-4-azabi- 

2 :  2 Adduct C,F,,N,02 (e.g., IX, 

oxazetidine) (VI) ........................ 43 b 1 60 7 hr. 0.66 

1,koxazetidine) (VII) .................. 42 1 100 G hr. 0.10 

cyclo[4,2,0]oct-1(6)-ene} (VIII) ...... 22 10 145 7 hr. 0.50 

XVII) .................................... 76 10 65 72 hr. 0.14 
a Based on tetrafluoroallene consumed. a Based on trifluoronitrosomethane consumed. 

* Pressure calculated on the assumption that reactants were wholly in the gas phase. Observation 
showed that a liquid phase was present in reactions a t  pressures > 1  atm. 

(A) Sealed tube reactions at a calculated initial pressure of 10 atm. 
(1) A t  - 10". Tetrafluoroallene (2.09 g., 18.7 mmoles) and trifluoronitrosomethane (1-85 

g., 18.7 mmoles), sealed in a 90 ml. Dreadnought tube and kept at -45" for 48 hr., then at 
- 10' for 21 days, gave unchanged starting materials (18yo), perfluoro-(2-methyl-3-methylene- 
1,2-oxazetidine) (VI) (< lye), traces of carbonyl fluoride and hexafluoroethane and an involatile 
residue, which was extracted with perfluoro-n-pentane to give, after evaporation of the solvent, 
a colourless, viscous, 1 : l-copolymer (3.14 g., 98% based on CF,:C:CF, consumed) [Found: 
C, 22-5; N, 6.6. The copolymer 
was soluble in acetone; rapid evaporation of the acetone solution in vucuo gave a brittle glass 
of unchanged analytical compositjon, softening at 90-95". 

Tetrafluoroallene (47-1 mmoles) and trifluoronitrosomethane (47.1 mmoles), 
kept at 90" in a 300 nil. Dreadnought tube for 40 hr. gave (a)  carbonyl fluoride (7.5 mmoles), 
(b) perfluoro(methylenemethy1amine) (0.95 mmole), (c) a fraction (4-1 mmoles) (Found : M ,  238) 
consisting of perfluoro-(2-methyl-3-methylene- 1,2-oxazetidine) (VI) (0.1 mmole ; 0.5% based 
on CF,:C:CF,), perfluoro(2-methyl-4-methylimino-1,2-oxazetidine) (VII) (2.9 mmoles ; 6% 
based on CF,:C:CF,), hexafluoroazoxymethane (0.1 mmole) and an unidentified substance 
(0.9 mmole), (d) a fraction (5.28 g.), and (e) traces of carbon dioxide, silicon tetrafluoride, tri- 
fluoromethyl isocyanate, and trifluoronitromethane. The liquid (2.43 g.) remaining in the 
reaction vessel was added to fraction (d) and distilled through a short Vigreux column under 
nitrogen, to give (i) a fraction (1.72 g.) b. p. 60-80"/160 mm., consisting of perfluoro-(4-methyl- 
3-oxa-4-azabicyclo[4,2,0]oct-l(6)-ene} (VIII) (3-6 mmoles ; 16% based on CF,:C:CF,) and the 
2 : 2-adduct C,Fl,N,02 (1.4 mmoles), and (ii) a 2 : 2-adduct (e.g., IX, XVII) (13.3 mmoles; total 
yield 62%) [Found: C, 22.6; N, 6-6y0; M ,  433 (Victor Meyer), 422 (mass spectroscopy). 
C8F14N,0, requires C, 22.8; N, 6.6% ; M ,  4221, b. p. 137-138"/758 mm. (Siwoloboff), and (iii) 
an  involatile residue, spectroscopically identified as the 1 : 1-copolymer of tetrafluoroallene with 
trifluoronitrosomethane (1.09 g. ; 11 yo yield). 

(3) At 56". Tetrafluoroallene (6 1.0 mmoles) and trifluoronitrosomethane (61.0 mmoles) kept 
in a 320 ml. Dreadnought tube for 10 days at 56", gave trifluoronitrosomethane (5% recovery), 

l1 D. A. Barr and R. N. Haszeldine, J . ,  1955, 1881; A. H. Dinwoodie and R. N. Haszeldine, J., 
1965, 1676. 

A 1 : 1 copolymer, (C4F,NO),, requires C, 22.8; N, 6-6%]. 

(2) At 90". 
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carbonyl fluoride (2.0 mmoles), perfluoro-(2-methyl-3-methylene-l,2-oxazetidine) (VI) (0- 1 
mmole) , perfluoro- (2-methyl-4-methylimino- 1,2-oxazetidine) (VII) (2.3 mmoles ; 4% based 
on CF,:C:CF,), perfluoro-{ 4-methyl-3-oxa-4-azabicyclo[4,2,0]oct-l(6)-ene) (VIII) (4.8 mmoles ; 
8% based on trifluoronitrosomethane consumed), the 2 : 2 adduct C8F14N202 (13-4 mmoles; 
44% based on CF,:C:CF,), the 1 : 1-copolymer (3.8 g.; 30% based on CF,:C:CF,), and traces of 
silicon tetrafluoride, trifluoromethyl isocyanate, perfluoro(methylenemethy1amine) and carbon 
dioxide. 

On one occasion a violent explosion occurred when the reactants were rapidly 
heated from - 196" to 140' in a 300 ml. Dreadnought tube (calculated initial pressure 10 atm.) ; 
the tube was completely shattered, and carbon was formed. Therefore, tetrafluoroallene 
(50.8 mmoles) and trifluoronitrosomethane (50.8 mmoles) were sealed in vacuo in a 430 ml. 
Dreadnought tube and slowly heated (2 hr.) to 145". After a further 5 hr. at 145", fractional 
condensation in vacuo gave carbonyl fluoride (8.9 mmoles, mixed with traces of hexafluoroethane, 
carbon dioxide, and silicon tetrafluoride), a mixture (6.1 mmoles) of perfluoro(methylenemethy1- 
amine) and trifluoromethyl isocyanate, perfluoro (2-methyl-4-methylimino- 1,2-0xazetidine (VII) 
(2-8 mmoles; 6% based on CF,:C:CF,), an unidentified substance (1.2 mmoles), perfluoro- 
(4-methyl-3-oxa-4-azabicyclo[4,2,O]oct-l(6)-ene> (VIII) (5.6 mmoles ; 22% based on tetrafluoro- 
allene), and the 2 : 2 adduct C,Fl4N,O2 (14.5 mmoles; 57% yield). 

The reaction vessel consisted of a 5-1. Pyrex bulb with a drawn- 
down neck and a cold-finger side arm, which was washed out with boiling alcoholic potassium 
hydroxide, repeatedly rinsed with water, and dried thoroughly before each experiment. 

Negligible reaction occurred when a mixture of tetrafluoroallene (52.5 mmoles) 
and trifluoronitrosomethane (52.5 mmoles) was kept at 0" for 24 hr., but after a further 3 weeks 
at 0" a product was obtained, which consisted of unchanged starting materials (87% recovery), 
perfluoro-(2-methyl-3-methylene-1,2-oxazetidine) (VI) (0.52 g., 2-5 mmoles; 37% based on 
CF,:C:CF, consumed) (Found: M ,  212. Calc. for C,F,NO: M ,  211), and a fraction (-45" 
trap) which consisted mainly of the 2 : 2-adduct (ca. 1.0 mmole; 30% based on reactants con- 
sumed). 

Tetrafluoroallene (10.1 g., 90.0 mmoles) and 
trifluoronitrosomethane (4.45 g., 45.0 mmoles) were sealed in the 5-1. reactor and brought 
rapidly to 60" in a preheated oven. The products were removed by fractional condensation 
in vacuo after 3-5 hr., and the recovered reactants (93 mmoles) were reheated at 60" for a further 
3.5 hr. ; in this way side-reactions between products and trifluoronitrosomethane were minimised. 
The total product so obtained consisted of trifluoronitrosomethane (50 yo recovery), tetrafluoro- 
allene (68% recovery), carbonyl fluoride (ca. 1.9 mmoles) , perfluoro-( 2-methyl-3-methylene- 
1,2-oxazetidine) (VI), (10.0 mmoles ; 43% based on trifluoronitrosomethane consumed), 
perfluoro-(2-methyl-4-methylim~no-1,2-oxazetidine) (VII) (1.0 mmole; 2%), perfluoro( 1,2- 
dimethylenecyclobutane) (0.3 mmole), the bicyclo-octene (VIII) (2.9 mmoles; 13% based on 
trifluoronitrosomethane consumed), the 2 : 2-adduct C8F,,N20, (4.1 mmoles ; 36% based on 
trifluoronitrosomethane consumed), and the 1 : 1-copolymer that remained in the reactor. 
Perfluom-( 2-methyl-3-methylene- 1,2-oxazetidine) (VI) was isolated by gas chromatography 
(8 m. x 9 mm. 25% w/w Kel-F oil/Celite column at 20") as a colourless liquid (Found: C, 23-0; 
N, 6.6%; M ,  210. C,F,NO requires C,22.8; N, 6.6%; M ,  211). 

The vapour pressure of perfluoro-(2-methyl-3-methylene-l,2-oxazetidine), over the range 
-35" to lo", is given by log,, p (cm.) = 7-29 - 1625/T, whence the calculated b. p. is 27.4', 
Trouton's constant is 25, and the latent heat of vaporisation is 7440 cal.mole-l. 

Tetrafluoroallene (13-5 mmoles) and 
trifluoronitrosomethane (120 mmoles), kept at 100" for 6 hr. in the 5-1. reactor, gave (a) tri- 
fluoronitrosoinethane (105 mmoles) , (b) tetrafluoroallene (0.135 mmole), (c) carbonyl fluoride, 
(d) perfluoro(methylenemethylamine), (e) a fraction (1.45 g., 6-45 mmoles) (Found: M a  224) 
consisting of perfluoro-( 2-methyl-3-methylene- 1,Z-oxazetidine) (VI) (0.1 mmole) , an unidentified 
substance (1.4 mmoles), and perfluoro-(2-methyl-4-methylimino-1,2-oxazetidine) (VII) (5.0 
mmoles; 42% based on tetrafluoroallene consumed), and (f) a fraction (1.20 g.) consisting mainly 
of the 2 : 2 adduct C8F,,N20, (45y0 based on tetrafluoroallene consumed). Colourless 1 : 1- 
copolymer remained in the reaction vessel. 

Gas chromatography (8 ni. x 9 mm. 25% w/w Kel-F oil/Celite column a t  20") gave per- 
fluoro-(2-.methyZ-4-~ethyZz.m~no-1,2-o~azetzd~ne) (VII) as a colourless, unstable liquid (Found : 
C, 21.2; N, 11.7%; IM, 242. C,F,N,O requires C, 19.7; N, 11.5%; M ,  244), b. p. -69.5'1 

(4) At 145". 

(B)  Vapour-phase reactions. 

(1) At 0". 

Colourless 1 : 1-copolymer remained in the reaction vessel. 
(2) At 60" with an excess of tetrafluoroallene. 

(3) At 100" with an excess of trifluoronitrosornethane. 
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101.2 mm. An attempt to  determine the boiling point by isoteniscope failed; an irregular 
vapour-pressure plot resulted, and a solid formed in the isoteniscope. 

(C)  Sealed-tube reactions at 65-70" at various initial concentrations of tetrafluoroallene. To 
determine the general effect of the initial concentration of tetrafluoroallene on the products, 
three experiments were carried out at 65-70" in sealed Dreadnought tubes (initial pressure 
calculated a t  10 atm.). The less abundant reactant was in each case entirely consumed; the 
products were distilled in vacuo, and the resulting fractions were analysed by gas-liquid 
chromatography (g.l.c.), infrared spectroscopy, and molecular-weight determination. The 
results are summarised in Table 2. 

TABLE 2 
Initial tetrafluoroallene concentration (M) .................................... 0.143 0.500 0-833 

Time .................................................................................... 72 hr. 7 days 18 hr. 
Temp. ................................................................................. 65" 70" 65' 

Product yields (moles-% based on CF,:C:CF, consumed, unless other- 
wise stated) : 

1 : I-Copolymer [C,F,NO], (V) ................................................ 14 20 8" 
Perfluoro-(2-methyl-3-methyIene-1,2-oxazetidine) (VI) ............... 1 1 6" 
Perfluoro-{4-methyl-3-oxa-4-azabicyclo[4,2,O]oct-l(6)-ene} (VIII) ... 0.5 17 27 a 

2 : 2-Adduct C,F,,N,O, [e.g. (IX), (XVII)] .............................. 76 50 35 
(C,F,), (n 2 2) ..................................................................... - 64 

(I Yields based on trifluoronitrosomethane consumed. 

Properties of the 1 : 1-Copolymer.-(a) Physical properties. The infrared spectrum exhibits 
medium absorptions at 1757 and 1724 cm.-l assigned to C:C vibrations, and a diffuse pattern 
in the 1000-1400 cm.-l region, attributed to C-F vibrations. Solid samples of the copolymer 
softened at 90-95". When a sample of the copolymer was subjected to thermogravimetric 
analysis in air with a heating rate of 2"/min., it lost 97% of its weight below 330" (85% in the 
range 130-300"). When a sample of the yellow solid obtained by treating the copolymer (0.26 
g.) with hexamethylenediamine (0.10 g.) in the cold was subjected to thermogravimetric analysis 
under these conditions, it  lost 95% of its weight below 620" (42% in the range 130-300"). 

The copolymer (0.5 g.), in perfluoro-n-pentane (25 ml.), was treated con- 
tinuously with chlorine whilst being irradiated by light from tungsten lamps (400 w) for 15 hr. 
No reaction was apparent, and unchanged copolymer (80% recovery; identified by i.r. spectro- 
scopy) was obtained on evaporating the solution. 

(i) A t  500". The copolymer (0.423 g.) was pyrolysed at 500°/<1 mm. 
during ca. 1 hr. in a platinum tube (1 cm. internal diam., heated over 50 cm.) ; volatile products 
were passed through a cooled (-78') zone (5 cm.) of the platinum tube and were collected in 
traps (- 196") attached to the vacuum system; no uncondensable gases were detected. Frac- 
tionation of the condensate gave carbonyl fluoride (1.18 mmoles; 59%), a mixture (0.56 mmole; 
28%) of perfluoro(methylenemethy1amine) and trifluoromethyl isocyanate, and a mixture 
(0.26 mmole) of numerous unidentified substances. An involatile oil (0.2 g.) was poured out of 
the cold pyrolysis tube, leaving a tarry residue, which was washed out with acetone, dried, and 
weighed (0-1 g.). 

(ii) A t  160-300". When the copolymer (0.546 g.) was rapidly heated to 160" in an evacuated 
sublimation apparatus, volatile products began to condense on the cold finger (- 196") (4-5 
cm. external diam.). After 45 min. the temperature was raised to 300" during 1 hr. ; pyrolysis 
appeared to be complete after a further 2 hr. The product trapped on the cold finger consisted 
of carbonyl fluoride (ca. 1.40 mmoles, mixed with silicon tetrafluoride, carbon dioxide, and 
hexafluoroethane) , perfluoro (methylenemethylamine) (less than 0.05 mmole) , and a mixture 
(-96" trap; 0.32 mmole) of numerous unidentified substances. A brown residue (0.235 g.) 
remained in the apparatus. 

Properties of Perfluoro-( 2-nzethyl-3-methylene-1,2-oxazetidine) (VI) .-(a) Chlorination. The 
oxazetidine (4.90 mmoles) and chlorine (6.0 mmoles) were shaken in vacuo in a silica tube (120 
ml.) and irradiated (vapour phase only) by light from tungsten lamps (400 w) for 4 hr., and then, 
after removal of material condensing in vacuo at > -67", for a further 6 hr. The excess of 
chlorine was removed with dry mercury, and the residue was fractionated to give carbonyl fluoride 
(3.0 mmoles) and a mixture (-67" trap; 1-16 g., 4-80 mmoles. Found: M ,  240) of 3-chloro- 

(b) Chlorination. 

(c) Pyrolysis. 
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3-ch1orodifluoromethy1-4,4-difluoro-2-trifluoromethy1-1,2-oxazetidine1 (X) (1.70 mmoles; 34Yh 
yield based on oxazetidine consumed), and N -  ( 1 , 2-dichlorodifluoroethylidene) trifluoromethyl- 
amine, CF,-N:CC1CF2C1 (3.10 mmoles ; 63% yield based on oxazetidine consumed), both identi- 
fied by g.1.c. and infrared spectroscopy. A sample (3.0 mmoles) of the -67" fraction was 
pyrolysed in a silica tube (9 mni. internal diam. heated over 50 cni.) a t  550"lca. 4 nim., during 
5 min. with a contact time of 0.2 sec.; the products were condensed at -196", freed from 
chlorine with dry mercury, and found to consist of carbonyl fluoride [l-0 mmole; 95% yield 
based on compound (X)] a trace of 2,3-dichlorotetrafluoropropene, which was removed by 
treatment with bromine, and N-( 1,2-dichZorodi~uoroethyZidene)trifluoromethyZumine [0.63 g. 93% 
yield based on compound (X),] (Found: C, 16.9; N, 6.4; C1, 32.9%; M ,  216. C,C12F,N 
requires C, 16-7; N, 6.4; C1, 32.976; M ,  216), b. p. 55.6" (isoteniscope). The vapour 
pressure of N-( 1,2-dichlorodifluoroethylidene) trifluoromethylamine over the range 10-45" is 
given by the equation log,, p(cm.) = 6.83 - 1629/T. The calculated b. p. is 55.6", Trouton's 
constant is 23, and the latent heat of vaporisation is 7450 cal.mole-l. 

No reaction occurred when perfluoro-( 2-methyl-3-methy- 
lene- l12-oxazetidine) (VI) (1-96 mmoles) and trifluoronitrosomethane (2.0 mmoles) were kept 
at 20" for 24 hr. in a 40 ml. sealed Pyrex tube, but after 10 days a t  75" the blue colour of 
trifluoronitrosomethane was nearly discharged. The product was fractionated to give unchanged 
oxazetidine (16 yo recovery) , trifluoronitrosomethane (20% recovery), carbonyl fluoride (1.38 
nimoles ; 84% based on oxazetidine consumed), and perfluoro-( 2-methyl-4-methylimino-1,2- 
oxazetidine) (VII) (1.84 mmoles; 82% based on oxazetidine consumed), identified by g.1.c. 
and infrared spectroscopy. 

(c) With tetrafluoroullene. No reaction occurred when perfluoro-( 2-methyl-3-methylene- 
1,2-oxazetidine) (2-14 mmoles) was treated with tetrafluoroallene (5.0 mmoles) at 60" for 4 hr. 
in a 44-ml. sealed Pyrex tube; after a further 5 hr. a t  110" fractionation in vacuo gave unchanged 
oxazetidine (20% recovery), tetrafluoroallene (3% recovery) carbonyl fluoride (1.44 mmoles ; 
86% based on oxazetidine consumed), perfluoro-( 1,2-dimethylenecyclobutane) (1.34 mmoles), 
and higher polymers of tetrafluoroallene, together with unidentified substances. 

(d) Pyrolysis. Perfluoro-(2-methyl-3-methylene-l, 2-oxazetidine) (VI) (3-52 mmoles) was 
pyrolysed a t  300"/1 mm. with a contact time of 0.9 sec. in a continuously evacuated silica tube 
(0.9 cm. internal diam., heated over 10 cm.) fitted with a capillary inlet. Non-condensable 
gaseous products were not detected; volatile products were collected in traps ( -  196") and finally 
fractionated in ~ U C U O  to give carbonyl fluoride (2.40 mmoles; 74y0), small amounts of tetra- 
fluoroethylene and a mixture (0.90 mmole) shown by infrared spectroscopy and g.1.c. to contain 
perfluoro(methylenemethy1amjne) and a compound that absorbed strongly at  2262 cm.-l, 
thought to be perfluoro-(N-vinylidenemethylamine). A further fraction (0.19 g.) which con- 
tained several unidentified compounds (g.1.c. analysis) but no unchanged oxazetidine, was 
obtained. 

(e) N. m.r. spectrum. The 19F n.m.r. spectrum of perfluoro-(2-methyl-3-methylene-l12- 
oxazetidine) consists of three absorption regions (Table 3). 

(b)  With trifEuoro?zitrosomethune. 

TABLE 3 

8 // 
F-C 

I 
F 3  

Chemical shift (p.p.m. from Assignment to Spin-spin coupling 
trifluoroacetic acid) Multiplet structure F nuclei constants (c./sec.) 
- 14.78, - 11.87 Broad doublet 4 & 5  JQ5 = 98.6 

0.07 1,2,2,2,1 Doublet of triplets 1 Ji4 = J 1 5  = 3-4 
J i 2  or J 1 3  = 7 4  

J z 4  = J 2 5  = 4.5 
J 3 4  = J 3 5  = 5.3 

11.77, 15.14 Quartet of triplets & 1,2,1 triplet 2 8 3  J z 3  = 45.0 

Reactions of Perfluoro-( 2-methyZ-4-methyZimino-1,2-oxuzetidine) (VII) .-(u) Hydrolysis. 
The methylimino-oxazetidine (VII) (0.40 mmole) and 10% aqueous sodium hydroxide solution 
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(2 mi.) were shaken for 3 hr. in a hydrolysis bulb a t  20". The solution became yellow; methyl- 
imino-oxazetidine (20%) was recovered, and the aqueous solution was found to contain 
fluoride ion. 

Perfluoro-(2-methyl-4-methylimino- 1,2-0xazetidine) 
(2.11 mmoles) and anhydrous hydrogen fluoride [obtained by heating anhydrous potassium 
hydrogen fluoride (0.221 g.) to redness in vacuo, for 15 min.] were sealed in vacuo in a 15-ml. 
stainless steel autoclave and kept a t  20" for 72 hr. Volatile products were freed from hydrogen 
fluoride by treatment with anhydrous potassium fluoride, fractionated, and found to consist 
mainly of a colourless liquid component (Found: M ,  291) absorbing at 2-92, 6.64, 7-42, and 
8.03 p, possibly a bis(polyfluoroalkyl)amine, which decomposed before analytical results could 
be obtained. 

( G )  Chlorination. No reaction occurred when the niethylimino-oxazetidine and chlorine 
were irradiated for 6 hr. with light from tungsten lamps (400 w). 

( d )  Photolysis. The methylimino-oxazetidine (0.8 mmole) was irradiated in vucuo in a 10- 
ml. Pyrex tube with light from a 250 w. Hanovia mercury-vapour lamp placed 10 cm. away for 
3 hr. 

(e )  Pyrolysis. Perfluoro-(2-methyl-4-methylimino-1,2-oxazetidine) (0.79 mmole) was 
pyrolysed a t  500"/1 mm. in a continuously evacuated platinum tube (1.0 cm. internal diam., 
heated over 50 cm.) during 20 min. with a contact time of 1.2 sec. ; effluent gases were passed 
through a 10 cm. length of the platinum tube cooled to - 78", and were collected in traps (- 196") 
attached to the vacuum system. The sole product was a mixture (0.180 g.,  1.48 mmoles) (Found: 
iW, 122. Calc. for a 50/50 mixture of C,F,N and C,F,NO: M ,  122) of perfluoro(methy1ene- 
methylamine) (94%) and trifluoromethyl isocyanate (94%). 

Profierties of the 2 : 2-Adduct, C,F,,N,O,.-(a) Physical properties. The compound 
C,Fl,N20, isolated from the reactions of tetrafluoroallene with trifluoronitrosomethane a t  
56-145" was a colourless liquid, b. p. 137-138'/758 mm. (Siwoloboff). I ts  infrared spectrum 
showed an intense absorption a t  1760 cm.-I. The 19F n.m.r. spectrum consists of several broad 
structureless bands, which gave no useful structural information. 

(b)  Wi th  anhydrous hydrogen fluoride. 

Analysis by g.1.c. showed that no decomposition had occurred. 

Mass-spectral values for C,Fl,N20, are given in Table 4. 

TABLE 4 

of 70 eV 
Mass spectrum of the 2 : 2-adduct C,F,,N,O,, obtained at 115" with an  electron energy 

mle ........................... 422 403 337 315 273 249 242 223 204 188 182 174 
Relative intensities (%) 0-5 0-5 0.5 1-0 1.0 0.5 0.5 0.5 2.0 0.5 0.5 0-5 
wz/e ........................... 164 157 155 145 143 138 130 124 114 112 100 93 
Relative intensities (yo) 0.5 1.5 1.0 0.5 1.0 2-5 1.0 2-0 3.0 2.0 0.5 2-5 
mje ........................... 88 85 76 74 69 * 66 65 55 50 47 44 31 
Relative intensities (yo) 1.5 0.5 1.0 1.0 100.0 0-5 0.5 0.5 1.5 3.5 1.0 3.0 

* CF, peak. 

The 2 : 2-adduct (1.01 g., 2.37 mmoles) was irradiated with chlorine (5.0 
mrnoles) in a 50-ml. Pyrex tube with light from a tungsten-filament lamp (400 w) for 72 hr., to 
give unchanged chlorine (2.6 mmoles) and a colourless, oily liquid (1.05 g.; 90%) (Found: 
C, 19.4; N, 5.8. C,C1,FI,N20, requires C, 19.5; N, 5.8%) ,  b. p. 191-192"/760 mni. (Siwolo- 
boff). Unlike the 2 : 2-adduct, which reacted with cold acetonic potassium permanganate, 
this dichloride failed to decolorise cold acetonic permanganate, and showed no C:C infrared 
vibrations. 

The dichloride of the 2 : 2-adduct was chosen for pyrolysis in the hope that a 
cleaner thermal breakdown would occur with the saturated structure. The dichloride was there- 
fore pyrolysed in a continuously evacuated platinum tube (10 mm. internal diam., heated over 
50 cm.), with contact times of 1-5 sec. at temperatures in the range 460-600". Effluent gases 
were passed through cooled traps (-196"), the last of which contained activated charcoal to 
absorb nitrogen, carbon monoxide, etc. Products were separated by fractional condensation 
in vacuo; after examination in the usual way the most volatile fractions were shaken with 
2~-aqueous sodium hydroxide to remove acyl fluorides, carbon dioxide, and silicon tetrafluoride, 
then dried (P,O,) and re-examined. Known compounds were identified and estimated by g.1.c. 
and infrared spectroscopy; a summary of the results of the four experiments is tabulated 
below. 

(b) Chlorination. 

(c) Pyrolysis. 
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Preparation of 2,3-DichZorotetrafluorop~o~ewe.-Tetrafluoroallene (5.6 mmoles) and chlorine 

(1 1.5 mmoles) were sealed in a 45-ml. Dreadnought tube, and kept at 20" in the dark for 7 days. 
Unchanged chlorine was removed by shaking the mixture with dry mercury, and the residue 
was fractionated to give 2,3-dichlorotetrafluoropropene in 99% yield, as a colourless liquid 
(Found: C, 19.9; C1, 38.7%; M ,  184. Calc. for C,Cl,F,: C, 19.7; C1, 38.8%; M ,  183), b. p. 
44.9" (isoteniscope; lit.,12 46'). In  the present work, the above method afforded a con- 
venient alternative to the previously reported preparation. la For this purpose, equimolar 
amounts of chlorine and tetrafluoroallene (45 mmoles) were allowed to  react in a sealed 350 
ml. Dreadnought tube for 12 hr. at 20" in the dark; yields of ca. 95% were obtained. 

TABLE 5 
Pyrolysis of C,Cl,F,,N,O, at various temperatures 

Temp. ............................................. 460" 510" 550" 600" 
Contact time (sec.) ........................... 1 3 5 3 
yo Decomp. .................................... 16 45 80 95 

COF, .......................................... 95 135 174 148 
CF,.N:CF, .................................... 51 100 115 116 
CF,:CCI.CF,Cl .............................. 50 44 53 40 
CF,ClCOCl.. - - 

Other products formed ........................ a a, b a, bJ  C a, b, c 

Yields (moles-%) : 

.................................. 18 14 

6 CClF,, C,F,, CF,*NCO, and C,F,,N,O,. CF,, C,F4. CO. 

Reaction of 2,3-Dichlo~otetrafluoropropene with Trifluoronitrosomethane.-Trifluoronitroso- 
methane (21.0 mmoles) and 2,3-djchlorotetrafluoropropene (21.0 mmoles), kept at 100" for 
15 days in a 300-1111. sealed Dreadnought tube, gave trifluoronitrosomethane (3.93 mmoles) 
mixed with silicon tetrafluoride, hexafluoroethane, carbon dioxide, and carbonyl fluoride, 
trifluoronitromethane C2.53 mmoles, mixed with CF,*N:CF,, CF,*NCO, and (CF,) ,NH], 
unchanged 2,3-dichlorotetrafluoropropene (23 % recovery), chlorodifluoroacetyl chloride (0- 15 
mmole), N-( 1,2-dichlorodifluoroethylidene) trifluoromethylamine, CF,*N:CClCF,Cl (1-79 mmoles ; 
11 yo based on CF,:CCl*CCIF, consumed) and a mixture of isomeric oxazetidines C,Cl,F,NO 
(7-41 mmoles; 46% based on CF,:CCl*CF,Cl) (Found: C, 17.2; N, 4.9; C1, 24.9%; M ,  281. 
C,Cl,F,NO requires C, 17-0; N, 5.0; C1, 25.1%; M ,  282) as a colourless liquid. A viscous, 
involatile colourless oil (0.485 g.) remained in the reaction vessel; it was extracted with perfluoro- 
n-pentane and shown to be a 1 : l-copolymer (13% based on CF,:CCl*CF,Cl consumed) (Found: 
C, 17.1; N, 5.2. A 1 : l-copolymer [C,Cl,F,NO], requires C, 17.0; N, 5.0%). 

The vapour pressure of the mixture of oxazetidines C4Cl2F,NO, over the range 14 to  54' 
is given by log,, P(cm.) = 6.42 - 1661/T. The calculated b. p. is 92.3", Trouton's constant is 
21, and the latent heat of vaporisation is 7600 cal.mole-l. 

Pyrolysis of the Mixture of Oxazetidines C,Cl,F,NO.-The oxazetidines C,Cl,F,NO (0.3 16 g., 
1.12 mmoles) were pyrolysed in a silica tube (9 mm. internal diam., heated over 50 em.) at 
555"/1 mm. during 33 min., with a contact time of 1.1 sec. The products were shaken with 
dry mercury to remove chlorine, and fractionated in uacuo to give carbonyl fluoride (0.86 mmole; 
77 yo), perfluoro(methylenemethy1amine) (0.34 mmole ; 30Y0), chlorodifluoroacetyl chloride 
(0.06 mmole ; 6%), N-( 1,2-dichlorodifluoroethylidene) trifluoromethylamine (0.82 mmole ; 
73%), and traces of silicon tetrafluoride , tetrafluoroethylene, chloro trifluoromethane and 
unidentified substances. 

Preparation and Pyrolysis of Chlorodifluoroacetyl Chloride.-Sodium chlorodifluoroacetate 
(10.4 g.) was heated under reflux with phosphorous pentachloride (20.0 g.) for 2 hr., to give 
chlorodifluoroacetyl chloride (7-14 g.,  70%) which was purified by fractional condensation 
in vacuo. A sample (1.50 g., 10.1 mmoles) was recovered unchanged after pyroysis at 550"/ 
1 mm. in a silica tube (9 mm., heated over 50 cm.) during 2 hr. 

The authors are indebted to the Imperial Smelting Corporation Limited for a grant (to 
D. R. T.). and to Dr. K. G. Orrell for examination of, and report on, the n.m.r. spectra. 
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