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Photolytic Procedures.-The apparatus used in these studies 
consisted of a Vycor filtered 450-W medium-pressure IIanovia 
mercury arc lamp placed in a water-cooled quartz jacket fitted 
with a 45/30 male joint. This assembly was placed in a 700-in1 
glass finger with a 45/30 female joint. The quartz jacket was of 
sufficient depth t o  permit the lamp to be below the surface of 
300 nil of liquid contained in the glass finger. The glass portion 
of the apparatus had a gas inlet tube and a 24/40 side arm to which 
a water-cooled condenser was attached. All solvents were puri- 
fied prior to their use.11 In  a typical photolysis, sufficient 
thiocyanate or isothiocyanate starting material was diluted to  
500 ml in solvent to afford the desired concentration. This solu- 
tion was placed in the glass portion of the apparatus, the lamp 
assembly was inserted, and argon gas was passed through the 
solution for a minimum of 1 hr before the lamp was turned on. 
Duririg argon gas flushing and photolysis the solution was mag- 
netically stirred. At intervals after lamp ignition, aliquots (10 
ml for gc analyris and 40 ml for nmr) were removed, the solvent 
was evaporated, and the rebidue was analyzed by gc and mass 
spectrum. Gc was used to analyze the products from the photol- 
yses of la,  2a, and 3.  On a 2 ft X 0.125 in. 15% diethylene 
glycol succinate on Chromosorb W column at 150" with a heliuni 
carrier gas flow of 7 5  ml/min, la  and 2a showed retention times 
of 3.5 and 3..i min, respectively. In the remaining benzyl sys- 
tems, nmr analysis was accomplished by comparing the relative 
peak areas for the benzyl methylene protons of the thiocyanates 
and isothiocyanates within a given sample. The relative peak 
area3 were measured by integration on the nmr and these results 
were compared with the relative areas measured with a planimeter. 
These methods were mutually ronsistent. 

Dicyclohexyl Sulfide (4).-To 1.67 g (0,011 mol) of cyclo- 
hexanethiol in 15 ml of anhydrous nitrogen-flushed pyridine was 
added 2.87 g (0.011 mol) of cyclohexyl p-toluenesulfonate. The 
reaction mixture was heated a t  reflux for 24 hr, cooled, and poured 
into 100 ml of water. The water solution was extracted three 
times with 20-in1 portions of ether. The ether extracts were 
combined and washed successively with water, 10% hydrochloric 
acid solution, and saturated sodium bicarbonate solution. Dry- 
ing of the resultant ether solution followed by solvent removal 
afforded 2.4 g of a crude product. Gas chromatographic analysis 
of this mixture using conditions identical with those used for 
analysis of the photolysis products from la  and 2a indicated a 
component with a retention time of 0.80 min. Gc collection of 
this material afforded dicyclohexyl sulfide: mass spectrum m/e 
(re1 intensity) 198 (17), 117 (94), 115 (lfi), 83 (loo),  82 (54), 81 
(21), 67 (37), riS (70), 41 (40), 39 (20). 

The mass spectrum and gc retention time of 4 were identical 
with those shown by the by-product from the photolyses of la  and 
2a. 
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Two new polynierizable monomers, trifluorovinyl isocyanate (7) and 2,2-difl~io~o-l-(trifluoron:ethyl)vinyl 
isocyanate (18), were prepared by dehalogenation of dichloro- (and dibromo-) trifluoroethyl isocyanates (6  and 
13) and 1,2-dichloro-2,2-difluoro-l-(t~ifluoromethyl)ethyl isocyanat,e (17), respectively. The isocyanates 6 
and 13 were prepared by the Curtius reaction from the corresponding propionyl chlorides (4 and 1 1 )  which were 
in turn prepared by halogenation of trifluoroacryloyl flnoride ( 1 )  and replacement of the acyl fluorine with chlorine 
from AlC13. The isocyanate 17 was prepared in one step by reaction of 1,3-chloropentafluoroaceto~ie imine with 
oxalyl chloride. Hexafliioroacetone imine and dichlorotetrafluoroacetone inline also gave a-chloro isocyanates 
with oxalyl chloride. The new vinyl isocyanates, 7 and 18, add nlicleophiles to  the isocyanate group in prefer- 
ence to the carbon-carbon double bond. 

Although many perfluoroalkyl isocyanates arc 
known,' trifluorovinyl isocyanate and other perfluoro 
isocyanates with CY,@ double bonds have not been re- 
ported previously. Such isocyanates would be ex- 
pected to polymerize easily and could be used to  pre- 
pare perfluorinated polymers containing isocyanate 
groups. 

We have prepared trifluorovinyl isocyanate ('7) in 
several steps from trifluoroacyloyl fluoride (1) (Scheme 
I). Reaction of 1 with sodium azide to give 7 directly 
by means of the Curtius reaction failed and gave in- 
stead an unidentified, highly explosive material. This 
explosive material probably resulted from an attack of 
aside ion on the @-carbon atom of 1, since it is 1- \nown 
that  nucleophiles preferentially replace the vinylic p- 
fluorine atoms of 1 instead of the acyl f l ~ o r i d e . ~  

To circumvent this problem, the double bond was 

(1) W. A .  Slieppard and C. A I ,  Sharts, "Organic Fluorine Chemistry," 

(2) R E.  Banks, J. M. Birchall, T. Clarke, R.  AI. Haszeldine, &I. J.  

(3)  Y.  A .  Cheburkov and >'I, D. Bargamova, I L D .  Akad. Nouk SSSR,  Ser. 

Benjamin, Neiv York, N Y. ,  1969. 

Stevenson, and H. Iserson, J. Cham.. Soo. C, 266 (1968). 

Klrim., 833 (1967). 

SCHEME I 
Ur! Saxis 

CFn=CFCOF + CFnBrCFBrCOF CFsBrCF2NCO 
1 2 3 

J .ilCla 

XaK, 
CF2BrCFBrCOC1 + CFnBrCFCINCO+ CFzBrCFBrNCO 

4 5 6 

J zn 
CFn=CFN CO 

7 

protected by bromination, with the idea that it could 
be regenerated after the isocyanate was formed by the 
Curtius reaction. The dibromopropionyl fluoridc 2 
reacted smoothly with sodium azide, but the major 
product was the monobromo isocyanate 3. The 
sodium fluoride formed in the reaction had apparently 
replaced the CY bromine with fluorine in either the inter- 
mediate dibromopropionyl azide or in the expected di- 
bromo isocyanate 6. It seems most likely that the 
halogen exchange occurs with 6, since it could be 
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facilitated by a series of addition and elimination reac- 
tions as illustrated in Scheme II. More soluble azides, 

SCHEME I1 

0 0 
F -  F -  

6 --+- CF2BrCFBrNJF z - C F Z B r C F = N  F ---f 
0 

such as tetraethylammonium azide, reacted with 2 to 
give completely fluorinated products, including penta- 
fluoroethyl isocyanate (8) and the isomeric carbamoyl 
fluoride 9. 

0 
NEtrNs 11 

2 + CFBCFzXCO + CFaCFzNCF 
8 9 

So that  no sodium fluoride would be formed in the 
Curtius reaction, 2 was converted to the corresponding 
acid chloride 4 by treatment with aluminum chloride in 
methylene chloride. This dibromo acid chloride (4) 
reacted smoothly with sodium azide to give the di- 
bromo isocyanate 6 as the principal product. Some 
bromochloro isocyanate 5 T'ias also formed. 

Trifluorovinyl isocyanate (7) n-as formed in 81% 
yield by debromination of 6 with activated zinc dust in 
diglyme a t  room temperature. It is a colorless, low- 
boiling liquid (bp 19-20') that polymerizes spon- 
taneously if stored uninhibited a t  room temperature. 
The polymerization can be inhibited if small amounts 
of conventional radical inhibitors such as D-limonene 
or 2-(trifluoromethy1)phenothiazine are added to the 
liquid monomer. 

Trifluorovinyl isocyanate (7) can also be prepared 
from 1 by protecting the double bond with chlorine, as 
illustrated in Scheme Ill. 

SCHEME I11 

Clz AlClS 
1 --f CFaClCFClCOF ----f CFzClCFClCOCl 

10 1 1  

NaK3 .1 
Zn 

CFsClCFZYCO CFaClCFClXCO + 7 
12 13 

An attempt to prepare 7 by the pyrolysis of per- 
fluorocyclobutyl isocyanate (15) failed, presumably be- 
cause of the instability of 7 in the presence of radicals 
generated in the pyrolysis. Isocyanate 15 was pre- 
pared by a normal Curtius reaction of the correspond- 
ing acyl fluoride 14. 

CFz-CFCOF NaN3 CFz-CFNCO 
- 1  I 

CFz-CFz 
I 
CF~-&F* 

14 15 

Perfluoroisopropenyl isocyanate (18) was also pre- 
pared by zinc dehalogenation of thc corresponding di- 
chloro isocyanate (17) and was obtained in 91% yield 
as a colorless liquid, bp 42". Isocyanate 18 does not 
spontaneously polymerize when stored a t  room tem- 

(4) A. H. Ahlbrecht and D. R. Husted, U. S. Patent2,617,817 (1952). 

perature, but it can be polymerized and copolymerized 
with radical or anionic catalysts. 

N H  CF, CF, e COClCOCl Zn I 
CFzCl CFy ---+ CF2CldClNCO + CFz=CNCO 

16 17 18 

The dichloro isocyanate (17) precursor t o  18 was pre- 
pared conveniently in one high-yield step by the reac- 
tion of oxalyl chloride with chloropentafluoroacetone 
imine.5 This reaction is believed to proceed through 
the oxalyl derivative (19) which either undergoes a 
concerted reaction as illustrated in Scheme IV or adds 

a chloride ion with elimination of CO and chloride to 
give 17. 

Another possible mechanism would be the addition 
of hydrogen chloride to 16 to givc the a-chloro amine 20, 
and then oxalylation of this amine to give 17. This 
mechanism appears unlikely, however, since 20, l'ihich 
can be prepared by the addition of anhydrous hydrogen 
chloride to the imine 16, will not react with oxalyl 
chloride under the same conditions that 16 will react. 

The reaction of perhalo ketone imines with oxalyl 
chloride to give a-chloro isocyanates appears to be a 
general reaction. Hexafluoroacetone imine5 and 1,3- 
dichlorotetrafluoroacetone imine' also react with oxalyl 
chloride to give the corresponding a-chloro isocyanates.6 

Nucleophiles react with both 7 and 18 preferentially 
a t  the isocyanate group instead of the double bond. 
For example, alcohols add to give carbamates and 
amines add to give ureas. Bromine, however, adds to 
the double bond. Tetrafluoroethylene also adds to 
the double bond of 18 in lox yield to give the cyclic 
isocyanate 21. 

CF3 
I 

I 1  
18 + CFz=CFz + CFz-CNCO 

CFz-CFe 
21 

Experimental Section' 
2,3-Dichloro-2,3,3-trifluoropropionyl Fluoride (lo).-Chlorine, 

60 ml measured at -7P" (ca. 93 g, 1.31 mol), was slowly distilled 
into a Pyrex flask containing 100 ml (ca. 168 g ,  1.31 mol) of 
trifluoroacryloyl fluoride that was irradiated with a 275-W sun 

( 5 )  W. J. Middleton and C. G. I'irespan, J .  Org.. Chem., 30, 1398 (1965). 
(6) R. F. Smindell and J. M.  Bhreeve, J .  Fluorine Chem., 2, 151 (1972- 

19731, describe the  preparation of l-chloro-2,2,2-trifluoro-l-(trifluoromethyl)- 
ethyl isocyanate by reaction of oxalyl chloride with the  lithium salt of hexa- 
Auoroacetone imine. L. I. Samarai, V .  P .  Belaya, 0. U. Vishneuskii, and 
G. I .  Derkach, Z h .  Org.  Khzm., 4, 720 (1568), report tha t  benzophenoneimine 
is converted t o  chlorodiphenylmethyl iEocyanate by treatment with oxalyl 
chloride. 

(7) All boiling points are uncorrected. 
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lamp at a 6-in. distance. The temperature was kept between 0 
and 20", and the addition required 6 hr. Distillation of the reac- 
tion mixture gave 188 g (7270) of 2,3-dichloro-2,3,3-trifluoro- 
propiony]. fluoride as a colorless liquid: bp 49-50'; n Z 5 ~  1.3294; 
ir (liquid) 5.35 p (COR); 19F nnir (CC1,F) 6 21.7 (d, J = 15 Hz 
coupled to  d, J = 10.3 Hz coupled to d ,  J = 10.3 Hz, 1 F) 
-64.7 (d, J = 173 Hz coupled to d, J = 10.3 Hz coupled to  d, 
J = 8.6 Hz, I F), -68.8 (d, J = 173 Hx coupled to d ,  J = 10.3 
Hz coupled to d ,  J = 10.3 Hz, I F ) ,  and - 123.7 ppm (d, J = 15 
Hz coupled to d, J = 10.3 Hz coupled to d ,  J = 8.6 Hz, 1 F). 

Anal. Calcd for C3C12F40: C, 18.11; C1, 35.65; F ,  38.20. 
Found: C, 18.20; C1, 34.87; F ,  38.33. 

2,3-Dichloro-2,3,3-trifluoropropionyl Chloride (1 1 ).-A 100-g 
sample (0.5 mol) of 2,3-dichloro-2,3,3-trifl~ioropropionyl fluoride 
was added dropwise to a stirred suspension of 34 g (0.25 mol) of 
aluminum chloride in 200 nil of methylene chloride. The reac- 
tion mixture was stirred for 2 hr, and the volatile portion was 
distilled under reduced pressure into a Dry Ice cooled t,rap. Re- 
distillation gave 70.6 g (6670) of 2,3-dichloro-2,3,3-trifluoro- 
propionyl chloride as a colorless liquid: bp 87.5-88"; n @ ~  
1.3812; ir (liquid) 5.57 p (C=O); l9F nmr (CC1,F) 6 -64.2 (d, 
J = 173 Hz to d, J = 8 Hz, 1 F ) ,  -65.7 (d, J = 173 HZ to d ,  
J = 10 Hz, 1 F ) ,  and -117.4ppm (d, J = 10 Hz to d, J = 8 Hz, 
1 F). 

Anal. Calcd for C3C13F30: C, 16.73; CI, 49.38; F, 26.46. 
Found: C, 16.87; Cl, 49.07; F, 26.56. 
2-Chloro-1,1,2,2-tetrafluoroethyl Isocyanate (12)  and 1,2- 

Dichloro-l,2,2-trifluoroethyl Isocyanate (13).-A 40-g sample 
(0.2 mol) of 2,3-dichloro-2,3,3 -trifluoropropion yl fluoride was 
added dropwise to a stirred suspension of 14.3 g (0.22 mol) of 
powdered sodium azide in 200 ml of xylene. The reaction mix-. 
ture r a s  &red for 18 hr at 25" and then warmed slowly to 110". 
When the evolution of nitrogen ceased, the volatile portion of the 
reaction mixture was distilled to give 10.14 g (29%) of 2-chloro- 
1,1,2,2-tetrafluoroethyl isocyanate as a colorless liquid, bp 31- 
31.5", nZ5D 1.3122, l9F nmr (CC13F) 6 -73.1 (t ,  J = 4 Hz, 2 F) 
and -83.6 ppm (broad t,, 2 F ) ,  and 3.03 g (8%) of I ,2-dichloro- 
1,2,2-trifluoroethyl isocyanate as a colorless liquid, bp 67-68", 
nZ5D 1.3650, 19F nnir (CCLF) 6 -69.9 (q, 2 F) and -77.9 ppm 
(broad t ,  1 F). 

Anal. Calcd for C3ClF4NO: C,  20.30; C1, 19.98; F, 42.82; 
N ,  7.89. Found: C, 20.69; C1, 20.23; F ,  43.11; K ,  7.59. 

Anal. Calcd for CpC12F3SO: C, 18.58; C1, 36.56; F ,  29.39; 
N ,  7.22. Found: C, 19.01; C1, 36.19; F ,  29.32; N, 6.96. 

1 ,Z-Dichloro-1 ,2,2-trifluoroethyl Isocyanate (13) .-A 65-g 
'sample (0.3 mol) of 2,3-dichloro-2,3,3-trifluoropropionyl chloride 
was added dropwise to  a suspension of 21.67 g (0.33 mol) of 
powdered sodium azide in 300 ml of dry xylene. The reaction 
mixture was stirred at 25" for 20 hr, and then slowly warmed to 
112" over a period of 6 hr. The materia,l boiling below xylene 
was distilled from the reaction mixture and then redistilled to give 
32.2 g (62y0 yield, 557, conversion) of 1,2-dichloro-1,2,2-tri- 
fluoroethyl isocyanate as a colorless liquid, bp 68-69", nZ5D 
1.3654, ir (liquid) 4.40 p (NCO), and 7.8 g of recovered 2,3- 
dichloro -2,3,3-trifluoropropionyl chloride. 

Ana!. Calcd for C3C1,F3?U'O: C, 18.58; C1, 36.56; F, 29.39; 
K, 7.22. Found: C ,  18.86; C1, 36.97; F, 28.92; N, 7.32. 
2,3-Dibromo-2,3,3-trifluoropropionyl Fluoride (2).--4 128-g 

sample (1 mol) of t,rifluoroacryloyl fluoride was slowly distilled 
into 160 g ( 1  mol) of bromine cooled to 0". The reaction mixture 
was stirred for 3 days at room temperature and then distilled t o  
give 261 g (93%) of 2,3-dibromo-2,3,3-trifluoropropionyl fluoride 
as a colorless liquid: bp 88-89'; n z 6 ~  1.3938; ir (liquid) 5.33 p 
(COF); 19F nmr (CClaF) 6 21..3 (d, J = 11.0 Hz to d ,  13.3 Hz t o  
d,  14.3 Hz, 1 F), -56.3 ppm (d, J = 177 HZ t o  d, 15.2 HZ t o  d ,  
14.3 Hz, 1 F), 60.9 (d, J = 177 Hz to d ,  16.8 Hz to d, 11.0 Hz) ,  
and -125.4 ppm (d, J = 16.8 Hz t,o d, 15.2 Hz to  d ,  13.3 Hz). 

Anal. Calcd for C8Br2F40: C, 12.52; Br, 55.52; F, 26.40. 
Found: C, 12.73; Br, 55.32; F, 26.69. 
2,3-Dibromo-2,3,3-trifluoropropionyl Chloride (4).--8 163-g 

sample (0.56 mol) of 2,3-dibro1no-2,3,3-trifluoropropionyl fluoride 
was added dropwise to a mechanically stirred suspension of 76 g 
(0.56 mol) of aluniinuni chloride in 282 ml of methylene chloride. 
The reaction niixt,ure warmed spontaneously to 40". After 
cooling, the volatile portion of t,he reaction mixture was distilled 
under reduced pressure into a Dry Ice cooled trap. Redistillation 
gave 97.5 g (577,) of 2,3-dibromo-2,3,3-trifluoropropionyl chlo- 
ride as a colorless liquid: bp 128-129'; 1 i Z 5 ~  1.4436; ir (liquid) 
5.57 p (COCl); l9F nmr (CClsF) 6 -55.7 (d, J = 175 Hz t o  d ,  

J = 14.5 Hz, 1 F ) ,  -57.9 (d, J 175 HZ t,o d, J = 16 Hz, 1 F ) ,  
and 116.5 ppm (d, J = 16 Hz to d ,  J = 14.5 Hz, 1 F). 

Anal. Calcd for C3Br~C1F30: C, 11.84; Br, 52.52; C1, 
11.65; F ,  18.73. Found: C, 12.09; Br, 52.32; C1, 11.55; F ,  
18.99. 

1,2-Dibrom0-1,2,2-trifluoroethyl Isocyanate ( 6 )  and 2-Bromo- 
l-chloro-l,2,2-trifluoroethyl Isocyanate (5). - -A 27.4-g sample 
(0.09 mol) of 2,3-dibromo-2,3,3-trifluoropropionyl chloride was 
added dropwise to a stirred suspension of 6.5 g (0.1 mol) of 
powdered sodium azide in 100 ml of xylene. The reaction mix- 
ture was stirred for several hours at 25O, and then heated gently 
to reflux until nitrogen evolution ceased. The most volatile 
portion was distilled out of the reaction mixture and t,hen re- 
distilled to give 2.3 g (12%) of 2-bromo-l-chloro-l,2,2-trifluoro- 
ethyl isocyanate as a colorless liquid, bp 89-91', ir (liquid) 4.43 fi  
(NCO), lgF nnir (CC13F) 6 -63.8 (d, J = 10 He, 2 F )  and 
-75.7 ppm (broad t ,  J = 10 Hz, 1 F) ,  and 6.7 g (26%) of 1,2- 
dibromo-1,2,2-trifluoroethyl isocyanate as a colorless liquid, bp 
107-110", ir (liquid) 4.43 p (NCO), lgF nnir (CC1,F) 6 -61.3 (d 
to d, 2 F) and -71.7 ppm (broad t ,  1 F). 

Anal. Calcd for C3BrC1F,NO: C, 15.11; Br, 33.52; C1, 
14.88; F, 23.91; N ,  5.87. Bound: C, 15.50; Br, 33.60; CI, 
15.01; F ,  24.14; N,  5.99. 

Anal. Calcdfor C3Br2F3NO: C, 12.74; Br, 56.50; F, 20.15; 
K, 4.96. Found: C, 13.10; Br, 57.00; F, 20.17; N, 5.30. 

2-Bromo-1,1,2,2-tetrafluoroethyl Isocyanate (3).--A 25-g 
sample (0.087 mol) of 2,3-dibromo-2,3,3-trifluoropropionyl 
fluoride was added dropwise to a stirred suspension of 6.5 g (0.1 
mol) of powdered sodium azide in 100 ml of xylene. The mixture 
was stirred for several hours at about 25', and then heated gently 
t o  about 110" until no further evolution of nitrogen occurred. 
The most volatile portion was distilled out of the reaction mixture 
and then redistilled to give 8.35 g (43%) of 2-bromo-1,1,2,2- 
tet,rafluoroethyl isocyanate as a colorless liquid: bp 50"; ir 
(liquid) 4.40 p (NCO); l9F nmr (CC1,F) 6 -68.0 (t ,  J = 5 Hz, 2 
F) and -79.3 ppin (broad t ,  J = 5 Hz, 2 F). 

Anal. Calcd for C3BrF4NO: C, 16.23; Br, 36.01; F, 34.24; 
N ,  6.13. Found: C, 16.37; Br, 35.61; F ,  34.79; X, 6.39. 

Trifluorovinyl Isocyanate (7). Method A.--A 35.2-g sample 
(0.18 mol) of 1,2-dichloro-1,2,2-trifl~ioroethyl isocyanate was 
added dropwise to a stirred suspension of 23.5 g of activat,ed zinc 
dust in 100 ml of diglyme heated to 60". The temperature was 
maintained at 60-io", and stirring was continued at this tempera- 
ture for 1 hr after the addition was completed. The volatile 
products (7.8 ml) were distilled from the reaction mixture and 
then redistilled to  give 4 in1 (at -78", about 7 g ,  327,) of t,ri- 
fluorovinyl isocyanate, bp 19-20", and 1 . 7  g of 2-chloro-1,1,2,2- 
tetrafluoroethyl isocyanate, bp 31 O .  The trifluorovinyl iso- 
cyanate was identified by its 19F nmr spectrum in CC13F: 6 
-112.6 (d, J = 85 Hz to d, J = 50 Hz, 1 F ) ,  -123.0 ppm (d, 
J = 121 Hz to d ,  J = $5 Hz, I F), and - 145.4 ppm (d, J = 121 
Ha to d, J = 50 Hz, 1 F). 

Method B.--A solution of 5.66 g (0.02 mol) of 1,2-dibromo- 
1,2,2-trifluoroethyl isocyanate in 10 ml of diglyme was added 
dropwise to a stirred suspension of 2.6 g (0.04 mol) of zinc dust 
and 0.1 g of zinc chloride in 25 ml of diglyme. T h e  reaction 
mixture became warm. The most volatile portion was distilled 
out, under reduced pressure ( 3  mm) into a Dry Ice cooled trap, 
and t,he condensate in the t,rap was redistilled to give 1.2 nil (2.0 
g, 81%) of trifluorovinyl isocyanate, bp 19-20" (identified by lgF 

nmr). 
Method C.--8 solution of 19.0 g (0.085 mol) of 2-bromo- 

1,1,2,2-tetrafluoroethyl isocyanate in 20 ml of diglyme was added 
dropwise to a suspension of 13 g (0.2 mol) of zinc dust and 0.1 g 
of zinc chloride in 100 ml of diglyme heated to 80". The reaction 
temperature was maintained at 80-90" during the addition, and 
then the most volatile portion was distilled from the react'ion 
mixture and redistilled to give 2.1 ml ( ea .  3.6 g, 29%) of a color- 
less liquid, bp 18-21". The 'QF nmr spectrum indicated that the 
product was 90co trifluorovinyl isocyanate. 

Spontaneous Polymerization of Trifluorovinyl Isocyanate .-A 
sample of trifluorovinyl isocyanate sealed in a glass tube was 
allowed to remain at room temperature (ca. 25') for 17 days. 
The tube was broken open, and the polymer was removed as a 
clear, colorless, flexible rod, mp >%On, ir (film) 4.40 p (NCO). 

Anal. Calcd for (C3F3NOj,: C, 29.29; F ,  46.33; N ,  11.38. 
Found: C, 29.07; F ,  45.53; I$, 10.75. 

The polymerization can be inhibited and the monomer can be 
st,ored at room temperature if small amounts of conventional 
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radical inhibitors such as D-limonene or 2-(trifluoromethy1)- 
phenothiazine are added t o  the liquid monomer. 

Curtius Reaction with Tetraethylammonium Azide.--A 
83.65-g sample (0.29 mol) of 2,3-dibromo-2,3,3-trifluoropropionyl 
fluoride was added dropwise t,o a stirred mixture of 51.7 g (0.3 
mol) of tetraethylammonium azide in 300 ml of diglyme. The 
mixture r a s  then heated slowly to 110" until nitrogen evolut'ion 
ceased. The more volatile products were distilled from t'he reac- 
tion mixture and condensed in a cold trap to give 15 nil of a 
colorless liquid, bp - 15 to 30". Redistillation through a low- 
temperature still gave 9.1 g (20%) of pentafluoroethyl isocyanate, 
bp -10 t o  -5" [identified by it,s lgF nmr spectrum (CC1,F) 6 
-85.3 (broad singlet, 2 F) and -87.4 ppm (s, 3 F), and by com- 
parison of it's ir spectrum with that' of an authentic sample] and 
6.1 g (13%) of CFBCF=NCOF as a colorless liquid: bp 28-29"; 
ir (gas) 5.31 (COF) and 5.42 1.1 (C=?;); IQF nmr (CC13F) 6 20.2 

J = 8 H e ,  3 F ) ,  and - 136.5 ppm (d, J = 20 Hz to q, J = 9 Hz, 
1 F). 

Anal. Calcd for C3F6Ko: C,  22.37; F, 59.00; K, 9.69. 
Found: 

1,2-Dichloro-2,2-difluoro-l-(trifluoromethyl)ethyl Isocyanate 
(17).-A mixture of 465 g (2.5 mol) of chloropentafluoroacetone 
imine, 381 g (2.5 mol) of oxalyl chloride, and 2.5 ml of pyridine 
was refluxed for 3 days. Distillation gave 205 g of a niixture of 
unreacted st'arting materials and 17, bp 60-81", and 315 g (52% 
conversion) of 17 as a colorless liquid: bp 85-85.5'; R , ~ ~ D  
1.3580; ir (liquid) 4.42 p (KCO); '9F nmr (CCIaF) 6 -62.9 (q, 
J = 24 H a ,  2 F) and -75.7 ppin ( t ,  J = 24 Hz, 3 F). 

Anal. Calcd for CaCl2FjNO: C, 19.69; C1, 29.07; F, 38.94; 
N ,  5.74. Found: C, 19.39; '21, 28.81; F, 38.76; S ,  5.67. 
1,2-Dichlor0-2,2-difluoro- 1- (trifluoromethy1)ethylamine (20) .- 

An 18.2-g sample of chloropent,afluoroacetone imine was satu- 
rated with dry hydrogen chloride gas and then distilled to give 
15.73 g of 1,2-dichloro-2,2-difluoro-l-(trifluoromethyl)ethyl- 
amine as a colorless liquid that becomes cloudy on exposure to 
moist air: bp 65-65.5"; 19F nmr (CC13F) 6 -62.0 (q, J = 11 
Hz, 2 F) and -75.5 ppm (t ,  J = 11 Hz, 3 F ) ;  ir (liquid) 2.90 
and 2.96 p ("2). 

Anal. Calcd for CnH2C12FjN: C, 16.53; H, 0.92; C1, 
32.53; F ,  43.58; N, 6.42. Found: C, 17.64; H, 0.79; C1, 
32.03; F ,  46.68; X, 6.25. 

l-Chloro-2,2,2-trifluoro-l-(trifluoromethyl)ethyl Isocyanate .- 
-4 mixture of 127 g (1 mol) of oxalyl chloride, 165 g (1 mol) of 
hexafluoroacetone imine, and 5 ml of pyridine was heated in a 
600-ml Hastelloy bomb a t  100" for 4 hr a t  150" for 4 hr, and at 
200" for 4 hr .  The bomb was cooled and vented, and the con- 
tents were filtered to remove the suspended solid. Distillation 
gave 102.3 g of a 25:75 mixture (by gc and 19F nmr) of (CF,)*- 
CClNHz and the isocyanate, bp 40.0-46.5', and 29.3 g of the 
pure isocyanate as a colorless liquid: bp 50.5-51.0'; 'OF nmr 
(CC13F) 6 -78.0 (s); ir (liquid) 4.40 p (NCO). 

Anal. Calcd for C4CIFaNO: C, 21.12; C1, 15.58; F, 50.11; 
N,  6.16. Found: C, 21.11; C1, 16.01; F ,  49.52; N ,  6.16. 

2-Chloro-l,l,1,3,3,3-hexafluoro-2-propylamine (22).--A 2.5-ml 
sample of hexafluoroacetone imine was cooled t o  0" and saturated 
wit'h dry hydrogen chloride gas. The reaction mixture was 
filtered to remove some white solid, and the filtrate n-as distilled 
to  give 37.1 g (74%) of 22 as a colorless liquid: bp 51.5-52.5'; 
nZ5D 1.3166; l8F nmr (neat) 6 -77.5 ppni (s); 'H nmr (neat) 6 
2.82 ppm. 

Anal. Calcd for C B H ~ C I F ~ N :  C, 17.88; H, 1.00; F, 56.57; 
N ,  6.95. 

1,2-Dichloro-2,2-difluoro-l-(chlorodiflu~romethyl)ethyl Iso- 
cyanate.-A mixture of 39.6 g (0.2 mol) of 1,3-dichlorotetra- 
fluoroacetone imine and 31.8 g (0.25 mol) of oxalyl chloride 
was refluxed for 5 days. Distillation of the reaction mixture 
gave 33.5 g (64%) of the isocyanat,e as a colorless liquid: bp 
121.5-122'; n 2 5 ~  1.3953; ir (liquid) 4.39 1.1 (NCO); 19F nmr 
(CCLF) 6 -G0.9 ppm ( s ) .  

Anal. Calcd for C4Cl,F4KO: C,  18.45; Cl, 40.85; F, 29.18; 
X 3  5.38. 

2,2-Difluoro-l-(trifluoromethyl)vinyl Isocyanate (18).-A 
244-g sample (1 .0 mol) of 1,2-dichloro-2,2-difluoro-l-(trifluoro- 
methyllethyl isocyanate vas  added dropwise to a stirred suspen- 
sion of 98 g (1.5 g-atoms) of powdered zinc in 1000 ml of diglynie 
at such a rate that t,he temperature warmed t o  45' and remained 
between 45 and 50". The reaction mixtiire was stirred for 1 hr 
after the addit'iori, and then the most volat,ile portion was dis- 
tilled under reduced pressure (3 mm) into a trap cooled to -78". 

(d,  J = 20 HZ t o g ,  J = 8 Hz, 1 F ) ,  -78.7 (d,  J = 9 HZ to d ,  

C ,  22.67; F ,  58.73; K, 8.71. 

Found: C, 18.09; H, 1.13; F, 56.59; K ,  7.14. 

Found: C, 18.50; Cl, 40.61; F ,  29.22; X, 5.69. 

The condensate in the trap was redistilled to give 158 g (91%) of 
2,2-difluoro-l-(trifluoromethyl)vinyl isocyanate as a colorless 
liquid: bp 42.3-42.5"; ir (liquid) 4.38 (XCO) and 5.67 p 
(=CF1); 19F nmr (CC1,F) 6 -66.6 (d! J = 9 Hz to d ,  J = 23 
Hz, 3 F), -82.9 (d, J = 21 Hz to q, J - 9 Hx, 1 F ) ,  and -89.7 
ppni (d, J = 21 Hz to d ,  J = 23 Hz, 1 F). 

Anal. Calcd for C4FJYO: C, 27.76; F, 54.90; N ,  8.10. 
Found: C, 27.70; F ,  54.46; N,  7.74. 

Perfluorocyclobutyl Isocyanate (15).-Perfluorocyclobutane- 
carbonyl fluoride, 22.6 g (0.1 mol), was added dropwise to a 
stirred suspension of 7.2 g (0.11 mol) of powdered sodium azide 
in 100 nil of xylene. The reaction niixture was stirred overnight 
and then heated to  80-85" until evolution of nitrogen ceased. 
The volatile portion of the reaction mixture was distilled out 
under reduced pressure into a cold trap ( - 7 8 " ) ,  and then redis- 
tilled to give 10.05 g (45%) of perfluorocyclobutS1 isocyanate as 
a colorless liquid: bp 53"; ir (CC14) 4.41 p (XCO); 19F nmr 
(CCIBF) 6 - 152.8 ppni (m, 1 F) and six other F. 

Anal. Calcd for CjF7NO: C, 26.92; F, 59.62; N,  6.28. 
Found: C, 26.74; F ,  59.67; K, 6.26. 

1,2-Dibrorno-Z ,2-difluoro-l-(trifluoromethyl)ethyl Isocyanate. 
--A 8.6<5-g sample (0.05 mol) of 2,2-difluoro-l-(trifluoromethyl)- 
vinyl isocyanate was mixed with 8.0 g (0.05 mol) of bromine. 
When the bromine color faded, the sample was distilled to give 
13.79 g (83%) of the dibromide as a colorless liquid: bp 45" 
(39 mm); ?lZ5D 1.4056; ir (liquid) 4.40 p (XCO); 'OF nmr (CCIaF) 
6 55.0 (ABX,, JAB = 165, JAX = 11.6, JBX = 12.6, A ~ A B  = 
77 Hz) and -72.9 ppm (ABXB). 

Anal. Calcd for ClBr2F&O: C, 14.43; Br, 48.01; F, 
28.54; li, 4.21. Found: C ,  14.66; Br, 48.15; F, 29.21; N, 
4.20. 

2,2,3,3,4,4-Hexafluoro-l-(trifluoromethyl)cyclobutyl Isocy- 
anate (Z l ) . -A  mixture of 34.6 g (0.2 mol) of 2,2-difluoro-l-(tri- 
fluoromethy1)vinyl isocyanate, 20 g (0.2 mol) of tetrafluoro- 
ethylene, and 0.5 g of hydroquinone was heated a t  autogenous 
pressure at 180" for 8 hr in a 80-in1 Hastelloy tube. The tube 
was cooled and vented, and the contents were distilled to give 
28.1 g (81%) of recovered vinyl isocyanate, bp 43-43.5', and 
3.05 g (6% conversion, 30%, yield) of 21 as a colorless liquid: 
bp 67-68"; ir (liquid) 4.37 p ("20); 19F nmr (CClaF) 6 -71.8 
(m, 3 F ) ,  -125.4 (m, 4 F ) ,  and -131.0ppm (m, 2 F). 

Anal. Calcd for C6FQK0: C,  26.4; F, 62.7; PI', 5.13. 
Found: C, 25.8; H, 0.48; F, 63.7; X, 3.33. 

2,2,3,3,4,4-Hexafluoro- 1-( trifluoromethy1)cyclobutylamine .- 
-4 4.6-g sample (0 .O 17 mol) of 2,2,3,3,4,4-hexafluoro-l-(tri- 
fluoromethy1)cyclobutyl isocyanate was added to a solution of 
1.,3 nil (0.017 mol) of concentrated hydrochloric acid in 25 ml of 
diglyme. To this solution was added 1.5 nil of a 30% sodium 
hydroxide solution, and the most volatile portion was distilled 
from the reaction mixture. The lower layer of this distillate 
vas  separated and redistilled to give 2.55 g (61%) of 2,2,3,3,4,4- 
hexafluoro-1-(trifluoromcthyl)cyelobutylaniine as a colorless 
liquid: bp 74-it5'; 1 ~ 2 5 ~  <1.3; ir (liquid) 2.90, 2.96, and 6.13 
p ("2); '€1 ninr (CC1,F) 6 2.0 ppni (broad peak); 19F nmr 
(CC1,Fj 6 -72.8 (ni, 3 F ) ,  -129.1 (m, 4 F ) ,  131.4 (AB, J = 
230 Hz), and -133.1 ppm (AB, J = 230 Hz to q ,  J = 4 Hz, 1 F).  

Anal. Calcd for CjH2FgN: C, 24.30; H, 0.82; F, 69.21; 
S ,  5.67. Found: C, 24.70; H, 1.21; F, 68.81; N ,  5.37. 

Methyl 2,2-Difluoro-l-(trifluoromethyl)vinylcarbamate .-A 
2.05-ml sample (0.05 mol) of methanol was added dropwise to a 
stirred solution of 8.7 g (0.05 mol) of 2,2-difluoro-l-(trifluoro- 
methy1)vinyl isocyanate in 22 mi of ether. The reaction mixture 
was distilled to give 8.2 g oT methyl 2,2-difluoro-l-(trifluoro- 
methy1)vinylcarbamate as a colorless liquid: bp 67-68' (13.2 
mm); nZ5D 1.3Z4; ir (liquid) 3.02 (SR), 5.65 IC=CFs), 5.77 
(C=O), and 6.,?5 p (amide 11); I9F nmr (CCl3F) 6 -66.1 (d, 
J = 22 Hz to  d, J = 9.5 Hz, 3 I?), -78.8 (m, 1 F ) ,  and -82.3 
ppni (m, 1 F ) ;  'H nmr ICCI,F) 6 7.25 (NH) and 3.76 ppm (s, 

Anal. Calcd for C I H ~ F ~ K O ~ :  C ,  29.43; H,  1.97; F, 46.32; 
X,6.83. Found: C,29.63; H,2.21; F,46.30; N,6.98.  

Hydrolysis of 2,2-Difluoro-l-(trifluoromethyl)vinyl Isocyanate. 
--il mixt,ure of 17.3 g (0.1 mol) of 2,2-difluoro-l-(trifluorometh- 
yl)vinyl isocyanate and 50 ml of water was stirred at 25' for 1.5 
hr. The white solid that formed was collect,ed on a filter, washed 
with water, and recrystallized from 50% ethanol to give 10.1 g of 
1,3-bis [2,2-difluoro-l-(trifl~ioromethyl)vinyl] urea as colorless nee- 
dles: mp 211-213"; ir (KRr) 3.01 (n"), 5.68 (C=CFt), 
5.98 (C=O), and 6.30 ,U (amide 11); 19F nmr (acetone) 6 -65.2 

OCH3). 
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(d, J = 22.5 Hz t o  d, J = 10 Hz, 3 F) ,  -78.6 (ni, 1 F) ,  and 
-82.3 ppm (ni, 1 F). 

Anal. Calcd for C ~ H ~ F I O N ~ O :  C, 26.26; H, 0.65; F ,  59.35; 
h', 8.75. Found: C, 26.49; H, 0.84; E', 58.82; N ,  8.59. 

Reaction of 18 with 2H-Hexafluoroisopropyl Alcohol.--.& solu- 
tion of 4.33 g (0.025 mol) of 18 in 10 ml of 2H-hexafluoroisopropy1 
alcohol was allowed to remain at room temperat,ure for 5 days. 
The crystals that precipitated were collected on a filter and 
dried in air (4.04 g). A second crop was obtained by mixing the 
filtrate with water (3.22 g). The combined samples were re- 
crystallized from benzene to give 6.3 g of 2,2,2-trifluoro-1- 
(trifluoroniethy1)ethyl 2,2-difluoro-l-(trifluoroniethyl)vinylcar- 
bamate as colorless crystals: mp 78-80"; '9F nmr (CC13F) 6 

Hz, 6 F),  -77.3 (m, 1 F), and -81.0 ppm (m, 1 F ) ;  ir (KBr)  
5.70 g (CEO). 

Anal. Calcd for C;H2F,,n'02: C, 24.63; H, 0.59; F, 61.27; 
N ,  4.11. Found: C, 25.02; H ,  0.81; F, 60.71; N, 4.60. 

l-(p-Chlorophenyl)-3-(trifluorovinyl)urea.-A solution of 2.40 
g (0.019 mol) of p-chloroaniline in 10 ml of ether was added drop- 
wise to a stirred solution of 2.34 g (0.019 mol) of trifluorovinyl 
isocyanate in 23 ml of ether. The solid that precipitated was 
collected on a filter and washed with ether. There was obtained 
3.77 g (8070) of the urea as colorless plat,es: mp 170-172" dec; 
ir (KBr) 3.02 (NH) ,  6.47 (CF,=C), and 6.00 p (C=O); lgF 
nnir (acetone) 6 -106.8 (d, J = 72 Ha to d ,  J = 44 Hz t o  m,  1 
F), -118.5 (d, J = 72 Ha t o  d,  J = 113 Hz to m,  1 F), and 
-127.7 ppm (d, J = 113 Hz t o  d ,  J = 44 Hz t o  m, 1 F).  

Anal. Calcd for CSHfiClFSN20: C,  43.13; H, 2.42; C1, 
14.16; F, :!2.74; S ,  11.18. Found: C, 43.24; H,  1.94; C1, 
14.01; F ,  2 2 . 7 j ;  N ,  10.86. 

l-(p-Chlorophenyl)-3-( 1,1,2,2,2-pentafluoroethyl)urea .-A so- 
lution of 2.34 g (0.02 mol) of p-chloroaniline in 26 ml of ether 
cooled to -50" was mixed with 3.22 g (0.02 mol) of pentafluoro- 
ethyl isocyanate. The reaction mixture was warmed to  25", and 
the white solid that precipitated was collected on a filter, washed 
with cold ether, and dried to  give 4.6 g of the urea as white crys- 
tals: mp 133-40" dec; ir (KBr) 3.98 p (C=O); lQF nmr (ace- 
tone) 6 -75.4 (s, 2 F) and -87.4 ppm (s, 3 F).  

Arial. Calcd for CsH6C1FjK20: C1, 12.25; F ,  32.51; N ,  
9.71. Found: C1, 12.83; F ,  32..51; N ,  5.51. 

Methyl 1,2-Dichloro-2,2-difluoro-l-(trifluoromethyl)ethylcar- 
bamate.--3lethanol (4.1 ml, 0.1 mol) was added dropwise 
to a 24.4-g sample (0.1 mol) of 1,2-dichloro-2,2-difluoro-l- 

-69.1 id, J = 21 HZ t o  d ,  J = 10 Hz,  3 F) ,  -73.7 (d, J = 7 

(trifluoromethy1)ethyl isocyanate cooled in an ice bath. The 
reaction mixture solidified. Recrystallization from pentane gave 
22.0 g (807,) of the carbamate as colorless crystals: mp 46-41"; 
lgF nmr (CClSF) 6-62.0 (m, 2 F) and -72.1 ppm (d, J = 14 Hz 
to d, J = 12 Hz, 3 F ) ;  ir (KBr) 3.92 (NH),  5.64, and 5.73 p (CO). 

A d .  Calcdfor CoH,Cl?FjS02: C, 21.76; H,  1.46; C1,25.69; 
F ,  34.42; N,  5.07. Found: C,22.17; H, 1.48; C1, 25.27; F, 
34.72; N ,  4.79. 

l-(p-Chlorophenyl)-3-(2-chloro-l, 1,2,2-tetrafluoroethyI)urea. 
--A solution of 2.04 g (0.016 mol) of p-chloroaniline in 
10 ml of ether was added dropwise t o  a solution of 2.85 g 
(0.016 mol) of 2-chloro-1,1,2,2-tetrafluoroethyl isocyanate in 25 
nil of ether cooled t o  0". The precipitate that formed was col- 
lected on a filter, washed with cold ether, and dried in air to  give 
3.92 g (80% yield) of the  urea as colorless crystals: mp 137-138" 
dec (gas); ir (KBr) 3.02 (XH),  5.97, 6.40, 6.24, and 6.68 p ;  1gF 
nnir (acetone) 6 71.5 (t, J = 8 Hz, 2 F) and -91.7 ppm (m, 2 F). 

A d .  Calcd for CDHeClnFlNzO: C, 35.43; H ,  1.98; C1, 
23.24; F, 24.91; N,  9.19. Found: C, 35.56; H ,  1.75; Cl, 
23.22; F ,  24.06; N ,  8.97. 

Registry No.-1, 667-49-2; 2, 17773-81-8; 3, 41594-54-1; 

7 polymer, 41588-59-4; 8, 356-74-1; 10, 41594-59-6; 11, 422- 
4, 17773-79-4; 5, 41594-56-3; 6, 41694-24-5; 7, 41594-57-4; 

43-5; 12, 41554-60-9; 13, 41594-61-0; 14, 710-53-2; 15, 41594- 
63-2; 16, 3749-02-8; 17, 41594-65-4; 18, 41594-66-5; 20, 41594- 
67-6; 21, 41594-68-7; 22, 41594-69-8; tet,raethylammoniuni 
azide, 993-20-4; hexaflnoroacetone imine, 1645-75-6; l-chloro- 
2,2,2-trifluoro-l-(triRuoroniethyl)ethyl isocyanate, 39095-53-9; 
1,2-dichloro-2,2-difl~ioro-l-(chlorodifliioromet~hyl~ethyl isocya- 
nate, 41594-25-6; 1,3-dichlorotetrafluoroacetone imine, 1619- 
97-2; lI2-dibromo-2, 2-difliioro- 1- (trifluoromet hy1)ethyl iso- 
cyanate, 41894-27-8; 2,2,3,3,4,4-hexafluoro-l-(trifl~ioromethyl)- 
cyclobutylamine, 41594-28-9; methyl 2,2-difluoro-l-(t~rifluoro- 
methyl)vinylcarbamate, 41594-29-0; 1,3-bis[2,2-difluoro-l-(tri- 
fluoromethyl)vinyl]urea, 41594-30-3; 2H-hexa~fluoroisopropyl 
alcohol, 920-66-1; 2,2,2-trifluoro-l-(trifliioromethyl)ethyl 2,2- 
difluoro- 1- (trifliioromet~hyl)vinylcarbamate, 4 1594-3 2-5 ; 1- (?- 
chlorophenyl)-3-(trifluorovinyl)urea, 41594-33-6; p-chloroani- 
line, 106-47-8 ; l-(p-chlorophenyl)-3-( 1,1,2,2,2-pentafl uoroet hy1)- 
urea, 41554-34-7; methyl 1,2-dichl~ro-2,2-difl~ioro-l-(trifluoro- 
methy1)ethylcarbamate. 41594-35-8; l-(p-~hlorophenyl)-3-(2- 
chloro-1, 1,2,2-tetmrafluoroethyl)urea, 41594-36-9. 

syn-8,16-Difluoro[2.2]metacyclophane-l ,9-cliene1 
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Xormally, syntheses of metacyclophanes lead to the anti conformational isomer. In  sharp contrast t o  this 
generalization, the condensation of 2,6-bis( bromomethy1)flnorobenzene (3) with sodium sulfide gives exclusively 
the syn isomer of B,l8-difluoro-2,11-dithia[3.3]metacyclophane (4) in 377, yield. When 4 is carried t'hrough the 
two-step reaction sequence of a Stevens rearrangement followed by a Hofmann eliminat'ion, the corresponding 
syn-8,16-difluoro[2.2]metacyclophane-l,9-diene (7) is formed in good yield. Although 7 does not spontaneously 
undergo valence tautomerization to cis-l5,16-difluorodihydropyrene ( lo) ,  thermal rearrangement of 7 gives 
1-fluoropyrene ( 11 ), suggesting the intervention of cis-15,16-difluorodihydropyrene (10) as a transient inter- 
mediate. 

I n  previous publications we have indicated t'he syn- 
thet'ic utility of the t\To-step reaction sequence- 
Stevens rcarrangement and Hofniann elimination-for 
transforming sulfide linkages to carbon-carbon double 
 bond^.^^^ This procedure has been especially useful 
for preparing derivatives of 15,16-dihydropyrene.* 
One of the striking features of such derivatives is their 
valence tautomerization, both thermally and photo- 
chemically, to  the corresponding [2.2]metacyclophane- 
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investigation. 

1,g-diene derivatives (1 $ 2) .  Thus far this valence 
tautomerization has only been studied for examples 
where the substituents at  the 15 and 16 positions are 
hydrogen or alky1.2,4,5 However, Schmidt, on the basis 
of an extended Huckel calculation, has made the theo- 
retical prediction that in this valence tautomerization 
(1 e 2 )  the k.uns-l5,16-dihydropyrene moiety 1 will be 
preferred for other substituents as well> namely fluoro.6 
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