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Cyclo-addi t ion to per f luoroisobuty lene  (I) is a r e cen t  d i scovery  [1] and was f o r m e r l y  considered 
imposs ib le .  This  is unders tandable  because  the m e c h a n i s m  of such a reac t ion  with polyfluoroethylenes 
and per f luoropropylene  is usual ly of a r ad ica l  cha rac t e r  [2] and homolys is  of (I) is impeded owing to the 
high polar iza t ion  of the mult iple bond. But it is just  for this r e a son  that eyclo-addi t ton to (I) is poss ible  
by an ion mechan i sm;  this is conf i rmed by format ion  of cyclobutane de r iva t ives  f r o m  (I) and enamines  [3] 
The reac t ion  of (I) with n i t robenzene  [1] is a lso  probably  effected via a s tage of eyclo-addi t ion with subse -  
quent convers ion  of oxazet idine to the anil of hexaf luoroacetone and dif luorophosgene.  

We studied the reac t ion  of (I) with benzalani l ine (II) and benza lmethylamine  (III): 

P h ~ N _ _ p  h ph~t--N--Ph 

(iv) (v) 
(CFa)2C=CF 2 

�9 / M e  O\ /Me 

, ( C F a ) 2 ( > p  h HCl~, (CFa)~ ~'-Ph 

Ph ~ \Me Ph / %Me 
(vU (vii) 

(CFa)2CHCONHMe 
(VIII) 

4- 
Cyclo-addit ion to (I) can be r e p r e s e n t e d  via fo rmat ion  of the bipolar ion (CFa)2~--CF2--N= CHPh 

r 
+ R 

(CFa)a~--CF2--NCHPh (A), s tabi l izat ion of which is de te rmined  by s t e r i c  fac tors  and the cha rac te r  of R. 
r 

R 
Where R = Ph, fo rmat ion  of A with cycl izat ion to (IV) is observed  only under s e v e r e  conditions (200~ 
Where  R = Me, owing to the incomparab ly  g r e a t e r  nucleophil ici ty of the ni t rogen in (III) the reac t ion  is 
effected without heating, with a t tack  of A by the second molecule  of azomethine and format ion  of a more  
favorable  s i x - m e m b e r e d  r ing  (VI). Clemens  and Emmons  [4] have descr ibed  such " t r imer i za t ion"  for t e r t -  
a lkylazomethines  with ketene, and for azomethines  with i socyanates  and isothiocyanates ,  the la t ter  also 
forming  t r i m e r s  with enamines .  The s t r u c t u r e s  of (IV) and (VI) have been conf i rmed by spec t r a l  data and 
a number  of convers ions .  Acid hydro lys i s  of (IV) gave l ac tam iV), of which the s t ruc tu re  a lso  ag rees  with 
its pyroly t ic  decomposi t ion  at 300~ to b is ( t r i f luoromethyl )ketene  and benzalanil ine.  Mild hydrolys is  of 
(VI) gives diazine (VII), while s e v e r e  hydrolys is  gives the methylamide  of c~-hydroperf luoroisobutyr ic  acid 
(VIII), which is obtained under the s a m e  conditions f r o m  (VII). Delyagina et al.  [3] descr ibed  hydrolyt ic  

of the C--C bond in the s y s t e m  (C Fa )2C- -CH- -N<unde r  mi lder  conditions. The (CFa)aC group in spli t t ing 

this s y s t e m  has a pseudohaloid cha rac te r  and its detachment  is faci l i tated by fo rmat ion  of the s table  im-  
monium ion. 

In the PMR s p e c t r a  of (IV), the s ignals  f rom the a toms of hydrogen and the phenyl subst i tuent  a r e  spl i t  
owing to sp in-sp in  in teract ion of HI--F i9 with the CH 2 group; this is conf i rmed by the absence  of spli t t ing 
in l ac t am (V) and a lso  for protons of CHaNCF 2 (VI) and CHaNCO (VII) (Fig. 1). Splitting of the proton signal 
during heating and a f te r  subl imat ion of (VI) indicates  conformat ion t rans i t ion  to the s t e r i ca l ly  more  f av o r -  
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Fig. 1. PMR spec t ra  of (IVS-(VII): a) after  r e c r y s -  
tal l ization f rom heptane; b) after heating to 50~ c) 
after sublimation. 

able diequatorial position of the Ph ~ooups and 
therefore a diaxial position of the protons, at 
which the interaction with F is maximal.  

E X P E R I M E N T A L  

The P~MR spec t ra  were  measured  in an !NM- 
3H-60 apparatus in CC14; the internal standard was 
HMDS. The infrared spec t ra  were  determined in 
a UR-10 and a Hitachi EPI-S2.  The mass  spec t ra  
were determined in an MKh-1303 apparatus at 
30 eV. 

1 , 4 - D  i p h e n y l - 2 , 2 - d i f I u o r o - 3 , 3 -  
b i s  ( t r  i f l u o r  o m e t h y  1 ) a z e t i d i n e  ( I V ) .  
We heated 20 g of benzalaniline and 28 g of pe r -  
fluoroisobuty]ene in a steel  capsule for 20 h at 
190-200 ~ The unreacted perf luoroisebutylene 
was driven off by heating to 90 ~ . The crude prod~ 
28.5 g (70 %) of (IV); the mp was 83-85 ~ Found %: 
C 53.57; H 2.75; N 3.85, F 39.77. CI~H~NF a. Cal- 
culated %: C 53.50; H 2.88; N 3.68; F 39.95. Com- 
pound (IV) was unchanged by boiling with 10 % alco-  
holic alkali for  5 h. 

a z e t i d i n e - 2 - o n e  i V J L W e  h e a t e d l 0 g o f  aze-  1 , 4 -  D i p h e n y l - 3 , 3 - b i s  ( t r i f l u o r o m e t h y l )  
tidine (IV),'15 mt of water,  27 ml of concentrated H2SO4, and 3 g of si l ica gel for 4 h at 100% The cooled 
mixture was poured into water,  the precipi ta ted oil was extracted with ether  and washed with b i ca r -  
bonate. After disti l lation of the ether,  the crude product was r ec rys t a l l i zed  f rom hexane. We obts~ined 5.3 g 
i56.5%5 of f i - lactam (VS; the m p w a s  89-91 ~ . Found %: C 56.80; H 3.13; N 3.99; F 31.60. C17HIIONF ~. Cal- 
culated %: C 56.94; H 3.06; N 3.90; F 31.76. The infrared spec t rum was as follows: VC= O 1770 cm -1 (in 
pet ro leum jelly). 

Total minera l iza t ion of fluorine occur red  when iV) was boiled with 10% alcoholic alkali for 4 h, and 
also with t rea tment  with liquid ammonia  at 20 ~ fo r  2 days. 

We heated 0.5 g of (IV), 8 ml of alcohol, and 8 ml of concentrated HC1 in a sealed capsule at 100 ~ for 
10 h; this gave 0.3 g of iV) with an mp of 87-89% 

1 , 3 - D  i m e t h y l - 2 , 4 - d i p h e n y l - 5 , 5 - b i s  ( t r  i f l u o r  o m e t h y l ) - 6 , 6 - d i f l u o r  o h e x a h y d r  o -  
i, 3 - d i a z in e (V I 5. We mixed 8 g of benzalmethylamine and 15 g of perfluoroisobutylene at --78 ~ and 
left the mixture overnight in a sealed capsule at room temperature. After removal of the excess perfluoro- 
isobutylene, the white crystalline product was sublimed in vacuum. We obtained 5 g (34%5 of (VI); the mp 

was 85-86% Found %: C 55.21; H 4.08. C201118N2Fs. Calculated %: C 54.79; H 4.13. 

Mass spectrum: M + absent; m/e (%5:361 (M-77) 8.8%; 211 (15.3); 191 (48.7); 172 (31.6); 119 (65); 
118 (1005; 109 (35); 106 (71); 105 i65.8); 91 (145; 78 (30); 77 (85.55; 69 (115; 51 (39.55; 42 (28.55. 

We heated i g of (VI) with I0 ml of 50% H2SO r at i00 ~ for 3 h. Product (VIII) was purified by sublima- 
tion in vacuum; the mp was 152 ~ Mass spectrum: m/e 209 (M +) 100%; m/e 179 [(CF3)2CHC ~ O +] 12%; m/e 
69 (CF3+) 13%; m/e 58 (O=C=N+HCH35 88%. 

1,3-D imethyl-2,4-diphenyl-5,5-b is (tr ifluor omethyl)hexahydr o- 1,3-d iaz ine- 
6 -  o n e (V I I ) .  A quantity of 1 g of (VI) was heated with concentrated HC1, diluted with water,  and extracted 
with heptane. We obtained 0.6 g of (VII); the mp was 115-116 ~ Found %: C 58.28; H 4.94. C~0H~8ON2F 6. 
Calculated %: C 57.69; H 4.35. Infrared spectrum: VC__ O 1685 cm - i  (in CCI~). 

Under the same conditions as the previous experiment ,  0.3 g of (VII) was quantitatively converted to 
(VIIIS; the mp was 152 ~ 

C O N C L U S I O N S  

Perf luoroisobutylene can part icipate in cyclo-addit ion with azomethines.  
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