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COMMUNICATION 10.* N-PHENYLTRIFLUOROMETHYLCARBALKOXYKETENIMINES 

E .  G .  T e r - G a b r i e l y a n ,  ]~. P .  L u r ' e ,  UDC542.91:547.466.8:547.415.3 
Y u .  V .  Z e i f m a n ,  a n d  N.  P .  G a m b a r y a n  

A method was developed prev ious ly  for  the synthes is  of bis ( t r i f luoromethyl)ketenimines  with var ious  
subst i tuents  a t tached to the ni t rogen a tom and some of the i r  p rope r t i e s  were  studied [2, 3]. It s e emed  of 
i n t e r e s t  to a s c e r t a i n  how the reac t iv i ty  is affected by rep lac ing  one CF 3 group in b i s ( t r i f luoromethy l )ke ten-  
imine by a higher  e l e c t r o n - a c c e p t o r  e s t e r  grouping. The (I) ke ten imines  were  synthes ized by us by r e -  
act ing the e s t e r s  of pe r f luo rome thac ry l i c  acid with anil ine.  The s a m e  as  in the react ion  of p r i m a r y  amines  
with per f luoro isobuty lene  [2], in this case  the composi t ion of the reac t ion  products  depends on the ra t io  of 
the r eac tan t s  and the nature  of the t e r t i a r y  amine  that is  used  as  the ca ta lys t .  The (I) ke ten imines  were  
obtained in up to 70% yield  when Et3N was used,  while the use  of pyridine gives a mix tu re  of ke tenimines  
(I), imidoyl  f luor ides  (II), and their  i s o m e r i c  enamines  (III). 
t rea t ing  this mix tu re  with powdered KOH in e ther  
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It  should be  ment ioned that the fo rmat ion  of the enamine is not obse rved  when perf luoroisobutylene  
is r eac t ed  with p r i m a r y  am i nes .  The compara t ive  s tabi l i ty  of the enamine (III) is evidently due to the 
p r e sence  of a hydrogen bond between the NH and COOR groups.  This  is conf i rmed  by the data on the r e l a -  
t ive amount  of imidoyl  f luor ides  (II) and enamines  (III) in var ious  so lvents ,  which data were  obtained by 
19F NMR spec t roscopy .  As can be seen f r o m  Table  1, the enamine : imidoyl  f luoride ra t io  i n c r e a s e s  with 
dec r ea se  in the abil i ty of the solvent  to fo rm the hydrogen bond (DNsbcI ~) [4], while a co r re la t ion  between 
the polar i ty  of the solvent  [5] and this r a t io  is not observed .  

As was to be expected,  the (I) ke ten imines  a r e  m o r e  act ive  in the reac t ions  with nucleophilic r e -  
agents  than the b i s ( t r i f luoromethy l )ke ten imines .  Thus,  ketenimine (I) r e ac t s  with te r t -bu tanol  in one day, 
whereas  b i s ( t r i f luoromethy l )ke ten imine  does not r eac t  comple te ly  in 6 months [6]. The higher  act ivi ty of 
the (I) ke ten imines  was a lso  conf i rmed  by the compet ing reac t ion  of equ imolar  amounts  of b i s ( t r i f luo ro -  
methyl )ketenimine  and the (I) ke tenimine with 1 mole  of ethanol, where  only the (I) ke tenimine r eac t s .  

Employing 19F N1VIH spec t roscopy ,  the format ion  of the amino aceta l  (IV) could be obse rved  when 
(I) is r eac t ed  with a lcohols ,  which ace ta i  r e a r r a n g e s  quite slowly to the imiuo e s t e r  (V), in which con- 
nection this r e a r r a n g e m e n t  is i r r e v e r s i b l e ,  in con t r a s t  to the analogous t r ans fo rma t ion  of enamine (HI) 
to imidoyl  f luoride (H) (of. [7]) 

* See [1] for  Communicat ion  9. 
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* Equal volumes of solvent and studied compound were used�9 
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R = R' = C~H5 (IVa); R = CHs,R' = CH2--CH = CH~ (IVb); 

R = CHs, R'=(CH3)3C (!Vc) 

The fact that the amino aceta! (IV) is formed when 
the ketenimines are reacted with alcohols is of interest, 
since it permits assuming that the addition of nucleo- 
philes to heterocumulenes can be accomplished via the 
C--N bond. It could be reasoned that the intermediate 
formation of the amino acetal also occurs when the bis- 
(trifiuoromethyl)ketenimines are reacted with alcohols. 
However, in this case the amino acetal, which is not 
stabilized by hydrogen bonding, would immediately re- 
arrange to the imino ester. 

E X P E R I M E N T A L  M E T H O D  

The  IR s p e c t r a  w e r e  t a k e n  on a U R - 2 0  i n s t r u m e n t .  T h e  19F NMR s o e c t r a  w e r e  r e c o r d e d  on a 
H i t ach i  i n s t r u m e n t  (56.46 MHz).  The  NMR s p e c t r a  w e r e  r e c o r d e d  on a P e r k i n - E l m e r  R - 1 2  i n s t r u m e n t .  
The  c h e m i c a l  s h i f t s  a r e  g iven  in  ppm f r o m  CF3COOH ( e x t e r n a l  s t a n d a r d )  and  HMDS ( i n t e r n a l  s t a n d a r d ) .  

R e a c t i o n  of E thy l  P e r f l u o r o m e t h a c r y l a t e  wi th  A n i l i n e  in the  P r e s e n c e  of l ~ r i d i n e .  Wi th  s t i r r i n g ,  to 
7.7 g of e t h y l  p e r f l u o r o m e t h a c r y l a t e  in 10 m l  of a b s o l u t e  e t h e r ,  which  c o n t a i n e d  s e v e r a l  d r o p s  of  p y r i d i n e ,  
was  a d d e d  a t  - 7 8 ~  a s o l u t i o n  of 1.5 m l  of  a n i l i n e  in 5 m l  of a b s o l u t e  e t h e r .  The  t e m p e r a t u r e  of the  m i x -  
t u r e  was  b r o u g h t  up to ~20  ~ and,  a f t e r  r e m o v i n g  the v o l a t i l e  p r o d u c t s ,  the r e s i d u e  was  d i s t i l l e d  u s i n g  a 
high v a c u u m .  We o b t a i n e d  3.6 g of m i x t u r e  A,  which  c o n t a i n e d  ~11% of k e t e n i m i n e  (Ib), ~48% of i m i d o y l  
f l u o r i d e  ( l ib) ,  and  ~41% of e n a m i n e  (IUb), with  bp  83-86 ~ ( ~ 2 . 1 0  -3 m m ) .  19F NMR s p e c t r u m :  (to) - 2 2 . 3  s 

(CF3C=),  (IIb) - 1 3 . 1  t ( C F 3 - C H ) ,  J F - H  = ~10  Hz,  - 5 1 . 5  m (CF) ,  (IIIb) - 2 5 . 7  d (CF3C=),  J F - F  = 35.6 Hz,  
0.9 d . g .  (CF) ,  J F - F  = 35.6 Hz,  J F - H  = ~26  Hz.  

N - P h e n y l t r i f l u o r o m e t h y l c a r b e t h o x y k e t e n i m i n e  (Ib). Wi th  s t i r r i n g  and  c oo l i ng  in i ce  w a t e r ,  to a s u s -  
p e n s i o n  of  2.6 g of KOH in 40 m l  of a b s o l u t e  e t h e r  was  a d d e d  in d r o p s  2.6 g of m i x t u r e  A in 10 m l  of a b s o -  
lu te  e t h e r  a t  such  a r a t e  tha t  the  t e m p e r a t u r e  d id  not  e x c e e d  3 -5  ~ The  r e a c t i o n  m i x t u r e  was  s t i r r e d  a t  
t h i s  t e m p e r a t u r e  fo r  a n o t h e r  3 h, and then the p r e c i p i t a t e  was  f i l t e r e d .  The  f i l t r a t e  was  v a c u u m - d i s t i l l e d .  
We o b t a i n e d  1.9 g (73%) of k e t e n i m i n e  (Ib) wi th  bD 75-76  ~ (~1 �9 10 -3 r am) .  I n f r a r e d  s p e c t r u m  (v, cm-1) :  
2080 (C=C=N) ,  1735 (C=O).  NMR s p e c t r u m  ( e x t e r n a l  s t a n d a r d  HMDS): 0.8 t (CH3), 3.85 g (CH2) , 6.9 s 
(C~H5). Found:  C 55.87; H 3.57; F 22.45%. C12H10F3NO 2. C a l c u l a t e d :  C 56.00; H 3.89; F 22o14%. 

N - P h e n y l t r i f l u o r o m e t h y l c a r b o m e t h o x y k e t e n i m i n e  (Ia). a) With  s t i r r i n g ,  to 0.19 m o l e  of m e t h y l  p e r -  
f l u o r o m e t h a c r y l a t e  in 10 m l  of a b s o l u t e  e t h e r ,  wh ich  c o n t a i n e d  s e v e r a l  d r o p s  of Et3N, was  a d d e d  a t  - 7 8  ~ 
a s o l u t i o n  of 0.06 m o l e  of an i l i ne  in  5 m l  of a b s o l u t e  e t h e r .  The  t e m p e r a t u r e  of the  m i x t u r e  was  b r o u g h t  
UD to ~20 ~ and the v o l a t i l e  o r o d u c t s  w e r e  v a c u u m - d i s t i l l e d .  The  r e s i d u e  was  d i s t i l l e d  u s i n g  a high 
v a c u u m .  We o b t a i n e d  1 g (65%) of k e t e n i m i n e  (Ia) wi th  bD 76-77  ~ (~2 �9 10 -3 m m ) .  I n f r a r e d  s o e c t r u m  iv, 
cm-1) :  2080 (C=C=N) ,  1730 (C----O). tgF NM:R s p e c t r u m :  - 2 2 . 7  s (CF3C=).  NM:R s p e c t r u m  (5, ~Dm): 
3.7 s (CH3), 7.4 s (C6H5). Found:  C 53.91; H 3.24; F 23.30;  N 5.69%. CllHsF3NO 2, C a l c u l a t e d :  
C 54.32; H 3.29; F 23.45; N 5.75%. 

b) To 29.6 g Of m e t h y l  o e r f l u o r o m e t h a c r y l a t e  in 40 m l  of a b s o l u t e  e t h e r ,  which  c o n t a i n e d  s e v e r a l  
drol3s of w r i d i n e ,  was  a d d e d  4.5 m l  of a n i l i n e  in  15 m l  of a b s o l u t e  e t h e r  ( s i m i l a r  to the e x p e r i m e n t  wi th  
e thy l  o e r f l u o r o m e t h a c r y l a t e ) .  D i s t i l l a t i o n  u s i n g  a high v a c u u m  gave  9.6 g of m i x t u r e  B,* which  c o n t a i n e d  
~58% of k e t e n i m i n e  (Ia), ~24% of i m i d o y l  f l u o r i d e  (IIa),  and  ~18% of e n a m i n e  (IIIa),  wi th  b o  78-80  ~ (~2 
�9 10 -3 m m ) .  The  t r e a t m e n t  of m i x t u r e  B with  p o w d e r e d  KOH in e t h e r ,  fo l lowed  by  d i s t i l l a t i o n  in a high 
v a c u u m ,  gave  7.2 g (62%) of k e t e n i m i n e  (Ia),  wh ich  was  i d e n t i c a l  wi th  tha t  d e s c r i b e d  above .  

* T h e  c o m o o s i t i o n  of m i x t u r e  B in % was  d e t e r m i n e d  in CH3CN so lu t ion .  
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React ion of Ketenimine (Ib) with Ethyl Alcohol.  To 0.8 g of ketenimine (11o) at  - 7 8  ~ was added 2 ml  of 
absolute  ethyl alcohol,  and the t e m p e r a t u r e  was brought  up to ~20 ~ 19F NMR spec t rum:  (IVa) -25 .4  s 
(CF3C----) ~75%, (Ib) - 2 1 . 4  s (CF3C----) N10%, (Va) -13 .4  d (CFsCH) ~15%; a f t e r  60 rain only -13 .4  d (CF3CH), 
J F - H  = 8 Hz. Subsequent dis t i l la t ion gave 0.6 g (64%) of imino e s t e r  (Va) with bp 93-95 ~ (~4 . 10  -3 mm) .  
Found: C 54.83; H 5.17; F 18.81%. ClaH16F3NO3 . Calculated:  C 55.44; H 5.27; F 18.81%. 

To a mix ture  of 0.05 g of b i s ( t r i f luoromethyl )ke ten imine  and 0.05 g of ketenimine (Ib) was added 
0.009 g of absolute  ethyl alcohol in 0.5 ml  of absolute  e ther ,  lSF NMR spec t rum:  a f t e r  10 rain (IVa) 
- 2 5 . 4  s (CFsC=), - 22 .0  s (CFs)2C=), (Ib) -21 .2  s (CFsC=); a f t e r  60 min -22 .0  s ((CF3)2C=), (Va) -13 .4  d 
(CFsCH). 

React ion  of Ketenimiue (Ia) with AtlyI Alcohol.  To 4.5 g of ke tenimine  (Ia) was added 1.3 g of a l ly l  
alcohol.  I~F NMR soec t rum:  a f t e r  10 min (IVb) -26 .0  s (CF3C=) ~16%, (Ia) -21 .6  s (CFsC----) ~447o; (Vb) 
- 1 3 . 4  d (CF3CH) ~40%; a f t e r  20 min -26 .0  s (CFaC=) ~10%; -21 .6  s (CF3C=) ~30%, -13 .4  d (CFsCH) 
~60%; a f t e r  40 min only - 1 3 . 4  d (CF3CH), J F - H  = 8 Hz. Vacuum-dis t i l la t ion  gave 4.1 g (74%) of imino 
e s t e r  (Vb) with bp  46-48 ~ ( ~ 4 . 1 0  -3 mm) .  Found: C 55.79; H 4.80; F 18.88%. C14H14FsNO s. Calculated: 
C 55.81; H 4.65~ F 18.93%. 

React ion of Ketenimine (Ia) with Te r t -Bu ty l  Alcohol.  To 1.5 g of ketenimine (In) was added 1 g of 
t e r t -bu ty l  alcohol.  19F NMR spec t rum:  a f t e r  10 min (IVc) -27 .7  s (CFsC) ~5%, (Ia) - 21 .4  s (CF3C=) 
~95%; a f t e r  40 min -27 .7  s (CFsC----) "~10%, -21 .4  s (CFsC=) ~90%; a f t e r  180 min -21 .4  s (CFsC=) ~75%, 
(Vc) -13 .1  d (CFaCH) ~25%. The next day only -13 .1  d (CF3CH), J F - H  = 9.7 Hz. We obtained 1.3 g (60%) 
of imino e s t e r  (Vc) with mp  144-146 ~ (from hexane). Found: C 56.41; H 5.74; F 18.03%. C15H18FsNOs. 
Calculated:  C 56.15; H 5.61; F 17.94%. 

C O N C L U S I O N S  

1. Some N-pheny l t r i f luoromethy lca rba lkoxyke ten imines  were  synthesized.  

2. The re la t ive  s tabi l i ty  of the adducts of N-pheny l t r i f luoromethy lca rba lkoxyke ten imines  at the 
C----N bond with alcohols  and hydrogen f luoride is caused  by the p re sence  of an i n t r amolecu la r  hydrogen 

bond. 
k 

LITERATURE CITED 

1. D . P .  De l ' t sova  and N. P. Gambaryan ,  Dokl. Akad. Nauk SSSR, 212, 628 (1973). 
2. Yu. V. Zei fman,  D. P. De l ' t sova ,  l~. A. Avet isyan,  N. P. Gambaryan ,  and I. L.  Knunyants, 

Izv. Akad. Nauk SSSR, Ser .  Khim.,  1795 (1973). 
3. D . P .  De l ' t sova ,  N. P. Gambaryan ,  Yu. V. Zeifman,  and I. L. Knunyants, Zh. Org. Khim.,  8, 

856 (1972). 
4. W. Gutman,  Chemis t ry  of Coordination Compounds in Nonaqueous Solutions [Russian t ranslat ion] ,  

Mir  (1973), p. 30. 
5. H. Re ichard t ,  Solvents in Organic Chemis t ry  [Russian t ranslat ion] ,  Khimiya (1973), D. 137. 
6. D . P .  De l ' t sova ,  D i s se r t a t i on  ~n Russian] ,  Moscow (1974). 
7. D . J .  Woodman and Z. L. Murphy, J .  Org.  Chem.,  34, 3451 (1969). 

1276 


