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Organic Chemistry 
Interaction of fluoroalkyl-containing [3-diketones with amines 
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The composition of products of the interaction of asymmetric fluoroalkyl-containing 
13-diketones with amines was studied. Mixtures of regioisomeric 13-aminovinylketones and 
products of cleavage and secondary condensation are formed, depending on the temperature, 
the solvent, the nature of the fluorinated and nonfluorinated substituents in the 13-diketone, 
and the basicity of the amine. The major product is a ~-aminovinylketone in which the NH 2 
group is removed from the fluoroalkyl substituent. No I]-aminovinylimines, products of 
condensation involving two eleetrophilie centers, were observed. 

Key words: fluoroalkyl-containing 13-diketones, amines, condensation; regioisomeric 
13-aminovinylketones; 13-aminovinylimines. 

Condensation of 13-diketones with ammonia and ami- 
nes is the basic method for the synthesis of 13-aminovinyl- 
ketones (AVK), which are valuable synthons and reagents 
for GLC determination of minor amounts of metals, i.z 

in the reactions of asymmetric 13-diketones, the non- 
equivalence of  the eleetrophilic centers C(I)  and C(3) 
makes possible the formation of either one or both 
regioisomeric AVK, 13-aminovinylimine (AVI), or a mix- 
ture of all these products. The differences in the reactivi- 
ties of the electrophilic centers C(I) and C(2) should be 
the most pronounced in asymmetric polyfluorinated 
13-diketones 1, because the inductive effects of substitu- 
ents R F and R are different. 

The literature data are restricted to the interaction of 
some fluoroalkyl-containing 13-diketones with ammonia, 
methylamine, dimethylamine, aniline, ethylenediamine, 
diethylenetriamine, and triethylenetetramine. The for- 
mation of both regioisomeric AVK 2 and 3, 3-8 and salts 
59 has been reported. 

in this work we have studied the composition and 
structtlre of the products formed as a result of the 
interaction of a wider variety of fluoroalkyl-containing 
13-diketones ! with amines (Table I) and compared the 
rest, Its obtained with the literature data. 

1 2 3 

/ \ \ ~+ 
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RCMe~ ~ p  

R F h 
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In nonpolar solvents (n-hexane, benzene, toluene) at 
20 °C, diketones I almost immediately react with highly 
basic amines to form stable salts 5. Condensation occurs 
either when mixtures of 13-diketones and amines are 
refluxed in solvents that make it possible to remove the 
liberated water (benzene, toluene) or when these mix- 
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T a b l e  ! .  P r o d u c t s  o f  t he  i n t e r a c t i o n  o f  f l u o r i n a t e d  13-dike tones  i w i t h  a m i n e s  

13- D i k e t o n e  R F R A m i n e  S o l v e n t  

( s y n t h e t i c  
p r o c e d u r e )  a 

Yie lds  o f  p r o d u c t s  (%)  

! b 2 3 6 7 8 

l a  C F  3 M e  N H  3 C6H 6 (,4) - -  57 - -  5 e __ 
M e N H  2 C6H 6 (A) - -  46 - -  7 c _ 
P h N H  2 C6H 6 (B)  - -  63 . . . .  
P h N H  2 M e O H  (C)  - -  80 . . . .  
a - N a p h t h y l a m i n e  M e O H  (C)  - -  80 . . . .  

l b  C F  3 Ph N H  3 C6H 6 (A) 8 12 60  13.7 6 - -  
M e N H  2 C6H 6 (A) - -  41 I 1.7 - -  14 4 
P h N H  2 M e O H  (C)  - -  90 . . . .  
M o r p h o l i n e  M e P h  (B) - -  76 . . . .  
P i p e r i d i n e  M e P h  (B) - -  76 . . . .  
ca- N a p h t h y l a m i n e  M e O H  (C)  - -  - -  61 - -  - -  - -  
P h N H  2 M e P h  (B)  15 76 4 - -  15 - -  

l e  C F  3 C 6 H 4 C I  P h N H  2 M e P h  (B)  - -  50 34 - -  c _ 
P h N H  2 M e O H  (C)  - -  70 - -  - -  10 - -  

l d  C F  3 C 6 H 4 N O  2 N H  3 M e P h  (,4) - -  - -  - -  75 70 - -  
M e N H  2 M e P h  (,4) - -  - -  - -  70  68 - -  
P h N H  2 M e P h  (B)  17 72 8 - -  c _ 
P h N H  2 M e O H  (C)  - -  78 . . . .  

I f  C F  3 C 6 H 4 B r  P h N H  2 M e P h  (B)  - -  88 _ _ c _ 

I g  C F  3 C 6 H a M e  P h N H  2 M e P h  (B)  - -  67 7.5 - -  c _ 
P h N H  2 M e O H  ((7) - -  90  . . . .  

l h  C F  3 C 6 H 4 O M e  P h N H  2 M e P h  (B)  - -  68 17 - -  - -  - -  

l i  C F  3 C 6 H 4 C I  c t - N a p h t h y l a m i n e  M e O H  (C)  - -  - -  37 - -  10 - -  

l j  C F  3 C 6 H a B r  c t - N a p h t h y l a m i n e  M e O H  (C)  - -  - -  20 - -  - -  - -  

i k  H ( C F 2 )  2 M e  N H  3 C6H 6 (,4) 10 51 - -  5.5 c _ 
M e N H  2 C 6 H  6 (21) 25 46 _ _ c _ 
P h N H 2  M e P h  (B)  - -  64  . . . .  
P h N H 2  M e O H  (C)  - -  72 . . . .  
et- N a p h t h y l a m i n e  M e O H  (C)  - -  55 . . . .  
M o r p h o l i n e  M e O H  (C)  - -  56 . . . .  

11 H ( C F 2 )  2 Bu n N H  3 C 6 H  6 (,4) - -  60  _ _ c _ 
P h N H  2 M e P h  (B)  - -  54 _ _ c _ 
M e N H  2 C 6 H  6 (21) 21 54 _ _ c _ 

l m  H ( C F 2 )  2 Bu t M e N H  2 C 6 H  6 (21) 44  16 - -  10 c _ 
N H  3 C 6 H  6 (21) - -  15 _ _ c _ 
P h N H  2 M e P h  (B)  76 15 _ _ c _ 

In  H ( C F 2 )  2 Ph N H  3 C6H 6 (21) 20 35 8.5 - -  l 0  3 
M e N H  2 M e P h  (21) 15 31.4 21 - -  l 0  4 
P h N H  2 C6H 6 (B)  30 43 - -  - -  12 - -  

l o  H ( C F 2 )  4 M e  N H  3 C6H 6 (,4) - -  64 . . . .  

l p  H ( C F 2 )  4 Ph  N H  3 M e P h  (21) 20 60 - -  - -  10 - -  
M e N H  2 C6H 6 (21) - -  57 . . . .  
P h N H  2 M e P h  (B)  15 45 - -  - -  8 - -  

a See  E x p e r i m e n t a l .  b In  m a n y  cases  u n r e a c t e d  13-diketone 1 was  i s o l a t e d  f r o m  the  r e a c t i o n  m i x t u r e .  Y i e l d s  o f  p r o d u c t s  a re  
g i v e n  w i t h o u t  r ega rd  to  c o n v e r s i o n ,  c T h e  p r e s e n c e  o f  the  c o r r e s p o n d i n g  m e t h y l k e t o n e  in the  r e a c t i o n  m i x t u r e  was  d e t e r m i n e d  
by  G L C  by  c o m p a r i s o n  w i t h  a u t h e n t i c  s a m p l e s .  N o  q u a n t i t a t i v e  e s t i m a t i o n s  w e r e  c a r r i e d  ou t .  

t u r e s  a r e  k e p t  f o r  a p r o l o n g e d  p e r i o d  o f  t i m e  a t  20  ° C  in  

p o l a r  p r o t i c  s o l v e n t s  ( m e t h a n o l ,  e t h a n o l ) .  W e  s h o u l d  

e m p h a s i z e  t h a t  a l c o h o l s  c a n  b e  u s e d  a s  s o l v e n t s  o n l y  f o r  

t h e  r e a c t i o n s  o f  d i k e t o n e s  1 w i t h  w e a k l y  b a s i c  a m i n e s .  

U n d e r  t h e s e  c o n d i t i o n s  h i g h l y  b a s i c  a m i n e s  c a u s e  s o l -  

v o l y s i s  o f  1 3 - d i k e t o n e s ,  a n d  o n l y  a n  a p r o t i c  s o l v e n t  c a n  

b e  n s e d  f o r  t h e  r e a c t i o n s  w i t h  t h e m .  

U n l i k e  t h e i r  n o n f l u o r i n a t e d  a n a l o g s ,  w h i c h  a r e  c a p a -  

b l e  o f  f o r m i n g  c o n d e n s a t i o n  p r o d u c t s  a t  b o t h  t h e  e l e c t r o -  

p h i l i c  c e n t e r s  ( A V K  2 o r  3 a n d  A B I  4 ) ,  I p o l y f l u o r i n a t e d  
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f~-diketones 1 react with ammonia and amines to form 
condensation products involving only one electrophilic 
center, fluorinated AVK. Neither using a large excess of 
amine,  increasing the duration of the reaction or the 
amine concentration, increasing the temperature or pres- 
sure, or adding boron trifluoride etherate in catalytic and 
equimolar amounts lead to the product of condensation 
involving both electrophilic centers, AV! 4. 

The nature of substituents R F and R in the starting 
13-diketone has a crucial effect on the result of condensa- 
tion. If R = Aik, AVK 2 are obtained, in which the 
amino group is removed from the fluoroaikyl substitu- 
ent, irrespective of the bulk of R (Me, Bu n, or But), the 
length of the fluoroaikyl substituent (CF3...C6FI3 or 
HCF2...H(CF2)4), and the nature of the amine. The 
reaction is accompanied by the cleavage of p-diketone at 
the C(1)--C(2) bond to yield salts of  polyfluorinated 
carboxylic acids 6 and methylketones 7. When R = Bu t, 
as a result of  steric hindrances, the yield of AVK 2 
sharply decreases, the reaction time increases, and the 
fraction of cleavage products increases; however, no 
condensation involving the electrophilic center C(i)  
occurs to form AVK 3. 

When R = p-XC6H 4 condensation of asymmetric 
fluorinated 13-diketones with ammonia,  methylamine, 
and aniline results in a mixture of regioisomerie AVK 2 
and 3. In the case when R F = CF 3 or HCF 2, isomer 3 
predominates (80--90%), even if amines with bulk sub- 
stituents are used (ct-naphthylamine, N-aminocarbazole). 
However, the fraction of isomer 3 sharply decreases in 
the mixture when the length of R F increases. No corre- 
lation between the acceptor ability of  substituent X and 
the ratio of  AVK isomers 2 and 3 is observed. In 
addition to AVK 2 and 3, cleavage products 6 and 7 are 
formed during the reaction. Among the compounds of 
this series, 13-diketone ld (X = NO2), which does not 
form AVK when it reacts with ammonia and dimethyl- 
amine and gives only cleavage products 6 and 7 when 
heated in nonpolar aprotic solvents is noteworthy. At the 
same time the reaction of 13-diketone ld with weakly 
basic aniline leads to AVK 2 in a high yield. 

Additionally, in some cases we succeeded in isolating 
2,4-diphenyl-6-fluoroalkylpyridines 8, which are the 
products of  the secondary condensation of AVK 3 with 
one of the products of acidic cleavage, acetophenone, 
from the reaction mixture. We confirmed this by an 
alternative synthesis. Under these conditions AVK 2 
does not react with acetophenone. 

The nature of the solvent, the temperature and the 
catalyst affect the composition of the condensation prod- 
ucts of aryl-containing 13-diketones 1 (R = p-XC6H4) 
with amines more dramatically than in the case when 
R = Alk. In aprotic solvents (benzene and toluene) 
condensation of 13-diketones 1 to yield AVK occurs only 
in the presence of a catalyst (sulfuric acid or boron 
trifluoride etherate), and the use of a high-boiling solvent 
favors AVK formation. However, the same factors also 
favor the appearance of products 6--8. in protic solvents 
(methanol, ethanol), the reaction with weakly ba~;c 
amines often occurs even at room temperature (some- 
times boiling is required). In this case products 6--8 are 
almost absent from the reaction mixture, and one of the 
isomeric forms, AVK 2 or 3, is formed preferably. 

Our attempts to synthesize AVK by condensation of 
all mentioned 13-diketones 1 with highly basic amines 
containing bulky substituents (tert-butylamine, diethyi- 
amine, pyrrolidine, and dicyciohexylamine), failed. De- 
pending on the temperature and solvent either salts 5 (in 
saturated and aromatic hydrocarbons at 20 °C) or prod- 
ucts of  acid cleavage (in polar protic solvents at 20 °C or 
in aromatic hydrocarbons after boiling) were isolated. 

Diphenylamine, which is weakly basic and sterically 
hindered, did not react with any of the studied 13-dike- 
tones 1. 

Table 1 indicates that although the condensation of 
asymmetric 13-diketones 1 with NH 3 and amines pro- 
ceeds ambiguously, the major products of the reaction 
are AVK 2 in which the NH 2 group is removed from the 
fluoroalkyl substituent. 

Thus, the interaction of f luoroalkyl-containing 
13-diketones with NH3 and amines can be represented by 
general Scheme l. 

Scheme 1 

1 

R =AIk 

NH~ C6H6'R=Art~ 

MePh, t~. Cat 
R = h3k, Ar 

20 °C 

= 2 + 6 + 7  

2 + 3 + 6 + 7 + 8  

= 5 

N H <  = NH 3, NH2Me, NH2Ph, NHMe 2, 

R F = OF 3 . . . . .  C6Ft3, H(CF2)n; n = 1, 2, 4 

R = Me, Bu t, p-XC6H4; X = H, Me, OMe, CI, NO 2, Br 

Cat = BF 3, Et20, H2SO 4 
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T h e  N-nonsubs t i t u t ed  and N-monosubs t i t u t ed  A V K  
2 and 3 ob ta ined  by us exist in the  cis-enaminoketone 
form stabi l ized by i n t r amo lecu l a r  bonds  (accord ing  to 
the i r  IH N M R  and IR spectra) .  T h e i r  spectral  cha rac -  
terist ics are the  same as those  repor ted  earl ier .  3,4,10 
N , N - D i s u b s t i t u t e d  A V K  (derivat ives  o f  d i m e t h y l a m i n e ,  
p iper id ine ,  and m o r p h o l i n e )  also exist in the  e n a m i n o k e -  
tone  form.  Howeve r ,  we did not  s tudy the  i somer i sm of  
these  c o m p o u n d s  with respect  to  e i the r  the  single bond 
or  the  double  bond.  

Experimental 

IH NMR spectra were recorded on a BS-567A (100 Hz) 
spectrometer in CDCI 3 with SiMe 4 used as the internal stan- 
dard. IR spectra were recorded on a Specord 75 IR spectropho- 
tometer in a 20 lam layer (for liquids) and in pastes with 
Vaseline oil (for solids). The GLC analysis was carded out on 
an LKhM-72 chromatograph (katharometer as detector, he- 
lium as carder gas, a 1.0 m steel column, 5% Silicon SE-30 on 
Chromaton-N-AW-HMDS).  TLC was carded out on Silufol 
UV-254 plates with CHCI 3 and CCI 4 as eluents, and visualiza- 
tion was conducted with aqueous solutions of  copper acetate 
and KMnO 4. Mixtures were chromatographed on columns 
packed with L 100/250 silica gel using CHCI 3 as the eluent. 
The synthesized compounds were identified by their tH NMR 
and IR spectra and TLC or by comparison of them with 
authentic samples. Fluorinated 13-diketones I were obtained by 
the well known procedure, l! Conditions of the formation and 
properties of  salts 5 were reported earlier. 9 

Characteristics of  AVK 2 and 3 synthesized by us are given 
in Table 2. 

Interaction of fluorinated 13-diketones with amines. A (for 
gaseous amines). An amine was bubbled via a solution of  
fluorinated I]-diketone in dry ether until the exothermic reac- 
tion was complete. The reaction flask was fitted with a Dean--  
Stark distillation head, benzene (toluene, xylene) was added 
(30 mL) to the reaction mixture, and the water liberated in the 
course of  the reaction was distilled off azeotropically. The 
composition of  the reaction mixture was monitored by TLC 
and GLC. The low-boiling components of  the mixture were 
distilled off on a water bath, and the residue was cooled. 

I. If the residue was crystallized, it was dissolved in ether. 
The undissolved crystals of  salt 6 were filtered offand reprecipi- 
tated with ether from an ethanol solution. The resulting mother 
liquor was diluted with n-hexane cooled to - 2 0  *C. The AVK 
precipitate that formed was filtered off, dissolved in ether, and 
precipitated with n-hexane. 

2. If the residue was n o t  crystallized, it was distilled 
in vacuo or chromatographed on a column; the composition of 
each fraction was monitored by TLC and GLC. The composi- 
tions of  the reaction products are given in Table I. 

B (for high-basicity liquid and solid amines). A mixture of 
13-diketone 1 (0.05 mol), an amine (0.06 mol), benzene (tolu- 
ene, or xylene) (50 mL), and 2--3 drops of boron trifluoride 
etherate or sulfuric acid was placed in a round-bottom fask 
fitted with a Dean--Stark distillation head and refluxed until 

liberation of water ended. Monitoring of  the reaction mixture 
and isolation of  the obtained products were carded out simi- 
larly to procedure A. The compositions of  the reaction prod- 
ucts are given in Table I. 

C (for Iow-basicity liquid and solid amines). Equimolar 
amounts of  13-diketone 1 and an amine were dissolved in 
methanol and allowed to stand at room temperature until the 
starting compounds disappeared (TLC monitoring). The sol- 
vent was distilled off, and the residue was dissolved in ether 
and repreeipitated with n-hexane. The compositions of  reac- 
tion products are given in Table 1. 

2,4-Dipheuyl-6-(trifluoromethyl)pyridine (alternative syn- 
thesis). A mixture of 2-amino-4-phenyl- I, I, 1 -trifluoromethyl- 
2-buten-4-one (I.5 8, 0.007 tool) and acetophenone (0.84 8, 
0.007 mol) were refluxed until the aminovinylketone in the 
reaction mixture disappeared (TLC-monitoring).  Chromatog- 
raphy on a column packed with silica gel (chloroform as the 
eluent) followed by recrystallization from n-hexane gave 
2,4-diphenyl-6-(trifluoromethyl)pyridine (0.5 g, 24%), m.p. 
850 °C. Found (%): C, 71.77; H, 4.10; N, 4.73; F, 19.20. 
CIsHI2F3N. Calculated (%): C, 72.23; H, 4.04; N, 4.68; 
F, 19.04. 

tH NMR (CC14), 8:7.3--8.4 (m, H arom.). 

This  work  was f inancial ly  suppor ted  by the  In te rna-  
t ional  S c i e n c e  Founda t i on  ( G r a n t  N M M  000). 
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