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Aniline reacts vigorously with highly electrophilic polyfluoroketones to form N-alkyla- 
tion products, namely, geminal aminohydroxy compounds, which are stable under ordinary con- 
ditions [I, 2]. However, the reaction of hexafluoroacetone with aniline and N-alkylanilines 
at 170-200~ leads to C-alkylation products [i, 3], which are also formed upon heating ani- 
lines with hexafluoroacetone hydrate at reflux [4]. The C-alkylation of aniline by hexa- 
fluoroacetone has been considered a stepwise process involving N-alkylation and a subsequent 
shift of the ~-hydroxyhexafluoroisopropyl group from the nitrogen atom initially to the ortho 
position relative to the amino group and then to the para position. 

On the other hand, the formation of C-alkylation products in the reaction of an aromatic 
amine and polyfluoroketone may be considered as a radical-ion process. The high electro- 
philicity of polyfluoroketones would lead us to expect the formation of radical--ion pairs 
under mild conditions. The homolytic transformations of such pairs usually occur with zero 
activation energy. Thus, the C-alkylation of anilines by polyfluoroketones by a radical--ion 
mechanism should occur under extremely mild conditions. In the present work, the conditions 
for the C-alkylation of N-alkylanilines by polyfluoroketones were found. 

The C-alkylation of N-ethylaniline by hexafluoroacetone occurs smoothly in chloroform. 
Only N-ethyl-4-(a-hydroxyhexafluoroisopropyl)aniline (I) was obtained quantitatively upon 
mixing equivalent amounts of the reagents in CHCI~ at --60 ~ to --50 ~ and subsequent spontaneous 
warming of the mixture to 20~ after maintenance for i h. Under analogous conditions, N- 
methyl-4-(~-hydroxyhexafluoroisopropyl)-o-substutited anilines (II) and (III) were formed in 
high yield regiospecifically from N-methyl-o-toluidine and N,N-dimethylaniline. Under the 

R" R" 

(I)--(III) (89--92%) 
R = E t ,  R '  = R"  = H (I);  R = R"----  Me, R '  ---- H (II);  B = R '  = M e ,  

R"  = H ( I I I ) .  

same conditions, the reaction of N-ethylaniline with 2.2 equivalents of hexafluoroacetone 
gives N-ethyl-2,4-di(a-hydroxyhexafluoroisopropyl)aniline (IV). However, even in the pres- 

C(CF~)20tt 

Ov) (8o,6%) 

ence of a large excess of hexafluoroacetone in CHCI3, N,N-dimethylaniline gives only mono- 

substituted product (III). 

Methyl trifluoropyruvate reacts with N,N-dimethylaniline in CHCI3 similarly to hexa- 

fluoroacetone to form the 4-substituted aniline (V) 
--6o ~ ~0 o HO(CF3)C--~ - ~  --N(CH~)~ __ --N(CH~)2+ CF~COCO2Me CHCI~ >" 

C02Me 
(V) (93%) 

The mild conditions and regiospecificy for the C-alkylation of anilines by polyfluoro- 
ketones are in accord with a radical--ion mechanism for these reactions. However, proof for 

this hypothesis requires special spectral studies. 
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TABLE 2. Physical Indices of (I)-(VI) 

C o F f l  - 

pound 

(i) 
(Ii) 
(Iii) 
(iv) 
(v) 

Yield, % 

92,0 
88,9 
90,2 
80,6 
93,3 

rap, ~ 

93-94 
t00-t0t  
80-8t * 

t36,-137 
1t2-t t3  

C o m -  

poun( 

Rf 

0,53 
0,68 
0,46 

0,57 

46,32 
46,07 
36,76 

5t,90 

Found, % 

H N 

3,81 4,80 
3,69 4,78 

2,45 2,92 

4,93 4,97 

39,t4 
39,34 
50,t5 

20,97 

(i) 
(ii) 

(IV) 
(iv) 
(v) 

Chemical 
�9 formula M+ 

CIIHIiNOFs 287 
C~H~NOF6 287 

C~HIINO2Ft~ 453 
Ci2HI~NO~F3 277 

*See the work of Gilbert [3 

45,99 
45,99 

37,t0 
51,98 

Calc., % 

I-I N 

3,83 4,88 
3,83 4,88 

2,43 3,09 
5,05 5,05 

39,72 
39,72 

50,33 
20,57 

Products (1)-(V) are white crystalline compounds which are stable under ordinary condi- 
tions. The structures of these products were established by ~3C NMR spectroscopy and mass 
spectroscopy as well as by elemental analysis. 

Table 1 indicates that the t3C NMR spectra of (I), (III), and (V) have two signals 
corresponding to two pairs of magnetically equivalent nuclei, which is evidence for 1,4- 
substitution of the benzene ring. Comparison of the ~C ~ values in N-ethylaniline (115.7 
ppm) [5] and in (I) (117.8 ppm) indicates that the replacement of a hydrogen atom by the 
a-hydroxyhexafluoroisopropyl group does not have a significant effect on the chemical shift 
of the corresponding carbon nucleus. Hence, we were able to determine the position of the 
hydroxyhexafluoroisopropyl group in (II) and (V). The ~:3C values given in Table 1 are 
evidence for the correctness of the signal assignment. 

EXPERIMENTAL 

The ~3C NMR spectra were taken on a Bruker WP-200 spectrometer at 50.31 MHz, 3 sec 
relaxation hold, and TMS as standard. The mass spectra were taken on an AEI MS-30 spectro- 
meter. The Rf values were determined on Kavalier Silufol UV-254 (manufactured in Czechoslo- 
vakia) using 5:1 CCl~--acetone as the eluent. The spots were detected by UV light. The phys- 
ical indices of (I)-(VI) are given in Table 2. 

N-Ethyl-4-(a-hydroxyhexafluoroisopropyl)aniline (I). A solution of 5.11 g N-ethylani- 
line in 20 ml CHCI3 was placed in a glass ampul, cooled to --60~ and then 6.95 g hexafluoro- 
acetone was condensed into this ampul. The ampul was sealed and left at 20~ to warm. The 
ampul was opened 1 h after warming, the solvent was evaporated, and the residue was crystal- 
lized from hexane to yield ii.i g white crystalline (I). 

N-Methyl-4-(a-hydroxyhexafluoroisopropyl)-o-toluidine (II) was obtained analogously 
from 2.24 g N-methyl-o-toluidine and 3.35 g hexafluoroacetone. The yield of (II) was 5.1 

g. 

N~N-Dimethyl-4-(a-hydroxyhexafluoroisopropyl)aniline (III) was obtained analogously 
from 2.42 g dimethylaniline and 3.35 g hexafluoroacetone. The yield of (III) was 5.18g. 

N-Ethyl-2p4-di(a-hydroxyhexafluoroisopropyl)aniline (IV) was obtained analogously from 
2.8 g ethylaniline and 8.3 g hexafluoroacetone. The yield of (IV) was 8.4 g. 

NpN_Dimethyl_4_(a_hydroxy-~-carbomethoxytrifluoroethyl)aniline (V). A solution of 2.42 
g N,N-dimethylaniline in i0 ml CHCI3 was added to a solution of 3.12 g methyl trifluoro- 
pyruvate in i0 ml CHCI3 at--60~ The mixture was stirred and let warm at 20~ The solvent 
was evaportated 3 h after warming and the residue was crystallized from hexane to give 5.2 g 

white crystalline (V). 
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CONCLUSIONS 

Conditions were found for the mild C-alkylation of secondary and tertiary aromatic 
amines by hexafluoroacetone and methyl trifluoropyruvateo The regiospecific formation of 
the products of C(4)-alkylation was demonstrated. 
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TEMPERATURE DEPENDENCE OF THE RATE OF THE CATALYTIC OXIDATION 

OF I-HEXENE IN THE PRESENCE OF NEUTRAL SALTS 

A. I. Samokhva!ova, A. B. Solov'eva, UDC 541.12.036:541.127:542.943o7:547.313.6 
L. V. Karmilova, and N. S. Enikoiopov 

In our previous work [1-3], we showed that dehydration of the catalyst occurs in the 
catalytic oxidation of olefins by molecular 02 in the presence of manganese tetra-p-methoxy- 
phenylporphyrinatochloride (TPPMnCI) and excess NaBH~, which results, after long periods, in 
a decrease in the catalytic activity of TPPMnCI. The corresponding rate constants k~ and 
k5 of the catalyst dehydration steps were found in our previous work [3] in a study of the 
oxidation kinetics of l-hexene. We found times t ~ max{i/k~; i/ks}, beginning at which the 
rate of product formation is given by the constant %~ [3] proportional to k~ and k~o In 
order to elucidate the nature of the processes determining the observed rate constants, we 
studied the temperature dependence of the observed rate constant %x in the oxidation of 
l-hexene (for oxidationS20%) and the effect of the presence of neutral salts in the reaction 
system on this constant [4]. 

The oxidation of l-hexene was carried out in the presence of LiF in N,N-dimethy!forma- 
mide at 278-310~ The reaction kinetics was studied by gas--liquid chromatography relative 
to the consumption of !-hexene [3]. The characteristic dependence of the effective rate con- 
stant %: [3], which describes the kinetics of product formation for t >30 min on the LiF 
concentration is given in Fig. I. Analysis of the temperature dependences of %~ in the 
presence of LiF (Fig. 2) gave an empirical equation 

O (C)= 9. (i + 48.C). kJ/mole (l) 

for the effective activation energy Q(C), where C is the salt concentration in moles/liter, 
If C is given in terms of the mean distances between catalyst molecules and the closest salt 
anions (according to Chandrasekar [5], C = 0.21/R s, where R is given in ran), then the ob- 
served increase in Q(C) with increasing C (decrease in R) may be related to an increase in 
the mean coulombic ion-dipole interaction in the associated species consisting of the re- 
duced catalyst molecule and the salt anion, with which both the reagents (02 and the olefin) 
and destructive agents may react. 

The relatively low values of Q found in this work indicate the transport nature of the 
steps determining the effective rate constant for product formation at long reaction times 
(including catalyst destruction), while the form of the dependence of Q on C(R) indicates 
the cou!ombic nature of the interactions determining these steps. 
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