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C-Hydroxyalkylation of primary arylamines by highly electrophilic polyfluoro- 
carbonyl compounds results from the direct reaction of the initial reagents 
and is competitively inhibited by equilibrium N-hydroxyalkylation. The pres- 
ence of steric hindrances to the formation of N-hydroxyalkylation products 
and an increase in the ring C-nucleophilicity facilitate the C-hydroxyalkyla- 
tion reaction. 

Aniline reacts vigorously with highly electrophilic polyfluoroketones to form hydrolyti- 
cally unstable N-alkylation products - geminal aminohydroxy compounds [1-3]. Under drastic 
conditions (170-200~ hexafluoroacetone (I) reacts with anilines, N-alkyl-N,N-dialkylani- 
lines, and ~-naphthylamine to form aromatic ring C-hydroxyalkylation products [I, 4], which 
are also formed by boiling anilines with hexafluoroacetone hydrate [5]. It was shown [6-9] 
that secondary and tertiary arylamines undergo C-hydroxyalkylation by ketone (I), as well as 
by trifluoropyroracemic acid methyl ester (II), at temperatures as low as 20~ Primary aryl- 
amines react with ketoester (II) to form 3-hydroxy-2-oxo-3-(trifluoromethyl)indolines [3]. 

In the present work we further refine the reactivity of highly electrophilic polyfluoro- 
carbonyl compounds with respect to primary arylamines. 

Aniline reacts vigorously with compound (I) in MeNO 2 at -60 to 20~ in complete accor- 
dance with the data in [i] to form N-alkylation product (III), which is converted to 4-(1- 
hydroxy-l-trifluoromethyl-2,2,2-trifluoroethyl)aniline (IV) at the low temperature of 20~ 
(4 months, 40% yield). When the temperature was raised to 60~ the C4-hydroxyalkylation 
product was obtained after 24 h in a yield of 55%; the reaction was accompanied by tarring. 
The isomerization of (III) to (IV) appears to be an intermolecular process. The formation 
of compound (IV) is preceded by the dissociation of (III) to the initial reagents, whose re- 
action affords N- or C-alkylation products. The reaction conditions and yield of compound 
(IV) are practically independent of excess ketone (I) in the reaction mass, which excludes 
the possibility that adduct (III) is the C-alkylation substrate. 

NH2 
I 

0 
(III) (I) (IV) 

In a special investigation of the reaction of compound (III) with the highly reactive 
ketone (I) acceptor, N,N-dimethylaniline [6], the only new product was N,N-dimethyl-4-(l- 
hydroxy-l-trifluoromethyl-2,2,2-trifluoroethyl)aniline (V). The rate of formation of the 
latter (30.8% after 40 h at 80~ is comparable to the isomerization rate of compound (III) 
to compound (IV). 

*Deceased. 

A. N. Nesmeyanov Institute of Heteroorganic Compounds, Academy of Sciences of the USSR, 
Moscow. Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 2, pp. 383- 
389, February, 1990. Original article submitted January 6, 1989o 

0568-5230/90/3902-0323512.50 �9 1990 Plenum Publishing Corporation 323 



TABLE i. Reaction Conditions and Yields for Products (IV)-(XX) 

Corn- [ I Ti~e,  
pound Reac t ion  products  h 

(IV) 

( v ) .  

(vD 

(vn) 

,(viii) 

(ix) 

(x) 

(xD 

(XlI) 

,(Xl[l) 

(xiv) 

(xv) 

(xvI) 

(xv1i) 

(XVlli) 

(XlX) 

(xx)  

4-(l-Hydroxy-l-trifluoro- 14 months 
methyl-2.2.2-trifluoro- 
ethyl)aniline 

N,N-Dimethyl-4-(l-hv- 40 
droxy-l-trifluoro ~ 
methyl-2,2,2-tri- 
flu0roethyl)aniline 

1-Amino-Z-(1-hydroxy- 
l-trifluoromethyl- 
2,2,2-trifluoro- 
ethyi)naphthalene 

l-Amino-2,4-bis(l-hydroxy- 
l'trifluoromethyl-2~2~2- 
trifluoroethyl)naphtha- 

Solvent 

MEN02 

Ether 

CHC13 

CHCI3 

T, ~ Reagents, ratio 

Ani l ine- - ( I ) ,  i : 

N- ( l-Hydroxy- l- 
trif luoromet2 
~ i-2,2,2-tri- luoroethyl )- 
ani i ine-N, N - 
dimethylanil- 
ine, 1:1 

1 -Naphthylamine 
0) ,  I : i 

(VI) - ( I ) ,  I : 2 

lene 
l,Amino-2-(l'hydroxy- 

l~ - 
2.2,2-trifluoroeth- 
yl)-4-(l-hydroxy-l- 
methoxycarbonyl-2. 
2,2-trifluoreethyl) 
naphthalene 

6-(l-Hydroxy-i-tri-. 
fluoromethyl-2.2.2- 
trifluoroethyl)-~- 
methylaniline 

3-Hydroxy-2-oxo-3- 
trifluoromethyl-6- 
methylindoline 

4-(l-Hydroxy-l-tri- 
f l u o r o m e t h y l - Z , 2 . Z -  
trifluoroethyl)-2- 
methylaniline 

4-(l-Hydroxy-l-meth - 
oxycarbpnyl-2~2~2- 
trifluor6ethyl)-2- 
methylaniline 

3-Hydroxy-2-oxo-3- 
trifluoromethyl-7- 
mer~ylindoline 

h-(1-Hydroxv-l-tri- 
fluoromethyl-2,2,2- 
trifluoroethyl}- 
2~6-d/methylanlline 

4-(1-Hydroxy-l-meth- 
oxycarbonyl-2.2,2- 

] trifluoroethyl)- 
2,6-dimethylaniline 

24 

24 

240 

240 

6 

24 

24 

CCI~ 

CCI, 

CC14 

Freon-ll3 

Freon-ll3 

C6~ 

Freon-ll3 

Freon-ll3 

( v I ) -  ( I D ,  t : i 

3-Methylan i- 
line-(I), i:I 

3-Methylani.l ine~ 
(II), i : i 

2- Methy lani i ine- 
(I), I : I 

2- Methylani line- 
(If), t : I 

~Methylaniline- 
(II).i:2 

2.ff-Dimethyl- 
aniline--(I), 
I:i 

2,6-Dimethyl- 
aniline--(!I), 
i:i 

A - ( 1 - H y d r o x y - l - t r i f l u o r o -  
meth~l-2,2,2-trifluoro- 
ethyl)-Z,5-dimethoxy- 
anlli~ . . . . . . . .  

~(l-Hydroxy-l-methoxycar- 
bonyl-2.2.2-trifluoro- 
eth~l)-2,5-dimethoxy- 
aniiine 

2-[N-(2,4.6-Trimeth- 
ylp~enyl)imino]tri- 
fluoropropanoic 
acid methyl ester 

2-(N-Phenylimino)tri- 
fluoropropanoic 
acid methyl ester 

4-(l-Hydroxy-l-tri- 
fluoromethyl-2,Z,2- 
trifluoroe-thyl)-2- 
chloroaniline 

24 

24 

60 

CHCIs 

CHC13 

Toluene 

toluene 

MEN02 

2,5. Dimethoxy- 
aniline-- (I), 
i:i 

2.5- Dimethoxy- 
.aniline-- (~I), 
I:l 

Mesidine-- ( II ), 
d : l  

Aniline--(II), 
I:I 

l-Chloroaniline-- 
(I), ~ : 

[ Yield 
% 

40 

3i 

86 

71 

88 

89 

76 

79 

71 

89 

94 

88 

9i 

84 

93 

35 

85 
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TABLE 2. Properties of Compounds (IV)-(XX)* 

Compound 

(IV) 

(v) 

(Vl) 

(vii) 

(viii) 

(ix) 

(x) 

(xi) 

(Xli) 

(XIII) 

(XlV) 

(xv) 

(xvI) 

(XVlI) 

(xvnI) 

(XlX) 

(xx) 

Rf ~3 ,  ~ 

152-154 
(pentane) 
80-8i 

(pentane) 
164-t66 
CHCl~ 
242-244 

�9 CHCI~ 
151-i53 
CCI~ 

i02-105 
CCI~ 

205-207 
CC14 

t35-136 
Freon -1 t3 

i12-1i4 
Freon - 1 i3 
125-127 
CsHs 

]73-175 
Freon-  113 

160-162 
Freon-  1t3 

142-145 
CHCh 
i00-102. 
CHCh 

i20-122 
MeNO2 

Found/Calculated, % 

N 

5,19 
5,40 
4,60 
4,87 
Z~44 
4,59 
3,i5 
2,95 
2,91 
3,01 
5,31 
5,12 
6,22 
6,06 
5,01 
5,t2 
5,70 
5,32 
6,24 
6,06 
5,03 
4,87 
5A! 
5,05 
3,99 
4,38 
4,59 
4,53 
5,t6 
5,13 
6,il 
6,06 
<57 
4,77 

Empirical formu 

CoHTFsNO 

CIIH,iFsNO 

C,sHgF~NO 

C,sHgFi2NOz 

C,,Hi2FgNO~ 

CioHgFeNO 

CIoHsF3NO2 

CIoHgF6NO 

Ci,Hi2F3NO3 

C,oHsF~N02 

CitHiiFaNO 

C,~Ht~F~N03 

CI,H,,F~N03 

'C,2H,4F~NO5 

C,sH,~F3NO~ %, 

C,oHsFsNO2 t .  

CgCIHsF6NO 

*Compound (IV) was described earlier [i]; (Vi), (IX), (XI), 
(XVI), (XX) [4]. 
9In CCl4-methyl ethyl ketone, 3:1. 

CF8 

(v) 

C-Alkylation products are formed much more readily by some ring-substituted anilines and 
condensed arylamines (see Table i). For example, ~-naphthylamine, in contrast to the data in 
[4], reacts quantitatively with compound (I) to form the C2-adduct (VI) after i h at 20~ 
Under the same conditions at an excess of (I), ~-naphthylamine is converted to the 2,4-dial- 
kylation product (VII), and compound (VI) reaets with ketoester (II) at a moderate tempera- 
ture to give compound (VIII). 

Among the toluidines m-toluidine reacts especially readily (200C, 24 h) with compounds 
(I) and (II). C-Hydroxyalkylation takes place exclusively at the o-position with respect to 
the NH 2 group, affording adduct (IX) and indoline (X). o-Toluidine reacts more slowly, af- 
fording C4-hydroxyalkylation products (XI) and (XII). However, under drastic conditions o- 
toluidine undergoes o-substitution by ketoester (II) to give indoline (XIII), which apparently 
results from N-acylation followed by C-alkylation. p-Toluidine and p-anisidine do not form 
C-hydroxyalkylation products even at 80~ 
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TABLE 4. IH and 19F NMR Spectra of Compounds (XIII)-(XVII)* 

NH~ I I 
R .~ [ R F3C--C--CF3 F3C--C--COOCH3 

OH OH 

~ I (B) R~ (A) 

Coln - 
pound 

(xiv) 

(xv) 

(XVI) 

(XVID 

Substituent R 

R2=H. R=R3=CHs 
R ' =  A 

RZ=H,R=R3=CH~ 
R ' = B  

R3=H, R=Rz=OCH3 
R~=A 

R3=H. R=R2=OCH3 
R ~ =  B 

H 3 

7,05 s 

7,03 s 

12 
I 

6, :ppm 

I H~ H 8 H 4 

7,05 s 

7,03 6,6 s 
s 

I ' 6,32 s 

acetone-d6) 

O C H a [  CH3 

2,05s 

3,8s 2,05 s 

3,9s 
3,7s 

3,6 s 
3,65 s 
3,7 s 

mF 

-3,2 s 

--3.09s 

*PMRspectrumof (XIIl) (~, ppm, acetone-de): 2.3 s (CH3), 
7=0 d. d (HS), 7.3 d, 7.4 d (H 6, H4). 19F NMR spectrum (6, 
ppm, acetone): 1.3 s. 

The presence of two donor substituents in the phenyl ring increases the susceptibility 
of aniline toward C-hydroxyalkylation. Thus, in the presence of compounds (I) and (II), 2,6- 
xyiidine and 2,5-dimethoxyaniline are converted almost quantitatively to C4-hydroxyalkylation 
products (XIV)-(XVII) after one day at 20~ On the other hand, mesidine under mild condi- 
tions is inert toward polyfluorocarbonyl compounds; it does not form stable geminal aminohy- 
droxy compounds due to steric hindrance. When heated together with compound (I), mesidine 
affords resin-forming products; with compound (II) in toluene, after azeotropic distillation 
of water, it is converted to anil (XVIII). t Under these conditions aniline reacts with (II) 

4 OH 
5 ~ \ 3 a  3 CF.  

I tl--77 
6",~ / \  / x k  
717aN O 
CHa I 

H 
(XZID 

to form anil (XIX) in a yield of 30%. This indicates that N-hydroxyalkylation products of 
arylamines with ketoester (II) are stabilized by elimination of water. 

R 
/ 

R--I-->--NH~ + CFsC(O)COOCHz > 

\ 
R 

R =ICHs(XVIII) ;  tt = H (XIX) 

OH ,.c-l;:oocH. 
R I R 

" < ) /  

14 

F3C--C--COOCHa 

N 
R I R 

--H20 

i 
R 

( x v u i ) ,  ( x I x )  

N-(u-Hydroxyhexafluorois0propyl)anilines do not posses similar properties [I]. 

The data presented above are summarized in Table I, which shows that differences in the 

reactivity of arylamines may be explained solely on the basis of steric effects of the phenyl 
ring substituents. The presence of o-substituents increases the susceptibility of the aryl- 

tFor previous communication, see [I0]. 
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amine toward C-hydroxyalkylationo Thus, even o-chloroaniline reacts with ketone (I) under 
relatively mild conditions (600C), affording the C4-hydroxyalkylation product (XX) in a high 
yield. In addition, the ease of C2-hydroxyalkylation of m-toluidine by ketone (I) indicates 
that increasing the ring C-nucleophilicity is another way of overcoming the inhibitory ef- 
fects of equilibrium N-hydroxyalkylation. 

The physical characteristics and composition of the synthesized compounds are summarized 
in Table 2. The 13C, IH, and 19F NMR spectra are shown in Tables 3 and 4. The spectral 
characteristics of anils (XVIII) and (XIX) are presented in the experimental section. 

EXPERIMENTAL 

IH, 19F, and ~3C NMR spectra were obtained at 20~ on a Bruker WR-200SY spectrometer at 
operating frequencies of 200.12, 188.31, and 50~31 MHz, respectively. Chemical shifts were 
determined relative to TMS (IH, 13C) and CF3COOH (internal standard, l~F). Rf values are 
presented for Silufol UV-254 plates in CCl~-aeetone (3:1). UV spectra were recorded on a 
Specord M-40 apparatus in pentane. IR spectra were recorded on a Specord M-80 apparatus in 
petrolatum oil. Compounds (IV)-(XVII) and (XX) were obtained in a covered vessel under the 
conditions shown in Table 1 and were purified by crystallization. 

2-[N-(2~4~6-Trimethylphenyl)imino]trifluoropropanoic Acid Methyl Ester (XVIII). A so- 
lution of 6.75 g mesidine in 50 ml anhydrous toluene and 8.0 g of compound (II) were boiled 
for 8 h, with azeotropic distillation of water. After removal of the solvent, the residue 
was distilled in a vacuum. A 12.7-g yield of a reddish liquid was obtained; bp 93~ (4 mm), 
nD 2~ 1.4600. UV spectrum (Imax, nm): 259.6 (e 912); 358.2 (e 262). IR spectrum (v, cm-1): 
1040 (C-O); 1689 (C=N); 1750 (C=O). I~C NMR spectrum (6, ppm, in CC14 relative to TMS): 
15.33 s (2,6-CH3), 18.65 s (4-CH3), 50.39 s (OCH3), 116.06 q (CF3, IJc- F = 278~ Hz), 122.24 
s (C 2, C6), 126.60 s (C 3, C5), 132.00 s (C4), 140.78 s (CI), 148.56 q (C--N, 2Jc_ F = 31.9 Hz), 
157.01 s (C=O). 

2-(N-Phenylimino)trifluoropropanoic Acid Methyl Ester (XIX). A solution of 9.3 g ani- 
line in 50 ml anhydrous toluene and 26.0 g of compound (II) were boiled for 8 h, with azeo- 
tropic distillation of water. The mixture was cooled, the precipitate was filtered, and the 
solvent of the mother liquor was removed in a vacuum. The residue was loaded on a column 
with 250 g silica gel and was eluted first with CC14 (2 liters), then with CCl4-acetone 
(I0:i). An 8-g yield of a yellow liquid was obtained; bp 85~ (7 mm), nD 2~ = 1.4600. UV 
spectrum (Imax, nm): 214.4 (g 3820); 323.2 (e 1455). IR spectrum (v, cm-1): 1043 (C-O), 
1685 (C=N), 17.52 (C=O). 13C NMR spectrum (6, ppm, in CC14 relative to TMS): 50.50 s(OCH3), 
116.42 q (CF3, ~Jc-F = 277.2 Hz), 117.47 s (C 2, C4), 125.27 s (C~), 127.20 s (C 3, C5), 144.70 
s (C~), 146.84 q (C=N, 2Jc_ F = 32.8 Hz); 157.74 s (C=O). 
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