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Abstract 

Hexamethyldi silazane and 1,1,1 -trimethyl-N, N-bis (trimethylsilyl) stannaneamine aminate pentafluoropyridine, octafluorotoluene, penta- 
fluorobenzonitrile, pentafluoronitrobenzene and pentafluorobenzene sulphonyl fluoride in the presence of caesium fluoride with formation of 
the corresponding perfluorinated aryl amines (ArNH2), diarylamines (Ar2NH) and triarylamines (AraN) (where the amine functions are in 
positions 4 relative to the arene substituent). 
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1. Introduction 

Silylated amines are widely used in organic synthesis for 
the introduction of nitrogen-containing groups [ 1 ]. Hexa- 
methyldisilazane is the simplest stable ammonia derivative 
containing trimethylsilyl groups, but the possibilities of its 
synthetic applications are limited because of the considerable 
decrease in nitrogen nucleophilicity under the influence of 
the neighbouring trimethylsilyl groups. Nevertheless, the use 
of sodium or lithium hexamethyldisilylamide in the reactions 
with polyfluoroaromatic compounds allows the correspond- 
ing arylamines and diarylamines to be obtained [ 2]. Fluoride 
ion is a very strong base in bipolar aprotonic solvents and is 
able to abstract protons even from very weak acids [3]. 
Caesium fluoride can be assumed to bind protons of the NH 
group of hexamethyldisilazane under certain conditions to 
form a highly reactive N anion. 

The present work is devoted to the study of the possibility 
of amination of polyfluoroaromatic compounds with hexa- 
methyldisilazane in the presence of caesium fluoride. 

2. Results and discussion 

Polyfluoroaromatic compounds 2a-2e have been shown 
by us to react with hexamethyldisilazane in the presence of 
caesium fluoride in dimethylformamide at 100 °C, leading, 
after aqueous hydrolysis, to the corresponding arylamines 3 
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HN(SiMe3)2 + Ar-F 

1 2a--e 

and diarylamines 4 (Scheme 1). In more drastic conditions 
( 150 °C, excess of CsF) triarylamines 5 are yielded together 
with compounds 3 and 4. These reactions do not occur under 
the described conditions in the absence of CsF. 

1 ) CsF 
) 

2) H20,HCI 

Ar-NH 2 + Ar2NH + Ar3N 

3a--e 4a--e 5a-c 

F F 
x / 

N / ~  (a), 4--CFaC6F4- (b), 4-NC-C6F4- (c),  Ar= 
? - - - k  
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4-FSO2--C6F4- (e).  

Scheme 1. 

Caesium hexamethyldisilylamide can be assumed to be 
generated primarily, reacting further with polyfluoroaromatic 
compounds to give N,N-bis (trimethylsilyl) arylamines 6. The 
nucleophilicity of the nitrogen atoms in various N-trimethyl- 
silyl derivatives increases under CsF coaction, facilitating 
subsequent substitution of active fluorine atoms in the aro- 
matic rings [ 4,5 ]. The consecutive addition of electron-with- 
drawing polyfluoroaryl substituents to nitrogen promotes the 
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subsequent coordination of fluoride ion with the silicon atom 
of silylamines 6 and 7 and generation of N anions, but 
decreases the nucleophilicity of the latter. 

The participation of caesium trimethylsilylamide 
Cs ÷ -NHSiMe3 in the reaction also cannot be completely 
excluded, although it seems to be less probable because of 
the difficult formation of the complex between the fluoride 
ion and silanes without electron-withdrawing substituents 
[6]. 

The reaction seems to occur through the formation of N 
anions (as shown in Scheme 2) or corresponding polar com- 
plexes of the [ A r - N ( X ) - - - S i M e 3 - - - F ]  - type. 

CsF 

-FSiMe 3 

ArNH 2 

,ol 
2 CsF ) Cs+.ffrrSiMe3a2,,~ J Ar--F 1 Ar--N(SiMe3)2 ) 

~2sHF2 6 

H20) ArENH 

4 

) A r _ ~ _ S i M e 3 . C s  + At--F) Ar2N_SiMe3 CsF ) 
-CsF -FSiMe 3 

)' Ar2~.Cs + Ar--F 

Scheme 2. 

Hydrogen fluoride, obtained in the reaction, binds CsF of 
caesium fluoride which is needed as catalyst. This decreases 
the yields of arylamines. The generation of caesium hexa- 
methyldisilylamide under these conditions, in the absence of 
HF, was of interest. 

As mentioned above, diarylamines are the main products 
of reaction of hexamethyldisilazane with polyfluoroarenes. 
That could arise from the difficulty of generation of 
(ArF)2N- anions from the intermediate (ArF)2NSiMe 3. We 
assumed that the use of the tin fragment --SnMe3 instead of 
the silicon fragment-SiMe3 will favour the generation of the 
(ArF)2N- anion and its further reaction with polyfluoro- 
arenes. This should be expected from the lower reactivity and 
solubility of FSnMe3 relative to FSiMe3. Indeed, polyfluori- 
nated triarylamines together with diarylamines were obtained 
in the CsF-catalysed reaction of 1,1,1-trimethyl-N,N- 
bis(trimethylsilyl)stannaneamine (8) with polyfluoroarenes 
in DMF (Scheme 3). 

I ) CsF 
Me3Sn-N (SiMe3) 2 + 2a-c,e ) 

8 2) H20,HCl 

3a-c,e + 4a-c,e + 5a-c,e 

Scheme 3. 

The reactions occur even at room temperature. Diarylam- 
ines and arylamines are the main products as found before 
[2]. As the reaction temperatures rises to 150 °C, the degree 
of conversion of reagents increases, leading to the formation 
of triarylamines, although arylamines and diarylamines are 
also yielded in considerable amounts. That fact can be asso- 
ciated with the ability of amides of alkaline metals, being 
strong bases, to eliminate protons from various CH acids 
[7,8]. 

In the case of pentafluoronitrobenzene (2d) the yields of 
the corresponding diarylamine 4d are substantially lower than 
for other polyfluoroarenes. Probably side reactions, involving 
the nitro group, and also reactions at the ortho positions of 
the aromatic ring are taking place. 

The main advantages found in this work in comparison 
with methods described earlier are the following. The syn- 
thesis of polyfluoronated diarylamines is executed without 
application of amides and hydrides of alkali metals [2,9] 
using accessible reagents. Polyfluorinated triarylamines 
unknown earlier are made by reaction of polyfluoroarenes 
with 1,1,1-trimethyl-N,N-bis (trimethylsilyl) stannaneamine. 

3. Experimental details 

The 1H and 19F nuclear magnetic resonance (NMR) spec- 
tra were recorded on a Bruker WP 200 SY spectrometer at 
frequencies of 200 MHz and 188.28 MHz respectively (hex- 
amethyldisiloxane and C6F 6 were internal standards), mass 
spectra on a Finnigan MAT MS-8200 mass spectrometer (EI, 
70 eV), and UV spectra on a Specord UV-visible spectro- 
photometer. 

Caesium fluoride was calculated directly before use. All 
the syntheses were carried out in dry DMF in a nitrogen 
atmosphere. 

The spectral characteristics of compounds 3a-3e and 4a-  
4d and analytical data for 4a--4d correspond to those 
described previously [2]. Summaries of the results of prep- 
aration according to the methods described in the following 
sections are given in Table 1. 

3.1. 1,1,l-Trimethyl-N,N-bis(trimethylsilyl)stannaneamine 
(8) 

This was synthesized similarly to procedures described 
previously [10,11]. A solution of 18.93 g (0.095 mol) of 
Me3SnC1 in 10 ml of THF was added to the solution of 
bis(trimethylsilyl)aminomagnesium bromide (obtained 
according to Refs. [ 12,13] from 10.90 g (0.1 mol) of EtBr, 
2.43 g (0.1 mol) of magnesium chips and 16.14 g (0.1 mol) 
of hexamethyldisilazane). The mixture was boiled for 1 h, 
the solvent was distilled off, and the residue was distilled 
twice in vacuum. Yield was 22.00 g (71%). 
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Table 1 
Approximate content (per cent) of amination products 3:4:5 in reaction mixtures (according to 19F nuclear magnetic resonance) 

171 

Method of Initial arene 
preparation 

2a 2b 2e 2d 2e 

A 10:80:0 15:75:0 15:60:0 15:40:0 10:70:0 
B a 10:50:0 10:30:0 - 15:35:(I - 
C 10:40:15 10:50:30 10:25:30 - 10:40:15 
D 10:50:10 10:50:15 10:40:5 - - 

a Considerable amounts of the initial arenes 2a and 2b are observed in the reaction mixture. 

3.2. Polyfluorodiarylamines 4 3.3. Polyfluorotriarylamines 5 

Method A 
A mixture of 8.07 g (0.05 mol) of hexamethyldisilazane, 

polyfluoroaromatic compound 2a (or 2b--2e) (0.1 mol) and 
1.52 g (0.1 mol) of CsF in 150 ml of DMF was stirred at 100 
°C for 5 h, cooled, poured into water, acidified with HC1 and 
extracted with diethyl ether. The organic solution was washed 
with water and dried with CaClv The ~9F NMR spectra of 
the resulting solutions were recorded. After solvent distilling, 
the residue was recrystallized from petroleum ether (70-100 
°C) ( in the case of compound 4b the residue was pre-distilled 
in vacuum, the fraction with boiling point 160-170 °C at 11 
Torr being sampled; compound 4d was isolated through col- 
umn chromatography on A1203, eluting with a 1:1 mixture of 
benzene and ethanol. The yields of products were as follows: 
4a, 11.03 g (70%), melting point 149-150 °C; 4b, 14.60 g 
(65%), melting point 76-77 °C; 4¢, 9.08 g (50%), melting 
point 171--172.5 °C; 4d, 6.45 g (32%), melting point 164- 
166 °C; 4e, 14.80 g (62%), melting point 169-171 °C. 

Method B 
The polyfluoroaromatic compound 2a (or 2b, 2d) (0.03 

mol) and 3.24 g (0.01 mol) of amine 8 were added to a 
suspension of 1.52 g (0.01 mol) of CsF in 50 ml DMF at 20 
°C and the mixture was stirred for 24 h and treated as 
described above for method A. The yields of products were 
as follows: 4a, 1.36 g (43%); 4b, 0.99 g (22%); 4d, 1.21 g 
(30%). 

Bis(2,3,5,6-tetrafluoro-4-fluorosulphonylphenyl)amine (4e) 

• Melting point 169-171 °C (heptane) 
• NMR: IH (MeCN), 6=8.14; ~9F (MeCN), 6= 14.06 

(4F), 26.91 (4F), 237.37 (2F) 
• UV (heptane):)tm~ (log E) =307 nm (4.568) 
• C~2HFIoNOaSz (477.3): calculated, C 30.20, H 0.21, F 

39.81, N 2.93, S 13.44; found, C 30.75, H 0.31, F 39.58, N 
2.67, S 13.00 

• Molecular mass 477 (mass spectrometry) 

Method C 
A mixture of 3.24 g (0.01 mol) of amine 8 and polyfiuo- 

roaromatic compound 2a (or 2b, 2, 2e) (0.03 mol) was 
added dropwise to a boiling suspension of 1.52 g (0.01 mol) 
of CsF in 50 ml of DMF during a period of 3-5 h. The mixture 
was cooled, poured into water, acidified with HCI and 
extracted with diethyl ether. The organic solution was washed 
with water and dried with CaC12. The 19F NMR spectra of 
the resulting solutions were recorded. After solvent distilling, 
the residue was consecutively recrystallized from ethanol and 
heptane (or chloroform). The yields of products were as 
follows: 5a, 0.56 g (12%); 5b, 1.53 g (23%); 5e, 1.39 g 
(26%); 5e, 0.85 g (12%). 

Method D 
A mixture of 1.61 g (0.01 mol) of hexamethyldisilazane 

and polyfluoroaromatic compound 2a ( or 2b, 2e ) ( 0.03 mol) 
was added dropwise to a boiling suspension of 4.56 g (0.03 
mol) of CsF in 50 ml of DMF during a period of 3-5 h. The 
mixture was treated as described above for method C. The 
yields of products were as follows: 5a, 0.23 g (5%); 5b, 0.80 
g (12%); 5e, 0.11 g (2%). 

Tris( 2,3,5, 6-tetrafluoro-4-pyridyl )amine ( Sa ) 

• Melting point 215-220 °C (heptane) 
• NMR: 19F (CHCI3), 6= 13.04 (6F), 76.12 (6F) 
• UV (heptane): A,~x (log E) =262 nm (4.491) 
• CIsF~2N (464.2): calculated, C 38.81, F 49.12, N 12.07; 

found, C 38.61, F 49.89, N 12.00 
• Molecular mass 463.9931 (mass spectrometry) (cal- 

culated, 463.9931 ) 

Tris [ 2,3,5, 6-tetrafluoro-4-( trifluoromethyl )phenyl ]amine 
(sb) 

• Melting point 153-155 °C (heptane) 
• NMR: 19F (CC14), 8= 14.55 (6F), 23.88 (6F), 105.32 

(9F) 
• UV (hep tane ) : ) t~  (log e) =271 nm (4.553) 
• CzIF2~N (665.2): calculated, C 37.92, F 59.98, N 2.11; 

found, C 37.86, F 59.42, N 2.05 
• Molecular mass 665 (mass spectrometry) 
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Tris( 2,3, 5, 6-tetrafluo ro-4-cyanophenyl )amine (5c) References  

• Melting point 293-295 °C (CHCI3) 
• NMR: 19F (CHCI3), 8= 16.37 (6F), 32.52 (6F) 
• UV (heptane): Am~x (log E) =299 nm (4.643) 
• C21F12N4 (536.2): calculated, C 47.04, F 42.51, N 

10.45; found, C 46.75, F 42.94, N 10.24 
• Molecular mass 535.9942 (mass spectrometry) (cal- 

culated, 535.9931 ) 

Tris(2,3,5, 6-tetrafluoro-4-fluorosulphonylphenyl)amine (5e) 

• Melting point 244-246 °C (CHCI3) 
• NMR: 19F (MeCN), 8=19.57 (6F), 30.47 (6F), 

237.05 (3F) 
• UV (heptane): A~_, (log e) =286 nm (4.550) 
• CIsFIsNS306 (707.4): calculated, C 30.56, F 40.29, N 

1.98; found, C 30.47, F 40.58, N 2.00 
• Molecular mass 707 (mass spectrometry) 
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