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SUMKAPLY 

Fluoralkylamines (CFs)3_nN(CHF,)n, n=l to 3, and 

analogous C,F, derivatives exhibit a selective reactivity 

of the CHF, group towards Lewis acids like BCl,, TiCl, and 

BBr,, CHCl, and CHBr, groups being formed in nearly quantr- 

tative yield. Halogenated trialkylamines of the general 

formulae (CF3)3_nN(CHC1,)n, n=l to 3, and (CF3)3_nN(CHBr,)n, 

n=l and 2, were obtained for the first time and characteri- 

zed by nmr, ir, Raman and mass spectra. The halogen exchange 

reaction proceeds via an intermediate immonium cation, but 

the chloro and bromoalkyl amines are non-ionic. Both 

(CF,),NCHF, and (CF,),NCHCl, undergo photochlorination to 

yield (CF3),NCFpC1 and (CF, ),NCCl,. 

INTRODUCTION 

Perfluoroalkyl amines, (Rf)3N, show little tendency to 

enter chemical reactions :1,2; and in some cases, e.g. 

(CF,),N, are even insoluble in common organic solvents. In 

contrast, incompletely fluorinated methylamines of the series 

(CF; )J_nN(CHF, ),, n=l to 3 (A) [31 dissolve in n-hexane, 

benzene, ether and carbon tetrachloride. This solubility 

encouraged us to examine the possibility of chemically reac- 

tive CN, CH or CF bonds in these derivatives. 
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In this study we deal with replacement reactions of 

fluorine and hydrogen in A by chlorine and bromine, and we 

describe the first synthesis and the characterization of 

hitherto unknownpoly-chloro- and bromomethyl-perfluoroalkyl- 

amines. For example, the chlorination of trimethylamine at 

low temperature, which is a common method for the prepara- 

tion of chloroalkylamines, is restricted to monosubstitution 

L4j. Chlorotrialkylamines tend to form the tautomeric salts 

[R,N=CR~R~~:%~~. Polychlorination can be achieved at high 

temperature, and the amine N(CHCl,), (V) has been obtained 

by different routes [5, 6;. Partial and selective fluorina- 

tion of such chloroalkyl-amines has however not yet been 

reported. The replacement of fluorine by other halogen atoms 

described in the following is the reverse of the common 

fluorination of halides with HF, CsF etc. to form CF bonds. 

Suitable hydrogen- containing precursors, A, and the analo- 

gous perfluoroethyl amines C,FSN(CFJ)n(@HF,)2_n, n= 0 and 1, 

were obtained as volatile by-products in the electrochemical 

fluorination of N(CH,), and C,H,N(CH,), :7;. 

FLUORINE SUBSTITUTION 

Fluoroalkyl compounds are well known to form carbonium 

ions with strong Lewis acids (LA). The reaction of fluoro- 

alkyl amines A with suitable Lewis acids, e.g. TiCl, orBBrJ, 

certainly proceeds via the formation of cations which are 

stabilized under formation of immonium ions according to 

eqn. 1 

Rf 
‘m 

+ LA Rf\ 
F 

i 1 Rf e 

Rf' 

-CHF, ____) 
-[LA-F:~ ‘R~' 

R-C"' -+ 'NzC/~ 

'H Rf' 'H 

(A) (B) 

(1) 

Such fluoroalkylimmonium salts can be obtained if the 

fluoroalkyl amine contains CHF, groups; they are stable at 

room temperature and can be easily characterized by nmr 

spectroscopy 18;. 
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CF, and CHF, groups thus exhibit a pronounced difference 

in reactivity. While the former are not attacked, the CHF, 

groups are completely substituted by suitable chlorides and 

bromides (2). 

;m -CHF, 
E(Ha1) 
n {)R-CHF(Ha1)) 

E(Ha1) 
4 >m-CH(Hal), (2) 

(A) (C) (D) 

Keaction (2) is reversible because compounds D can be 

fluorinated to amines A or the respective cations B. Thus 

the conversion of V to N(CHF,), by treatment with SbF, has 

been reported most recently [9;. The monosubstituted inter- 

mediate C could not be detected which indicates that it is 

more reactive towards E(Hal)n than the base A is. Preferen- 

tial cation formation by the CH(Hal), group rather than the 

CHF, group is proved by reaction (3) in which an excess of 

SbF, 
CF,N(CHCl,), - [CF,(CHF,)N=CHC~I~S~~(F,C~)~ (3) 

(III) (E) 

III is reacted with SbF,. Xhile the cis and trans isomers 

'of the cation E were observed, no formation of the 

[CF, (CHC~,)N=CHF;~ ion was detected. This is in agreement 

with the considerable stability of dichloromethylene ammonium 

salts [lo;. 

CF,N(CHF, )z and N(CHF,), undergo multiple fluorine sub- 

stitution when treated with BCl,. The amines III and V were 

CF,N(CHCl,), N(CHCl,), c,F, (~F,)NCHC~, CaF,N(CHCl,), 

III V VI VII 

obtained in practically quantitative yields. Similarly, the 

perfluoroethyl derivatives VI and VII were synthesized from 

the appropriate fluoroalkyl arnines and BCl,. 

The reactivity of the amines towards BCl, increases.with 

the number of CHF, groups attached to nitrogen. BCl, is a 

convenient reactant because of its miscibility with the 

amines A and ready reactivity. The progress of reaction (2) 

can be monitored by the characteristic BF quartet in the 

lgF nmr spectrum, and BF, is sufficiently volatile to facili- 

tate its separation from the halomethyl amines formed. 
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TiCl, is similarly reactive, but the resulting TiF, 

precipitate is somewhat difficult to separate if the chloro- 

methyl amine has a low volatility. 

AlC&, SiCl, and SnCl, were found to be insufficiently 

reactive towards (CF,),NCHF, to achieve fluorine substitu- 

tion. On the other hand, formation of a si;rong fluoride 

acceptor like SbF,, might enter into the undesired back 

reaction (3) and prevent complete conversion. With BBr, at 

room temperature, (CF,),NCHF, and CF,N(CHF2), undergo analo- 

gous exchange reactions, (CF,),NCHBr, (II) and CF,N(CHBr,), 

(IV) being formed quantitatively. Tibr, is similarly reactive, 

but less convenient. 

Attempts to react (CF,),NCHF, with BI, at room tempera- 

ture afforded only the decomposition product HCI,. 

HYDROGZN SUBSTITUTION 

Octafluorotrimethylamine, (CF,)2NCHF,, and the chloro 

derivative I undergo photochlorination according to eqn. 4 

(CF,),m - CHX, 
Clz, hv 
_T__) HCl + (CF, ),m - CClX, (4) 

RT (X = F, Cl) 

I is more reactive than (CF3)zNCHFz, while the photochlorina- 

tion of III could not be achieved at room temperature even 

upon irradiation with a mercury lamp for a period of several 

days. Again yields of VIII and IX were essentially quantita- 

tive, and no substantialCNcleavage was observed. 

(CF, ),IKF,C~ (CF, ),NCCl, 

VIII IX 

PROFFRTIES 

Compounds I to IX were isolated and characterized by 

their nmr, mass, ir and Raman spectra. The temperature depen- 

dence of the vapour pressure of sufficiently volatile com- 

pounds was determined (Table l), 



TABLE 1 

Physical properties of the amines I to IX 

w bP760 log p[Torr]= -A/T +B 

1oCj 
_) 

:Oc, A B 

I -72 57 1677 7.960 

II -58 90 1817 7.885 

III -26 

IV 33 

V 170a 

VI -64 

VII 4 

VIII -110 18 1450 7.861 

IX -51 83 1814 7.974 

aRef, [51 171-173 OC. 

IV and V form colorless crystals; all other compounds are 

liquids at room temperature. 

All halomethyl amines are non-basic; e.g., they do not 

react with HCl or boron halides in excess. They are not 

miscible with water and are stable to mineral acids and 

P&O,, * They react with strong alkali, their reactivity in- 

creasing with their chlorine and bromine content. 

NMR SPECTRA 

All compounds were investigated by l9F and 'H nmr spec- 

troscopy. The chemical shifts and coupling parameters are 

summarized in Table 2. The l9F spectra of I and II are tem- 

perature dependent, the CF, groups becoming non-equivalent 

at or below room temperature. Fig. 1 illustrates the tempera- 

ture dependence of the l9F nmr spectrum of I, At low tempera- 

ture (-50°C), the two CF, groups are magnetically non-equiva- 

lent and appear as quartets. The behaviour of II is almost 

identical. The coalescence temperatures are -1 and +35" for 

I and II, determined at 56.4 and 84.7 MHz respectively on 
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Fig. l.lgF nmr spectrum of (CF,),Nt:HCl, A, -50~. B, -3 T. c, 1 OC, 

neat liquids with 10% CFCl, added. The '9F NMR spectrum of 

VI shows a similar temperature dependence, the quartets of 

the CF, group displayed at low temperature collapsing between 

+5 and +lO". A detailed study of the observed phenomena 

which accounts for nitrogen inversion and hindered rotation 

of the CHX, group is in progress. 

The infrared and Raman spectra of the compounds I to V, 

VIII and IX have been recorded. Diagnostic group frequencies 

and skeleton modes are listed in Table 3. A complete list of 

frequencies can be obtained from the third author uponrequest. 

Beyond the CH and CF stretching and CH bending modes, most 

vibrations are strongly coupled, the coupling increasing with 

the mass of t‘ne peripheral atoms. The Kaman spectrum of a 

single crystal of V depends on the orientation.of the crystal. 

The solid state vibrational spectra of this compound will be 

discussed in context with tne results of an X-ray diffraction 

investig-tion which is in progress. The observed spectrum of 

V is in agreement with that previously reported :61. 
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MASS" SPECTRA 

Compounds I to V, VIII and IX were investigated by EI 

mass spectroscopy. The observed m/e values and isotopic 

patterns of the fragment idns confirm the composition of the 

compounds investigated. The (&Halogen+) peak is always in- 

tense and in several cases the basis peak. The molecular ion 

MC was observed in the frngmentL*tion pattern of V. Table 4 

gives a list of the strongest peaks due to the lightest 

isotopomers (35C1 and 79Br) in the order of decreasing 

intensity. 

TABLE 4 
Observed fragments (lightest isotopomer) in the order of 

decreasing intensity at 70 eV 

m/e 

I 200 (M-Cl+), 69 (CF,+), 83 (CCl,H+), 96 (CF,NcH+), 

112 (CF,CUW+), 130 (cF,N~c~+) 

II 244 (M-Br+), 69 (CF,+), 96 (CF3NCH+), 171 (CBr,H+), 

156 (CF,BrNCH+),174 (CF,NCBr+) 

III 83 (CC&H+),214 (M-Cl+),69 (CF,+), 110 (CHCl,NCH+), 

96 (cF,N~H+) 

IV 171(~~r,H+), 96 (CF,NCH+), 69 (CF,+), 396 (M-Br+), 

198 (CHBr,NCH+) 

V 110 (cHc~NcHc~+),~~ (CC&H+), 228 @I-Cl+), 263 (M+) 

VIII 69 (CF,+),85 (CClF,+),202 (M-Cl+), 114 (cF,NCF+), 

130 (cF,NcC~+),~~~ (M-F+) 

IX 69 (CF,+), 243 (M-Cl+), 146 (CF,ClNCC1+),85 (CFd), 

117 (CC1,+),130 (CF,NCCl+) 

F,CN;$l I C*, 
F3CNCHBr, I1 

F CNCHC1, 
3 CHCl, 

III 
2 

CHW, 
F&NCHBr2 IV Cl,HCNE$;; V F CNCzF5 3 CHCl, 'I 

C12HCN&;; VII C*, 
F3CNCF2C1 

VIII CF3 
F3CNCCl, IX 

2 

List of Compounds 
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EXPERIMENTAL 

The synthesis of polyfluorotrialkylamines has been 

reported previously :3, 7;. 

Halogen exchange 

(CF, I2 NCHF, and excess BCl, are condensed into a glass 

tube and sealed off. After reacting 3 days at room tempera- 

ture the volatile products are separated by fractional con- 

densation in vacua using standard techniques. Traces of BC1, 

may be removed by treatment with H,O. I is obtained in quan- 

titative yield. II to VII are obtained similarly, the time 

required for complete reaction being considerably shorter. 

The use of Ccl, as solvent is recommended for the preparation 

of IV and V to moderate the vigorous reaction. 

Photochlorination 

(CF,),NCHF, (or I) and 2 atm. Clz, sealed in a Pyrex 

tube, are irradiated with a NORMAG TNN 15/32 low pressure 

mercury lamp for 3 days. Excess of Cl, is removed with Hg. 

HCl and the reaction products VIII and IX are separated by 

fractional condensation in vacua. 

Physical measurements see Ref. :7;. 
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