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Abstract Secondary amines and amides react spontaneously with perhalofluoroalkanes
CFZBrCFBrX(X =F, C1, CF3) to afford N-perhalofluoroalkylated tertiary amines in fair
to good yields. Evidence for an anionic chain process initiated by the bromophilic attack

of nitrogen nucleophiles on C-Br bonds is given.

We have recently reported the spontaneous reactions of some perhalofluoroalkanes with

thiophenoxideslla’lb] (lc,1d]

, aryloxides and alkoxides . Evidence has been given to show that
in these reaction systems halophilic attacks of sulfur and oxygen nucleophiles on C-Br or C-Cl
bonds are involved. Our continuing interests in all types of halophilic attacks led us to
examine the reactions of secondary amines and amides (1) with CFoBrCFBrX (2, X =F, C1, CF3).
Only a few cases of halophilic attacks by nitrogen nucleophiles have been reported, and they
are limited to C-I bonds[2’3]. Although the ncy;1 scale indicates that amines are fairly good
nucleophiles in Sy2 reactions, Baciocchi and Lillocci have found that they are less reactive
in making nucleophilic attacks on iodine[zl. Tertiary amines are known to form donor-acceptor
complexes with perfluoroalkyl iodides and bromides[4]. Our results indicate, however, that
nitrogen nucleophiles are capable of engaging in bromophilic attacks on C-Br bonds. Thus

slow but spontaneous reactions between secondary amines and perhalofluoroalkanes 2 take place
in some polar aprotic solvents to afford N-perhaloalkylated amines 3 as main products. Slight
heating and the presence of tertiary amines facilitate the reactions and considerably increase
the product yields. Lithium and sodium amides, as expected from their high reactivity, react

readily at room temperature or below with 2 to give the same products as those from the

Scheme I
RIRZNM + XCFBrCF,Br RIR?NCF,CFBrx + RIR®NCF,cPx + RIRZNCF=CFX
1 2 3 4 5
M=H, Li, Na
H,0 H,0 / H,0
la: Et,NM  2a: X = Cl
1b: { NM 2b: X = CF4
lc: CN’M 2C: X =F RIRZNCOCFBrx rR2NCOCFXH
1d: (iPr),Nm 6 7
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reactions of the corresponding amines, but with improved yields of the main products 3.
These reactions can be summarized in scheme I.

Perfluoroalkyl or perfluoroalkenyl amines are easily hydrolyzed[5-7]. In fact, small
amounts of the hydrolysis products 6 and 7 were often formed during the course of work-up,
and sometimes even before the work-up. However, the perhalofluoroalkyl tertiary amines 3
can be isolated and thus seem to be more stable towards hydrolysis than the f~hydro-
perfluoroalkyl tertiary amines which were claimed to be inseparable[S]. The enamines 5
were found only in the reactions of 2b. Table 1 shows a part of our results.

Evidently, the role of amines and amides in these reactions is quite similar to those
of the sulfur and oxygen nucleophiles previously studied[ll. To illustrate, the reactions of
amides can be analogously described in terms of an anionic chain mechanism with a

bromophilic step accomplished by a nitrogen nucleophile(scheme II).

Scheme I1
RIRZN™ + BrCF,CPBIX RR2N-Br + TCFXCF,Br (1)
2 8 9
9 _frelimination  cpy.cp, + Br” (2
RIRZN" + CF,=CFX ———~  R'R’NCF,CFX~ (3)
10
10 + 2(or 8 ) ——= RIRZNCF,CFXBr + 9(or RIRZN™ ) 4)
3
10 + H' - donor — + RRZNCF,CFXH (5)
4
10 f-elimination R1R2N0F=CFX (6)
5

Both the regiospecificity of the nitrogen attachment and the formation of the
side-products 4 and 5 are fully consistent with this mechanism. The GC detection of small
amounts of the corresponding olefins in the reaction systems and the fact that addition of
small amounts of the olefins remarkably accelerates the reactions may serve as further
evidence for the intermediacy of the olefins and for the chain process. Interestingly,
only BrCF,CFBrCF4(2b) yields considerable amounts of the enamines RIRZN—CF=CFCF3(§).This
observation accords with the previous report on the addition of secondary amines to
hexafluoropropene[S]. Possibly, the potential hyperconjugative interaction of the CF3—group
with the lone-pair of the nitrogen through the developing double bond could facilitate
the f~elimination Step-(6)[8].

Although the spontaneity of the reactions of secondary amines in the absence of other
bases indicates that they are also able to make the bromophilic attack, they are much less
reactive than the amides. Notably, for RlRZNH, steps (1) and (3) in Scheme II will lead to
the formation of quaternary ammonium ions RIRZHN+Br and RleHN+CF2CFX_, which are proton-donors
and would participate in the chain terminating step-(5) and thus retard the desired reactions.
The favorable effect of adding triethylamine to the system might be partly related to its

ability to remove HBr effectively from the reaction system. However, rather surprisingly,
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Table 1. Selected results of the reactions of 1 and 2 in DMF under various

conditions
Yield,z P
CF,BrCFBrX | RIRNm additive 3 4 5
none , 40°, 48h 21 4
EtyN, 40°, 20h 57 2
BuLi,-5%, 2h 32 0
Et,NH BulLi + Et3N,—5°, 2h 53 0
NaH, -5°, 6h (26)
2a NaH + Et3N, -57, 6h 77(65) 5
X =Cl EtgN, 40°, 20h 45(29) 8
( :NH NaH + EtyN, -5°, 6h 87(83)
Et3N, 40°, 20h 25
CNH NaH + Et3N, -5°, 6h 68 1
(iPr),NH | BuLi + Et3N,-5°, 6h 5
EtsN, 40°, 20h 11 1€ 1€
Et,NH NaH + Et3N, -5°, 6h 42(32) 1 19(21)
2b BuLi + Et3N,-5°, 2h 65 1€ 20
X = CFy ¢ MNH NaH + Et3N, -5°, 6h 44(33) 1€ 29(20)
' Et,N, 40°, 20h 13 15 1
CNH NaH + Et3N, -5°, 6h 42¢21) 1° 15
EtyN% 40°, 72h 29 57
Et,NH BuLi + Et3N,-5°, 6h 42 6
2¢
Et3N%, 40°, 72h 12 35
X=F < :NH NaH + Et3N, -5°, 6h 45(35) 1
CNH NaH + Et3N, -57, 6h 31(20) 4

a. HMPA was used as the solvent.

b. The yields were measured by 19p_

nmr. The numbers in parenthesis are isolated
yields. Various amounts of 6 and 7 were also found.

c. Considerable amounts of their hydrolyzed products 7 were found before work-up.
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even in the cases of amides, the presence of Et3N increases the product yields considerably,
although no HBr formation would be expected. One wonders whether molecular complexes between
tertiary amines and the per(bromo, fluoro)alkanes might be involved[4]. Thus the role played
by Et3N remains to be clarified.

In order to gain additional evidence for our mechanistic scheme, we have made use of the
notion that steric effects for the bromophilic front-side attack, i.e. reaction-(1), is
expected to be smaller than those for the addition step, i. e., reaction—-(3). Thus a bulky
nucleophile might lead to an accumulation of the unreacted olefin. In fact, in the reaction
of iPryNLi with 2a, after 80% conversion of the substrate 2a, only 5% of the alkylated
product 3 was formed, and the main product turned out to be CF,=CFCl.

In summary, the results presented above show that both the negatively charged and
uncharged nitrogen nucleophiles are capable of making bromophilic attacks on the C-Br
bonds of the per(bromo, fluoro)alkanes, whereas previous results for oxygen and sulfur
nucleophiles indicate that only their anionic species can do this. Furthermore, the title
reaction can provide us with a useful method for the preparation of N-perhalofluoroalkyl

amines which are seldom synthesized before.
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14.8(AB dgq, JAB=188HZ J=11.3Hz 2F), CAHSNCFZCFClBr: (CCIA) -11.3 (t, J=11.3Hz IF)
15.5(d,J=11.3Hz 2F), (i“Pr)ZNCFZCFClBr: (CCl4) -7.5(t,J=11.3Hz 1F) 9.5(d,J=11.3Hz 2F),
Et,NCF,CFBICFy: (CClA) -2.5 (m, 3F) 12.7 (m, 2F) 58 (m, 1F), CgH;yNCF,CFBrCFy:
(neat) -2.2(m, 3F) 12.5 (m, 2F) 56 (m, 1F), C, HgNCF,CFBrCFy: (neat) -1.7(m, 3F)
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