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A simple procedure for nucleophilic perfluoroalkylation of
organic and inorganic substrates
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Abstract—The mixture RfI and tetrakis(dimethylamino)ethylene is used for the nucleophilic perfluoroalkylation. The reaction of
chlorotrimethylsilane and RfI/tetrakis(dimethylamino)ethylene in diglyme results in the formation of RfSi(CH3)3 isolated in
55–81% yield. The interaction of this system with organic electrophiles such as benzoyl and benzensulphonyl chlorides, aliphatic
and aromatic aldehydes and activated ketones leads to the formation of the corresponding condensation products in 24–62% yield.
© 2001 Elsevier Science Ltd. All rights reserved.

The growing interest in compounds containing
polyfluoroalkyl groups has resulted in the development
of a variety of methods for selective introduction of
fluoroalkyl substituents into organic and inorganic
molecules. Nucleophilic perfluoroalkylation is probably
the most commonly used technique for preparation of
this type of material. Among reagents used are
perfluoroalkyl lithium, magnesium, zinc and copper1

and trifluoromethyl-2–4 and polyfluoroalkylsilanes.2,4,5

In 1984 Ruppert reported that the system based on
tris(diethylamino)phosphine and CF3Br can be used for
the transfer of a trifluoromethyl group to silicon.6 Later
this reaction was expanded and a system based on
perfluoroalkyl- (pefluoroalkenyl-) iodide (bromide) and
tris(dialkylamino)phosphine was demonstrated to be
effective for the synthesis of perfluoroalkyl aroyl
ketones,7–9 tertiary alcohols,10 fluorovinyl silanes,11,12

stannanes11 and perfluoroalkyl germanes.13 However, a
few years ago it has been reported that introduction of
CF3 group to silicon and boron14 can be carried out
using a combination of CF3I and tetra-

kis(dimethylamino)ethylene as a reducing agent. Later
tetrakis(dimethylamino)ethylene was successfully used
for the introduction of gem-difluoroketo-15 or gem-
difluoroheteroarylated moieties16,17 into hydrocarbon
aldehydes and ketones.

In the present work the synthetic utility of a mixture of
perfluoroalkyl iodide (1) and tetrakis(dimethyl-
amino)ethylene (2) is explored and it is demonstrated
that 1 in combination with 2 can be used for the
introduction of a perfluoroalkyl group into molecules
of organic and inorganic electrophiles. Similar to the
reaction of CF3I,14 the reduction of longer chain
perfluoroalkyl iodides (1a–d) by 2 in the presence of
chlorotrimethylsilane (3) results in the formation of the
corresponding silanes 4a,18 4b,18 4c,d19 isolated in 55–
81% yield (Eq. (1)).

It should be pointed out that in the absence of chlorosi-
lane, rapid reductive dimerization of C4F9I occurs at
�−30°C producing, according to NMR, a mixture of

(1)

* Corresponding author.
† Publication No 8157.

0040-4039/01/$ - see front matter © 2001 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (01 )00447 -6



V. A. Petro� / Tetrahedron Letters 42 (2001) 3267–32693268

branched perfluorooctenes C8F16 along with some
C4F9H. The system of RfI/2 as perfluoroalkylating
agent is less efficient than the widely employed
combination of perfluoroalkyltrimethylsilane/metal
fluoride.2,5,18 For instance, no product of the transfer
C4F9-group is found in reactions of either cyclopen-
tanone, adamantanone-2 or acetophenone (in THF or
ether as a solvent) and C4F9I/2. However, moderate
yield formation of RfH and C8F16 olefins is observed
in all reactions. On the other hand, with more active
carbonyl substrates the perfluoroalkylation pro-
ceeds rapidly and practically without formation of
products of the reductive dimerization. For example,
the interaction of benzoyl chloride (5) with the mix-
ture of 1c/2 results in the formation of ketone 67

(Eq. (2)).

(2)

The reaction of 5 with 2 mol of 1a leads to the
formation of mixture of C6H5C(O)C2F5 (7)7 and
C6H5C(C2F5)2OH (7a)10 in 33 and 17% yields, respec-
tively (see Table 1). Compound 8 reacts with 1d/2 under
similar conditions giving sulfone 8a20 (Eq. (3)).

(3)

Electrophiles, such as 1,1,1-trifluoroacetophenone (9a),
benzaldehyde (9b), cyclohexanecarboxyaldehyde (9c),
propionaldehyde (9d) or hexafluoroacetone (9e) react
with perfluoroalkyl iodides (1a–d) and CF3I (1e) in the
presence of equimolar amount of 2 producing alcohols
10a,10 10b,19 10d, 10e,21 10f,22 10g, 10h23 and 10c,18

respectively, in low to moderate yield (see Table 1 and
Eq. (4)). Formation of the corresponding monohy-
droperfluoroalkane (10–40% based on alkyl iodide
depending on the temperature, solubility of the reagents
and polarity of solvent) is probably responsible for
decreased yields of the products and this is observed in
all reactions. In most cases unreacted carbonyl com-
pound can be recovered. Despite the fact that higher
homologs of RfI (>C4) were not tried in this reaction at
this moment there is no reason to believe that they will
behave differently in this reaction.

In conclusion, a simple method for nucleophilic
perfluoroalkylation is described. Using readily available
starting materials [tetrakis(dimethylamino)ethylene and
perfluoroalkyl iodides], a variety of organic and inor-

Table 1. Reaction conditions, ratio of reactants and yields of products

Solvent Reactants (ratio) Temperature (°C) Product (yield%)aTime (h)Entry

4a (81)Diglyme1 2−301a, 2, 3 (1.2:1:1)
Diglyme 1b, 2, 3 (1.2:1:1)2 −30 2 4b (75)

3 4c (55)2.5−301c, 2, 3 (1.2:1:1)Diglyme
1.5−30 4d (68)1d, 2, 3 (1.2:1:1)Diglyme4

5 THF 1c, 2, 5 (1.1:1:1) −40 to −20 2 6 (56)
1a, 2, 5 (2:1.5:1) −40 to −20 26 7a (33), 7b (17)bTHF

Monoglyme7 1d, 2, 8 (1.2:1:1) −15 to −10 2 8a (30)
1a, 2, 9a (1.2:1:1) −40 to −20 28 10a (45)THF

9 10b (59)2−40 to −301d, 2, 9a (1.2:1:1)Monoglyme
1.5−40 to −30 10c (30)1b, 2, 9b (1.2:1:1)Monoglyme10

1d, 2, 9c (1.2:1:1) −40 to −30 211 10d (30)THF
DMF 1e, 2, 9c (1.3:1:1)12 −20 to −10 2 10e (62)

−40 to −201a, 2, 9d (1.2:1:1)CH2Cl213 10f (24)2
DMF14 10g (35)1d, 2, 9d (1.2:1:1) 8−20 to −10

15 1d, 2, 9e (1.1:1:1)DMF −30 to −20 2 10h (42)

a Isolated yield unless indicated otherwise.
b Determined by NMR.
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ganic substrates are easily alkylated in good to moder-
ate yield.
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