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a b s t r a c t

Numerous salts of the (CF3SO2)2N� anion, called TFSI, were prepared according to an original one-pot
procedure. First, N-benzyl trifluoromethanesulfonimide (N-benzyl triflimide) was treated with ethanol to
form an oxonium intermediate, which was then neutralized by various bases to provide metallic or
trialkylammonium triflimides salts. Alternatively, N-benzyl triflimide was directly treated with trialkyl
sulfonium, quaternary ammonium or phosphonium halides to deliver the corresponding triflimide de-
rivatives. N-Benzyl triflimide can be also reacted with di- or tri-alkylamines and phosphines to get benzyl
onium salts. Analogous reactions can be carried out with N-allyl triflimide. Therefore, the TFSI anion can
be very easily and expediently associated with a wide range of metallic or organic cations. Such salts can
find applications as electrolytes for batteries and fuel cells, ionic liquids or Lewis acids.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Since its first synthesis,1 the (CF3SO2)2N� anion was intensively
studied for several applications, which, actually, are dependent on
the nature of the associated cation: associated with lithium, the
corresponding salt is used as electrolyte for lithium-polymer bat-
teries,2 while associated with protic ammonium, it is a promising
electrolyte for fuel cells.3 Moreover, several ionic liquids are con-
stituted by this anion associated with tetraalkylammonium, N-
alkylimidazolium, N-alkylpyridinium or alkylphosphonium
cations.4 Neutral derivatives of TFSI have also been prepared and
have found application in synthetic chemistry. For example,
(CF3SO2)2N–H (TFSIH) is a strong Brønsted acid, useful as catalyst,5

whereas its N-fluoro derivative (CF3SO2)2N–F is one of the most
powerful reagent for electrophilic fluorination.6 Salts of TFSI and
derivatives have also been considered as intermediates for agri-
cultural chemicals7 or as ligand for metals.8
. Arvai), ftoulgoat@yahoo.fr

All rights reserved.
In all these cases, the interest of TFSI salts or derivatives is
mainly due to the properties induced by the presence of the two
CF3SO2 groups.1a Their strong electron-withdrawing effect en-
hances the acidity of the hydrogen in TFSIH while, by enhancing the
dispersion (and eventually the delocalization) of the negative
charge, it stabilizes the conjugated base (CF3SO2)2N�, which,
therefore, is a poor base and a poor nucleophile. An additional
consequence is that (CF3SO2)2N� Mþ also presents a high ionic
conductivity and a huge resistance to oxidation.

With such a wide range of application, the synthesis of TFSI salts
obviously received considerable attention. The first synthesis,
reported by DesMarteau et al. in 1984, was based on the reaction of
trifluoromethanesulfonyl fluoride with the sodium salt of N-tri-
methylsilyl-trifluoromethanesulfonamide.1 Other research groups
prepared TFSI salts by coupling trifluoromethanesulfonyl fluoride
with trifluoromethanesulfonamide in the presence of a base.9 A
simpler method is the direct reaction of trifluoromethanesulfonyl
fluoride with liquid ammonia.10 The reaction of tri-
fluoromethanesulfonyl fluoride with silazanes11 [such as LiN-
(SiMe3)2] or trifluoroacetamides12 has been also reported.
However, all these methods use gaseous trifluoromethanesulfonyl
fluoride and, most of the time, harsh conditions such as high
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Table 1
Synthesis of various sulfonimides by a two-step one-pot procedure
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Entry Base (x equiv) Sulfonimide salt Mþ Isolated yields

1 LiOH$H2O (1 equiv) 3a Liþ 82%
2 NaHCO3 (1 equiv) 3b Naþ 89%
3 KOH (1 equiv) 3c Kþ 84%
4 Ca(OH)2 (0.5 equiv) 3d Ca2þ 77%
5 MgCO3 (0.5 equiv) 3e Mg2þ 76%
6 Zn(OH)2 (0.5 equiv) 3f Zn2þ 71%
7 Sc2O3 (0.3 equiv) 3g Sc3þ 70%a

8 Me4NþOH�$5H2O (1 equiv) 3h Me4Nþ 79%
9 Et3N (1 equiv) 3i Et3NHþ 85%
10 iPr2EtN (1 equiv) 3j iPr2EtNHþ 87%

a Reaction in refluxing EtOH/H2O.
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Scheme 1. Preparation of N-benzyl trifluoromethanesulfonimide.
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Scheme 2. Preparation of LiTFSI.
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pressure and high thermal level. Moreover, the reagents opposed to
CF3SO2F are often very moisture sensitive and require special
handling procedures.

Here, we wish to report a new, mild and expedient method,
based on solid N-benzyl trifluoromethanesulfonimide as key in-
termediate, to prepare a wide range of TFSI salts.

2. Results

As we have already described,14 the benzyl group of some
fluorinated N-benzylsulfonimides can be easily cleaved by alcohols.
Therefore, we decided to apply this deprotection method to N-
benzyl trifluoromethanesulfonimide 2, which can be obtained in
very good yields from triflic anhydride 1 and benzylamine in the
presence of diisopropylethylamine (DIEA) as base (Scheme 1).13

The first goal was to prepare lithium trifluoromethanesulfo-
nimide (LiTFSI), which is a promising electrolyte, already commer-
cially available, for lithium batteries. Indeed, the expected reaction
occurred after treatment of 2 with ethanol at room temperature,
followed by neutralization with lithium hydroxide (Scheme 2).

Here again, the strong electron-withdrawing effect of the fluo-
rinated moieties explains such an unusual reactivity: in fact, the
deprotection step is a very mild nucleophilic substitution around
the benzylic carbon, which is strongly favoured by the very good
leaving ability of the TFSI anion. It leads to an oxonium triflimide 4,
which has to be neutralized by a base to offer the expected lithium
salt (Scheme 3). Moreover, its purification is really simple since the
only formed by-product is benzyl ether, a non-ionic compound,
which can be easily eliminated.

We can notice that such a reactivity has already been ob-
served.13,15 However, as the purpose of the corresponding works
was to prepare benzylated compounds, no attention was paid to the
isolation of the sulfonimide by-product.

As suggested in Scheme 3, the transformation of 2 into 3a can be
considered as a two-step reaction: first, deprotection of the benzyl
group in ethanol (indicated by complete dissolution of 2 in ethanol
and confirmed by 19F NMR analysis), then neutralization of the
resulting oxonium triflimide 4 by a base. It must be underlined that
Et O
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Scheme 3. Propose
the preliminary ethanolic treatment is necessary to avoid the side-
reactions observed when N-benzyl sulfonimide 2 was directly
treated with LiOH. Actually, these undesired reactions were due to
the abstraction of a benzylic proton by such a strong base and also
by the presence of the sulfur(VI) sites of the triflyl groups, which are
a hard electrophiles, able to be attacked by a hard nucleophile such
as HO�. In contrast, ethanol is a less basic and softer nucleophile,
and thus, only nucleophilic substitution was observed. Conse-
quently, selective debenzylation occurred.

As the lithium cation associated with (CF3SO2)2N� was brought
by the base used to deprotonate the oxonium salt, a wide range of
cations can be expected to be associated with this triflimide anion
by simply varying the base. Thus, different metallic hydroxides
[LiOH, KOH, Ca(OH)2, Zn(OH)2], hydrogenocarbonates (NaHCO3),
carbonates (MgCO3) or oxides (Sc2O3) were used to neutralize
ethanolic solutions of 2 and the corresponding triflimide salts 3a–g
were obtained in good to excellent yields (Table 1). Tetramethy-
lammonium hydroxide worked as well and provided a quaternary
ammonium triflimide 3h. Alternatively, the oxonium triflimide 4
can be neutralized by tertiary amines to get protonic ammonium
triflimides 3i,j (Table 1).

If alkaline triflimides (3a–c, M¼Li, Na, K) and calcium triflimide
(3d) can be used in present or future batteries, magnesium, zinc
and scandium triflimides (3e–g, M¼Mg, Zn, Sc) constitute very
potent Lewis acids since these salts are probably very dissociated in
solution. On the other hand, proton-containing ammonium tri-
flimides 3i,j are good candidates for proton exchange membrane
fuel cells (PEMFCs).3

The method has been extended to the manufacture of other
lithium and triethylammonium perfluoroalkanesulfonimide start-
ing from commercially available 2-(pentafluoroethoxy)tetra-
fluoroethanesulfonyl fluoride (Scheme 4).

By analogy with the synthesis of the scandium salt 3g, silver
oxide was also reacted with 2 in refluxing ethanol, in order to
prepare another potent Lewis acid. Unfortunately, under these
conditions, silver oxide was reduced by ethanol into a silver
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Table 3
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Scheme 5. Synthesis of Zn(II) and Ag(I) triflimides.
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Scheme 4. Synthesis of sulfonimides 8a and 8b.
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mirror. Thus, the process was modified: after complete reaction
between 2 and ethanol, the latter was evaporated and the crude
oxonium triflimide 4 was dissolved in toluene, brought to reflux
then reacted with silver oxide. In such a way, silver triflimide 3k
was obtained in a good yield (Scheme 5). The same process was
applied to the preparation of zinc triflimide 3f from diethyl zinc
except that the reaction was carried out at room temperature
(Scheme 5).

As stated above, that, if N-benzyl triflimide 2 can be cleanly
debenzylated by ethanol, the triflimide moiety cannot be directly
and selectively substituted from 2 by the basic and hard nucleo-
phile HO�. Nevertheless, it was anticipated that less basic and
softer nucleophiles could cleanly perform a nucleophilic sub-
stitution on the benzylic centre. Indeed, when reacted with 2, n-
tetrabutylammonium bromide, trimethylsulfonium iodide or
methyltriphenylphosphonium bromide provided the correspond-
ing triflimide salts in good yield (Table 2).

This method looks efficient for preparing onium triflimides,
since onium halides are generally more accessible than onium
hydroxides, but its scope is not so wide as that of the ethanol-
mediated one as far as metallic salts are concerned. For example, no
reaction was observed between 2 and silver iodide or cupric bro-
mide in toluene at room temperature and decomposition of the
substrate occurred when heating the mixtures up to 70 �C and
Table 2
Synthesis of sulfonimides through direct debenzylation with salts
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N
S
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(M= R4N, R3S, R4P)

X
CH2Cl2

r.t.

3l-n2

Entry MX (x equiv) Sulfonimide salt Mþ Isolated yield

1 n-Bu4NþBr� (1 equiv) 3l Bu4Nþ 73%
2 Me3SþI� (1 equiv) 3m Me3Sþ 59%
3 MePh3PþBr� (1 equiv) 3n MePh3Pþ 81%
110 �C, respectively. Maybe such metallic halides, which contain an
oxophilic cation, could add onto the S]O bond and deliver tri-
fluoromethanesulfonyl iodide or bromide, which are known to be
thermally unstable16 and cannot be detected (CF3SO2I decomposes
spontaneously into CF3I and SO2 at room temperature).16a This
hypothesis is consistent with the fact that silver fluoride and tet-
ramethylammonium fluoride reacted with 2 to deliver tri-
fluoromethanesulfonyl fluoride, a thermally stable product, which
was detected by 19F NMR. The latter product obviously resulted
from the attack of the hard nucleophile F� on the hardest electro-
philic site of 2 that is the sulfur(VI) moiety.

As 2 reacted cleanly at the benzylic site with ethanol and ionic
nucleophiles such as onium halides, it was also opposed to amines
and phosphines. The reaction worked very well and delivered
onium triflimides in which the cation contained a benzyl sub-
stituent (Table 3). Depending on the substitution pattern of the
cation, these onium triflimides can be useful as ionic liquids17 or
can behave as new electrolytes for fuel cells. Of note, DesMarteau
et al. recently used a similar method to prepare N-methyl-imid-
azole from N-methyl-trifluorosulfonimide.18

Finally, owing to the fact that allylic substitution is as easy as
benzylic substitution, N-allyl triflimide 9 was also prepared in
a similar way as 2 (Scheme 6).

Then, reactions of 9 with amines, phosphines and sulfides were
examined. As expected, these reaction delivered good to very good
yields (Table 4), though 9 seemed a little bit less reactive than 2: for
example, diisopropylamine reacted nicely with 2 at room temper-
ature whereas heating to 70 �C was necessary with 9. Allylation of
tetrahydrothiophene proceeded smoothly but allylation of diben-
zothiophene or benzo[b]thiophene was not observed, even after
heating at 70 �C, since these conjugated substrates are poorer nu-
cleophile. Obviously, the cation of the resulting onium triflimide
contained an allyl substituent.
Synthesis of sulfonimides through direct debenzylation with amines and
phosphines
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Entry R3A Sulfonimide salt Mþ Isolated yields

1 Et3Na 3o BnEt3Nþ 84%
2 iPr2NHa 3p BniPr2NHþ 88%
3 DIEAb 3q BniPr2EtNþ 59%
4 N-Me imidazolea 3r N-Me-N0-Bn-Imþ 85%
5 Ph3Pb 3s BnPh3Pþ 78%

a Reaction at rt.
b Reaction at 70 �C under autogeneous pressure.
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Scheme 6. Synthesis of N-allyl triflimide 9.
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In conclusion, we have developed a new and versatile method to
synthesize trifluoromethanesulfonimide salts, based on the easy
deprotection of N-benzyl- or N-allyl trifluoromethanesulfonimide
(2 and 9, respectively) without using any hydrogen or noble metal
as catalyst.19 This process was carried out either by two steps in
one-pot, that is ethanolysis followed by neutralization, or by a sin-
gle substitution step, provided that, in this case, the incoming nu-
cleophile is not too basic and hard. The two-step one-pot method
exhibits the largest scope but a suitable combination of the two
techniques allows the synthesis of a very wide range of salts with
varied cations. These methods are very simple since the reagents
and reactants are easy to handle, the intermediates are moderately
moisture sensitive and the required conditions are mild. The tri-
flimide salts thus obtained could find various applications as elec-
trolytes for batteries and fuel cells, as ionic liquids or as acid
catalysts.
3. Experimental

3.1. General

Prior to use, solvents were distilled and stored over 4 Å mo-
lecular sieves under nitrogen atmosphere. Amines and Ti(OiPr)4

were freshly distilled prior to use. Other commercially available
reagents were used as received. Ag2O was freshly prepared by
precipitation from 1 M aq AgNO3 with 1 equiv of 1 M aq NaOH
followed by washing with demineralized water to pH¼7 and dry-
ing at 80 �C. All reactions were carried out under nitrogen atmo-
sphere in screw caped thick glassware that allowed reactions in
dichloromethane at 70 �C under autogeneous pressure. TLC anal-
yses were carried out on silica gel (Merck Kieselgel 60F254) de-
posited on aluminium plates, detection being done by UV
(254 nm). NMR spectra were recorded in CDCl3, DMSO-d6, acetone-
d6 or CD3CN as stated for each experiment. 1H NMR spectra were
recorded at 200 or 300 MHz and 13C NMR spectra at 100; 75 or
50 MHz, respectively. 19F NMR spectra were recorded at 282 MHz
and 31P NMR spectra at 121 MHz. Chemical shifts (d) are given in
parts per million versus TMS (1H, 13C); CFCl3 (19F) or H3PO4 (31P)
used as internal references. Coupling constants are given in hertz.
Table 4
Synthesis of sulfonimides through direct deallylation with amines, phosphines and
sulfides
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CF3

O O

CH2Cl2
70 °C

10a-d
(A= N, P, S)

AR3
9

Entry R3A Sulfonimide salt [CH2]CHCH2AR3]þ Isolated yields

1 iPr2NH 10a AllyliPr2NHþ 78%
2 DIEA 10b AllyliPr2EtNþ 76%
3 Ph3P 10c AllylPh3Pþ 86%

4 S 10d S
+

95%a

a Reaction at rt.
The substitution pattern of the different carbons was determined
by a ‘DEPT 135’ sequence. Elemental analyses were determined by
the ‘Laboratoire Central d’Analyses du CNRS’ at Vernaison (France).
As the different salts are highly hygroscopic, their melting points
were not determined.
3.2. Synthesis of N-benzyl trifluoromethanesulfonimide 2

RN: [35034-08-3]13

DIEA (0.515 g, 4 mmol) was added, under inert atmosphere, to
a solution of a freshly distilled benzylamine (0.215 g, 2 mmol) in
anhydrous dichloromethane (20 mL). The reaction mixture was
cooled down to �78 �C, then triflic anhydride (1.41 g, 5 mmol) was
added dropwise. The reaction mixture was slowly warmed up to
room temperature during 1 h and stirred at this temperature for
1 h. Then, aqueous HCl (3%) was added. The aqueous phase was
extracted with dichloromethane and the combined organic layers
were dried over MgSO4. Filtration and evaporation of the solvent
left a crude mixture, which was refluxed in pentane. Before cooling
down to room temperature, the pentane phases were collected.
This operation was repeated several times. Evaporation of the
combined pentane fractions left N-benzyl sulfonimide 2 as a pale
brown solid (0.65 g, 87%).

1H NMR (CDCl3, 300 MHz): d 7.49–7.52 (m, 2H), 7.40–7.43 (m,
3H), 5.11 (s, 2H); 13C NMR (CDCl3, 75 MHz): d 131.9, 130.0, 129.9,
129.1, 118.9 (q, 1JC–F¼324.8 Hz), 56.8; 19F NMR (CDCl3, 282 MHz):
d �72.57.
3.3. General synthesis of trifluoromethanesulfonimide
salts 3a–j20

A solution of 2 (1 equiv) in ethanol (0.2 M solution) was stirred
at room temperature for 8 h. Then, a base (1 equiv) was added and
the reaction mixture was stirred overnight. After evaporation of the
solvent, the residue was dissolved in ether and filtrated over Cel-
ite�. Evaporation of the filtrate left a solid, which was washed
several times with pentane to give the corresponding TFSI salt.
3.4. Lithium trifluoromethanesulfonimide 3a

RN: [90076-65-6]20a

Prepared from LiOH$H2O (35.7 mg, 0.85 mmol); white hygro-
scopic solid (0.20 g, 82%).

13C NMR (acetone-d6, 75 MHz): d 120.9 (q, 1JC–F¼321.1 Hz); 19F
NMR (DMSO-d6, 282 MHz): d �79.16 (s, CF3).
3.5. Sodium trifluoromethanesulfonimide 3b

RN: [91742-21-1]1a

Prepared from NaHCO3 (84.01 mg, 1 mmol); white hygroscopic
solid (270 mg, 0.89 mmol, 89%).

13C NMR (acetone-d6, 75 MHz): d 120.8 (q, 1JC–F¼321.1 Hz); 19F
NMR (DMSO-d6, 282 MHz): d �79.21 (s, CF3).
3.6. Potassium trifluoromethanesulfonimide 3c

RN: [90076-67-8]20b

Prepared from KOH (0.056 g, 1 mmol); white hygroscopic solid
(0.268 g, 0.84 mmol, 84%).

13C NMR (acetone-d6, 75 MHz): d 119.2 (q, 1JC–F¼319.8 Hz); 19F
NMR (acetone-d6, 282 MHz): d �80.56 (s, CF3).
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3.7. Calcium bis-(trifluoromethanesulfonimide) 3d

RN: [165324-09-4]20c

Prepared from Ca(OH)2 (37 mg, 0.5 mmol); white hygroscopic
solid (231 mg, 0.39 mmol, 77%).

13C NMR (acetone-d6, 50 MHz): d 120.0 (q, 1JC–F¼320.0 Hz); 19F
NMR (acetone-d6, 282 MHz): d �80.09 (s, CF3).

3.8. Magnesium bis-(trifluoromethanesulfonimide) 3e

RN: [133395-16-1]20c

Prepared from MgCO3 (0.0357 g, 0.85 mmol); white hygroscopic
solid (0.378 g, 0.65 mmol, 76%).

13C NMR (acetone-d6, 75 MHz): d 120.3; 19F NMR (acetone-d6,
282 MHz): d �77.31 (s, CF3).

3.9. Zinc bis-(trifluoromethanesulfonimide) 3f

RN: [168106-25-0]20c

Prepared from Zn(OH)2 (0.099 g, 1 mmol); white hygroscopic
solid (0.444 g, 0.71 mmol, 71%).

13C NMR (acetone-d6, 75 MHz): d 120.9 (q, 1JC–F¼319.5 Hz); 19F
NMR (acetone-d6, 282 MHz): d �79.84 (s, CF3).

3.10. Scandium tris-(trifluoromethanesulfonimide) 3g

RN: [176726-07-1]20d

N-Benzyl sulfonimide 2 (0.371 g, 1 mmol) in ethanol (5 mL) was
stirred at room temperature for 8 h. Then, the reaction mixture
was diluted with water, scandium oxide (0.023 g, 0.167 mmol) was
added and the reaction mixture was heated under reflux overnight.
The reaction mixture was cooled down, extracted with diethyl
ether. The ethereal solution was dried over MgSO4, filtered and
volatiles were evaporated. The residue was washed with pentane
several times. The salt compound was obtained as a white hygro-
scopic solid (0.207 g, 0.233 mmol, 70%).

13C NMR (acetone-d6, 50 MHz): d 120.4 (q, 1JC–F¼321.1 Hz); 19F
NMR (acetone-d6, 282 MHz): d �79.93 (s, CF3).

3.11. Tetramethylammonium trifluoromethanesulfonimide 3h

RN: [161401-25-8]20e

Prepared from Me4NþOH�$5H2O (109 mg, 0.6 mmol); crystal-
lized from dichloromethane/pentane to yield white solid (280 mg,
79%).

13C NMR (CD3CN, 50 MHz): d 119.9 (q, JC–F¼320.1 Hz), 56.2; 1H
NMR (CD3CN, 200 MHz): d 3.09 (s, 12H); 19F NMR (CD3CN,
282 MHz): d �80.01 (s, 3F).

Anal. Calcd for C6H12F6N2O4S2: C, 20.34; H, 3.41; N, 7.91; S, 18.10.
Found: C, 20.31; H, 3.33; N, 7.84; S, 18.05.

3.12. Triethylammonium trifluoromethanesulfonimide 3i

RN: [192998-66-6]20f

Prepared from Et3N (0.14 mL, 1 mmol); white hygroscopic solid
(325 mg, 0.85 mmol, 85%).

1H NMR (acetone-d6, 300 MHz): d 7.09 (s, 1H), 3.31 (q, 6H, 3JH–

H¼7.2 Hz), 1.35 (t, 9H, 3JH–H¼7.2 Hz); 13C NMR (acetone-d6,
75 MHz): d 120.4 (q, CF3, 1JC–F¼321.0 Hz), 48.2, 9.0; 19F NMR (ace-
tone-d6, 282 MHz): d �80.50 (s, 3F).

3.13. Diisopropylethylammonium
trifluoromethanesulfonimide 3j

RN: [1000369-41-4]20g

Prepared from DIEA (0.174 mL, 1 mmol); white hygroscopic solid
(357 mg, 0.87 mmol, 87%).
1H NMR (CDCl3, 200 MHz): d 7.18 (s, 1H), 3.55–3.43 (m, 2H),
3.07–2.94 (m, 2H), 1.28–1.21 (m, 15H); 13C NMR (CDCl3, 50 MHz):
d 120.2 (q, 1JC–F¼317.0 Hz, CF3), 55.0, 43.1, 18.2, 16.7, 12.5; 19F NMR
(CDCl3, 282 MHz): d �80.14 (s, 3F).

3.14. Silver trifluoromethanesulfonimide 3k

RN: [189114-61-2]20h

N-Benzyl sulfonimide 2 (0.371 g, 1 mmol) in ethanol (5 mL) was
stirred at room temperature for 8 h. The volatiles were evaporated
from the reaction mixture under reduced pressure at 60 �C. The oily
residue was dissolved in dry oxygen-free toluene (7 mL). Then,
silver oxide (0.116 g, 0.5 mmol) was added and the light protected
reaction mixture was heated under reflux for 3 h, after which
complete dissolution of the solid was observed. The reaction mix-
ture was cooled down, filtered over Celite� and concentrated to 1:3
of the volume. Then, the product was precipitated with pentane.
The title compound was obtained as a yellow hygroscopic solid
(0.291 g, 0.75 mmol, 75%).

13C NMR (CD3CN, 50 MHz): d 120.1 (q, JC–F¼319.7 Hz); 19F NMR
(CD3CN, 282 MHz): d �80.13 (s, CF3).

3.15. N-Benzyl-1,1,2,2-tetrafluoro-2-pentafluoroethoxy-
ethanesulfonamide 6

In a Pyrex round bottom screw-cap flask, freshly distilled
benzylamine (29.6 mL, 271.45 mmol) was added, under inert at-
mosphere, to a solution of a 1,1,2,2-tetrafluoro-2-penta-
fluoroethoxy-ethanesulfonyl fluoride (17.28 g, 54.29 mmol) in
anhydrous dichloromethane (30 mL). The reaction mixture was
heated to 50 �C overnight in the closed flask (the reaction was
followed by 19F NMR). The reaction mixture was cooled down to
room temperature and then aqueous HCl (10%) was added. The
aqueous phase was extracted with dichloromethane and the
combined organic layers dried over MgSO4. Filtration and solvent
evaporation left a crude mixture, which was purified by filtration
over a 2 cm layer of silica gel, then washed with dichloromethane.
Evaporation of the solvent left the title compound 6 as an oil in
85% yield (18.67 g, 46.15 mmol) and was used to prepare 7 without
further purification.

1H NMR (CDCl3, 300 MHz): d 7.42–7.30 (m, 5H), 5.34 (s, 1H), 4.44
(s, 2H); 13C NMR (CDCl3, 75 MHz): d 135.4 (C), 129.2, 128.8, 128.0
(CH), 116.4 (tt, CF2, 1,2JC–F¼289.2, 31.5 Hz), 116.1 (qt, CF2, 1,2JC–

F¼285.4, 41.0 Hz), 114.3 (tq, CF2, 1,2JC–F¼286.9, 44.1 Hz), 113.1 (tt,
CF3, 1,2JC–F¼295.8, 36.8 Hz), 48.7 (CH2); 19F NMR (CDCl3, 282 MHz):
d �82.01 (m, 2F), �86.99 (s, 3F), �88.63 (m, 2F), �116, 36 (s, 2F).

3.16. N-Benzyl-N-(1,1,2,2-tetrafluoro-2-pentafluoroethoxy-
ethanesulfonyl)-trifluoromethanesulfonamide 7

DIEA (8.03 mL, 46.6 mmol) was added, under inert atmosphere,
to a solution of imide 6 (11.8 g, 29.13 mmol) in anhydrous
dichloromethane (29 mL). The reaction mixture was cooled down
to 0 �C, then triflic anhydride (7.25 mL, 43.7 mmol) was added
dropwise. The reaction mixture was stirred at this temperature for
30 min then warmed up to room temperature. Stirring continued
for 1 h. Evaporation of the solvent left a crude product, which was
refluxed in pentane. Before cooling down to room temperature, the
pentane phase was collected. This operation was repeated several
times. Evaporation of the combined pentane fractions left the
crude sulfonimide 7 as a brownish solid in 66% yield (10.33 g,
19.23 mmol), and was used to prepare 8a,b without further
purification.

19F NMR (CDCl3, 282 MHz): d �72.79 (s, 3F), �81.60 (m, 2F),
�87.07 (s, 3F), �88.68 (m, 2F), �109.40 (m, 2F).
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3.17. Lithium N-(1,1,2,2-tetrafluoro-2-pentafluoroethoxy-
ethanesulfonyl)-trifluoromethanesulfonamide 8a

A suspension of N-benzyl sulfonimide 7 (3.91 g, 7.27 mmol) in
ethanol (40 mL) was stirred at room temperature for 8 h. Then,
LiOH$H2O (0.306 g, 7.27 mmol) was added and the reaction mix-
ture was stirred overnight. After evaporation of the solvent, the
residue was dissolved in ether and filtrated over Celite�. Evapora-
tion of the filtrate left a solid, which was washed several times by
pentane to give the lithium sulfonimide 8a as oil in 80% yield
(2.63 g, 5.82 mmol).

13C NMR (acetone-d6, 75 MHz): d 120.9 (q, CF3, 1JC–F¼321.1 Hz),
117.8 (tt, CF2, 1,2JC–F¼289.3, 32.6 Hz), 116.7 (qt, CF3, 1,2JC–F¼284.7,
41.6 Hz), 114.7 (tq, CF2, 1,2JC–F¼284.5, 43.8 Hz), 112.8 (tt, CF2, 1,2JC–

F¼294.4, 34.8 Hz); 19F NMR (acetone-d6, 282 MHz): d�80.40 (s, 3F),
�82.48 (m, 2F), �87.91 (s, 3F), �89.44 (m, 2F), �118.11 (s, 2F).

Anal. Calcd for C5F12NO5S2Li: C, 13.25; N, 3.09; S, 14.15. Found: C,
13.40; N, 2.83; S, 14.36.

3.18. Triethylammonium N-(1,1,2,2-tetrafluoro-2-
pentafluoroethoxy-ethanesulfonyl)-
trifluoromethanesulfonamide 8b

A suspension of N-benzyl sulfonimide 7 (3.91 g, 7.27 mmol) in
ethanol (40 mL) was stirred at room temperature for 8 h. Then,
triethylamine (1.01 mL) was added and the reaction mixture was
stirred overnight. Evaporation of the volatiles left a residue, which
was washed several times with pentane to give triethylammonium
sulfonimide 8b as a white oil in 72% yield (2.87 g, 5.23 mmol). 1H
NMR (acetone-d6, 300 MHz): d 7.10 (s, 1H), 3.39 (q, 6H, 3JH–H¼
7.3 Hz), 1.37 (t, 9H, 3JH–H¼7.3 Hz); 13C NMR (acetone-d6, 75 MHz):
d 120.9 (q, CF3, 1JC–F¼320.9 Hz), 117.8 (tt, CF2, 1,2JC–F¼288.8, 32.7 Hz),
116.8 (qt, CF3, 1,2JC–F¼284.7, 41.6 Hz), 114.8 (tq, CF2, 1,2JC–F¼284.2,
43.8 Hz), 112.8 (tt, CF2, 1,2JC–F¼294.7, 35.0 Hz), 48.1 (CH2), 9.1 (CH3);
19F NMR (acetone-d6, 282 MHz): d �80.50 (s, 3F), �82.53 (t, 2F,
3JF–F¼11.3 Hz), �88.06 (s, 3F), �89.55 (t, 2F, 3JF–F¼12.6 Hz), �118.07
(s, 2F).

Anal. Calcd for C11H16F12N2O5S2: C, 24.09; H, 2.94; N, 5.11; S,
11.69. Found: C, 24.58; H, 2.93; N, 5.14; S, 12.10.

3.19. General synthesis of salts 3l–n via nucleophilic
substitution on the benzylic centre of 2

Into a solution (0.2 M) of N-benzyl trifluoromethanesulfonimide
2 (1 equiv) in dry dichlomethane was added the corresponding salt
and the solution was stirred overnight at rt. The volatiles were
evaporated and the residue was washed repeatedly by pentane.

3.20. Tetrabutylammonium trifluoromethanesulfonimide 3l

RN: [210230-40-3]20i

Prepared from nBu4NþBr� (0.322 g, 1 mmol); colourless oil
(0.382 g, 0.73 mmol, 73%).

1H NMR (CDCl3, 300 MHz): d 3.19–3.13 (m, 8H), 1.60–1.55 (m,
8H), 1.45–1.35 (m, 8H), 1.02–0.96 (m, 12H); 13C NMR (CDCl3,
50 MHz): d 119.9 (q, 1JC–F¼319.0 Hz), 58.5, 23.7, 19.4, 12.6; 19F NMR
(CDCl3, 282 MHz): d �79.24 (s, 1F).

3.21. Trimethylsulfonium trifluoromethanesulfonimide 3m

RN: [321746-48-9]20j

Prepared from Me3SþI� (0.204 g, 1 mmol); yellow oil (0.211 g,
0.59 mmol, 59%).

1H NMR (CD3CN, 200 MHz): d 2.81 (s, 9H); 13C NMR (CD3CN,
50 MHz): d 120.9 (q, 1JC–F¼319 Hz), 27.4; 19F NMR (CDCl3,
282 MHz): d �80.02 (s, 1F).
3.22. Methyltriphenylphosphonium trifluoromethane-
sulfonimide 3n

Prepared from MePh3PþBr� (0.277 g, 1 mmol); yellow oil
(0.452 g, 0.81 mmol, 81%).

1H NMR (CDCl3, 200 MHz): d 7.79–7.58 (m, 15H), 2.83 (d,
JH–P¼8.0 Hz, 3H); 13C NMR (CDCl3, 50 MHz): d 135.3, 132.9 (d,
JC–P¼10.5 Hz), 130.6 (d, JC–P¼13 Hz), 118.7 (d, JC–P¼88.5 Hz), 9.3
(d, JC–P¼59 Hz); 19F NMR (CDCl3, 282 MHz): d �79.48 (s, 1F), 31P
NMR (CDCl3, 121 MHz): d 20.26 (s, 1P).

Anal. Calcd for C21H18F6NO4PS2: C, 45.24; H, 3.25; N, 2.51; S,
11.50. Found: C, 45.46; H, 3.39; N, 2.65; S, 11.54.
3.23. General synthesis of salts 3o–s and 10a–d

Into a solution (0.2 M) of N-benzyl trifluoromethanesul-
fonimide 2 (1 equiv) or N-allyl trifluoromethanesulfonimide 9
(1 equiv) in dry dichlomethane was added the corresponding base
and the solution was stirred overnight at rt. Salts 3q, 3s and 10b–d
were prepared by heating the reaction mixture to 70 �C in a closed
Pyrex screw-cap flask overnight. The volatiles were evaporated
and the residue was washed repeatedly by pentane. The solid
residues were crystallized from a dichloromethane/pentane
mixture.
3.24. Benzyltriethylammonium trifluoromethane-
sulfonimide 3o

RN: [950207-89-3]17

Prepared from Et3N (0.139 mL, 1 mmol); yellow oil (0.397 g,
0.84 mmol, 84%).

1H NMR (CDCl3, 300 MHz): d 7.44–7.34 (m, 5H), 4.24 (s, 2H), 3.13
(q, 2J¼7.4 Hz, 6H), 1.33 (t, 2J¼7.4 Hz, 9H); 13C NMR (CDCl3, 50 MHz):
d 132.0, 131.1, 129.7, 120.7 (q, 1JC–F¼319 Hz), 60.7, 52.5, 7.6; 19F NMR
(CDCl3, 282 MHz): d �79.41 (s, 1F).

Anal. Calcd for C15H22F6N2O4S2: C, 38.13; H, 4.69; N, 5.93; S,
13.55. Found: C, 38.40; H, 4.65; N, 5.64; S, 13.58.
3.25. Benzyldiisopropylammonium trifluoro-
methanesulfonimide 3p

Prepared from iPr2NH (0.14 mL, 1 mmol); yellow oil (0.88 mmol,
88%).

1H NMR (DMSO-d6, 300 MHz): d 8.51 (br s, 1H), 7.59–7.55 (m,
2H), 7.47–7.43 (m, 3H), 4.34 (d, 2J¼5.2 Hz, 2H), 3.70–3.63 (m, 2H),
1.36 (d, 2J¼6.6 Hz, 6H), 1.30 (d, 2J¼6.6 Hz, 6H); 13C NMR (DMSO-
d6, 50 MHz): d 131.5, 130.4, 129.0, 119.8 (q, 1JC–F¼320.0 Hz), 54.2,
49.8, 28.5, 18.0, 17.4; 19F NMR (DMSO-d6, 282 MHz): d �79.09
(s, 1F).

Anal. Calcd for C15H22F6N2O4S2$0.5H2O: C, 37.42; H, 4.81; N,
5.82; S, 13.32. Found: C, 37.63; H, 4.72; N, 6.01; S, 13.65.
3.26. Benzylethyldiisopropylammonium trifluoro-
methanesulfonimide 3q

Prepared from DIEA (0.172 mL, 1 mmol); yellow oil (0.295 g,
0.59 mmol, 59%).

1H NMR (CDCl3, 300 MHz): d 7.52–7.37 (m, 5H), 4.28 (s, 2H),
4.07–3.99 (m, 2H), 3.42 (q, J¼7.2 Hz, 2H), 1.45–1.27 (m, 15H); 13C
NMR (CDCl3, 50 MHz): d 133.7, 130.7, 129.4, 128.2, 120.0 (q,
1JC–F¼319.1 Hz), 62.4, 62.2, 51.2, 18.8, 18.4, 9.6; 19F NMR (CDCl3,
282 MHz): d �79.28 (s, 1F).

Anal. Calcd for C17H26F6N2O4S2: C, 40.79; H, 5.24; N, 5.60; S,
12.81. Found: C, 40.79; H, 5.25; N, 5.63; S, 12.52.
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3.27. 1-Benzyl-3-methyl-3H-imidazol-1-ium trifluoro-
methanesulfonimide 3r

RN: [433337-24-7]20k

Prepared from 1-methyl-1H-imidazole (0.079 mL, 1 mmol);
yellow oil (0.385 g, 0.85 mmol, 85%).

1H NMR (CDCl3, 300 MHz): d 8.68 (s, 1H), 7.37 (s, 5H), 7.29–7.28
(m, 1H), 7.24–7.23 (m, 1H), 5.27 (s, 2H), 3.86 (s, 3H); 13C NMR
(100 MHz, CDCl3): d 135.4, 132.3, 129.4, 129.2, 128.5, 123.7, 122.0,
119. 5 (q, 1JC–F¼319 Hz), 53.1, 35.9; 19F NMR (CDCl3, 282 MHz):
d �79.58 (s, 1F).

Anal. Calcd for C13H13F6N3O4S2: C, 34.44; H, 2.89; N, 9.27; S,
14.14. Found: C, 34.36; H, 2.78; N, 9.24; S, 14.05.

3.28. Benzyltriphenylphosphonium trifluoromethane-
sulfonimide 3s

RN: [953415-83-3]20l

Prepared from Ph3P (0.873 mmol); colourless oil (0.431 g,
0.68 mmol, 78%).

1H NMR (CDCl3, 300 MHz): d 7.81 (qt, J¼7.5, 1.4 Hz, 3H), 7.65 (dt,
J¼7.8, 3.6 Hz, 6H), 7.53–7.46 (m, 6H), 7.31–7.26 (m, 1H), 7.16 (t,
J¼7.6 Hz, 2H), 6.88 (dd, J¼7.4, 2.0 Hz, 2H), 4.57 (d, J¼14.1 Hz, 2H);
13C NMR (CDCl3, 50 MHz): d 135.43 (d, JC–P¼3.0 Hz), 133.9 (d,
JC–P¼10.0 Hz), 130.9 (d, JC–P¼5.5 Hz), 130.4 (d, JC–P¼12.5 Hz), 129.1
(d, JC–P¼3.5 Hz), 128.9 (d, JC–P¼4.0 Hz), 126.4 (d, JC–P¼8.5 Hz), 119. 7
(q, JC–F¼320 Hz), 117.0 (d, JC–P¼85.5 Hz), 30.7 (d, JC–P¼47.0 Hz); 19F
NMR (CDCl3, 282 MHz): d�79.19 (s, 1F), 31P NMR (CDCl3, 121 MHz):
23.66 (s, 1P).

Anal. Calcd for C27H22F6NO4PS2: C, 51.19; H, 3.50; N, 2.21; S,
10.12. Found: C, 51.44; H, 3.62; N, 2.37; S, 9.91.

3.29. N-Allyl trifluoromethanesulfonimide 9

RN: [70869-00-0]15c

DIEA (8.14 mL, 46.8 mmol) was added, under inert atmosphere,
to a solution of a freshly distilled allylamine (1.75 mL, 23.40 mmol)
in anhydrous dichloromethane (40 mL). The reaction mixture was
cooled down to�78 �C, then triflic anhydride (9.83 mL, 58.5 mmol)
was added dropwise. The reaction mixture was slowly warmed up
to room temperature (30 min) and stirred at this temperature for
30 min. Then, 3% aqueous HCl (50 mL) was added. The aqueous
phase was extracted with dichloromethane and the combined or-
ganic layers dried over MgSO4. Filtration and solvent evaporation
left a crude mixture, which was refluxed in pentane. Before cooling
down to room temperature, the pentane phase was collected. This
operation was repeated several times. Evaporation of the combined
pentane fractions left the allyl sulfonimide 9 as a brown oil (0.65 g,
87%).

1H NMR (CDCl3, 300 MHz): d 5.98–5.84 (m, 1H), 5.49–5.42 (m,
2H), 4.53 (d, 3JH–H¼7.0 Hz, 2H); 13C NMR (CDCl3, 50 MHz): d 129.3,
123.2, 118.8 (q, JC–F¼322.2 Hz), 55.8; 19F NMR (CDCl3, 282 MHz):
d �72.60 (s, CF3).

3.30. Allyldiisopropylammonium trifluoro-
methanesulfonimide 10a

Prepared from iPr2NH (0.140 mL, 1 mmol); colourless oil
(0.329 g, 0.78 mmol, 78%).

1H NMR (CDCl3, 300 MHz): d 6.71 (br s, 1H), 6.03–5.80 (m, 1H),
5.62–5.42 (m, 2H), 3.95–3.83 (m, 1H), 3.61–3.77 (m, 3H), 1.33 (d,
3JH–H¼6.8 Hz, 12H); 13C NMR (CDCl3, 50 MHz): d 127.6, 124.5, 119.6
(q, 1JC–F¼318.5 Hz), 55.3, 50.2, 18.2, 17.1; 19F NMR (CDCl3, 282 MHz):
d �79.55 (s, 1F).

Anal. Calcd for C11H20F6N2O4S2: C, 31.28; H, 4.77; N, 6.63; S,
15.18. Found: C, 31.46; H, 4.76; N, 6.64; S, 14.94.
3.31. Allylethyldiisopropylammonium trifluoro-
methanesulfonimide 10b

Prepared from DIEA (0.172 mL, 1 mmol); colourless oil (0.342 g,
0.76 mmol, 76%).

1H NMR (CDCl3, 300 MHz): d 5.99–5.86 (m, 1H), 5.59–5.48
(m, 2H), 3.90–3.78 (m, 4H), 3.29 (q, 3JH–H¼6.0 Hz, 2H), 1.39 (d,
3JH–H¼6.8 Hz, 12H), 1.29 (t, 3JH–H¼6.0 Hz, 3H); 13C NMR (CDCl3,
50 MHz): d 126.7, 126.3, 119.8 (q, 1JC–F¼319.5 Hz), 62.7, 60.1, 52.3,
18.2, 18.1, 9.8; 19F NMR (CDCl3, 282 MHz): d �79.48 (s, 1F).

Anal. Calcd for C13H24F6N2O4S2$0.4H2O: C, 34.12; H, 5.46; N,
6.12; S, 14.01. Found: C, 34.21; H, 5.27; N, 6.12; S, 14.39.

3.32. Allyltriphenylphosphonium trifluoro-
methanesulfonimide 10c

Prepared from Ph3P (1 mmol); colourless oil (0.484 g,
0.83 mmol, 83%).

1H NMR (CDCl3, 300 MHz): d 7.82–7.76 (m, 3H), 7.70–7.58 (m,
12H), 5.73–5.58 (m, 1H), 5.41–5.33 (m, 2H), 4.04–3.96 (m, 2H); 13C
NMR (CDCl3, 50 MHz): d 135.4, 133.5 (d, JC–P¼10.0 Hz), 130.5 (d,
JC–P¼12.5 Hz), 126.1 (d, JC–P¼13.0 Hz), 122.7 (d, JC–P¼9.5 Hz), 119.9
(q, 1JC–F¼320.0 Hz), 117.4 (d, JC–P¼86.0 Hz), 28.4 (d, JC–P¼51.0 Hz);
19F NMR (CDCl3, 282 MHz): d �79.32 (s, 1F); 31P NMR (CDCl3,
121 MHz): 21.62 (s, 1P).

Anal. Calcd for C23H20F6NO4PS2: C, 47.34; H, 3.45; N, 2.40; S,
10.99. Found: C, 47.35; H, 3.54; N, 2.52; S, 10.69.

3.33. 1-Allyl-tetrahydrothiophenium trifluoro-
methanesulfonimide 10d

RN: [949155-08-2]20m

Prepared from tetrahydrothiophene (1 mmol); yellow oil
(0.358 g, 0.84 mmol, 84%).

1H NMR (CD3CN, 200 MHz): d 8.89–5.77, (m, 1H), 5.66–5.55 (m,
2H), 3.81 (d, JH–H¼8 Hz, 2H), 3.54–3.24 (m, 4H), 2.39–2.14 (m, 4H);
13C NMR (CD3CN, 50 MHz): d 127.8, 126.0, 121.0 (q, 1JC–F¼318.5 Hz),
45.2, 43.2, 29.4; 19F NMR (CD3CN, 235 MHz): d �79.93.

Anal. Calcd for C9H13F6NO4S3: C, 26.40; H, 3.20; N, 3.42; S, 23.50.
Found: C, 26.65; H, 3.10; N, 3.53; S, 23.11.

Supplementary data

Supplementary data associated with this article can be found in
the online version, at doi:10.1016/j.tet.2009.04.068.
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