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Lewis base-catalyzed perfluoroalkylation of carbonyl compounds and aldimines with (perfluoroalkyl)trimethyl-
silanes (TMSCF;, TMSC,Fs, and TMSC;F;) is described. The nitrogen- or oxygen-containing anions generated from
amides, imides, and carboxylic acids have been found to work as effective Lewis-base catalysts in perfluoroalkylation
that proceeds via activation of the carbon-silicon bonds of (perfluoroalkyl)trimethylsilanes. Reactions of carbonyl com-
pounds such as aldehydes, ketones, and esters with TMSCFj3 in the presence of a catalytic amount of Lewis bases pro-
ceeded smoothly to afford the corresponding adducts in good-to-high yields under mild conditions. Although it was con-
sidered difficult, this catalytic perfluoroalkylation of various aldimines with (perfluoroalkyl)trimethylsilane in the pres-
ence of Lewis bases such as lithium acetate or benzoate proceeded efficiently to give the corresponding perfluoroalkyl-
ated adducts, because the aldimines here were weak electrophiles toward (perfluoroalkyl)trimethylsilanes. The present
reaction is, therefore, the first example of a catalytic perfluoroalkylation of aldimines.

Recently, organofluorine compounds have received an in-
creased attention due to their unique physical and biological
properties.! Fluorine is often regarded as an isostere of hydro-
gen because the van der Waals radius of fluorine is close to
that of hydrogen. Introduction of a fluorine-containing func-
tional group into an organic molecule sometimes brings about
notable changes in the physical and chemical properties of the
derived fluorinated compounds, and some fluorine-containing
drugs and agrochemicals have thus been developed in pharma-
ceutical industries.” One of the most important fluorine-con-
taining functional groups is the trifluoromethyl group, which
has an electronegativity similar to that of oxygen and also
has a large hydrophobic nature. Syntheses of trifluoromethyl-
ated synthons are very important for the introduction of the tri-
fluoromethyl group, which often improves the biological activ-
ity and metabolic stability. (Trifluoromethyl)trimethylsilane
has been reported as a useful nucleophilic reagent because
the trifluoromethyl anion is extremely unstable and liberates
difluorocarbene readily along with a fluoride ion.> A conven-
tional method for the introduction of the trifluoromethyl group
generally employed TMSCF;, which reacted with electro-
philes such as aldehydes, ketones,*> esters,® imines,” and aryl
halides.® Whereas most of the trifluoromethylation reactions
are carried out by using strong bases such as the fluoride ion
or metal alkoxides to activate TMSCF3, there have only been
a few examples reported that use other catalysts for the effec-
tive promotion.” There are also few that have reported on ef-
fective trifluoromethylation of imines that are weak electro-
philes toward TMSCF;, and still less on catalytic trifluoro-
methylation.'?

In our previous papers, lithium pyrrolidone, lithium acetate
(AcOLi), or tetrabutylammonium benzoate was shown to be an
effective Lewis-base catalyst for the activation of the trimeth-

ylsilyl (TMS) enolate in aldol, Michael- and Mannich-type re-
actions'! (Scheme 1). In order to extend the synthetic utility of
the above mentioned Lewis-base catalysts, trifluoromethyla-
tion of carbonyl compounds and aldimines via activation of the
carbon-silicon bond of TMSCF; with AcOLi, a mild and inex-
pensive Lewis base, was considered.!? In this paper, we de-
scribe a convenient method for perfluoroalkylation of carbonyl
compounds and imines with (perfluoroalkyl)trimethylsilanes
by using weak Lewis-base catalysts such as AcOLi in detail.

Results and Discussion

Lithium Acetate-Catalyzed Trifluoromethylation of Car-
bonyl Compounds with (Trifluoromethyl)trimethylsilane.
At first, a Lewis base-catalyzed trifluoromethylation of an
aldehyde, 4-methoxybenzaldehyde (1), with TMSCF; was ex-
amined since nitrogen- or oxygen-containing anions are effec-
tive catalysts in aldol, Mannich-type, and Michael reactions
(Table 1). The reaction of 1 with TMSCF3 was tried in the
presence of 5 mol % of AcOLi at 0°C in DMF, and the corre-
sponding trifluoromethylated adduct 2 was obtained in good
yield (Entry 1). Further, the above reaction proceeded smooth-
ly even when only 1 mol % of AcOLi was used (Entry 2). Ace-
tates having such counter cations as sodium, potassium, or am-
monium ions also worked effectively and afforded the desired
products in high yields (Entries 3-6). Whereas other lithium
carboxylates worked as highly active Lewis-base catalysts,
lithium trifluoroacetate, a weak nucleophile, did not promote
the reaction (Entries 7-9). The oxygen-containing anions gen-
erated from carboxylic acids, phenols, or alcohols were shown
to be employed as effective catalysts for the activation of
TMSCEF;. The same reactions were further tried by using nitro-
gen-containing anions generated from imides or azole deriva-
tives and the desired product was afforded similarly in good
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Lewis Base-Catalyzed Perfluoroalkylation
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Scheme 1. Lewis base-catalyzed aldol, Mannich-type, and Michael reactions with trimethylsilyl enolate.

Table 1. Screening of Various Catalysts on Trifluoromethylation

OSiMeg
CHO Cat. (5 1%
©/ + MesSIiCF, 2t (5 mol%) CF3
MeO (1.2 equiv) PMRO°C MeO
1 10 min. 2
ntry at. (5 mol % i /% ntry at. (5 mol % i 0
E Cat. (5 mol % Yield?/% E Cat. (5 mol % Yieldd/%
1 AcOLi 98 (97)" 13 Phthalimide K 98
2 AcOLi 979 L
14 oyt 94
3 AcONa 96
N -Li
4 AcOK 99 15 N\=/N 9
5 AcOCs 98 6 NZN_U o
6 ACONBU, 97 N=
7 t-BUCO,Li 98 NN
2 17 N=N 96
8 PhCO,Li 98 N
N
9 CF5CO,Li 09 18 @EN> 97
3
10 PhOLi 9 o
19 d L a1
11 PhONBU, 95 —
12 (CF3),COLi 92 20 None 09

a) Yield was determined by '"HNMR analysis (270 MHz) using 1,1,2,2-tetrachloroethane as an
internal standard. b) Isolated yield. c) 1 mol % of AcOLi was used. d) Reaction was carried out

for 2 h.

yields within 10 min (Entries 13—19). In the absence of a cata-
lyst, the reaction did not proceed at all (Entry 20). These
results showed that the nitrogen- or oxygen-containing anions
behave as effective Lewis-base catalysts in this trifluorometh-
ylation.

The effect of solvents was examined by taking the reactions
of 4-methoxybenzaldehyde (1) with TMSCF; in the presence
of AcOLi or tetrabutylammonium acetate (AcONBuy) as
model reactions (see Table 2). These reactions proceeded
smoothly in DMF or in DMSO if AcOLi was used (AcOLi,
Entries 1 and 2), while non-coordinating solvents such as tol-
uene, dichloromethane, or ethyl acetate were not suitable un-
der those conditions because the carbon-silicon bond of
TMSCF; was not sufficiently activated (AcOLi, Entries 3-7).
On the other hand, it proceeded smoothly in various other sol-
vents as well when a catalytic amount of AcONBuy was used
(AcONBuy, Entries 1-6). In the case when acetonitrile was
used as a solvent, the desired product was obtained in 70%
yield along with a small amount of cyanomethylated adduct
(AcONBuy, Entry 7).

Table 2. Effect of Solvents on Trifluoromethylation

OSiMes
/©/CHO _ Cat. (5 mol%) CFs
+ MesSiCF3
MeO ] Solv.,, 0 °C MeO
1 (1.2 equiv.) 10 min. 2
Yield® /%

Entry Solvent AcOLi AcONBu,
1 DMF 98 97
2 DMSO 96" 95"
3 THF 0 96
4 AcOEt 0 99
5 CH,Cl, 0 95
6 Toluene 0 98
7 CH;CN 0 70

a) Yield was determined by '"HNMR analysis (270 MHz) us-
ing 1,1,2,2-tetrachloroethane as an internal standard. b) The
reaction was carried out at room temperature.



Y. Kawano et al.

Bull. Chem. Soc. Jpn. Vol. 79, No. 7 (2006) 1135

Table 3. AcOLi-Catalyzed Trifluoromethylation of Various Aldehydes

0 i FsC. OSiM
)J\ + Me,SICFs AcOLi (5 mol%) 3 IMe3
R H (1.2 equiv.) DMF, 0 °C, 10 min. R H
Entry Aldehyde Time/min  Product Yield®/% Entry Aldehyde Time/min  Product Yield¥/%
1 4-MeNCgH,CHO 10 3 97 8  2-PyridylCHO 10 10 92
2 Phero 10 4 o 9  (E)-PhCH=CHCHO 10 11 93
3 4-BrCgH,CHO 10 5 94
4 4-MeO,CCHCHO 10 6 o7 10  PhCH,CH,CHO 10 12 77
5  4-NO,CeH,CHO 10 7 97 11 ¢-CeHuCHO 10 13 81
6  2-NaphthylCHO 10 8 98 12 ﬁ4N,Boc 30 14 77
O,
7 AnthracenylCHO 10 9 99 13 “Acro 30 14 8699

a) Yield was determined by 'HNMR analysis (270 MHz) using 1,1,2,2-tetrachloroethane as an internal standard. b) Major:
minor = 58:42 d.r. ¢) The reaction was carried by using 5 mol % AcONBuy in toluene. d) Major:minor = 62:38 d.r.

Table 4. Trifluoromethylation of Compound 15

H_ _O 1) Me3SICF OH H
o) )(1.23equiv?) FaC 3ot Rl gH
OB”O Cat. (5 mol%) OBn . o
o%\ Solv, 0 °C, 10 min. OO Q
2) TBAF 5\ Oﬁ\
15 16 17
Entry Cat. Solv. Yield/%  d.r. (16:17)
1 AcOLi DMF 55 75:25
2 AcONBu;  DMF 37 75:25
3 AcONBu,  DMF 65 77:23%
4 AcONBuy Toluene 92 73:27
5 AcONBu;  Et,0 87 68:32
6 AcONBuy,  CH)Cl, 84 62:38

a) Yield was determined by IYFNMR analysis (270 MHz)
using PhOCF; as an internal standard. b) The reaction was
carried out at —20°C.

Since metal carboxylates were found useful in the reaction
with 4-methoxybenzaldehyde (1), trifluoromethylation of var-
ious carbonyl compounds with TMSCF; was then tried in
the presence of AcOLi (Table 3). Aldehydes worked as good
acceptors of TMSCF; under the above reaction conditions
and aromatic aldehydes having either an electron-donating or
-withdrawing group and aliphatic aldehydes reacted rapidly
in a similar manner to afford the corresponding trifluorometh-
ylated products 3-14 in good-to-high yields (Entries 1-13). In
the case when substrates possessing a 7-butoxycarbonyl (Boc)
or ester groups within the same molecule were used, these ad-
ducts were also obtained (Entries 4, 12, and 13). A diastereo-
selective trifluoromethylation of the pentodialdose derivatives
15'3!4 was examined in the presence of a catalytic amount
of a Lewis base (Table 4). The corresponding products were
obtained in good yields as a mixture of the L-ido and D-gluco
epimers 16 and 17 with moderate selectivities when the reac-
tions were carried out in the presence of AcONBuy in toluene
(Entry 4).

Next, the possible applications of trifluoromethylation to
ketones were examined and the reactions also proceeded

smoothly to afford the corresponding adducts in high yields
(Table 5). It was found that easily enolizable ketones worked
as a good acceptor of this reaction as well (Entries 3—-6). When
o, B-unsaturated ketones were employed, 1,2-addition products
were obtained in good yields and 1,4-addition products were
not detected in all cases (Entries 7-9).

The present reaction system was next applied to the trifluo-
romethylation of esters by using methyl 4-chlorobenzoate (27)
as a model substrate (Table 6). However, the trifluoromethyl
adducts 28 and 29 were obtained in 20% yield only when
the reaction was carried out in the presence of AcOLi in DMF.
Since the solvent showed a crucial effect on this reaction, var-
ious solvents were reexamined for further optimization.®®%® It
was found then that nonpolar aprotic solvents such as toluene
and Et,O were effective, and the trifluoromethyl adducts 28
and 29 were obtained in good yields. When pentane was used,
the corresponding adducts were obtained along with consider-
able amounts of the bis-trifluoromethylated compounds 30 and
31 formed by double addition reactions.

Next, the trifluoromethylation of various esters was tried in
order to generalize the reaction (Table 7). A reaction of methyl
4-chlorobenzoate (27) was carried out at 0 °C in dry toluene in
the presence of TMSCF;, and the reaction mixture was then
allowed to warm slowly up to the room temperature for 1h,
followed by the treatment with a 4 M HCI solution, which re-
sulted in the formation of the desired trifluoromethyl ketone 29
in good yield (Entry 1). It is remarkable that aromatic esters
having both electron-donating groups and aliphatic esters re-
acted smoothly to afford the corresponding trifluoromethylated
ketones in good yields (Entries 2—4, 6, and 7). Contrary to the
case in which an ester having electron-withdrawing groups
such as methyl 4-nitrobenzoate were used, the desired trifluo-
romethylated ketone!’ was obtained as its hydrate in moderate
yield along with the formation of the double addition products
at the same time. The structure of compound 34 was deter-
mined by X-ray analysis (Fig. 1). Then, reaction conditions
were optimized in order to improve the yield and the desired
product 34 was obtained in good yield when the reaction
was carried out in Et;O at temperatures ranging from —78
°C to room temperature (Entry 5). These results indicate that
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Table 5. Trifluoromethylation of Various Ketones

Lewis Base-Catalyzed Perfluoroalkylation

0] Catalyst (5 mol% i
PY + Me3SiCFs yst ( ) FsC_ OSiMes
R™ R (1.2 equiv.) DMF, 0 °C to rt, Time R™OR
Entry Ketone Product Catalyst Time/h  Yield® /%
o FsC_ OSiMe; .
1 Ph)kPh Ph><Ph 18  AcOLi 2 84
0 FsC_ OH
oM
2 Ph)ﬂ( oMe Ph&( ® 19 AcOLi 1 g7
(0] (0]
3 i P 20 AcOLi 2 g4v
PhAMe Ph” “Me cOLL
o] FsC_ OSiMeg ‘
! 4'N0206H4)kMe 4'N02C6H4><Me 21 AcOLi 1 95
5 Boc-N_ =0 s Ky AcOLi 1 80
OSiMeg
AcONBuy 1 969
CF .
6 Ph{>:o phm<:>< 3 23 AcOLi 1 81
OSiMe3
AcONBuy 1 879
0 F3C_ OSiMe; AcOLi | 97
7 phMPh PhMPh 24
ACONBU4 1 970)
o] FsC_ OSiMeg ‘
8 4-MeOPhMPh 4—MeOPh></\Ph 25  AcOLi 2 92
0 FsC_ OSiMe,
. 0
9 M MeMPh 26  AcOLi 2 91

Me Ph

a) Yield was determined by '"H NMR analysis (270 MHz) using 1,1,2,2-tetrachloroethane as an internal
standard. b) The product was obtained after desilylation. ¢) The reaction was carried out in THF. d) 1.5
equivalents of TMSCF; were used.

Table 6. Trifluoromethylation of Ester

RCO,Me + Me,SiCF; AcONBu,  MeO  OSiMe; 2 FsC_ CF3
~ R7CF + R)KCF + > or
R:4-CICeH, (1.2 equiv) (5mol%) 3 3 R”™ OR
27 Solvent 28 29 R'=H : 30
0°Ctort,1h R'=TMS : 31
. Sol Time /b Yield® /%
ntry olvent ime/ 28 29 30 + 31
1 Pentane 1 69 5 26
2 Toluene 1 93 N.D. 1
3 Et,O 1 50 34 11
4 THF 1 N.D. 33 43
5 CH,Cl, 3 N.D. 4 N.D.
6 DMF 3 N.D. 20 4

a) Yield was determined by 'FNMR analysis (270 MHz) using PhOCF; as an internal
standard.

the desired products could be obtained in high yields by a suit-
able choice of solvents according to the nature of the sub-
strates. It is noteworthy that the reactions proceeded rapidly
and gave the corresponding trifluoromethyl ketones in excel-
lent yields even when carboxylic esters with decreased reactiv-

ities were used.

Lewis Base-Catalyzed Perfluoroalkylation of Aldimines
with (Perfluoroalkyl)trimethylsilane. Although the catalytic
trifluoromethylation of carbonyl compounds using TMSCF;
has already been reported, few methods of trifluoromethylation
of imines are known due to their weakly electrophilic character
toward TMSCEF;5. Of the few, Prakash and Olah showed an ex-
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Table 7. AcONBuy-Catalyzed Trifluoromethylation of Various Esters

© ACcONBU, (5 mol% * 0
L + Me;SiCFs € o _H L
R OR' (1.2 equiv.) Solvent, Temp, Time R CRs
Entry Ester Solvent Temp/°C Time/h Product Yield® /%
1 4-CIC¢H,CO,Me Toluene 0-rt 1 4-CIC¢H4COCF; 29 90
2 4-CIC¢H4CO,iPr Toluene 0t 1 4-CIC¢H4COCF; 29 64
3 4-MeOC¢H,CO,Me Toluene 0-rt 1 4-MeOC4H,;COCF; 32 83b
4 (E)-PhCH=CHCO;Me Toluene 0-rt 1 (E)-PhCH=CHCOCF; 33 84
5 4-NO,C¢H,CO,Me Et,O —78-rt 1 4-NO,CgH4C(OH),CF3 34 78
6 PhCH,CH,CO,Et Toluene 0-rt 1 PhCH,CH,COCF; 35 82
7 Ts-N:>—C02Et Toluene 0-rt 4 Ts-N:>~COCF3 36 76

a) Yield was determined by '’FNMR analysis (270 MHz) using PhOCFj; as an internal standard. b) 1.5 equiv of TMSCF;
was used.

cellent trifluoromethylation of aldimines with TMSCF; in the
presence of an equimolar amount of tetrabutylammonium-
triphenylsilyl difluorosilicate.”® However, this method leaves
the following synthetic problems: (i) an equimolar amount of
a catalyst is required, and (ii) isolation of the desired products
from a co-product such as triphenylsilyl fluoride is not easy.
For these reasons, it was strongly desired to develop a catalytic
trifluoromethylation of imines. In order to extend the applica-
bility of this Lewis base-catalyzed trifluoromethylation, the
use of imines instead of the above-mentioned carbonyl com-
pounds was examined. N-Phenylsulfonylaldimines were pre-
pared from the corresponding aldehydes and N-sulfonamides
according to the literature procedures.'"'? At first, various
Lewis-base catalysts were examined by taking the reaction
of the N-tosylaldimines 37a with TMSCF; in the presence of
10 mol % of a catalyst at —20 °C in DMF as a model (Table 8).
In the absence of a catalyst, the trifluoromethylated adduct was
not detected (Entry 1). On the other hand, several lithium car-
boxylates such as lithium benzoate, acetate, and pivalate
worked as effective Lewis-base catalysts in the reaction with
aldimines, although long reaction times were required before
completion (Entries 3-6). It is noted here that the lithium
ion was an effective counter cation of the carboxylates (Entries
7-9). However, weakly nucleophilic lithium trifluoroacetate
did not promote this reaction (Entry 2). Also, trifluoromethyla-
tion reactions did not proceed effectively when they were car-
ried out in the presence of CsF or BnOLi (Entries 10 and 11).

Next, the reactions of various N-tosylaldimines, 37b—37m,

Table 8. Screening of Various Catalysts on Trifluorometh-
ylation

Ts ~Ts
) Catalyst (10 mol%) H
)’\:\ +  MesSICF yst ( M "
Ph” H S DMF-20°C.16h  Ph” CFs
(1.4 equiv.) ' '
37a 38a
. a) 3 a)
Entry  Catalyst Y1/e(17d Entry Catalyst Yl/e;d
(% 0
1 None N.D.” 7  AcONa 86
2 CF;CO,Li  N.D. 8 AcOK 67
3 PhCO,Li 94 9 AcONn-Buy 79
4  t+-BuCO,Li 87" 10 BnOLi 37
5 AcOLi 93 (91) 11 CsF 30P
6  AcOLi 95"

a) Each yield was determined by "H NMR analysis (270 MHz)
using 1,1,2,2-tetrachloroethane as an internal standard. b) The
reaction was carried out for 40h. ¢) Isolated yield.

with TMSCF; were tried by using 10mol% of AcOLi in
DMF (Table 9). Aromatic aldimines having electron-donating
or -withdrawing groups on the aromatic ring reacted smoothly
to afford the trifluoromethylated adducts 38b-38j in good
yields (Entries 1-9). Whereas aliphatic aldimines having no
protons adjacent to the imino group reacted smoothly to afford
the desired adduct 38k in high yields, those with a-protons did
not undergo the trifluoromethylation because of the competi-
tive abstraction of the protons taking place at the same time
(Entries 10 and 11). Then, various Lewis bases were screened
and the reaction conditions were optimized in order to improve
the yields. Consequently, the corresponding trifluoromethyl-
ated adducts 381 and 38m were obtained in moderate to high
yields when the reactions were carried out in the coexistence
of an equimolar amount of PhOLi (Entries 12 and 13).

In order to extend the scope of this reaction, the effects of
substituents on the nitrogen atom of aldimines were next
examined by using various aldimines in the presence of a cat-
alytic amount of AcOLi in DMF (Table 10). It was then found
that the reactivity of this reaction was greatly influenced by the
electrophilicities of these imines. For example, when a weak
electrophile such as the N-phenylaldimine 43 or N-benzylald-
imines 44 was used as a substrate, no desired products were
detected (Entries 6 and 7). On the other hand, it proceeded
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Table 9. Trifluoromethylation of Various Aldimines

Lewis Base-Catalyzed Perfluoroalkylation

N -Ts Catalyst (mol%) H* HN -Ts
Py +  MesSiCFg .
R™H (1.4 equiv.) DMF, -20 °C, Time R™ “CF,
Entry R Catalyst (mol %) Time/h Product Yield® /%
1 4-MeOCgH, 37b AcOLi (10) 40 38b 83
2 4-MeC¢Hy 37c AcOLi (10) 40 38¢ 82
3 4-CICgH,4 37d AcOLi (10) 16 38d 93
4 4-BrC¢H, 37e AcOLi (10) 16 38e 80
5 4-NO,CgH, 37t AcOLi (10) 16 38f 92
6 2-Naphthyl 37g AcOLi (10) 16 38g 92
7 2-Furyl 37h AcOLi (10) 16 38h 86
8 4-Pyridyl 37 AcOLi (10) 16 38i 89
9 trans-PhCH=CH 37j AcOLi (10) 16 38j 78>
10 -Bu 37k AcOLi (10) 40 38k 90
11 c-CgHy, 37 AcOLi (10) 40 381 trace
12 c-CgHy; 37 PhOLi (100) 1 381 809
13 PhCH,CH, 37m PhOLi (100) 1 38m 3590

a) Each yield was determined by '"HNMR analysis (270 MHz) using 1,1,2,2-tetrachloroethane as an
internal standard. b) 2.0 equiv of TMSCF; were used. ¢) The combined solution of imine and TMSCF3
in DMF was added slowly to the DMF solution of PhOLi. d) The reaction was carried out at 0°C.

Table 10. Effect of Substituents on the Nitrogen of Ald-
imine

N R AcOLi (10 mol%) ~ H* HnT
P +  MesSiCFa —

Ph” H (1.4 equiv) DMF Temp, 16 h Ph™ "CFg
Entry R T/eonclp Product Yl/e; )
1 4-MeCgH4SO, 37a —-20 38a 93
2 4-CICcH4S0O, 39 —-20 45 82
3 4-NO,CgH4SO, 40 —-20 46 93
4 2-NO,CcH4SO, 41 —-20 47 87
5 P(O)Ph, 42 1t 48 75
6 Ph 43 rt 49 N.D.
7 Bn 44 t 50 N.D.

a) Each yield was determined by '"H NMR analysis (270 MHz)
using 1,1,2,2-tetrachloroethane as an internal standard. b) 2.0
equiv of TMSCF; were used.

smoothly under the same reaction conditions and the desired
products 45-48 were obtained in good to moderate yields
when the N-phenylsulfonylaldimines 39-41 and N-phosphi-
noylaldimines 42 were employed (Entries 2-5).

Finally, various (perfluoroalkyl)trimethylsilane or difluoro-
trimethylsilane derivatives were applied to this reaction
(Table 11). Nucleophilic reagents such as (pentafluoroethyl)tri-
methylsilane (Me3;SiCF,CF;3) or (heptafluoropropyl)trimethyl-
silane (Me3SiCF,CF,CF;) were also worked under the same
conditions (Entries 2 and 3). This method is quite effective
since the reaction proceeded smoothly in the presence of a cat-
alytic amount of a Lewis base.

Mechanisms for Lewis Base-Catalyzed Trifluoromethyl-
ation. In order to study the mechanism of the trifluoromethyl-
ation, the reaction was examined by using the trifluoromethyl-
ated alkoxide anion intermediate 59 as a catalyst since the
reaction was known to be catalyzed by the in situ formed tri-
fluoromethylated alkoxide when a fluoride ion such as cesium

Table 11. Perfluoro- and Difluoroalkylation of Aldimines

-Ts ACOLi (10 mol%)  H* HN TS
)‘\ + Me3SiR¢ —_—

Ph™ "H (1.4 equiv.) DMF, -20 °C, 16 h Ph™ "Ry
) Temp Yield?

Entry MesSiR¢ /°C Product 1%

1 Me;SiCF; 37a 20 38a 93

2 Me;SiCyFs 51 -20 55 91

3 Me;SiC;F; 52 —20 56 87

4 Me;SiCF,CO;Et 53 It 57 85
5 MegsiCF2—©—CF3 54 It 58 82»

a) Each yield was determined by '"H NMR analysis (270 MHz)
using 1,1,2,2-tetrachloroethane as an internal standard. b) 2.0
equiv of TMSCF,C¢H4CF; were used.

fluoride or tetrabutylammonium fluoride was used.* As a result,
the trifluoromethylation of the carbonyl compound 1 in the
presence of the intermediate 59 proceeded smoothly to afford
the corresponding adduct 2 in good yield as expected, whereas
the yield was low when the N-tosylaldimine 37a was employed
in the presence of the intermediate 60 (Scheme 2). Based on
these two experimental results, these reactions were consid-
ered to proceed via different mechanisms.

The assumed catalytic cycle of Lewis base-catalyzed tri-
fluoromethylation of carbonyl compounds or imines is illus-
trated in Scheme 3. In the first step, a Lewis base and DMF co-
ordinate to the silicon atom of TMSCF; to form the hyperva-
lent silicate 61. The nucleophilicity of the silicate 61 is suffi-
cient for the reaction with carbonyl compounds and it forms
the trifluoromethylated alkoxy anion 59 together with trimeth-
ylsilyl acetate (TMSOACc). Subsequent silylation of 59 by the
thus formed TMSOAc 62 affords the O-silyl ether 65 along
with regeneration of the catalyst because the trimethylsilyl ace-
tate is a powerful silylating reagent (path A). Actually, the silyl
ether 65 is produced when the lithium alkoxide 59 is treated
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OLi
OSiMes
Ph” “CFg4 59
CFs
DMF, 0 °C
MeO
95% 2
TS‘NLi
Ts
60 -
Ph” “CF4 H* H
- - — CF3
DMF, -20 °C
17%
° 38a

Scheme 2. Autocatalytic process.

/@AH + MesSiCF4
MeO (1.4 equiv.)
1
Ts
)
H + Me3SiCFg
(1.4 equiv.)
37a
X
MesSiOAc  + = ,<
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Scheme 3. Assumed catalytic cycle of AcOLi-catalyzed trifluoromethylation of carbonyl compounds or imines.

with trimethylsilyl acetate in DMF at 0 °C. Further, the trifluo-
romethylated alkoxy anion 59 can also catalyze the subsequent
reaction via the hypervalent silicon intermediate 63 (path B).
Thus, it is considered that the reaction proceeds by both path A
and path B. On the other hand, the N-amide anion of the pro-
duced trifluoromethyl-adduct 60 did not effectively activate
the carbon-silicon bond of TMSCF; as a Lewis-base catalyst
in the case when N-tosylaldimines were used as a substrate.
This result indicates that the reaction does not proceed via
path B. For this reason, it is considered that the reaction pro-
ceeds via path A to complete the reaction when N-tosylald-
imines were used.’

When N-tosylaldimines were used as substrates, metal car-
boxylates such as AcOLi worked as catalysts more effectively
when compared with metal fluorides such as CsF. These re-
sults are explained by considering the fact that the reaction us-
ing a fluoride ion could not regenerate the catalyst; more spe-
cifically, the silyl group transfer from the formed trimethylsilyl
fluoride to the intermediate 67 never took place because of the
highly-stable fluorine—silicon bond (Scheme 4).

Conclusion

Lewis base-catalyzed perfluoroalkylation of carbonyl com-

pounds or N-tosylaldimines with (perfluoroalkyl)trimethyl-
silane (Me3SiRy) has been established. The nitrogen- or oxy-
gen-containing anions that were generated from amides,
imides, and carboxylic acids were found to work as Lewis-
base catalysts effectively in perfluoroalkylation that proceeds
via the activation of the carbon—silicon bonds of Me;SiRy. Tri-
fluoromethylated alcohols or amines were synthesized in good
to high yields by a trifluoromethylation of carbonyl com-
pounds or N-tosylaldimines in the presence of a catalytic
amount of Lewis bases such as lithium acetate or benzoate.
This method is a quite practical one since the reaction proceed-
ed smoothly when a readily available and easy to handle cata-
lyst such as AcOLi was used.

Experimental

General. All melting points were determined on a Yanagimoto
micro melting apparatus (Yanaco MP-S3) and remain uncorrect-
ed. Infrared (IR) spectra were recorded by an attenuated total
reflection (ATR) method on a SensIR Technologies Travel /R™
spectrometer. '"HNMR spectra were recorded on a JEOL JNM-
EX270L (270 MHz) spectrometer; chemical shifts () are reported
in parts per million relative to tetramethylsilane. Splitting pat-
terns are designated as s, singlet; d, doublet; t, triplet; q, quartet;
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h, heptet; m, multiplet; brs, broad singlet. '*C NMR spectra were
recorded on an EX270L (68 MHz) spectrometer with complete
proton decoupling. Chemical shifts are reported in parts per
million relative to tetramethylsilane, with the solvent resonance
as the internal standard (CDCl3; 6 = 77.0 ppm, DMSO-ds; § =
39.5 ppm). High-resolution mass spectra (HRMS) were recorded
on a JMS-SX102A mass spectrometer or LCT premier. Elemental
analyses were conducted using a Yanaco MT-5 CHN corder. An-
alytical TLC was performed on Merck preparative TLC plates
(silica gel 60 GF254, 0.25 mm). Column chromatography was car-
ried out on Merck silica gel 60 (0.063—0.200 mm) or Kanto silica
gel 60N (neutral). Preparative thin-layer chromatography (PTLC)
was carried out on silica gel Wakogel B-5F. Reactions in anhy-
drous DMF were carried out under an argon atmosphere in dried
glassware, unless otherwise noted. Dehydrated DMF, THF, Et,0,
CH,Cl,, AcOEt, and CH3CN were purchased from Kanto Chemi-
cal. Other dry solvents were prepared by distillation under appro-
priate drying agents. Lithium acetate and lithium benzoate were
purchased from Wako Pure Chemical Industries. Tetrabutylam-
monium acetate was purchased from Aldrich Chemical. Other
Lewis-base catalysts were prepared from corresponding precur-
sors and n-BuLi in THF at 0°C. After the solvent had been re-
moved under reduced pressure, the residue was used without fur-
ther purification. (Trifluoromethyl)trimethylsilane was purchased
from Tokyo Kasei Kogyo and used without further purification.
All reagents were purchased from Tokyo Kasei Kogyo, Kanto
Chemical, Kokusan Chemical, Wako Pure Chemical Industries,
Fluka, or Aldrich Chemical. Aldehydes were used after purifica-
tion by distillation or recrystallization. N-Sulfonylaldimines 37a—
37m and 39-41 were prepared by the literature procedures.'® The
N-diphenylphosphinoylaldimine 42 was also synthesized by a
known procedure.'’

Catalyst Preparation. To a mixture of the alcohol 4 or amide
38a (1.05 mmol) in THF (4.37 mL) was added n-BuLi in hexane
(1.58M, 0.63mL, 1.0 mmol) at 0°C, and the mixture was stirred
for 30 min to prepare a 0.2 M solution of lithium alkoxide 59 or
lithium amide 60.

Typical Experimental Procedure for Trifluoromethylation
of Carbonyl Compounds. To a stirred solution of AcOLi
(1.3mg, 0.02mmol) in DMF (0.6 mL) were added successively
a solution of 4-methoxybenzaldehyde (52.5mg, 0.4 mmol) in
DMF (0.6 mL) and TMSCF; (74.8 uL, 0.48 mmol, 95% content)
at 0°C. The mixture was stirred for 10 min at the same tempera-
ture, and then quenched with saturated aqueous NH4Cl. The mix-
ture was extracted with Et,O and the organic layer was washed
with brine and dried over anhydrous Na;SOj. After filtration
and evaporation of the solvent, the crude product was purified

by preparative TLC to afford the corresponding adduct 2 (111.3
mg, 98%).
2,2,2-Trifluoro-1-(4-methoxyphenyl)-1-(trimethylsilyloxy)-
ethane (2):°9  Colorless oil; IR (ATR) 2960, 1614, 1514, 1250,
1125, 840cm™'; 'THNMR (270 MHz, CDCl3) § 7.35 (d, J = 8.6
Hz, 2H), 6.89 (d, J = 8.6 Hz, 2H), 4.85 (q, J = 6.5Hz, 1H), 3.15
(s, 3H), 0.10 (s, 9H); '*C NMR (68 MHz, CDCl3) § 160.0, 128.7,
127.4, 124.2 (q, Jc_r = 281 Hz), 113.6, 72.9 (q, Jc_c_r = 32 Hz),
55.2, —0.15.
1-@-N,N-Dimethylaminophenyl)-2,2,2-trifluoro-1-(trimethyl-
silyloxy)ethane (3):>* Colorless solid; mp 55-56°C; IR (ATR)
2899, 1618, 1529, 1357, 1252, 1097, 868cm~'; 'THNMR (270
MHz, CDCl3) § 7.28 (d, J = 8.6 Hz, 2H), 6.69 (d, J = 8.6 Hz,
2H), 4.81 (q, J = 6.8 Hz, 1H), 2.96 (s, 6H), 0.10 (s, 9H); *CNMR
(68 MHz, CDCl3) § 150.8, 128.4, 124.4 (q, Jc_r = 281Hz), 122.7,
111.7, 73.1 (q, Je_c_r = 32 Hz), 40.4, —0.08.
2,2,2-Trifluoro-1-phenylethanol (4):>* The desired product
was obtained after acid hydrolysis (1 M HCI solution). Colorless
oil; IR (ATR) 3383, 1263, 1167, 1122, 701cm™!; 'THNMR (270
MHz, CDCl3) 6 7.49-7.36 (m, 5H), 4.99 (dq, J = 6.8, 4.3Hz,
1H), 2.78 (d, J =4.3Hz, 1H); 3CNMR (68 MHz, CDCl;) §
133.9, 129.5, 128.5, 127.3, 124.2 (q, Jcr = 281 Hz), 72.9 (q,
JC—C—F =32 HZ).
1-(4-Bromophenyl)-2,2,2-trifluoro-1-(trimethylsilyloxy)eth-
ane (5):°° Colorless oil; IR (ATR) 2960, 1256, 1169, 1129, 842
cm™'; "THNMR (270MHz, CDCl3) § 7.51 (d, J = 8.6 Hz, 2H),
7.32 (d, J = 8.6 Hz, 2H), 4.87 (q, J = 6.5Hz, 1H), 0.12 (s, 9H);
IBCNMR (68 MHz, CDCl3) 8 134.4, 131.4,129.1, 123.7 (q, Jo_r =
281Hz), 123.2, 74.7 (q, Jc_c_r = 32 Hz), —0.19.
2,2,2-Trifluoro-1-(4-methoxycarbonylphenyl)-1-(trimethyl-
silyloxy)ethane (6): Colorless oil; IR (ATR) 2958, 1725, 1268,
1170, 1129, 843 cm™!; '"HNMR (270 MHz, CDCl3) § 8.15 (d, J =
8.1Hz, 2H), 7.63 (d, J = 8.1 Hz, 2H), 5.06 (q, J = 6.5Hz, 1H),
4.02 (s, 3H), 0.22 (s, 9H); 3*CNMR (68 MHz, CDCl3) § 166.5,
140.2, 130.8, 129.5, 127.5, 123.8 (q, Jcr = 282Hz), 72.9 (q,
Jo_cr = 32Hz), 52.2, —0.21; HRMS (FAB+) calcd for Cy3H;g-
F305Si [M + H]* 307.0977, found 307.0979.
2,2,2-Trifluoro-1-(4-nitrophenyl)-1-(trimethylsilyloxy)ethane
(7):  Pale yellow oil; IR (ATR) 2961, 1526, 1349, 1259, 1171,
1130, 843cm™!; 'THNMR (270 MHz, CDCl3) 8§ 8.25 (d, J = 8.6
Hz, 2H), 7.66 (d, J =8.6Hz, 2H), 5.03 (q, J = 6.2Hz, 1H),
0.16 (s, 9H); 3CNMR (68 MHz, CDCl;) § 148.4, 142.2, 128.4,
123.5 (q, Je_r = 281 Hz), 123.5, 72.5 (q, Jc_c_r = 33 Hz), —0.23;
HRMS (FAB+) caled for Cj1H;5F3NO;Si [M + H]T 293.0695,
found 293.0786.
2,2,2-Trifluoro-1-(2-naphthyl)-1-(trimethylsilyloxy)ethane
(8):°°  White powder; mp 56-58 °C; IR (ATR) 2958, 1362, 1257,
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1169, 1124, 848cm~'; 'THNMR (270 MHz, CDCl3) § 7.92-7.80
(m, 4H), 7.61-7.45 (m, 3H), 5.08 (q, J = 6.5Hz, 1H), 0.13 (s,
9H); *CNMR (68 MHz, CDCl3) § 133.6, 132.8, 132.8, 128.1,
128.0, 127.6, 127.2, 126.5, 126.2, 124.7, 124.2 (q, Jcr = 281
Hz), 73.5 (q, Jc.c.r = 32 Hz), —0.11.
1-(9-Anthracenyl)-1-(trimethylsilyloxy)-2,2,2-trifluoroethane
(9):°  White powder; mp 99-101°C; IR (ATR) 2963, 1160,
1116, 839cm™'; '"HNMR (270 MHz, CDCl3) § 9.04 (d, J = 8.4
Hz, 1H), 8.52 (s, 1H), 8.17 (d, J = 8.9 Hz, 1H), 8.12-7.94 (m,
2H), 7.65-7.44 (m, 4H), 6.53 (q, J = 8.1 Hz, 1H), —0.02 (s, 9H);
BCNMR (68 MHz, CDCl3) 8 131.8, 131.1, 130.9, 130.4, 130.2,
129.6, 128.6, 127.8 (q, Jc_c_c_r = 3Hz), 127.0, 125.4, (q, Jcr =
283 Hz), 125.4, 125.2, 125.0, 124.5, 122.2, 704 (q, Jc.cr =
33 Hz), —0.39.
2,2,2-Trifluoro-1-(2-pyridyl)-1-(trimethylsilyloxy)ethane
(10):**  Colorless oil; IR (ATR) 2961, 1174, 1128, 841cm™!;
"THNMR (270 MHz, CDCl3) 8 8.58 (d, J = 4.3Hz, 1H), 7.80—
7.72 (m, 1H), 7.63 (d, J = 7.8 Hz, 1H), 7.33-7.23 (m, 1H), 5.09
(q, J = 6.5Hz, 1H), 0.13 (s, 9H); 3.CNMR (68 MHz, CDCl3) §
155.5, 148.7, 136.7, 123.9 (q, Jo_r = 282 Hz), 123.8, 122.2, 74.8
(q, JC—C—F =31 HZ), —0.22.
trans-1,1,1-Trifluoro-4-phenyl-2-(trimethylsilyloxy)-3-butene
(11):**  Colorless oil; IR (ATR) 2961, 1265, 1256, 1167, 1127,
840cm~!; 'THNMR (270 MHz, CDCls) § 7.44-7.23 (m, 5H), 6.75
(d, J = 15.9Hz, 1H), 6.17 (dd, J = 15.9, 6.2Hz, 1H), 4.61-4.49
(m, 1H), 0.20 (s, 9H); *CNMR (68 MHz, CDCls) § 135.6, 134.9,
128.6, 128.3, 126.7, 124.1 (q, Jcr = 282Hz), 122.3, 72.2 (q,
Jocr = 32 HZ), 0.05.
1,1,1-Trifluoro-4-phenyl-2-(trimethylsilyloxy)butane (12):%
Pale yellow oil; IR (ATR) 2961, 1254, 1128, 841 cm™!; "THNMR
(270 MHz, CDCl3) § 7.36-7.12 (m, 5H), 3.95-3.83 (m, 1H), 2.80—
2.52 (m, 2H), 2.08-1.83 (m, 2H), 0.15 (s, 9H); '>*C NMR (68 MHz,
CDCl3) 8 140.6, 128.4, 128.3, 126.1, 125.0 (q, Jc_r = 282 Hz),
70.5 (q, Jc_c_]: =31 HZ), 32.2 (q, JC—C—C—F = lHZ), 312, 0.11.
1-Cyclohexyl-2,2,2-trifluoroethanol (13):% The desired
product was obtained after acid hydrolysis (1M HCI solution).
Colorless oil; IR (ATR) 3402, 2927, 1086cm~'; 'HNMR (270
MHz, CDCl3) 8 3.78-3.62 (m, 1H), 2.76 (brs, 1H), 1.95-1.64
(m, 6H), 1.39-1.05 (m, 5H); CNMR (68 MHz, CDCl;) §
125.3 (q, Jor = 282Hz), 74.3 (q, Jc_c.r = 29Hz), 38.3, 29.3
(q, JC—C—C—F = IHZ), 26.9 (q, Jc,c4:,}: = IHZ), 261, 26.0, 25.8.
(S)-3-t-Butoxycarbonyl-2,2-dimethyl-4-(2,2,2-trifluoro-1-tri-
methylsilyloxyethyl)-1,3-oxazolidine (14): Mixture of diaster-
eomers; isomer A/isomer B = 61:39. Colorless oil; IR (ATR)
2977, 1690, 1366, 1171, 843cm~!; 'THNMR (270 MHz, CDCls)
6 4.87 (d, J = 7.6Hz, 0.61H, A), 4.39 (d, J = 7.6 Hz, 0.39H, B),
4.32-3.88 (m, 3H), 1.70-1.41 (m, 15H), 0.18 (s, 5.5H, A), 0.16 (s,
3.5H, B); BCNMR (68 MHz, CDCl3) § 152.5, 151.8, 124.5 (q,
Jor = 283 Hz), 94.2, 93.7, 80.7, 80.6, 70.3 (q, Jc_c_r = 30 Hz),
67.9 (q, Je—c_r = 29 Hz), 62.6, 62.0, 57.2, 56.9, 28.4, 28.3, 26.2,
258, 003, HRMS (FAB+) caled for C15H28F3NO4Si [M + H]+
372.1818, found 372.1799.
3-0-Benzyl-6-deoxy-6,6,6-trifluoro-1,2-O-isopropylidene- -
L-idofuranose (16):'* Colorless oil; IR (ATR) 3466, 2989, 1262,
1134, 1073, 1026 cm™~'; "THNMR (270 MHz, CDCls) 8 7.42-7.26
(m, 5H), 5.99 (d, J/ = 3.8 Hz, 1H), 4.69 (d, / = 11.6 Hz, 1H), 4.65
(d,J = 3.8Hz, 1H), 4.51 (d, J = 11.3 Hz, 1H), 4.39-4.28 (m, 2H),
4.07 (d, J = 3.0Hz, 1H), 3.33 (brs, 1H), 1.49 (s, 3H), 1.33 (s, 3H);
I3CNMR (68 MHz, CDCl3) § 136.3, 128.6, 128.3, 127.8, 123.9 (q,
Jer = 281 Hz), 112.4, 104.9, 82.8, 81.9, 76.4 (q, Jc.c.cF =2
Hz), 72.3, 68.5 (q, Jc_c_r = 31 Hz), 26.9, 26.3.
3-0-Benzyl-6-deoxy-6,6,6-trifluoro-1,2-O-isopropylidene-oc-
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p-glucofuranose (17):'* Colorless plate; mp 93-95°C; IR (ATR)
3404, 2934, 1270, 1134, 1068, 1025cm~'; '"HNMR (270 MHz,
CDCl3) § 7.40-7.26 (m, 5H), 6.02 (d, J = 3.8 Hz, 1H), 4.68 (d,
J =11.1Hz, 1H), 4.64 (d, J = 3.8 Hz, 1H), 4.55 (d, J = 11.1 Hz,
1H), 4.47-4.35 (m, 1H), 431 (dd, J =4.3, 3.2Hz, 1H), 4.25
(d, J =2.4Hz, 1H), 4.11 (brs, 1H), 1.55 (s, 3H), 1.33 (s, 3H);
I3CNMR (68 MHz, CDCl3) § 135.8, 128.7, 128.6, 128.1, 124.3
(q, Jc_r = 282 Hz), 112.1, 104.8, 84.0, 81.6, 75.4, 72.8, 70.2 (q,
Je_cr = 31 Hz), 26.7, 26.1.

2,2,2-Trifluoro-1,1-diphenyl-1-(trimethylsilyloxy)ethane
(18):>* Colorless oil; IR (ATR) 2960, 1157, 840cm™'; '"HNMR
(270 MHz, CDCl3) 8 7.46-7.27 (m, 10H), —0.06 (s, 9H);
I3CNMR (68 MHz, CDCl3) § 140.8, 128.2, 128.1 (q, Je_c—c_F =
2Hz), 127.7, 125.1 (q, Jc_r = 286 Hz), 81.9 (q, Jc_c_r = 29 Hz),
1.4.

Methyl 3,3,3-Trifluoro-2-hydroxy-2-phenylpropanoate (19):
The desired product was obtained after acid hydrolysis (1 M HCl
solution). Colorless oil; IR (ATR) 3489, 2961, 1743, 1167cm™";
'"HNMR (270 MHz, CDCl3) § 7.82-7.72 (m, 2H), 7.44-7.34 (m,
3H), 4.33 (s, 1H), 3.94 (s, 3H); *CNMR (68 MHz, CDCl3) §
169.3, 132.7, 129.5, 128.3, 126.6, 122.9 (q, Jc_r = 285Hz), 77.9
(q, Je_c_r = 30Hz), 54.6; Anal. Calcd for CoHygF;03: C, 51.29;
H, 3.88%. Found: C, 51.34; H, 4.09%.

2,2,2-Trifluoro-1-methyl-1-phenylethanol (20):>*  The de-
sired product was obtained after acid hydrolysis (1 M HCI solu-
tion). Colorless oil; IR (ATR) 3429, 1673, 1148, 1071cm™';
'HNMR (270 MHz, CDCls) § 7.62-7.52 (m, 2H), 7.44-7.32 (m,
3H), 2.60 (brs, 1H), 1.78 (s, 3H); *CNMR (68 MHz, CDCl3) §
138.3, 128.5, 128.2, 126.0, 125.5 (q, Jcr = 284Hz), 74.8 (q,
Je_cr = 29Hz), 23.9.

2,2,2-Trifluoro-1-methyl-1-(4-nitrophenyl)-1-(trimethylsilyl-
oxy)ethane (21): Colorless oil; IR (ATR) 2962, 1525, 1163,
840cm~!; 'THNMR (270 MHz, CDCls) § 8.23 (d, J = 8.6Hz,
2H), 7.73 (d, J = 8.6 Hz, 2H), 1.87 (s, 3H), 0.20 (s, 9H); *CNMR
(68 MHz, CDCl3) § 147.9, 147.0, 127.8, 124.6 (q, Jc_r = 285 Hz),
123.1, 77.1 (q, Jc—cr =30Hz), 22.8, 2.1; Anal. Calcd for
CpHcF3NO;Si: C, 46.90; H, 5.25; N, 4.56%. Found: C, 46.82;
H, 5.38; N, 4.58%.

N-(¢-Butoxycarbonyl)-4-(trifluoromethyl)-4-trimethylsilyloxy-
piperidine (22): Colorless oil; IR (ATR) 2971, 1699, 1150,
1099cm™!; "THNMR (270 MHz, CDCl3) & 4.14-3.92 (m, 2H),
3.08-2.85 (m, 2H), 1.78-1.62 (m, 4H), 1.47 (s, 9H), 0.18 (s, 9H);
IBCNMR (68 MHz, CDCl3) 8§ 154.5, 125.6 (q, Jo_r = 284 Hz),
79.8, 74.1 (q, Jc.c_r = 28 Hz), 38.6, 30.8, 28.5, 1.8; Anal. Calcd
for C4HysF3NO;Si: C, 49.25; H, 7.68; N, 4.10%. Found: C,
49.19; H, 7.41; N, 3.88%.

4-Phenyl-1-(trifluoromethyl)-1-(trimethylsilyloxy)cyclohex-
ane (23): Mixture of diastereomers; isomer A/isomer B = 91:9.
Colorless oil; IR (ATR) 2956, 1140, 1124, 839cm™'; 'HNMR
(270 MHz, CDCl3) § 7.38-7.18 (m, 5H), 2.80-2.66 (m, 0.91H,
A), 2.62-2.48 (m, 0.09H, B), 2.27-2.14 (m, 2H), 2.05-1.62 (m,
6H), 0.24 (s, 0.81, B), 0.22 (s, 8.19, A); *CNMR (68 MHz,
CDCl3) & 146.4, 145.1, 128.4, 128.3, 126.8, 126.6, 126.6 (q,
Jer = 286 Hz), 126.2, 126.0, 75.0 (q, Jc_c_r = 29Hz), 74.7 (q,
Joc.r = 29Hz), 43.3, 41.0, 32.7, 31.1, 28.7, 28.1, 2.3, 1.9; Anal.
Calcd for C4Hy3F50Si: C, 60.73; H, 7.33%. Found: C, 60.56; H,
7.44%.

trans-4,4,4-Trifluoro-1,3-diphenyl-3-trimethylsilyloxy-1-bu-
tene (24):° Colorless oil; IR (ATR) 2961, 1650, 1254, 1159,
839cm~!; 'THNMR (270 MHz, CDCl3) § 7.65-7.56 (m, 2H),
7.44-7.24 (m, 8H), 6.70 (d, J = 16.2Hz, 1H), 6.55 (d, J = 16.2
Hz, 1H), 0.15 (s, 9H); *CNMR (68 MHz, CDCl;) § 137.9,
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135.6, 135.1, 128.7, 128.5, 128.4, 127.8, 126.8, 126.7, 124.9 (q,
]C—F =286 HZ), 79.9 (q, JC£7F =28 HZ), 2.1.

trans-4,4,4-Trifluoro-3-(4-methoxyphenyl)-1-phenyl-3-tri-
methylsilyloxy-1-butene (25): Colorless oil; IR (ATR) 2959,
1610, 1511, 1252, 1157, 837cm™'; "THNMR (270 MHz, CDCls)
6 7.51 (d, J = 8.9Hz, 2H), 7.44-7.24 (m, 5H), 6.91 (d, / = 8.9
Hz, 2H), 6.71 (d, J = 16.5Hz, 1H), 6.53 (d, J/ = 16.5Hz, 1H),
3.82 (s, 3H), 0.13 (s, 9H); 3*CNMR (68 MHz, CDCl3) § 159.6,
135.7, 135.0, 129.2, 128.7, 128.5, 127.0, 126.7, 125.0 (q, Jc_fr =
286 Hz), 113.2, 79.7 (q, Jcc.r = 29Hz), 2.1; HRMS (FAB+)
calcd for CyoHy3F30,Si MT 380.1419, found 380.1404.

trans-4,4,4-Trifluoro-3-methyl-1-phenyl-3-trimethylsilyloxy-
1-butene (26): Colorless oil; IR (ATR) 2961, 1254, 1158, 1093,
839cm~!; "THNMR (270 MHz, CDCl3) § 7.42-7.24 (m, 5H), 6.75
(d, J = 16.2Hz, 1H), 6.25 (d, J = 16.2Hz, 1H), 1.59 (s, 3H), 0.19
(s, 9H); PCNMR (68 MHz, CDCls) § 135.8, 132.4, 128.6, 128.2,
127.6, 126.7, 125.2 (q, Jc_r = 285Hz), 76.4 (q, Jc_c_r = 30Hz),
21.8, 2.3; HRMS (FAB+) calcd for C4H9F30Si M™ 288.1157,
found 288.1150.

Typical Experimental Procedure for Trifluoromethylation
of Esters. To a stirred solution of AcONBuy (6.0 mg, 0.02 mmol)
in toluene (0.6mL) were added successively a solution of 4-
CIC¢H4CO,Me (70.4mg, 0.4mmol) in toluene (0.6mL) and
TMSCEF; (74.8 uL, 0.48 mmol, 95% content) at 0 °C. The reaction
mixture slowly warmed to room temperature. The mixture was
stirred for 1h at the same temperature and quenched with saturat-
ed aqueous NH4ClI (1.0 mL). The mixture was extracted with Et,O
and dried over anhydrous Na,SOy, and then evaporated. The res-
idue was dissolved in a mixture of HCI (1.0M, 1.0 mL) and THF
(I mL), and the mixture was stirred for 16 h. The mixture was
extracted with AcOEt and the organic layer was washed with
brine, dried over anhydrous Na;SOy, and then evaporated. After
filtration and evaporation of the solvent, the crude product was
purified by preparative TLC to afford the corresponding adduct
(75.1 mg, 90%).

4’'-Chloro-2,2,2-trifluoroacetophenone (29):'%  Colorless oil;
IR (ATR) 1717, 1588, 1141, 1091cm™!; '"HNMR (270 MHz,
CDCl3) & 8.06-7.97 (m, 2H), 7.56-7.50 (m, 2H); *CNMR
(68 MHz, CDCl3) 6 179.3 (q, Jc.c.r = 36 Hz), 142.4, 131.3 (q,
Jeccr = 2Hz), 129.5, 128.1, 116.4 (q, Jc_r = 290 Hz).

1-(4-Chlorophenyl)-2,2,2-trifluoro-1-methoxy-1-trimethyl-
silyloxyethane (28): Colorless oil; IR (ATR) 2961, 1255,
1174, 1087, 844cm™'; "THNMR (270 MHz, CDCl3) § 7.52 (d,
J = 8.4Hz, 2H), 7.36 (d, J = 8.4Hz, 2H), 3.20 (s, 3H), 0.27 (s,
9H); BCNMR (68 MHz, CDCl3) § 135.6, 134.1, 129.7, 128.2,
122.3 (q, Jor = 288Hz), 98.1 (q, Jccr = 32Hz), 50.5, 1.2;
HRMS (FAB+) calcd for C1oHsCIF;0,Si M* 312.0560, found
312.0593.

2-(4-Chlorophenyl)-1,1,1,3,3,3-hexafluoro-2-trimethylsilyl-
oxypropane (30): Colorless oil; IR (ATR) 2963, 1198, 1154,
846cm~!; 'THNMR (270MHz, CDCl3) § 7.57 (d, J = 8.6Hz,
2H), 7.44-7.37 (m, 2H), 0.24 (s, 9H); 3C NMR (68 MHz, CDCl5)
6 136.1, 130.4, 128.5, 128.4, 122.4 (q, Jc_c_r = 289 Hz), 79.6 (h,
Jor = 30Hz), 1.45.

2-(4-Chlorophenyl)-1,1,1,3,3,3-hexafluoropropan-2-ol (31):
Colorless oil; IR (ATR) 3325, 1212, 1166, 1097, 924cm™';
'"HNMR (270 MHz, CDCl3) § 7.66 (d, J = 8.9 Hz, 2H), 7.48-7.40
(m, 2H), 3.84 (brs, 1H); 3CNMR (68 MHz, CDCl;) § 136.5,
128.8, 128.0 (h, Jc_c_c_r = 2Hz), 127.7, 122.4 (q, Jo—c_r = 288
Hz), 76.8 (h, Jc_.p = 30Hz); HRMS (ESI) calcd for CoH,CIFsO
[M — H]~ 276.9855, found 276.9856.

2,2,2-Trifluoro-4’-methoxyacetophenone (32):'°  Colorless
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oil; IR (ATR) 2940, 1705, 1600, 1161cm~!; 'THNMR (270
MHz, CDCl3) § 8.13-7.95 (m, 2H), 7.08-6.93 (m, 2H), 3.91 (s,
3H); BCNMR (68 MHz, CDCl3) § 178.7 (q, Je_cr = 35Hz),
165.2, 132.6, 122.7, 116.8 (q, Jc_r = 291 Hz), 114.4, 55.7.

trans-1,1,1-Trifluoro-4-phenyl-3-buten-2-one (33):°>*° Col-
orless oil; IR (ATR) 3066, 1608, 1139, 1053cm~'; '"HNMR
(270MHz, CDCl3) § 7.96 (d, J = 15.9Hz, 1H), 7.68-7.60 (m,
2H), 7.55-6.40 (m, 3H), 7.01 (d, J = 15.9Hz, 1H); *CNMR
(68 MHz, CDCl3) § 179.8 (q, Jc.cr = 35Hz), 150.0, 133.2,
132.2, 129.1, 116.5, 116.3 (q, Jc_r = 291 Hz).

2,2,2-Trifluoro-1-(4-nitrophenyl)ethan-1,1-diol (34):>! Pale
yellow prisms; mp 105-107°C; IR (ATR) 3433, 1512, 1283,
1154, 1058, 852cm™'; '"HNMR (270 MHz, DMSO-ds) & 8.27
(d, J =8.6Hz, 2H), 7.95 (brs, 2H), 7.86 (d, J = 8.6 Hz, 2H);
I3CNMR (68 MHz, DMSO-dg) 8 147.9, 145.2, 128.8, 123.0 (q,
Jor = 288 Hz), 122.8, 92.2 (q, Jc.c_r = 31 Hz).

1,1,1-Trifluoro-4-phenyl-2-butanone (35):®®  Colorless oil;
IR (ATR) 2931, 1716, 1150cm™'; "THNMR (270 MHz, CDCls)
8 7.33-7.14 (m, 5H), 3.07-2.92 (m, 4H); *CNMR (68 MHz,
CDCl3) 8 190.4 (q, Je_c_r = 35Hz), 139.1, 128.5, 128.1, 126.5,
115.4 (q, Je_r = 291 Hz), 38.0, 28.2.

N-(4-Tolylsulfonyl)-4-(2,2,2-trifluoroacetyl)piperidine (36):
White solid; mp 98-100°C; IR (ATR) 3378, 2849, 1322, 1148
cm™!; 'THNMR (270MHz, CDCl3) § 7.65 (d, J = 8.4Hz, 2H),
7.32 (d, J = 8.4Hz, 2H), 3.89-3.71 (m, 2H), 2.51 (s, 3H), 2.30—
2.10 (m, 2H), 2.05-1.52 (m, 4H); *CNMR (68 MHz, CDCl3) §
192.1 (q, Je—c_r = 34 Hz), 134.8, 132.7, 129.7, 127.6, 115.5 (q,
Jor = 292 Hz), 45.1, 42.1, 26.5, 21.6; HRMS (FAB+) calcd for
C14H16F3NO;SLi [M + Li]* 342.0963, found 342.0935.

Typical Experimental Procedure for Trifluoromethylation
of N-Ts-aldimines. To a stirred solution of AcOLi (2.6 mg,
0.04 mmol) in DMF (1.0 mL) were added successively a solution
of N-tosylbenzaldimine (103.7 mg, 0.4 mmol) in DMF (0.2mL)
and TMSCF; (87.3uL, 0.56 mmol, 95% content) at —20°C.
The mixture was stirred for 16h at the same temperature and
quenched with saturated aqueous NH4Cl. The mixture was ex-
tracted with AcOEt, and the organic layer was washed with brine
and dried over anhydrous Na,SO,. After filtration and evaporation
of the solvent, the resulting residue was purified by preparative
TLC to give the desired product (119.9mg, 91%).

4-Methyl-N-(2,2,2-trifluoro-1-phenylethyl)benzenesulfon-
amide (38a):> Colorless granulars; mp 156-158 °C; IR (ATR)
3250, 1601, 1452, 1329, 1263, 1179, 1121, 1093cm~'; 'HNMR
(270 MHz, CDCl3) § 7.60 (d, J = 8.1Hz, 2H), 7.34-7.12 (m,
7H), 5.94 (d, J = 9.2Hz, 1H), 4.97-4.82 (m, 1H), 2.35 (s, 3H);
I3CNMR (68 MHz, CDCls) § 143.7, 136.9, 131.8 (d, Je_c_c_F =
1Hz), 129.4, 129.2, 128.7, 127.7, 126.9, 123.8 (q, Jcr =
281 Hz), 59.2 (q, Jc_c.r = 32 Hz), 21.5. Anal. Calcd for C;sHy4-
FsNO,S: C, 54.70; H, 4.28; N, 4.25%. Found: C, 54.53; H,
4.27; N, 4.06%.

4-Methyl-N-[2,2,2-trifluoro-1-(4-methoxyphenyl)ethyl]ben-
zenesulfonamide (38b):® Colorless granulars; mp 148-149 °C;
IR (ATR) 3252, 1613, 1455, 1347, 1252, 1178, 1124, 1082cm™;
'HNMR (270 MHz, CDCl3) § 7.60 (d, J = 8.4Hz, 2H), 7.17 (d,
J =8.9Hz, 2H), 7.10 (d, J = 8.9Hz, 2H), 6.76 (d, J = 8.4 Hz,
2H), 5.54 (d, J = 9.2Hz, 1H), 4.93-4.79 (m, 1H), 3.77 (s, 3H),
2.38 (s, 3H); 3CNMR (68 MHz, CDCl3) § 160.1, 143.6, 136.9,
129.4, 1289 (d, Jc.c.cr = 1 Hz), 126.9, 123.9 (q, Jcr = 281
Hz), 123.8 (d, Jc_c_c.r = 1 Hz), 114.1, 58.7 (q, Jc_c_r = 32 Hz),
55.3, 21.6. Anal. Calcd for CigHcF3NO3S: C, 53.48; H, 4.49;
N, 3.90%. Found: C, 53.16; H, 4.36; N, 3.57%.

4-Methyl-N-[2,2,2-trifluoro-1-(4-methylphenyl)ethyl]benzene-
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sulfonamide (38c):® Colorless granulars; mp 186-188°C; IR
(ATR) 3256, 1457, 1325, 1263, 1181 cm™'; 'THNMR (270 MHz,
CDCls) 8§ 7.61 (d, J =8.1Hz, 2H), 7.16 (d, J = 8.1 Hz, 2H),
7.05 (s, 4H), 5.73 (d, J = 9.5Hz, 1H), 4.93-4.79 (m, 1H), 2.37
(s, 3H), 2.30 (s, 3H); 3*C NMR (68 MHz, CDCls3) § 143.6, 139.2,
136.9, 129.4, 129.3, 1289, 127.5 (d, Jcc.c.r = 1 Hz), 126.9,
1239 (q, Jcr = 281 Hz), 58.9 (q, Jc.c.r = 32 Hz), 21.6, 21.2.
Anal. Calcd for CgHsF3NO,S: C, 55.97; H, 4.70; N, 4.08%.
Found: C, 55.70; H, 4.60; N, 3.68%.
N-[1-(4-Chlorophenyl)-2,2,2-trifluoroethyl]-4-methylbenzene-
sulfonamide (38d):>> Colorless granulars; mp 196-198 °C; IR
(ATR) 3250, 1603, 1499, 1336, 1185, 1091 cm~'; "HNMR (270
MHz, CDCl3) § 7.59 (d, J = 7.8 Hz, 2H), 7.28-7.08 (m, 6H), 6.06
(d, J =9.5Hz, 1H), 4.97-4.82 (m, 1H), 2.39 (s, 3H); *CNMR
(68 MHz, DMSO-ds) § 142.6, 137.7, 131.1, 130.0, 129.1, 128.0,
126.2, 125.4, 123.7 (q, Jc_r = 281 Hz), 57.1 (q, Jc_c_r = 31 Hz),
20.8. Anal. Calcd for CsH;3CIF3;NO,S: C, 49.52; H, 3.60; N,
3.85%. Found: C, 49.26; H, 3.61; N, 4.07%.
N-[1-(4-Bromophenyl)-2,2,2-trifluoroethyl]-4-methylbenzene-
sulfonamide (38e):>> Colorless granulars; mp 221-223°C; IR
(ATR) 3250, 1600, 1495, 1333, 1183, 1135cm~!; "THNMR (270
MHz, DMSO-dg) 6 9.20 (d, J = 9.7Hz, 1H), 7.51 (d, J = 8.1 Hz,
2H), 7.43 (d, J = 8.6 Hz, 2H), 7.32 (d, J = 8.6 Hz, 2H), 7.18 (d,
J = 8.1Hz, 2H), 5.40-5.24 (m, 1H), 2.29 (s, 3H); *CNMR
(68 MHz, DMSO-ds) § 142.6, 137.6, 131.5, 131.0, 130.3, 129.1,
126.2, 1239 (q, Jc.r = 281Hz), 122.1, 57.2 (q, Jc_c.r = 31 Hz),
20.9; Anal. Calcd for CsH3BrF;NO,S: C, 44.13; H, 3.21; N,
3.43%. Found: C, 44.01; H, 3.10; N, 3.50%.
4-Methyl-N-[2,2,2-trifluoro-1-(4-nitrophenyl)ethyl ]benzene-
sulfonamide (38f):  Colorless granulars; mp 164-165°C; IR
(ATR) 3254, 1537, 1349, 1263, 1183, 1166, 1086cm~'; '"HNMR
(270 MHz, CDCl3) 6§ 8.12 (d, J = 8.4Hz, 2H), 7.62 (d, / = 8.4
Hz, 2H), 7.43 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 6.05
(d, J = 8.9Hz, 1H), 5.12-4.95 (m, 1H), 2.38 (s, 3H); *CNMR
(68 MHz, CDCl;) & 148.3, 144.4, 138.5, 136.4, 129.7, 129.0,
126.9, 123.8, 123.3 (q, Jo_r = 281 Hz), 58.6 (q, Jc_c_r = 32 Hz),
21.6; Anal. Calcd for CsH3F3N,0,4S: C, 48.13; H, 3.50; N,
7.48%. Found: C, 47.93; H, 3.34; N, 7.32%.
4-Methyl-N-[2,2,2-trifluoro-1-(2-naphthyl)ethyl]benzenesul-
fonamide (38g):**  Colorless granulars; mp 154-155°C; IR
(ATR) 3252, 1598, 1454, 1336, 1267, 1191, 1126cm™"'; 'THNMR
(270 MHz, DMSO-dg) 6 9.28 (d, J = 10.3 Hz, 1H), 7.89-7.72 (m,
4H), 7.55-7.46 (m, 5H), 7.03 (d, J = 8.6 Hz, 2H), 5.46-5.30 (m,
1H), 2.07 (s, 3H); ’C NMR (68 MHz, DMSO-dg) § 142.4, 137.7,
132.5, 132.0, 129.4, 128.9, 128.0, 127.8, 127.3, 126.5, 126.4,
126.3, 126.1, 125.0, 124.3 (q, Jc_r = 281 Hz), 58.1 (q, Jc.c.F =
31Hz), 20.9; Anal. Calcd for C19H;¢F3NO,S: C, 60.15; H, 4.25;
N, 3.69%. Found: C, 59.86; H, 4.23; N, 3.68%.
4-Methyl-N-[2,2,2-trifluoro-1-(2-furyl)ethyl]benzenesulfon-
amide (38h): Colorless granulars; mp 140-142°C; IR (ATR)
3244, 1454, 1330, 1268, 1184, 1167, 1091cm~'; 'HNMR
(270 MHz, CDCl3) § 7.66 (d, J = 8.4Hz, 2H), 7.27 (d, J = 7.8
Hz, 1H), 7.23 (d, J=8.4Hz, 2H), 6.27 (s, 2H), 5.39 (d,
J =9.7Hz, 1H), 5.12-4.98 (m, 1H), 2.40 (s, 3H); ’CNMR (68
MHz, CDCl3) § 144.2, 143.8, 143.5, 136.7, 129.5, 126.8, 122.8
(q, Jc_r = 281 Hz), 110.6, 110.4, 53.3 (q, Jc_c_r = 34 Hz), 21.6;
Anal. Calcd for Ci3H,F5NOsS: C, 48.90; H, 3.79; N, 4.39%.
Found: C, 48.84; H, 3.56; N, 4.22%.
4-Methyl-N-[2,2,2-trifluoro-1-(4-pyridyl)ethyl ]benzenesulfon-
amide (38i): Colorless granulars; mp 194-197°C (dec.); IR
(ATR) 3045, 2738, 1607, 1339, 1183, 1164cm~"'; 'HNMR (270
MHz, DMSO-ds) 6§ 9.37 (d, J = 10.3Hz, 1H), 8.44 (d, J = 5.1
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Hz, 2H), 7.54 (d, J = 8.1 Hz, 2H), 7.40 (d, J = 8.1 Hz, 2H), 7.19
(d, J = 5.1Hz, 2H), 5.52-5.36 (m, 1H), 2.27 (s, 3H); *CNMR
(68 MHz, DMSO-ds) § 149.4, 142.8, 140.7, 137.5, 129.1, 126.2,
123.8 (q, Jc_r = 281 Hz), 123.0, 56.8 (q, Jc_c_r = 31 Hz), 20.9;
Anal. Calcd for C14H3F3N,0,S: C, 50.90; H, 3.97; N, 8.48%.
Found: C, 50.83; H, 3.98; N, 8.39%.
4-Methyl-N-(1,1,1-trifluoro-4-phenylbut-3-en-2-yl)benzene-
sulfonamide (38j):® Colorless granulars; mp 116-118°C; IR
(ATR) 3253, 1598, 1452, 1265, 1185, 1127cm~!; '"HNMR
(270MHz, CDCl3) § 7.76 (d, J = 8.1Hz, 2H), 7.34-7.16 (m,
7H), 6.49 (d, J = 15.9Hz, 1H), 5.90 (dd, J = 15.9, 7.0Hz, 1H),
526 (d, J =9.2Hz, 1H), 4.65-4.50 (m, 1H), 2.34 (s, 3H);
IBCNMR (68 MHz, CDCl3) § 143.9, 137.2, 136.8, 134.8, 129.6
(d, Je.c.cr = 1 Hz), 128.7, 128.5, 127.0, 126.7, 123.8 (q, Jc_r =
281Hz), 118.1 (q, Je-cc.r = 2Hz), 57.5 (q, Jc-c_r = 32 Hz),
21.5; Anal. Calcd for C7HsFsNO,S: C, 57.46; H, 4.54; N,
3.94%. Found: C, 57.35; H, 4.50; N, 3.56%.
N-[1-(£-Butyl)-2,2,2-trifluoroethyl]-4-methylbenzenesulfon-
amide (38k): Colorless needles; mp 178-179°C; IR (ATR)
3296, 2985, 1477, 1327, 1265, 1173, 1094cm™'; '"HNMR (270
MHz, CDCl;) § 7.74 (d, J = 8.1Hz, 2H), 7.28 (d, J = 8.1Hz,
2H), 5.13 (d, J = 10.0Hz, 1H), 3.84-3.66 (m, 1H), 2.42 (s, 3H),
1.05 (s, 9H); *CNMR (68 MHz, CDCl3) § 143.4, 138.0, 129.4,
126.7, 125.2 (q, Je_r = 283 Hz), 62.7 (q, Jc_c_r = 28 Hz), 34.0,
27.2 (q, JC—C—C—F = ZHZ), 216, Anal. Calcd for C13H13F3NOQSZ
C, 50.47; H, 5.86; N, 4.53%. Found: C, 50.16; H, 5.62; N, 4.27%.
N-(1-Cyclohexyl-2,2,2-trifluoroethyl)-4-methylbenzenesul-
fonamide (381): White solid; mp 130-132°C; IR (ATR) 3279,
2936, 1454, 1332, 1175, 1122cm™!; 'THNMR (270 MHz, CDCls)
6 774 (d, J =8.1Hz, 2H), 7.29 (d, J = 8.1 Hz, 2H), 4.94 (d,
J =10.3Hz, 1H), 3.88-3.72 (m, 1H), 2.42 (s, 3H), 1.85-1.55
(m, 6H), 1.35-0.95 (m, SH); *CNMR (68 MHz, CDCl5) § 143.5,
137.9, 129.4, 126.9, 124.8 (q, Jc—r = 283 Hz), 59.5 (q, Jc-c.Fr =
29Hz), 37.7, 29.9, 27.0 (q, Jc_c.c.r = 1 Hz), 26.0, 25.8, 25.7,
21.6; Anal. Calcd for Ci5sH,0F;NO,S: C, 53.72; H, 6.01; N,
4.18%. Found: C, 53.37; H, 5.78; N, 3.96%.
4-Methyl-N-(3-phenyl-1-trifluoromethylpropyl)benzenesul-
fonamide (38m): White solid; mp 109-111°C; IR (ATR) 3255,
2938, 1454, 1342, 1129 cm™!; "THNMR (270 MHz, CDCl3) 8 7.74
(d, J = 8.4Hz, 2H), 7.33-7.05 (m, 7H), 4.93 (d, / = 9.7 Hz, 1H),
4.04-3.84 (m, 1H), 2.86-2.57 (m, 2H), 2.43 (s, 3H), 2.16-2.02 (m,
1H), 1.86-1.66 (m, 1H); BCNMR (68 MHz, CDCl;) § 143.8,
139.7, 137.5, 129.6, 128.5, 128.3, 126.9, 126.3, 124.6 (q, Jor =
281 HZ), 55.0 (q, JC—C—F =29 HZ), 31.1 (q, JC—C—C—F = 2HZ), 31.0,
21.7; HRMS (FAB+) caled for C;7H;oF3NO,S [M + H]|*
358.1089, found 358.1082.
4-Chloro-N-(2,2,2-trifluoro-1-phenylethyl)benzenesulfon-
amide (45): Colorless needles; mp 172-174°C; IR (ATR) 3251,
1461, 1346, 1265, 1174, 1127cm~"; "THNMR (270 MHz, DMSO-
dg) 8 9.40 (brs, 1H), 7.64 (d, J = 8.6 Hz, 2H), 7.44 (d, J = 8.6 Hz,
2H), 7.40-7.34 (m, 2H), 7.32-7.18 (m, 3H), 5.35-5.22 (m, 1H);
IBCNMR (68 MHz, DMSO-dg) 8 139.4, 137.1, 131.8, 128.7,
128.6, 128.1, 126.6, 124.1 (q, Jc_r = 281 Hz), 57.8 (q, Jc.c.F =
31Hz); Anal. Calcd for C14H;;CIF3NO,S: C, 48.08; H, 3.17; N,
4.00%. Found: C, 48.01; H, 3.27; N, 3.80%.
4-Nitro-N-(2,2,2-trifluoro-1-phenylethyl)benzenesulfonamide
(46): Colorless granulars; mp 153-154 °C; IR (ATR) 3268, 1524,
1351, 1190, 1134 cm™'; "THNMR (270 MHz, DMSO-ds) § 9.71 (d,
J =10.0Hz, 1H), 8.21 (d, J/ = 8.6 Hz, 2H), 7.89 (d, J = 8.6 Hz,
2H), 7.48-7.36 (m, 2H), 7.28-7.16 (m, 3H), 5.48-5.32 (m, 1H);
IBCNMR (68 MHz, DMSO-dg) 8 149.1, 146.0, 131.7, 129.0,
128.1, 128.1, 127.8, 124.1 (q, Jcr = 281 Hz), 124.0, 57.9 (q,
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JC—C—F =31 HZ); Anal. Calcd for C14H11F3N204SZ C, 46.67; H,
3.08; N, 7.77%. Found: C, 46.59; H, 3.11; N, 7.60%.
2-Nitro-N-(2,2,2-trifluoro-1-phenylethyl)benzenesulfonamide
(47): Colorless needles; mp 105-106 °C; IR (ATR) 3309, 1537,
1360, 1183, 1130cm™'; "THNMR (270 MHz, CDCl3) § 7.86 (dd,
J=17.6, 1.6Hz, 1H), 7.79 (dd, J = 7.6, 1.4Hz, 1H), 7.62 (dd,
J=17.6, 1.4Hz, 1H), 7.52 (dd, J = 7.6, 1.6Hz, 1H), 7.26-7.18
(m, 5H), 6.41 (d, J = 10.0Hz, 1H), 5.11 (dq, J = 10.0, 7.6 Hz,
1H); CNMR (68 MHz, CDCls) § 147.1, 133.9, 133.6, 132.8,
130.9, 130.4, 129.5, 128.8, 127.6, 125.3, 123.6 (q, Jc_r = 281 Hz),
60.0 (q, JC—C—F = 32HZ), Anal. Calcd for C14H11F3N204SZ C,
46.67; H, 3.08; N, 7.77%. Found: C, 46.36; H, 3.08; N, 7.43%.
N-(2,2,2-Trifluoro-1-phenylethyl)diphenylphosphinamide
(48): White solid; mp 214-216°C; IR (ATR) 3192, 1438, 1253,
1187, 1119cm~!; '"HNMR (270 MHz, CDCl3) § 7.92-7.82 (m,
2H), 7.77-7.67 (m, 2H), 7.58-7.26 (m, 11H), 4.79-4.60 (m,
1H), 3.83 (dd, J = 11.3, 7.8 Hz, 1H); *CNMR (68 MHz, CDCl5)
6 134.5, 132.4, 132.3, 132.2, 132.2, 132.1, 132.1, 132.0, 131.9,
130.5, 130.3, 128.9, 128.7, 128.6, 128.5, 128.4, 128.3, 127.6,
124.7 (dq, Jcr = 281, 8Hz), 56.8 (q, Jc_c.r = 31 Hz); Anal.
Calcd for Cy0H7F3NOP: C, 64.00; H, 4.57; N, 3.73%. Found:
C, 64.01; H, 4.40; N, 3.53%.
4-Methyl-N-(2,2,3,3,3-pentafluoro-1-phenylpropyl)benzene-
sulfonamide (55): Colorless needles; mp 180-182°C; IR (ATR)
3261, 1462, 1335, 1189, 1169, 1029cm~!; 'HNMR (270 MHz,
CDCl3) § 7.52 (d, J = 8.4Hz, 2H), 7.30-7.16 (m, 3H), 7.13-
7.04 (m, 4H), 5.71 (d, J = 10.5Hz, 1H), 4.96 (dt, J =16.2,
10.5Hz, 1H), 2.32 (s, 3H); 3*CNMR (68 MHz, CDCl;) § 143.6,
136.7, 131.3, 129.3, 129.1, 128.6, 128.0, 126.9, 120.7, 116.6,
116.4, 112.8 (121-112 ppm: multiple peaks), 57.7 (dd, Jec_cr =
26, 21 Hz), 21.5; Anal. Calcd for C;¢H4FsNO,S: C, 50.66; H,
3.72; N, 3.69%. Found: C, 50.36; H, 3.55; N, 3.47%.
N-(2,2,3,3,4,4,4-Heptafluoro-1-phenylbutyl)-4-methylben-
zenesulfonamide (56): Colorless needles; mp 114-115°C; IR
(ATR) 3280, 1460, 1347, 1224, 1167cm™'; "THNMR (270 MHz,
CDCl3) § 7.52 (d, J = 8.1 Hz, 2H), 7.28-7.01 (m, 7H), 6.09 (d,
J =10.8 Hz, 1H), 5.05 (dt, J = 15.9, 10.8 Hz, 1H), 2.31 (s, 3H);
BCNMR (68 MHz, CDCl3) § 143.6, 136.7, 131.3, 129.3, 129.2,
128.6, 128.1, 126.9, 120.1, 119.6, 118.9, 118.5, 115.4, 115.1,
114.9, 114.6, 114.2, 113.2, 112.7, 110.8, 110.4, 109.9, 109.3,
108.8, 108.2, 104.9 (121-104 ppm: multiple peaks), 57.9 (dd,
Je_cp = 26, 22Hz), 21.5; Anal. Calcd for C;7H4F;NO,S: C,
47.56; H, 3.29; N, 3.26%. Found: C, 47.55; H, 3.14; N, 2.97%.
Ethyl 2,2-Difluoro-3-phenyl-3-(4-tolylsulfonylamino)propio-
nate (57): Colorless granulars; mp 105-106 °C; IR (ATR) 3251,
1782, 1326, 1169, 1058 cm™!; '"HNMR (270 MHz, CDCl3) § 7.53
(d, J = 8.1 Hz, 2H), 7.28-7.06 (m, 7H), 5.45 (d, J = 9.7Hz, 1H),
5.02 (dt, J = 16.2, 9.7Hz, 1H), 4.22 (q, J = 7.0Hz, 2H), 2.33 (s,
3H), 1.25 (t, J = 7.0 Hz, 3H); 3C NMR (68 MHz, CDCl3) § 162.4
(dd, Je_cr = 32,31 Hz), 143.4, 137.0, 131.8, 129.3, 128.9, 128.4,
128.1 (t, Jo_c_c.r = 1 Hz), 126.9, 113.5 (dd, Jc_r = 256, 258 Hz),
63.5, 59.7 (dd, Jc_cr = 27, 24 Hz), 21.5, 13.8; Anal. Calcd for
CigsHjoF,NO,4S: C, 56.39; H, 5.00; N, 3.65%. Found: C, 56.24;
H, 4.93; N, 3.39%.
N-[2,2-Difluoro-1-phenyl-2-(4-trifluoromethylphenyl)ethyl]-
4-methylbenzenesulfonamide (58):  Colorless granulars; mp
156-157°C; IR (ATR) 3313, 1326, 1157, 1088cm~!; '"HNMR
(270 MHz, CDCl3) § 7.51 (d, J = 8.1 Hz, 2H), 7.48-7.40 (m, 2H),
7.32 (d, J = 8.1Hz, 2H), 7.26-7.09 (m, 3H), 7.08 (d, J = 8.1 Hz,
2H), 7.02-6.96 (m, 2H), 5.61 (d, J =9.5Hz, 1H), 4.87 (dt,
J =127, 9.5Hz, 1H), 2.32 (s, 3H); *CNMR (68 MHz, CDCls)
8 143.3, 137.0, 129.2, 128.6, 128.3, 128.2, 128.1, 128.1, 126.8,
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126.5 (t, Je_cr = 24Hz), 125.1 (q, Je_c.r =4Hz), 123.5 (q,
Jor = 272Hz), 119.9, 63.1 (t, Jc_c_r = 29 Hz), 21.4; Anal. Calcd
for CooH 3FsNO,S: C, 58.02; H, 3.98; N, 3.08%. Found: C, 58.11;
H, 3.90; N, 2.78%.

X-ray Crystal Structure Analyses of 34. CgHgF3NOy4
(FW = 237.13), monoclinic, P1,a = 9.686(5) A, b = 11.341(3) A,
c=8.7303)A, a=103.47(2), B =96.95(3)°, y =91.78(3)°,
V =924.0(6) A%, Z = 4.0, Degieg = 1.705gcm ™3, T = 295K. X-
ray intensities were measured on a Rigaku AFC-5S diffractometer
with graphite-monochromated Mo Ko radiation. The final R
factors was 0.066 (Rw = 0.156 for all data) for 4255 reflections
with I > 20(I). Crystallographic data have been deposited with
Cambridge Crystallographic Data Centre: Deposition number
CCDC-601469. Copies of the data can be obtained free of charge
via http://www.ccdc.cam.ac.uk/conts/retrieving.html (or from the
Cambridge Crystallographic Data Centre, 12, Union Road,
Cambridge, CB2 1EZ, UK; Fax: +44 1223 336033; e-mail:
deposit@ccdc.cam.ac.uk).

This study was supported in part a the Grant of the 21st
Century COE Program, Ministry of Education, Culture, Sports,
Science and Technology (MEXT).

The authors wish to thank Dr. Hironori Tsutsui, Mr.
Masakazu Nagasawa, Mr. Masahiko Bando, and Mrs. Tomoko
Shinohara, Otsuka Pharmaceutical Company, for their kind
help with IR, high resolution mass spectrometry, elemental
analysis, and X-ray diffraction.

References

1 a) B. E. Smart, J. Fluorine Chem. 2001, 109, 3.
b) P. Kirsch, Modern Fluoroorganic Chemistry, Wiley-VCH,
Weinheim, 2004. c) M. Shimizu, T. Hiyama, Angew. Chem., Int.
Ed. 2005, 44, 214.

2 a) R. Filler, Y. Kobayashi, L. M. Yagupolskii, Organo-
fluorine Compounds in Medicinal Chemistry and Biomedical
Applications, Elsevier, Amsterdam, 1993. b) V. Erdelyi-Toth, F.
Gyergyay, I. Szamel, E. Pap, J. Kralovanszky, E. Bojti, M.
Gsorgo, S. Drabant, 1. Klebovich, Anti Cancer Drugs 1997, 8,
603.

3 B. R. Langlois, T. Billard, Synthesis 2003, 185.

4 For a review on trifluoromethylation, see: a) G. K. S.
Prakash, A. K. Yudin, Chem. Rev. 1997, 97, 757. b) R. P. Singh,
J. M. Shreeve, Tetrahedron 2000, 56, 7613. ¢) G. K. S. Prakash,
M. Mandal, J. Fluorine Chem. 2001, 112, 123. d) J.-A. Ma, D.
Cahard, Chem. Rev. 2004, 104, 6119.

5 a)R. Krishnamurti, D. R. Bellew, G. K. S. Prakash, J. Org.
Chem. 1991, 56, 984. b) G. K. S. Prakash, R. Krishnamurti, G. A.
Olah, J. Am. Chem. Soc. 1989, 111, 393. c) R. P. Singh, R. L.
Kirchmeier, J. M. Shreeve, Org. Lett. 1999, 1, 1047. d) R. P.
Singh, D. Chakraborty, J. M. Shreeve, J. Fluorine Chem. 2001,
111, 153. Enantioselective trifluoromethylation: e) K. Iseki, T.
Nagai, Y. Kobayashi, Tetrahedron Lett. 1994, 35, 3137. f) Y.
Kuroki, K. Iseki, Tetrahedron Lett. 1999, 40, 8231. g) S. Caron,
N. M. Do, P. Arpin, A. Larivee, Synthesis 2003, 1693.

6 a)J. Wiedemann, T. Heiner, G. Mloston, G. K. S. Prakash,
G. A. Olah, Angew. Chem., Int. Ed. 1998, 37, 820. b) R. P. Singh,
G. Cao, R. L. Kirchmeier, J. M. Shreeve, J. Org. Chem. 1999, 64,
2873.

7 a) N. R. Patel, R. L. Kirchmeier, J. M. Shreeve, Inorg.
Chem. 1993, 32, 4802. b) J. C. Blazejewski, E. Anselmi, M. P.
Wilmshurst, Tetrahedron Lett. 1999, 40, 5475. ¢) V. A. Petrov,



Y. Kawano et al.

Tetrahedron Lett. 2000, 41, 6959. d) G. K. S. Prakash, M. Mandal,
S. Schweizer, N. A. Petasis, G. A. Olah, Org. Lett. 2000, 2, 3173.
e) G. K. S. Prakash, M. Mandal, G. A. Olah, Angew. Chem., Int.
Ed. 2001, 40, 589. f) G. K. S. Prakash, M. Mandal, G. A. Olah,
Org. Lert. 2001, 3, 2847. g) G. K. S. Prakash, M. Mandal, G. A.
Olah, Synlett 2001, 77. h) G. K. S. Prakash, M. Mandal, J. Am.
Chem. Soc. 2002, 124, 6538.

8 H. Urata, T. Fuchikami, Tetrahedron Lett. 1991, 32, 91.

9 a) T. Hagiwara, T. Kobayashi, T. Fuchikami, Main Group
Chem. 1997, 2, 13. b) T. Hagiwara, H. Mochizuki, T. Fuchikami,
Synlett 1997, 587. ¢) G. K. S. Prakash, M. Mandal, C. Panja, T.
Mathew, G. A. Olah, J. Fluorine Chem. 2003, 123, 61. d) J. J.
Song, Z. Tan, J. T. Reeves, F. Gallou, N. K. Yee, C. H.
Senanayake, Org. Lett. 2005, 7, 2193.

10 Laurent and co-workers reported on a trifluoromethylation
of an azirine that contains more a reactive carbon—nitrogen double
bond than that of imine: C. P. Felix, N. Khatimi, A. J. Laurent,
Tetrahedron Lett. 1994, 35, 3303.

11 Aldol reaction: a) H. Fujisawa, T. Mukaiyama, Chem. Lett.
2002, 182. b) H. Fujisawa, T. Mukaiyama, Chem. Lett. 2002, 858.
¢) T. Mukaiyama, H. Fujisawa, T. Nakagawa, Helv. Chim. Acta
2002, 85, 4518. d) T. Nakagawa, H. Fujisawa, T. Mukaiyama,
Chem. Lett. 2003, 32, 462. e) T. Nakagawa, H. Fujisawa, T.
Mukaiyama, Chem. Lett. 2003, 32, 696. f) T. Nakagawa, H.
Fujisawa, T. Mukaiyama, Chem. Lett. 2004, 33, 92. g) H.
Fujisawa, T. Nakagawa, T. Mukaiyama, Adv. Synth. Catal.
2004, 346, 1241. h) Y. Kawano, H. Fujisawa, T. Mukaiyama,
Chem. Lett. 2005, 34, 614. Michael reaction: i) T. Mukaiyama,
T. Nakagawa, H. Fujisawa, Chem. Lett. 2003, 32, 56. j) T.
Tozawa, Y. Yamane, T. Mukaiyama, Chem. Lett. 2005, 34, 514.
Mannich-type reaction: k) H. Fujisawa, E. Takahashi, T.

Bull. Chem. Soc. Jpn. Vol. 79, No. 7 (2006) 1145

Nakagawa, T. Mukaiyama, Chem. Lett. 2003, 32, 1036. 1) E.
Takahashi, H. Fujisawa, T. Yanai, T. Mukaiyama, Chem. Lett.
2005, 33, 216.

12 a) T. Mukaiyama, Y. Kawano, H. Fujisawa, Chem. Lett.
2005, 34, 88. b) Y. Kawano, H. Fujisawa, T. Mukaiyama, Chem.
Lett. 2005, 34, 422. c) E. Takahashi, H. Fujisawa, T. Yanai, T.
Mukaiyama, Chem. Lett. 2005, 34, 318.

13 Y. Hanzawa, J. Uda, Y. Kobayashi, Y. Ishido, T. Taguchi,
M. Shiro, Chem. Pharm. Bull. 1991, 39, 2459.

14 S. Lavaire, R. Plantier-Royon, C. Portella, Tetrahedron:
Asymmetry 1998, 9, 213.

15 X-ray intensities were measured on a Rigaku AFC-5S
diffractometer with graphite-monochromated Mo K« radiation.

16  N-Tosylaldimines were prepared according to reported
procedures. a) W. R. McKay, G. R. Proctor, J. Chem, Soc., Perkin
Trans. 1 1981, 2435. b) W. B. Jennings, C. J. Lovely, Tetrahedron
1991, 47, 5561. ¢) Z. Xu, X. Lu, J. Org. Chem. 1998, 63, 5031.
d) F. Chemla, V. Hebbe, J.-F. Normant, Synthesis 2000, 75.
e) R. N. Ram, A. A. Khan, Synth. Commun. 2001, 31, 841.

17 W. B. Jennings, C. J. Lovely, Tetrahedron Lett. 1988, 29,
3725.

18 V. Kesavan, D. Bonnet-Delpon, J. P. Bégué, A. Srikanth,
S. Chandrasekaran, Tetrahedron Lett. 2000, 41, 3327.

19 a) X. Creary, J. Org. Chem. 1987, 52, 5026. b) Y.
Yokoyama, K. Mochida, Synletr 1997, 907. c) V. Kesavan, D.
Bonnet-Delpon, J. P. Bégué, A. Srikanth, R. Kakino, I. Shimizu,
A. Yamamoto, Bull. Chem. Soc. Jpn. 2001, 74, 371.

20 R.J. Andrew, J. M. Mellor, Tetrahedron 2000, 56, 7261.

21 D. Naumann, M. Finke, H. Lange, W. Dukat, W. Tyrra,
J. Fluorine Chem. 1992, 56, 215.

22 W. Xu, W. R. Dolbier, Jr., J. Org. Chem. 2005, 70, 4741.



