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ABSTRACT

An efficient asymmetric synthesis of r-trifluoromethyl-substituted primary amines via nucleophilic 1,2-addition of alkyllithium reagents to
trifluoroacetaldehyde SAMP− or RAMP−hydrazone followed by benzoylation and SmI2-promoted nitrogen−nitrogen single bond cleavage is
described.

The development of novel methods for the asymmetric
synthesis of fluorine-containing molecules is one of the most
challenging topics in organofluorine chemistry.1 Many suc-
cessful procedures for the enantioselective synthesis of
R-trifluoromethylated alcohols have hitherto appeared.2 In
contrast, there have been only a few reports on the asym-
metric synthesis ofR-trifluoromethyl-substituted primary
amines. In these reports, where there still remain unsatisfac-
tory enantioselectivities, chemical yields, and/or diversity.3

Because of their importance in pharmaceutical research based

on the special electronic properties of the trifluoromethyl
group,4 it is of particular interest to develop more general,
efficient, and enantioselective routes to the title compounds.

The 1,2-addition of organometallic reagents to CN double
bonds is one of the most efficient routes toR-branched
amines.5 Among them, the asymmetric 1,2-addition reaction
using SAMP6 or RAMP as a chiral auxiliary provides a
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promising synthetic route to enantioenriched amines, which
has been successfully applied for the asymmetric synthesis
of natural products.7

Herein we describe the highly enantioselective synthesis
of R-trifluoromethylated amines via nucleophilic 1,2-addition
of alkyl- or phenyllithium reagents to trifluoroacetaldehyde
SAMP- or RAMP-hydrazone, followed by benzoylation
and SmI2-promoted nitrogen-nitrogen single bond cleavage,
as described in Scheme 1.

Trifluoroacetaldehyde SAMP-hydrazone2 was readily
obtained in 83% yield from commercially available trifluo-
roacetaldehyde ethyl hemiacetal1 and SAMP in the presence
of a catalytic amount ofp-TsOH in benzene (eq 1).8

Trifluoroacetaldehyde RAMP-hydrazone was prepared in
the same manner in 66% yield.

When 3 equiv ofn-BuLi was added slowly to an Et2O
solution of 2 at -78 °C and the reaction mixture was
gradually warmed to room temperature, a low yield (36%)
of the product3a was obtained together with a complex
mixture, probably due to the low stability of trifluoromethy-
lated lithium hydrazide (Table 1, entry 1).

Treatment of2 with 1.5 equiv ofn-BuLi in Et2O at low
temperature (-78°C) for a shorter reaction time (1 h) gave
trifluoromethylated hydrazine3a in 63% yield (entry 2). The
use of 3 equiv ofn-BuLi gave a higher yield (entry 3).
Employing THF as reaction solvent resulted in unsatisfactory
yields of 3a with decrease in diastereoselectivities (entries
4 and 5). The major diastereoisomer was readily separated
by flash column chromatography.

The results of the reaction of2 with various alkyllithium
reagents as well as PhLi are summarized in Table 2.9

Commercially available alkyllithiums, such asn-BuLi and
n-hexyllithium, reacted well in the nucleophilic 1,2-addition
to give the corresponding trifluoromethylated hydrazines
3a,a′,d in good yields with excellent diastereoselectivity
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Scheme 1. Asymmetric Synthesis of
R-Trifluoromethyl-Substituted Primary Aminesa

a (a) RLi, -78 °C; (b) catalytic DMAP, Et3N, PhCOCl, rt or
n-BuLi, PhCOCl,-78 °C to rt; (c) SmI2, THF-DMPU, rt.

Table 1. Screening of the Reaction Conditions of Nucleophilic
1,2-Addition

entrya n-BuLi (equiv) solvent yield (%)b de (%)c

1d 3 Et2O 36 >96 (>98)
2 1.5 Et2O 63 >96 (>98)
3 3 Et2O 79 >96 (>98)
4 1.5 THF 43 (37) 82 (>98)
5 3 THF 45 (39) 82 (>98)

a The reactions were carried out with trifluoroacetaldehyde SAMP-
hydrazone2 at -78 °C for 1 h. b Yields of isolated products. Values in
parentheses are for the major diastereomer.c Measured by19F NMR before
isolation. Values in parentheses after column chromatography.d After
n-BuLi was added at-78 °C, the reaction mixture was warmed to room
temperature overnight.

Table 2. Reaction of Trifluoroacetaldehyde SAMP-or
RAMP-Hydrazone2 with RLi

entrya R product yield (%)b de (%)c [R]D (c, CHCl3)d

1 n-Bu 3a 79 >96 (>98) -39.7 (0.88)
2e n-Bu 3a′ 74 >96 (>98) +43.5 (0.95)
3 Etf 3b 48 >96 (>98) -42.3 (0.90)
4 n-Prf 3c 65 >96 (>98) -45.9 (1.15)
5 n-Hex 3d 68 >96 (>98) -39.7 (0.90)
6 t-Bu 3e 58 (50) 72 (>98) -33.8 (1.25)
7 Ph 3f 15g 86 (88) -38.2 (1.20)

a The reactions were carried out with trifluoroacetaldehyde SAMP-
hydrazone2 and RLi (3 equiv) in Et2O at -78°C for 1 h. b Yields of isolated
products. Values in parentheses are for the major diastereomer.c Measured
by 19F NMR before isolation. Values in parentheses after column chroma-
tography.d All optical rotations were measured in Uvasol grade CHCl3 at
26 °C. e Trifluoroacetaldehyde RAMP-hydrazone was used instead of2.
f Prepared fromt-BuLi and the corresponding RI according to ref 10.g There
were many unidentified byproducts in the19F NMR of the crude reaction
mixture.
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(entries 1, 2, and 5). Ethyllithium andn-propyllithium, easily
prepared fromt-BuLi and the corresponding alkyl iodide,10

also reacted with hydrazone2 to provide the corresponding
hydrazines3c,d in 48 and 65% yields, respectively (entries
3 and 4). Treatment of of2 with t-BuLi gave a moderate
yield of 3e in moderate de (entry 6). However, the diaste-
reomer could be readily separated by column chromatogra-
phy, affording diastereomerically pure3e. When hydrazone
2 was treated with PhLi under the same conditions, 15% of
the product3f was obtained in 86% de along with a complex
mixture of byproducts (entry 7). Unfortunately, even in the
presence of the trifluoromethyl group, the reaction of2 with
3 equiv of MeLi in Et2O or toluene at-78 °C did not
proceed efficiently, giving only a small amount of the product
together with recovery of2 (58-75%). Raising the reaction
temperature from-78 °C to room temperature in analogy
to fluorine-free hydrazones as well as using MeMgI at-20
°C or MeCeCl2 at -78 °C in place of MeLi did not improve
the reaction.

The absolute configuration of the stereogenic center
generated by the 1,2-addition using SAMP was established
unambiguously asR by X-ray crystallography of3e.11

Significantly, after benzoylation, the chiral auxiliary was
easily cleaved by treatment of4 with 3 equiv of SmI212 in
the presence of 1,3-dimethyltetrahydro-2(1H)-pyrimidone
(DMPU)13 in THF at room temperature for 30 min, affording
the (R)-N-benzoylR-trifluoromethylated amines5 without
detectable epimerization or racemization (Table 3).14

As shown in Table 3, various SAMP-or RAMP-
hydrazides4 participated successfully in the reaction to
provide the corresponding amides5 in good to excellent
yields with excellent ee (up to>99%).15 The reaction in
MeOH gave a trace amount of the product5a, together with
recovery of the starting hydrazide (90%).

In summary, we have succeeded in the highly enantiose-
lective synthesis ofR-trifluoromethylated amines through the
1,2-addition of various organolithium species to trifluoro-
acetaldehyde SAMP- or RAMP-hydrazone and subsequent
SmI2-promoted cleavage of the nitrogen-nitrogen single
bond.

Further studies toward the asymmetric synthesis of tri-
fluoromethylated bioactive compounds are now in progress.
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(9) General Procedure of 1,2-Addition to Trifluoroacetaldehyde
SAMP-Hydrazone.A solution ofn-BuLi (1.6 M) in hexane (3.08 mmol)
was slowly added to a dry Et2O (1 mL) solution of trifluoroacetaldehyde
SAMP-hydrazone2 (1.03 mmol) at-78 °C. After being stirred at that
temperature for 1 h, the reaction mixture was quenched with a mixture of
crushed ice, a saturated NaHCO3 solution (50 mL), and Et2O (30 mL). The
aqueous portion was extracted with Et2O (30 mL× 3), and the combined
organic layers weredried over anhydrous Na2SO4 and concentrated in vacuo.
After the isomer ratio was determined, flash column chromatography of
the residue on silica gel eluting with pentane-Et2O (10/1) gave3a in 79%
yield.
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of a 0.1 M THF solution) was added dropwise to a THF solution (2 mL)
of SAMP-hydrazide4a (0.29 mmol) and DMPU (0.5 mL) at room
temperature under argon. After 30 min at room temperature, the reaction
mixture was quenched with a mixture of a diluted NaHCO3 solution (50
mL) and CH2Cl2 (20 mL), extracted with CH2Cl2 (30 mL × 2), dried over
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(15) This result is also the first example for SmI2-induced cleavage of
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Table 3. SmI2 Cleavage of the N-N Single Bond of
Trifluoromethylated SAMP-or RAMP-Hydrazides4

entrya R product yield (%)b ee (%)c [R]D (c, CHCl3)d

1 n-Bu 5a 87 98 +40.8 (0.80)
2e n-Bu 5a 4 (90)
3f n-Bu 5a′ 95 97 -40.2 (0.95)
4 n-Pr 5b 83 98 +29.6 (0.82)
5 n-Hex 5c 97 98 +43.6 (0.90)
6 t-Bu 5d 71 >99 +22.9 (0.85)
7 Ph 5e 73 g -2.58 (0.66)

a The reactions were carried out with hydrazide4 and SmI2 (3 equiv) in
the presence of DMPU in THF at room temperature for 30 min.b Isolated
yields. Values in parentheses refer to the recovery of4. c Measured by HPLC
analysis using a chiral stationary phase column (DAICEL OD or (S,S)-
Whelk-O, 1-heptane/2-propanol) 9/1 or 95/5).d All optical rotations were
measured in Uvasol grade CHCl3 at 25 or 27°C. e MeOH was used as a
solvent in the absence of DMPU.f RAMP-hydrazide4a′ was used.g The
ee could not be determined yet.
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