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ABSTRACT

A highly enantioselective Strecker reaction of difluoromethyl and trifluoromethyl ketoimines was developed. Remarkable fluorine effect on the
reactivity and selectivity is observed and discussed.

The selective introduction of difluoromethyl (CF2H) or
trifluoromethyl (CF3) groups has become a powerful strategy
to modulate the properties of organic molecules.1 For exam-
ple, the CF2H group can serve as a more lipophilic hydrogen
bonddonor thanOHandNHgroups,2awhich is veryuseful in
drug design. R-Difluoromethylornithine2b is a rationally de-
signed drug for sleeping sickness. As a result, the synthesis of

optically active compounds with a CF2H or CF3 group at the
chiral centerhas receivedgreatattention.Whilemuchprogress
has been made in the enantioselective trifluoromethylation,3

catalytic asymmetricdifluoromethylations4 are lessdeveloped.
Because of the challenges in the creation of tetrasubstituted
carbon stereogenic centers,5 the catalytic asymmetric
synthesis of R-CF2H bearing tetrasubstituted carbon is
rare,6 and no catalytic asymmetric addition of nucleophilies
to R-CF2H ketoimines was reported. Furthmore, there are
very limited reports based on R-CF3 ketoimines,7 despite
achivements in the catalytic asymmetric reactionsbasedonR-
CF3 ketones.
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Enantioenriched R-tetrasubstituted R-aminonitriles with
anR-CF2HorCF3groupare versatile for the synthesis of the
fluorinated CR-tetrasubstituted R-amino acids and
diamines,8 interesting subjects of medical investigation.9

However, no catalytic asymmetric synthesis of R-CF2H R-
tetrasubstituted R-aminonitriles was reported, and chiral
auxiliary controlled methods were unsuccessful.9d,e As for
the R-CF3-substituted R-tetrasubstituted R-aminonitriles,
Enders et al. reported the first catalytic method during this
work, which could give a variety of products in excellent ee,
but the reaction time was generally long.7d In our efforts in
the synthesis of tetrasubstitutedcarbonstereogenic centers,10

we tried to develop a catalytic asymmetric Strecker
reaction11 of R-CF2H- or CF3-substituted ketoimines12

using (thio)urea catalysts.13 Here, we report our results.
During the preparation of racemic samples, we found that

thiourea 413a failed to catalyze the reaction of both 1a and 2a
with TMSCN. In constrast, nonfluorinated ketimine 7 could
afford the desired product 8 in 48% yield (Figure 1, eq 1).
This result was counterintuitive since both CF2H and CF3

groupsmightenhance theelectrophilicityof1aand2a toward
cyanide addition. We speculated that the presence of R
fluorine atom interfered with the H-bonding interaction of
imine with both urea hydrogens, as Jacobsen proposed.13d,14

To test this hypothesis, we conducted a theoretical calcula-
tion based on a simplified N,N0-dimethylthiourea�
imine system (see the Supporting Information). The favor-
ablebindingmodelof imine1aor2awith thioureawasAorB

(Figure 1), where iminenitrogen interactedwith one thiourea
hydrogen and one of the R-fluorine atoms with the other
thiourea hydrogen. In contrast, ketimine 7 preferred a
bridged structure C, with imine 7 hydrogen-bonded to both
thiourea hydrogens. The two kinds of double-hydrogen-
bonding interactions can stabilize complexes A, B and C

with 23.9, 19.9, and 24.1 kJ mol�1, respectively. This estab-
lishes a plausible explanation for the much higher reactivity
of imine7: thebridging interaction shown incomplexC could
accelerate the reaction via the stabilization of the negatively
charged nitrogen intermediate, as the activation of carbonyl
groups by the oxyanion hole of the enzyme.13a,15 Analogous
calculations also revealed single hydrogen-bonded structures
for the product aminonitrile�catalyst complexes and D, for
example (see the Supporting Information).
The above results suggested that thiourea catalyst alone

was inefficient to develop a highly enantioselective Strecker
reactionof imine1aor 2awithTMSCN,whichpromptedus
to use a Lewis base to activate the nucleophile TMSCN.16

The reaction of easily available imine 2a and TMSCNwas
chosen for optimization, which was run in toluene at room
temperature. Some typical results were shown in Table 1.
As expected, no reaction took place if chiral urea catalysts
9 or 10 were used (entries 1 and 3). Interestingly, the
combination of a chiral thiourea catalyst 9 with an achiral
Lewis base catalyst DMAP afforded the desired product
6a in 66% yield and 25% ee (entry 2), which demonstrated
that dual activation concept indeed worked in this reac-
tion. If using the combined catalyst 10 and DMAP, the

Figure 1. Optimized structures of hydrogen-bonded complexes.
The interaction energy onhydrogen bond (ΔE) was calculated at
the B3LYP/6-311G(d,p) level. The basis set superposition error
(BSSE) and zero-point energy corrections were included in it.
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product 6a was obtained in lower yield and ee (entry 4),
suggesting that the enantioselectivity and reactivity was
greatly influenced by the structure of urea catalysts and
Lewis base catalysts. Based on the above results, we
focused on the use of bifunctional Brønsted acid�Lewis
base catalysts. Quinidine-derived bifunctional thiourea
catalyst 11 could afford the product 6a in 21% yield with
84% ee (entry 5). To our delight, dihydroqunine derived
thiourea catalyst 1217 improved the ee to 92% (entry 6).
The corresponding urea catalyst catalyst 13 further im-
proved the ee to94%(entry 7).Thepositionof the thiourea
moiety of the catalyst obviously influenced the stereocon-
trol, and Deng’s catalyst 14 afforded 6a in only 7% ee
(entry 8). To confirm the importance of bifurcated hydro-
gen bonding interactions of urea moiety with imine 2a,
other bifunctional catalysts 15�17 were also tried, and
none of them could afford product 6a in good ee (entries
9�11). Catalyst 18, without Brønsted acidmoiety, failed
to catalyze the reaction (entry 12).
Although excellent ee for product 6awas obtained, the

reactivity is not satisfactory (entry 7). We further tried
the use of alcoholic additives to improve the reactivity of
the Strecker reaction.18 We screened a series of alcohols
and phenols and found that the addition of alcohols or
phenols indeed accelterated the reaction, but most of
them resulted in the diminished ee of product 6a. It
turned out that (CF3)2CHOH (HFIP)18 was promising,
and the use of HFIP (1.0 equiv) as additive could
promote the reaction to finish within 2 days without
loss of ee, which gave product 6a in 97% yield with 94%
ee (entry 13). Increasing the amount of HFIP to 2 equiv
lowered the ee for product 6a, possibly because
of the background reaction (entry 14). We further
examined other solvents using catalyst 13, but toluene
still turned out to be the best. In light of this, the
optimum conditions was determined to run the reaction
in toluene at 25 �C in the presence of 10mol%of catalyst
13 and 1.0 equiv of HFIP. It also turned out that
nonfluorinated imine 7 was more reactive than imine
1a and 2a, and R-CF2H ketoimine 1a was the least
reactive when using catalyst 13, whether in the presence
of HFIP or not (for details, see the Supporting
Information).
Interestingly, fluorinated imine 1a and 2a afforded the

desired product 5a and 6a in 87% and 94% ee under
optimized conditions, respectively. In contrast, the non-
fluorinated imine 7 provided only racemic product 8. The
remarkable fluorine effect on enantiofacial control sup-
ported the proposed models A and B in Figure 1.19

The remarkable fluorine effects on both the reactivity
and enantioselectivity is very impressive. While a few
reports shown that the coordination of fluorine atom to
metals might alter the stereoselectivity of reactions with
fluorine-containing compounds,20 it is not reported that
the bindingmodel of the (thio)urea catalyst and imines can
be changed if substituting a CH3 group of the substrate for
a CF2H or CF3 group, which dramaticaly influences both
the reactivity and enantioselectivity. This finding might be
useful for the design of new asymmetric catalytic addition
of nucleophiles to R-CF2H or CF3 ketoimines.
At the optimized reaction conditions, we then examined

the substrate scope. First, different substituted R-CF2H
ketoimines 1a�p were examined (Table 2). Four different
para-substituted aniline-derived imines 1a�d were first tried
(entries 1�4), and the p-chloroaniline-derived imine 1d

Table 1. Condition Optimization

entrya cat. additives time (d) yieldb (%) eec (%)

1 9 5

2 9 DMAP (10 mmol %) 5 66 25

3 10 5

4 10 DMAP (10 mmol %) 5 19 11

5 11 5 21 84

6 12 5 37 92

7 13 5 40 94

8 14 5 36 7

9 15 5 16 20

10 16 5 4 13

11 17 5 17 10

12 18 5

13 13 HFIP (100 mmol %) 2 97 94

14 13 HFIP (200 mmol %) 2 95 90

aOn a 0.10 mmol scale. b Isolated yield. cBy HPLC analysis.
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reacted with TMSCN obviously faster than imine 1a and 1b

and afforded the corresponding product 5d in 89% ee (entry
4). DifferentR-aryl-substitutedR-CF2Hketoimines 1e�o all
afforded the desired products 5e�o in high to excellent ee
(entries 5�15). R-Cyclohexyl-substituted imine 1p afforded
the corresponding product 5p in 77% ee. It should be noted
that imines 1a�p were all used in a mixture of Z and E
isomers because the isolation of pureZ or E isomer failed,21

but imines27d and7wereobtainedandusedasapure isomer.
Trifluoromethyl ketoimine 2 worked efficiently under this

condition (Table 3) and could be scaled up to 5.0mmol using
5mol%of catalyst 9without loss of ee (entry 2).All of theR-
aryl R-CF3 ketoimines 2a�k afforded the desired products
6a�k in excellent yield and ee (entries 1�12).R-Alkyl-R-CF3

ketoimines2l�nalsoworkedwell to give thedesiredproducts
6l�n in high ee (entry 13�15).Differently substituted aniline-
derived imines 2o�r also worked well (entries 16�19).
The utility of the R-amino nitriles was demonstrated by

the following transformations. Product 6a could be con-
verted to trifluoromethylated imidazolidinone 20 in three
stepswithout loss of ee.Compound 5a couldbe transformed
to R-CF2H CR-tetrasubstituted R-amino acid 21 in 66%
yield in two steps.

In conclusion, we have developed a general method for
the catalytic asymmetric Strecker reaction of bothR-CF2H
andR-CF3ketoimines andTMSCN,whichwas carriedout

in air using easily available bifunctional catalyst. A strong
fluorine effect on the reactivity and enantiofacial
controlwas observed.Based on the theoretical calculations
and experimental data, we proposed a new recognition
model of (thio)urea catalyst and R-CF2H- or CF3-substi-
tuted ketoimines. Experiments are now underway
in our laboratory to develop new asymmetric reactions
for the synthesis of chiral compounds with di- or trifluor-
omethyl at the carbon center on the basis of this new
binding model.
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Table 2. Strecker Reaction of R-CF2H Ketoimines 1

entrya 1 R R1 5 yieldb (%) eec (%)

1d 1a Ph PMP 5a 73 87

2d 1b Ph p-EtOC6H4 5b 89 86

3d 1c Ph p-BrC6H4 5c 89 86

4d 1d Ph p-ClC6H4 5d 85 89

5d 1e p-MeC6H4 PMP 5e 92 85

6d 1f m-MeC6H4 PMP 5f 89 86

7d 1g p-MeOC6H4 PMP 5g 70 80

8d 1h p-TMSC6H4 PMP 5h 62 86

9d 1i p-ClC6H4 PMP 5i 94 92

10d 1j 2-naphthyl PMP 5j 81 87

11e 1k m-MeC6H4 p-ClC6H4 5k 75 92

12e 1l m-MeOC6H4 p-ClC6H4 5l 72 87

13e 1m m-ClC6H4 p-ClC6H4 5m 90 87

14e 1n p-FC6H4 p-ClC6H4 5n 84 88

15e 1o 2-thienyl p-ClC6H4 5o 61 86

16f 1p c-hexyl p-ClC6H4 5p 42 77

aOn a 0.25 mmol scale. b Isolated yield. cDetermined by chiral
HPLC analysis. dAt 25 �C, 2�4 d. eAt �20 �C, 5 d. fAt 25 �C, 6 d.

Table 3. Strecker Reaction of R-CF3 Ketoimine 2

aOn a 0.25 mmol scale. b Isolated yield. cDetermined by chiral
HPLC analysis. dOn a 5.0 mmol scale, 5 mol % of catalyst, 3 d.
eReaction time: 6 d. fThe absolute configuration of product 6q was
assigned to be R by X-ray analysis (see the Supporting Information).
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