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Organocatalytic Asymmetric Synthesis of Trifluoromethyl-substituted
Diarylpyrrolines: Enantioselective Conjugate Cyanation of 3-Aryl-f3-
trifluoromethyl-disubstituted Enones**
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Trifluoromethylated dihydroazoles (1; Figure 1)!"? are an
important class of fluorinated heterocyclic compounds® with
remarkable biological activities, thus making their synthesis
a competitive area in life science industries.'! Ever since the
first discovery of the structurally unique 3,5-diaryl-5-

X1

1or2 x4

1: X=0, 4,5-dihydroisoxazole (isoxazoline)
2: X=CH,, 3,4-dihydro-2H-pyrrole (pyrroline)

Figure 1. Trifluoromethylated 2-isoxazolines 1 and pyrrolines 2.

(trifluoromethyl)-2-isoxazoline derivatives 1 (X =0) as pest
control agents in 2004, the search for new agrochemicals
and veterinary medicines has focused largely on this skel-
eton.'! Thus far, more than 20000 compounds have been
registered,’V! and several promising drug candidates of type A
have been discovered (Figure 1). We recently reported the
catalytic asymmetric synthesis of 1 using chiral ammonium
salts of cinchona alkaloids to promote a hydroxylamine enone
cascade reaction involving a conjugate addition/cyclization/
dehydration sequence.”! The expeditious synthesis of 1 based
on the direct introduction of a trifluoromethyl group into
aromatic isoxazoles was also disclosed.’! As part of our
ongoing research programs directed at the development of
efficient methodologies for the construction of trifluoro-
methylated heterocyclic frameworks,® we became interested
in the catalytic, asymmetric synthesis of the carbon variant of
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1, that is 3,5-diaryl-5-(trifluoromethyl)-3,4-dihydro-2 H-pyr-
roles or B-trifluoromethyl 3,5-diaryl-pyrrolines (2; X = CH,)
as a promising drug candidate such as an antiparasiticide.”!
Since the first report of 2 in 20057 more than 5000 analogues
of 2 in racemic form were reported within 19 patents.?!
However, no example of the asymmetric synthesis of 2 has
appeared. The challenge for synthesizing 2 is the enantiose-
lective construction of sterically demanding trifluoromethy-
lated, all-carbon quaternary stereocenters.”!

Construction of all-carbon quaternary chiral centers is
a particularly demanding task and a challenging topic in
organic chemistry."! The asymmetric conjugate addition of
cyanide to [3,p-disubstituted-a,B-unsaturated carbonyl com-
pounds is an ideal strategy for this purpose. Several conjugate
additions of cyanide to f-monosubstituted substrates leading
to p-tertiary stereocenters have been reported,”) however,
there are few reports of asymmetric conjugate cyanation of
[.p-disubstituted substrates resulting in high enatioselectivi-
ties.’*1% In 2008, the group of Jacobsen showed a single
example of asymmetric conjugate cyanation of 3,3-disubsti-
tuted imide substrates with trimethylsilyl cyanide using
a dinuclear [{(salene)}Al] catalyst with high enantioselectivity
but low conversion.”¥ An organocatalytic conjugate addition
of cyanide to (3,3-disubstituted nitroalkanes was investigated
by Ricci et al. and resulted in low to moderate enantioselec-
tivities.'" Shibasaki, Kanai, and co-workers dramatically
improved this type of reaction for the first time using
bifunctional catalysts derived from Sr(OiPr), and p-glucose-
based ligands, and trialkylsilyl cyanides.'® These methods,
however, were not applied to the synthesis of trifluoromethy-
lated all-carbon quaternary stereocenters.!” We disclose
herein the first enantioselective conjugate addition of cyanide
to sterically demanding p-aryl-p-trifluoromethyl aryl-enones
(3) catalyzed by ammonium salts of cinchona alkaloids to
provide 4, having trifluoromethylated all-carbon quaternary
stereocenters, in high yields with high to excellent enantio-
selectivities. Product 4 serves as a precursor for 2, thus
achieving the asymmetric synthesis of 2 for the first time
(Scheme 1). Ether-type cinchona alkaloids are found to be
much more efficient than conventional hydroxy-type cin-
chona alkaloids. The fully saturated analogue 6 was also
accessed without any loss of enantiopurity of 4. The proce-
dure is operationally simple, and inexpensive acetone cyano-
hydrin and organocatalysts are used, which is an advantage
for industrial purposes.

We first examined the reaction of (E)-4,4,4-trifluoro-1,3-
diphenylbut-2-en-1-one (3a) with acetone cyanohydrin in the
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Scheme 1. Enantioselective synthesis of f-trifluoromethyl A1-pyrrolines
2 through asymmetric conjugate cyanation.

presence of K,CO; and a catalytic amount of a chiral phase-
transfer catalyst under conventional biphasic conditions
(toluene/H,0=2:1) at ambient temperature (entry 1,
Table 1). N-3,5-Bis(trifluoromethylbenzyl) quinidinium bro-
mide (5a) was selected as the asymmetric catalyst as it is the
best catalyst for the enantioselective asymmetric hydroxyl-
amine enone cascade reaction of 3a as previously reported.!
Much to our disappointment, conjugate addition of cyanide to
3a did not proceed as anticipated. The desired conjugate
adduct 4a was obtained only in 22% yield with 0% ee
(entry 1). Indeed, the conjugate addition of cyanide to 3 had
not been examined thus far, not even in a racemic fashion.
This poor result led us to change the catalyst character
entirely. It is reported that the hydroxy group of cinchona
alkaloids often plays an important role both in reactivity and
in asymmetric induction, probably through hydrogen bonding
with substrates.*'!!]' We therefore hypothesized that the
hydrogen bonding could be hindering the desired conjugate
addition, so a variety of OH-protected ether-type cinchona
alkaloids were synthesized (see Table S1 in the Supporting
Information).'” Gratifyingly, when the reaction was carried
out using the methylether catalyst Sh, the desired 4a was
obtained in 93% with 62% ee (entry 2). Enantioselectivity
was further improved to 72 % ee in toluene or THF (entries 3
and 4). A screen of different bases (entries 5-8) showed that
either K,CO; or Cs,COj; was the base of choice with regard to
both enantioselectivity and yield (entries 4 and 6). Interest-
ingly, when the reaction was carried out in the presence of
a stoichiometric amount of KOH or NaOEt, only the 1,2-
adduct was detected in low yield and moderate to good
enatioselectivity (entries 7 and 8).'* Upon screening solvents,
we found that Et,0 and iPr,O produced good results, with
ee values in the range of 74-76 % (entries 9 and 10). Further
improvement was observed under high dilution (entries 14—
16), and 89% ee of 4a was obtained in /Pr,0 (0.017M,
entry 16). A second catalyst screening (see Table S2 in the
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Table 1: Optimization of the reaction conditions.?!

HO CN
(3.0 equiv)
oo olomey 9
F3C e solvent, RT FsC éN Ph
3a(0.2m) 10-24h (R)-4a

5a: R = H, Ar = 3,5-(CF3),CgH3
5b: R = Me, Ar = 3,5-(CF3),CsH3
5¢c: R = Me, Ar = 2,5-(CF3),CgH3

Entry  Base Solvent 5 Yield [%]  ee [%]"

1 K,CO; toluene/H,0 (2:1) 5a 22 rac

2 K,CO;4 toluene/H,0 (2:1) 5b 93 62

3 K,CO4 toluene 5b 85 72

4 K,CO, THF 5b 99 72

5 Na,CO;  THF 5b 25 53

6 Cs,CO;  THF 5b 94 72

7 KOH THF 5b 38l 521

8 NaOEt  THF 5b 311 701

9 K,CO;, Et,O 5b 98 76

10 K,CO, iPr,0 5b 81 74

1 K,CO,4 DME 5b 54 67

12 K,CO4 mesitylene 5b 24 72

13 K,CO;, CH,Cl, 5b 84 65

141 K,CO, Et,0 5b 90 81

15 K,CO, Et,O 5b 99 86

164 K,CO, iPr,0 5b 99 89

174 K,CO; iPr,0 5¢ 76 91

184 Cs,CO;  iPr,0 5¢ 97 90

194¢  Cs,CO,  iPr,O 5¢ 90 92

[a] The reaction of 3 a with acetone cyanohydrine (3.0 equiv) was carried
out in the presence of 5 (10 mol %) and base (3.0 equiv) in solvent
(0.5 mL, 0.2 M) at room temperature, unless otherwise noted.

[b] Determined by HPLC analysis using a chiral stationary phase.

[c] 3.0 mL of solvent was used (0.033 m). [d] 6.0 mL of solvent was used
(0.017 m). [e] The reaction was carried out at 0°C; [f] Corresponding 1,2-
adduct was obtained instead. DME = dimethoxyethane.

Supporting Information) indicated that the use of structurally
new, N-2,5-bis(trifluoromethylbenzyl) O-methyl quinidinium
bromide (5¢) displayed the highest enantioselectivity (91 %
ee, entry 17). In particular, the use of 3.0 equivalents of
acetone cyanohydrin in the presence of 5¢ (10 mol %) and
Cs,CO; (3.0 equiv) in iPr,O at 0°C was the most effective
combination for the formation of 4a in 90% yield with
92% ee (entry 19).

With optimal reaction conditions in hand, the scope of the
enantioselective conjugate cyanation of a variety of f-aryl-f3-
trifluoromethyl-substituted enones (3) in the presence of
a catalytic amount of Sc¢ was explored to establish the
generality of the process. In all cases the reactions afforded
products in excellent yields and enantioselectivities (Table 2).
A series of trifluoromethylated enone derivatives (3a—f, 3h—
m) having a variety of substituents on their aromatic rings,
including methyl, methoxy, chloro, bromo, and nitro groups,
were nicely converted into the corresponding products 4a—f,
4h-m in excellent yields with 90-96 % ee (entries 1-6 and 8-
13). The sterically demanding naphthyl-substituted enones 3g
and 3n were also compatible with the same reaction
conditions, thus affording products 4g and 4n, respectively,
in excellent yields with 90-94% ee (entries7 and 14). It
should be noted that the multiply substituted substrates 3o
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Table 2: Substrate generality.”!

HO CN
)k (3.0 equiv)
o SR
F3CMAr2 iPr,0 (0.017 M), 0 °C FchArz
3 10-69 h CN
(R)-4
Entry 3 Ar' Ar? 4 Yield ee
[%] [%]"
1 3a Ph Ph 4a 90 92
2 3b 3-MeCgH, Ph 4b 99 91
3 3c 4-MeC¢H, Ph 4c 99 91
4 3d  4MeOCH, Ph 4d 93 90
5 3e 4-CIC¢H, Ph 4e 96 90
6 3f  4-BrCH, Ph 4f 92 90
7 3g 2-naphthyl Ph 4g 92 90
8 3h  Ph 4-MeCH, 4h 92 92
9 3i  Ph 4-MeOCH, 4i 98 94
10 3j  Ph 4-CICH, 4j 99 9%
11 3k Ph 3-BrC,H, 4k 99 90
12 31 Ph 4-BrCH, 4 99 95
13 3m Ph 4-NO,C(H, 4m 99 91
14 3n Ph 2-naphthyl 4n 99 94
15 30 3,5-Cl,C¢H, 2-Me-3-BrC¢H; 4o 99 95
16 3p  35CLCH, 2-MeCH, 4p 94 92

[a] The reaction of 3 with acetone cyanohydrin (3.0 equiv) was carried out
in the presence of 5¢ (10 mol %) and Cs,CO; (3.0 equiv) in iPr,0

(6.0 mL, 0.017 m) at 0°C. [b] Determined by HPLC analysis using a chiral
stationary phase.

and 3p were also smoothly converted into the desired 1,4-
adducts 40 and 4p with 95 and 92% ee, respectively
(entries 15 and 16). The absolute stereochemistry of (R)-41
was clearly determined by X-ray analysis (Figure 2) and all
the other products were tentatively assigned by analogy with
(R)-41.

Figure 2. X-ray crystallographic analysis of (R)-41."! Thermal ellipsoids
are shown at 50% probability.

Finally, the one-step conversion of 4 into the partially
saturated target arylpyrroline 2 was carried out (Scheme?2).
Treatment of 4a with Raney nickel in MeOH at ambient
temperature for 10 minutes led to 2a in 49 %, without any loss
of enantiopurity in one step consisting of three sequential
reactions (cyano reduction/cyclization/dehydration). The
fully saturated pyrrolidine derivative 6 was also obtained
from 4a under a hydrogen atmosphere in 56 % in one step
consisting of four sequential reactions (cyano reduction/
cyclization/dehydration/imine hydrogenation).
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Scheme 2. Transformations of 4a to pyrolline 2a and pyrrolidine 6.

In summary, we have developed an operationally simple,
highly enantioselective conjugate cyanation of (-aryl-p-tri-
fluoromethyl-substituted enones (3) using acetone cyano-
hydrin and the simple cinchona alkaloid catalyst S ¢ to provide
conjugate addition adducts having trifluoromethylated all-
carbon quaternary stereocenters.'"! Ether-type cinchona
alkaloids are very effective for this transformation and
excellent chemical yields with enantioselectivities, over 90 %
ee, were obtained for all cases. Complete 1,4-additon selec-
tivity over 1,2-addition is also achieved. Transformation to the
medicinally important trifluoromethylated arylpyrolline 2
and pyrrolidine derivative 6 were achieved from 4 for the
first time. The procedure is carried out using inexpensive
acetone cyanohydrin and organocatalysts, and is thus an
advantage for industrial purposes.
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