Cinchona Alkaloid-Catalyzed Asymmetric
Trifluoromethylation of Alkynyl Ketones

ORGANIC
LETTERS

2010
Vol. 12, No. 22
5104—5107

with Trimethyisilyl Trifluoromethane

Hiroyuki Kawai,' Kentaro Tachi,! Etsuko Tokunaga,! Motoo Shiro,* and

Norio Shibata®’

Department of Frontier Materials, Graduate School of Engineering, Nagoya Institute
of Technology, Gokiso, Showa-ku, Nagoya 466-8555, Japan, and Rigaku Corporation,

3-9-12 Matsubara-cho, Akishima, Tokyo 196-8666, Japan
nozshiba@nitech.ac.jp

Received September 13, 2010

ABSTRACT

BCI?) Z B? / OH
HQ N@ ’/N® S
- ho L

0 1) Me,SiCF; (2.0 equiv)
Me,NF (20 mol %)

R)\
R

1
R =Ar, CH=CHPh

2) "BuyNF/H,0

toluene/CH,Cl, = 2/1

N—? 3a (10 mol %)

HO, ,CF, HO, ,CF;

R/\ Ar .
O 7, [riep—r

up to 96% ee

The first catalytic enantioselective trifluoromethylation of alkynyl ketones 1 with (trifluoromethyl)trimethylsilane is disclosed by an operationally
simple procedure, based on the combination of ammonium bromide of bis-cinchona alkaloids with Me,NF to afford trifluoromethyl-substituted
tertiary propargyl alcohols (up to 96% ee), which are the important chiral building blocks for pharmaceuticals. Biologically attractive aryl

heteroaryl trifluoromethyl carbinols were also synthesized.

Catalytic asymmetric synthesis of a tetrasubstituted chiral
carbon center by carbon—carbon bond-forming reactions with
ketones is a particularly demanding task in organic synthesis.*
A number of methods have been developed to accomplish
this task; however, catalytic enantioselective synthesis of
trifluoromethyl-substituted tertiary propargyl alcoholsis still
a challenge,® despite their obvious importance as chiral
building blocks for pharmaceuticals such as the anti-HIV

" Nagoya Institute of Technology.

* Rigaku Corporation.

(1) (8 Riant, O.; Hannedouche, J. Org. Biomol. Chem. 2007, 5, 873—
888. (b) Hatano, M.; Ishihara, K. Synthesis 2008, 1647—-1675. (c) Shibasaki,
M.; Kanai, M. Chem. Rev. 2008, 108, 2853-2873. (d) Trost, B. M.; Weiss,
A. H. Adv. Synth. Catal. 2009, 351, 963-983.

(2) (8 Enantiocontrolled Synthesis of Fluoro-Organic Compounds;
Soloshonok, V. A., Ed.; Wiley: Chichester, 1999. (b) Kirsch, P. Modern
Fluoroorganic Chemistry; Wiley-VCH: Weinheim, 2004.

10.1021/01102189c ~ © 2010 American Chemical Society
Published on Web 10/18/2010

drug Efavirenz and its related compounds,® which contain a
trifluoromethyl group at the tetrasubstituted chiral center at
a propargyl position. Two principal catalytic strategies are
generaly considered for the construction of the target
structures: (1) the direct introduction of a trifluoromethyl
group into aryl alkynyl ketones* and (2) a building block
approach viathe arylation of trifluoromethyl alkenyl ketones®
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or the alkynylation of trifluoromethyl aryl ketones.® A couple
of years ago, Shibasaki and Kanai et a. reported the copper(l)
alkoxide-catalyzed enantioselective akynylation of triflu-
oromethyl ketones to provide trifluoromethyl-substituted
tertiary propargy! alcohol up to 52% ee.® Although the result
of 52% ee is moderate, to our knowledge, thisis the highest
value for the catalytic enantioselective synthesis of pharma-
ceutically important aryl trifluoromethyl propargy! acohols
so far reported. We now report the first examples of the
catalytic asymmetric direct trifluoromethylation of propargyl
ketones 1 by trimethylsilyl trifluoromethane (Me;SiCF;) to
produce desired trifluoromethyl-propargy! acohols 2 with a
quaternary carbon center up to 96% ee. The catalyst
combination composed of cinchona akaloid 3a and tetra-
methyl ammonium fluoride (Me,NF) was found to be very
general for thistransformation. The resulting trifluoromethyl-
propargy! acohols can be further transformed, yielding the
biologically attractive aryl heteroaryl trifluoromethyl carbinols
4 (Scheme 1).

Scheme 1. Asymmetric Trifluoromethylation of Alkynyl
Ketones and Its Application to Aryl Heteroaryl Trifluoromethyl

Carbinols
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In the 21st century, high enantioselectivity has been
achieved consistently in the asymmetric addition to carbony!
compounds.® This is not the case for the addition of
MesSiCF3, in which selectivity is generally very low and
substrates lack scope.*” Since 2007, we disclosed enanti-
oselective trifluoromethylation of aryl akyl ketones, aryl
aldehydes, and azomethine imines using Mes;SiCF; in the
presence of a catalytic quantity of a chiral phase transfer
catalyst to provide trifluoromethyl derivatives with a high
degree of enantioselectivity.® Motivated by theses favorable
outcomes, the application of these methodologies to previ-
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ously unknown catalytic asymmetric trifluoromethylation
processes of alkynyl aryl ketonesto produce tertiary acohols
that contain a trifluoromethyl group at a propargy! position
was of interest.® Our initial attempt at asymmetric trifluo-
romethylation of ethynyl phenyl ketone 1a with Me;SiCF;
in the presence of catalytic amounts of N-3,5-bis(trifluorom-
ethylbenzyl)cinchonium bromide 3b and Me,NF gave a
disappointing result (Table 1, entry 1), presumably resulting
from deprotonation of the alkynyl proton. Reaction of
methylethenyl phenyl ketone 1b with Me;SiCF;, under the
same reaction conditions, also gave a complex mixture
containing only a trace of the desired 1,2-addition product
(entry 2). The unsuccessful results should be explained by
the existence of a reactive hydrogen atom in the substrates
1. Our strategy then turned to the trifluoromethylation of
phenyl trimethylsilylethynyl ketone 1c, which does not
contain reactive hydrogen atoms. However, the attempt also
led to a complex mixture of compounds (entry 3). In our
fourth experiments using phenylethynyl phenyl ketone 1d,
we were able to obtain the desired product with an ee of
40% in 54% yield (entry 4). Changing the chiral catalyst 3b
for 3a resulted in a good yield of 2d with better enantiose-
lectivity of 51% (entry 5). Gratifyingly, when the reaction
was carried out using sterically demanding tert-butylethynyl
phenyl ketone le, the desired compound 2e was obtained in
96% with 94% ee, although the loss of chemical yield was
observed after the treatment with tetrabutylammonium fluo-
ride ("Bus;NF) (entry 6).

Encouraged by the result, the scope of this trifluoro-
methylation reaction was investigated with arange of alkynyl
ketones (entries 7—22). The reaction is remarkably general.
To alow for comparisons, all reactions were conducted with
10 mol % chiral catalyst on a0.2 mmol scale and 2.0 equiv
of the Me;SiCF;. Reactions were not individually optimized
to establish the generality of the procedure. Most reactions
were completein 1-3 hat —60 °C to —50 °C. In all cases,
theinitia adduct was atrimethylsilyl-ether that was removed
by treatment with "BusNF to provide the alcohol product 2.
All of the reactions proceeded in essentially quantitative yield
as confirmed by TLC analysis, but the isolated yield of 2
was often lower due to loss of the product during the
treatment with "BuyNF to remove a trimethylsilyl group. High
enantioselectivities were obtained for all cases up to 96%
ee, with these being almost independent of the functional
groups such as akyl and sterically demanding akyl, aryl,
halogenyl, and methoxy moieties, as well as the positions
of the aromatic ring (entries 8—16). For another aromatic
analogue 1p bearing a bulky naphthyl group, we also
obtained the trifluoromethylated product 2p in good yield
with high enantiosel ectivity of 93% ee (entry 17). Cinnamyl-
substituted alkynyl ketone 1q is also a suitable substrate for
3a/MeNF-catalyzed asymmetric trifluoromethylation with
83% ee (entry 18). A remarkable feature of this method is
that the reaction is applicable not only for tert-butyl-
substituted ethynyl ketones but also other sterically demand-
ing ethynyl ketones. Namely, the aryl alkynyl ketones 1r —u
with sterically demanding hydroxypropy! tethers were nicely
converted to the corresponding trifluoromethylated propargy!
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Table 1. Enantioselective Trifluoromethylation of 1 with Me;SiCF; Catalyzed by 3a and Me,NF*

0

3a (10 mol %)

Me,SiCF, _ MeaNF (20 mol %) HO, ,CFs
R)\ " (20equiv) _60°C—-50°C. 15 RA\
ta—u ¥ toluene/CH.ClL (2/1)  2a—y R
2) "BuyNF/H,0

entry 1 R R’ 2 yield (%) ee (%)
1° la Ph H 2a cp
26 1b Ph Me 2b cp
3° lc Ph SiMe; 2c cp
4° 1d Ph Ph 2d 54 40
5 1d Ph Ph 2d 91 51
6 le Ph Bu 2e 96°; 65 94
7 1f 2-MeCgHy Bu 2f 75 80
8 1g 3-MeCgH, ‘Bu 2g 81 92
9 1h 4-MeCgHy ‘Bu 2h 70 96
10 1i 3-MeOCgHy ‘Bu 2i 70 90
11 1j 4-MeOCg¢H, Bu 2j 85 95
12 1k 3,4-MeyCsHs Bu 2k 87 92
13 11 4-'BuCgH, Bu 21 70 94
14 1m 4-PhCgH, ‘Bu 2m 88 91
15 In 4-FCgHy ‘Bu 2n 81 86
16 1o 4-ClC¢H,4 ‘Bu 20 87 86
17 1p 2-naphthyl ‘Bu 2p 78 93
18 1q PhCH=CH ‘Bu 2q 71 83
19 1r 2-naphthyl C(Me);0OBn 2r 93 83
20 1s 2-naphthyl C(Me);OCHy(p-BrCgHy) 2s 66 78
21 1t 2-naphthyl C(Me),OCHPh, 2t 99 83
22 1u 4-MeC¢Hy C(Me);OBn 2u 90 91

2 The reaction of 1 with Me;SICF; (2.0 equiv) was carried out in the presence of 3a (10 mol %) and Me;NF (20 mol %) in toluene/CH,Cl, (2/1) at —60
°C to —50 °C, unless otherwise noted. All reactions proceeded in essentially quantltatlve yield as confirmed by TLC analysis. All yields are isolated yields
of 2 unless otherwise stated; ee’s were determined by Chiral HPLC; cp = complex. ® N-3,5-Bis(trifluoromethylbenzyl)cinchonium bromide 3b was used
instead of 3a. ©Isolated yield as trimethylsilyl ether without treatment with "Bu,NF. ¢ Isolated yield after treatment with "Bu,NF.

alcohols in high yields with high enantioselectivities up
to 91% ee (entries 19—22). It should be noted that the
hydroxypropy! tethers can be removed quantitatively in two
steps. First, the benzyl protecting group of 2r (99% ee after
recrystallization) was removed through oxidative cleavage
with DDQ in agueous dichloroethene to provide diol 5
quantitatively. Next, exposure of the resulting diol 5to KOH
in toluene effected cleavage of the hydroxypropy! protecting
group to yield propargyl alcohol 6 in quantitative amounts
without any loss of enantiomeric purity of 2r (Scheme 2a).
The absolute stereochemistry of a newly generated stereo-
center in 2s was determined by X-ray crystallographic
analysis, and the stereochemistry of another trifluoromethy-

Scheme 2. Syntheses of Propargyl Alcohols 6 and 7
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lated alcohol 2 was tentatively assumed by analogy.® To the
best of our knowledge, these are the first examples of
enantioselective trifluoromethylation of alkynyl ketones 1.
Importantly, (triisopropylsilyl)ethynyl aryl ketones 1v—w
were also found to provide trifluoromethylated adducts 6 and
7 in good yields with 86% and 88% ees, respectively.
The triisopropylsilyl group at the ethynyl position and the
O-trimethylsilyl group were simultaneously removed by
"BuyNF treatment to generate nonsilylated propargyl acohols
in good yields (Scheme 2b).

We were next interested in the synthesis of aryl heteroaryl
trifluoromethyl carbinols. Enantioenriched aryl heteroaryl-
methanols are important intermediates and structural motifs
in medicinal chemistry,*® and therefore, trifluoromethylated
analogues of aryl heteroarylmethanols are of pottential
interest as building blocks for hiologically active com-
pounds.** The trifluoromethylated propargyl acohols 2
obtained here would be particularly interesting substrates
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2009, 130, 762—765. (c) Kawal, H.; Kusuda, A.; Nakamura, S.; Shiro, M.;
Shibata, N. Angew. Chem., Int. Ed. 2009, 48, 6324-6327.
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Scheme 3. Synthesis of Aryl Heteroaryl Trifluoromethyl

Carbinols
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since functionalization of the ethynyl moiety allows ready
access to drug-like compounds mentioned above. First, the
trifluoromethylated propargyl acohol 6 was converted ef-
ficiently into medicinaly attractive aryl 1,4-disubstituted
1,2,3-triazole trifluoromethyl carbinol 4a in 99% under the
click chemistry condition®? using a catalytic amount of Cul
in the presence of N,N-diisopropylethylamine (DIPEA) in
MeCN at rt in 99% without any loss of enantiomeric purity
(Scheme 3, top). Copper(l)-catalyzed transformation of 6 to
3,5-disubstituted isoxazole 2-naphtyl trifluoromethyl carbinol
4b was successfully carried out by the catalyst prepared in
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676. (b) Recanatini, M.; Cavalli, A.; Vaenti, P. Med. Res. Rev. 2002, 22,
282-304. (c) Buzdar, A. U. Breast Cancer Res. Treat. 2002, 75, 13-17.
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2003, 5, 5039-5042. (e) Saberi, M. R.; Shah, K.; Simons, C. J. Enzyme
Inhib. Med. Chem. 2005, 20, 135-141. (f) Saberi, M. R.; Vinh, T. K.; Yee,
S. W.; Griffiths, B. J. N.; Evans, P. J.; Simons, C. J. Med. Chem. 2006, 49,
1016-1022. (g) Salvi, L.; Kim, J. G.; Walsh, P. J. J. Am. Chem. Soc. 20009,
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situ by reduction of copper(ll) sulfate (5 mol %) with
ascorbate (10 mol %) in the presence of KHCOs in 'BUOH/
H,O™ at rt for 2 h in 61% (Scheme 3, middle). Thiophenyl
naphthy! trifluoromethyl carbinol 4c was also successfully
synthesized via tethered enediyne 8 prepared in good yield
by the Sonogashira cross-coupling reaction** of 6 with
phenylethynyl bromide catalyzed by PdCl,(PPhs), (10 mol
%) and Cul (10 mol %) in the presence of N,N-diisopropyl-
ethylamine (DIPEA) followed by the treatment with sodium
sulphide in refluxing THF* in good overall yields (Scheme
3, bottom).

In summary, we have developed the first enantiosel ective
trifluoromethylation of alkynyl ketones with Me;SiCF;. By
employing ammonium salts of cinchona alkaloids and Me;NF
as catalysts, we have efficiently condensed a wide range of
alkynyl ketones 1 and Me;SiCF; to provide pharmaceutically
important trifluoromethylated propargy! alcohols 2 having a
guaternary carbon center in very good enantiomeric excess.
The trifluoromethylated propargyl alcohols 2 were nicely
transformed into biologically attractive aryl heteroaryl tri-
fluoromethy! carbinols 4 without any loss of enantiomeric
purity of 2.
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