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The interesting examples of chiral phosphoric acid-catalyzed regio- and enantioselective arylation of o,B-
unsaturated trifluoromethyl ketones were reported. The reaction proceeded well and the desired prod-
ucts were obtained in good yields (up to 99%) with moderate to good enantioselectivities (up to 88%
ee). Several desired products were obtained with excellent optical purities after a single recrystallization.
Subsequent reduction of enantiopure products with NaBH, afforded two diastereomers of chiral trifluo-
romethyl-substituted secondary alcohols with high enantioselectivities (98% ee).
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As the most electronegative element, fluorine atom has great
influence on the properties and the reactivity of the molecules.!
Among fluorinated compounds, trifluoromethyl-substituted mole-
cules have gained growing interest during the past decades.??
Compared with non-fluorinated analogues, the introduction of a
trifluoromethyl group with strong electron-withdrawing ability
can lead to significant changes in physical, chemical, and biological
properties of the molecules. Therefore, the development of asym-
metric approaches for the synthesis of trifluoromethyl-containing
compounds has been such an important object for organic
chemists.*

Indole represents an attractive structural motif in a variety of
natural bioactive products and therapeutic agents.>® In recent
years, particular attention has been paid to the enantioselective
reactions of indoles with various electrophilic substrates to pre-
pare chiral indole-derivatives. For example, many reports involved
chiral metal-complex or small organic molecule-catalyzed asym-
metric Michael additions of indoles to o,B-unsaturated carbonyl
compounds.®'® However, to the best of our knowledge, these
otherwise extensively studied reactions have not been successfully
applied to o,B-unsaturated trifluoromethyl ketones.'® BINOL-de-
rived phosphoric acids have been shown to be excellent nonmetal
chiral organocatalysts for vast asymmetric transformations.?®-23
Recently, we have demonstrated that chiral phosphoric acids can
catalyze several arylation reactions of trifluoroacetaldimines, tri-
fluoromethyl ketones, ethyl 4,4,4-trifluoroacetoacetate, and ethyl
trifluoropyruvate with electron-rich arenes with good to excellent
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enantioselectivities.?*"2” Herein, we would like to report our work
about organocatalyzed regio- and enantioselective arylation of o, -
unsaturated trifluoromethyl ketones with indoles.

Based on our previous work, the asymmetric arylation of 1,1,1-
trifluoro-4-phenyl-3-buten-2-one 3a with indole 2a was chosen as
the model reaction for screening the BINOL-derived phosphoric
acid catalysts 1 (Fig. 1). Interestingly, 3-alkylated product 4a of in-
dole was obtained (Table 1, entries 1—14). Other adducts, such as
1,1,1-trifluoro-4-(1H-indol-2-yl)-4-phenylbutan-2-one, 1,1,1-tri-
fluoro-2-(1H-indol-3-yl)-4-phenylbutan-2-ol, and 1,1,1-trifluoro-
2-(1H-indol-2-yl)-4-phenylbutan-2-ol, were not observed in the
reaction. The best result was obtained using phosphoric acid 1f
with 9-anthracenyl groups at the 3,3’-positions of the binaphthyl
scaffold, which gave the desired product 4a in 97% yield and 48%
ee (Table 1, entry 6). Subsequently, the effect of solvents and reac-
tion temperature was examined in the model reaction using 1f as
catalyst (Table 1, entries 16—22). The reaction proceeded with high
conversion and moderate enantioselectivities in chlorinated al-
kanes (Table 1, entries 6, 20 and 21), while higher enantioselectiv-
ity was observed in CH3CN but with a low yield (Table 1, entry 19).
Finally, the mixture of CICH,CH,Cl/CH5CN (1:1) was proved to be a
superior co-solvent in which the desired product 4a was obtained
in 96% yield with 53% ee (Table 1, entry 22). When the reaction
temperature was lowered to —20 °C, the enantioselectivity could
be improved to 72% with the prolonged reaction time (Table 1, en-
try 24).

With the optimal conditions (10 mol % 1f as the catalyst, at
—20 °Cin CICH,CH,CI/CH3CN 1:1) in hand, the scope of the organo-
catalytic enantioselective arylation of o,B-unsaturated trifluoro-
methyl ketones 3 was explored with indoles 2 (Table 2).2 In most
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R 1a:R=H 1h: R = 4-Biphenyl
‘O 1b: R = Ph 1i; R = 2-Naphthyl
0, //O 1c: R = SiPh; 1j: R =2,4,6-(i-Pr);CgH,
JaN 1d: R = 3,5-(CF3),C4Hs 1k: R = 4-Ad-2,6-(i-Pr),C¢H,
O OH 1e:R=4-NO,C4H, 1I: R = 1-Naphthyl
1f: R =9-Anthracenyl 1m: R = Ph[Hg]
R 19: R = 9-Phenanthryl 1n: R = 3,5-(CF;),CgH;[Hs]
Figure 1.
Table 1
Optimization of reaction conditions
_ Ph _
ph O or N\ \—OH
O catalyst 1 » N F
A A~ (d0mol%) S CFs Ph O N CFs
* Ph CF; - > A\ Ph OH
N N * CF3 /
H H N * CF3
2a 3a 4a H A\
N
H
Entry Catalyst Solvent Temp (°C) Time (h) Yield® (%) ee® (%)
1 1a CH,Cl, 25 36 52 5
2 1b CH,Cl, 25 36 84 31
3 1c CH,Cl, 25 36 30 7
4 1d CH,Cl, 25 24 66 9
5 1e CH,Cl, 25 24 70 8
6 1f CH,Cl, 25 24 97 48
7 1g CH,Cl, 25 36 84 17
8 1h CH,Cl, 25 24 70 25
9 1i CH,Cl, 25 18 95 12
10 1j CH,Cl, 25 24 50 8
11 1k CH,Cl, 25 24 84 23
12 11 CH,Cl, 25 36 72 27
13 1m CH,Cl, 25 71 58 23
14 1n CH,Cl, 25 36 91 3
15 1f Toluene 25 24 87 24
16 1f Et,0 25 24 85 17
17 1f THF 25 168 38 37
18 1f 1,4-Dioxane 25 72 17 24
19 1f CH5CN 25 72 22 60
20 1f CHCl5 25 24 90 38
21 1f CICH,CH,Cl 25 18 97 51
22 1f CICH,CH,Cl/CH5CN 25 24 96 53
23 1f CICH,CH,Cl/CH5CN 0 72 71 49
24 1f CICH,CH,Cl/CH5CN -20 120 85 72

¢ Isolated yield.
" The ee was determined by chiral HPLC analysis.

cases, o,B-unsaturated trifluoromethyl ketones bearing either elec-
tron-withdrawing groups or electron-donating groups gave the cor-
responding products in good yields (80-99%) with good
enantioselectivities (56—88%) (Table 2, entries 1-9). However,
when 1,1,1-trifluoro-4-biphenyl-3-buten-2-one was employed as
a substrate, the desired product was obtained in a low yield. Proba-
bly, the poor solubility in the mixed solvents decreased the reactiv-
ity of this substrate (Table 2, entry 10). Next, several indoles were
probed (Table 2, entries 11-14). The reactions took place in good
yields (83-93%) with moderate to good enantioselectivities
(42—-88% ee). 2-Methylindole provided the desired product with
low enantioselectivity (18% ee) (Table 2, entry 14). It was notewor-
thy that several desired products could be obtained with excellent
optical purities after single recrystallization from CH,Cl,/hexane
(Table 2, entries 1, 4, and 8).

These adducts are useful synthetic intermediates and can be
readily transformed into trifluoromethyl-substituted secondary
alcohols. For example, direct reduction of enantioriched 4a in the
presence of NaBH, gave trifluoromethylated syn- and anti-alcohols
(1:1 dr), which were easily isolated through silica gel column chro-
matography in 68% overall yield with excellent enantiomeric puri-
ties (98% ee) (Scheme 1).2°

In summary, we have developed an asymmetric arylation reac-
tion of o,B-unsaturated trifluoromethyl ketones with indoles by
using chiral phosphoric acids as efficient organocatalysts. In most
cases, the transformations proceeded well in good yields (up to
99%) with moderate to good enantioselectivities (up to 88% ee).
Several desired products were obtained with excellent optical puri-
ties (98-99.9% ee) after a single recrystallization. Moreover, the
arylated products could be transformed into two diastereomers
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Table 2
Scope of chiral Brensted acid-catalyzed arylation of o,B-unsaturated trifluoromethyl ketones
Ar O
o R CF
Re \ ~ Catalyst 1f (10 mol %) 2~ 3
| + A CFs >
A N CICH,CH,CI/CH3;CN N
H 1/1), =20 °C H
2 3 (an, 4
Entry 2 Ar Time (h) Yield® (%) ee® (%)
1 Indole CgHs 120 85 72 (99.9)¢
2 Indole p-MeCgHy 72 87 63
3 Indole 0-MeCgH4 72 97 56
4 Indole p-MeOCgH, 72 92 60 (98)°
5 Indole 3,5-Me,CgH3 96 99 66
6 Indole 1-Naphthyl 72 89 79
7 Indole 2-Naphthyl 72 80 73
8 Indole 4-BrCgHy 72 86 76 (98)°
9 Indole 3,5-(CF3),CeH3 80 99 88
10 Indole 4-Biphenyl 120 25 63
11 5-Me-indole 3,5-(CF3),CeH3 72 85 62
12 7-Me-indole 3,5-(CF3),CeH3 72 93 88
13 5-Cl-indole 3,5-(CF3),C6H3 72 85 42
14 2-Me-indole 3,5-(CF3),CgH3 72 83 18

2 Isolated yield.
b The ee was determined by chiral HPLC analysis. The absolute configuration was assigned according to Ref. 19.
¢ The results in parentheses were obtained after a single recrystallization.
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Scheme 1.

of chiral trifluoromethyl-substituted secondary alcohols with high References and notes
enantioselectivities (98% ee). Further efforts in our laboratory will

be mainly directed toward improving the selectivity and synthetic 1. Ma, J.-A.; Cahard, D. Chem. Rev. 2008, 108, PR1-PR43.
lication 2. McClinton, M. A.; McClinton, D. A. Tetrahedron 1992, 48, 6555-6666.
appli . 3. Lin, P.; Jiang, J. Tetrahedron 2000, 56, 3635-3671.
4, Ma, J.-A.; Cahard, D. J. Fluorine Chem. 2007, 128, 975-996.
5. Faulkner, D. J. Nat. Prod. Rep. 2002, 19, 1-49.
Acknowledements 6. Austin, J. F.; MacMillan, D. W. C. J. Am. Chem. Soc. 2002, 124, 1172-1173.
g 7. Jensen, K. B.; Thorhauge, J.; Hazell, R. G.; Jergensen, K. A. Angew. Chem., Int. Ed.
2001, 40, 160-163.
The financial support from NSFC (No. 20772091 and 20902067) 8. ?and;:lid ML Fﬂgl&l)lé %?Sé\félcggée- P.; Melloni, A.; Umani-Ronchi, A.
and Tianjin Municipal Science & Technology Commission (No. 9, Efzggs,eDT%; lfef;drick,k. R.; Song, H. J.; Scheidt, K. A; Xu, R. S. J. Am. Chem. Soc.

08JCYBJC09500) is gratefully acknowledged. 2007, 129, 10029-10041.



Z. Pei et al./Tetrahedron Letters 51 (2010) 4658-4661

. Blay, G.; Fernandez, 1.; Pedro, J. R.; Vila, C. Org. Lett. 2007, 9, 2601-2604.
. Nakamura, S.; Hyodo, K.; Nakamura, Y.; Shibata, N.; Toru, T. Adv. Synth. Catal.

2008, 350, 1443-1448.

. Zhou, W.; Xu, L.-W.; Li, L; Yang, L.; Xia, C.-G. Eur. J. Org. Chem. 2006, 5225-

5227.

. Chen, W.; Du, W.; Yue, L; Li, R;; Wu, Y.; Ding, L.-S.; Chen, Y.-C. Org. Biomol.

Chem. 2007, 5, 816-821.

. Bartoli, G.; Bosco, M.; Carlone, A.; Pesciaioli, F.; Sambri, L.; Melchiorre, P. Org.

Lett. 2007, 9, 1403-1405.

. Tang, H.-Y.; Lu, A.-D.; Zhou, Z.-H.; Zhao, G.-F.; He, L.-N.; Tang, C.-C. Eur. J. Org.

Chem. 2008, 1406-1410.

. Adachi, S.; Tanaka, F.; Watanabe, K.; Harada, T. Org. Lett. 2009, 11, 5206-5209.
. Scettri, A.; Villano, R.; Acocella, M. R. Molecules 2009, 14, 3030-3036.

. You, S.-L.; Cai, Q.; Zeng, M. Chem. Soc. Rev. 2009, 38, 2190-2201.

. More recently, a similar communication was published by Higashiyama and

co-workers using Dy(OTf);-Pybox complex: Sasaki, S.;
Higashiyama, K. Tetrahedron Lett. 2010, 51, 2326-2328.

Yamauchi, T.;

. Akiyama, T. Chem. Rev. 2007, 107, 5744-5758.

. You, S.-L. Chem. Asian J. 2007, 2, 820-827.

. Terada, M. Chem. Commun. 2008, 4097-4112.

. Adair, G.; Mukherjee, S.; List, B. Aldrichim. Acta 2008, 41, 31-39.

. Zhang, G.-W.; Wang, L.; Nie, J.; Ma, J.-A. Adv. Synth. Catal. 2008, 350, 1457-1463.
. Nie, J.; Zhang, G.-W.; Wang, L.; Fu, A.; Zheng, Y.; Ma, ]J.-A. Chem. Commun. 2009,

2356-2358.

. Nie, J.; Zhang, G.-W.; Wang, L.; Zheng, D.-H.; Zheng, Y.; Ma, ].-A. Eur. J. Org.

Chem. 2009, 3145-3149.

. Zhang, G.-W.; Zheng, D.-H.; Nie, ].; Wang, T.; Ma, ].-A. Org. Biomol. Chem. 2010,

8, 1399-1405.

. General procedure for catalytic asymmetric arylation of o,p-unsaturated

trifluoromethyl ketones with indole: To a Schlenk tube were added indole 2a
(0.15 mmol), unsaturated trifluoromethyl ketone 3a (0.18 mmol), chiral
phosphoric acid (0.015 mmol), and solvent (CICH,CH,Cl/CH3CN=1:1,
0.4 mL). After the solution was stirred for 120 h, the crude product was
purified directly by flash column chromatography with ethyl acetate/
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petroleum ether (1:20 to 1:7) to afford the desired product 4a. 85% yield,
mp: 93-98 °C; [oc],%” —6.3° (¢ 1.0, CHCly) [lit."® [o]fy +7.96 (¢ 1.02, CHCl3, >99%
ee)]; 72% ee, [Daicel Chiralcel OD-H, Hexane/i-PrOH =90:10, 0.8 mL/min,
254 nm, Tz (minor) = 19.06 min, Tz (major) =28.26 min]; '"H NMR (500 MHz,
CDCl;) 6 (ppm) 3.47-3.52 (dd, J=18.0 Hz, 1H, CH), 3.60 (dd, J= 18.0 Hz, 1H,
CH,), 4.96 (t, J=7.0Hz, 1H, CH), 6.96 (m, 1H), 7.06-7.09 (t, J=7.0 Hz, 1H),
7.18-7.26 (m, 2H), 7.29-7.36 (m, 5H), 7.46-7.46 (d, J = 8 Hz, 1H), 8.04 (br s,
1H); '3C NMR (125 MHz, CDCl3) 6 (ppm) 37.1, 43.2, 77.3, 111.5, 118.1, 119.4,
119.9, 1214, 122.7, 126.5, 127.1, 127.8, 128.9, 136.8, 142.8, 190; IR (KBr) v
(cm™1) 3400, 2923, 2357, 1762, 1618, 1459, 1128, 1042, 812, 735, 696, 586,
418; MS (ESI) m/z 316.11 [M—H]".

General procedure for the reduction of arylated product: A mixture of NaBH,4
(0.3 mmol) and optically pure 4a (0.1 mmol, >99.9% ee) in methanol (3 mL)
was stirred 24 h under air (monitored by TLC). The diastereoisomers were
purified directly by flash column chromatography with ethyl acetate/
petroleum ether (1:20 to 1:10) to afford the desired product (anti/syn=1:1).
Total yield: 68%. Diastereomer-1: 98% ee [Daicel Chiralcel OD-H, Hexane/i-
PrOH=90:10, 0.8 mL/min, 254nm; Tz (minor)=18.078 min, Ty
(major) = 33.526 min]. []2° +21.2 (c 1.0, CH,Cl,); "H NMR (500 MHz, CDCls) 6
(ppm) 1.30 (s, 1H, OH), 2.28-2.32 (m, 1H, CH,), 2.55-2.61 (m, 1H, CH,), 4.00
(dd,J=7.5Hz, 1H, CH), 4.60 (dd, J = 11.5, 1H, CH), 7.07-7.10 (m, 2H), 7.19-7.22
(m, 2H), 7.28-7.36 (m, 5H), 7.55-7.56 (d, J = 7.5 Hz, 1H), 8.08 (br s, 1H); >C
NMR (125 MHz, CDCl3) & (ppm) 35.5, 38.3, 63.6, 77.2, 111.3, 119.7, 121.0,
122.5, 127.0, 128.3, 129.0, 136.7, 142.9. IR (KBr) v (cm™') 3421, 3062, 2366,
1618, 1454, 1378, 1157, 1009, 778, 522, 492. MS (ESI) m/z 318.29 [M—H] .
Diastereomer-2: 98% ee. [Daicel Chiralcel OD-H, Hexane/i-PrOH =90:10,
0.8 mL/min, 254 nm, T (minor) = 23.033 min, Ty (major) = 49.138 min]. [o]2°
+20.3 (¢ 1.0, CH,Cl,); '"H NMR (500 MHz, CDCls) 6 (ppm) 1.65 (s, 1H, OH), 2.37-
2.42 (m, 1H, CHy), 2.45-2.49 (m, 1H, CHy), 3.78 (dd, J = 7.5 Hz, 1H, CH), 4.56
(dd,J=11.5, 1H, CH), 7.01-7.07 (m, 2H), 7.17-7.26 (m, 2H), 7.31-7.37 (m, 5H),
7.46-7.48 (d,J = 8.0 Hz, 1H), 7.98 (br s, 1H); >*C NMR (125 MHz, CDCl3)  (ppm)
36.3, 38.1, 69.3, 77.5, 111.5, 117.6, 119.5, 119.9, 121.6, 122.6, 126.6, 127.1,
128.8, 136.7, 144.7. IR (KBr) v (cm™') 3425, 3060, 2365, 1600, 1454, 1370,
1150, 1010, 778, 522, 495. MS (ESI) m/z 318.26 [M—H] .
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