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Chiral phosphoric acid was found to be an effective organo-
catalysts for the direct enantioselective arylation of ethyl
4,4,4-trifluoroacetoacetate (ETFAA). A series of chiral trifluo-
romethyl-substituted tertiary alcohols were obtained in mod-
erate to high yields with up to 78% ee. Several desired prod-
ucts were obtained with excellent optical purities after a sin-

Introduction

The asymmetric synthesis of chiral trifluoromethyl-substi-
tuted secondary and tertiary alcohols has become the sub-
ject of recent interest[1] due to the occurrence of this moi-
ety found in chiral reagents[2a] and in a number of biolo-
gically active compounds including anticancers,[2b] anti-
convulsants,[2c] proteinase inhibitors,[2d] anti-HIV ag-
ents[2e] as well NK-1 receptor antagonists[2f] (Figure 1).
Thus, several approaches for the direct trifluoromethyl-
ation of carbonyl compounds with Ruppert–Prakash rea-
gent[3] have been designed toward their asymmetric syn-

Figure 1. Chiral trifluoromethyl-substituted tertiary alcohols.
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gle recrystallization. This method was also extended to ethyl
trifluoropyruvate, which is complementary to systems cata-
lyzed by Lewis acids and cinchona alkaloids.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

thesis.[4] However, only the limited examples have ad-
dressed high enantioselectivities (exceeding 90 % ee). An
alternative strategy for the construction of trifluoro-
methyl-substituted secondary and tertiary alcohols would be
the asymmetric addition of carbon nucleophiles to prochi-
ral trifluoromethyl carbonyl compounds.[5] But few meth-
ods allow expedient preparation of a wide series of deriva-
tives from readily available starting materials. For example,
some elegant methods have been developed for the asym-
metric catalytic addition of carbon nucleophiles to trifluo-
roacetaldehyde and hemiacetal (A),[6] trifluoropyruvates
(B),[7] and simple trifluoromethyl ketones (C).[8] However,

to the best of our knowledge, these otherwise extensively
studied reactions have not been successfully applied to
4,4,4-trifluoroacetoacetates (D) (Figure 2).

For the past few years, enantioselective organocatalysis
has become one of the most efficient approaches for the
preparation of chiral compounds.[9] In this context, a vari-
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Figure 2. Several prochiral trifluoromethyl carbonyl compounds.

ety of phosphoric acids have been shown to be excellent
nonmetal chiral organocatalysts for the asymmetric acti-
vation of various substrates, such as imines, enamides,
meso-aziridines as well as ketones.[10] Recently, we have
demonstrated that chiral phosphoric acids can catalyze
some arylation reactions of trifluoroacetaldimines (gener-
ated in situ) and simple trifluoromethyl ketones with good
to excellent enantioselectivities.[11] As a part of our ongoing
studies, we would like to report our preliminary results on
chiral Brønsted-acid-catalyzed enantioselective direct aryl-
ation of ethyl 4,4,4-trifluoroacetoacetate (ETFAA) and
ethyl trifluoropyruvate.

Results and Discussion

4,4,4-Trifluoroacetoacetates (TFAA) are commercially
available candidates for the construction of chiral trifluoro-
methyl tertiary alcohols. In contrast to the wide use of the
similar structure such as trifluropyruvates,[7] TFAA are less
applicable in asymmetric synthesis due to its significantly
weaker electrophilic reactivity.[12] In addition, rapid forma-
tion of inacitive β-enolate chelate complexes limited the
utilization of TFAA in metal-mediated asymmetric trans-
formations.[12c–12d] We hypothesized that chiral Brønsted
acids could be suitable organocatalysts for the activation of
TFAA. Considering our previous work, we chose to begin
an evaluation of BINOL-derived phosphoric acids 1 in the
asymmetric arylation of ETFAA 3 with indole 2a (Table 1).
The results of our catalyst screening showed that phospho-
ric acid 1 with bulky 2,4,6-triisopropylphenyl groups at the
3,3�-positions of the binaphthyl scaffold gave the desired
product 4a in quantitative yield with 64% ee (Table 1, En-
tries 1–11). Moreover, the aldol self-condensation of ET-
FAA and the diarylation of ETFAA were not observed.
Subsequently, this arylation reaction was conducted in dif-
ferent solvents with 1h as catalyst (Table 1, Entries 12–16).
Dichloromethane was found to be the best with respect to
catalytic activity and asymmetric induction. When the cata-
lyst loading was decreased to 5 mol-%, the yield of 66%
was obtained with the prolonged time (Entry 17). However,
no obvious variation in the stereoselectivity was observed
by increasing the catalyst loading (Entry 18). Substantial
changes of the reaction temperature did not have any sig-
nificant effects on the enantioselectivity (Entries 19 and 20).

With the optimal conditions in hand, the scope of the
organocatalytic arylation of ETFAA 3 was explored with a
series of indoles 2. As indicated in Table 2, the halogenated
indoles gave the corresponding products in low to good
yields (36–89%) with moderate enantioselectivities(55–
64%) (Entries 2–5). It is surprising that no product was
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Table 1. Optimization of arylation reaction conditions.

Entry[a] Catalyst Solvents t [h] % Yield[b] % ee[c]

1 1a CH2Cl2 240 60 15
2 1b CH2Cl2 240 66 8
3 1c CH2Cl2 240 39 2
4 1d CH2Cl2 144 40 7
5 1e CH2Cl2 144 67 16
6 1f CH2Cl2 144 35 18
7 1g CH2Cl2 144 58 15
8 1h CH2Cl2 96 99 64
9 1i CH2Cl2 240 49 3
10 1j CH2Cl2 240 86 14
11 1k CH2Cl2 240 45 15
12 1h toluene 96 70 56
13 1h Et2O 96 83 36
14 1h CHCl3 96 87 60
15 1h DCE 96 94 64
16 1h CH3CN 96 65 47

17[d] 1h CH2Cl2 120 66 61
18[e] 1h CH2Cl2 96 99 65
19[f] 1h CH2Cl2 72 99 60
20[g] 1h CH2Cl2 120 54 67

[a] The reaction employed a molar ratio of 2/3 = 1:1.2 (equiv.), with
a concentration of 2 being 0.56 . [b] Isolated yield. [c] Enanti-
ometric excess was determined by chiral HPLC analysis. [d] 5 mol-
% of catalyst was used. [e] 20 mol-% of catalyst was used. [f] The
reaction was performed at 40 °C. [g] The reaction was performed
at 0 °C.

observed when 5-methoxycarbonylindole was employed.
Apparently, the electron-withdrawing substituent could de-
crease the nucleophilicity of this substrate (Entry 6). Several
alkyl and alkoxyl groups can be readily tolerated on the
phenyl rings of indoles (Entries 7–10). Excellent yields (97–
99%) and good enantioselectivities (65–78% ee) were ob-
tained. However, 2-methylindole provided the desired prod-
uct with low enantioselectivity (26% ee) (Entry 11). In ad-
dition, several desired products were obtained with excel-
lent optical purities after single recrystallization from
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EtOAc/hexane (Entries 2, 8 and 10). As far as we know this
is the first example of catalytic asymmetric transformation
of the promising prochiral ETFAA for the construction of
chiral trifluoromethyl-substituted tertiary alcohols.

Table 2. Scope of the enantioseletive Brønsted acid catalyzed aryl-
ation of ETFAA 3 with various indoles 2.

Entry[a] R 4 t [h] % Yield [b] % ee[c]

1 H 4a 96 99 64
2 5-F 4b 120 89 64 (95)[d]

3 5-Cl 4c 120 66 61
4 5-Br 4d 120 36 61
5 6-Cl 4e 120 56 55
6 5-MeO2C 4f 168 no reaction –
7 5-Me 4g 96 99 65
8 5-MeO 4h 96 97 77 (99.9)[d]

9 7-Me 4i 76 99 74
10 7-Et 4j 76 99 78 (99.5)[d]

11 2-Me 4k 96 98 26

[a] The reaction employed a molar ratio of 2/3 = 1:1.2 (equiv.), the
concentration of 2 was 0.56 . [b] Isolated yield. [c] Enantiometric
excess was determined by chiral HPLC analysis. [d] The results in
parentheses were obtained after single recrystallization.

This asymmetric protocol was further extended to pro-
chiral ethyl trifluoropyruvate. It is well known that trifluor-
opyruvate can be used for the enantioselective hydroalkyl-
ation of indoles catalyzed by chiral Lewis acids and cin-

Table 3. Asymmetric arylation of ethyl trifluoropyruvate 5 with chi-
ral Brønsted acid catalyst 1h.

Entry[a] R 6 t [h] % Yield[b] % ee[c]

1 H 6a 10 99 34
2 5-F 6b 10 99 26
3 5-Cl 6c 10 99 30
4 5-Br 6d 12 96 30
5 6-Cl 6e 10 98 29
6 5-MeO2C 6f 12 91 48
7 5-Me 6g 10 99 20
8 5-MeO 6h 10 99 33
9 7-Me 6i 6 99 36
10 7-Et 6j 6 99 62

11[d] 12 99 31

6k

[a] The reaction employed a molar ratio of 2/5 = 1:1.2 (equiv.), with
a concentration of 2 being 0.56 . [b] Isolated yield. [c] Enanti-
ometric excess was determined by chiral HPLC analysis. [d] The
reaction was performed at 0 °C.
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chona alkaloids, however, there is no example available on
the use of chiral Brønsted acid to fulfil such asymmetric
transformation. Table 3 illustrates the results of chiral
Brønsted-acid-catalyzed arylation of ethyl trifluoropyruvate
5 with indoles 2. The desired products were obtained in
almost quantitative yields. However, all cases provided low
to moderate ee values (20–62%) (Entries 1–10). It should
be noted that even lowering of the temperature did not im-
prove the promotion of enantioselectivity.[13] Our attempts
to improve the optical purity of products by recrystalli-
zation were unsuccessful. For example, both enantiomers of
the trifluoromethyl tertiary alcohol 6a were characterized
together by X-ray crystallography (Figure 3).[14] It is note-
worthy that the reaction did work well with 2-ethylpyrrole
under the current reaction conditions to afford the regiose-
lective product (reaction in 5-position of 2-ethylpyrrole) in
99% yield with 31% ee (Entry 11).

Figure 3. X-ray structure of both enantiomers 6a.

Conclusions

We have developed an asymmetric arylation reaction of
ethyl 4,4,4-trifluoroacetoacetate with indoles by using chiral
phosphoric acids as efficient organocatalysts. In most cases,
chiral trifluoromethylated tertiary alcohols were obtained
in moderate to high yields with good enantioselectivities
(55–78% ee). Several desired products were obtained with
excellent optical purities (95–99.9% ee) after a single
recrystallization. Furthermore, by extending this protocol
to ethyl trifluoropyruvate, the direct arylation reactions
proceeded well to afford the desired prodcuts in quantita-
tive yields with 20–62% ee. Further efforts in our laboratory
will be mainly directed toward improving the selectivity and
synthetic application.

Experimental Section
General Procedure for the Catalytic Asymmetric Friedel–Crafts Re-
actions of Indoles 2 with Ethyl 4,4,4-Trifluoroacetoacetate (ETFAA)
3 or Ethyl Trifluoropyruvate 5: To a flame-dried reaction tube was
added indole (0.17 mmol), ethyl 4,4,4-trifluoroacetoacetate
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(ETFAA) (0.21 mmol), a chiral phosphoric acid (0.017 mmol,
10 mol-%), and solvent (CH2Cl2, 0.3 mL) at room temperature. Af-
ter the reaction was completed (monitored by TLC), the crude
product was purified directly by flash column chromatography with
ethyl acetate/petroleum ether (1:10 to 1:5) to afford the desired
products 4a–4k and 6a–6k. The enantiomeric excess was deter-
mined by chiral HPLC on chiralcel AD-H or OD-H columns.

Supporting Information (see also the footnote on the first page of
this article): Procedures for enantioselective arylation of 4,4,4-tri-
fluoroacetoacetate and trifluoropyruvate; NMR spectra and HPLC
behavior of the products.

Acknowledgments

This work was supported financially by National Natural Science
Foundation of China (20772091) and Tianjin Municipal Science
and Technology Commission (07JCDJC04700).

[1] a) M. A. McClinton, D. A. McClinton, Tetrahedron 1992, 48,
6555–6666; b) G. K. S. Prakash, A. Yudin, Chem. Rev. 1997,
97, 757–786; c) P. Lin, J. Jiang, Tetrahedron 2000, 56, 3635–
3671; d) J.-A. Ma, D. Cahard, Chem. Rev. 2004, 104, 6119–
6146; e) W. R. Dolbier Jr., J. Fluorine Chem. 2005, 126, 157–
163; f) Advances in Organic Synthesis: Modern Organofluorine
Chemistry-Synthesis Aspects (Ed.: K. K. Laali), Bentham, Hil-
versum, 2006.

[2] a) H. S. Mosher, J. Org. Chem. 1969, 34, 2543–2549; b) R. Bat-
ageri, Y. Zhang, R. M. Zindell, D. K. Kuzmich, T. M. Kirrane,
J. Bentzien, M. Cardozo, A. J. Capolino, T. N. Fadara, R. M.
Nelson, Z. Paw, D. T. Shih, C. K. Shih, L. Z. Jelaska, G. Na-
bozny, D. S. Thomson, Bioorg. Med. Chem. Lett. 2005, 15,
4761–4769; c) H. A. Schenck, P. W. Lenkowski, I. Choudhury-
Mukherjee, S.-H. Ko, J. P. Stables, M. K. Patel, M. L. Brown,
Bioorg. Med. Chem. 2004, 12, 979–993; d) M. Sani, D. Belotti,
R. Giavazzi, W. Panzeri, A. Volonterio, M. Zanda, Tetrahedron
Lett. 2004, 45, 1611–1615; e) J. W. Corbett, J. Med. Chem.
2000, 43, 2019–2030; f) S. Caron, N. M. Do, J. E. Sieser, P.
Arpin, E. Vazquez, Org. Process Res. Dev. 2007, 11, 1015–1024.

[3] a) I. Ruppert, K. Schlich, W. Volbach, Tetrahedron Lett. 1984,
25, 2195–2198; b) G. K. S. Prakash, R. Krishnamurti, G. A.
Olah, J. Am. Chem. Soc. 1989, 111, 393–395.

[4] For reviews, see: a) J.-A. Ma, D. Cahard, J. Fluorine Chem.
2007, 128, 975–996; b) J.-A. Ma, D. Cahard, Chem. Rev. 2008,
108, PR1–PR43; c) N. Shibata, S. Mizuta, H. Kawai, Tetrahe-
dron: Asymmetry 2008, 19, 2633–2644. Selected recent exam-
ples: d) S. Caron, N. M. Do, P. Arpin, A. Larivée, Synthesis
2003, 1693–1698; e) S. Roussel, T. Billard, B. R. Langlois, L.
Saint-James, Eur. J. Org. Chem. 2005, 11, 939–944; f) S. Mizuta,
N. Shibata, M. Hibino, S. Nagano, S. Nakamura, T. Toru, Tet-
rahedron 2007, 63, 8521–8528; g) H. Zhao, B. Qin, Z. Liu, X.
Feng, Tetrahedron 2007, 63, 6822–6826; h) H. Nagao, Y. Yam-
ane, T. Mukaiyama, Chem. Lett. 2007, 36, 666–667; i) S. Mi-
zuta, N. Shibata, S. Akiti, H. Fuimoto, S. Nakamura, T. Toru,
Org. Lett. 2007, 9, 3707–3710.

[5] For reviews, see: a) K. Mikami, Y. Itoh, M. Yamanaka, Chem.
Rev. 2004, 104, 1–15; b) Y.-F. Gong, K. Kato, Curr. Org. Chem.
2004, 8, 1659–1675; c) J.-P. Bégué, D. Bonnet-Delpon, B.
Crousse, J. Legros, Chem. Soc. Rev. 2005, 34, 562–572.

[6] For recent examples, see: a) K. Mikami, T. Yajima, T. Taka-
saki, S. Matsukawa, M. Terada, T. Uchimaru, M. Maruta, Tet-
rahedron 1996, 52, 85–98; b) A. Ishii, J. Kojima, K. Mikami,
Org. Lett. 1999, 1, 2013–2016; c) A. Ishii, V. A. Soloshonok,
K. Mikami, J. Org. Chem. 2000, 65, 1597–1599; d) M. Yam-
anaka, K. Mikami, Helv. Chim. Acta 2002, 85, 4264–4271; e)
A. Ishii, M. Kanai, K. Higashiyama, K. Mikami, Chirality
2002, 14, 709–712; f) H. Torii, M. Nakadai, K. Ishihara, S.

www.eurjoc.org © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2009, 3145–31493148

Saito, H. Yamamoto, Angew. Chem. Int. Ed. 2004, 43, 1983–
1986.

[7] Use of trifluoropyruvate, Friedel–Crafts reaction: a) W. Zhu-
ang, N. Gathergood, R. G. Hazell, K. A. Jørgensen, J. Org.
Chem. 2001, 66, 1009–1013; b) H. Abe, H. Amii, K. Uneyama,
Org. Lett. 2001, 3, 313–315; c) K. Mikami, K. Aikawa, S. Kain-
uma, Y. Kawakami, T. Saito, N. Sayob, H. Kumobayashi, Tet-
rahedron: Asymmetry 2004, 15, 3885–3889; d) K. Aikawa, S.
Kainuma, M. Hatano, K. Mikami, Tetrahedron Lett. 2004, 45,
183–185; e) M. P. A. Lyle, N. D. Draper, P. D. Wilson, Org.
Lett. 2005, 7, 901–904; f) K. Mikami, H. Kakuno, K. Aikawa,
Angew. Chem. Int. Ed. 2005, 44, 7257–7260; g) B. Török, M.
Abid, G. London, J. Esquibel, M. Török, S. C. Mhadgut, P.
Yan, G. K. S. Prakash, Angew. Chem. Int. Ed. 2005, 44, 3086–
3089; h) J. T. Suri, S. Mitsumori, K. Albertshofer, F. Tanaka,
C. F. Barbas III, J. Org. Chem. 2006, 71, 3822–3828; i) J.-L.
Zhao, L. Liu, Y. Sui, D. Wang, Y.-J. Chen, Org. Lett. 2006, 8,
6127–6130; j) S. Ogawa, N. Shibata, J. Inagaki, S. Nakamura,
T. Toru, M. Shiro, Angew. Chem. Int. Ed. 2007, 46, 8666–8669;
k) S. Doherty, J. G. Knight, C. H. Smyth, R. W. Harrington,
W. Clegg, Organometallics 2007, 26, 6453–6461; l) S. Naka-
mura, K. Hyodo, Y. Nakamura, N. Shibata, T. Toru, Adv.
Synth. Catal. 2008, 350, 1443–1448; m) J.-L. Zhao, L. Liu, Ch.-
L. Gu, D. Wang, Y.-J. Chen, Tetrahedron Lett. 2008, 49, 1476–
1479.

[8] Use of trifluoromethyl ketones: a) R. Motoki, D. Tomita, M.
Kanai, M. Shibasaki, Tetrahedron Lett. 2006, 47, 8083–8086;
b) C. Lauzon, A. B. Charette, Org. Lett. 2006, 8, 2743–2745;
c) J. G. de Vries, B. L. Feringa, A. J. Minnaard, Chem. Com-
mun. 2006, 4093–4096; d) R. Motoki, M. Kanai, M. Shibasa-
ski, Org. Lett. 2007, 9, 2997–3000; e) X.-J. Wang, Y. Zhao, J.-
T. Liu, Org. Lett. 2007, 9, 1343–1345; f) F. Tur, J. M. Saá, Org.
Lett. 2007, 9, 5079–5082; g) M. Bandini, R. Sinisi, A. Umani-
Ronchi, Chem. Commun. 2008, 4360–4362; h) K. Yearick, C.
Wolf, Org. Lett. 2008, 10, 3915–3918; i) Y. Zhao, X.-J. Wang,
J.-T. Liu, Synlett 2008, 1017–1020; j) G. Blay, I. Fernández, A.
Monleón, J. R. Pedro, C. Vila, Org. Lett. 2009, 11, 441–444.

[9] For selected reviews: a) B. List, Tetrahedron 2002, 58, 5573–
5590; b) P. I. Dalko, L. Moisan, Angew. Chem. Int. Ed. 2004,
43, 5138–5175; c) M. S. Taylor, E. N. Jacobsen, Chem. Rev.
2007, 107, 5713–5743.

[10] a) T. Akiyama, J. Itoh, K. Yokota, K. Fuchibe, Angew. Chem.
Int. Ed. 2004, 43, 1566–1568; b) D. Uraguchi, M. Terada, J.
Am. Chem. Soc. 2004, 126, 5356–5357; For reviews: ; c) T. Aki-
yama, Chem. Rev. 2007, 107, 5744–5758; d) S.-L. You, Chem.
Asian J. 2007, 2, 820–827; e) M. Terada, Chem. Commun. 2008,
4097–4112; f) G. Adair, S. Mukherjee, B. List, Aldrichimica
Acta 2008, 41, 31–39; for selected recent examples see: g) S.
Hoffmann, A. M. Seayad, B. List, Angew. Chem. Int. Ed. 2005,
44, 7424–7426; h) R. I. Storer, D. E. Carrera, Y. Ni, D. W. C.
MacMillan, J. Am. Chem. Soc. 2006, 128, 84–86; i) X.-H.
Chen, X.-Y. Xu, H. Liu, L.-F. Cun, L.-Z. Gong, J. Am. Chem.
Soc. 2006, 128, 14802–14803; j) D. Nakashima, H. Yamamoto,
J. Am. Chem. Soc. 2006, 128, 9626–9627; k) M. Rueping, W.
Ieawsuwan, Angew. Chem. Int. Ed. 2007, 46, 2097–2100; l) Q.-
X. Guo, H. Liu, C. Guo, S.-W. Luo, Y. Gu, L.-Z. Gong, J. Am.
Chem. Soc. 2007, 129, 3790–3791; m) M. Yamanaka, J. Itoh,
K. Fuchibe, T. Akiyama, J. Am. Chem. Soc. 2007, 129, 6756–
6757; n) M. Terada, K. Machioka, K. Sorimachi, J. Am. Chem.
Soc. 2007, 129, 10336–10337; o) Q. Kang, Z.-A. Zhao, S.-L.
You, J. Am. Chem. Soc. 2007, 129, 1484–1485; p) Y.-X. Jia, J.
Zhong, S.-F. Zhu, C.-M. Zhang, Q.-L. Zhou, Angew. Chem.
Int. Ed. 2007, 46, 5565–5567; q) X.-H. Chen, W.-Q. Zhang, L.-
Z. Gong, J. Am. Chem. Soc. 2008, 130, 5652–5653; r) S. Xu,
Z. Wang, X. Zhang, K. Ding, Angew. Chem. Int. Ed. 2008, 47,
2840–2843; s) X. Cheng, R. Goddard, B. List, Angew. Chem.
Int. Ed. 2008, 47, 5079–5081; t) C. Baudequin, A. Zamfir, S. B.
Tsogoeva, Chem. Commun. 2008, 4637–4639; u) G. B. Row-
land, H. Zhang, E. B. Rowland, S. Chennamadhavuni, Y.
Wang, J. C. Antilla, J. Am. Chem. Soc. 2005, 127, 15696–15697;



Chiral Brønsted-Acid-Catalyzed Enantioselective Arylations

v) G. Li, Y. Liang, J. C. Antilla, J. Am. Chem. Soc. 2007, 129,
5830–5831; w) G. B. Rowland, E. B. Rowland, E. Rivera-Otero,
J. C. Antilla, J. Am. Chem. Soc. 2007, 129, 12084–12085; x) G.
Li, F. R. Fronczek, J. C. Antilla, J. Am. Chem. Soc. 2008, 130,
12216–12217; y) M. Rueping, B. J. Nachtsheim, Angew. Chem.
Int. Ed. 2008, 47, 593–595; z) P. Jiao, H. Yamamoto, Angew.
Chem. Int. Ed. 2008, 47, 2411–2413; a�) D. Enders, A. A. Nar-
ine, F. Toulgoat, T. Bisschops, Angew. Chem. Int. Ed. 2008, 47,
5661–5665; b�) M. Zeng, S.-L. You, Adv. Synth. Catal. 2008,
350, 2169–2173; c�) M. Rueping, T. Theissmann, A. Kuenkel,
R. M. Koenigs, Angew. Chem. Int. Ed. 2008, 47, 6798–6801;
d�) Q. Kang, X.-J. Zheng, S.-L. You, Chem. Eur. J. 2008, 14,
3539–3542.

[11] a) G.-W. Zhang, L. Wang, J. Nie, J.-A. Ma, Adv. Synth. Catal.
2008, 350, 1457–1463; b) J. Nie, G.-W. Zhang, L. Wang, A. Fu,
Y. Zheng, J.-A. Ma, Chem. Commun. 2009, 2356–2358.

[12] a) M. Bertau, M. Bürli, E. Hungerbühler, P. Wagner, Tetrahe-
dron: Asymmetry 2001, 12, 2103–2107; b) M. von Arx, T. Mal-
lat, A. Baiker, Tetrahedron: Asymmetry 2001, 12, 3089–3094; c)
M. von Arx, T. Mallat, A. Baiker, Angew. Chem. Int. Ed. 2001,
40, 2302–2305; d) M. von Arx, T. Bürgi, T. Mallat, A. Baiker,

Eur. J. Org. Chem. 2009, 3145–3149 © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 3149

Chem. Eur. J. 2002, 8, 1430–1437; e) N. Künzle, T. Mallat, A.
Baiker, Appl. Catal A: General 2003, 238, 251–257; f) K. Evera-
ere, A. Mortreux, J. F. Carpentier, Adv. Synth. Catal. 2003, 345,
67–77; g) Y. Ishida, N. Iwahashi, N. Nishizono, K. Saigo, Tet-
rahedron Lett. 2009, 50, 1889–1892; h) Michaut, F. Metz, J.-M.
Paris, J.-C. Plaquevent, J. Fluorine Chem. 2007, 128, 500–506;
several examples for achiral transformations of ETFAA: i) M.
Abid, B. Torok, Adv. Synth. Catal. 2005, 347, 1797–1803; j) D.-
M. Li, L.-P. Song, X.-F. Li, C.-H. Xing, W.-M. Peng, S.-Z.
Zhu, Eur. J. Org. Chem. 2007, 3520–3525; S. V. Ryabukhin,
A. S. Plaskon, E. N. Ostapchuk, D. M. Volochnyuk, O. V.
Shishkin, A. A. Tolmachev, J. Fluorine Chem. 2008, 129, 625–
631.

[13] The 1h-catalyzed Friedel–Crafts reaction of indole 2 with ethyl
trifluoropyruvate 5 was tested at –20 °C; 25% ee was observed.

[14] CCDC-720744 contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.

Received: April 2, 2009
Published Online: May 15, 2009


