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Enantioselective Friedel —Crafts alkylation reactions of a series of substituted indoles with methyl trifluoropyruvate, catalyzed by a chiral
nonracemic  C-symmetric 2,2 '-bipyridyl copper(ll) triflate complex, are described. The corresponding 3,3,3-trifluoro-2-hydroxy-2-indole-3-yl-
propionic acid methyl esters were formed in good yield and in high enantiomeric excess (up to 90%). This is the first report of the use of a
chiral nonracemic 2,2 '-bipyridyl ligand in catalytic and enantioselective Friedel —Crafts alkylation reactions. The structural characterization of
a copper(ll) chloride complex of the chiral 2,2 '-bipyridyl ligand by X-ray crystallography is also presented.

Many different types of chiral ligands have been developed enantioselective (90% ee) catalytic asymmetric dihydroxy-
for catalytic asymmetric synthesis and of these, chiral lation reaction of the 2-chloropyrindirizas a key step. On
nonracemic 2,2'-bipyridines and 1,10-phenanthrolines haveconversion to the corresponding 3-pentanone cyclic acetal,
received considerable attentibhWe have recently reported a subsequent nickel-mediated homocoupling reaction af-
an efficient synthesis of a low molecular weight, chiral forded the desired 2:bipyridyl ligand (+)-1 in greater than
nonracemidaC,-symmetric bipyridyl ligand {)-1 and dem- 99% enantiomeric excess. This indicated that a significant
onstrated that it is an outstanding chiral director for use in
asymmetric copper(l)-catalyzed cyclopropanation reactions
of alkenes and diazoesters (Figure The ligand ¢)-1 was

prepared in a convergent manner using a notable and highly Me Me Me
Cl \_/
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Press: Oxford, 1987; Vol. 2, pp 7®8. (b) Kaes, C.; Katz, A.; Hosseini, ~ Figure 1. Chiral nonracemicC;-symmetric 2,2'-bipyridyl ligand
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enrichment in the enantiomeric purity of the chiral material
had occurred in this coupling reaction.

The Friedet-Crafts (FC) alkylation reaction is one of
the oldest known organic transformations to employ Lewis
acid catalysts, and it is a particularly versatile carboarbon
bond formation reactioh® Recently, Jgrgensen and co-
workers have pioneered the catalytic enantioselectiv€ F
alkylation reaction of activated aromatic compounds with

bipyridyl ligand (+)-1. Typically, the FC reactions were
carried out in ether at 0C. These reaction conditions were
established on performing a series of optimization experi-
ments’ Under the optimized reaction conditions, the
Cu(OTfyrligand (+)-1 complex displayed excellent catalytic
activity and the FC reactions reached completion within
16 h in all instances. The-FC reaction of indole3a with
ethyl 3,3,3-trifluoropyruvatda afforded the known product

electron-deficient carbonyl compounds and alkenes using5a in good yield (68%) and in good enantiomeric excess

chiral bisoxazoline copper(ll) complexes as catal§tsthis
paper, in regard to the exploration of the versatility of our
new chiral nonracemic 2;dipyridyl ligand (+)-1, we report

a study of the application of this ligand in copper(ll)-
catalyzed asymmetric F—C alkylation reactions.

The 2,2-bipyridine (+)-1 was evaluated in the copper(ll)-
catalyzed F-C reaction of a series of commercially available
indoles 3a—f with the ethyl and methyl esters of 3,3,3-
trifluoropyruvic acid 4a,b (Table 1). To the best of our

Table 1. Asymmetric Friedel—Crafts Alkylation Reactions of
Indoles3a—f

@\Rs 10 mol % Cu(OTf),, R’ F3C, OH
: § 10 mol % L* (+)-1, ~co.R
re 3af Et,0,0°C, 16 h Qﬁl z
+ l}l R
j\ dap 62-79% RY gag
FsC~ “CO,R*
entry R! R2 R3 R* oproduct yield(%)* ee (%)
1 H H H Et 5a 68 74
2 H H H Me 5b 77 90
3 H H H Me 5b 62 90¢
4 H H Me Me 5¢ 79 86
5 OMe H H Me 5d 69 72
6 NO; H H Me 5e 75 604
7 H Me H Me 5f 74 18
8 H Me Ph Me 5g 65 18

a|solated yield after purification by flash chromatographRetermined
by analytical chiral HPLC (Daicel Chiracel OD columfi)The reaction
was performed at-10°C. 9 The enantiomeric excess, in this instance, was
determined by*H NMR analysis using the chiral shift reagent Eu(bfc)

knowledge, this is the first report of the application of &2,2
bipyridyl ligand in catalytic enantioselective FEreactions.
The active copper(ll) catalyst was generated in situ on
reaction of 10 mol % copper(ll) triflate with 10 mol % 22

(4) (a) Friedel, C.; Crafts, J. MR. Hebd. Seances Acad. St877,84,
1392. (b) Friedel, C.; Crafts, J. MR. Hebd. Seances Acad. St877,84,
1450.

(5) Olah, G. A.; Khrisnamurti, R.; Prakash, G. K. S.@omprehensive
Organic Synthesis, 1st ed.; Pergamon: New York, 1991; Vol. 3, pp 293—
339.

(6) (a) Gathergood, N.; Zhuang, W.; Jgrgensen, KI.AAm. Chem. Soc.
200Q 122, 12517. (b) Zhuang, W.; Gathergood, N.; Hazell, R. G.; Jgrgensen,
K. A. J. Org. Chem2001,66, 1009. (c) Jgrgensen, K. Synthesif003,
1117. (d) For a recent review on the asymmetricG-alkylation reaction,
see: Bandini, M.; Melloni, A.; Umani-Ronchi, AAngew. Chem., Int. Ed.
2004,43, 550.
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(74%) (entry 1). The absolute stereochemistry of pro&act
was assigned a@on comparison of the optical rotation with

a literature valué. The F—C reaction of indole3a with
methyl 3,3,3-trifluoropyruvatetb afforded productsb in
similar yield (77%) but in significantly higher enantiomeric
excess (90%) (entry 2). This result compares favorably with
the Cu(OTf)-(S)-t-BuBox-catalyzed reactions reported by
Jorgensen and co-workers for a range of substrates (83
94% ee¥® Of note, we assume that the absolute stereochem-
istry of the reaction produdib is Sin that it is reasonable

to expect that the alternative use of the methyl ester of 3,3,3-
trifluoropyruvic acid4b will not effect the stereochemical
outcome of the reaction. No further improvement in the
enantioselectivity of the reaction was achieved by repeating
the above experiment at a lower temperature (entry 3). Thus,
methyl 3,3,3-trifluoropyruvatelb was used exclusively in
subsequent experiments, and the reactions were performed
at 0°C.

The F—C reaction of 2-methylindoldb again afforded
the corresponding produst in good enantiomeric excess
(86%) (entry 4). The electron-rich substrate, 5-methoxyindole
3¢, afforded the produdid in 72% ee, whereas the electron-
poor substrate, 5-nitroindoféd, afforded the produdiein
slightly lower enantiomeric excess (60%). Surprisingly,
1-methylindole3eand 1-methyl-2-phenylindolgf afforded
the corresponding products and5g in low enantiomeric
excess (18%) (entries 7 and B)hus, it is evident that
substitution of the hydrogen atom of the indole nitrogen has
a detrimental effect on the enantioselectivity of the®
reaction. Further experimentation is required to determine
the origin of this effect. However, these results do suggest
that the indole N-H bond is involved in the reaction
transition state or that detrimental steric factors are at play
in these particular catalytic reactions.

We have also evaluated the 2t#pyridine (+)-1in the
conjugate addition reactions of the indda and 3-meth-
oxyphenol8 to (3E)-2-oxo-4-phenyl-3-butenoic acid methyl
esters (Scheme 1}%'1In the case of indol8a, the conjugate

(7) The F—C reaction of indol8a with methyl 3,3,3-trifluocropyruvate
4b afforded the producsb in good yield in dichloromethane and in tetra-
hydrofuran. However, the enantioselectivities were lower (28 and 45% ee,
respectively) in these instances.

(8) The absolute stereochemistry o§[22-(4-chloroindole-3-yl)-3,3,3-tri-
fluoro-2-hydroxy propionic acid ethyl ester has been assigned unambigu-
ously by X-ray crystallography, and the absolute stereochemistry of
compound5a was assigned by analogy; see ref 6b.

(9) This result is in contrast to the bisoxazoline copper(ll) complex-
catalyzed reactions in which substitution of the indole nitrogen does not
lower the enantioselectivity of the reaction; see ref 6b.

(10) Jensen, K. B.; Thorhauge, J.; Hazell, R. G.; Jgrgensen, Kndew.
Chem., Int. Ed2001,40, 160.

(11) van Lingen, H. L.; Zhuang, W.; Hansen, T.; Rutjes, F. P. J. T ;
Jorgensen, K. AOrg. Biomol. Chem2003,1, 1953.
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Scheme 1. Conjugate Addition Reactions of Indo&a and
3-MethoxyphenoB to the 5,y-Unsaturatedi-Ketoesteré
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. ) . Figure 2. ORTEP representation of the Cuyfigand (+)-1
addition produc® was formed in excellent yield (97%) and  complex10. The thermal ellipsoids are drawn at a 25% probability
in good enantiomeric excess (59%). In the case of the level for clarity.

reaction of 3-methoxyphend, the product of the initial
conjugate addition regction undergoes a subsequent intragg _f \with the methyl ester of 3,3,3-trifluoropyruvic ackb,
molecular F—C reaction to afford the novel chromane \ye postulate that the relatively smaltketoesterb coor-
derivative 9 (as a single diastereoisomer) in moderate ginates in a bidentate fashion to the copper center of the
enantiomeric excess (42%) and in good vyield (62%). The Cu(OTf)+ligand ()-1 complex in an approximately square-

absolute stereoch.emistry of the majqr conjugate agdition planar geometry (Figure 3). The indol@a—f would then
product7 was assigned aS on comparison of the optical

rotation with a literature valu®. The absolute stereochem- ]
istry of the chromane derivativ&is not known. However,
we assume that the major product of this reaction has the Me—| 2+ Ve Me—| 2+
same absolute stereochemistry (at C2) as that observed for
the major conjugate addition product

To gain insight into the structure of the active catalyst in S A
the above reactions, a copper(ll) chloride compléxwas O}_,o oy 5\/0
prepared from the 2/ipyridine (+)-1 and anhydrous Et‘g o o  gf Et
copper(ll) chloride. Yellow crystals that were suitable for o
X-ray crystallography were obtained on recrystallization, by
the slow evaporation of the solvent, from a mixture (2:1) of ~ Sauare-planar Coordination Tetrahedral Coordination
dlchlorom.ethane and ethanol. A_n ORTEP represen'tatlon OfFigure 3. Square-planar and tetrahedral coordination of the
the CuCl-ligand (+)-1 complex10is provided below (Figure  g-ketoester reaction substratéis and6 to the chiral catalyst.
2). It was found that, in the solid state, the ligands adopt a
geometry that lies between square-planar and tetrahedral )
around the copper atom. In this structure, the chloride ligandsP€ expected to attack the more sterically accestiakéace
are tilted away from the large cyclic acetal moieties of the Of the carbonyl moiety. To rationalize thappositefacial
C-symmetric bipyridyl ligand 4)-1. Similar structural selectivity for the reaction of indolga (or the assumed facial

observations have been recorded for several bisoxazolineS€lectivity for the reaction of 3-methoxypher&)l with the

R OMe R OMe

copper(ll) complexes such as Cu@BuBox, CuCh-PhBox, B.y-unsaturatedi-ketoestets, we postulate that this larger
and CuCs1-NpBox, as well as for other chiral bipyridyl ~£.y-unsaturated-ketoester coordinates in a bidentate fashion
copper(ll) complexe&14 to the copper center in an approximately tetrahedral geometry

To rationalize the stereochemical outcome of the cop- @nd that thef,y-unsaturatedi-ketoester moiety adopts an
per(ll)-catalyzed asymmetric F—C reactions of the indoles S-CiS conformation. The indolga (or the phenoB) would
then be expected to attack tfigy-unsaturatedr-ketoester

(12) See the supporting information for ref 10. moiety from the more sterically accessilf-face of the
Euf’l?’]) ;SSE“S“%SQQ;ﬁ‘éﬁi}i‘?&&;'ﬁﬁéﬂ!ﬁ G.;Jergensen, Kham.  complex!5 The lower enantioselectivity of the latter two

(14) (a) Kwong, H.-L.; Lee, W.-S.; Ng, H.-F.; Chiu, W.-H.: Wong, W.-  l€actions can be attributed to the conformational flexibility
T.J. Chem. Soc., Dalton Trans998, 1043. (b) Malkov, A. V.; Bella, M.; of B,y-unsaturatedx-ketoester moiety or, more simply, to
B g e o Tt shotron ey the fact that reaction center is located further from the chiral
metry2000,11, 4341. pocket of the catalytic entity.
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In conclusion, we have evaluated our new low molecular (+)-1.3 Current investigations are also focused on the use
weight, chiral nonracemiC,-symmetric 2,2bipyridyl ligand of this notable bipyridyl ligand €)-1 in other catalytic
(+)-1in the copper(ll)-catalyzed asymmetrie-E alkylation asymmetric processes.
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(15) The reversal of facial selectivity observed in these reactions is not COMplex 10, as well as*H and %C NMR spectra for
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