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ABSTRACT
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Highly enantioselective Friedel —Crafts alkylation of simple and aromatic ethers (4a  —I) with 3,3,3-trifluoropyruvate (3) was accomplished by

using chiral (4 R,5S)-DiPh-BOX(1b) —Cu(OTf), complex (1 mol %) as a catalyst under solvent-free conditions. Excellent yields and enantioselectivities

(90-93% ee, after recrystallization up to 99% ee) of the Friedel

—Crafts alkylation products were obtained.

Friedel—Crafts reaction of aromatic and heteroaromatic heteroaromatic compounds such as aniline and indole deriva-

compounds with carbonyl compounds is one of the funda
mental reactions for forming carbeitarbon bond3$.Re-

- tives with glyoxylaté or trifluoropyruvaté catalyzed by
chiral BOX—metal complexes. Corheeported the use of

cently, there has been considerable interest in developingchiral silica-anchored catalysts in asymmetric reaction of

asymmetric FriedetCrafts reactions by using various chiral

aromatic compounds with trifluoropyruvate /b and co-

catalysts. Such reactions provide an efficient method to workers®successfully used organocatalysts for the enantio-
prepare optically active aromatic compounds possessingselective reaction of indoles with trifluoropyruvate. However,

biological and pharmaceutical activitiésRepresentative
examples include the chiral aluminum compleXé&ganium
complexed, zirconium complexe&and chiral bisoxazoline
(BOX)—metal complexe&.Jgrgensen reported enantioselec-
tive Friedel—Crafts alkylation of electron-rich aromatic and
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there are very few studies on the catalytic enantioselective
Friedel-Crafts alkylation of the less reactive aromatic ethers
with carbonyl compounds, except for the more activated
dimethoxybenzen®:° On the other hand, there has been great
progress in studying organic reactions under solvent-free
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conditionst! However, only a limited number of enantiose-
lective solvent-free catalytic reactions have been repdfted.
Recently, we reported a highly efficient reaction of indoles
with trifluoropyruvate under solvent- and catalyst-free condi-
tions*® As part of our continuous interest in enantioselective
solvent-free reactions for generating optically active;-CF
containing compounds for biological applicatidfidierein
we report a highly enantioselective Fried€lrafts alkylation
of simple and aromatic ethers with trifluoropyruvate cata-
lyzed by (&R,59-DiPh-BOX-Cu(OTf} under solvent-free
conditions.

To begin our study, we chose the six chiral BOX-ligands
shown in Figure 1. Although the reaction of 3-methoxyani-
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Figure 1. Chiral BOX ligands and compoundsand5.

sole 2 with ethyl 3,3,3-trifluoropyruvate in the presence

of chiral catalyst (%)-t-Bu-BOX-Cu(OTf) [(4S)-1f, 10 mol

%] in ether gave the produétin 56% yield with 86% ed?
unfortunately, a simple and less activated aromatic ether,
anisole4a, did not react with3 at all under the reported

conditions (Scheme 1). We speculated that the employment

of solvent-free conditions would overcome the low reactivity
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of aromatic ethers. Furthermore, the acceleration of the
reaction under solvent-free conditions may, at the same time,
also be accompanied by high enantioselectivity of the reac-
tion. Thus,4awas reacted witl3 under solvent-free condi-
tions together with various chiral catalysts (Scheme 1). The
results are summarized in Table 1. To our delight, Cu(@Tf)

Table 1. Screening Ligands and MXn by Reaction ®fvith
48

entry  L#*b MX,,b time (h)  yield® (%) ee? (%)

1 1b Cu(OTf) 10 90 88
2 1b Cu(OTo)ee 20 85 86
3 1b Cu(OTH)y 20 70 85
4 1b Cu(ClOy)2 18 95 81
5 1b Cu(OAc) 24 trace
6 1b CuCly 24 trace
7 1b CuOTf 24 trace
8 1b Zn(OTf), 24 45 81
9 1b Mg(OTo)e 24 trace

10 1b Sc(OTh)3 24 trace

11 1b FeCls 24 <5

12 la Cu(OTf)2 15 80 80

13 1c Cu(OTf) 20 78 22

14 1d Cu(OTf)2 17 85 79

15 le Cu(OT). 24 trace

16 1f Cu(OTo), 24 trace

17 Cu(OTf)2 24 7

aynder solvent-free conditions at room temperat@iet/MX , = 1:1.2,
catalyst loading: 1 mol % Isolated yield 9 Determined by chiral HPLC.
ecat.. 0.1 mol %/cat.: 0.01 mol %.

and Cu(CIQ), provided both excellent catalytic abilities and
high enantioselectivities (entries 1 and 4). Among the chiral
ligands examined, [(4R,5S)-1b] gave the most promising
results with 90% yield and 88% ee (Table 1, entry 1).

The reaction requires only 1 mol % of catalyst to achieve
90% vyield and 88% ee. The amount of catalysts can be
further reduced to 0.1 mol % to give nearly the same yield
(85%) and enantiomeric excess (86%pafwith a prolonged
reaction time (Table 1, entry 2Remarkably, gen when the
catalyst loading was further reduced to 0.01 mol %, the
reaction still gae 6ain 70% yield with 85% edTable 1,
entry 3). In contrast, if Cu(OT$)(1 mol %) alone was used
as the catalyst, the reaction4d with 3 gave only 7% yield
of 6a after 24 h (Table 1, entry 17).
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To study the effect of solvent, the reaction4sf with 3 s
was carried out in various polar and nonpolar organic Table 4. Catalytic and Enantioselective Friedelrafts
solvents. The experimental results (Table 2) indicated that akylation of Ar-OR (4a—I) with 3 under Solvent-Free

Conditiong
| temp time yield®  ee
Table 2. Solvent Effect on the Reaction df with 32 entry Ar-OR (°C) () _ Product® (%) (k)

- - 1 4a OMe 0 10 6a OMe 90 90
entry solvent time (h) yield® (%) ee (%)
1 none 10 90 88
2 CHaCly? 10 90 88 X
3 CH,Cly 24 18 89 2 4b OMe 20 30 8b OMe 80 90
4 ether 24 21 83 @/
5 toluene 24 12 85
6 THF? 24 NR X
7 i-PrOH? 24 NR 3 4c  OMe 20 28 6c OMe 55 90
aCatalyst: (4R,5S)-1b/Cu(OTf)(1:1.2, 1 mol %)PIsolated yield. o ©/Ph
¢ Determined by chiral HPLCH High concentration: 9@L of solvent/0.44
mmol of substrate. X
4 4d O/\/\ -20 40 6d O/\/\ 88 92
the solvent-free condition provided both high yield and high ©
enantioselectivity (entry 1). When ether, toluene, or,Chl X
was used as a solvent, although no major change in % 4 Ph o 72 6 .Ph 62 92
enanatioselectivity occurred, a very low yield of the corre- @
sponding product was obtained (121%) (entries 35). No
reaction was observed at all with THF or 2-propanol as X
solvent (entries 6 and 7). It is interesting to note that i CH & 4 Br 5 18 ef Br %6 92
Cl, under a high concentration, the yield and enantioselec- 0“@ Oﬁ
tivity were similar to the solvent-free conditions (compare @ ©
entries 1 and 2). Thus, for solid substrates, a small amount
of CH,Cl, can dramatically improve the yield while main- X
taining the same high enantioselectivity. 7 % Om 2% %6 69 0/\©\ A
The reaction temperature also affected the enantioselec- © Br © Br
tivities. At 20 °C, the reaction betweefa with 3 gave the
product6a with 88% ee, while the enantioselectivity was N o 16 en X/\ o oo
increased to 90% at iC and up to 92% at-20 °C, with a ¢ Ph ¢ Pn
prolonged reaction time (24 h) and decreased yield (75%) @ ©
(Table 3, entries 2—4). Higher reaction temperature°@B )
9 4i O 0 28 6i O 78 93
. oY e
Table 3. Temperature Effect on the Reaction4d with 32 cl © cl
entry TCo time (h) yield® (%) ee” (%) 10 4 o ~F 20 30  §j ;(/\/ 62 93
1 83 10 99 81
2 25 10 90 88 @ ©
3 0 13 90 90 )
4 —20 24 75 92 1 4k g~F 20 30 6k GN\F 75 90
aCatalyst: (4R,5S)-1b/Cu(OBf)(1:1.2, 1 mol %)> Isolated yield. @/ ©/
¢ Determined by chiral HPLC.
12 4l o/v/ 20 48 6l X o/v/ 70 93
lowered the ee value down to 81% (Table 3, entryIi). Ph© Ph
should be noted that the reaction is exothermic and must be
handled carefully on large scale. A gram scale reaction of X

4a with 3 was carried out in the presence dh—Cu(ll)

a Catalyst: 1b-Cu(OTfy (1 mol %).2 X: CF3(OH)(CQEM)C. ¢ Isolated
yield. 4 Determined by chiral HPLCE High concentration with CkCly.
t After recrystallization.

complex (1 mol %) at ®C under solvent-free conditions
smoothly, giving the produd@awith high enantioselectivity
(90% ee) and good yield (70%).

Subsequently, various aromatic etheta-(l) were reacted
with 3 in the presence of chiral catalystR&4S)-1b—Cu-

(OTf), (2 mol %) under solvent-free conditions (Scheme 2).
Moderate to high yields (5598%) and high enantioselec-

Org. Lett, Vol. 8, No. 26, 2006 6129



Scheme 2
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tivities (90—93% ee, after recrystallization up to 99% ee) Re face attack

were obtained in each case (Table 4). THENMR spectra Figure 2. Proposed model for the asymmetric Fried€rafts

of the products show that the solvent-free Friedetafts alkylation.

alkylation reactions have excellent para regioselectivity.
The absolute configuration &g was assigned asSj on

the basis of the X-ray crystal structural analysis. The trifluoropyruvate was achieved under solvent-free conditions.

stereochemistry outcome can be explained by Figure 2. InThe method provides a practical synthetic approach to

general, a four-coordinated Cu(ll) complex prefers a square optically active Ck-containingo-hydroxyl-c-arylcarboxylate

planar geometry. However, when trifluoropyruvate coordi- compounds.

nates with the complex of R5S)-DiPh-BOX-Cu(ll), a

tetrahedral transition structure is formed, driven bysther Acknowledgment. We thank the National Natural Sci-
stacking interaction of a phenyl group with the ketone ence Foundation of China and the Chinese Academy of
carbonyl group of trifluoropyruvat®, leading toRe face Sciences for financial support.

attack of the aromatic ether. Another phenyl group and the

methyl groups on the bridge may also play a role in the  Supporting Information Available: Experimental pro-

stereochemical control. cedures, characterization data of the products, chiral HPLC
In conclusion, a catalytic and highly enantioselective separations for ee determination, and X-ray structural data

Friedel—Crafts alkylation of simple aromatic ethers with of 6g. This material is available free of charge via the Internet
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