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56% ee, 85% yield, 48 h

Moreover, heteroaromatic nucleophiles that engage the activated-
iminium 3 (derived from catalystl) must encounter a retarding
interaction with the illustrated methyl substituent. In contrast, the
reactive enantioface of iminium ichis free from steric obstruction
and, as such, should exhibit increased reactivity toward carbon

sr-system is significantly more activated toward electrophilic sub- carbo_n bond Oformatlon. In tgrms O_f 9u_r d¢3|gn cr|ter'|a' for
stitution than the indole framework. Indeed, poor reaction rates and €nantiocontrok? the catalyst-activated iminium io was antici-
enantioselectivities were observed in the additioN-ohethylindole pated to selectively populate thE){isomer to avoid nonbonding
to (E)-crotonaldehyde using imidazolidinone catalygeq 2, 56% interactions between the substrate olefin andténebutyl group. _
ee, 83% yield after 48 h). In an effort to overcome this limitation AS @ result, the benzyl group on the catalyst framework will
in indole reactivity, we embarked upon studies to identify a more effectively shield th@l-face of.t_he activated olefin, leaving the
reactive amine catalyst that might enable less electron-rich het- "€-face exposed to indole addition.
eroaromatics to undergo FriedeCrafts alkylation. In this context, Catalyst Application. As revealed in Table 1, the enantiose-
we report the development of a new imidazolidinone catadyst ~ lective alkylation ofN-methylindole with E)-crotonaldehyde using
and its application to the first enantioselective organocatalytic indole thetert-butyl-benzyl imidazolidinone catalysis and2b provided
alkylation38 the benzylic substituted indoléR)-5 with high levels of enanti-
Design of Catalyst 2 Preliminary kinetic studies have indicated ~ 0selectivity and reaction efficiency (entries 1 and 2;-14%, =70%
that the overall rates of iminium-catalyzed reactions are influenced Yield, =85% ee). An enantioselectivity/temperature profile docu-
by the efficiency of both the initial iminium formation step and ments that optimal enantiocontrol is available -&83 °C with
the carbonr-carbon bond-forming event. As such, we hypothesized catalyst2a (entry 5, 84% vyield, 92% ee). A survey of solvent
that catalyst2 (MM3-2)? should exhibit improved efficiency for ~ additives reveals that the useiePrOH (15% v/v in CHCI,) has
iminium formation and hence increased overall rate as the adramatic influence on reaction rate without loss in enantiocontrol
participating nitrogen lone pair is positioned away from structural (entry 6, 92% ee, 19 h). The superior levels of asymmetric induction
impediment (cf. MM3-1, CHs-lone pair eclipsing orientation).  and efficiency exhibited bgato afford the substituted indol&)-5

Having established the capacity of iminium catalysis to mediate
the enantioselective coupling of pyrroles ang@-unsaturated alde-
hydes (eq 1, 9299% ee) we recently sought to extend this pow-
erful Friedet-Crafts strategy to indole nucleophiles. Despite struc-
tural similarities, it has long been establishetat the pyrrole
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Table 1. Effect of Cocatalyst and Temperature on the Alkylation of

Table 3. Enantioselective Organocatalyzed Alkylation of
N-Methylindole with Crotonaldehyde with Catalyst 2

Representative Indoles with (E)-Crotonaldehyde
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5 2a TFA —83 31 84 92 4 CHPh H H —60 120 80 89
6 2a TFA —83 19 82 92 5 H H Me —60 3 94 94
- - - - - - 6 Me H OMe —-87 19 90 96
Product ratios determined by chiral HPLZAbsolute configuration assigned 7 H Cl H —60 13 73 97

by chemical correlation to a known compousidReaction conducted with
CHCl,—i-PrOH (85:15 v/v) as solvent.

2 Product ratios determined by chiral HPLECAbsolute configuration deter-
mined by chemical correlatioi.Reaction conducted withEfj-BzOCH,CH=
Table 2. Organocatalyzed Alkylation of N-Methylindole with CHCHO.

Representative o,-Unsaturated Aldehydes
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procedure reveals that complex enantioenriched drug leads can be

20 mol%
A . catalyst 2a S ) rapidly accessed using this new organocatalytic protocol.
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entry R temp °C time (h) % yield % ee? mMe (1) 20 mol% 2a, N e

1 Me —83 19 82 9b N o N
2 Pr —60 6 80 93 7 . ®
3 i-Pr -50 32 74 93 0. NaO
4 CH,0OBz —83 18 84 98 (2) AgNOg, NaOH s
g C(l)::lclle :gg ‘21?1) gg g(lJ BY 87% o, 82% yield over 2 steps inhibitor

a Product ratios determined by chiral HPLCAbsolute configuration deter-

mined by chemical correlation. In summary, we have further established LUMO-lowering

organocatalysis as a broadly useful concept for asymmetric synthesis

in the context of FriedetCrafts indole alkylation. A full account
of this survey will be forthcoming.

in 92% ee and 82% vyield prompted us to select this catalyst for
further exploration.

Experiments that probe the scope of thg-unsaturated aldehyde
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utility, the addition of N-methylindole to crotonaldehyde was
performed on a 25 mmol scale with catalgstto afford ())-5 in
92% ee and 81% yield.

This amine-catalyzed conjugate addition is also general with
respect to indole architecture (Table 3). Variation in tNe
substituent (R= H, Me, CH,Ph, allyl, entries +4) is possible
without significant loss in yield or enantioselectivity {0% yield,
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