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ABSTRACT: Direct enolate formation coupled with sub-
sequent enantioselective C−C bond formation remains a topic
of intense interest in asymmetric catalysis. This methodology
is achieved even with low acidic amides without an electron-
withdrawing group at the α-position in the context of a
Mannich-type reaction. Acetate-, propionate-, and butyrate-
type 7-azaindoline amides served as enolate precursors to
afford the desired Mannich adducts with high stereoselectivity, and ligand-enabled diastereo-divergency provided access to both
anti/syn diastereomers. The facile transformation of the amide moiety ensures the synthetic utility of the Mannich adducts.

Enolates, commonly used active carbon nucleophiles in
organic synthesis, have contributed to a rich chemistry

with productive development in several fields. In the field of
asymmetric catalysis, in particular, methodologies for in situ,
catalytic, and direct enolization that eliminate the coproduction
of unwanted reagent-derived waste required for the preforma-
tion of enolates have become highly popular.1 Unfavorable
enolization kinetics are a major obstacle in direct enolization,
however, due to their dependence on the intrinsic acidity of the
enolate precursors used; ketones and aldehydes having a fairly
acidic α-proton can be catalytically deprotonated, while less
acidic esters and amides are almost intractable for catalytic
enolization.2 The synthetic utility of enantioenriched products
derived from enolates generated from carboxylic acid
derivatives led us to focus on the direct enolization of
thioamides and their use for enantioselective C−C bond
forming reactions.2g,3 As a more easily accessible alternative, we
reported that 7-azaindoline amides bearing electron-with-
drawing groups (−SMe, −N3, −RF) at the α-position readily
generated the corresponding enolates, which could be coupled
with electrophiles in the designed cooperative catalytic
system.4,5 In our continuing studies of direct enolization
chemistry, we explored the direct enolization of 7-azaindoline
alkylamides for enantioselective Mannich-type reactions.6 Due
to the large number of natural products bearing propionate and
acetate units with β-stereogenic centers,7 this class of enolates
allows for enantioselective access to useful chiral building
blocks, including β-amino acid derivatives.8 Kobayashi et al.
reported examples of successful direct Mannich-type reactions
of simple alkylamides and N-Ts imines by a binary catalytic
system of silyl triflate/Et3N.

9 The enantioselective variant of the
direct catalytic Mannich-type reactions of simple alkylamides,
however, was only partially successful, demonstrated in a sole
substrate set with moderate yield and enantioselectivity.
The 7-azaindoline propionamide 1a was synthesized and

submitted to NMR studies to examine its coordination
properties with a Cu(I) complex. Previously used 7-azaindoline

amides bearing electron-withdrawing groups were activated via
bidentate coordination with flipping of the amide moiety from
an E to Z conformation.4 Upon the addition of E-1a to a
Cu(I)/(R)-xyl-BINAP (L1) complex in THF, a 1:1 complex
was rapidly formed and the activation mode was likely identical
(Figures 1a, S4).10 This observation prompted us to conduct an

initial trial of a catalytic asymmetric Mannich-type reaction to
N-Boc imine 2a with a soft Lewis acid/Brønsted base
cooperative catalyst composed of (R)-L1/Cu(I) and Barton’s
base (Table 1). The catalytic enolization and subsequent
addition to imine 2a proceeded at 25 °C with promising
enantioselectivity (entry 1). Brief ligand screening revealed that
alkylphosphine (R,R)-Ph-BPE (L2) performed well in terms of
enantioselectivity, albeit with only marginal dominance of the
anti-diastereomer (entry 2). Among chiral biarylphosphines
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Figure 1. Coordination preference of pyrrolidine, piperidine, and
azepane amide 1a−c fused with a pyridine ring in the presence of a
Cu(I)/(R)-xyl-BINAP (L1) complex.
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(L1, L3, L4) with P-3,5-xylyl substituents, Biphep-type ligand
L3 and Segphos-type ligand L4 afforded encouraging anti-
selectivity (entry 1 vs 3, 4). Based on the Biphep-type ligand
architecture, we examined ligands L5−7 with larger P-
substituents (entries 5−7). Lower conversion and stereo-
selectivity were observed with highly sterically demanding
ligands L5 and L6 (entries 5, 6), whereas high catalytic
efficiency and high anti- and enantioselectivity were observed
when using L7 with a 3,4,5-trimethoxyphenyl groups as the P-
substituents (entry 7). Unexpectedly, L6 preferentially afforded
the opposite syn-enantiomer (2S,3S), suggesting that the
stereochemical course of the present catalytic system was fairly
sensitive to the structure of the ligand.11 In the case of L7,
major enantiomers of both anti and syn products have identical
configurations at the α-position, and the observed anti-
selectivity was thought to be due to the prochiral face selection
of imine 2a by the L7/Cu(I)/enolate complex. Stereoselectivity
was further improved with high yield by performing the
reaction at lower temperature and higher concentration (entries
8, 9). The use of ferrocene-embedded ligand L9 switched the
diastereoselectivity from anti to syn, albeit with moderate
diastereoselectivity (entry 11). Intriguingly, L9 having dialkyl
and diarylphosphino groups outperformed L8, which has two
diphenylphosphino groups (entries 10, 11). In contrast to 7-
azaindoline amide 1a, six- and seven-membered analogs 1b and
1c failed in the reaction under the optimized conditions for an

anti-selective reaction (entries 12, 13). NMR studies of the
Cu(I)/L1 complex revealed that ca. 50% of 1b formed the
Cu(I)/amide complex and 1c remained uncomplexed (Figure
1b,c). The difference in reactivity was partly attributed to the
ability of the amides to coordinate to the Cu(I) complex, which
triggers deprotonation by Barton’s base to generate the active
Cu(I) enolate.
The anti-selective protocol using L7 was applicable to various

N-Boc imines 2, as shown in Table 2. Imines 2b−d bearing

electron-donating Me and MeO substituents provided the
corresponding product with high stereoselectivity (entries 2−
4). The o-, m-, and p-substitution patterns were examined with
a fluorine substituent, and the reactions produced a similarly
high yield and stereoselectivity (entries 5−7), and no
detrimental effect was observed in a gram-scale reaction
(entry 7). Imines 2i−k having m-Br, p-TfO, or m-(pin)B,
whose reaction products can be applied to cross-coupling
reactions, afforded the desired product with high stereo-
selectivity, albeit with only moderate yield for 3k (entries 9−
11). Heteroaromatic imines 2l and 2m were tolerated (entries
12, 13). α,β-Unsaturated imine 2n reacted exclusively in a 1,2-

Table 1. Initial Trials of Direct Catalytic Asymmetric
Mannich-Type Reaction of 7-Azaindoline Propionamide 1aa

a1: 0.1 mmol. 2a: 0.2 mmol. bDetermined by 1H NMR of the crude
mixture with 3,4,5-trichloropyridine as internal standard. cDetermined
by 1H NMR of the crude product. dDetermined by HPLC analysis.
Values are provided based on enantiomeric excess of 2R,3S-3 for the
anti product and 2R,3R-3 for the syn product. Negative sign denotes
that the opposite enantiomer was obtained predominantly. eCon®gura-
tion of the major enantiomer. f0.5 M in 1.

Table 2. anti-Selective Direct Catalytic Asymmetric
Mannich-Type Reaction of 7-Azaindoline Propionamide 1a
and Butyramide 1da

a1: 0.1 mmol. 2: 0.2 mmol. bIsolated yield of mixture of diastereomers.
cDetermined by 1H NMR of the crude product. dDetermined by
HPLC analysis. e20 mol % of Barton’s base was used. f1 g of 1a was
used. gReaction was run at 10 °C. hReaction was run at 0 °C.
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fashion to afford 3n with moderate anti-selectivity and high
enantioselectivity (entry 14). 7-Azaindoline butyramide 1d also
afforded the Mannich adduct 3da in an anti-selective manner
(entry 15).
The use of Walphos-type ligand L9 instead of L7

preferentially gave the syn-diastereomer with high enantiose-
lectivity, although the diastereoselectivity was only moderate
and the scope was limited to electron-deficient imines (Table
3). Switching the diastereoselectivity was also valid for
butyramide 1d, affording syn-3dg with a high yield and
stereoselectvity (entry 4).

Acetate-type enolates generally display lower stereoselectiv-
ity, presumably because a smaller steric bias at the α-position of
the enolate makes stereocontrol less tractable.12 Given the
ubiquitous nature of the chiral β-aminoacetate unit in natural
products and biologically active compounds, direct enolization
of acetamides coupled with the subsequent Mannich-type
reaction is an important objective.7 We hypothesized that the
chelate-driven enolization of 7-azaindoline amide would be
operative for 7-azaindoline acetamide 1e in the present catalytic
system. The initial trials, however, revealed that 1e was less
reactive than 1a in the reaction with imine 2a, suggesting that
the enolate formation from 1e was more reluctant, or the
enolate of 1e was quickly reprotonated likely due to lower
thermodynamic stability. A slight modification of the reaction
conditions with L9 (DME as solvent at 40 °C) proved best for
1e, and desired Mannich adduct 4a was produced in 53% yield
with 88% ee (Table 4, entry 1). Because 4 was prone to
enolization and further reacted with imine 2 to afford double-
Mannich adducts as an inseparable mixture of diastereomers,
amide 1e was used in slight excess to suppress this undesired
reaction pathway. While the yields presented in Table 4 are
moderate, these results are an important step toward the direct
catalytic asymmetric Mannich-type reaction of acetamides.
The 7-azaindoline amide moiety of Mannich product 3g

could be transformed into various functional groups (Scheme
1). β-Amino acid 5 was obtained by simple acidic treatment of
3g. The chelated tetrahedral intermediate generated upon the
addition of metal hydride or organometallic reagents was
sufficiently stable, enabling the formation of aldehyde 6 and
ketone 7 with LiAlH4 and PhMgBr, respectively. Myers’

reduction protocol allowed for direct access to primary alcohol
8 in a single step.13

In conclusion, we developed a direct catalytic asymmetric
Mannich-type reaction of alkylamides without an electron-
withdrawing group at the α-position. Active enolates were
catalytically generated from the acetamide, propionamide, and
butyramide of 7-azaindoline to afford enantioenriched β-amino
actetate, propionate, and butyrate units. Both anti- and syn-
isomers of the propionate and butyrate units were accessible
using the ligand of choice. The facile transformation of the 7-
azaindoline amide moiety into various functional groups
demonstrates the potential synthetic utility of these reaction
products as chiral building blocks. Further improvements of
stereoselectivity as well as the application to the enantiose-
lective synthesis of biologically active compounds are currently
underway in our laboratory.
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Table 3. syn-Selective Direct Catalytic Asymmetric Mannich-
Type Reaction of 7-Azaindoline Propionamide 1a and
Butyramide 1da

a1: 0.1 mmol. 2: 0.2 mmol. bIsolated yield of mixture of diastereomers.
cDetermined by HPLC analysis.

Table 4. Direct Catalytic Asymmetric Mannich-Type
Reaction of 7-Azaindoline Acetamide 1ea

a1e: 0.3 mmol. 2: 0.2 mmol. bIsolated yield. cDetermined by HPLC
analysis.

Scheme 1. Transformation of the Product
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