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Asymmetric conjugate addition of PhMe,SiBPin to a wide range
of N-heteroaryl alkenes proceeded in the presence of a copper
catalyst coordinated with an easily accessible chiral phosphoramidite
ligand to afford useful p-silyl N-heteroarenes in high yields (up to 96%)
and excellent enantioselectivities (up to 97% ee).

N-Containing heteroarenes are very important structural units,
which are commonly found in a wide variety of natural products
and pharmaceutically active compounds. Although elaboration of
the N-containing heteroarenes continues to be the main approach
to access functionalized heterocyclic aromatic compounds, explora-
tion of asymmetric conjugate addition of nucleophiles to alkenes
activated by adjacent N-containing heteroarenes has gained
prominence in the last decade (Scheme 1a)." Key contributions
in the area include transition metal-catalyzed asymmetric arylation
and hydrogenation of alkenyl azaarenes, reported by Lam and
co-workers.” In addition, other groups presented elegant, highly
enantioselective conjugate additions to N-heteroaryl alkenes using
pyrazoles,* Grignard reagents,>* B,(pin),” and thiols* as nucleo-
philes, respectively. However, contrary to common Michael accep-
tors, such as o,B-unsaturated carbonyl, nitro, nitrile and sulfonyl
compounds, which have been widely studied in asymmetric con-
jugate addition,” alkenyl azaarenes have received little attention.?
The scarcity of available asymmetric approaches is attributed to the
low activation from the N-heteroaryl group and the generation of
unfavorable intermediates through a transient dearomatization step.
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Copper-catalyzed asymmetric silyl addition
to alkenyl-substituted N-heteroarenesy
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Scheme 1 Catalytic asymmetric nucleophilic addition to alkenyl azaarenes.

Chiral silanes are versatile intermediates in organic synthesis.”
The silicon motif is widely used as a masked hydroxyl group,® and
the C-Si bond can also be readily transformed into C-C bonds.”
Accordingly, the vital objective in this area of research is to develop
efficient and practical routes to chiral silanes. Among the available
approaches to provide chiral organosilicon compounds, asymmetric
silyl conjugate addition to electron-deficient alkenes is one of the
most reliable ways.>™® In 1988, Hayashi and Ito’s group pioneered
the development of enantioselective disilylation of enones using
palladium catalysis.® Subsequently, the reaction scope and catalytic
systems were expanded by Oestreich,’ Hoveyda,'® Cordova,"
Procter'” and Kobayashi.® Although significant progress has been
achieved with regard to asymmetric silylation of a wide range of
cyclic and acyclic o,B-unsaturated carbonyl systems, a few studies on
silyl transfer to alkenes conjugated to weaker electron-withdrawing
groups, and in particular alkenyl-substituted N-heterocycles, have
been described. The topic still represents a challenge. Very recently,
Oestreich reported the first Cu(r)-catalyzed asymmetric conjugate
addition of silicon Grignard reagents to poorly reactive alkenyl
heteroarenes with Lewis acid activation (Scheme 1b)."* Because of
the high activity of the silicon Grignard reagents, the reactions must
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be carried out at very low temperature.'*'> Although this work marks
a significant breakthrough, the enantioselective reaction is limited to
benzoxazole-derived substrates and the ee values are moderate in
most cases. Thus, further development of catalytic highly enantio-
selective silyl addition to alkenes activated by other azaaryl groups
with an easily obtained catalyst is urgently demanded. Herein, we
describe an operationally simple, highly chemo- and enantioselective
silylation protocol of a wide range of N-heteroaryl-substituted
alkenes using PhMe,SiBpin'®"” as the nucleophile and chiral phos-
phoramidite/Cu(r) as the catalyst (Scheme 1c). PhMe,SiBpin is readily
available, bench-stable, and easy-to-handle. Since Suginome and Ito
first introduced it in the Pd-catalyzed silaboration of alkynes,'® the

development of PhMe,SiBpin chemistty has been the subject of

intense research in recent years.'”

Initially, we selected 2-alkenylquinoline 1a and PhMe,SiBpin
as model substrates to study the silylation reaction (Table 1).'®
Racemic product 2a was produced in low yields in the presence
of Cu(MeCN),PF, the bidentate chiral phosphine ligand (L1 or
L2) and NaO¢Bu in THF at room temperature (entries 1 and 2).
To our delight, the chiral phosphoramidite ligand L3 was
found to be effective in asymmetric induction, presenting 57%
enantioselectivity and 19% yield (entry 3). Encouraged by this
result, the substituents on the nitrogen atom were examined.

Table 1 Optimization of the reaction conditions®

\
o
N

Cu(MeCN)4PFg (10 mol %)
L*(22 mol %), PhMe,SiBPin (2.0 equiv)

NaO1fBu (0.2 equiv), MeOH (4.0 equiv)
solvent, rt, 24 h

1a

Entry Ligand Solvent Yield” (%) ee‘ (%)
14 L1 THF 44 0
24 L2 THF 39 5
3 L3 THF 19 57
4 14 THF 48 83
5 L5 THF 32 85
6 L6 THF 22 85
7 L7 THF 64 89
8 L8 THF 49 91
9 L9 THF 86 93
10 L9 Et,O 69 93
11 L9 Hexane 66 90
12 L9 Toluene 58 93
13 L9 DMF 48 89

4 Reaction conditions: 1a (0.1 mmol), PhMe,SiBpin (0.2 mmol), NaO¢Bu
(0.2 equiv.), Cu(MeCN),PFs (10 mol%), ligand (22 mol%), MeOH
(4.0 equiv.), and the solvent (0.05 M). ” Isolated yields. ¢ Determined
by chiral HPLC. ¢ 0.11 equiv. of ligand was employed.
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The morpholine moiety (L9) was superior to others, such as
other acyclic amines (L4-L6), pyrrolidine (L7) and indoline (L8),
affording 2a in 86% yield with 93% ee (entries 4-9). In addition,

we evaluated the effect of the solvent on the reaction. It was

found that the reactions in Et,O, hexane, toluene and DMF all
provided the product 2a with similarly high ee, but the yields
varied greatly and the reaction in THF gave the highest yield
(entries 9-13).

With the optimal conditions in hand, the substrate scope

was then examined (Table 2). A wide range of alkenyl quinolines

bearing electron-neutral, -deficient or -rich B-aromatic substituents

Table 2 Substrate scope?
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¢ Reaction conditions: 1 (0.1 mmol), PhMe,SiBpin (0.2 mmol), NaOtBu
(0.2 equiv.), Cu(MeCN),PFs (10 mol%), L9 (22 mol%), MeOH (4.0 equiv.),
and THF (0.05 M). Yields of the isolated product 2. ee determined by
HPLC analysis. N.D. = not detected.
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reacted efficiently with PhMe,SiBpin to afford the corresponding
products 2a-q in 80-95% yields and 88-97% ee. The absolute
configuration of 2b was unambiguously established by X-ray
crystallographic analysis.'® Substrates with 2- and 3-thienyl groups
were also amenable to this protocol to produce the corresponding
products 2r-s with high yields and enantioselectivities. Interest-
ingly, when the silylation of the conjugate divinyl quinoline 1t was
investigated, there was only 1,4-addition and the corresponding
adduct 2t was isolated in 76% yield with 85% ee. The substituents
(such as Br, Me, OMe or Cl) on the quinoline ring of 1 did not
compromise the enantioselectivities of 2u-x. Other heteroaromatic
substrates, such as isoquinoline (1y), benzoxazole (1z) and
benzothiazole (1za), were also suitable for the reaction and
the corresponding silylated products 2y-2za were obtained
with excellent results (81-89% yields, 85-95% ee). Finally, the
reactions between PhMe,SiBpin and alkyl-substituted 1zb,
a,B-disubstituted 1zc or B,B-disubstituted 1zd were also attempted,
but they were unsuccessful.

The reaction on a gram scale (2.5 mmol of 1i) was also
performed to obtain the 1,4-adduct 2i with 94% ee and 94%
yield (Scheme 2a). A key synthetic transformation of the silicon
motif is that it can be used as a masked hydroxyl group.’®
Compound 2i could be transformed into alcohol 3 through
Tamao-Fleming oxidation®® without the erosion of stereo-
selectivity (Scheme 2b). Furthermore, the treatment of 2i in
the presence of TBAT and CO, could provide the desired ester 4
in 50% yield."”* Unfortunately, no transformation in chirality
was observed in this reaction (Scheme 2c).

A possible mechanism for the reactions is illustrated in
Scheme 3. L,Cu-alkoxides react with PhMe,SiBpin to produce
the derived L,,Cu-SiMe,Ph I, which can undergo an asymmetric
conjugate addition reaction with alkenyl-substituted quinoline
1a to obtain intermediate III through transition state II. The
resulting aza-n-allylcopper intermediate III reacts with methanol
to afford the desired product 2a and regenerate the active copper
catalysts for the next catalytic cycle.

In conclusion, we have developed an operationally simple
and highly enantioselective Cu(i)-catalyzed conjugate addition
of PhMe,SiBPin to a wide range of alkenyl N-heteroarenes with
easily accessible chiral phosphoramidite as the ligand. A series
of useful B-silyl N-heteroarenes were achieved in high yields
and ees. Moreover, the reaction can be effectively performed at
room temperature on a gram scale.
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Scheme 2 Scale-up experiment and synthetic applications of compound 2i.
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Scheme 3 Proposed catalytic cycle.
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