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up to 93%
An efficient method for highly  o-regioselective nucleophilic substitution of the Baylis —Hillman acetates with indoles catalyzed by AgOTf in

high yields (72 -99%) has been developed. Reductive cyclization of the substitution products furnished the azepinoindole derivatives in good
yields (up to 93%).

The Baylis—Hillman (B—H) reaction is one of the most become powerful tools in synthetic organic chemidttyn
important C-C bond forming reactions and has received most cases, a nucleophilic attack on the Baylis—Hillman
considerable attention recentlyThe Baylis—Hillman ad- adducts takes place at tlyecarbon via a g2’ reaction!3
ducts, which possess versatile functionalities bearing allylic More recently, direct nucleophilic substitutions at th@osi-
hydroxyl and Michael acceptor units, have been illustrated tion of the Baylis-Hillman adduct were achieved by means
as valuable synthons and starting materials for the synthesiof a base-promotedyd' —Sy2' reactiort® and through a Pd-

of heterocycles and many biologically active molecdles. catalyzed coupling reactich.

Regioselective introductions of nucleophiles at eithercthe The allylic alkylation of indoles with allylic alcohols or
or y-position of the Baylis-Hillman adduct (Figure 1) have  acetates is an important reaction in constructing indolic
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alkaloids’ The reaction of indoles with BaylsHillman Initially, the reaction of indolel with 2-(acetoxyphenyl-
acetatebcould be catalyzed by indium tribromide to provide methyl)-cyclohex-2-enonea was investigated by using
the y-allylic substitution product®However, direct substitu-  palladium catalysts (Scheme 1, Table 1). Under the catalysis
tion at thea position of Baylis-Hillman adducts is very
rare%2 Cyclic enones are important starting materials in the
Baylis—Hillman reactiort? and its B—H adducts could be S

o . . cheme 1
applied in the synthesis of heterocycles such as quindlines

. L OAc O

and 2H-indazole derivative8? In some Pd-catalyzed reac- AN\ ~ AGOT (10 mol %)
tions, cyclic B—H adducts (Figure 1b) could favor Ra@Rz * R4)\EU\/[’ h
o-substitution which was different with acyclicB4 adducts & X g
(Figure 1,a).52 Recently, a silver(l)-catalyzed reaction has 1a_f1 2a-h
become an important method in organic synthesis in view
of the potential dual functions of Ag(l) as both a Lewis atid
and a transition metaf.Herein, we wish to report a highly
o-regioselective reaction of indoles with Baytislillman
acetates derived from cyclic enones catalyzed by AgOTf for
direct nucleophilic substitution.
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Table 2. Reaction of Indoled with BH Acetates2 Catalyzed

by AgOTf
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used as a promoter, which was the normal method for the
o-substitution of B-H adducts (via §2'—Sy2'), no reaction

(entry 4). Fortunately, some Lewis acids were found to
catalyze the reaction dfa with 2a, and AgOTf exhibited
the best catalytic ability for the nucleophilic substitution in
80% yield of 3a with exclusivea-selection (Table 1, entry
7). No y-product and isomerized elimination produ2af)
were detected in the crude reaction mixture. Increasing the
temperature to reflux could shorten the reaction time (entry
7 vs 8). In the absence of the catalyst, the reaction could not
proceed at all (entry 9).

To examine the effect of solvent, the reactionlafwith
2ain the presence of AGOTf (10 mol %) was performed in
toluene, dichloromethane (DCM), 1,2-dichloroethane, and
CH3CN, respectively. The produ@a could be obtained in
35—80% vyields. DCM was found to be the best solvent
(Table 1).

Subsequently, various indoles bearing an electron-with-
drawing or electron-donating group in either the 1-, 2-, 4-,
or 5-position of the indole ringl@—f) were reacted with
B—H acetates (2a—h) to provide thesubstituted products
(3a—1) in good to excellent yields under the optimized
conditions (Scheme 1, Table 2). In all cases, dhisomer
was obtained as a sole isomer, and/Aaroducts, isomerized
elimination products, or N-alkylation products were detected
in the reaction mixture. It can be found in Table 2 that when
the R, group of the B—H acetate was a substituted phenyl
group, the reaction of the-BH acetate2c—h with 2-meth-
ylindole 1a or 1f could also proceed smoothly to provide
their respective produc8g—l in excellent yields (7399%)
(Table 2, entries 7—12). If an /Ryroup was a cyclohexyl
group (2b), the yield of the reaction produéf) could still
be as high as 92% (entry 6). Furthermore, theHBacetates
derived from chromone2f—h) reacted with 2-methyl-4-
nitroindole 1f to generate the-products3j—I| in excellent
yields (89—99%) (entries 10—12).

Although silver complexes have been used in many
organic reactions as powerful catalysts, to our knowledge,
Ag-catalyzed nucleophilic substitution of allylic compounds
was rare!® In cyclic B—H adducts2, thea-position is close
to the carbonyl oxygen and the coordination of Ag(l) with
both carbonyl groups in the BH adducts2 may be
responsible for the highly catalytic ability and regioselectivity
for a-attack by indole nucleophiles. Meanwhile, the isomer-
ization—elimination reaction of the starting materiaH{B
acetate) could be avoided.

The corresponding nucleophilic substitution produgjs-(
[) of 2-methyl-4-nitroindole {f) with B—H acetates (2f—h)
could be applied in the synthesis of novel azepinoindoles
via reduction of the nitro group, followed by a cyclization
(Scheme 2). The azepinoindole ring is a frequently encoun-
tered structural moiety in many alkaloids and pharmacologi-
cally relevant compoundd$.When the product8j—I| were
reduced in the presence of 10% Pd/C under a hydrogen
atmosphere at room temperature, azepinoindédes were
obtained in good yields (6393%) (Scheme 2). The reaction
is likely to proceed through the reduction®&nd an in situ
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was observed after 24 h and starting materials were recovereds, 7440.
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Scheme 2
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aza-Michael addition, followed by the cleavage of a hemi-

aminal in one pot to provide the azepino-[4, 3 @-indoles
4_10f

In conclusion, a mild and efficient direct nucleophilic
substitution of the B-H acetates derived from cyclic enones
with indoles was developed by using 10 mol % of AgOTf

as a catalyst. The reaction provided highhregioselective

2528

products in good to excellent yields. An inert atmosphere
and strict anhydrous conditions were not required. Moreover,
the reaction products of the-B- acetates with 4-N@indole
derivatives could be applied in the synthesis of novel
azepino-[4, 3, Zd]-indoles via a one-pot reduction of a nitro
group, followed by an in situ aza-Michael addition.
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