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Biologically significant hybrid derivatives of oxindoles and
anthrones were prepared in high yield, high regioselectivity
and high stereoselectivity via bifunctional thiourea catalyzed
asymmetric conjugate addition of anthrone to methylene-
indolinones. The regioselectivity and stereoselectivity could be
finely tuned via change of  substituents in
methyleneindolinones.

The oxindole framework bearing a stereogenic C3 carbon center is
an important fragment in many natural products and
pharmaceutically significant molecules, such as strychnofoline,'
spirotryprostatin  B,”> welwitindolinone C isothiocyanate,’ and
maremycin A* (Figure 1). Due to its ubiquity in biologically active
compounds, a plethora of strategies have been developed for
asymmetric synthesis of 3,3'-disubstituted oxindole frameworks’ for
further synthesis of natural products and biologically important
compounds. Among these methods, methyleneindolinones have
distinguished themselves as versatile reactants for preparation of
3,3'-disubstituted oxindole frameworks. Anthrone is a privileged
motif that constitutes core structures of a large family of natural
products and pharmaceutically active compounds such as
variecolortide B and C (Figure 1).° A lot of methods have been
developed to access this significant motif.” Based on the principle of
superposition, new compounds with higher biological activity might
be found by merging these two pharmaceutically significant
moieties. However, to the best of our knowledge, no protocol is
available to combine these two biologically intriguing moieties up to
now although it holds great potential for finding novel
pharmaceutically significant agents.

Both C3 and C4 of methyleneindolinone can be attacked by a
nucleophile as both they are substituted with electron-withdrawing
groups, furnishing two different Michael addition product 3 or 4
(Scheme 1). However, the reports concerning C3 attack are rather
rare and the traditional strategy to achieve the regiospecific
nucleophilic attack on C3 depends on introducing two electron-
withdrawing substituents to C4, such as cyano groups.® As C3 and
C4 substituted adducts are both significant agents in natural products
and therapeutic agents (Figure 1), it is highly desirable to develop
the stereoselective and regioselective strategy for construction of
oxindole derivatives carrying tertiary or quaternary C3 carbon
center. As a continuation of our interest in developing
organocatalytic asymmetric reactions and green chemistry,9 herein
we report a chiral bifunctional thiourea catalyzed asymmetric
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Michael addition of anthrone to methyleneindolinones with high
regioselectivity and stereoselectivity.
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Figure 1. Natural products and bioactive molecules possessing moieties of
oxindole and/or anthrone.
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Scheme 1. Preparation of C3 and C4 substituted adducts via nucleophilic
attack on C3 or C4.

Initially, the asymmetric conjugate addition was investigated
with anthrone 1 and methyleneindolinone 2a as model substrates. A
series of chiral organocatalysts 5-10 were examined using methylene
chloride as solvent. The desired adduct could be furnished in good
yield with 20 mol% catalyst loading of cinchona alkaloid-derived
bifunctional thiourea catalysts 5-6, whereas the enantioselectivity
was not satisfactory (Table 1, entries 1-2). Gratifyingly, the
enantioselectivity and diastereoselectivity could be dramatically
increased when catalyst loading of 5 and 6 was decreased to 10
mol% (Table 1, entries 3-4). The low enantioselectivity at higher
catalyst loading (20 mol%) might be ascribed to the catalyst self-
association which would drastically block the association of the
catalyst with substrates.'’ Afterwards, the thiourea catalysts 7-9 and
combinational catalyst of quinine with thiourea 10 were evaluated at
10 mol% catalyst loading, whereas only inferior results were
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Table 1. Examination of various chiral catalysts in the Michael addition of methyleneindolinone and anthrone®
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ntry Cat. (mol%) Solvent T(C) T(ilrlr)\e ee (%) dr® Yield (%)°
1 5(20) CH,CL, rt. 5 5 20:1 90
2 6 (20) CHxCl, L.t. 5 5 2:1 93
3 5(10) CHxCl, L.t. 5 -75 14:1 90
4 6 (10) CH,Cl, rt. 5 70 >99:1 87
5 7(10) CHxCl, L.t. 5 57 23:1 63
6 8(10) CH,Cl, rt. 5 41 35:1 74
7 9 (10) CH,Cl, rt. 12 - - 0
8 10 (10) CHyCl, rt. 5 8 94:1 70
9 5(5) CH,Cl, rt. 5 -11 8:1 90
10 6 (5) CHxCl, L.t 5 80 >99:1 95
11 6(3) CH,CL, rt. 5 68 28:1 83
12 6(5) CHxCl, 0 48 73 >99:1 95
13 6(5) CHxCl, -10 50 84 63:1 93
14 6(5) CH,Cl -15 48 31 28:1 84
15 6(5) toluene rt. 12 80 69:1 87
16 6 (5) CHCl, Lt 24 2 22:1 73
17 6 (5) THF rt. 24 45 42:1 69
18 6(5) Et,O Lt 24 25 14:1 75
19 6(5) DCE rt. 12 24 32:1 87
20 6(5) EtOAc Lt 24 -4 71:1 85
21 6(5) Lt 24 1 10:1 54

ethylene glycol

? Reaction conditions: 1 (0.18 mmol), 2a (0.15 mmol), 1 mL solvent.
® The diastereoselectivities of products 3 was measure by HPLC.
°lsolated yield after column chromatography.
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achieved (Table 1, entries 5-8). Further decreasing the catalyst
loading to 5 mol% resulted in lower enantioselectivity for catalyst 5,
but higher enantioselectivity for catalyst 6 (Table 1, entries 9-10).
The lower yield and lower enantioselectivity were observed with the
catalyst loading further decreased to 3 mol% (Table 1, entry 11).
Decreasing the temperature resulted in lower yields or lower
enantioselectivity (Table 1, entries 12-14). The option of solvents
had significant impact on the enantioselectivity and non-polar
solvents were superior to polar solvents such as ethylene glycol and
ethyl acetate (Table 1, entries 15-21), which might be rationalized
that the association of catalyst and substrates could be severely
blocked by the H-bonding interactions between chiral thiourea
catalyst and the polar solvents.

With the optimized condition in hand, the substrate scope of the
asymmetric conjugate addition was investigated. Gratifyingly, the
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Scheme 2. Chiral thiourea catalyzed asymmetric Michael addition of

methyleneindolinones and anthrone.
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Figure 2. The single crystal structure of 3d and (S)-4g.

products 3a-e resulted from C4 attack could be furnished in high
yields, high diasteroselectivity and high enantioselectivity. When C4
was substituted with a carboxylate group, the C4 addition products 3
were exclusively obtained in high yields. When carboxylate group at
C4 was replaced with benzoyl groups, product 4g-4k were observed
as major product (Scheme 2). The relative configuration of 3d and
the absolute configuration of adduct (S)-4g have been
unambiguously verified by X-ray crystal analysis (Figure 2). The
decomposition of enantioenriched 3d to starting materials was
observed in the course of crystal cultivation, and presumably the
racemic 3d could be regenerated via the reversible conjugate
addition. Namely, the enantioenriched 3d could be racemerized
gradually to the racemic 3d in the course of crystal cultivation, hence
only the single crystal structure of racemic 3d was available.

On the basis of the above experimental results, the plausible
reaction pathway and activation mode were proposed. As illustrated
in Scheme 3, the enolate generated from anthrone forms a strong H-
bond with the fert-aminium moiety of catalyst 6. Meanwhile, the
oxygen atom of indolinone is chelated by dual H-bonds of thiourea
moiety and dihedral angles between methyleneindolinone and
thiourea moiety would approximate to be perpendicular '' as shown
in the transition states A and B.'? Due to severe steric repulsion
between bulky tert-amino group of catalyst 6 and fert-butoxyl group,
transition state B is disfavoured. In addition to electronic factors, the
nucleophilic enolate of anthrone chelated by the terf-aminium
moiety is much closer to C4, therefore, the enolate would
preferentially attack the Si face of C4 via well-defined transition
state A, leading to carbanionic intermediate C which is tautomerized
to the enolate D. In this process, electron-withdrawing groups in
oxindole moiety like chlorine and bromine would make C4 much
more electron-deficient, thus favoring the C4 attack (Scheme 2, 3b-
¢). Smaller R? group was also much favourable for C4 attack due to
its weakening the steric repulsion (Scheme 2, 3a-c). In the following
protonation step, as C4 stereocenter is substituted by bulky anthrone
and ester group, the terf-aminium moiety of catalyst 6 which serves
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as a proton source would approach the enolate intermediate D from
the opposite side of anthrone, furnishing the final products (3R, 4S)-
3. Additionally, the lifetime of anionic intermediate C and enolate
intermediate D strongly depend on the electronic characteristics of
substituents. Obviously, electron-withdrawing groups on the phenyl
ring would stabilize these anionic intermediates, thus in favor of C4
attack, which is consistent with the experimental results. While if a
stronger withdrawing group such as phenyl ketone was introduced to
C4, the C3 would be more electron deficient than C4, thus it will
favor the nucleophilic attack on C3. The electron-donating groups
also decreased the possibility of attack on C4. When carboxylate
group substituted at C4 is replaced with phenyl ketone which is
bulkier than tert-butyl carbamate, the transition state E is more
favoured than transition F in which severe steric repulsion exists
between phenyl ketone and fert-aminium moiety of catalyst 6. In
addition to electronic effect, the C3 is much closer to enolate
sterically as shown in transition state E, resulting in preferential
nucleophilic attack from Si face of C3 to furnish the adducts 4 in (S)-
configuration. In brief, the regioselectivity and stereoselectivity are
controlled by both electronic effect and steric effect of the substrates
as well as the chiral catalyst in the process of conjugate addition.
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Scheme 3. Proposed reaction pathway.

Conclusions

In conclusion, the asymmetric conjugate addition of anthrone to
methyleneindolinones was successfully implemented under the
catalysis of bifunctional chiral thiourea catalyst to produce two
types of adducts in high yield, high stereoselectivity and
regioselectivity. The electronic and steric effect had a dramatic
influence on the stereoselectivity and regioselectivity, which
can be readily tuned by modification of substituents.
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Biologically significant hybrid derivatives of oxindoles and anthrones were prepared in high yield, high
regioselectivity and high stereoselectivity via bifunctional thiourea catalyzed asymmetric conjugate
addition of anthrone to methylene-indolinones. The regioselectivity and stereoselectivity could be finely

tuned via change of substituents in methyleneindolinones.
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