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3-Hydroxy-2-oxindoles are structural motifs present in a
number of natural products and biologically active com-
pounds.[1, 2] Among these molecules, 3-aryl-3-hydroxyoxin-
doles represent an important class of molecules that have
found broad applications in medicinal chemistry. One such
example is SM-130686 (Scheme 1), a compound exhibiting

potent activity with respect to growth hormone release.[2a] The
absolute configuration of the hydroxy group at the C3
position was shown to further modulate the biological
activity.[2c] It is therefore of high importance to introduce
asymmetry at the C3 position with high enantiocontrol. To
date, only a limited number of approaches have been
reported, which outline the preparation of chiral 3-hydroxy-
2-oxindoles. One type of approach calls for the asymmetric
nucleophilic addition of organometallic reagents[3] or elec-
tron-rich reagents[4–6] to isatins. The second approach entails
asymmetric hydroxylation of 3-substituted 2-oxindoles.[7]

Despite these developments, the available methodologies
are often limited and a new methodology is highly desirable,
considering the importance of chiral 3-substituted oxindoles.

Since the independent reports by Akiyama and Terada in
2004,[8] chiral phosphoric acids have proven to be versatile
catalysts and have subsequently been applied to a variety of
transformations with high stereocontrol.[9] Moreover, the
alkali or alkaline earth derived salts of chiral phosphoric acids
have proven to be highly effective catalysts in several recent
reports.[10]

Benzoyl peroxide (BPO) is a readily available oxylation
reagent, which has been known for decades.[11] Nonetheless,
asymmetric oxylation using BPO are very rare.[12] Herein, we
describe, to the best of our knowledge, the first example of a
highly enantioselective benzoyloxylation of an oxindole with
BPO catalyzed by a chiral calcium phosphate (Scheme 2).[13]

By comparison to published reports, this work provides access
to 3-hydroxyoxindole derivatives with the highest stereose-
lectivity to date.

We began our investigation with 3-phenyloxindole 1a and
BPO as substrates, and toluene as the solvent, as a starting
point for optimization studies. Chiral phosphoric acids
purified by silica gel column chromatography, were then
screened. Catalysts H[P1], H[P4], and H[P6] (Table 1,
entries 1, 4, and 6) imparted meagre stereoselectivity.
H[P6], a VAPOL-derived phosphoric acid, proved to be the
best catalyst when TBME was the solvent (Table 1, entries 7–
9). The reverse selectivity was observed in DCM (Table 1,
entry 10).[14] To our delight, an upgrade to 99% ee was
obtained using diethyl ether (Table 1, entry 11). Interestingly,
H[P6] washed with 6n HCl exhibited poor catalytic efficiency
and enantioselectivity under the same conditions (Table 1,
entry 12). Correlation of this result to that of a recent report
by Ishihara and co-workers,[10a] showing a high abundance of
chiral phosphate salts in the absence of a final HCl wash of the
chiral phosphoric acid/salt mixture obtained by silica gel
purification, directed us to propose the active catalytic species
to be that of a chiral phosphate salt.[15] To identify the metal
counterion, several variants of P6 were prepared and
evaluated. Na[P6] and K[P6] afforded the product with no
selectivity (Table 1, entries 13 and 14). Ca[P6]2 and Sr[P6]2

both induced remarkably high selectivity (> 99%) (Table 1,
entries 15 and 16). Ba[P6]2 allowed for a significantly lower
enantioselectivity (7 %) (Table 1, entry 17). Mg[P6]2 fur-
nished the product with 60% ee, but with the opposite
configuration (Table 1, entry 18), presumably due to a differ-
ence on coordination spheres compared to calcium.[16] To our
delight, excellent enantioselectivity (95%) is still observed
with Ca[P6]2, even when the catalyst loading is reduced to
0.10 mol% (Table 1, entry 22).

Scheme 1. Structure of SM-130686.

Scheme 2. Enantioselective benzoyloxylation of oxindoles.
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With the optimized reaction conditions in hand, we turned
our attention to the scope of the asymmetric benzoyloxylation
of 3-aryloxindoles with Ca[P6]2. As shown in Table 2,
introduction of either electron-donating or electron-with-
drawing groups on the 3-aryl ring or the arene ring of the
oxindole have little effect on the enantioselectivity (2a–2m).
The majority of products were obtained with 99% ee and
good yield. It is worthy of note that 3-aryloxindoles bearing a
heteroatom can provide the desired product with excellent
enantioselectivity (2 n). Unfortunately, no product was
detected using 3-benzyloxindole due to lower reactivity.

Determination of the absolute configuration of the
products, as well as potential synthetic utility of this method-
ology is shown in Scheme 3. Boc-deprotection followed by
reduction of the benzoyl group of 2a yielded known
compound 4a in two steps with good overall yield and
excellent retention of chirality.[17]

While a detailed mechanism for this novel transformation
is unknown, we propose that the bifunctional nature of the
chiral calcium phosphate salt allows for activation of both the
nucleophile and the electrophile, as shown in Scheme 4. Two
characteristics of calcium were considered in developing this
plausible transition state. First, the low electronegativity of
calcium should lead to a significant increase in the Brønsted
basicity of the chiral phosphate counteranion. Second,
calcium�s various coordination sites presumably allow for a
greater number of favorable electrostatic interactions.[18] The
coordination between calcium and the carbonyl oxygens of
both BPO and the Boc-group of the oxindole serve not only to
activate the electrophile but also force the two substrates to
be in closer proximity to one another, in the chiral environ-
ment. These interactions coupled with the hydrogen-bonding

Table 1: Screening of catalysts and solvents.[a]

Solvent Catalyst (mol%) Yield
[%][b]

ee
[%][c]

1 toluene H[P1] purified on silica gel (5) 77 50
2 toluene H[P2] purified on silica gel (5) 65 0
3 toluene H[P3] purified on silica gel (5) 79 30
4 toluene H[P4] purified on silica gel (5) 80 40
5 toluene H[P5] purified on silica gel (5) 84 0
6 toluene H[P6] purified on silica gel (5) 81 45
7 TBME H[P1] purified on silica gel (5) 80 72
8 TBME H[P4] purified on silica gel (5) 78 36
9 TBME H[P6] purified on silica gel (5) 80 96
10 DCM H[P6] purified on silica gel (5) 56 �36
11 ether[d] H[P6] purified on silica gel (5) 81 99
12 ether H[P6] washed with HCl (5) 11 15
13 ether Na[P6] (5) 62 2
14 ether K[P6] (5) 18 2
15 ether Ca[P6]2 (2.5) 83 >99
16 ether Sr[P6]2 (2.5) 82 >99
17 ether Ba[P6]2 (2.5) 51 7
18 ether Mg[P6]2 (2.5) 80 �60
19 ether Ca[P6]2 (1.0) 82 99
20 ether Ca[P6]2 (0.5) 81 98
21 ether Ca[P6]2 (0.25) 81 97
22 ether Ca[P6]2 (0.10) 80 95

[a] Reaction conditions: 1a (1.0 equiv), BPO (1.1 equiv), catalyst
(x mol%), solvent (0.1m) under argon. [b] Yield of isolated products.
[c] Determined by HPLC analysis on a chrial stationary phase. TBME:
tert-butyl methyl ether. [d] Ether in entries 11–22 means diethyl ether.

Table 2: Substrate scope for the asymmetric benzoyloxylation of ox-
indoles.[a]

[a] Reaction conditions: 1a–n (1.0 equiv), BPO (1.1 equiv), Ca[P6]2
(2.5 mol%), diethyl ether (0.1m) at room temperature under argon.
Yields refer to isolated product. Enantiomeric excess was determined by
HPLC analysis using either a chiral AD-H or OD-H column. [b] (R)-
Ca[P6]2 was used as the catalyst.
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interactions between the hydroxy group of the oxindole
tautomer and the P=O moiety of the catalyst can be used to
rationalize the unprecedented enantioselectivity observed.

In conclusion, we report a novel asymmetric benzoylox-
ylation of 3-aryl-2-oxindoles catalyzed by a chiral VAPOL
calcium phosphate salt. This transformation utilizes readily
available benzoyl peroxide as a benzoyloxylation reagent. A
series of 3-aryl-3-benzoyloxindoles are obtained with good
yields and excellent enantioselectivities. Further studies of the
benzoyloxylation of additional nucleophiles are currently
under investigation in our laboratory and will be reported in
due course.

Experimental Section
General procedure: Oxindole 1 (0.10 mmol, 1.0 equiv), benzoyl
peroxide (0.11 mmol, 26.6 mg, 1.1 equiv), and Ca[P6]2 (2.5 mol%,
3.2 mg) were added to a flame-dried test tube. The vessel was placed
under vacuum and the atmosphere exchanged with argon three times
before the addition of ether (1.0 mL). The reaction was stirred at
room temperature for 20 h and the reaction mixture then purified
directly by silica gel column chromatography (eluent: hexanes/ethyl
acetate 15:1 to 2:1) to afford pure product 2.
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