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Abstract: 1,2-Diaminocyclohexane-hexanedioic acid has been
demonstrated to catalyze the asymmetric aldol reactions of cyclo-
ketones and various isatin derivatives efficiently in MeOH-H,O.
The corresponding products were obtained in good yields (70-90%)
with high diastereoselectivity (up to 99:1 anti/syn) and enantio-
selectivity (up to 99% ee).
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The 3-substituted-3-hydroxyindolin-2-ones 1-5 are a
class of compounds (Figure 1) with an indole skeletal
structure, which are found in several biologically active
alkaloids and pharmacological agents.! Owing to the sig-
nificance of this structural motif, numerous methodolo-
gies have been developed and continue to be explored for
the construction of this structure.> Most methods involve
the use of expensive or toxic metal reagents as catalysts.

In light of the great progress made in organocatalytic
asymmetric aldol reaction, there has been an increasing
interest in applying this reaction for the synthesis of chiral
3-substituted-3-hydroxyindolin-2-ones in recent years.
For example, several efficient organocatalysts (Figure 2),
such as 6,> 7, 8, 9,5 10,7 have been reported. While non-
cyclic ketones and aldehydes as donors have been widely
investigated, to the best of our knowledge, there are only
two reports on the organocatalytic asymmetric aldol reac-
tion of cyclohexanone and isatins. Moreover, examples of

isatin derivatives as acceptors reacting with cyclic ketones
are also scant. Ricci’s group® only reported one example
of cyclohexanone reacting with isatin to afford the oxin-
dole in a anti/syn ratio of 98:2 with 80% ee during their in-
vestigation of using chitosan (11) as the asymmetric aldol
reaction catalyst (reaction 1, Scheme 1). Singh’s group’
carried out the enantioselective synthesis of 3-substituted-
3-hydroxy-indolin-2-ones, which are quite promising in
the field of medicinal chemistry, with three isatin deriva-
tives as acceptors by using a primary—tertiary diamine—
Bronsted acid catalyst 12.
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HO R2
=
Rl_/ | 0
\ N
MeQ,
HO' NMe

N H
Me

madinoline A (3) CPC-1 (4) dioxibrassinine (5)

Figure 1 Examples of biologically active 3-substituted-3-hydroxy indole-2-ones

SYNLETT 2012, 23, 1031-1034

Advanced online publication: 16.03.2012

DOI: 10.1055/s-0031-1290507; Art ID: ST-2012-W0005-L
© Georg Thieme Verlag Stuttgart - New York

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



1032 Y. Liu et al.

LETTER

Figure 2  Structures of some organocatalysts

Because catalytic, intermolecular ketone—ketone cross-
aldol reactions are still rare and represent a significant
challenge for the chemists,® herein we report an efficient
asymmetric aldol reaction of cycloketones with various
isatin derivatives catalyzed by vicinal primary diamine
salts in good yields, excellent diastereoselectivities and
enantioselectivities.

In our previous studies, the simple and commercially
available chiral 1,2-diaminocyclohexane (13) was found
to be an effective organocatalyst in Michael addition reac-
tions. Reactions of y-butenolides'® and cyclopentanone!!
with chalcones provided products with up to 99% ee. This
catalyst was also found to be useful in the asymmetric al-
dol reactions of ketones and aromatic aldehydes.'? Based
on these results, we envisioned that the asymmetric aldol
reaction catalyzed by 13 could be extended for the prepa-
ration of chiral 3-substituted-3-hydroxyindolin-2-ones us-
ing cyclohexanone and isatins (reaction 2, Scheme 1).

Our initial reaction of isatin (14a) with cyclohexanone
(15a) was carried out using our previous optimized reac-
tion conditions for asymmetric aldol reaction'? [20 mol%
of chiral 1,2-diaminocyclohexane (13) and 20 mol% co-
catalyst hexanedioic acid (HDA), in a mixture of MeOH-
H,O (1:1) at r.t.; Table 1, entry 1]. To our surprise, the re-
action proceeded smoothly to provide the desired aldol
product 16a in high yield with excellent diastereoselectiv-
ity and enantioselectivity (yield: 90%; dr >20:1; ee
>99%). When single solvents were used instead of the co-
solvent MeOH-H, 0, the corresponding yield and enantio-
selectivity decreased significantly (Table 1, entries 2—4).
Similarly, reducing the amount of catalyst or lowering the
reaction temperature also impacted the yields (Table 1,
entries 5-8). It is worth noting that only a trace amount of
product was detected in the absence of hexanedioic acid
(Table 1, entry 9), which indicated that the co-catalyst
plays an important role in this reaction.

We further examined the generality of the reaction using
the optimized reaction conditions. As shown in Table 2,
various substituted isatins reacted with cyclohexanone
15a to afford the corresponding 3-cyclohexanone-3-
hydroxy-2-oxindoles in good to excellent yields and dia-
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Table 1 Optimization of the Reaction Conditions

o (0]
catalyst 13, additive N
o+ —_— ||
N /
H
14a 15a

13 and HAD Yield

Entry  Solvent anti/lsyn® ee

(mol%) (%) (%)

1 MeOH-H,0 20 90 20:1 >99
2 MeOH 20 85 99:1 90

3 DMF 20 30 20:1 68

4 MeCN 20 50 20:1 72

5 MeOH-H,0 5 30 20:1 95

6 MeOH-H,0 10 65 99:1 96

7 MeOH-H,0 20 43¢ 99:1 96

8 MeOH-H,0 20 104 99:1 97

9 MeOH-H,0 20 trace®  — -

2 Isolated yields.

® Determined by chiral HPLC.

¢ Carrying the reaction at 0 °C.

4 Carrying the reaction at —10 °C.
¢ Only catalyst 13.

stereo- and/or enantioselectivities (Table 2, entries 1-8).13
It appeared that the introduction of substituents on the
isatin could slightly decrease the yield and enantioselec-
tivities, but the property and the position of substituents
did not have a significant influence on the yields, diaste-
reoselectivities, and enantioselectivities. We found that
substituents such as 5-O,N (Table 2, entry 2, 72% yield;
anti/syn =13:1; 87% ee), 6-Br (Table 2, entry 6, 82%
yield; anti/syn = 20:1; 90% ee), or Me at 1-N (Table 2, en-
try 7, 78% yield; anti/syn = 10:1; 83% ee) gave similar re-
sults. In addition to cyclohexanone (15a), we also
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examined tetrahydropyran-4-one (15b), acetone (15c),
and cyclopentanone (15d) as donors. Tetrahydropyran-4-
one (15b) was found to react with various substituted isat-
ins 14a—h and gave excellent results (Table 2, entries 9—
14), except with N-substituted isatins, which gave moder-
ate enantioselectivities (Table 2, entry 13, 51% ee and en-
try 14, 50% ee). However, the enantioselectivity was

Table 2  Aldol Reactions of Isatin and Various Ketones

almost lost completely when acetone (15¢) or cyclopen-
tanone (15d) was used (Table 2, entries 15 and 16). The
configuration of compounds was determined by compar-
ing our Chiralcel HPLC profile with Ricci’s result.® Inter-
estingly, the compounds obtained by our method were R,R
isomers, which are different from the S,R isomers report-
ed.

O
o) 13 (20 mol%),
N HDA (20 mol%)
R 0+ ————— Rt
N Lo W MeOH-H0 (1:1), L _~
R? RS R4 r.t.
14 15 16
Entry R!, R? R3, R* Product Yield (%)? antilsyn® ee (%)°
1 14aH,H 15a -(CH,);- 16a 90 20:1 99
2 14b 5-O,N, H 15a 16b 72 13:1 87
3 14c¢ 5-MeO, H 15a 16¢ 70 20:1 77
4 14d 5-CI, H 15a 16d 73 15:1 72
5 14e 6-Cl, H 15a 16e 75 20:1 91
6 14f 6-Br, H 15a 16f 82 20:1 90
7 14g H, Me 15a 16g 78 10:1 83
8 14h H, Bn 15a 16h 85 99:1 77
9 14a 15b -CH,0OCH,- 16i° 80 20:1 87
10 14c¢ 15b 16j° 68 20:1 82
11 14d 15b 16k® 76 20:1 83
12 14f 15b 16I° 81 20:1 71
13 14¢g 15b 16m° 72 10:1 51
14 14h 15b 16n° 78 10:1 50
15 14a 15¢H, H 160° 87 - <5
16 14a 15d -(CH,),- 16p° 83 2:1 16
2 Isolated yields.
b Determined by chiral HPLC.
¢ Carrying the reaction at 0 °C in MeOH-H,O (10:1).
< i . O,
o */H HO
/N\ /N\
H ‘W H N
- 74 PN . ( | o
O ! >
..... N
Ve N
anti product syn product
(major) NH (minor)
TS1 TS2
favorable sterically unfavorable

Scheme 2
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Similar to our previous hypothesis,'? we propose that both
the aldol donor (ketone) and the receptor (isatin) could be
activated simultaneously in this reaction system to form
transition states TS1 and TS2 (Scheme 2). It is obvious
that TS1 is sterically more stable than TS2, the size of the
cyclic six-membered enamine ring was crucial for this ste-
ric restriction. Therefore, the R,R isomer is formed as the
main product.

In conclusion, we have developed an efficient asymmetric
aldol reaction of cycloketones and various isatin deriva-
tives using a simple and commercially available chiral
1,2-diaminocyclohexane as the catalyst and hexanedioic
acid as the co-catalyst. The corresponding 3-substituted-
3-hydroxyindolin-2-ones have R,R configuration and
were obtained in good to excellent yields (70-90%), dia-
stereoselectivity (up to 99:1 anti/syn) and enantioselectiv-
ity (up to 99% ee). A possible mechanism of the reaction
was proposed to proceed via the more stable TS1 interme-
diate leading to the anti product.
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Typical Procedure To the mixed solvent (2 mL, MeOH—
H,0 = 1:1) was added the corresponding isatin (0.2 mmol),
cyclohexanone (0.6 mmol), and catalyst 13 (0.04 mmol)
with equal amount of hexanedioic acid (0.04 mmol). The
mixture was stirred at r.t. for 14 h, then quenched with
additional H,O. The organic matter was extracted with
EtOAc, dried over Na,SO,, and the filtrate was concentrated
to get the crude product, which was further purified by a
silica gel chromatography.
3-Hydroxy-3-(2-oxocyclohexyl)indolin-2-one (16a)
Yield 90%; mp 159 °C; anti/syn = 20:1; 99% ee. 'H NMR
(400 MHz, DMSO-dy): 6 = 10.16 (s, 1 H), 7.13-7.21 (m, 2
H), 6.75-6.87 (m, 2 H), 5.77 (s, 1 H), 3.07 (dd, J=12.0,4.0
Hz, 1 H),2.53-2.58 (m, 1 H), 2.36-2.53 (m, 1 H), 2.27-2.34
(m, 1 H), 1.58-2.08 (m, 5 H), 1.43-1.50 (m, 1 H). *C NMR
(100 MHz, DMSO-dy): 6 =209.8, 179.4, 144.1, 131.5,
129.3,125.5,121.5,110.1,74.6,58.1,42.1,27.4,27.3,25.1.
HRMS: m/z caled for C,,H,(NO; [M + H']: 246.11247,
found: 246.11184. The enantiomeric ratio was determined
by chiral HPLC with AD-H column (hexane—2-PrOH =
80:20, 1 mL/min).
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