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Abstract

We report an organocatalytic enantioselective desymmetrization of 2-aminophenyl malonates enabled by intramolecular ester aminolysis.
This protocol efficiently delivers C3-disubstituted oxindole derivatives bearing quaternary stereocenters under mild conditions with excellent
chemo- and enantioselectivities. Notably, this reaction follows an acid-promoted dehydration pathway instead of an alcohol elimination
pathway, which differs from conventional ester aminolysis reactions reported previously. Gram-scale synthesis and further derivatization of
the resulting products demonstrate the synthetic utility of this transformation.
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1. Introduction

Ester aminolysis is one of the most fundamental and widely practiced reactions in organic synthesis, serving as the cornerstone for
the preparation of amide bonds in pharmaceuticals, agrochemicals, and functional materials!'l. Conventionally, this transformation
proceeds exclusively via the textbook-established dealcoholization pathway: the amine nucleophile first attacks the carbonyl group
of the ester to generate a tetrahedral intermediatel?. This intermediate then undergoes elimination of alcohol to afford the final
amide product, a selectivity pattern so dominant that it is rarely questioned in standard synthetic design. By contrast, an alternative
dehydration pathway from the identical tetrahedral intermediate remains completely unexplored. In this pathway, the intermediate
would lose water instead of alcohol to form an imine product, a transformation that would enable direct access to valuable imine
scaffolds from readily available ester and amine feedstocks, bypassing the need for pre-synthesized carbonyl substrates (Scheme 1A).
Despite its synthetic appeal, this elusive selectivity switch has never been realized, likely due to the strong thermodynamic
preference for alcohol elimination in the absence of specific reaction control. Furthermore, its acid-catalyzed asymmetric variant,
which would provide a straightforward route to enantioenriched chiral imines, has not been reported to date.

Chiral C3-disubstituted oxindole skeletons are ubiquitous core structures in numerous bioactive natural alkaloids and
pharmaceutical moleculesP’l. On the other hand, a desymmetrization strategy is a powerful synthetic tool for the construction of
all-carbon quaternary stereocenters!*>l. However, asymmetric catalytic synthesis of C3-disubstituted oxindole derivatives through a
desymmetrization approach has rarely been reported, especially by organocatalysis. In this regard, Liu, Kwon and coworkers
reported a transition-metal catalyzed desymmetrizing Staudinger—aza-Wittig reaction that enabled enantioselective construction of
3,3-disubstituted indolin-2-ones!°l. Sumiyoshi and co-workers reported a desymmetrizing lactamization of di-tert-butyl 2-alkyl-2-(2-
aminophenyl)malonates via intramolecular ester aminolysis catalyzed by chiral phosphoric acidl’l. This transformation delivered
C3-substituted oxindoles, yet extensive screening afforded only a maximum enantiomeric excess of 66% (Scheme 1B).

In connection with our ongoing research interest in the enantioselective desymmetrization of malonate derivatives!®!, we herein
present an organocatalytic ester aminolysis reaction delivering C3-quaternary oxindole derivatives (Scheme 1C). This transformation
preferentially follows a dehydration pathway instead of the conventional dealcoholation pathway, and exhibits excellent
enantioselectivity, high chemoselectivity, as well as a good substrate scope.
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A. The conventional reaction pathway of ester aminolysis via the dealcoholization, and our perspective on selective dehydration
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Scheme 1. Research status of ester aminolysis and our design blueprint.

2. Experimental section

Compounds 3. A suspension of 1 (0.05 mmol, 1.0 equiv.), 2h (10 mol%), and 5 A molecular sieves (15.0 mg) in CHCI; (0.5 mL) was stirred
in a dry sealed tube under argon. The reaction mixture was stirred at 25 °C for the indicated time under argon. After completion of
the reaction (monitored by TLC), the solvent was removed in vacuo. The residue was purified by column chromatography on silica
gel, eluting with petroleum ether/ethyl acetate (10:1, v/v) to afford the products 3 in 80-98% yields with 61-95% ee.

Compound 4b. 6 N HCI (0.075 mmol, 1.5 equiv.) was added to the solution of 3b (0.05 mmol, 1.0 equiv.) in THF (0.5 mL) at room
temperature. The mixture was stirred for 3 h at room temperature. After completion of the reaction (monitored by TLC), the solvent
was removed in vacuo. The residue was purified by column chromatography on silica gel, eluting with petroleum ether/ethyl acetate
(10:1, v/v) to give compound 4b in 94% yield (19.5 mg) with 89% ee as a white solid.

Compound 5. DIBAL-H (1.0 M in toluene, 0.1 mmol, 2.0 equiv.) was added to a solution of 4b (0.05 mmol, 1.0 equiv.) in anhydrous DCM
(0.5 mL) at -40 °C. The mixture was stirred at the same temperature for 2 h. After completion of the reaction (monitored by TLC), the
solvent was removed in vacuo. The residue was purified by column chromatography on silica gel, eluting with ethyl acetate to give
compound 5 in 70% yield (7.2 mg) with 87% ee as a colorless oil.

3. Results and Discussion

At the beginning, a series of alcohol-derived amino malonic esters were tested for the acid catalyzed ester aminolysis reaction, and
we found that the ester moiety derived from 2,4-dimethylpentan-3-ol stands out as the best in terms of enantioselectivity and yield
(Table S1). Subsequently, bis(2,4-dimethylpentan-3-yl) 2-(2-aminophenyl)-2-methylmalonate 1a was chosen as the model starting
material for the following reaction optimization. The preliminary reactions were performed in CHCI; (c 0.1 M) at room temperature
with chiral phosphoric acids (CPAs)® ! as catalysts and 5 A molecular sieves as additives (Table 1).

In the beginning, the chiral spirocyclic phosphoric acids 2a-2b were screened. After stirring for 15 h at ambient temperature, the
desired dehydrated product 3a was obtained with merely 8% yield with 54% ee, while most of the starting material remained
unconsumed. To our delight, catalyst 2b delivered the desired product 3a in 76% yield and 83% ee (entries 1 and 2). In both cases, the
alcohol-elimination product obtained in previous literaturel® was also detectable, yet formed in low yields (Table S2). We next
investigated a series of binaphthyl-derived phosphoric acids 2c-2f, among which catalysts bearing bulky 2,4,6-triisopropylphenyl and
2,4,6-tricyclohexylphenyl groups both exhibited promising reactivity and enantioselectivity (entries 3-6). Further screening of
8-H-substituted chiral phosphoric acids identified catalyst 2h as the optimal catalyst, affording product 3a in 91% isolated yield and
89% ee (entry 8). With the optimal catalyst identified, we subsequently screened the solvent effect. Chloroform was confirmed as the
optimal solvent, superior to toluene, dichloromethane, and 1,4-dioxane, all of which led to diminished yields (entry 8 vs entries 9-11).
The impact of molecular sieves was also explored. 5 A molecular sieves were essential for high yields and enantiocontrol, while 3 A
and 4 A molecular sieves substantially reduced reaction conversion (entry 8 vs entries 12-13). Temperature optimization revealed
that cooling the reaction to 0 °C maintained enantioselectivity but significantly retarded the reaction rate, whereas heating the
reaction mixture to 40 °C notably eroded stereochemical control (entries 14-15). Finally, the optimal reaction conditions were
identified as follows: 1a (1.0 equiv.), 2h (10 mol%), and 5 A molecular sieves in chloroform at 25 °C under an argon atmosphere.
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Table 1. Screening reaction conditions®.

iPr O (e} iPr

iPr OMB (®) iPr 2 (10 mol%)
NH, >
Solvent, Additives, T °C

1a 3a

Ar Ar Ar
o OO 2c Ar = 9-anthracene ‘O
O-p%"  2a Ar=246-Pr;CeH, o. /O 2d Ar=234,56-MesCq o, 0 29Ar=246-CysCet;

P. N
N -PS | 2e Ar=2,4,6-Cy;CqH,

OH LN
2b Ar = 9-anthracene o 0) = _
. OO OH 2F Ar = 2.4 6-PrsCeHs ‘ c OH 2h Ar = 2,4,6-iPr3CgH,
Ar Ar

3a (%)
Entry 2 Solvent T(°C) Additives

Yield® Eet
1 2a CHCl, 25 5A 8 54
2 2b CHCl5 25 5A 76 83
3 2c CHCl, 25 5A 90 68
4 2d CHCly 25 5A 9 62
5 2e CHCl, 25 5A 92 85
6 2f CHCl5 25 5A 86 86
7 2g CHCl, 25 5A 91 87
8 2h CHCly 25 5A 91 89
9 2h Tol 25 5A 81 80
10 2h DCM 25 5A 66 86
11 2h 1,4-Dixone 25 5A 76 86
12 2h CHCl5 25 3A 79 86
13 2h CHCl, 25 4A 84 86
14 2h CHCl5 0 5A 24 89
15 2h CHCl5 40 5A 90 82

° Standard conditions: 1a (0.05 mmol), 2 (10 mol%), additives (15 mg), solvent (c 0.1 M), sealed tube, argon, 15 h; ®: Isolated yields; & Determined by HPLC analysis;
M.S. = molecular sieves; Tol = toluene.

With the optimized conditions in hand, we next explored the substrate scope of this CPA-catalyzed enantioselective desymmetric
ester aminolysis (Figure 1). A wide range of 2-aminophenyl malonate derivatives bearing diverse substituents on the quaternary
carbon center were well tolerated under the standard conditions, providing the corresponding chiral C3-disubstituted indolenine
products in generally high yields and excellent enantioselectivities (3a-3t). Alkyl-substituted substrates, including methyl, n-propyl,
and benzyl groups, reacted smoothly to afford products 3a-3c in 91-97% yields with 89-91% ee. Aryl substituents with varying steric
and electronic properties were also investigated. Both ortho-substituted (methyl, fluoro) and para-substituted (fluoro, methoxy,
cyano, ester, trifluoromethyl) arenes were compatible, delivering the desired products 3d-3m in good to excellent yields (80-97%) and
enantioselectivities (87-94% ee). The transformation was also applicable to a naphthyl-substituted substrate, affording product 3n in
96% yield and 95% ee. Furthermore, the substrate scope was expanded to indolenine derivatives bearing phenyl, CO,Me, CF;, and OMe
substituents (30-3r), demonstrating good functional group compatibility. Although all these substrates reacted smoothly, diminished
enantioselectivity was observed for the phenyl-substituted derivative (30). Notably, owing to their low polarity, direct separation of
the enantiomers of products 3i, 30-3p via chiral HPLC was not feasible. Hydrolysis was therefore carried out prior to ee analysis. The
precursor of Horsfilinel!!l 3s was also efficiently prepared under optimized conditions, albeit with a slight drop in enantioselectivity.
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The diminished enantioselectivity may be attributed to steric hindrance arising from the N,N-dimethyl substituent. Unfavorable steric
repulsion between the substrate and catalyst interferes with the formation of critical hydrogen bonds, which are essential for
achieving efficient asymmetric catalysis. Furthermore, the corresponding six-membered-ring dihydroquinoline product 3t was
smoothly obtained in 89% yield with 64% ee upon prolonging the reaction time to six days under standard conditions.
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Figure 1. Substrate scope of enantioselective desymmetric ester aminolysis®. : Conditions: 1 (0.05 mmol), 2h (10 mol%), 5 A M.S. (15 mg), CHCl; (c 0.1 M), rt, 15 h, sealed

tube, argon; °: Fe value was determined after hydrolysis; ©: The reaction temperature was 40 °C; % 24 h; ©:48 h; . 6 d.
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The absolute configuration of 4f (CCDC 2430733) derived from hydrolysis of 3f was determined to be (R) by X-ray crystallography, and
the configurations of the other indolenines were assigned accordingly.

To verify the preparative utility of this catalytic desymmetrization, a gram-scale synthesis of 3b was successfully performed
(Figure 2a). The reaction of 2.5 mmol of 1b under the standard conditions proceeded smoothly to deliver product 3b in 94% isolated
yield (0.98 g) with 89% ee, demonstrating the good scalability and practicability of this method. Subsequently, we explored further
synthetic transformations of the enantioenriched indolenine product 3b (Figure 2b). Treatment of 3b with 6 N HCI in THF at room
temperature effected hydrolysis of the C2-isopropoxy group, furnishing the corresponding oxindole derivative 4b in 94% yield with
89% ee. Further reduction of 4b with DIBAL-H in anhydrous DCM at -40 °C afforded the primary alcohol product 5 in 70% yield, albeit
with a slight erosion of enantioselectivity (87% ee).

Pr O O iPr

N

o O)\iPr 2h (10 mol%)
Pr A _NH

2

(a) 5AM.S., CHCls, rt

iPr

1b
1.08 g, 2.5 mmol

o "Pr
6 N HCl mpr, O)\,Pr DIBAL-H =, pCH20H
(b) > - >
0
THF, rt o] anhydrous DCM, - 40 °C N
N H
H

3b 4b 5

94% yield, 89% ee 70% yield, 87% ee

Figure 2. Gram-scale and Synthetic transformations.

4. Conclusion

In conclusion, we report an organocatalytic enantioselective desymmetrizing intramolecular ester aminolysis to construct chiral
C3-disubstituted oxindoles. The reaction follows an unusual dehydration pathway distinct from conventional textbook mechanisms.
It tolerates diverse alkyl and aryl substituents and different functional groups. Gram-scale preparation and derivatization verify its
practical utility. This method not only offers practical access to enantioenriched oxindoles, but also advances the fundamental
understanding of ester aminolysis.
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