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T he enantioselective coupling of a C(sp 3 ) and a C(sp 2 ) is one of the most important tasks in organic synthesis, and the catalytic α-arylation of carbonyl compounds has emerged as a practical strategy. [START_REF] For | Metal-Catalyzed α-arylation of Carbonyl and related Molecules: Novel Trends in C-C Bond Formation by C-H Bond Functionalization[END_REF] However, despite its potential, the related direct enantioselective coupling of functionalized vinylic compounds is an important yet challenging synthetic task. 2 Few pioneer contributions concerned metal-catalyzed vinylation of ketone enolates or α-bromo carbonyls, with chiral palladium 2a-c or nickel 2d,e complexes, respectively. Complementarily, enantioselective organocatalytic α-vinylation of aldehydes with vinyl trifluoroborate salts 3a or vinyl iodonium triflates 3b is also e cient. In comparison with these traditional cross-coupling reactions, the well-established nucleophilic vinylic substitution (S N V) [START_REF] For | Recent Advances in Our Mechanistic Understanding of S N V Reactions[END_REF][START_REF] Fernandez | Reactivity in Nucleophilic Vinylic Substitution (S N V):S N Vπ versus S N Vσ Mechanistic Dichotomy[END_REF] is an alternative synthetic methodology which found only limited developments in the enantioselective version (Scheme 1a). 6 The first example was reported by Jørgensen and co-workers who forged enantioenriched vinyl-substituted all-carbon quaternary stereocenters by reaction between β-ketoesters 6a or β-cyanoesters 6b and (Z)-3chloro-1-arylprop-2-en-1-ones (Scheme 1a: LG = Cl) under phase-transfer catalysis. 6c The alternative use of nitroalkenes in an enantioselective S N V reaction was shown possible by Liu and Feng using chiral scandium catalysts, 6d and complementary organocatalytic activation was reported by Vila and Pedro in 2019 who used 4-substituted pyrazolones as nucleophiles with a bishydroquinine derived catalyst (Scheme 1a: LG = NO 2 ). 6e However, in this case, although the corresponding chiral alkenylpyrazolone adducts were obtained e ciently, only moderate enantiomeric excesses were reached. Hence, a highly enantioselective organocatalyzed S N V reaction with nitro-alkenes remains an unmet synthetic challenge that we wish to tackle using C6′ sterically congested cinchona alkaloids as catalysts. [START_REF] Bao | C6′ Steric Bulk of Cinchona Alkaloid Enables an Enantioselective Michael Addition/Annulation Sequence toward Pyranopyrazoles[END_REF] Oxindole represents an important structural motif found in many natural products and synthetic heterocycles with significant biological activities. 8 Among these, the 3-alkylidene-2-oxindoles and 3-disubstituted oxindoles are two intriguing and significant sca olds in drug discovery. 9 As shown in Scheme 1b, sunitinib [START_REF] Kimura | Hsp90 Inhibitor Geldanamycin Attenuates the Cytotoxicity of Sunitinib in Cardiomyocytes via Inhibition of the Autophagy Pathway[END_REF] and semaxanib [START_REF] Sun | Synthesis and Biological Evaluations of 3-Substituted Indolin-2-ones: A Novel Class of Tyrosine Kinase Inhibitors That Exhibit Selectivity toward Particular Receptor Tyrosine Kinases[END_REF] are used for the treatment of renal cell carcinoma, while SSR126768A 12 acts as a vasopressin and oxytocin receptor. In addition, terpeptin B is present in marine natural products possessing cytotoxicity against A549 cells. [START_REF] Lin | 1 H and 13 C NMR Assignments of Two New Indolic Enamide Diastereomers from a Mangrove Endophytic Fungus Aspergillus Sp[END_REF] In this regard, the design and development of novel methodology to construct sca olds featuring these two important moieties are interesting for both organic chemistry and medicinal chemistry.

Taking advantage of the S N V reaction, (E)-3-(nitromethylene)indolin-2-one 1 emerged as a useful precursor for the synthesis of 3-alkylidene-2-oxindoles, with the nitro group acting as a nucleofuge. Therefore, we envisioned that the cross coupling between the C(sp 3 ) of 3-substituted oxindoles 2 and the C(sp 2 ) of nitro olefins 1 could forge the desired bisoxindole derivatives 3 bearing a vinyl-substituted all-carbon quaternary stereocenter, triggered by the elimination of HNO 2 . However, the regioselectivity of this transformation might be di cult to control, as the reactivity at the αand β-positions of electrophile 1 is the balance of electron property and steric hindrance. 14 Previous studies have demonstrated that both of these positions are reactive toward nucleophilic partners. 15 In addition, even if the stereocontrol of the double bond geometry has been generally well-mastered in previous studies, the control of the enantioselectivity of this S N V reaction is much more challenging. 6d To test our hypothesis, the S N V reaction between nitroalkene 1a 16 and 3-benzyloxindole 2a was conducted in the presence of natural quinine Q1 (10 mol %) as the catalyst in dichloromethane as solvent. In addition, a stoichiometric amount of K 2 CO 3 was utilized to neutralize the equivalent of HNO 2 generated in situ. To our delight, the desired bisoxinole derivative 3a was obtained in 98% yield with moderate stereoselectivity (55% ee, 78:22 E/Z; Table 1,entry 1). This result encouraged us to further investigate the cinchona alkaloids derivatives as privileged catalysts. First, with cinchonidine Q2, and other well-defined bifunctional thiourea catalysts Q3 and squaramide catalyst Q4, the enantioselectivity decreased significantly to 46% ee (entries 2-4). In addition, neither the protection of the C9-OH group nor the replacement of the C9-OH group with sulfonamide allowed to improve the enantioselectivity (entries 5 and 6). All of these implied that the free C9-OH group is of vital importance in ensuring enantiocontrol of this S N V reaction presumably via an essential hydrogen-bonding interaction. Inspired by our previous work with C6′ steric bulk modified cinchona alkaloids, 7 also with the comparison of the ee values furnished by Q1 and Q2, we envisioned that modifying the substituent at C6′ may turn to be a promising avenue. Thus, a series of catalysts Q7-Q13 were examined to validate this hypothesis (entries 7-13). To our delight, with a large isopropyl group, catalyst Q8 dramatically enhanced the enantiomeric excess up to 78% with a 72% yield and an improved 92:8 E/Z diastereomeric ratio (entry 8). The highest 86% ee was obtained with the benzhydryloxy-substituted Q10 catalyst (entry 10). Further increasing the steric hindrance failed to improve the enantioselectivity, which proved the significance of C6′ steric bulk modification (entry 10 vs. entries 11-13). With Q10 as the choice of the catalyst, a brief examination of other reaction parameters, such as base and solvent, was investigated (see Tables S15 andS16 for details). Finally, decreasing the reaction temperature to -40 °C could give the corresponding S N V adducts in good yields with excellent enantioselectivity and E selectivity (entry 16, 98% yield, 95% ee, and 94:6 E/Z).

With the optimized reaction conditions in hand, the substrate scope of this S N V reaction was evaluated (Scheme 2). In general, a wide range of 3-alkenylbisoxindoles featuring quaternary stereogenic centers were delivered in high yields with excellent enantioselectivities and E/Z diastereoselectivities. The para-substitutions on the phenyl ring of 3benzylhydroxyindoles 2 were first tested, as represented by Me, OMe, CF 3 , Ph, and Br, providing the desired products in high yields with excellent levels of E/Z selectivities (Scheme 2, 3aa-3af). However, electron-withdrawing groups gave inferior enantioselectivity compared with electron-donating ones (3ab-3ac vs. 3ad-3ae). In comparison, the electron property had less influence on the stereoselectivity when the substituents were at the metaor ortho-positions (3ag-3al). In addition, the polycyclic aromatic, heteroaromatic, and alkyl substituents were all tolerated to a ord the desired products 3am-3ap in excellent yields and stereo-outcomes. Next, electron-donating substituents (OMe, Me) and electronwithdrawing substituents (F, Cl, Br) on the aromatic ring of the indole moiety were examined, giving the final products in high yields with excellent enantioselectivities and E/Z selectivities (3aq-3au). Following the broad generality of the 3-substituted oxindole component, the substrate scope with respect to the (E)-3-(nitromethylene)-oxindole partner was investigated. The substitution on the nitrogen with methyl or allylic groups a orded products 3ba and 3ca in 92% ee and 65% ee, respectively. These results implicated that the property of the substituents may possess significant influence on the stereoselectivity of this reaction. Further investigation proved that the di erent substituents on the phenyl ring provided significant variation of the enantioselectivity for compounds 3da-3ga. The observed instability of substituted (E)-3-(nitromethylene)-oxindole caused by the high electron deficiency of the C=C double bond may be responsible for the decrease in the enantioselectivity.

The easy preparation of the catalyst and the facility of this S N V reaction encouraged the conduct of a gram-scale synthesis of 3aa (Scheme 3), a ording the product in 86% yield with 90% ee and 90:10 E/Z. In addition, the Boc group could be easily removed in the presence of TFA to furnish the deprotected product 3ha in 75% yield with a maintained enantiopurity. The structure and absolute configuration of 3ha were confirmed to be S and E by X-ray di raction; thus, other products were assigned by analogy. [START_REF]See the Supporting Information for details of the crystallographic data[END_REF] Additionally, the electron-deficient C=C double bond embedded in the bis(oxindole) moiety opens an opportunity to undergo further transformation. As illustrated, the (3 + 2) cyclization of product 3aa with mercaptoacetaldehyde a orded spiro-indole sca old 5aa bearing four consecutive stereogenic centers in 82% yield with 10:1 dr without loss of the enantioselectivity. Moreover, the reduction of the double bond released the nucleophilicity of the C-3 position of the oxindole moiety. Therefore, the addition of NCS could trap the nucleophile to forge the product 4aa featuring two quaternary stereogenic centers in 67% yield, 3:1 dr and preserved 90% ee.

Based on the results of this S N V reaction, additional experiments were tested. As shown in Scheme 4a, the direct synthesis of 3ha with nitro olefin 1a and unprotected 3-benzyl oxindole 2h gave the product in only 60% yield and 54% ee. Furthermore, the benzyl protected 2i failed to a ord the corresponding product 3ia under optimal conditions. Thus, the Boc group with electron-withdrawing property at substrate 2 not only enhanced the reactivity but also improved the enantioselectivity of this S N V reaction. Consistent with these findings, a reasonable working-model 7 was proposed to explain the observed enantioselectivity in Scheme 3b. Simultaneous activation of both 1a and 2a via hydrogen bonding through complexation 7 facilitated the approach by the face of 2a in a highly enantioselective fashion to give intermediate 8. Presumably, both the bulky benzhydryl group and the Boc group were beneficial for the rigidity of complexation of 7. In addition, the retention of configuration during the substitution of the NO 2 can be rationalized through the addition-elimination mechanism (Scheme 4b). Following the first addition step, the resulting diastereomeric intermediates 8 were formed, which could undergo rapid elimination of HNO 2 to reform the C=C double bond via a transient formation of four diastereomers of 8. As shown in the red (resulting in E-selectivity) and blue (resulting in Zselectivity) boxes, the antiperiplanar alignment between the lone pair and the nitro group was required to facilitate the elimination step. The diastereocontrol of the carbon centers at 3′ and 4′ positions under optimal conditions via the first addition step may be responsible for the di erent E/Z selectivity observed. In summary, an e cient organocatalytic enantioselective S N V reaction between 3-substituted oxindoles and (E)-3-(nitromethylene)-oxindoles was developed. The resulting bisoxindole sca olds equipped with vinyl-substituted allcarbon quaternary stereocenters were furnished with high stereoselectivities. In addition, an easily accessible C6′ bulky substituted quinine derivative was proved to be an e cient catalyst for S N V reaction. Moreover, the synthetic transformation potential of the unsaturated double bond in the products further demonstrated the utility of the current methodology. The development of a novel S N V reaction and the biological evaluation of the related chemical entities are ongoing in our group.
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Scheme 2 .

 2 Scheme 2. Substrate Scope of the S N V Reaction Scheme 3. Gram-Scale Test and Synthetic Application

Table 1 .

 1 Optimization of Reaction Conditions a

	entry	cat.	solvent	yield (%) b	ee (%) c	E/Z d
	1	Q1	CH 2 Cl 2	98	55	78:22
	2	Q2	CH 2 Cl 2	90	46	83:17
	3	Q3	CH 2 Cl 2	58	4	89:11
	4	Q4	CH 2 Cl 2	86	21	84:16
	5	Q5	CH 2 Cl 2	79	14	91:9
	6	Q6	CH 2 Cl 2	80	4	90:10
	7	Q7	CH 2 Cl 2	95	46	89:11
	8	Q8	CH 2 Cl 2	72	78	92:8
	9	Q9	CH 2 Cl 2	92	84	96:4
	10	Q10	CH 2 Cl 2	98	86	90:10
	11	Q11	CH 2 Cl 2	98	83	96:4
	12	Q12	CH 2 Cl 2	92	73	91:9
	13	Q13	CH 2 Cl 2	93	72	87:13
	14	Q10	CHCl 3	90	88	93:7
	17	Q10	toluene	83	82	96:4
	18	Q10	EtOAc	94	30	91:9
	15 e 16 f	Q10 Q10	CHCl 3 CHCl 3	92 98	95 95	96:4 94:6

a Unless otherwise noted, reactions were conducted with 1a (0.75 mmol, 1.2 equiv), cat. (10 mol %), and 2a (0.05 mmol, 1.0 equiv) in solvent (1.0 mL, 0.05 M). The mixture was stirred for 24 h at 25 °C. b Isolated yield. c Determined by chiral HPLC analysis.

d 

Determined by

[START_REF] For | Metal-Catalyzed α-arylation of Carbonyl and related Molecules: Novel Trends in C-C Bond Formation by C-H Bond Functionalization[END_REF] 

H NMR of the crude reaction mixture. e -20 °C. f -40 °C.
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