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Abstract — The reaction of oxindole 1a with phenylprop-2-yn-1-one (2a) was
promoted by the chiral multifunctional phosphine catalyst 4a derived from
(8)-valine, giving spirooxindole 3a in good yield and high enantioselectivity. The
obtained spirooxindole forms a common scaffold of a vast number of natural

products exhibiting various biological activities.

The introduction of spirocycle, defined as a structure consisting of two perpendicular rings connected

through one atom, results in the formation of a rigid tetrahedral center. This rigidity of the spirocyclic

framework is expected to minimize the number of possible conformations, leading to high activities in

various therapeutic areas,' and achieving high stereoselectivities in asymmetric syntheses.? Due to these

distinct advantages associated with the spirocyclic skeleton, the asymmetric construction of spirocycles

poses an attractive synthetic challenge, contributing to the discovery of complex molecules and new
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Figure 1. Natural products and biologically active molecules containing the spirooxindole motif

In recent years, spirooxindoles have attracted much attention in the area of antiviral drug discovery and

development, owing to the high number of positive hits achieved by this scaffold."* In fact, spirooxindole

motifs are found in numerous natural products and biologically active molecules such as horsfiline,
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(+)-elacomine, and rychnophyline (Figure 1)."* Although significant progress has been made in the
asymmetric synthesis of diverse spirooxindoles, facile synthetic strategies capable of constructing
multiple chiral centers from readily available substrates are still in high demand.*

As part of our effort to explore enantioselective domino processes,” we were interested in designing
sequential reactions to access chiral spirooxindole motifs. We envisioned that chiral spirooxindole 3
could be readily accessed by the reaction of the a-substituted oxindole 1, bearing two potential
nucleophilic units (C and N as shown in Scheme 1), with ynone 2 via sequential additions to the ynone
B-position. If ynone 2 could be used as a Michael acceptor, the generated intermediate A would possess

one remaining degree of unsaturation, thereby enabling further incorporation of nucleophiles.
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Scheme 1. Enantioselective organocatalyzed sequential reaction of 1 and 2 to produce spirooxindoles 3
with multiple chiral centers

Table 1. Screening of organocatalysts for enantioselective sequential reaction

/NTs O

NHTs

chiral organocatalyst (20 mol%)

O
+ >
0 ///J\Ph toluene, —60 °C, 12 h
N

Boc 2a

1a

S, -

PPh, TsHN  PPh, TsHN  PPh,

PPh,
4a (X =Ts) 5 6
75%, 84% ee, dr =>20:1 34%, 8% ee, dr = >20:1 64%, rac, dr = >20:1

?r:c(;( =H) BINAP (X = PPh,)
53%, rac., dr = 9:1

OH ST Shi cat. (X = OH)

36%, 8% ee, dr = >20:1

p-Ph P

|
SITCP B-ICD 7 8 Ph
45%, 34% ee, dr = 3:2 15%, 3% ee, dr = 3:1 34%, 2% ee, dr = 3:1 19%, 34% ee, dr = 3:1

dReaction conditions: 1a (1.0 eq), 2a (1.24 eq), and chiral organocatalyst (20 mol%) in toluene at —60 °C
under No.
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We initially tested the reaction of 1a® (R! = Ts, R? = Boc), prepared from tryptamine, and commercially
available 2a (R® = Ph).” Among the reaction conditions screened (solvents,® temperature,” and chiral
organocatalysts), the best performance was achieved at —60 °C in toluene using the multifunctional
phosphine catalyst 4a'® derived from (S)-valine, furnishing the desired spirooxindole 3a'! in 75% yield
and 84% ee (Table 1). In contrast, low catalytic activity was observed for the free-amine catalyst 4b,
tert-leucine-derived phosphine catalyst 5,'% and cyclic organocatalyst 6. B-ICD'? bearing a Bronsted base
unit, and other phosphines such as BINAP, Shi catalyst,!*> SITCP,'* and catalysts 7-8 developed by
Kwon,"> some of which are known to mediate the enantioselective Morita—Baylis—Hillman (MBH) and
Rauhut-Currier (RC) reactions,'® also showed low enantioselectivities. These outcomes suggested that
delicate steric interactions and/or hydrogen bonding between the substrates and the catalyst are important

to promote the reaction with a high degree of enantiocontrol.
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Scheme 2. Proposed mechanism of the enantioselective organocatalyzed sequential reaction

Although the reaction mechanisms have been controversial, our proposed mechanism, shown in Scheme 2,
involves a 1,4-addition between phosphine 4a as a precatalyst and 2a to produce Int. I, which acts as a
Bronsted base to deprotonate the pro-nucleophile 1a, affording Int. IL!7 This allows the first
intermolecular Michael reaction between 2a and Int. II to afford Int. III, which then undergoes a proton
transfer to produce Int. I'V. Under the optimized conditions, the nucleophilic carbanion and the carbonyl
groups in Int. IV would interact with the phosphonium ion and the toluenesulfonamide unit, which

functions as a Brensted acid in the real catalyst, through ion-pairing and hydrogen bonding to promote
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asymmetric induction in the product.'® Thus, Int. IV undergoes an enantioselective intramolecular
Michael reaction, the following proton transfer produces compound 3a and regenerate Int. I.

In summary, we have developed a highly enantioselective sequential reaction producing a single
diastereomer of the natural product precursor 3a with up to 84% ee. Further investigation of the reaction
mechanism, scope, and applications to the synthesis of biologically active compounds is currently in

progress.
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