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Bi(lll)-Catalyzed Enantioselective
Allylation Reactions of Ketimines

Jie Wang," Qingxia Zhang," Biying Zhou,! Chen Yang,! Xin Li,"?* and Jin-Pei Cheng’

SUMMARY

Chiral homoallylic amines not only are found in pharmaceutically relevant compounds but also serve as
versatile building blocks for chemical synthesis. However, catalytic allylation of ketimines with allyl-
boronates, an attractive approach to synthesize chiral homoallylic amine scaffolds remain scarce.
Herein, we develop a highly enantioselective allylation of isatin-derived ketimines with boron allyla-
tion reagents catalyzed by a Bi(OAc)s-chiral phosphoric acid catalyst system. The reactions are remark-
ably efficient and mild, most of which were completed in less than an hour at room temperature with
only 1/2 mol% (Bi(OAc)3/CPA) catalyst loading. A wide range of chiral 3-allyl 3-aminooxindoles were
obtained in excellent yields and enantioselectivities. The synthetic utility was demonstrated by effi-
cient formal synthesis of (+)-AG-041R and (—)-psychotriasine. Preliminary mechanism was studied
by control experiments and theoretical calculations.

INTRODUCTION

Chiral homoallylic amines not only are widely found in natural products and pharmaceutically relevant com-
pounds (Guan et al., 2003; Ghosh et al., 2006) but also serve as versatile building blocks for chemical syn-
thesis (Scheme 1A) (Sirasani and Andrade, 2011; Lathrop et al., 2016). Therefore, the asymmetric synthesis
of chiral homoallylic amine scaffolds is of great interest in the organic chemistry community (Kumar et al.,
2016; Wan et al., 2017). In this context, the asymmetric addition reaction of allylboronates to imines has
been recognized as one of the most efficient methods for the construction of chiral homoallylic amines
(Kennedy and Hall, 2003; Yus et al., 2011; Huo et al., 2014). Compared with the additions of allylboronates
to aldimines (Lou et al., 2007; Lou and Schaus, 2008; Silverio et al., 2013; Wu et al., 2014; Jiang et al., 2017a,
2017b; Jiang and Schaus, 2017), the corresponding asymmetric allylation of ketimines remains scarce,
probably owing to the low reactivity of ketimines. Pioneering enantioselective allylation of acyclic ketimines
with allylboronates by using DuPHOS-CuF catalyst has been demonstrated in 2006 by Shibasaki group
(Scheme 1B) (Wada et al., 2006). In addition, Rh (and Co)-catalyzed enantioselective additions of potassium
allyltrifluoroborates to cyclic N-sulfonyl a-ketiminoesters were also reported (Scheme 1C) (Luo et al., 2012;
Hepburnetal., 2013; Hepburn and Lam, 2014; Wu et al., 2018). Very recently, Hoveyda reported NHC-CuCl
complex-catalyzed highly stereoselective additions of versatile allyl groups to N-H ketimines (Scheme 1D)
(Jangetal., 2017). Other methods involve using enantiomerically pure boron allylation reagent (Scheme 1E)
(Chen and Aggarwal, 2014) or chiral inducing amine alcohol reagent (Scheme 1F) (Tan et al., 2017). Despite
the mentioned achievements, several limitations, including high catalyst loading, long reaction time, harsh
reaction conditions, and limited substrates, remain vast challenges to this field. Furthermore, such en-
deavors have been relying on either the utilization of canonical transition metal catalysis or stoichiometric
chiral reagent. In consequence, the discovery of an efficient catalyst system that could enable the allylation
of ketimines by allylboronate reagents in a more efficient and stereoselective fashion would provide access
to chiral homoallylic amines in a sustainable manner.

Over the past few decades, chiral Lewis acid catalysis, a significant approach to obtain optically active
compounds, had been well developed (Yamamoto, 2000; Yamamoto and Futatsugi, 2005; Yamamoto
and Ishihara, 2008; Liu et al., 2011, 2014; Lv and Luo, 2013; Mlynarski, 2017). Although rare-earth metals,
the first-row transition metals, and boron-type compounds are the most popular Lewis acid catalysts,
the chiral alkaline-earth metal-based catalysts have also attracted ever-growing interest for meeting the
needs of green sustainable chemical synthesis (Hatano et al., 2010; Zhang et al., 2011; Zheng et al.,
2011; Li et al., 2013). Bismuth compounds, due to their low toxicity and non-corrosiveness, have always
been considered as suitable for designing environmentally benign catalysts (Bothwell et al., 2011; Salvador
et al., 2012; Ollevier, 2013; Ondet et al., 2017). However, the asymmetric bismuth catalysis remains a rela-
tively unexplored field (Wada et al., 1997; Kobayashi et al., 2005; Kobayashi and Ogawa, 2006; Koch and
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Scheme 1. Construction of Chiral Homoallylic Amines through Addition of Allylboronates to Ketimines
) Examples of biologically active homoallylamines.

B) Cu-catalyzed addition of allylboronates to ketimines.

C) Rh- or Co-catalyzed addition of allylboronates to ketimines.

D) Cu-catalyzed three-component reaction of N-H ketimines.

E) Addition of chiral allylboronates to ketimine.

F) Addition of allylboronates to ketimines controlled by chiral reagent.

G) Bi-catalyzed addition of allylboronates to ketimines.
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Peters, 2007, 2011; Lassauque et al., 2009; Mahajan et al., 2011; Li et al., 2012; Kitanosono et al., 2013; Iso-

mura et al., 2019). Thus, the development of efficient catalytic transformations using chiral bismuth system
is highly meaningful and desirable.

Chiral 3-amino-2-oxindole is an important structural motif in medicinally relevant compounds (Zhou et al.,
2010; Singh and Desta, 2012; Cao et al., 2018). Especially, the homoallylic aminooxindole derivatives not
only act directly as an inhibitor of HIV-1 protease (Scheme 1A) but also can be converted into aminooxin-
dole frameworks presented in alkaloids (Scheme 3B and 3C). In 2013, Nakamura demonstrated the enan-
tioselective allylation of isatin-derived ketimines catalyzed by Pd-pincer-complexes and AgF under strict
reaction conditions (—30°C) (Nakamura et al., 2013). In 2016, Cai group reported an enantioselective
In(OTf)s-catalyzed allylation of ketimines derived from isatins with highly toxic allyltributyltin; however,
this method is not suitable for the substrates with electron-withdrawing groups (Chen and Cai, 2016). Here-
in, we report a Bi(lll)-catalyzed asymmetric allylation of isatin-derived ketimines with allylboronates under

512 iScience 16, 511-523, June 28, 2019



iScience Cell

1€ - 4 DCM 64h nr. =

2° = 5a DCM 48 h 17 85.9:14.1
3 Bi(OAG)3 5a CHCly 20 min 99 87.9:12.1
4 Bi(OAQ)3 5b CHCl3 25 min 88 61.7:38.3
5 Bi(OAC)3 5¢ CHCly 40 min 98 75.3:24.7
6 Bi(OAQ)3 5d CHCl3 25 min 95 55.1:44.9
7 Bi(OAd)3 5e CHCly 25 min 92 50.4:49.6
8 Bi(OAQ)3 6a CHCl3 80 min 99 17.0:83.0
9 Bi(OAd); 5a DCM 20 min 89 86.0:14.0
10 Bi(OAC)3 5a Toluene 15 min 98 97.7:2.3
11 Bi(OAd)3 5a EA 15 min 96 98.3:1.7
12 Bi(OAQ)3 5a CH3CN 50 min 99 88.2:11.8
13 Bi(OAd)3 5a THF 75 min 93 97.0:3.0
14 Bi(OAc)3 5a Dioxane 45 min 99 96.6:3.4
15 Bi(OAd)3 5a Et,O 20 min 99 99.2:0.8
169 Bi(OAC)s 5a Et,O 35 min 96 99.1:0.9
7 Bi(OTh3 5a Et,O 24h 30 57.0:43.0
18¢ BiCl5 5a Et,O 24 h 27 53.9:46.1
19¢ BiBrs 5a Et,O 24h 81 52.6:47.4
20 Bils 5a Et,O 24 h 92 65.5:34.5
27 Bi(OH)s 5a Et,O 24h 20 94.8:5.2
22 Bi(O'Pr); 5a Et,O 60 h 94 94.9:5.1
23¢ Sc(OAQ)3 5a Et,O 72h <5 =

24¢ IN(OAC); 5a Et,O 72 h 31 55.4:44.6
25¢ Cu(OAC), 5a Et,O 52 h trace =

Table 1. Reaction Optimization
(Continued on next page)
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Entry LA CPA Solvent Time Yield*/% er’
26° AgOAc 5a Et,O 25 h 12 55.9:44.1
279 Y(OAQ); 5a Et,0 25 h trace =
28¢ La(OAc)s 5a Et,0 48 h 12 69.0:31.0

Table 1. Continued

The reactions were carried out with 1a (0.1 mmol), 2a (0.12 mmol), Bi(OACc)3 (2 mol%), and CPA (3 mol%) in 0.5 mL solvent at
room temperature.

?Yield of isolated products.

bDetermined by HPLC analysis.

“The reactions were carried out with 1a (0.1 mmol), 2a (0.12 mmol), 10 mol% catalyst in 0.5 mL DCM at room temperature.
9The reactions were carried out with 1a (0.2 mmol), 2a (0.24 mmol), Bi(OACQ)3 (1 mol%), and (S)-5a (2 mol%) in 1.0 mL Et,O at
room temperature.

rather mild reaction conditions (Scheme 1G). A wide range of chiral 3-allyl 3-aminooxindoles were smoothly
obtained in excellent yields with exceptional stereocontrol to forge the quaternary stereogenic carbon
centers (Scheme 1G).

RESULTS AND DISCUSSION
Optimization of the Reaction Conditions

Binaphthols have been proved to be efficient catalysts for the reactions of boronate with ketones (Lou et al.,
2006; Barnett et al., 2009; Alam et al., 2015) and aldimines (Lou et al., 2007; Lou and Schaus, 2008; Jiang
et al., 2017a, 2017b; Jiang and Schaus, 2017); we initially attempted the reaction of the isatin-derived
N-Boc-protected ketimine 1a and allylboronic acid pinacol ester 2a with binaphthol 4, yet catalyst 4 could
not promote this reaction (Table 1, entry 1). Then we turned our attention to chiral phosphoric acids, which
have also been considered as good catalysts to realize the allylboration of aldehydes (Jain and Antilla,
2010). Although chiral phosphoric acid (S)-5a indeed catalyzed the reaction to give product 3a with 85.9:
14.1 er, only 17% yield was obtained after 48h (Table 1, entry 2). The reactivity is obviously unsatisfactory.
We suspected that the Bransted acidity of chiral phosphoric acid is not strong enough to simultaneously
activate ketimine 1a and allylboronate 2a. Inspired by Luo’s asymmetric binary acid catalysis (Lv et al.,
2011, 2013; Hashimoto et al., 2013; Hatano et al., 2015; Wang et al., 2017; Zhang et al., 2017a) and the bis-
muth catalyzed allylation of para-quinone with allylboronate 2a developed by our group (Zhang et al.,
2017b), we proposed that this transformation was likely to be promoted by the BiXs-chiral phosphoric
acid catalyst system and the use of chiral phosphoric acid could ensure the stereochemistry of this process.
Gratifyingly, in the presence of (S)-5a and Bi(OAc)s, the model reaction gave product 3a in quantitative
yield with 87.9: 12.1 er (Table 1, entry 3). We then examined other (S)-BINOL chiral phosphoric acid with
Bi(OACc)3, but no better results were achieved (Table 1, entries 4-8). Screening of solvents (Table 1, entries
9-15) revealed that the reaction was favored in Et,O (Table 1, entry 15). When catalyst loading was lowered
to 1 mol% Bi(OAc)3 and 2 mol% (S)-5a, the yield (96%) and enantioselectivity (99.1: 0.9 er) essentially re-
mained the same in comparison with those with high catalyst loading (Table 1, entry 16). The counter anions
of Bi(lll) and different Lewis acids were also investigated in the model reaction. The use of other bismuth
salts resulted in either low reactivities or poor stereoselectivities (Table 1, entries 17-22). Exploring other
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Figure 1. Scope of Substituents on the Phenyl Ring
The reactions were carried out with 1 (0.2 mmol), 2a (0.24 mmol), Bi(OAc)3 (1 mol%), and (5)-5a (2 mol%) in 1.0 mL Et,O at room temperature. The absolute
configuration of the product was determined by X-ray analysis of 10. Isolated yields. The er values were determined by HPLC analysis.

metal acetates, including Sc(Ill), In(l1), and Y(Il), almost all showed poor catalytic activities (Table 1, entries
23-28). Thus, the optimal reaction conditions were finally determined to be 1 mol% Bi(OAc); and 2 mol%
(S)-5a in Et,0 (0.2 M) at room temperature (Table 1, entry 16).

Substrate Scope

We then explored the substrate scope of the allylation of isatin-derived ketimines under the optimal reac-
tion conditions. We first investigated the substituents on the phenyl ring of the isatin. As shown in Figure 1,
this protocol is amenable to most of N-Boc-protected ketimines derived from N-benzylisatins bearing elec-
tron-donating or electron-withdrawing substituents and halogen atoms on the phenyl ring, leading to chi-
ral 3-allyl 3-aminooxindole products (Figures 1, 3a-3p) in high yields (73%-99%) with good to excellent
enantioselectivities (91.7: 8.3-99.3: 0.7 er). However, electron-withdrawing substituents on the C5 and
C7 of the phenyl ring led to reduced stereoselectivities (Figure 1, 3g and 3p).

Subsequently, the effect of the protecting group at the N1-position were examined (Figure 2). To our
delight, the expected product 3q was afforded from ketimine 1q without protecting group on the N1-
atom in 99% yield and 85.1: 14.9 er. An elevated 98.8: 1.2 er was obtained after one single recrystallization
from ethyl acetate/n-pentane. In addition, isatin-derived ketimines with phenyl, acetyl, alkyl (R" = Me, allyl,
methoxymethyl or CH,CH(OEt);) at the N1-position, were also efficiently transformed into the

iScience 16, 511-523, June 28, 2019 515



iIScience Cell

NPG GPHN

Bi(OAC); (1 mol%) SNF
(0] + /\/B(pin) M. (0]
N Et,0 (0.2 M), rt N
R R
1 2a 3
BocHN
BocHN —y ocl oy BocHN g BocHN . _

e} o 0 0

N N N N

H Ph Me Allyl
3q, 1 h, 99% yield, 85.1:14.9 er 3r, 1h, 96% yield, 92.4:7.6 er 3s, 1h, 85% yield, 98.9:1.1 er 3t, 0.5 h, 99% yield,98.4:1.6 er
@8812erP
BocHN :
BocHN e BocHN Ry N . CbzHN SN

o) o o) : o

N N L : K

MOM CH,CH(OEt), Ac : Bn
3u, 0.8 h, 98% yield, 99.3:0.7 er 3v, 0.8 h, 99% yield, 99.5:0.5 er 3w, 2.5 h, 93% yield, 96.7:3.3 er 1 3ag, 0.8 h, 80% yield, 97.7:2.3 er
g BooHN, 2 : EIOLCHN

(0] (o] : (0]

: N

H Bn

' 3ah, 1h, 86% yield, 95.9:4.1 er

3x, G = Me, 1h, 99% yield, 98.5:1.5 er 3z, G=Me, 0.75h, 99% yield, 98.9:1.1er  3ab, G = Ve, 0.75 h, 99% yield, 98.6:14 er ! PIHRE e o2
3y, G=F, 1h, 98% yield, 99.3:0.7 er 3aa, G = F, 0.8 h, 98% yield, 98.1:1.9 er 3ac, G = "Bu, 1.3h, 87% yield, 98:2 er E o
3ad, G = Cl, 0.8 h, 99% yield, 98.6:1.4 er ! N
3ae, G = Br, 1 h, 99% yield, 98.7:1.3 er Bn

3af, G = CF5, 1 h, 97% yield, 97.1:2.9 er 3ai, 6 h, 98% yield, 94.1:5.9 er

Figure 2. Scope of Protecting Group at the N1-Position and Other N-Substituted Ketimines

The reactions were carried out with 1 (0.2 mmol), 2a (0.24 mmol), Bi(OAc)3 (1 mol%), and (S)-5a (2 mol%) in 1.0 mL Et,O at room temperature. Isolated yields.
The er values were determined by HPLC analysis.

The erin bracket was afforded after recrystallization from ethyl acetate/n-pentane.

corresponding allylic products (3r-3v) with good to excellent enantioselectivities (92.4: 7.6-99.5: 0.5 er).
When the substituents at the N1-position of ketimines 1 were substituted benzyl groups, we found that
the electron effect or the steric hindrance had almost no effect on the reaction results (Figure 2, 3x-3z
and 3aa-3af).

Furthermore, other N-alkoxycarbonyl ketimines can also react with 2a and give the products (3ag and 3ah)
in good yields and excellent enantioselectivities (Figure 2). And N-phenyl ketimine 1ai could also be trans-
formed into the corresponding allylation product 3ai under the optimal conditions in excellent yield (98%)
with good enantioselectivity (94.1:5.9 er).

To expand the scope of this Bi(OAc)3/CPA catalyzed asymmetric allylation method, some other ketimines
were also investigated (Scheme 2). To our delight, not only the cyclic N-sulfonyl a-ketiminoester 1aj but also
the N-Boc ketimine 1ak derived from pyrazolin-5-one could work smoothly under the optimal conditions
and give the desired products 3aj (Wu et al., 2018) and 3ak in excellent yields with good enantioselectiv-
ities. In addition, this catalytic system was also proved to be suitable for the asymmetric allylation of isatin
(Scheme 2) (Itoh et al., 2009).

Further exploration of the substrate scope was focused on the allyl boron reagent (Scheme 2). When po-
tassium allyltrifluoroborate and allyl boric acid were used, the corresponding product 3a was obtained
with 92.4:7.6 er and 93.1:6.9 er, respectively. It should be noted that this Bi(OAc);/CPA catalytic system
is applicable to a variety of boron allylation reagent, whereas previous reports are often limited to the
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Scheme 2. Other Ketimine Skeletons and Scope of Allyl Boron Reagent

Condition A: 1 (0.2 mmol), 2a (0.24 mmol), Bi(OAc); (1 mol%), and (S)-5a (2 mol%) in 1.0 mL Et,O at room temperature; Condition B: 1al (0.2 mmol), 2a
(0.24 mmol), Bi(OAc); (1 mol%), and (S)-6a (2 mol%) in 1.0 mL cyclohexane at room temperature. Isolated yields. The er values were determined by high-
performance liquid chromatography (HPLC) analysis.

particular one. The a-addition product 3am (91% yield, 5.8:1 d.r., and 96.6:3.4 er) resulted in the reaction of
1a and 2d. When B-methyl branch allylboronic acid pinacol ester reacted with 1a under the optimal condi-
tions, the desired product 3an was obtained in good yield (84%) with depressed enantioselectivity
(79.4:20.6 er). Moreover, the reaction of pinacolyl isoprenylboronate and ketimine 1a could also give the
desired product 3ao in good yield (69%) and moderate enantioselectivity (84.4:15.6 er).

Large-Scale Reaction and Synthetic Applications

To probe the efficiency of current asymmetric allylation strategy in preparative synthesis, a gram-scale re-
action of 1a and 2a was investigated under optimal reaction conditions. To our delight, the corresponding
product 3a was obtained without any loss of the enantioselectivity (Scheme 3A). To illustrate the applica-
bility of our method in organic synthesis, the product was applied to synthesize some pharmaceuticals and
N-containing heterocyclic oxindole compounds. Firstly, as shown in Scheme 3B, the allylation product 3a
underwent complete oxidation and reduction to give the compound 7. Compound 7 can be oxidized to an
aldehyde intermediate and provided key compound 8 by reductive amination, which can be converted to
(—)-psychotriasine (Dai et al., 2017). Compound 3a underwent hydroboration-oxidation followed by an in-
tramolecular Mitsunobu reaction to afford spirocyclic amine 10 (98.7:1.3 er). The N-allylation of 3a can also
offer product 11 in high yield, and its ring-closing metathesis gave spirocyclic amine 12 in high yield with
maintained er value by using Grubbs second catalyst. In addition, the B-amino ester 13 was afforded by
oxidation of 3a followed by esterification. Boc removal followed by cyclization led to spiro-B-lactam 15
in 67% yield and 98.8:1.2 er. Thereafter, oxidation of 3v followed by an esterification afforded compound
16 without any loss of enantioselectivity (99.6:0.4 er). And the compound 16 could be transformed into
(+)-AG-041R, which is a potent gastrin/CCK-B receptor antagonist (Scheme 3C) (Sato et al., 2009).

Mechanistic Considerations

We performed control experiments to investigate whether bismuth acetate and chiral phosphoric acid
work in a synergic manner on the activity and enantioselectivity of the asymmetric allylation (Table 2).
The reaction proceeded smoothly in the presence of Bi(OAc); and gave a racemic product (Table 2, entry
1). When only chiral phosphoric acid (S)-5a existed, 14% yield and 62.4: 37.6 er could be achieved in 48 h
(Table 2, entry 2). Considering that the hydrolysis of Bi(OAc); produces acetic acid, we performed the re-
action under the condition of only 2 mol% AcOH, and 12% racemic product could be given (Table 2, entry 3).
If adding 3 mol% (S)-5a on the basis of condition C, we could afford the product in 17% yield with 71.6: 28.4
erin 48 h (Table 2, entry 4). Therefore, the effect of Lewis acid’s hydrolysis on the reaction results could be
excluded. These experimental results demonstrated that the reactivity and stereoselectivity should be
controlled by Bi(OAc); and chiral phosphoric acid together.
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Scheme 3. Large-Scale Reaction and Transformations of the Products

(A) The gram-scale reaction.

(B) The versatile transforms of 3a.

(C) The formal synthesis of (+)-AG-041R.

Reagents and conditions: (a) KMnQy, NalOy4, H,O, room temperature, 2 d; (b) EtsN, CICO,Et, THF, —10°C, 1 h; (c) NaBHy4, H,O, 0°C to room temperature, 4 h;
(d) DMP, NaHCO3, DCM, room temperature, 1 h; () CH3NH,+HCI, EtsN, MgSO,4, MeOH, room temperature, overnight, then NaBH,4, 0°C; (f) 9-BBN, THF, 0°C
to room temperature, 24 h; (g) AcONa, H,O, (30% ag.), 0°C to room temperature, 5 h; (h) Ph3P, DEAD, DCM, 0°C to room temperature, overnight; (i) NaH,
DMF, Allyl bromide, room temperature, 30 min; (j) Grubbs second, toluene, 60°C, 20 min; (k) Mel, Cs,CO3, CH3CN, room temperature, 8 h; (I) TFA, DCM,
room temperature, 3 h; (m) 2 M NaOH (aq.), MeOH, 2 h; (n) MsCl, NaHCO3, CH;CN, 80°C, 18 h.

Preliminary experiments were conducted to illustrate the mechanism of the Bi(OAc)s/CPA catalytic system.
ESI-MS experiment (cationic mode) gave two peaks m/z 1027.27 and 1728.45 corresponding to 5a«Bi(OAc),
and (5a),+Bi(OAQ); (for details, see Supplemental Information). A positive nonlinear effect between the catalyst's
ervalue and product’s ervalue was observed under optimal reaction conditions (Figure 3) (Liu et al., 2011; Wang
et al., 2017), which indicates that more than one molecule of the chiral acid (S)-5a is likely to be involved in the
transition state of the enantio-differentiating step. The a-selectivity was observed with 1-methylallylboronic
acid pinacol ester (Scheme 2, substrate scope part); thus, we speculated that the reaction should occur through
a B-to-Bi transmetalation process (Chakrabarti et al., 2010).
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Table 2. Control Experiments

The mechanism of the catalytic system has been further investigated by theoretical calculations (for compu-
tational details, see Supplemental Information). Two mechanistic possibilities that differ by the coordina-
tion number were considered. A single CPA ligand is present in M1, whereas two chiral ligands are present
in M2 (Figure 4). Mechanism M1 can be discarded based on the large energy barrier (at least 6.1 kcal/mol
unfavorable) in which the single CPA served as a typical anionic ligand. Two CPA ligands perform different
roles in M2, in which one serves as a typical anionic ligand and the other performs as a neutral ligand and
acid catalyst simultaneously. We have examined different relative orientations of substrate 1q and Bi-allyl
species (details in the Supplemental Information), and the most stable TSs corresponding to the structure
was shown (M2 in Figure 4). On examination of TS-2p-(R), we found that the C=0O group of the ketimine is
coordinated with the Bi and the C=N group is activated by the proton of phosphoric acid simultaneously. In
the most stable TS-2P-(R), substrate 1q is oriented with the bulky Boc group into an open quadrant of the
catalyst and TS-2P-(S) with the bulky Boc group toward the catalyst lying 1.1 kcal/mol above the most
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Figure 3. Nonlinear Effect Experiment
For the major diastereomer, determined by HPLC analysis on a chiral stationary phase, averaged over two runs (see also
Table S3).
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See also Figures S167-5170; and Tables S3 and S4-S10.
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stable TS. Calculations predict 86.5: 13.5 er for the (R)-product, which is consistent well with experimental
85.1: 14.9 er.

Limitations of Study

The reaction only gave poor yield (30%) and poor enantioselectivity (57.0:43.0 er) with the widely used
Bi(OTf);3 instead of Bi(OAc)3 (Table 1, entry 17).

Conclusion

In summary, we have developed a highly efficient and enantioselective asymmetric allylation of isatin-
derived ketimines with allylboronates promoted by a binary acid system containing bismuth acetate
and chiral phosphoric acid. As far as we know, this is the first successful application of the catalyst
system of Bi(lll) Lewis acid and chiral phosphoric acid in asymmetric catalysis. This is an unreported cat-
alytic system in asymmetric allylation of ketimines. As a result, a series of chiral 3-allyl 3-aminooxindoles
were obtained in excellent yields (up to 99%) and enantioselectivities (up to 99.5: 0.5 er). The synthetic
utility was demonstrated not only by formal synthesis of (+)-AG-041R and (—)-psychotriasine but also
by the transformation of the allylation products into valuable chiral 3-spirocyclic oxindoles. Preliminary
mechanism study by control experiments and theoretical calculations shows that two chiral phosphoric
acids, in which one serves as an anionic ligand and the other performs as a neutral ligand and acid catalyst
simultaneously, have participated in this allylation strategy. We anticipate that this work will provide a
broad prospect for the future application of bismuth in asymmetric catalysis.

METHODS

All methods can be found in the accompanying Transparent Methods supplemental file.

DATA AND SOFTWARE AVAILABILITY

The crystallography data have been deposited at the Cambridge Crystallographic Data Center (CCDC) un-
der accession number CCDC: 1849656 (10) and can be obtained free of charge from www.ccdc.cam.ac.uk/
getstructures.
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Figure S2. *C NMR spectrum of 1h, related to Figure 1.
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Figure S3. *H NMR spectrum of 1i, related to Figure 1.
29 = < P
EE 3 S
W
NBoc
| 0]
F M
Bn
1i
|
I
[} |
| ]
T .
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 -10

Figure S4. *C NMR spectrum of 1i, related to Figure 1.
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Figure S5. *H NMR spectrum of 3a, related to Figure 1.
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<Chromatogram>

FAHPLC data\W.\ 4 3 4k \N-Bocli IF Vi 45 4 hE\Wwj-model-IC-1-4-rac.lcd

mvy
] S Det.A Ch1
400+ e
_ BocHN _ &
300+ 0 -
N
] \
200+ Bn
3a
1003 Racemic
0 A ; L 4
1 T T T T T T T T I T T T T T T T T l T T T T T T T T T T L]
0.0 25 5.0 7.5 10.0 125 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
| 9.781 7831520 382177 49.829 55.942
2 11.877 T8R5251 300990 50.171 44.058
Total 15716771 683166 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\i 74 5 1L \N-BocHi IF [\ P40 kg \wj-model-IC-1-4-chral.lcd
mVy
Det.A Ch1
7 P
&
BocHN -
) o P4
500 SN
1 @)
1 N
i \
Bn
250+ 3a
1 (=2
1 3
0 - ! T 4
N s s e e B e e e B s e e e o e e e S e
0.0 2.5 5.0 75 10.0 12.5 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
| 9.819 119600 6031 0.816 1.080
2 11.907 14538536 552328 99.184 98.920
Totall 14658136 558359 100.000 100.000

Figure S7. HPLC spectrum of 3a, related to Figure 1.



<Chromatogram>

FAHPLC datal\WJVk 5 L \N-Boc i 17 i\ #h 72 £diEV AT Al \model-KBF3-IC-1-4-chiral-C.lcd

my
] Det.A Ch1
400 BocHN _ £
W d
] A~ BFK NI 2
300 0
B N
- \
1 2b Bn
2001 3a
100-] o
] g
0 1 e~ /\ 4 'y
T T
——T 71— T —T —— —
0.0 25 5.0 7.5 10.0 12.5 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 11.090 793018 34977 7.641 9.527
2 13.217 9585727 332141 92.359 90.473
Total 10378746 367118 100.000 100.000

Figure S8. HPLC spectrum of 3a, related to Scheme 2.

<Chromatogram>

FAHPLC data\WJ\KE P AL f£\N-Boc i T 2\ 72 £\ Al Hl\model-BOH-1C-1-4-chiral-B.lcd

mYy
] Det.A Ch1
4007 BocHN 3
] ‘\\\\\/ o
] _~_BOH), _, o
300 N
b \
1 2c Bn
] 3a
200+
100 %
] g
0 — i T L
—T— — —TT— ——T
0.0 25 5.0 7.5 10.0 12.5 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 11.036 T50656 33476 6.912 8.638
2 13.144 10109786 354061 93.088 91.362
Total 10860441 387537 100.000 100.000

Figure S9. HPLC spectrum of 3a, related to Scheme 2.
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Figure S10. *H NMR spectrum of 3b, related to Figure 1.
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Figure S11. *C NMR spectrum of 3b, related to Figure 1.



<Chromatogram>

FAHPLC data\WJVid 55 \N-Boc A 1F AR 404 £ \wi-5-Me-IC-1-4-rac.lcd

mV

750 DetLA Chi
] ©
BocHN 2
Me F -
_ o N
5°°t :
Bn
3b
) Racemic
250
0- AN, 4 '
— T T T T T T T LA B s s S e s e e e B R A
0.0 25 5.0 7.5 10.0 12.5 15.0 175
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %%
1 11618 16282441 581059 49.728 57.647
2 15.241 16460497 426907 50.272 42.353
Totall 32742938 1007966 100.000 100.000
<Chromatogram>
FAHPLC data\WJVia 14 25 1k \N-Boc i 1F i\ 414 i€ \wj-5-Me-1C-1-4-chral.Icd
mVy
- Det.A Ch1
BocHN E
500 Me SN 2
o
N
\
Bn
3b
250+
o
g
0 e T =4 4
— T T T T —T S e e L o e e e e e T B e
0.0 25 5.0 7.5 10.0 12.5 15.0 175
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
| 11.629 146686 5430 0.781 1.103
2 15.209 18644249 486870 99.219 98.897
Totall 18790934 492300 100.000 100.000

Figure S12. HPLC spectrum of 3b, related to Figure 1.
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Figure S13. *H NMR spectrum of 3c, related to Figure 1.
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<Chromatogram>

FAHPLC data\WJ\l: P4 2 AEAN-Boc i TF [\ 44 i wj-5-OMe-IC-1-4-rac.lcd

mV
500 DetA Ch
1 o™
i &
400+ BocHN _ @ -
MeO &
i fe) w
300—_ N\
] Bn
200—_ 3c
] Racemic
100+
S Y W .
) T T T T I T T T T I T T T I T T T l T T T I T T T I T T I T T T
0.0 25 5.0 7.5 10.0 125 15.0 17.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 13.292 11716455 373135 50.059 54318
2 15.341 11688663 313816 49941 45.682
Total 23405118 686951 100.000 100.000
<Chromatogram>
FAHPLC datalWJ\KS 4 AL 18 \N-Boc i 11 i\ #1460 £ \wj-5-OMe-1C-1-4-chral.led
mV
750 2 Det.A Ch1
: &
BocHN e
MeO WNF
1 (6]
500+ N
\
1 Bn
3c
250
3
3]
_ o .
0 4
T T T T | T T I T T T l T T T l T T T I T IT I T T T T L) T
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 13.269 173506 6057 0.718 0.937
2 15.255 23984030 640040 99.282 99.063
Totall 24157535 646096 100.000 100.000

Figure S15. HPLC spectrum of 3c, related to Figure 1.
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Figure S16. *H NMR spectrum of 3d, related to Figure 1.
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Figure S17. *C NMR spectrum of 3d, related to Figure 1.



12573

BocHN e~

Bn
3d

T T T T T
20 =300 40 -50 60 -70 -0 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220

Figure S18. *°F NMR spectrum of 3d, related to Figure 1.




<Chromatogram>

FAHPLC data\WJ\i: A 56 { L \N-BocHi IF &\ 40 18 \wj-5-F-IC-1-4-rac.lcd

m\/
Det.A Ch1
o~
3
P~
] BocHN &
500 @
N
\
Bn
2504 3d
| Racemic
0 ¥ * 4
T T T T T T T T T T T T T T T
0.0 2.5 5.0 7.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 7.342 9137475 369876 49964 53.685
2 B.284 9150762 491647 50.036 46.315
Totall 18288237 1061523 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\ 4 3 AL \N-Boc il iF &V 49 3 Jig\wj-5-F-1C-1-4-chral.lcd
mV 4000
i © Det.A Ch1
™
BocHN . «
?50—_ o
N
\
1 Bn
500
E 3d
250
3
0 i g -
T T T T T T T T T T T - T T T
0.0 25 5.0 7.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 7.347 617290 40215 3.633 4.495
2 8.276 16372288 854517 96.367 95.505
Totall 16989577 894732 100.000 100.000

Figure S19. HPLC spectrum of 3d, related to Figure 1.
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Figure S20. *H NMR spectrum of 3e, related to Figure 1.
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Figure S21. *C NMR spectrum of 3e, related to Figure 1.



<Chromatogram>

FAHPLC data\WJVki 74 5 1k \N-Boc i 11\ #4 i£\wj-5-Cl-1C-1-4-rac.lcd

mV

5007 DetA Chi
: BocHN -
400 cl = £
] o %
i N ~
300+ \
] Bn
200 3e
. Racemic
100
0 SN . ¥ "
T T T T T T T T T T T T T T T
0.0 25 5.0 7.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
| 6.771 5545149 372312 49.864 54.146
2 7.653 5575393 315292 50.136 45.854
Total 11120541 687604 100.000 100.000
<Chromatogram>
FAHPLC datatWJ\E 74 24k \N-Boc i 17 FEVE #14 & \wj-5-Cl-IC-1-4-chral.lcd
mV
1250+ Det.A Ch1
: g
1 BocHN ~
1000 Cl %
750 N\
] Bn
500
] 3e
250
1 2
] o
0] T Jﬂr
T T T T T T T T T T T T T T
0.0 25 5.0 7.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 6.782 655125 41787 3.381 3.978
2 71.646 18721443 1008681 96.619 96.022
Total 19376568 1050468 100.000 100.000

Figure S22. HPLC spectrum of 3e, related to Figure 1.
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Figure S23. 'H NMR spectrum of 3f, related to Figure 1.
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Figure S24. *C NMR spectrum of 3f, related to Figure 1.



<Chromatogram>

FAHPLC data\WJ\id 4 2 L \N-Bocli IF [\ 4 44 i£\wj-5-Br-1C-1-4-rac.lcd

mV
15007 DetA Ch
BocHN
Br = 5
] o © 2
~
1 000—- N\
Bn
| 3f
500 Racemic
0 T
T T T T T T T r T T T T T T
0.0 25 5.0 7.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 6.871 17830706 1101053 49.348 52910
2 7.709 18301868 979940 30.652 47.090
Totall 36132573 2080993 100.000 100.000
<Chromatogram>
FAHPLC data\WuJ\i: 5L \N-Boc il 17 B2V 4% 47 )12 \wj-5-Br-1C-1-4-chral.led
MV 1250
1 Q Det.A Ch1
. P
] ~
] BocHN
1000 Br R4
750 N
1 \
] Bn
500 3f
250
. 2
. L=
0- . :
T T T T T T T T T T T T T T
0.0 25 5.0 7.5
min
1 DetA Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 6.891 566074 39649 2.640 3.503
2 7.723 20873260 1092125 97.360 96.497
Totall 21439334 1131775 100.000 100.000

Figure S25. HPLC spectrum of 3f, related to Figure 1.
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Figure S26. *H NMR spectrum of 3g, related to Figure 1.
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Figure S27. *C NMR spectrum of 3g, related to Figure 1.



<Chromatogram>

F:\HPLC data\W.J\i: P 1 fE\N-BocHi WP [\ 72 i\ il HI\6-NO2-1C-1-9-RAC.lcd

m\V/
1 = Det.A Ch1
300 BocHN o
b 02N / §
4 =
| (0] -
200- N
— \
| Bn
p 3g
1004 Racemic
° : - *
- Tt 7T T
0.0 25 5.0 75 10.0 125 15.0 17.5 20.0 225
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 16.138 11397732 291417 49.907 54.334
2 19.006 11440113 244925 50.093 45.666
Total 22837845 536341 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\id: P4 44k \N-Bocil MF i\ #h 78 4\ i) HI\6-NO2-1C-1-9-chiral.lcd
mV
1 ] Det.A Ch1
1 o
3007 BocHN _
] O,N
) (0]
200 N
] Bn
] 39
100
1 2
J S
] 2
M
0 Jrr 4
1T 7T 7] "7
0.0 25 5.0 75 10.0 125 15.0 17.5 20.0 225
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 16.123 11103910 307135 93.768 94.612
2 15.070 737944 17491 6.232 5.388
Total 11841853 324626 100.000 100.000

Figure S28. HPLC spectrum of 3g, related to Figure 1.
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Figure S29. *H NMR spectrum of 3h, related to Figure 1.
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Figure S30. *C NMR spectrum of 3h, related to Figure 1.



<Chromatogram>

FAHPLC data\WJ\i 14 3 {5 \N-Boci ¥F [\ 494 i \wj-6-OMe-IC-1-4-RAC .lcd

m\/
- Det.A Ch1
=
500 ¢
&
o
=
250+
Y o NN LN
0 S\ T ¥
e L e e e e e e e e L e e e e e IS s —
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 12.185 13505010 479790 49.984 55237
2 14.232 13513505 388806 50,016 44.763
Totall 27018516 868595 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\i#: P4 5 £k \N-Boc fid ¢ i\ i #146 fi\wj-6-OMe-1C-1-4-chral.lcd
MV 500
! - Det. A Ch1
] S
=
400-] BocHN S~
300 MeO N
Bn
200 3h
100
; 8
_ o
0 e T - 4
) T T T T T T T I T T I T T T I T T I T I T I
0.0 25 5.0 7.5 10.0 125 15.0 17.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %o
1 12.221 135115 5318 0.953 1.280
2 14.231 14036166 410217 99.047 98.720
Total 14171282 415535 100.000 100.000

Figure S31. HPLC spectrum of 3h, related to Figure 1.
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Figure S32. 'H NMR spectrum of 3i, related to Figure 1.
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Figure S33. *C NMR spectrum of 3i, related to Figure 1.
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Figure S34. F NMR spectrum of 3i, related to Figure 1.



<Chromatogram>

FAHPLC data\WUJVi P4 246 \N-Boc i JF iV 49141 £ \wj-6-F-1C-1-4-rac.lcd

7507 DetA Chi
. BocHN _ 5
] &
500- 0 =
| F N\
] Bn
] 3i
250—_ Racemic
0 T =
- - - - T - T - T -
0.0 25 5.0 7.5 10.0
min
1 Det. A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 7.071 9091672 583929 49.713 55.233
2 8.429 9196519 473286 50.287 44767
Totall 18288191 1057215 100.000 100.000
<Chromatogram>
F:AHPLC data\WJ\i: 74 3 1L \N-Boc il 1F fiiz e 494 Ji#\wj-6-F -IC-1-4-chral led
mV
750— - Det.A Ch1
1 3
BocHN “
“\\\\/
500 0
| F N\
Bn
] 3i
250
-
; 2
b
0 T_.ﬁ._.b
r T r r T r T T T T T T T T T T T T
0.0 25 5.0 7.5 10.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 7.094 166174 11228 1.284 1.685
2 8.447 12780136 655072 98.716 98315
Totall 12946310 666300 100.000 100.000

Figure S35. HPLC spectrum of 3i, related to Figure 1.
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Figure S36. *H NMR spectrum of 3j, related to Figure 1.
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Figure S37. *C NMR spectrum of 3j, related to Figure 1.



<Chromatogram>

FAHPLC data\WJVi P 511 \N-Boc i 17 Vi #791 Fit \wj-6-CI-1C-1-4-rac.lcd

mV
BocHN 2 Det.A Ch1
] oc 3
1000 = g
] (0]
750-] Cl N
] Bn
500- 3
] Racemic
250
8 . <
T T T T T T T T T T T T T T
0.0 25 5.0 7.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 6.569 15593579 1060371 49.377 53.754
2 7.659 15987190 912266 50.623 46.246
Total 31580768 1972637 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\ 4 2 1k \N-Bocid T &V 214 it \wj-6-Cl-IC-1-4-chral.lcd
mV
o Det.A Ch1
. BocHN N
750- SN
] of N
500 Bn
3
250+
] =
i
1 o
0 T
r r T r r T T r r T r T r
0.0 25 5.0 75
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 6.571 355176 24346 2461 2.870
2 7.652 14076376 324049 97.539 97.130
Total 14431552 348394 100.000 100.000

Figure S38. HPLC spectrum of 3j, related to Figure 1.
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Figure S39. 'H NMR spectrum of 3k, related to Figure 1.
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Figure S40. *C NMR spectrum of 3k, related to Figure 1.



<Chromatogram>

FAHPLC data\WJ\id 74 21 L\N-BocHi ¥ [\ 49047 iz \wi-6-Br-1C-1-4-rac.lcd

mV
750— BochN E Det.A Ch1
| oc o
= o
8
] 0 "
500- Br N
l Bn
_ 3k
250 Racemic
] 4
0 T T
r r T T T r r T r T r T r
0.0 25 5.0 75
min
1 Det. A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 6.618 0766618 689284 49.458 54.676
2 7.660 9980695 571382 50.542 45324
Total 19747313 1260666 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\E % 55 (L \N-Boc i WF 1\ 43 )12 \wj-6-Br-1C-1-4-chral.lcd
mV
750- g Det.A Ch1
h ~
1 BocHN e~
500 N o
1 Br \
. Bn
] 3k
250+
] 8
: ©
w0
0 T T
T T T T T T T T T T T T T T
0.0 25 5.0 7.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %o
1 6.635 184844 13503 1.414 1.790
2 7.680 12885529 740900 98.586 98.210
Total 13070373 754403 100.000 100.000

Figure S41. HPLC spectrum of 3k, related to Figure 1.
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Figure S42. 'H NMR spectrum of 3I, related to Figure 1.
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Figure S43. *C NMR spectrum of 3l, related to Figure 1.



F1500

-6244

1400
1300
BocHN -—120{}

o) F1100

F5;C N\ -—10{){}

3l

T T
10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100  -110  -120  -130

Figure S44. F NMR spectrum of 3|, related to Figure 1.



<Chromatogram>

FAHPLC data\WJ\ 4 A5 AL \N-BocEi IF [\ #1 72 £45\ 7] H\6-CF 3-IC-1-4-rac.led

mV
] § Det.A Ch1
] v ]
507 BocHN s
] =
500 FsC N
] Bn
] 3l
250 Racemic
0 A— .
. . T - . . T - . . - T - . .
0.0 2.5 5.0 7.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 5.263 8666069 787903 49.257 52.381
2 5.726 8927584 716275 50.743 47.619
Total 17593652 1504177 100.000 100.000
<Chromatogram>
FAHPLC data\WJVi 4 B AL \N-Boc i 17 Vi 78 i \n] H\6-CGF3-1C-1-4-chiral.lcd
™V 1000
] N Det.A Ch1
~
] BocHN ”
4 o\ /
750 N
] 0]
] FsC N
500 Bn
1 3l
250+
] 8
1 ]
. S
0.0 2.5 5.0 7.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 5.260 140188 14672 1.217 1.603
2 5.721 11382069 900525 98.783 98.397
Total 11522257 915196 100.000 100.000

Figure S45. HPLC spectrum of 3l, related to Figure 1.
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Figure S47. *C NMR spectrum of 3m, related to Figure 1.



<Chromatogram>

FAHPLC datatWJ\i 1 22 { L \N-Boc i TF [\ 24 i€ \wi-7-Me-IC-1-4-rac.lcd

mV
2 Det.A Ch1
500 BocHN 2
oC h
P
]
\ o
Me Bn =
250
3m
Racemic
0 _ S T ' T 4
— T T T —T —T T T T T T T T
0.0 25 5.0 7.5 10.0 125 15.0 17.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 10.598 11329291 472367 49.839 62.522
2 15.569 11402366 283156 50.161 37.478
Totall 22731657 755523 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\l# 4 251 F\N-Boci ¥F fE 4940 #\wj-7-Me-IC-1-4-chral.lcd
mvV
| = Det.A Ch1
: BocHN w
750 NN 2
. (0]
' N
500 Me Bn
] 3m
250
- o«
: g
1 S
0 _T/\._.L r s
—T — —T T 7 —
0.0 25 50 75 10.0 125 15.0 17.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 10.603 683820 29574 2223 3.821
2 15478 30080164 744467 97.777 96.179
Totall 30763984 774042 100.000 100.000

Figure S48. HPLC spectrum of 3m, related to Figure 1.
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Figure S49. 'H NMR spectrum of 3n, related to Figure 1.
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Figure S50. *C NMR spectrum of 3n, related to Figure 1.



<Chromatogram>

FAHPLC data\WJbi: 4 5 {1+ \N-Boc i [V #1411 £ \wij-7-Cl-1C-1-4-rac.lcd

mV
| ] Det.A Ch1
1 BocHN <
750+ =
3 2
J \ @
500 ci Bn
1 3n
. Racemic
250+
0 S - & —
T T T T T T T T T T T T T
0.0 25 50 75 10.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 6.756 11877544 793799 49.478 59.810
2 9.339 12128051 533413 50.522 40.190
Total 24005595 1327212 100.000 100.000
<Chromatogram>
F:\HPLC data\WJ\ 14 AL \N-BocffE 17 FiVE #9140 f#\wj-7-Cl-IC-1-4-chral.led
mV
Det.A Ch1
' 8
1 BocHN o~ o
500 1)
N
E \
J Cl Bn
1 3n
250
1 2
~
. w
0 T 4
T T T T T T T T T T T T T T T T T T T
0.0 25 50 7.5 10.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 6.753 366443 26687 2.907 4.542
2 9.297 12239114 560867 97.093 95.458
Total 12605557 587553 100.000 100.000

Figure S51. HPLC spectrum of 3n, related to Figure 1.
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Figure S52. *H NMR spectrum of 30, related to Figure 1.
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Figure S53. *C NMR spectrum of 3o, related to Figure 1.



<Chromatogram>

FAHPLC data\WJVi& i 2 b \N-BocEil 17 fEVE 4 #1 fig\wj-7-Br-1C-1-4-RAC.lcd

mV

1000 s DeLA Chi
@
BocHN @
750-
N g
J Br Bn 2
500+
1 30
Racemic
250
0 i
—r T T s e e L s e e e e N B m s
0.0 25 5.0 7.5 10.0 12.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
| 6.978 13342936 870718 49.425 61.474
2 10.248 13653647 545678 50.575 38.526
Totall 26996583 1416396 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\G 1A 3L \N-Boc i 1F FZ\E 49 41 /12 \wij-7-Br-1C-1-4-chral.lcd
m\/
Det.A Ch1
1 o
750+ §
500
250+
o™
&
i w
0 AN — i
—T — 7 T
0.0 25 5.0 7.5 10.0 12.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 6.952 692023 45979 3.764 6.297
2 10.232 17692340 684203 96.236 93.703
Totall 18384363 730182 100.000 100.000

Figure S54. HPLC spectrum of 30, related to Figure 1.
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Figure S55. *H NMR spectrum of 3p, related to Figure 1.
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Figure S56. *C NMR spectrum of 3p, related to Figure 1.
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<Chromatogram>

FAHPLC data\W.J\i A5 L \N-Boc i F i\ b 7 S\ rl H\7-CF 3-1C-1-4-RAC .Icd

4007 DetA Chi
- f=4
o
1 BocHN _ e
300+
1 @
] 3
200 ©
] 3p
100 Racemic
0 i Jr\._ 4 - &
- - T T T T T T T T T T T r
0.0 25 5.0 7.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 4.860 3109314 320668 49.465 60.905
2 6.888 3176594 205840 50.535 39.095
Total 6285908 526508 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\I 14 A4tk \N-Boc i 1 0\ #1 72 &0\ a] HI\7-CF3-1C-1-4-chiral-B.lcd
mV
2 Det.A Ch1
500+ b
BocHN @
] =
250
| 3p
1 (]
1 2
=+
: N T
- - T T T T T T - T T T T T r
0.0 25 5.0 7.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 4.883 714726 75606 8.325 13.292
2 6.965 7870098 493203 91.675 86.708
Total 8584824 568809 100.000 100.000

Figure S58. HPLC spectrum of 3p, related to Figure 1.
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Figure S59. 'H NMR spectrum of 3q, related to Figure 2.
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Figure S60. *C NMR spectrum of 3q, related to Figure 2.



<Chromatogram>

FAHPLC data\WJ\i: 74 2 {4 \N-Boc i 17 i\ 4% #1 g wj-NH-1C-1-4-rac-2.lcd

mV

3007 Det A Ch
BocHN
_ - :
200+ o)
] N
H
-+]
k
T 3q g
100__ Racemic
[y — A S T 4 T 4
— T R e e e e e e A E e e e e B L m
0.0 25 5.0 75 10.0 12.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 5.926 2487104 212975 49.704 67.071
2 10.778 2516701 104563 50.296 32.929
Total 5003805 317538 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\iE 4 AL \N-Bocfid TF i VE 47 i wj-NH-1C-1-4-chral-£5 i 5 .lcd
mVy
2 Det.A Ch1
500 BocHN S
N -
(0]
N
H
250 3q
b
@
0 e . ) — i
— 7T — 7 ——
0.0 25 50 7.5 10.0 125
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 5.926 136242 11445 1.188 2.399
2 10.735 11329605 465556 98.812 97.601
Total 11465847 477002 100.000 100.000

Figure S61. HPLC spectrum of 3q, related to Figure 2.
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Figure S63. *C NMR spectrum of 3r, related to Figure 2.



<Chromatogram>

FAHPLC datatWJ\i 14 34 £\N-Boc il i1 [ \EE 4 4 fig\wj-Ph-Boc-IC-1-2-rac.Icd

mV
750 - Det.A Ch1
] b BocHN _
] o
500+ N\
] Ph
] 3r
] R mi
250 acemic
. >
] 5
i o
___—)’\-_..___A___.- /\ s
0_ T T T T T T * T I T T T l T T I T T T T I T T T T
0 5 10 15 20 25
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 6.670 10051746 641513 49.578 86.247
2 25.139 10223011 102292 50.422 13.753
Total 20274757 743805 100.000 100.000
<Chromatogram>
FAHPLC data\W.JV 4 2 AL AN-BocHi F FEVE 4945 #\wj-Ph-Boc-1C-1-2-chral.led
mV
1 Det.A Ch1
300 BocHN
g o \/
b 5
. 0 E
200+ N\
: Ph
. @ 3r
. w
100
0 | I A T 4 n
— T T T L | U T
0 10 15 20 25 30
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 6.663 1775713 116668 7.568 34.723
2 24.901 21687300 219324 92.432 65.277
Total 23463013 335991 100.000 100.000

Figure S64. HPLC spectrum of 3r, related to Figure 2.
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Figure S65. *H NMR spectrum of 3s, related to Figure 2.
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Figure S66. *C NMR spectrum of 3s, related to Figure 2.



<Chromatogram>

my

FAHPLC data\W.J\k 1A 40 \N-Boc i I Ve 4940 2 Wwij-Me-1C-1-4-rac.lcd

400 . DetA Chi
] BocHN _ o
300—_ 0 g
N @
\
E Me
200
1 3s
Racemic
100+
0 N T T
———T T e e e e e e L e o e
0.0 25 5.0 75 10.0 125 15.0 17.5 20.0 225
min
1 DetA Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 13.966 9376697 330401 49.801 57.300
2 18.936 9451764 246211 50.199 42.700
Totall 18828461 576613 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\i: 4 3 £ \N-Boclil 9F i\ 4046 g \wj-Me-1C-1-4-chral.lcd
mV
BocHN Det.A Ch1
oC
n‘\\\/ 683
o
] o =
500+ N
h \
Me
] 3s
250+
b~
; &
[+
0 e AN T_,—-:lr
L A s s e e e e e B s e e e e e LA B e s T
0.0 25 5.0 75 10.0 12.5 15.0 17.5 20.0 225
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 13.987 221752 8251 1.057 1.517
2 18.900 20758482 535615 98.943 98.483
Totall 20980234 543866 100.000 100.000

Figure S67. HPLC spectrum of 3s, related to Figure 2.
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Figure S68. 'H NMR spectrum of 3t, related to Figure 2.
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Figure S69. *C NMR spectrum of 3t, related to Figure 2.



<Chromatogram>

FAHPLC datalWJVid A 4 {6 \N-Boc i 1F [\ 4719 i \wij-Allyl-1C-1-4-rac.lcd

mVy
- Det.A Ch1
&
BocHN E
_ = 8
500+ o
| (0]
N
Allyl
250 3t
| Racemic
4
T T
e B s e e e e e B B e e e B e e e LS e
0.0 25 5.0 7.5 10.0 125 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 10.824 12682484 563429 49.797 54.468
2 12.756 12786043 471000 50.203 45.532
Totall 25468527 1034430 100.000 100.000
<Chromatogram>
FAHPLC data\WJVi: 14 3£k \N-BocHi TF [\ #1040 1t \wi-Allyl-1C-1-4-chral.led
my
| 2 Det.A Ch1
L=}
750 BocHN o
| ‘\\\\\/
_ (0]
500—_ N\
] Allyl
] 3t
250
1 -
i S
1 S
0 T T L
e N e S e o e S e e I B e e s B e e e LA s m
0.0 25 5.0 7.5 10.0 12.5 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 10.804 346412 15870 1.648 2.065
2 12.696 20678600 752587 98.352 97.935
Total 21025012 768457 100.000 100.000

Figure S70. HPLC spectrum of 3t, related to Figure 2.
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Figure S71. *H NMR spectrum of 3u, related to Figure 2.
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Figure S72. *C NMR spectrum of 3u, related to Figure 2.



<Chromatogram>

F:A\HPLC data\WJ\ii 14 55 AL \N-Boci ¥F H:\E 41 HE\wj-MOM-AD-1-4-rac.lcd

mV
Det.A Ch1
S
500 ~ BocHN
/
(0]
N
MOM
250+ 3u %
Racemic o
0 5 10 15 20 25
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 7.173 5828639 493506 40414 75.986
2 22.698 5966816 155963 50.586 24.014
Totall 11795455 649469 100.000 100.000
<Chromatogram>
F\HPLC data\WJvid 4 54k \N-Boc il JF Vi 4 4 Ji#\wj-MOM-AD-1-4-chral led
MV 41250
] o Det.A Ch1
] ~ BocHN
i W =
1000 SN
| (0]
: N
750
E MOM
] 3u
500
2504
] 8
0 fJ T e
— —T T
0 5 10 15 20 25
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 7.162 13336097 1078850 99.334 99.784
2 22.659 89412 2341 0.666 0.216
Totall 13425509 1081191 100.000 100.000

Figure S73. HPLC spectrum of 3u, related to Figure 2.
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Figure S74. *H NMR spectrum of 3v, related to Figure 2.
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Figure S75. *C NMR spectrum of 3v, related to Figure 2.



<Chromatogram>

F:AHPLC data\WJV 4 2 {L\N-Bocld 1F [ Ve #9461 Jig \wj-CH2CHOE-IC-1-4-rac.lcd

m\V

7507 S DeLA Ch
BocHN .
= 8
] o
500+ @fg
- N
CH,CH(OEt),
- 3v
250 Racemic
0 i T .
T T T T T T T T T T — T T
0.0 25 5.0 7.5 10.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 7.102 9919474 647829 49.778 54.105
2 8.274 10008063 549530 50.222 45.895
Total 19927537 1197358 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\VE A 2 {E\N-Boc i IF Ve 494 s \wj-CH2CHOEt-IC-1-4-chral lcd
™V 1000
_ 2 Det.A Ch1
N
i BocHN N ©
750+ (e
- \
] CH,CH(OEt),
500+
’ 3v
250+
] 2
0 - ™~ T &
T T T —T T T T — T T T
0.0 25 5.0 75 10.0
min
1 DetA Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 7.113 81629 6009 0.456 0.630
2 8.265 17833920 947988 99.544 99.370
Totall 17915549 953997 100.000 100.000

Figure S76. HPLC spectrum of 3v, related to Figure 2.
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Figure S77. *H NMR spectrum of 3w, related to Figure 2.
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Figure S78. *C NMR spectrum of 3w, related to Figure 2.



<Chromatogram>

FAHPLC data\WJ\ki 79 3 E\N-Bocid T B\ 347 i \wj-Ac-1C-1-4-rac.lcd

mV
7504 g ° Det.A Ch1
_ - ]
BocHN @
/
| (0]
500+
- N
Ac
4 3w
250 Racemic
0 . .Ir'Il 4
— T T T T T T — T T T T T T T
0 1 2 3 4 5 6
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
| 4.636 6230155 726068 49.781 52.957
2 5.356 6284933 644990 50.219 47.043
Total 12515088 1371059 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\E 4 2 {E\N-Bocd W fVi #1460 i \wj-Ac-1C-1-4-chral.lcd
mV
750 § Det.A Ch1
] BocHN "
| ‘\\\\\/
] 0
500+ N
i \
| Ac
] 3w
2504
] -
g
. =+
0 T_/\_.LT
—T T —T -7 T T—T—T
0 1 2 3 4 5 ]
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 4.644 217703 25691 3.269 3.701
2 5.365 6441109 668445 96.731 96.299
Totall 6658812 694136 100.000 100.000

Figure S79. HPLC spectrum of 3w, related to Figure 2.
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<Chromatogram>

FAHPLC data\WJ\i 4 5L \N-Boc i F FVE 034 i \wj-o-Me-1C-1-4-rac.led

mV

400 DetA Chi
1 BocHN _ g
300—_ o -
N
2004 3
] Me 2
1 3x
100—_ Racemic
0 f\._,\;\\__/\_ + - 1
—1 7 — — T
0.0 25 5.0 75 10.0 12.5 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 7.383 4784449 288876 49.810 66.096
2 11.634 4820868 148178 50.190 33.904
Totall 9605317 437054 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\l 4 5 15 \N-Bocil TF i\ 404 £ \wj-0-Me-1C-1-4-chral.lcd
mVy
Det.A Ch1
BocHN a
5004 _\\\\\/
(0]
N
2504 Me
3x
(=1
8
=
0 4 T 'y
— T —T —T— — 7
0.0 25 5.0 75 10.0 12,5 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 7.390 249612 15853 1.518 2.999
2 11.575 16191604 512813 98.482 97.001
Totall 16441216 528666 100.000 100.000

Figure S82. HPLC spectrum of 3x, related to Figure 2.
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Figure S83. 'H NMR spectrum of 3y, related to Figure 2.
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Figure S84. *C NMR spectrum of 3y, related to Figure 2.
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Figure S85. °F NMR spectrum of 3y, related to Figure 2.



<Chromatogram>

FAHPLC data\WJ\if 4 54 \N-Boc i ¥F [V 3 4 g wij-0-F-IC-1-2-rac.lcd

mV

300 < DetA Chi
BocHN bl
= w
| (0]
200+ N -
i F
100+
| 3y
Racemic
0 — - T .
T T T T T T T T T T T T T T
0.0 25 5.0 7.5
min
1 DetA Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 5.323 2784700 252323 50.198 60.475
2 7.134 2762738 164910 49.802 39.525
Total 5547438 417233 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\i i 3% {L\N-Boc il TF s #146 Ji#\wj-0-F-IC-1-2-chral led
mV
-+ Det.A Ch1
| o
750 :
] BocHN "
‘\\\\\/
] (0]
500 N
] F
2504
_ 3y
5
0 Sy " L
T T T T T T T T T T T T T T
0.0 25 5.0 7.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 6.127 79306 6231 0.689 0.860
2 7.124 11428048 718313 99.311 99.140
Total 11507355 724545 100.000 100.000

Figure S86. HPLC spectrum of 3y, related to Figure 2.
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Figure S87. 'H NMR spectrum of 3z, related to Figure 2.
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Figure S88. *C NMR spectrum of 3z, related to Figure 2.



<Chromatogram>

F\HPLC data\WJ\id: 74 5L (L \N-Boc il 17 FEVE 49 4 i \wj-m-Me-IC-1-4-rac.led

mV
o Det.A Ch1
] BocHN g
500+ Z
- O N
- N =
=
_ Me
250+
i 3z
] Racemic
0 M~ - 4 - L
L e e S e e e e e e B A e e B e e B B e m p
0.0 25 5.0 7.5 10.0 12.5 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 10.172 11873752 515300 49.672 59.574
2 14.187 12030440 349670 50.328 40426
Total 23904192 864970 100.000 100.000
<Chromatogram>
FAHPLC datatWJ\KE 4 5L E\N-BocH TF i\ #0400 i \wj-m-Me-|C-1-4-chral.lcd
MV 750
| 5 Det.A Ch1
BocHN b
“\\\\/
1 0]
500—- N
Me
250+
3z
b
: S
0 T & T &
L e s e e e o e L A s s e e e A
0.0 25 5.0 7.5 10.0 125 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 10.156 324420 14664 1.481 2272
2 14.107 21579926 630645 98.519 97.728
Totall 21904346 645309 100.000 100.000

Figure S89. HPLC spectrum of 3z, related to Figure 2.
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Figure S90. *H NMR spectrum of 3aa, related to Figure 2.
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Figure S91. *C NMR spectrum of 3aa, related to Figure 2.
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Figure S92. °F NMR spectrum of 3aa, related to Figure 2.




<Chromatogram>

FAHPLC data\WJ\IF A A4k \N-BocHi I VS 414 e \Wwj-m-F-1C-1-4-rac.led

mV
@ Det.A Ch1
BocHN _ é
E O g
5001 N g
F
250+
] 3aa
Racemic
0 T . T
— 77T 77—
0.0 25 5.0 7.5 10.0 12.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 8.096 10515271 594805 49.595 56.372
2 10.048 10687019 460340 50.405 43.628
Total 21202289 1055145 100.000 100.000
<Chromatogram>
FAHPLC data\WJVi 14 2 {4 \N-Boc B TE [ VE 42 3 1 \wij-m-F-1C-1-4-chral.lcd
my
750 é Det.A Ch1
. BocHN <
_‘\\\\/
] o
500 N
F
250
3aa
_ g
o
0 4 4
T T I T I T T T lT T T T T I T T I T T I
0.0 25 5.0 7.5 10.0 12.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 8.063 323400 19443 1.944 2.639
2 9.984 16309376 717266 98.056 97.361
Totall 16632776 736709 100.000 100.000

Figure S93. HPLC spectrum of 3aa, related to Figure 2.
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Figure S94. 'H NMR spectrum of 3ab, related to Figure 2.
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Figure S95. *C NMR spectrum of 3ab, related to Figure 2.



<Chromatogram>

FAHPLC data\WJ\i 14 5 AL \N-Boc il TF &\ 4 # Jit\wj-p-Me-1C-1-4-rac.led

mVy
750- § Det.A Ch1
1 BocHN =
OC _—
] 0 3
500 N E
250 Me
| 3ab
Racemic
0_4/“\_._._._,/\ - b
———T —T T —T——T —
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 11.184 16656677 653677 49.607 58.228
2 14.698 16920368 468932 50.393 41.772
Total 33577045 1122609 100.000 100.000
<Chromatogram>
FAHPLC data\W.J\i 74 34 L\N-Bocil VE 0 44 ié\wj-p-Me-1C-1-4-chral.lcd
mV
Det.A Ch1
| g
750+ e
] BocHN =
.\\\\\/
O
500 N
250 Me
] 3ab
&
G- N r s
L L A s e e e e e e e e e e e S s —T
0.0 25 5.0 75 10.0 125 15.0 17.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 11.196 352256 14434 1.413 2.073
2 14.649 24579474 682002 98.587 97.927
Totall 24931730 696436 100.000 100.000

Figure S96. HPLC spectrum of 3ab, related to Figure 2.
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Figure S97. *H NMR spectrum of 3ac, related to Figure 2.
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Figure S98. *C NMR spectrum of 3ac, related to Figure 2.



<Chromatogram>

FAHPLC data\WJV& 74 2 Ak \N-Boci TF i\ 49 £ 2 \wj-p-t-Bu-I1C-1-4-rac.lcd

4007 DetA Chi
) o
| BocHN _ 8
i =
3004 0 I
] N -
200+
_ tBu
100+ 3ac
: Racemic
0 e : t
— 7T — T —T — — T
0.0 25 5.0 7.5 10.0 12.5 15.0
min
1 DetA Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 10.466 TBRT562 299375 50.035 55.395
2 12.559 7876543 241062 49.965 44.605
Total 15764106 540437 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\E 14 3 1k \N -Boe i I8 i\ & 44 BE\Wwij-p-t-Bu-IC-1-4-chral.lcd
mV
Det.A Ch1
BocHN, P
500+ SN o
(0]
N
250+
'Bu
3ac
]
=
2
0 — 4 — 4
— T 1 L L —T T T T T
0.0 25 5.0 7.5 10.0 12.5 15.0
min
1 DetA Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 10.452 335250 13078 2.036 2.590
2 12.514 16127312 491892 97.964 97.410
Total 16462561 504970 100.000 100.000

Figure S99. HPLC spectrum of 3ac, related to Figure 2.
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Figure S100. *H NMR spectrum of 3ad, related to Figure 2.

F1700
F1600

1500

1400
F1300
1200
-—1100
-—10{]{}
900
800
700

F-100

--200

HIFET—

FOTh~
orer-"

09—

SF0E—

10601—
LFITIA
L7281

LLTTL

SU8TI
vm_mm_w
96621
m_..sm_.__ﬁ
£eeEl-
seveldf
weetd
RyEsI—

FLOLI—

BocHN
N
3ad

Cl

T T T T T T T T T T T
170 150 130 110

190

200

160 140 120 100 90

180

Figure S101. **C NMR spectrum of 3ad, related to Figure 2.



<Chromatogram>

FAHPLC data\WJ\Vi 14 5AE\N-Boc i W i\ 45141 i wj-p-CI-1C-1-4-rac.lcd

m\V
750 - Det.A Ch1
BocHN 2
oC _ 2
O o
4 N 8
500+ -
2504 Cl
: 3ad
Racemic
0 I N T &
A e s e e e B e N s e e e o e S m s S s
0.0 25 5.0 7.5 10.0 12.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
| 8.950 13668238 633755 49.719 57.023
2 11.063 13822765 477649 50.281 42977
Total 27491003 1111404 100.000 100.000
<Chromatogram>
FAHPLC datalWJViE: P 2 fL\N-Bocfid 17 féVE #1146 1€ \wj-p-CI-IC-1-4-chral.led
m\V/
] ] Det.A Ch1
: 2
1000 -
: BocHN s
3 0
7501 N
500-
3 cl
250
1 3ad
8
0- r_f:f_:l s
T —— T — — T T T T
0.0 25 5.0 7.5 10.0 12.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 B.961 394797 19204 1.360 1.947
2 11.032 28624871 967154 98.640 98.053
Total 29019669 986358 100.000 100.000

Figure S102. HPLC spectrum of 3ad, related to Figure 2.
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Figure S103. *H NMR spectrum of 3ae, related to Figure 2.
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Figure S104. **C NMR spectrum of 3ae, related to Figure 2.



<Chromatogram>

FAHPLC data\W.J\id 4 2 1L \N-BocHd ¥F [\ 4 #1 i \wj-p-Br-IC-1-4-rac.lcd

mVy
300 DetA Chi
i 2
. BocHN _ i
- O o
200+ N %
100+ Br
) 3ae
i Racemic
0 f\__,_/\_,___/\__/\__,_ - & - I
—Y 1
0.0 25 5.0 7.5 10.0 125
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
l 9.188 5264945 244794 50.012 58.120
2 11.498 5262434 176395 49988 41.880
Total 10527379 421189 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\H: 79 T LAN-Boc i F i Vi 49 3 /i \wj-p-Br-1C-1-4-chral.led
mV
Det.A Ch1
1 BocHN §
750 ‘\\\\\/ =
E o
] N
500
250  Br
. 3ae
] o
o
0 T_r-?:_i . &
— T — — T 7T 77T
0.0 25 5.0 7.5 10.0 12.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
| 9.165 291242 14031 1.306 1.853
2 11.420 22004911 743079 98.694 98.147
Total 22296153 757110 100.000 100.000

Figure S105. HPLC spectrum of 3ae, related to Figure 2.
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Figure S106. *H NMR spectrum of 3af, related to Figure 2.
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Figure S107. **C NMR spectrum of 3af, related to Figure 2.
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Figure S108. **F NMR spectrum of 3af, related to Figure 2.



<Chromatogram>

FAHPLC data\WJ\E 74 25 11 \N-Boc Al T FE\ i 414 it \wj-p-CF 3-1C-1-4-rac.led

mY
| = Det. A Ch1
=
1 o
750-] BocHN _ -
; @
i O ~
1 N
500+
] FsC
250+ 3af
| Racemic
0 T
T T T T T T T T T T T T T T
0.0 2.5 5.0 7.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
| 6.710 12399574 766609 49.682 54.758
2 71.675 12558430 633377 50318 45.242
Totall 24958005 1399986 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\J 4 346 \N-Boci 17 i\ 2940 Ji\wj-p-CF 3-1C-1-4-chral.lcd
MV 1250
| e Det.A Ch1
4 @
—
] BocHN
1000+ “\\\\/
] o]
750- N
500
] FsC
2504
J 3af @
] N
] ©
0 . 4
T T T T T T T T T T T T T T T T
0.0 2.5 5.0 75
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 6.728 T00662 39808 2.929 3.469
2 1.679 23217488 1107694 97.071 96.531
Totall 23918149 1147502 100.000 100.000

Figure S109. HPLC spectrum of 3af, related to Figure 2.
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Figure S110. *H NMR spectrum of 3ag, related to Figure 2.
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Figure S111. **C NMR spectrum of 3ag, related to Figure 2.



<Chromatogram>

FAHPLC data\WJ\A 1A 3 1 \N-Boc i IF 2\ E 4947 ke \wij-Cbz-1C-1-4-rac.lcd

mV
2007 - DetA Chi
CbzHN &
4 / a
150
] N (0] 8
\ 8
1 Bn
100
] 3ag
Racemic
50
0 Jn\vl\ - L - i
L e e o e s e T s e e e B s e ey T
0 5 10 15 20 25 30 35
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 20.177 7852147 164445 49.951 59.289
2 30.459 T86T615 112916 50.049 40.711
Totall 15719762 277361 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\ 74 B L\N-BocHi T\ 4945 1 Wwi-Cbz-I1C-1-4-chral lcd
mV
7] Det.A Ch1
o™
1 CbzHN ]
7504 N
(0]
] N
\
500 Bn
3ag
250
:
- S
0 T . T .
— T T T T T T T T T T T —TT i
0 5 10 15 20 25 30 35
min
1 DetA Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 20.253 38065591 772770 97.718 98.380
2 30.795 880033 12724 2,282 1.620
Totall 38954624 785495 100.000 100.000

Figure S112. HPLC spectrum of 3ag, related to Figure 2.



1200
F1100
F1000
800
700
600
400
F300
200

-100

o \/
(0]

Bn
3ah

EtO,CHN

-

T At

600
450
L400
L350
300
250
200
150
100
-0
Lo
50

g2 g
{J. 1 1 _/_0
<
:
<
=]
]
=]
F= £EF1—
L v
[ <=
P
L W
=]
L= N
- L 0809
S 6719
Wy
[ .2
LL
L=
e
o
W
L 2
[3+]
- £
F ﬂrb
L g
i on.m 9£601—
PS1Z1A
= \
re ks 9T
6LTT1
| »n e Tz
o > 05'LT1
= szl
=] [&)
F e D
o
- W S
[ [ad
e =
o pd
L T
oo —
o ™ o¥oLI—
L2 a
—
v wn
Lo pt
- fus
=
LL

T T T T T
20 10 0 -10

30

T
50 40

EtO,CHN

60

70

T
30

100 90

110

120

140 130

T
150

160

170

T T
190 180

el L

2

Figure S114. *C NMR spectrum of 3ah, related to Figure 2.



<Chromatogram>

FAHPLC data\WJ\: 4 24 \N-Boc i IF iV 494 € \Wwij-CO2Et-IC-1-2-rac.led

mV
5007 DetA Chi
) EtO,CHN - 5
400—_ b
o o
] N g
300 Bn =
1 3ah
200 Racemic
100+
X I W\ , T
——— — — —T T T —
0 5 10 15 20
min
1 Det. A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 14.297 13521364 366254 49.780 55.704
2 18.060 13640826 291241 50.220 44.296
Total 27162190 657496 100.000 100.000
<Chromatogram>
FAHPLC data\W.J\i A1 5 1L \N-Boci IF [\ 494 e \wij-CO2Et-1C-1-2-chral.lcd
mV
7501 . Det.A Ch1
EtO,CHN &
WNF =
] (0]
500 N\
1 Bn
3ah
250+
(=]
=)
1 =
0 AN AN i L
T T T I T T T T I T T T T T T I T T T I lT T T T l T T lrl T T T T T T I
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 200 225
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 14.269 23196016 623575 95.868 96.559
2 18.040 999817 22220 4.132 3.441
Total 24195833 645795 100.000 100.000

Figure S115. HPLC spectrum of 3ah, related to Figure 2.
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Figure S117. **C NMR spectrum of 3ai, related to Figure 2.



<Chromatogram>

FAHPLC data\WJ\I 1A 4 AL \N-Bocd 1F [\ #74f Jt£\wj-Bn-N-Ph-AD-1-4-rac.lcd

m\/
2 Det.A Ch1
=]
=
PhHN o
| =
500—_ o
N o
‘ 2
Bn =
-
250 3ai
_ Racemic
0 I T
—— — —T —
0 10 20 30 40
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 24.080 23818393 597827 49.514 65.513
2 44.832 24285624 314703 50.486 34.487
Totall 48104017 912530 100.000 100.000
<Chromatogram>
FA\HPLC data\WJVi 4 2 {4 \N-Boc i I FEVEE 44 i \wi-Bn-N-Ph-AD-1-4-chral.lcd
mV
BHet.A Chi
500+ 3
=+
PhHN.
(0]
N
250+ Bn
3ai
2
3
f\ ! 4
0 P T
— T —T —T T — T
0 10 20 30 40
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 24.161 2283180 60379 5.889 11.574
2 44.451 36487158 461321 94.111 88.426
Totall 38770337 521700 100.000 100.000

Figure S118. HPLC spectrum of 3ai, related to Figure 2.
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Figure S119. *H NMR spectrum of 3a j, related to Scheme 2.
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<Chromatogram>

FAHPLC data\WJ\ P45 (L \N-Boc i TF [\ fh 75 Sdis\ T H\-802-CO2Et-0D-1-9-rac.lcd

mV
4007 = DetA Ch1
o
1 O s
: P
300+ \ R
: NH =
1 e
200-] EtO,C N\
] 3aj
1004 Racemic
T T — T ——T T — —
0 5 10 15 20
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 14814 11447339 337464 49.907 57.633
2 15.170 11490017 248079 50.093 42.367
Total 22937355 585542 100.000 100.000
<Chromatogram>
FAHPLC datalW I 7 3 fE\N-Boc T 1 7o S\ i) FVH--502-CO2Et-0D-1-9-chiral.led
™V 300
= Det.A Ch1
1 e
4 =]
] Q 0 .
4 AY
200+ NH
",
j E0,C ~ N\
100 3aj
| :
0 ] K._A . /\ 4 — 4
—— — — T
0 5 10 18 20
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 15.062 737464 23034 5.978 8.443
2 19.161 11599704 249798 94.022 91.557
Tota 12337169 272832 100.000 100.000

Figure S121. HPLC spectrum of 3aj, related to Scheme 2.
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Figure S123. *C NMR spectrum of 3ak, related to Scheme 2.
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<Chromatogram>

FAHPLC dataWVJ\L 74 5 (E\N-Boc i TF [\ #h 72 £\l FH\ED-IC-1-9-rac.lcd

mV
~ Det.A Ch1
J y =
500+ e
BocHN
1 @
\ ]
] = /N S
1 o~ N
1 Ph
250
i 3ak
i Racemic
0 AN
T — T T — T T T
0.0 25 5.0 75 10.0 125
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 8.117 8192732 516326 49.605 58.723
2 10.339 8323282 362924 50.395 41.277
Total 16516013 879250 100.000 100.000
<Chromatogram>
FAHPLC data\WJVid (4 A { L \N-BocBil WF [\ kb 72 48\ ] FI\ED-1C-1-9-chiral.lcd
mV
° Det.A Ch1
] s
1 BocHN M€
500 N
J = YN
1 o” N
1 Ph
250 3ak
| ]
0 B —— - - 4
— T —T —T T — —
0.0 25 5.0 75 10.0 12.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 8.123 2390747 153986 14.679 20.298
2 10.346 13896529 604649 85.321 79.702
Total 16287276 T58634 100.000 100.000

Figure S124. HPLC spectrum of 3ak, related to Scheme 2.
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Figure S125. *H NMR spectrum of 3al, related to Scheme 2.
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Figure S126. **C NMR spectrum of 3al, related to Scheme 2.



<Chromatogram>

F:A\HPLC data\W.J\i 4 £ {£\N-Boc i VF i\ b 78 Sdfa\n] i £1 -Bn-SC5-0J-1-4-rac-2.lcd

mV
@ Det.A Ch1
] HO ~
P
500+
1 (0]
b N\ %
1 Bn -
250 3al
1 Racemic
0 - & T &
—r 7T
0.0 25 5.0 75 10.0 12.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 7.579 8513497 552349 49.215 62.694
2 10.837 8785254 328670 50.785 37.306
Total 17298751 881019 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\is A AL AN-B oc il MF i\ #1 72 £ 4 \ el FI\iE£1-Bn-SC5-0J-1-4-chiral-2.Icd
mV
| 2 Det.A Ch1
1 =
500
250 3al
] 2
n
0 P TA/LL : &
T — — T T T —T T
0.0 25 5.0 75 10.0 12.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 7.569 1371310 92090 8.163 13.728
2 10.779 15428391 578743 91.837 86.272
Total 16799702 670833 100.000 100.000

Figure S127. HPLC spectrum of 3al, related to Scheme 2.
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Figure S129. *C NMR spectrum of 3am, related to Scheme 2.



<Chromatogram>

FAHPLC data\WJVEG 745 5 (b AN-Boc B 1 VB H04m A [R]85 77 \wj-20180502- i /3 i%:-Me-AD-1-4-RAC led

m\/
Det.A Ch1
s BocHN
500+ B _—
(0]
N
\
Bn
250 3am
Racemic
3
S r-I
e 2 N
u“‘ . /\
4
0 A il — T
—Y 77777
1] 10 20 30 40 50
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peakd# Ret. Time Area Height Area % Height %
1 8.811 6872392 457171 43.449 72.722
2 9.692 1013763 64527 6.409 10.264
3 26.933 1013573 22430 6.408 3.568
4 47.201 6917272 B4528 43.733 13.446
Total 15817001 628655 100.000 100.000
<Chromatogram>

mV

FAHPLC data\WuJ\l: 741 2 {4 \N-BocRi 17 i #p4t A [7) 81 il 7 \wj-20 1 80502 712 i%:-Me-AD-1-4-Chiral.lcd

1000+ z DetA Chi
]
@ Me
] BocHN 2\/
750- WS\~
0]
- N
500+ Bn
3am
250-
w
uwy
=
| I :
0 ¥ . i
—— T —T —T — ——rT
0 10 20 30 40 50
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 8.681 12857205 873663 96.577 99.358
2 46.456 455654 5646 3423 0.642
Total 13312860 879309 100.000 100.000

Figure S130. HPLC spectrum of 3am, related to Scheme 2.
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<Chromatogram>

FA\HPLC data\WJ\i 495t \N-Bocid W k78 Sdfaa] A\ U B -Me-1C-1-4-rac-C.led

mV
Det.A Ch1
| @
— (=1
500 Me =
) 2
] BocHN a
) (0]
250 N
. Bn
i 3an
] Racemic
0 T i L
—T T — T
0.0 25 5.0 7.5 10.0 125 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 10.675 10731003 475922 49.713 56.914
2 13.330 10854700 360287 50.287 43.086
Total 21585703 836209 100.000 100.000
<Chromatogram>
FAHPLC data\WJVid P4 2 AEAN-Boc il 5 i\ #1 72 4@\ AT i\ U1 % -Me-1C-1-4-chiral-C.lcd
mV
Det.A Ch1
] &
1 Me E;
5004 BocHN \\"/
1 (0]
1 N
] B
n
250
] 3an -
3
0 4 - /\ 4
T ——— —T 77T
0.0 25 5.0 7.5 10.0 125 15.0 17.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 10.669 12447697 544324 79.426 83.528
2 13.345 3224450 107339 20.574 16.472
Total 15672147 651663 100.000 100.000

Figure S133. HPLC spectrum of 3an, related to Scheme 2.
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Figure S135. *C NMR spectrum of 3ao, related to Scheme 2.



<Chromatogram>

FAHPLC data\WJ\ 14 24L\N-Boc i 1F [\ #h 7 24\WJ-2019051 1-model- 1L 4E-IC-1-4-rac.lcd

mV
400 DetA Chi
] X -
300~ BocHN <
- O ?
2001 N &
1 Bn -
3ao racemic
100
0 — ) .
— T ———7—————7——— 7T
0.0 25 5.0 75 10.0 125
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 9.164 5028532 273419 51.096 60.762
2 11.742 4812733 176566 48.904 39.238
Total 0841265 449985 100.000 100.000
FAHPLC data\WJ\idi 17 2 1k \N-Boci ¥F i\ 72 2 \WJ-20190511-model- i §i-1C-1-4-ee.lcd
MV 4000
4 2 Det.A Ch1
- s
750+
J X
E BocHNY\
) o
500—_ N\
1 Bn
] 3ao
250+ ©
0 T L— /\
T ——T T T —T T —T T T
0.0 25 5.0 7.5 10.0 125
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 9.163 16924549 BE5990 84.425 BR.615
2 11.756 3122252 113831 15.575 11.385
Total 20046801 999821 100.000 100.000

Figure S136. HPLC spectrum of 3ao, related to Scheme 2.
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Figure S138. **C NMR spectrum of 7, related to Scheme 3.



<Chromatogram>

FAHPLC data\WJ\l 14 2k \N-Bocfd 1 i 4= 1EART H\wj-B3-AD-1-4-rac.lcd

mV
Det.A Ch1
[+
l 3
500 BocHN ©
0 2
N s
\ =
| Bn
2504 7
Racemic
o M L
—T T T — 7 I —
0.0 25 5.0 7.5 10.0 12.5
min
1 DetA Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 6.498 5482902 492695 49.283 62.257
2 10.769 5642509 298699 50.717 37.743
Totall 11125412 791394 100.000 100.000
<Chromatogram>
FAHPLC data\W.J\i %] 32 A1 \N-Boc i WF \fiT 4 kA AT ] \wj-B3-AD-1-4-chiral.lcd
m\/
Det.A Ch1
] 5
?50—_ BocHN ~_OH <
(@)
- N
500 Bn
] 7
250
=
E =]
0 ' i ¢
— T — T —T T
0.0 25 5.0 7.5 10.0 12.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
| 6.501 8217489 746423 98.792 99.274
2 10.786 100485 5457 1.208 0.726
Total 8317974 751880 100.000 100.000

Figure S139. HPLC spectrum of 7, related to Scheme 3.
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Figure S140. *H NMR spectrum of 8, related to Scheme 3.
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Figure S141. **C NMR spectrum of 8, related to Scheme 3.



<Chromatogram>

FAHPLC data\WJ\if: 1A 5L { £ \N-BocHi T AT “E £\ T H] \wij-B5-I1F-2-3-RAC.Icd

mV/
200+ " DetA Chi
- e
| © g
150  BocHN § &
b ~
: (0]
100 N
] Bn
: 8
50 Racemic
O_M 4
— T T T T T T L e e e e e e e B s s e e e
0 5 10 15 20 25 30 35 40
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 16.192 22532452 163289 49.924 52.481
2 26.973 22601187 147850 50.076 47.519
Totall 45133639 311139 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\i: 4 KL \N-BocHi T VT = fE\ AT H]\wij-B5-IF-2-3-chiral.lcd
MV 500
] - Det.A Ch1
] &
400 BocHN H .
W ~
300 0
1 N
] \
] Bn
200—_ 8
100+
1 b=
] ¢
:___A_‘,_.___.)\_/\__ 4 5 d
0+ T T
— T T T T T T T T T T T T T T T T
0 5 10 15 20 25 30 35
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 15.383 49498257 398168 99.546 99.703
2 30.430 225843 1185 0.454 0.297
Totall 49724100 399353 100.000 100.000

Figure S142. HPLC spectrum of 8, related to Scheme 3.
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Figure S143. *H NMR spectrum of 9, related to Scheme 3.
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Figure S144. *C NMR spectrum of 9, related to Scheme 3.



<Chromatogram>

FAHPLC data\WJ\i P 2 {8 \N-Boc i JE [\ T 2E fE\a] H]\Wwj-C2-AD-1-4-RAC led

m\
Det.A Ch1
w
5001 BocHN 3
] OH
1 (0]
_ N §
Bn =
250+ 9
) Racemic
G T T T T I T T l T T I T T I I Tl T T T I T
0.0 25 5.0 7.5 10.0 12.5 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
| 8415 6775027 443763 49.663 61.909
2 13.627 6867032 273032 50.337 38.091
Totall 13642059 716795 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\IE 4 24k \N-Boc i F f\iT7 E fk\ AT H]\wij-C2-AD-1-4-chiral.lcd
mV
] 2 Det. A Ch1
1000 b
1 BocHN .
I RN NG OH
750+ 0
] N
\
] Bn
500 9
250-
[:s)
@
] 2
0 T  —
—T T —T —T T T 7
0.0 25 5.0 7.5 10.0 12.5 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 8.398 14757628 064440 98.342 08.948
2 13.618 248755 10258 1.658 1.052
Totall 15006383 974699 100.000 100.000

Figure S145. HPLC spectrum of 9, related to Scheme 3.
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Figure S146. *H NMR spectrum of 10, related to Scheme 3.
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Figure S147. **C NMR spectrum of 10, related to Scheme 3.



<Chromatogram>

FAHPLC data\WJVifi 141 5 £ \N-BocHi JF i\ 4= A\ AT F\wj-C8-AD-1-19-rac.led

mV
H] Det. A Ch1
]
g
500 @
BocN e
P
o™
(0]
N
\
Bn
250+ 10
Racemic
0 M/\ T * '
——T T 7T 7T —T T
1] 5 10 15 20 25 30
min
1 Det A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %o
1 23.725 21711394 536757 49.744 56.165
2 27.169 21934993 418930 50.256 43.835
Totall 43646387 955686 100.000 100.000
<Chromatogram>
FAHPLC data\WJVE 7 5 L \N-Boc i TE fE\ET 2= 1£\a] Hi\wj-C8-AD-1-19-chiral.lcd
mV
Det.A Ch1
o
500 =
o~
BocN/j
o
0]
N
250+ Bn
10
o™
B
0 — T b—
——T T I e e e e e S N s e e e B e e B L
0 5 10 15 20 25 30
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 23.819 17635779 456928 98.689 98.950
2 27.562 234259 4850 1.311 1.050
Totall 17870038 461778 100.000 100.000

Figure S148. HPLC spectrum of 10, related to Scheme 3.
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Figure S149. *H NMR spectrum of 11, related to Scheme 3.
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Figure S150. **C NMR spectrum of 11, related to Scheme 3.



<Chromatogram>

FAHPLC data\WJVkE 4 5 L \N-Boc il IF BT 4= fh\ AT HI\ZQX-A-1A-1-4-RAC led
mV

500- @ Det.A Ch1
&
] / o
4004 /_/
] BocN -
] = &
S
300 0
] N
200 41 Bn
i Racemic
100
0 PR AN ; 4 . L
T —TT — T T L e B T T
0 1 2 3 4 5 6 7 8 9
min
1 Det. A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
| 5.298 3703224 424893 49.626 58.641
2 7.561 3759082 299677 50.374 41.359
Total 7462306 724570 100.000 100.000
<Chromatogram>
FAHPLC dataWWJ\i A1 3 AL \N-Bocfld T B\ T B b\ n] HI\ZQX-A-1A-1-4-Chiral.lcd
mY
750 § Det.A Ch1
| w
1 BocN
500 W\ F
| (0]
N
: B
n
250 1
&
- @
0 L ™~y
T T T I T T T lT T T T T I T T T T
0.0 25 5.0 75
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 5.439 6353429 695927 98.516 08.870
2 7.922 95734 7951 1.484 1.130
Totall 6449164 TO38TE 100.000 100.000

Figure S151. HPLC spectrum of 11, related to Scheme 3.
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Figure S152. *H NMR spectrum of 12, related to Scheme 3.
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Figure S153. *C NMR spectrum of 12, related to Scheme 3.



<Chromatogram>

FAHPLC data\WJ\iE 4 2 4k \N-Boc i T8 JEAGT E th\iT H\ZQX-B-AD-1-19-RAC.lcd

mV
= Det.A Ch1
300+ R
1 BocN
=
o
| (0] 8
200 N
E \
12 Bn
] Racemic
100
0_—,J\‘/'\l\_,<« T b T 4
— T ——T —T— T — T
0 5 20 25 30
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 20.717 10495228 299954 49.950 58.327
2 30.274 10516274 214309 50.050 41.673
Total 21011502 514263 100.000 100.000
<Chromatogram>
FAHPLC data\WJV 14 2 AL \N-Boc i WP B2\AT 4E fh\rT H\ZQX-B-AD-1-19-Chiral.lcd
mV
- Det.A Ch1
=
1 &
N
o
(6]
N
| \
Bn
250+ 12
=
0
8
0 N — 4 T &
— T ——T7— ———
0 5 10 15 20 25 30
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %o
1 20.700 17051550 526084 98.515 98.865
2 30.514 257011 6040 1.485 1.135
Total 17308561 532124 100.000 100.000

Figure S154. HPLC spectrum of 12, related to Scheme 3.
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Figure S155. *H NMR spectrum of 13, related to Scheme 3.
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Figure S156. *C NMR spectrum of 13, related to Scheme 3.
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<Chromatogram>

FAHPLC data\WJViE 14 2 AL \N-Bocfil F AT 4E 46T Hl\wj-B6-AD-2-3-RAC.lcd

mV
Det.A Ch1
500 @ BocHN
g COzMe
(0]
N
\
Bn
250+ 13
Racemic 8
4
i} TJ \_l x 4
e N e e e e B e e e e e e LS S E s s s s S
1] 5 10 15 20 25
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 8.018 6766262 431906 49.262 75.829
2 23.686 6968944 137671 50.738 24.171
Total 13735206 569577 100.000 100.000
<Chromatogram=>
FAHPLC data\WJV 4 5 1L \N-Boc il 1F fié\fi7 4= 4\ ] H]\wj-B6-AD-2-3-chiral.lcd
mV
| 5 Det.A Ch1
(=1
. @
750 BocHN R
. M Sco,Me
i (@)
i N
\
500—_ Bn
i 13
250
1 @
| 2
) &
0 T T .
— T T L e e e e I
0 5 10 15 20 25
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
| 8.007 12577355 785490 98.651 99.567
2 23.638 171978 3412 1.349 0.433
Total 12749333 TER902 100.000 100.000

Figure S157. HPLC spectrum of 13, related to Scheme 3.
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Figure S158. *H NMR spectrum of 14, related to Scheme 3.
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Figure S159. *C NMR spectrum of 14, related to Scheme 3.



<Chromatogram>

FAHPLC data\W.J\kE P9 3 A £AN-Bocil 7 AT 42 46\ AT H\wj-B7-AD-1-9-RAC .led

mV
5007 DeLA Chi
] & @
- HoN I
400 CO,Me °
] o}
3004 N
] Bn
’ 14
200+ Racemic
100-
0 ~ T
— T —— 1 ——
0 5 10 20 30
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 28.057 16227027 391688 49.391 50.674
2 30.049 16627452 381271 50.609 49.326
Total 32854478 772959 100.000 100.000
<Chromatogram>
FAHPLC data\WJVi 4 21k \N-Boc i E VT 4 ke il \wj-B7-AD-1-9-chiral.led
mV
3 Det.A Ch1
(=1
1 &
750
Ha
W\
" Sco,Me
1 (0]
500+
- N
Bn
1 14
250+
s
o~
1 2
0 T —
— T T 7T — T T T T T T
0 5 10 15 20 25 30
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %o
1 28.034 35726218 807225 99.013 98.855
2 30.258 356276 9352 0.987 1.145
Totall 36082494 B16578 100.000 100.000

Figure S160. HPLC spectrum of 14, related to Scheme 3.
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Figure S161. *H NMR spectrum of 15, related to Scheme 3.
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Figure S162. *C NMR spectrum of 15, related to Scheme 3.
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<Chromatogram>

FAHPLC data\WJVE 4 24k \N-Boc i TF FAKT 2= A4\ AT Hi\wj-B8-AD-1-4-rac.led

mVy
2 Det.A Ch1
[=]
o) " 3
l 2
500+ HN
(0]
N
L \
250 15 Bn
Racemic
0 o~ ¥ x
O I e e e e e e e e LA m S S s S py p —T
0.0 25 5.0 7.5 10.0 12.5 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
| 11048 10836714 595851 49.419 53.766
2 13.054 11091413 512384 50.581 46.234
Total 21928127 1108235 100.000 100.000
<Chromatogram>
FAHPLC data\W Vi 14 3 {1 \N-Boe i F fE\iT 4= {k\n] H]\wj-B8-AD-1-4-chiral lcd
mVy
2 Det.A Ch1
[=]
500 "
o
HN
.\\\\
(0]
250 N
\
15 Bn
8
0 " T - ~
— —T —T T T T —
0.0 2.5 5.0 75 10.0 125 15.0
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 11060 9755785 543158 98.831 98.978
2 13.132 115407 5607 1.169 1.022
Total Q871193 548765 100.000 100.000

Figure S163. HPLC spectrum of 15, related to Scheme 3.
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Figure S164. *H NMR spectrum of 16, related to Scheme 3.
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Figure S165. **C NMR spectrum of 16, related to Scheme 3.



<Chromatogram>

FAHPLC data\WJViE 4 2 (b \N-BocBi T FEART 2E (b Ve HI\W.J-A3-AD-1-4-rac.lcd

mV
750 § Det. A Ch1
| w
BocHN "
CO,Me
500—- ©
N
| \ -
CH,CH(OEt), &
16 -
250 Racemic
0 T . T .
L B e L e e e B e e e e e IS s s e s s e s ey s
0.0 25 5.0 7.5 10.0 12.5 15.0 175
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 8.101 10841943 726025 49.346 67.952
2 17.295 11129428 342416 50.654 32.048
Total 21971371 1068441 100.000 100.000
<Chromatogram>
FAHPLC data\WJ\ih 743 AL \N-Bocil F T 4 th\R] H\WJ-A3-AD-1-4-chiral.led
mV
| - Det.A Ch1
1000+ b
1 &0
BocHN ~
750 COsMe
1 0]
- N
500- CH,CH(OEt),
16
250-
g
0_ — J & - :4-
-7 777 T T T
0.0 25 5.0 7.5 10.0 125 15.0 17.5
min
1 Det.A Ch1/210nm
PeakTable
Detector A Chl 210nm
Peak# Ret. Time Area Height Area % Height %
1 8.124 14084779 918293 99.582 99.787
2 17.397 59081 1962 0.418 0.213
Totall 14143861 920255 100.000 100.000

Figure S166. HPLC spectrum of 16, related to Scheme 3.



FybEe AR 2L AR 5105 18/iE\0AC

2018/5/18 8:42:45

OAC#T36 RT 249 AV-1 NL: 112E6 =
T: FTMS + p ESI Full ms [300.00-2500.00]
147546
100 77427
903 71821
80
70
PR
& 60] [2*M(5a)+NH,]'l
c ]
5 504 \ 0., 0~ Bi(OAc),
E o
ERE 70118 OH 1419.39
T 40
r [2*(S)-5a+Bi(OAc),]*
307 S 217260
] 68420 [(S)-5a#Bi(OAC),]* ottt 2119.57
207 [Bl (OAc), 802.31 / [3"M(5a)+NH, "
E 1728.45
] 82628
104 327 09 1027.27 e 21/92 66
ol [39128 46904 59416 Ll l ﬁ@%zg IWO?O?S 113949 134335 1600.55 N 2054.53 l 224073 242863
et e bt ooy et} )
600 800 " 1000 1200 1400 1600 1800 2000 "2200 2400

miz

Data S1. ESI-MS experiment. To a sample bottle was added (S)-5a (0.01 mmol), Bi(OAC)s
(0.01 mmol), and CH3CN (0.5 mL). After 30 min stirring at rt, the supernate was diluted with
CH3CN and subjected to analysis by ESI-MS, related to Figure 3 and Figure 4.
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Data S2. Single X-ray structure of 10, related to Scheme 3.



Table S1: Crystal data and structure refinement, related to Scheme 3.

Identification code

Empirical formula
Formula weight
Temperature / K
Crystal system
Space group
a/A,b/A c/A
a/°, B/°, y/°
Volume / A3
Z

Peale/ Mg mm™>

u/mm*

F(000)

Crystal size/ mm®

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>20 (I)]
Final R indexes [all data]
Largest diff. peak/hole/e A

C23H26N203

378.46

294

Orthorhombic

P21212;

9.50943(4), 13.71174(5), 15.80478(8)
90, 90, 90

2060.799(15)

4

1.220

0.649

808

0.34 x0.3 x0.22

4.269 t0 79.328<
-12<h<12,-17<k<17,-15<1<18
24804

4340[R(int) = 0.0242]
4340/10/273

1.079

R1=0.0268, wR, = 0.0734
R =0.0270, wR, = 0.0736
0.128/-0.123

Table S2. Detailed reaction optimization,® related to Table 1.

NBoc

N

BocHN

LA (x mol%) P
CPA (y mol%) o
~0 Sol. rt N

Bn

.0
Pi’N Tf

o
SO
Ar

] l 0" “OH
Ar

(S)-5a: Ar = 9-anthyl
(8)-5b: Ar = 3,5-(CF3),CgHs
(S)-5¢: Ar = 1-naphthyl Ar
(S)-5d: Ar =9- phenanthrenyl

(S)-5e: Ar = 2,4,6-PraCgH, ‘O
(S)-5f: Ar = 2,4,6-Me3CgH, g:Png
(S)-5g: Ar = 3,5-Ph,CgHs

(S)-5h: Ar = triphenylsilyl ‘O

(S)-5i: Ar = 2-naphthyl Ar
(S)-5§: Ar = 1-pyrenyl (S)-6¢: Ar = 9-anthyl
(S)-5k: Ar = 3,5-tBu,-4-OMeCgH,

(S)-51: Ar = 4-(2-naphthyl)CgH,

(S)-5m: Ar = 4-Ph-CgH,

(S)-6a: Ar = 9-anthyl (S)-6b: Ar = 9-anthyl



Entry LA CPA Solvent x/% y/% Time/min Yield%%  er%
1  Bi(OAc)s 5a CHClk 2 3 20 99  87.9:12.1
2 Bi(OAc): 5b CHCli 2 3 25 88  61.7:38.3
3 Bi(OAc)s 5c CHCl 2 3 40 98  75.3:24.7
4  Bi(OAc) 5d CHCli 2 3 25 05  55.1:44.9
5 Bi(OAc); 5¢ CHCl 2 3 25 92 50.4:49.6
6 Bi(OAc)s 5f CHCli 2 3 30 90  81.1:18.9
7  Bi(OAc): 59 CHCli 2 3 20 99 79.1:20.9
8 Bi(OAc)s 5h CHCI; 2 3 300 97 69.9:30.1
9 BIi(OAc);s 5i CHCl 2 3 25 99 61.6:38.4
10 Bi(OAc):; 5 CHCl 2 3 25 99 53.3:46.7
11 Bi(OAc)s 5k  CHCh 2 3 30 85 36.2:63.8
12 Bi(OAC)3 51 CHCIs3 2 3 90 96 65.4:34.6
13 Bi(OAc)s 5m CHCl 2 3 150 92 70.5:29.5
14 Bi(OAc); 6a CHCkh 2 3 80 99  155:845
15 Bi(OAc); 6b CHCl: 2 3 30 97  89.0:11.0
16 Bi(OAc)s 6¢c CHCkh 2 3 30 99  855:145
17 BIi(OAc)s 5a CHCl, 2 3 20 99  87.9:12.1
18 Bi(OAc)s b5a DCE 2 3 25 93 84.2:15.8
19 Bi(OAc)s 5a TBME 2 3 35 94 98.6:1.4
20 Bi(OAc)s 5a PhOMe 2 3 15 99 94.0:6.0
21 Bi(OAc)s b5a Et.O 2 3 20 99 99.1:0.9
229 BIi(OAc)s 5a Et.O 2 3 6h 84 99.4.0.6
23 Bi(OAc)s b5a Et.O 2 3 20 99 98.4:1.6
24 Bi(OAc)s b5a Et.O 2 2 25 95 98.6:1.4
25 Bi(OAc); 5a Et.O 1 2 35 96 98.9:1.1
26 Bi(OAc)s b5a Et.O 1 1 45 87 98.4:1.6
27 Bi(OAc); b5a Et.O 0.5 1 7h 84 98.4:1.6
28 Y(OTf)3 5a Et.O 1 2 56h 47 68.0:32.0
29 Sc(OTf)3 5a Et.O 1 2 56h 42 60.8:39.2
30 Yb(OTf); ba Et.O 1 2 54h 26 64.2:35.8
31 AgOTf 5a Et.O 1 2 58h 37 62.0:38.0
32 La(OTf)3 5a Et.O 1 2 54h 80 70.2:29.8
33 InBr3 5a Et.O 1 2 52h 51 50.4:49.6
34 Y(OTf)3 5a Et.O 1 2 56h 47 68.0:32.0
35 Yb(OAc); 5a EpO 1 2 25h <5 -
36 Fe(OAc) 5a EpO 1 2 25h <5 -

& The reactions (entries 1-28) were carried out with 1a (0.1 mmol), 2a (0.12 mmol) in 0.5 mL
solvent, while other entries were carried out with 1a (0.2 mmol), 2a (0.24 mmol) in 1.0 mL
solvent. ® Yield of isolated product. ¢ Determined by HPLC analysis. ¢ The reaction was
performed at 0 °C.



Table S3. Detailed nonlinear effect experiment,® related to Figure 3..

NBoc BocHN
Bi(OAc); (1 mol%) WNF
%o . _~_Blpin) _(S)5a@mol%) ©\)§:0
N Et,0 (0.2 M), rt N
Bn Bn
1a 2a 3a
Entry er-5a er-1 er-2
A 50:50 49.0:51.0 51.9:48.1
B 60:40 66.7:33.3 68.9:31.1
C 70:30 82.2:17.8 82.2:17.8
D 80:20 89.0:11.0 91.9:8.1
E 90:10 96.0:4.0 96.8:3.2
F 99.5:0.5 98.7:1.3 08.8:1.2

®The reactions s were carried out with 1a (0.2 mmol), 2a (0.24 mmol) in 1.0 mL Et,O at room
temperature., and the er determined by HPLC analysis.



Computational Details

All density functional theory (DFT) calculations were performed with Gaussian 09
(Frisch et al., 2009). The system size, particularly for the catalyst, and conformational
degrees of freedom make full QM geometry optimization unreasonable. So geometry
optimization of all the minima and transition states involved was carried out at the
hybrid ONIOM(QM:MM) (Morokuma et al., 1996; Morokuma and Vreven, 2000;
Morokuma et al., 2015) methods which have provided reasonable agreement with
experimental results for the study of similar systems (Simén and Goodman, 2008;
Simén and Goodman, 2010; Simén and Goodman, 2011; Simd&n and Goodman, 2012;
Simén and Paton, 2015; Simén and Paton, 2016; Simén and Paton, 2017; Simén and
Paton, 2018). Atoms that participate in bond forming/breaking events or in
establishing H-bond interactions were included in the highlevel layer and were treated
by a QM method and the rest of the atoms of the catalysts were included in the
low-level layer and were studied by a MM method. Atoms in different ONIOM layers
are illustrated in 3D structures with the high level (HL) layer as “ball & stick” type
and the low level (LL) layer as “wireframe” type. Additionally, atoms in the low level
layer are hided in schemes. Figures were prepared with Pymol software. During
optimization and TSs searches, the M06-2X (Zhao and Truhlar, et al., 2008) hybrid
meta-GGA functional with the 6-31G(d) basis set for C, H, O, N and P atoms and
LANL2DZ (Hay and Wadt, 1985) effective core potential (ECP) and split-valence
basis set for Bi atoms was used for the QM layer. The low level layer was treated with
a UFF (Rappe et al., 1992) force field. Single point energies used the M06-2X (Zhao
and Truhlar, et al., 2008) hybrid meta-GGA functional with 6-311+G(d,p) basis set
for C, H, O, N and P and the SDD (Andrae et al., 1990) ECP for Bi atoms in
conjunction with the SMD implicit solvation model to account for the solvation
effects of diethylether.
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Figure S167. Optimized eclipsed conformation of TS-1P-(R), related to Figure 4.
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Figure S168. Optimized eclipsed conformation of TS-1P-(S), related to Figure 4.
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Figure S169. Optimized eclipsed conformation of TS-2P-(R), related to Figure 4.
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Figure S170. Optimized eclipsed conformation of TS-2P-(S), related to Figure 4.



Transparent Methods

General information

Commercial reagents were used as received, unless otherwise indicated. *H and
13C NMR were recorded on a Bruker - DPX 400 spectrometer. F NMR were
recorded on a Varian NMR 400 spectrometer. Tetramethylsilane (TMS) served as the
internal standard for 'H NMR, and CDCI; served as the internal standard for 3C
NMR. The following abbreviations were used to designate the multiplicities: s =
singlet; d = doublet; t = triplet; g = quartet; m = multiplet; br = broad. All first-order
splitting patterns were assigned on the basis of the appearance of the multiplet.
Splitting patterns that could not be easily interpreted are designated as multiplet (m)
or broad (br). HPLC analysis was performed using Chiralcel columns purchased.
Mass spectra were obtained using electrospray ionization (ESI) mass spectrometer.
ESI-MS studies on catalytic complex were conducted on Thermo LTQ XL.
Isatin-derived ketimines 1(Bittner et al., 1985; Wang et al., 2012; Shi et al., 2013;
Mao et al., 2014; Zhou and Yua, 2015; Nakamura and Takahashi, 2015; Babu et al.,
2015) and allyboronic acid pinacol ester 2d, 2e (Maulide et al., 2013) were prepared
according to the reported literature procedure.

General procedure for Asymmetric Allylation of Isatin-Derived Ketimines with
Allylboronates.

NPG
< Cm T
N\R' Et,0 (0.2M), rt Z~N
1 2 3 R

To a stirred solution of isatin-derived ketimines 1 (0.2 mmol), Bi(OAc)s (1 mol%)
and chiral phosphoric acid catalyst 5a (2 mol%) in EtoO (1.0 mL) was added allyl
pinacol boronic ester 2 (0.24 mmol). The reaction was stirred at room temperature
until completed. Then, the crude mixture was direct purified by flash chromatography

(petroleum ether/EtOAc = 5/1) to afford the product 3.

Characterization data of ketimines 1h, 1i, and products 3.

tert-butyl (1-benzyl-6-methoxy-2-oxoindolin-3-ylidene)carbamate (1h)
NBoc

(0]
MeO N\
Bn
Yellow solid; *H NMR (400 MHz, CDCls) & 7.59 (d, J = 8.5 Hz, 1H), 7.38 - 7.27 (m,
5H), 6.52 (dd, J = 8.6, 2.0 Hz, 1H), 6.24 (dd, J = 7.2, 2.1 Hz, 1H), 4.89 (s, 1H), 4.86
(s, 1H), 3.82 (s, 1H), 3.78 (s, 2H), 1.63 (s, 6H), 1.45 (s, 6H); 3C NMR (101 MHz,



CDClz) 6 180.56, 168.13, 165.83, 159.68, 153.19, 149.43, 134.76, 129.03, 128.96,
128.12, 128.00, 127.37, 107.92, 107.55, 98.28, 98.06, 56.03, 55.78, 43.97, 28.23,
28.06; HRMS (ESI): m/z calcd for C21H23N204 [M+H]*: 367.1658; found: 367.1655.

tert-butyl (1-benzyl-6-fluoro-2-oxoindolin-3-ylidene)carbamate (1i)
NBoc

0
F N
Bn

Yellow solid; *H NMR (400 MHz, CDCls) § 7.70 - 7.60 (m, 1H), 7.40 - 7.26 (m, 5H),
6.74 (t, J = 8.9 Hz, 1H), 6.44 (d, J = 8.0 Hz, 1H), 4.87 (s, 2H), 1.64 (s, 9H); 3°C NMR
(101 MHz, CDCls) 6 167.20 (d, J = 256.7 Hz), 160.28 , 157.47, 151.61, 149.44 (d, J =
11.7 Hz), 134.16, 129.10, 128.26, 127.41, 126.51 (d, J = 11.1 Hz), 115.39, 110.42 (d,
J = 23.4 Hz), 99.36 (d, J = 27.9 Hz), 83.71, 44.16, 28.05; HRMS (ESI): m/z calcd for
Co0H20FN203 [M+H]*: 355.1458; found: 355.1451.

(R)-tert-butyl (3-allyl-1-benzyl-2-oxoindolin-3-yl)carbamate (3a)

BocHN N

@)
N

\

Bn

White solid, 72.6mg, 96% yield, 99.2:0.8 er; [a]o?’ = +12.0 (c = 0.3, CHCls); MP63 -
64 °C;*H NMR (400 MHz, CDCl3) 6 7.36 (d, J = 7.2 Hz, 2H), 7.31 (t, J = 7.4 Hz, 2H),
7.26 - 7.23 (m, 2H), 7.17 (t, J = 7.7 Hz, 1H), 7.02 (t, J = 7.5 Hz, 1H), 6.70 (d, J = 7.8
Hz, 1H), 5.71 (ddt, J = 17.4, 10.1, 7.4 Hz, 1H), 5.36 - 5.04 (m, 4H), 4.79 (br, 1H),
2.63 (dd, J = 13.4, 7.4 Hz, 1H), 2.50 (dd, J = 13.4, 7.4 Hz, 1H), 1.26 (s, 9H); *°C
NMR (101 MHz, CDCls) 6 176.75, 153.69, 142.31, 135.90, 130.07, 128.68, 128.61,
127.51, 127.40, 122.72, 122.52, 121.43, 109.16, 80.40, 60.83, 44.06, 42.31, 28.06;
HRMS (ESI): m/z calcd for C23sH27N20s [M+H]™: 379.2016; found: 379.2017; HPLC:
Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr
= 9.8 min (minor) and tr = 11.9 min (major).

(R)-tert-butyl (3-allyl-1-benzyl-5-methyl-2-oxoindolin-3-yl)carbamate (3b)

BocHN
Me WNF

@)
N

\

Bn
White solid, 76.9mg, 98% vyield, 99.2:0.8 er; [a]o? = +32.6 (¢ = 1.0, CHCls); MP 95 -
96 °C; 'H NMR (400 MHz, CDCl3) § 7.37 - 7.27 (m, 4H), 7.25 (t, J = 7.1 Hz, 1H),
7.07 (s, 1H), 6.96 (d, J = 7.8 Hz, 2H), 6.57 (d, J = 7.9 Hz, 2H), 5.82 - 5.64 (m, 1H),
5.30 - 5.15 (m, 4H), 4.78 (s, 1H), 2.61 (dd, J = 13.4, 7.4 Hz, 1H), 2.48 (dd, J = 13.5,



7.4 Hz, 1H), 2.30 (s, 3H), 1.27 (s, 9H); *C NMR (101 MHz, CDCls) § 176.68, 153.76,
139.89, 136.00, 132.02, 130.24, 128.88, 128.65, 127.45, 127.37, 123.53, 121.29,
108.92, 80.33, 60.90, 44.06, 42.38, 28.10, 21.15; HRMS (ESI): m/z calcd for
Co4H29N203 [M+H]™: 393.2173; found: 393.2170; HPLC: Daicel Chiralpak IC,
n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr = 11.6 min (minor)
and tr = 15.2 min (major).

(R)-tert-butyl (3-allyl-1-benzyl-5-methoxy-2-oxoindolin-3-yl)carbamate (3c)

BocHN e

O

MeO

N

Bn
White solid, 77.5mg, 95% vyield, 99.3:0.7 er; [o]o?’ = +34.2 (¢ = 1.0, CHCl3); MP 89 -
90 °C; 'H NMR (400 MHz, CDCls) & 7.26 - 7.13 (m, 5H), 6.78 (d, J = 2.5 Hz, 1H),
6.58 (dd, J = 8.6, 2.5 Hz, 1H), 6.48 (d, J = 8.5 Hz, 1H), 5.62 (ddt, J = 17.3, 10.1, 7.4
Hz, 1H), 5.23 - 5.06 (m, 3H), 4.99 (s, 1H), 4.68 (s, 1H), 3.65 (s, 3H), 2.52 (dd, J =
13.5, 7.3 Hz, 1H), 2.39 (dd, J = 13.4, 7.5 Hz, 1H), 1.19 (s, 9H); *C NMR (101 MHz,
CDClz) 6 176.44, 155.95, 153.74, 135.96, 135.75, 131.95, 130.05, 128.66, 127.47,
127.39, 121.38, 112.69, 110.37, 109.52, 80.40, 61.20, 55.76, 44.14, 42.34, 28.11;
HRMS (ESI): m/z calcd for C2sH29N204 [M+H]": 409.2122; found: 409.2124; HPLC:
Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr
= 13.3 min (minor) and tr = 15.3 min (major).

(R)-tert-butyl (3-allyl-1-benzyl-5-fluoro-2-oxoindolin-3-yl)carbamate (3d)

BocHN
F o \/

@)
N

\

Bn

White solid, 76.9mg, 97% yield, 96.4:3.6 er; [o]p?’ = +6.7 (¢ = 0.3, CHCls); MP 68 -
69 °C; 'H NMR (400 MHz, CDCls) § 7.35 - 7.24 (m, 5H), 7.01 (dd, J = 7.8, 2.6 Hz,
1H), 6.86 (td, J = 8.9, 2.6 Hz, 1H), 6.59 (dd, J = 8.6, 4.1 Hz, 1H), 5.69 (ddt, J = 17.3,
10.1, 7.4 Hz, 1H), 5.35 - 5.10 (m, 3H), 5.05 (s, 1H), 4.84 (s, 1H), 2.63 (dd, J = 13.5,
7.4 Hz, 1H), 2.49 (dd, J = 13.4, 7.5 Hz, 1H), 1.32 (s, 9H); 3C NMR (101 MHz,
CDCl3) 6 176.56, 159.24 (d, J = 241.5 Hz), 153.70, 138.21, 135.58, 132.25, 129.60,
128.74, 127.63, 127.36, 121.72, 114.78 (d, J = 23.3 Hz), 110.92 (d, J = 24.8 Hz),
109.74, 80.63, 61.15, 44.21, 42.11, 28.10; °F NMR (376 MHz, CDCls) § -125.73;
HRMS (ESI): m/z calcd for C23H26FN203z [M+H]": 397.1922; found: 397.1919; HPLC:
Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr
= 7.3 min (minor) and tr = 8.3 min (major).

(R)-tert-butyl (3-allyl-1-benzyl-5-chloro-2-oxoindolin-3-yl)carbamate (3e)



BocHN N

O

Cl

N

Bn
White solid, 81.6mg, 99% yield, 96.6:3.4 er; [a]o?’ = +36.8 (¢ = 1.0, CHCIs); MP 105
- 106 °C; H NMR (400 MHz, CDCls) & 7.36 - 7.29 (m, 4H), 7.29 - 7.27 (m, 1H),
7.23 (d, J=2.1 Hz, 1H), 7.13 (dd, J = 8.3, 2.1 Hz, 1H), 6.60 (d, J = 8.3 Hz, 1H), 5.69
(ddt, J = 17.3, 10.1, 7.4 Hz, 1H), 5.30 - 5.15 (m, 3H), 5.07 (s, 1H), 4.83 (s, 1H), 2.61
(dd, J = 13.4, 7.3 Hz, 1H), 2.48 (dd, J = 13.4, 7.5 Hz, 1H), 1.31 (s, 9H); °C NMR
(101 MHz, CDCI3) ¢ 176.35, 153.67, 140.89, 135.43, 132.27, 129.54, 128.77, 128.54,
128.00, 127.68, 127.35, 123.18, 121.83, 110.20, 80.70, 60.94, 44.18, 42.08, 28.13;
HRMS (ESI): m/z calcd for Ca3sHosCIN2NaOs [M+Na]*: 435.1451, 437.1422; found:
435.1450, 437.1401; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate =
1.0 mL/min, A = 210 nm, tr = 6.8 min (minor) and tr = 7.6 min (major).

(R)-tert-butyl (3-allyl-1-benzyl-5-bromo-2-oxoindolin-3-yl)carbamate (3f)

BocHN
Br SN

(@)
N

\

Bn

White solid, 90.3mg, 99% vyield, 97.4:2.6 er; [o]o?’ = +45.0 (c = 1.0, CHCI3); MP 115
- 116 °C; *H NMR (400 MHz, CDCl3) § 7.38 - 7.36 (t, J = 2.4 Hz, 1H), 7.30 - 7.35 (m,
4H), 7.30 - 7.23 (m, 2H), 6.56 (d, J = 8.3 Hz, 1H), 5.76 - 5.61 (m, 1H), 5.31 - 5.19 (m,
3H), 5.04 (s, 1H), 4.86 (s, 1H), 2.55 (ddd, J = 50.6, 13.5, 7.4 Hz, 2H), 1.32 (s, 9H);
13C NMR (101 MHz, CDCl3) § 176.20, 153.62, 141.36, 135.37, 131.46, 129.52,
128.77, 127.68, 127.32, 125.90, 121.88, 115.33, 110.72, 80.74, 60.82, 44.15, 42.11,
28.12; HRMS (ESI): m/z calcd for C3H26BrN2Os [M+H]": 457.1121, 459.1106;
found: 457.1116, 459.1097; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1,
Flow rate = 1.0 mL/min, A = 210 nm, tgr = 6.9 min (minor) and tr = 7.7 min (major).

(R)-tert-butyl (3-allyl-1-benzyl-5-nitro-2-oxoindolin-3-yl)carbamate (3g)

BocHN o

o

O,N

N

\

Bn
Yellow solid, 61.8mg, 73% yield, 93.8:6.2 er; [a]p?® = +67.4 (¢ = 1.0, CHCl3); MP
151 - 152 °C; 'H NMR (400 MHz, CDCls) & 8.14 (dd, J = 8.1, 2.0 Hz, 1H), 8.12 (s,
1H), 7.39 - 7.26 (m, 5H), 6.76 (d, J = 7.6 Hz, 1H), 5.66 (ddt, J = 17.3, 10.1, 7.4 Hz,
1H), 5.34 (s, 1H), 5.26 (d, J = 5.9 Hz, 1H), 5.22 (s, 1H), 5.03 (br, 1H), 4.99 (br, 1H),
2.65 (dd, J = 13.5, 7.3 Hz, 1H), 2.53 (dd, J = 13.5, 7.6 Hz, 1H), 1.35 (s, 9H); °C
NMR (101 MHz, CDCls) & 177.00, 153.68, 148.06, 143.44, 134.69, 131.45, 128.93,
128.82, 127.99, 127.34, 125.90, 122.46, 118.42, 108.89, 99.99, 81.13, 60.63, 44.46,



41.76, 28.13; HRMS (ESI): m/z calcd for C3H2sN3Os [M-H]: 422.1716; found:
422.1717; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 9:1, Flow rate = 1.0
mL/min, A = 210 nm, tr = 16.1 min (major) and tr = 19.1 min (minor).

(R)-tert-butyl (3-allyl-1-benzyl-6-methoxy-2-oxoindolin-3-yl)carbamate (3h)

BocHN o~

0
MeO N\
Bn
White solid, 76.7mg, 94% yield, 99.0:1.0 er; [a]o?’ = +29.6 (¢ = 1.0, CHCIs); MP 105
- 106 °C; *H NMR (400 MHz, CDCls) & 7.40 - 7.21 (m, 5H), 7.15 (d, J = 8.2 Hz, 1H),
6.51 (dd, J = 8.2, 2.3 Hz, 1H), 6.29 (d, J = 2.3 Hz, 1H), 5.70 (ddt, J = 17.3, 10.1, 7.4
Hz, 1H), 5.31 - 5.14 (m, 4H), 5.09 (s, 1H), 4.73 (s, 1H), 3.71 (s, 3H), 2.62 (dd, J =
13.4, 7.4 Hz, 1H), 2.47 (dd, J = 13.4, 7.4 Hz, 1H), 1.28 (s, 9H); *C NMR (101 MHz,
CDClz) & 177.19, 160.33, 153.76, 143.63, 135.85, 130.26, 128.69, 127.52, 127.41,
123.46, 121.21, 106.08, 97.37, 80.26, 60.53, 55.33, 44.08, 42.43, 28.13; HRMS (ESI):
m/z calcd for CosH2oN20s [M+H]*: 409.2122; found: 409.2126; HPLC: Daicel
Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr = 12.2
min (minor) and tr = 14.2 min (major).

(R)-tert-butyl (3-allyl-1-benzyl-6-fluoro-2-oxoindolin-3-yl)carbamate (3i)

BocHN

o)
F N
Bn

White solid, 77.6mg, 98% vyield, 98.7:1.3 er; [a]o?’ = +10.8 (c = 1.0, CHCIs); MP 97 -
98 °C; 'H NMR (400 MHz, CDCls) & 7.39 - 7.24 (m, 5H), 7.19 (ddd, J = 7.9, 5.2, 2.2
Hz, 1H), 6.70 (t, J = 8.8 Hz, 1H), 6.43 (d, J = 8.9 Hz, 1H), 5.78 - 5.54 (m, 1H), 5.31 -
5.16 (m, 3H), 5.10 (s, 1H), 4.76 (s, 1H), 2.62 (dd, J = 13.6, 7.4 Hz, 1H), 2.48 (dd, J =
13.5, 7.5 Hz, 1H), 1.29 (s, 9H); **C NMR (101 MHz, CDCls) 6 177.00, 163.13 (d, J =
245.3 Hz), 153.69, 143.86 (d, J = 11.6 Hz), 135.35, 129.76, 128.81, 127.74, 127.40,
123.73 (d, J = 9.7 Hz), 121.63, 108.61 (d, J = 22.6 Hz), 98.09 (d, J = 26.2 Hz), 80.55,
60.53, 44.23, 42.23, 28.11; F NMR (376 MHz, CDCls) § -116.68; HRMS (ESI): m/z
calcd for Ca3H26FN20O3 [M+H]*: 397.1922; found: 397.1918; HPLC: Daicel Chiralpak
IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, X =210 nm, tr = 7.1 min (minor)
and tr = 8.4 min (major).

(R)-tert-butyl (3-allyl-1-benzyl-6-chloro-2-oxoindolin-3-yl)carbamate (3j)



of N

White solid, 79.1mg, 96% yield, 97.5:2.5 er; [o]o?’ = +19.8 (¢ = 1.0, CHCl3); MP 127
- 128 °C; H NMR (400 MHz, CDCl3) & 7.38 - 7.26 (m, 5H), 7.16 (d, J = 7.9 Hz,
1H), 7.00 (dd, J = 7.9, 1.9 Hz, 1H), 6.69 (s, 1H), 5.66 (ddt, J = 17.4, 10.0, 7.4 Hz, 1H),
5.28 - 5.16 (m, 3H), 5.08 (s, 1H), 4.76 (s, 1H), 2.61 (dd, J = 13.4, 7.3 Hz, 1H), 2.47
(dd, J = 13.4, 7.5 Hz, 1H), 1.29 (s, 9H); *C NMR (101 MHz, CDCls) § 176.71,
153.70, 143.58, 135.32, 134.31, 129.63, 128.82, 127.74, 127.35, 123.63, 122.45,
121.72, 109.82, 80.65, 60.61, 44.19, 42.09, 28.12; HRMS (ESI): m/z calcd for
C23H25CIN2NaO3 [M+Na]*: 435.1451, 437.1422; found: 435.1450, 437.1370; HPLC:
Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr
= 6.6 min (minor) and tr = 7.7 min (major).

(R)-tert-butyl (3-allyl-1-benzyl-6-bromo-2-oxoindolin-3-yl)carbamate (3Kk)

BocHN o~

o)
Br N
Bn
White solid, 84.8mg, 93% yield, 98.6:1.4 er; [o]o?’ = +26.4 (¢ = 1.0, CHCI3); MP 139
- 140 °C; *H NMR (400 MHz, CDCls) 6 7.39 - 7.27 (m, 5H), 7.16 (dd, J = 7.9, 1.6 Hz,
1H), 7.11 (d, J = 7.9 Hz, 1H), 6.83 (s, 1H), 5.66 (ddt, J = 17.3, 10.0, 7.4 Hz, 1H), 5.27
- 5.15 (m, 3H), 5.06 (s, 1H), 4.76 (s, 1H), 2.61 (dd, J = 13.5, 7.3 Hz, 1H), 2.47 (dd, J
= 13.4, 7.5 Hz, 1H), 1.30 (s, 9H); *C NMR (101 MHz, CDCls) & 176.61, 153.69,
143.71, 135.31, 129.59, 128.83, 127.74, 127.34, 125.40, 124.00, 122.18, 121.77,
112.52, 80.67, 60.66, 44.17, 42.02, 28.13; HRMS (ESI): m/z calcd for C23H26BrN2Os
[M+H]": 457.1121, 459.1106; found: 457.1121, 459.1104; HPLC: Daicel Chiralpak
IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, X = 210 nm, tr = 6.6 min (minor)
and tr = 7.7 min (major).

(R)-tert-butyl  (3-allyl-1-benzyl-2-oxo-6-(trifluoromethyl)indolin-3-yl)carbamate
@)

White solid, 88.3mg, 99% yield, 98.8:1.2 er; [a]p?® = +17.4 (c = 1.0, CHCls); MP 170
- 171 °C; *H NMR (400 MHz, CDCl3) § 7.47 - 7.27 (m, 7H), 6.90 (s, 1H), 5.67 (ddt, J
=17.3,10.0, 7.4 Hz, 1H), 5.26 - 5.20 (m, 3H), 5.11 (br, 1H), 4.86 (br, 1H), 2.63 (dd, J
=13.5, 7.3 Hz, 1H), 2.49 (dd, J = 13.5, 7.5 Hz,1H), 1.33 (s, 9H); **C NMR (101 MHz,
CDCls) & 176.57, 153.74, 142.99, 135.18, 130.98 (q, J = 32.4 Hz), 129.35, 128.85,



127.82, 127.41, 125.20, 122.86, 122.49, 121.90, 119.65 (q, J = 4.3 Hz), 105.77, 80.80,
60.81, 44.26, 41.94, 28.06; °F NMR (376 MHz, CDCls) § -62.44; HRMS (ESI): m/z
calcd for CasHasFsNoNaOsz [M+Na]™: 469.1715; found: 469.1714; HPLC: Daicel
Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tgr = 5.3
min (minor) and tr = 5.7 min (major).

(R)-tert-butyl (3-allyl-1-benzyl-7-methyl-2-oxoindolin-3-yl)carbamate (3m)

BocHN

White solid, 77.6mg, 99% yield, 97.8:2.2 er; [a]o?' = -0.8 (c = 1.0, CHCl3); MP 116 -
117 °C; *H NMR (400 MHz, CDCls) & 7.36 - 7.19 (m, 5H), 7.12 (t, J = 4.4 Hz, 1H),
6.95 (d, J = 4.5 Hz, 2H), 5.78 (ddt, J = 17.5, 10.4, 7.5 Hz, 1H), 5.29 - 5.20 (m, 5H),
2.62 (dd, J = 13.5, 7.4 Hz, 1H), 2.50 (dd, J = 13.5, 7.5 Hz, 1H), 2.25 (s, 3H), 1.30 (s,
9H); 3C NMR (101 MHz, CDCl3) § 177.77, 153.71, 140.40, 137.93, 132.67, 131.42,
130.27, 128.74, 127.04, 125.98, 122.59, 121.35, 120.64, 119.71, 80.33, 60.20, 45.36,
42.82, 28.13, 18.85; HRMS (ESI): m/z calcd for CasH29N20z [M+H]*: 393.2173;
found: 393.2171; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate =
1.0 mL/min, A = 210 nm, tr = 10.6 min (minor) and tr = 15.5 min (major).

(R)-tert-butyl (3-allyl-1-benzyl-7-chloro-2-oxoindolin-3-yl)carbamate (3n)
BocHN N

O
N

\

Cl Bn

White solid, 79.1mg, 96% yield, 97.1:2.9 er; [a]o?" = -7.0 (c = 1.0, CHCl3); MP 117 -
118 °C; 'H NMR (400 MHz, CDCls) § 7.38 - 7.18 (m, 5H), 7.16 (d, J = 7.6 Hz, 2H),
6.97 (t, J = 7.7 Hz, 1H), 5.78 - 5.63 (m, 1H), 5.36 (s, 2H), 5.27 - 5.14 (m, 3H), 2.59
(dd, J = 13.5, 7.3 Hz, 1H), 2.48 (dd, J = 13.4, 7.5 Hz, 1H), 1.30 (s, 9H); *C NMR
(101 MHz, CDCls) 6 177.34, 153.63, 138.46, 137.73, 131.24, 129.56, 128.42, 127.01,
126.74, 123.42, 121.83, 121.19, 115.51, 80.74, 60.43, 45.11, 42.52, 28.09; HRMS
(ESI): m/z caled for CasH2sCIN2NaOz [M+Na]™: 435.1451, 437.1422; found:
435.1451, 437.1365; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate =
1.0 mL/min, A = 210 nm, tr = 6.8 min (minor) and tr = 9.3 min (major).

(R)-tert-butyl (3-allyl-1-benzyl-7-bromo-2-oxoindolin-3-yl)carbamate (30)



Br Bn

White solid, 89.4mg, 98% yield, 96.2:3.8 er; [a]o?' = -8.8 (¢ = 1.0, CHCl3); MP 117 -
118 °C; 'H NMR (400 MHz, CDCls) § 7.38 - 7.27 (m, 5H), 7.26 - 7.22 (m, 1H), 7.20
(d,J=7.3Hz, 1H), 6.91 (t, J = 7.7 Hz, 1H), 5.77 - 5.61 (m, 1H), 5.40 (g, J = 16.5 Hz,
2H), 5.27 - 5.10 (m, 3H), 2.59 (dd, J = 13.5, 7.3 Hz, 1H), 2.48 (dd, J = 13.5, 7.5 Hz,
1H), 1.31 (s, 9H); 3C NMR (101 MHz, CDCls) § 177.53, 153.66, 139.95, 137.67,
134.60, 134.05, 129.56, 128.41, 126.94, 126.64, 123.81, 121.80, 121.75, 102.56,
80.74, 60.40, 44.77, 42.55, 28.11; HRMS (ESI): m/z calcd for C23H26BrN20O3z [M+H]":
457.1121, 459.1106; found: 457.1123, 459.1105; HPLC: Daicel Chiralpak IC,
n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr = 6.9 min (minor)
and tr = 10.2 min (major).

(R)-tert-butyl  (3-allyl-1-benzyl-2-oxo-7-(trifluoromethyl)indolin-3-yl)carbamate
(3p)

CFy Bn

White solid, 87.4mg, 98% vyield, 91.7:8.3 er; [a]o®® = +27.2 (¢ = 1.0, CHCl3); MP 129
-130°C; !H NMR (400 MHz, CDCl3) § 7.56 (d, J = 8.1 Hz, 1H), 7.46 (d, ] = 7.3 Hz,
1H), 7.35 - 7.18 (m, 5H), 7.15 (t, J = 7.8 Hz, 1H), 5.69 (ddt, J = 17.4, 10.2, 7.4 Hz,
1H), 5.34 (s, 1H), 5.30 - 4.95 (m, 4H), 2.60 (dd, J = 13.5, 7.3 Hz, 1H), 2.49 (dd, J =
13.5, 7.6 Hz, 1H), 1.29 (s, 9H); *C NMR (101 MHz, CDCls) & 178.13, 153.63,
140.64, 136.47, 129.31, 128.20, 126.81 (q, J = 6.0 Hz), 126.23, 126.05, 124.78,
122.01, 112.75 (q, J = 32.7 Hz), 80.9, 59.26, 46.04 (q, J = 4.0 Hz), 42.55, 28.01; 1F
NMR (376 MHz, CDClz) 6 -54.44; HRMS (ESI): m/z calcd for C2sH24F3N203 [M-H]:
445.1739; found: 445.1740; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1,
Flow rate = 1.0 mL/min, A = 210 nm, tr = 4.9 min (minor) and tr = 6.9 min (major).

(R)-tert-butyl (3-allyl-2-oxoindolin-3-yl)carbamate (3q)

BocHN o

O

N
H

White solid, 40.3mg, 70% vyield, 98.8:1.2 er; [a]o?’ = +12.8 (c = 0.5, CHCl3); MP 124
-125°C; H NMR (400 MHz, CDCls) & 8.14 (s, 1H), 7.24 - 7.21 (m, 2H), 7.03 (t, J
= 7.5 Hz, 1H), 6.86 (d, J = 7.8 Hz, 1H), 5.76 (dg, J = 17.0, 9.0, 8.4 Hz, 1H), 5.29 -



5.15 (m, 3H), 2.58 (dd, J = 13.6, 7.6 Hz, 1H), 2.48 (dd, J = 13.6, 7.3 Hz, 1H), 1.26 (s,
9H); *C NMR (101 MHz, CDCls) § 179.21, 153.98, 140.55, 130.92, 129.95, 128.69,
122.90, 122.41, 121.40, 110.33, 80.71, 61.36, 41.90, 28.01; HRMS (ESI): m/z calcd
for C16H21N203 [M+H]": 289.1547; found: 289.1547; HPLC: Daicel Chiralpak IC,
n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr = 5.6 min (minor)
and tr = 10.7 min (major).

(R)-tert-butyl (3-allyl-2-oxo-1-phenylindolin-3-yl)carbamate (3r)

BocHN N

O
N

\

Ph

White solid, 69.9mg, 96% vyield, 92.4:7.6 er; [a]o?’ = +22.6 (c = 1.0, CHCls); MP 79 -
80 °C; 'H NMR (400 MHz, CDCls) & 7.56 - 7.42 (m, 4H), 7.39 (t, J = 7.3 Hz, 1H),
7.32(d, J = 7.3 Hz, 1H), 7.22 (t, J = 7.7 Hz, 1H), 7.09 (t, J = 7.5 Hz, 1H), 6.83 (d, J =
7.9 Hz, 1H), 5.73 (ddt, J = 17.4, 10.2, 7.4 Hz, 1H), 5.33 - 5.09 (m, 3H), 2.68 (dd, J =
13.3, 7.3 Hz, 1H), 2.58 (dd, J = 13.3, 7.5 Hz, 1H), 1.27 (s, 9H); *C NMR (101 MHz,
CDClz) 6 176.05, 153.81, 143.17, 134.62, 130.28, 129.88, 129.53, 128.56, 127.93,
126.52, 122.99, 122.93, 121.44, 109.37, 80.52, 61.09, 42.40, 28.14; HRMS (ESI): m/z
calcd for CasH2sN203 [M+H]*: 365.1860; found: 365.1859; HPLC: Daicel Chiralpak
IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, X = 210 nm, tr = 6.7 min (minor)
and tr = 24.9 min (major).

(R)-tert-butyl (3-allyl-1-methyl-2-oxoindolin-3-yl)carbamate (3s)

BocHN e~

)
N
\

White solid, 51.3mg, 85% yield, 98.9:1.1 er; [a]o? = +47.2 (¢ = 0.5, CHCls); MP 129
-130°C; H NMR (400 MHz, CDCls) 6 7.30 (t, J = 7.7 Hz, 1H), 7.24 (d, J = 7.3 Hz,
1H), 7.06 (t, J = 7.5 Hz, 1H), 6.84 (d, J = 7.7 Hz, 1H), 5.72 (ddt, J = 17.4, 10.2, 7.4
Hz, 1H), 5.23 (d, J = 9.1 Hz, 1H), 5.19 (s, 1H), 5.15 (s, 1H), 3.23 (s, 3H), 2.56 (dd, J
= 13.5, 7.7 Hz, 1H), 2.42 (dd, J = 13.5, 7.2 Hz, 1H), 1.22 (s, 9H); *C NMR (101
MHz, CDClz) 6 176.62, 153.68, 143.14, 130.03, 128.69, 122.62, 122.47, 121.24,
108.06, 80.29, 60.83, 42.04, 27.98, 26.36; HRMS (ESI): m/z calcd for Ci6H21N203
[M+H]": 303.1703; found: 303.1698; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH =
4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr = 14.0 min (minor) and tr = 18.9 min
(major).

(R)-tert-butyl (1,3-diallyl-2-oxoindolin-3-yl)carbamate (3t)



BocHN N

O
N

Allyl

White solid, 64.9mg, 99% yield, 98.4:1.6 er; [a]o?’ = +40.2 (¢ = 1.0, CHCIs); MP 130
- 131 °C; H NMR (400 MHz, CDCls) § 7.30 - 7.22 (m, 2H), 7.05 (t, J = 7.5 Hz,
1H), 6.82 (d, J = 7.5 Hz, 1H), 5.84 (ddt, J = 17.2, 10.3, 5.2 Hz, 1H), 5.70 (ddt, J =
17.4,10.1, 7.4 Hz, 1H), 5.36 - 5.26 (m, 1H), 5.26 - 5.15 (m, 3H), 5.15 (br, 1H), 4.55
(br, 1H), 4.18 (br, 1H), 2.59 (dd, J = 13.4, 7.5 Hz, 1H), 2.46 (dd, J = 13.4, 7.4 Hz, 1H),
1.24 (s, 9H); °C NMR (101 MHz, CDCls) § 176.36, 153.66, 142.36, 131.51, 130.51,
130.02, 128.58, 122.67, 122.44, 121.33, 117.53, 109.02, 80.31, 60.82, 42.57, 42.22,
28.05; HRMS (ESI): m/z calcd for C19H2sN20s [M+H]": 329.1860; found: 329.1864;
HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210
nm, tr = 10.8 min (minor) and tr = 12.7 min (major).

(R)-tert-butyl (3-allyl-1-(methoxymethyl)-2-oxoindolin-3-yl)carbamate (3u)

BocHN N

O
N

MOM

White solid, 65.1mg, 98% yield, 99.3:0.7 er; [a]o?’ = +23.4 (¢ = 1.0, CHCIs); MP 105
- 106 °C; 'H NMR (400 MHz, CDCls) & 7.34 - 7.22 (m, 2H), 7.09 (t, J = 8.0 Hz,
1H), 7.04 (d, J = 7.8 Hz, 1H), 5.70 (ddt, J = 17.4, 10.1, 7.4 Hz, 1H), 5.28 - 5.16 (m,
4H), 5.09 (br, 1H), 3.38 (s, 3H), 2.59 (dd, J = 13.4, 7.3 Hz, 1H), 2.47 (dd, J = 13.4,
7.6 Hz, 1H), 1.25 (s, 9H); *C NMR (101 MHz, CDCls) § 177.20, 153.63, 141.49,
129.89, 128.84, 123.00, 122.68, 121.40, 109.54, 80.43, 71.69, 61.16, 56.49, 42.30,
28.03; HRMS (ESI): m/z calcd for CisH24N2NaOs [M+Na]*: 355.1634; found:
355.1633; HPLC: Daicel Chiralpak AD - H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0
mL/min, A = 210 nm, tr = 7.2 min (major) and tr = 22.7 min (minor).

(R)-tert-butyl (3-allyl-1-(2,2-diethoxyethyl)-2-oxoindolin-3-yl)carbamate (3v)

BocHN o~

)
N

CH,CH(OEt),
White solid, 80.0mg, 99% vyield, 99.5:0.5 er; [a]o? = +52.0 (¢ = 0.5, CHCls); MP 47 -
48 °C; 'H NMR (400 MHz, CDCl3) § 7.29 - 7.18 (m, 2H), 7.04 - 7.00 (m, 2H), 5.70
(ddt, J=17.3,10.1, 7.4 Hz, 1H), 5.25 - 5.13 (m, 2H), 5.11 (br, 1H), 4.70 (t, J = 5.4 Hz,
1H), 4.07 (d, J = 14.3 Hz, 1H), 3.73 (dqd, J = 9.3, 7.0, 4.7 Hz, 2H), 3.61 - 3.45 (m,
3H), 2.55 (dd, J = 13.4, 7.6 Hz, 1H), 2.43 (dd, J = 13.4, 7.2 Hz, 1H), 1.32 - 1.06 (m,
15H); 3C NMR (101 MHz, CDCls) & 176.87, 153.64, 142.88, 130.13, 128.38, 122.37,
122.25, 121.05, 109.57, 100.59, 80.25, 63.62, 62.91, 60.62, 43.65, 42.18, 27.98, 15.27;



HRMS (ESI): m/z calcd for Cz2H32N2NaOs [M+Na]*: 427.2209; found: 427.2207;
HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210
nm, tr = 7.1 min (minor) and tr = 8.3 min (major).

(R)-tert-butyl (1-acetyl-3-allyl-2-oxoindolin-3-yl)carbamate (3w)

BocHN N

O
N

Ac

White solid, 61.4mg, 93% vyield, 96.7:3.3 er; [a]o?’ = +8.4 (c = 1.0, CHCIs); MP 129 -
130 °C; *H NMR (400 MHz, CDCls) & 8.23 (d, J = 8.2 Hz, 1H), 7.33 (t, J = 7.6 Hz,
1H), 7.29 - 7.16 (m, 2H), 5.58 (ddt, J = 17.3, 10.5, 7.5 Hz, 1H), 5.30 (s, 1H), 5.21 (d,
J=7.3 Hz, 1H), 5.18 (s, 1H), 2.67 (s, 3H), 2.56 (dd, J = 13.3, 7.0 Hz, 1H), 2.49 (dd, J
= 13.4, 7.7 Hz, 1H), 1.20 (s, 9H); *C NMR (101 MHz, CDCls) & 177.36, 170.73,
153.65, 139.49, 129.12, 125.20, 122.14, 121.89, 116.54, 81.10, 61.42, 42.71, 27.91,
26.64; HRMS (ESI): m/z calcd for CisH22N2NaOs [M+Na]*: 353.1477; found:
353.1477; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0
mL/min, A = 210 nm, tr = 4.6 min (minor) and tr = 5.4 min (major).

(R)-tert-butyl (3-allyl-1-(2-methylbenzyl)-2-oxoindolin-3-yl)carbamate (3x)

BocHN e~

O
N

e

White solid, 77.6mg, 99% vyield, 98.5:1.5 er; [a]o?’ = -1.8 (c = 1.0, CHCl3); MP 84 -
85°C; H NMR (400 MHz, CDCls) § 7.28 (d, J = 7.4 Hz, 1H), 7.24 - 7.14 (m, 4H),
7.15-7.07 (m, 1H), 7.04 (t, J = 7.5 Hz, 1H), 6.62 (d, J = 7.7 Hz, 1H), 5.80 (ddt, J =
17.5,10.2, 7.4 Hz, 1H), 5.35 - 5.21 (m, 3H), 5.16 (br, 1H), 4.75 (br, 1H), 2.67 (dd, J =
13.5, 7.5 Hz, 1H), 2.54 (dd, J = 13.5, 7.4 Hz, 1H), 2.41 (s, 3H), 1.30 (s, 9H); *C
NMR (101 MHz, CDCls) 6 176.90, 153.71, 142.61, 135.44, 133.36, 130.41, 130.17,
128.70, 127.30, 126.42, 126.19, 122.70, 122.57, 121.55, 109.37, 80.37, 60.88, 42.35,
42.17, 28.14, 19.31; HRMS (ESI): m/z calcd for CaH29N20s [M+H]": 393.2178;
found: 393.2178; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate =
1.0 mL/min, A = 210 nm, tr = 7.4 min (minor) and tr = 11.6 min (major).

(R)-tert-butyl (3-allyl-1-(2-fluorobenzyl)-2-oxoindolin-3-yl)carbamate (3y)



White solid, 77.6mg, 98% yield, 99.3:0.7 er; [a]o?' = +18.0 (c = 1.0, CHCIs); MP 86 -
87 °C; 'H NMR (400 MHz, CDCls) 6 7.40 (t, J = 7.7 Hz, 1H), 7.29 - 7.16 (m, 3H),
7.11 - 6.99 (m, 3H), 6.77 (d, J = 7.8 Hz, 1H), 5.71 (ddt, J = 17.4, 10.1, 7.4 Hz, 1H),
5.31 - 5.05 (m, 4H), 4.90 (br, 1H), 2.61 (dd, J = 13.5, 7.5 Hz, 1H), 2.48 (dd, J = 13.4,
7.4 Hz, 1H), 1.27 (s, 9H); *3C NMR (101 MHz, CDCls) § 176.90, 160.56 (d, J = 246.1
Hz), 153.73, 142.01, 129.99, 129.82, 129.27 (d, J = 6.9 Hz), 128.75, 124.47 (d, J =
3.7 Hz), 122.85 (d, J = 14.0 Hz), 122.69 (d, J = 3.4 Hz), 121.45, 115.27 (d, J = 21.3
Hz), 108.85, 80.45, 60.87, 42.24 , 37.29 (d, J = 5.3 Hz), 28.05; *°F NMR (376 MHz,
CDCls) & -124.04; HRMS (ESI): m/z calcd for CasH2sFN2Os [M+H]*: 397.1927;
found: 397.1922; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 2:1, Flow rate =
1.0 mL/min, A = 210 nm, tr = 6.1 min (minor) and tr = 7.1 min (major).

(R)-tert-butyl (3-allyl-1-(3-methylbenzyl)-2-oxoindolin-3-yl)carbamate (3z)

BocHN e~

O
N

White solid, 77.6mg, 99% yield, 98.9:1.1 er; [a]o?’ = +7.2 (c = 1.0, CHCls); MP 85 -
86 °C; H NMR (400 MHz, CDCls) § 7.25 (d, J = 6.1 Hz, 1H), 7.22 - 7.13 (m, 4H),
7.06 (d, J=7.5Hz, 1H), 7.02 (t, J = 7.5 Hz, 1H), 6.70 (d, J = 7.8 Hz, 1H), 5.82 - 5.61
(m, 1H), 5.30 - 5.15 (m, 3H), 5.07 (br, 1H), 4.77 (br, 1H), 2.63 (dd, J = 13.4, 7.4 Hz,
1H), 2.50 (dd, J = 13.4, 7.4 Hz, 1H), 2.31 (s, 3H), 1.26 (s, 9H); *C NMR (101 MHz,
CDCls) 6 176.76, 153.74, 142.43, 138.38, 135.81, 130.51, 130.13, 128.62, 128.51,
128.28, 128.14, 124.45, 122.66, 122.49, 121.36, 109.21, 80.34, 60.90, 44.05, 42.28,
28.09, 21.42. HRMS (ESI): m/z calcd for CasH29N203 [M+H]*: 393.2178; found:
393.2174; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0
mL/min, A =210 nm, tr = 10.2 min (minor) and tr = 14.1 min (major).

(R)-tert-butyl (3-allyl-1-(3-fluorobenzyl)-2-oxoindolin-3-yl)carbamate (3aa)



White solid, 78.4mg, 99% yield, 98.1:1.9 er; [o]p?’ = +15.4 (c = 1.0, CHCl3); MP 62 -
63°C; 'H NMR (400 MHz, CDCls) & 7.33 - 7.23 (m, 2H), 7.20 - 7.14 (m, 2H), 7.10
(d, J=9.7 Hz, 1H), 7.04 (t, J = 7.5 Hz, 1H), 6.94 (td, J = 8.5, 2.5 Hz, 1H), 6.66 (d, J =
7.8 Hz, 1H), 5.69 (ddt, J = 17.3, 10.0, 7.4 Hz, 1H), 5.33 - 5.14 (m, 3H), 5.02 (s, 2H),
2.63 (dd, J = 13.4, 7.3 Hz, 1H), 2.50 (dd, J = 13.4, 7.5 Hz, 1H), 1.28 (s, 9H); °C
NMR (101 MHz, CDClz) 6 176.77, 163.10 (d, J = 246.3 Hz), 153.71, 142.08, 138.47
(d, J = 6.6 Hz), 130.45, 130.20 (d, J = 8.0 Hz), 129.96, 128.68, 122.93, 122.74 (d, J =
3.5 Hz), 121.51, 114.60, 114.39 (d, J = 21.3 Hz), 114.53, 114.30 (d, J = 22.6 Hz),
108.99, 80.46, 60.90, 43.56, 42.23, 28.08; °F NMR (376 MHz, CDCls) § -112.57;
HRMS (ESI): m/z calcd for C23H26FN2O3z [M+H]*: 397.1927; found: 397.1926; HPLC:
Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr
= 8.1 min (minor) and tr = 10.0 min (major).

(R)-tert-butyl (3-allyl-1-(4-methylbenzyl)-2-oxoindolin-3-yl)carbamate (3ab)

BocHN ~

o)

Me

White solid, 77.6mg, 99% vyield, 98.6:1.4 er; [a]o?’ = +7.8 (c = 1.0, CHCl); MP 121 -
122 °C; H NMR (400 MHz, CDCls) § 7.25 (d, J = 7.8 Hz, 3H), 7.16 (t, J = 7.8 Hz,
1H), 7.11 (d, J = 7.8 Hz, 2H), 7.01 (t, J = 7.5 Hz, 1H), 6.71 (d, J = 7.8 Hz,1H), 5.72
(ddt, J=17.2, 9.8, 7.3 Hz, 1H), 5.33 - 5.00 (m, 4H), 4.71 (br, 1H), 2.62 (dd, J = 13.4,
7.5 Hz, 1H), 2.48 (dd, J = 13.4, 7.3 Hz, 1H), 2.31 (s, 3H), 1.26 (s, 9H); 3C NMR (101
MHz, CDClz) 6 176.71, 153.74, 142.41, 137.14, 132.89, 130.58, 130.13, 129.34,
128.58, 127.43, 122.68, 122.44, 121.31, 109.18, 80.34, 60.88, 43.84, 42.29, 28.07,
21.09; HRMS (ESI): m/z calcd for CaaH29N203 [M+H]": 393.2178; found: 393.2172;
HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210
nm, tr = 11.2 min (minor) and tr = 14.6 min (major).

(R)-tert-butyl (3-allyl-1-(4-(tert-butyl)benzyl)-2-oxoindolin-3-yl)carbamate (3ac)



‘Bu

White solid, 75.5mg, 87% vyield, 98.0:2.0 er; [o]p? = +10.0 (¢ = 1.0, CHClIs); MP 100
-101°C; H NMR (400 MHz, CDCls) & 7.34 - 7.29 (m, 3H), 7.30 - 7.22 (m, 2H),
7.18 (t, J=7.7 Hz, 1H), 7.02 (t, J = 7.5 Hz, 1H), 6.74 (d, J = 7.8 Hz, 1H), 5.73 (ddt, J
=17.3, 10.0, 7.4 Hz, 1H), 5.28 - 4.99 (m, 4H), 4.71 (br, 1H), 2.63 (dd, J = 13.5, 7.5
Hz, 1H), 2.49 (dd, J = 13.5, 7.4 Hz, 1H), 1.29 (s, 18H); *C NMR (101 MHz, CDCl5)
6 176.73, 153.74, 150.41, 142.41, 132.89, 130.12, 128.59, 127.17, 125.61, 122.69,
122.46, 121.41, 109.22, 80.39, 60.84, 43.72, 42.31, 34.50, 31.34, 28.04; HRMS (ESI):
m/z calcd for Cz7H3sN2Os [M+H]*: 435.2648; found: 435.2649; HPLC: Daicel
Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr = 10.5
min (minor) and tr = 12.5 min (major).

(R)-tert-butyl (3-allyl-1-(4-chlorobenzyl)-2-oxoindolin-3-yl)carbamate (3ad)

BocHN o~

O
N

Cl

White solid, 81.6mg, 99% yield, 98.6:1.4 er; [a]o?’ = +21.6 (¢ = 1.0, CHCls); MP 131
- 132 °C; 'H NMR (400 MHz, CDCls) & 7.33 - 7.24 (m, 1H), 7.17 (t, J = 7.7 Hz,
1H), 7.03 (t, J = 7.5 Hz, 1H), 6.65 (d, J = 7.8 Hz, 1H), 5.68 (ddt, J = 17.3, 10.2, 7.4
Hz, 1H), 5.32 - 5.14 (m, 3H), 4.97 (br, 2H), 2.62 (dd, J = 13.4, 7.4 Hz, 1H), 2.48 (dd,
J =13.4, 7.5 Hz, 1H), 1.29 (s, 9H); 3C NMR (101 MHz, CDCls) § 176.74, 153.68,
142.02, 134.38, 133.33, 129.96, 128.84, 128.65, 122.74 (d, J = 6.6 Hz), 121.47,
109.01, 80.45, 60.83, 43.40, 42.24, 28.09; HRMS (ESI): m/z calcd for
C23H25CIN2NaO3z [M+Na]*: 435.1451, 437.1422; found: 435.1451, 437.1406; HPLC:
Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr
= 9.0 min (minor) and tr = 11.0 min (major).

(R)-tert-butyl (3-allyl-1-(4-bromobenzyl)-2-oxoindolin-3-yl)carbamate (3ae)



BocHN .

Br

White solid, 90.3mg, 99% yield, 98.7:1.3 er; [a]o?’ = +15.3 (c = 0.3, CHCl5); MP
138 - 139 °C; 'H NMR (400 MHz, CDCl3) § 7.45 - 7.42 (m, 2H), 7.31 - 7.23 (m, 3H),
7.18 (t, J=7.8 Hz, 1H), 7.04 (t, J = 7.6 Hz, 1H), 6.64 (d, J = 7.8 Hz, 1H), 5.74 - 5.63
(m, 1H), 5.34 - 5.16 (m, 3H), 4.94 (br, 2H), 2.62 (dd, J = 13.5, 7.4 Hz, 1H), 2.48 (dd,
J =13.5, 7.4 Hz, 1H), 1.29 (s, 9H); *C NMR (101 MHz, CDCls) & 176.72, 153.69,
142.03, 134.92, 131.78, 130.46, 129.96, 129.19, 128.65, 122.78, 122.70, 121.43,
108.99, 80.43, 60.84, 43.45, 42.24, 28.10; HRMS (ESI): m/z calcd for C23H26BrN203
[M+H]*": 457.1121, 459.1106; found: 457.1124, 459.1102; HPLC: Daicel Chiralpak
IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, X = 210 nm, tr = 9.2 min (minor)
and tr = 11.4 min (major).

(R)-tert-butyl (3-allyl-2-oxo-1-(4-(trifluoromethyl)benzyl)indolin-3-yl)carbamate
(3af)

FsC

White solid, 86.5mg, 97% yield, 97.1:2.9 er; [o]p?’ = +21.8 (¢ = 1.0, CHCls); MP 127
- 128 °C; 'H NMR (400 MHz, CDCls) & 7.61 - 7.48 (m, 4H), 7.27 (d, J = 7.5 Hz, 1H),
7.18 (t, J = 7.7 Hz, 1H), 7.05 (t, J = 7.5 Hz, 1H), 6.62 (d, J = 7.8 Hz, 1H), 5.70 (ddt, J
=17.3,10.1, 7.4 Hz, 1H), 5.32 - 5.16 (m, 3H), 5.02 (br, 2H), 2.63 (dd, J = 13.4, 7.3
Hz, 1H), 2.50 (dd, J = 13.4, 7.5 Hz, 1H), 1.30 (s, 9H); **C NMR (101 MHz, CDCls) &
176.81, 153.70, 141.90, 139.95, 129.91, 128.71, 127.65, 125.67 (q, J = 3.8 Hz),
122.83, 121.53, 108.92, 80.50, 60.85, 43.58, 42.23, 28.10; °F NMR (376 MHz,
CDCls) 6 -62.47; HRMS (ESI): m/z calcd for CasH2sFN2NaOsz [M+Na]™: 469.1715;
found: 469.1710; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate =
1.0 mL/min, A = 210 nm, tr = 6.7 min (minor) and tr = 7.7 min (major).

(R)-benzyl (3-allyl-1-benzyl-2-oxoindolin-3-yl)carbamate (3ag)



Bn

White solid, 65.9mg, 80% vyield, 97.7:2.3 er; [a]o?’ = -2.4 (c = 1.0, CHCl3); MP 92 -
93°C; 'H NMR (400 MHz, CDCls) & 7.50 - 7.20 (m, 10H), 7.17 (t, J = 7.7 Hz, 1H),
7.03 (t, J = 7.5 Hz, 1H), 6.66 (s, 1H), 5.72 (ddt, J = 17.3, 10.1, 7.4 Hz, 1H), 5.51 (s,
1H), 5.31 - 5.16 (m, 2H), 5.00 (s, 4H), 2.67 (dd, J = 13.4, 7.6 Hz, 1H), 2.53 (dd, J =
13.4, 7.3 Hz, 1H); *C NMR (101 MHz, CDCls) § 176.33, 154.35, 142.45, 135.77,
129.90, 128.91, 128.73, 128.51, 128.23, 127.52, 127.26, 122.89, 122.68, 121.66,
109.48, 67.26, 60.92, 44.09, 42.13; HRMS (ESI): m/z calcd for CisH224N2NaOs
[M+Na]*: 435.1685; found: 435.1678; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH
= 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr = 20.3 min (major) and tr = 30.8 min
(minor).

(R)-ethyl (3-allyl-1-benzyl-2-oxoindolin-3-yl)carbamate (3ah)

EtO,CHN, -

O
N

Bn

White solid, 60.2mg, 86% yield, 95.9:4.1 er; [o]p?’ = +19.6 (c = 0.5, CHCl3); MP 110
- 111 °C; *H NMR (400 MHz, CDCl3) 6 7.37 - 7.30 (m, 4H), 7.28 - 7.23 (m, 2H), 7.16
(t, J=7.7 Hz, 1H), 7.02 (t, J = 7.5 Hz, 1H), 6.68 (d, J = 7.8 Hz, 1H), 5.74 (ddt, J =
17.4,10.1, 7.4 Hz, 1H), 5.41 (s, 1H), 5.30 - 5.18 (m, 2H), 5.06 (d, J = 15.8 Hz, 1H),
4.86 (d, J = 15.9 Hz, 1H), 4.01 (s, 2H), 2.67 (dd, J = 13.4, 7.5 Hz, 1H), 2.53 (dd, J =
13.4, 7.3 Hz, 1H), 1.16 (s, 3H); *C NMR (101 MHz, CDCls) & 176.46, 154.55,
142.42, 135.79, 130.01, 128.85, 128.72, 127.50, 127.27, 122.79, 122.62, 121.54,
109.36, 61.29, 60.80, 44.13, 42.13, 14.33; HRMS (ESI): m/z calcd for C21H23N203
[M+H]*: 351.1709; found: 351.1709; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH =
4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr = 14.3 min (major) and tr = 18.0 min
(minor).

(R)-3-allyl-1-benzyl-3-(phenylamino)indolin-2-one (3ai)

PhHN, -

O
N

Bn
White solid, 69.4mg, 98% yield, 94.1:5.9 er; [a]o? = -80.4 (c = 1.0, CHCl3); MP 83 -
84 °C; 'H NMR (400 MHz, CDCls) § 7.34 - 7.16 (m, 7H), 7.02 (t, J = 7.6 Hz, 1H),
6.93 (t, J = 6.9 Hz, 2H), 6.79 (d, J = 7.9 Hz, 1H), 6.67 (t, J = 7.3 Hz, 1H), 6.21 (d, J =
7.1 Hz, 2H), 5.85 - 5.66 (m, 1H), 5.22 (dd, J = 19.4, 13.8 Hz, 2H), 5.05 (d, J = 15.5
Hz, 1H), 4.80 (d, J = 15.4 Hz, 1H), 3.77 (s, 1H) 2.76 (dd, J = 13.4, 6.9 Hz, 1H), 2.63
(dd, J = 13.3, 7.8 Hz, 1H); **C NMR (101 MHz, CDCl3) § 177.67, 145.19, 141.90,



135.75, 130.49, 129.85, 129.06, 129.00, 128.76, 127.82, 127.77, 123.91, 123.03,
121.13, 119.33, 115.48, 109.70, 64.01, 44.80, 44.15; HRMS (ESI): m/z calcd for
Co4H23N20 [M+H]": 355.1810; found: 355.1809; HPLC: Daicel Chiralpak AD - H,
n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr = 24.2 min (minor)
and tr = 44.5 min (major).

(R)-ethyl 3-allyl-2,3-dihydrobenzo[d]isothiazole-3-carboxylate 1,1-dioxide (3aj)

\

NH

EO,C N\

Colorless Qil, 51.1mg, 91% vyield, 94.0:6.0 er; [a]p®® = +61.6 (¢ = 1.0, CHCl); H
NMR (400 MHz, CDCls) & 7.76 (d, J = 4.7 Hz, 2H), 7.74 (d, J = 5.4 Hz, 1H), 7.67 (t,
J =76 Hz, 1H), 7.58 (t, J = 7.5 Hz, 1H), 5.84 - 5.69 (m, 2H), 5.24 - 5.13 (m, 2H),
4.31 (ddg, J = 10.5, 7.1, 3.5 Hz, 2H), 2.96 (dd, J = 13.9, 7.8 Hz, 1H), 2.73 (dd, J =
13.9, 6.5 Hz, 1H), 1.33 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) § 169.51,
137.65, 135.45, 133.53, 130.93, 130.53, 125.01, 121.49, 120.89, 68.78, 63.60, 44.62,
14.15; HRMS (ESI): m/z calcd for C13H1sNO4S [M+H]": 282.0800; found: 282.0798;
HPLC: Daicel Chiralpak OD-H, n-hexane/i-PrOH = 9:1, Flow rate = 1.0 mL/min, A =
210 nm, tr = 15.1 min (minor) and tr = 19.2 min (major).

tert-butyl (4-allyl-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)
carbamate (3ak)
BocHN  M©
/\iéN
o N
Ph

White solid, 64.5mg, 98% yield, 85.3:14.7 er; [0]p?® = -7.2 (¢ = 1.0, CHCl); MP 143
- 144 °C; *H NMR (400 MHz, CDCls) & 7.89 (d, J = 8.1 Hz, 2H), 7.38 (t, J = 7.8 Hz,
2H), 7.16 (t, J = 7.4 Hz, 1H), 5.69 (td, J = 17.0, 15.9, 7.9 Hz, 1H), 5.33 - 5.09 (m, 3H),
2.53 (dd, J = 13.5, 7.8 Hz, 1H), 2.45 (dd, J = 13.4, 7.0 Hz, 1H), 2.10 (s, 3H), 1.36 (s,
9H); 3C NMR (101 MHz, CDCl3) § 172.37, 160.28, 153.86, 138.11, 128.76, 128.25,
124.88, 121.76, 118.72, 81.61 (d, J = 82.5 Hz), 65.88, 38.72, 28.06, 13.25; HRMS
(ESI): m/z calcd for CigH23NsNaOz [M+Na]™: 352.1637; found: 352.1635; HPLC:
Daicel Chiralpak IC, n-hexane/i-PrOH = 9:1, Flow rate = 1.0 mL/min, A = 210 nm, tr
= 8.1 min (minor) and tr = 10.3 min (major).

(S)-3-allyl-1-benzyl-3-hydroxyindolin-2-one (3al)



=
CL
N
Bn

White solid, 54.1mg, 97% yield, 91.8:8.2 er; [a]o?® = -39.2 (¢ = 1.0, CHCl3); *H NMR
(400 MHz, CDClz) 6 7.37 (d, J= 7.3 Hz, 1H), 7.32 - 7.21 (m, 5H), 7.17 (t, J = 7.8 Hz,
1H), 7.03 (t, J = 7.5 Hz, 1H), 6.67 (d, J = 7.8 Hz, 1H), 5.68 - 5.50 (m, 1H), 5.16 - 5.03
(m, 2H), 4.99 (d, J = 15.7 Hz, 1H), 4.70 (d, J = 15.7 Hz, 1H), 3.26 (br, 1H), 2.79 (dd,
J=13.4,6.3 Hz, 1H), 2.67 (dd, J = 13.3, 8.4 Hz, 1H); *C NMR (101 MHz, CDCl3) §
178.17, 142.43, 135.43, 130.60, 129.80, 129.54, 128.75, 127.67, 127.31, 124.19,
123.13, 120.47, 109.48, 76.11, 43.85, 43.01; HRMS (ESI): m/z calcd for
CigH17NNaO; [M+Na]*: 302.1157; found: 302.1155; HPLC: Daicel Chiralpak OJ-H,
n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr = 7.6 min (minor)
and tr = 10.8 min (major).

(R)-tert-butyl (1-benzyl-3-(but-3-en-2-yl)-2-oxoindolin-3-yl)carbamate (3am)

Me

BocHN ‘\\\\g\/

@)
N

\

Bn

White solid, 71.3mg, 91% yield, 5.8:1 dr, 96.6:3.4 er; [o]p?’ = +53.2 (¢ = 0.5, CHCl);
MP 109 -110 °C; *H NMR (400 MHz, CDCls) & 7.46 - 7.36 (m, 2H), 7.31 (t, J = 7.3
Hz, 2H), 7.28 - 7.21 (m, 2H), 7.18 (t, J = 7.6 Hz, 1H), 7.03 (t, J = 7.4 Hz, 1H), 6.70 (d,
J=7.8 Hz, 1H), 5.90 (dt, J = 17.0, 9.8 Hz, 1H), 5.40 - 5.13 (m, 3H), 5.08 (d, J = 15.4
Hz, 1H), 4.76 (s, 1H), 2.63 (dt, J = 13.8, 7.1 Hz, 1H), 1.26 (s, 9H), 0.87 (d, J = 6.9 Hz,
3H); 13C NMR (101 MHz, CDCls) § 176.20, 153.87, 143.44, 137.08, 136.02, 128.62,
127.66, 127.48, 122.55, 122.49, 118.60, 108.79, 80.23, 63.52, 46.46, 44.23, 28.05,
14.52; HRMS (ESI): m/z calcd for Ca4H29N203 [M+H]*: 393.2178; found: 393.2176;
HPLC: Daicel Chiralpak AD - H, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A
=210 nm, tr = 8.7 min (major) and tr = 46.5 min (minor).

(R)-tert-butyl (1-benzyl-3-(2-methylallyl)-2-oxoindolin-3-yl)carbamate (3an)

Me
BocHN \\\’/

O
N

\

Bn
White solid, 65.9mg, 84% yield, 79.4:20.6 er; [a]o?® = -6.2 (c = 1.0, CHCls); MP 116
-118°C; 'H NMR (400 MHz, CDCl3) 6 7.36 (d, J = 7.1 Hz, 2H), 7.31 (t, J = 7.2 Hz,
3H), 7.27 - 7.24 (m, 1H), 7.16 (t, J = 7.4 Hz, 1H), 7.01 (t, J = 7.5 Hz, 1H), 6.66 (d, J =
7.8 Hz, 1H), 5.29 (s, 1H), 5.10 (d, J = 12.0 Hz, 1H), 4.75 (d, J = 37.3 Hz, 3H), 2.62 (s,



2H), 1.41 (s, 3H), 1.26 (s, 9H); *C NMR (101 MHz, CDCl) & 176.74, 153.71,
142.91, 138.38, 135.85, 128.66, 128.58, 127.43, 123.09, 122.39, 117.53, 109.06,
80.33, 61.71, 45.53, 44.14, 28.08, 23.96; HRMS (ESI): m/z calcd for C24H2sN2NaOs
[M+Na]™: 415.1998; found: 415.1995; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH
= 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr = 10.7 min (major) and tr = 13.3 min
(minor).

(R)-tert-butyl (1-benzyl-3-(2-methylenebut-3-en-1-yl)-2-oxoindolin-3-yl)

X
BocHN

\\\\

carbamate (3a0)

O
N

\

Bn

Colorless oil, 55.0mg, 69% yield, 84.4:15.6 er; [a]p?® = 14.6 (¢ = 1.0, CHCI3); *H
NMR (400 MHz, CDCls) & 7.35 (d, ] = 6.7 Hz, 2H), 7.31 (t, J = 7.2 Hz, 2H), 7.25 (dd,
J=9.6, 6.9 Hz, 2H), 7.14 (t, J = 7.7 Hz, 1H), 6.96 (t, = 7.5 Hz, 1H), 6.66 (d, J = 7.8
Hz, 1H), 6.22 (dd, J = 17.6, 10.9 Hz, 1H), 5.38 (br, 1H), 5.20 (d, J = 17.6 Hz, 1H),
5.13 (s, 1H), 5.08 (br, 1H), 4.99 (d, J = 10.9 Hz, 1H), 4.84 (s, 1H), 4.75 (br, 1H), 2.92
(d, J = 13.2 Hz, 1H), 2.63 (d, J = 13.2 Hz, 1H), 1.25 (s, 9H); *C NMR (101 MHz,
CDClz) & 176.87, 153.71, 142.63, 138.55, 135.93, 128.63, 128.59, 127.47, 123.78,
122.05, 121.37, 114.82, 108.98, 80.33, 61.74, 44.14, 38.56, 28.06; HRMS (ESI): m/z
calcd for CasHosN2NaOz [M+Na]™: 427.1998; found: 427.1997; HPLC: Daicel
Chiralpak IC, n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr = 9.2
min (major) and tr = 11.7 min (minor).

Product Derivatizations.

BocHN o~ BocHN N\\\/OH
1) KMnO4, Na|O4, Hzo, rt
¢}
N 2) EtsN, CICO,Et, THF, -10°C N
Bn 3) NaBH,, H,0, 0°C to rt Bn

3a

MeHN 5& )
BocHN H /
LN

1) DMP, NaHCO3, DCM, rt ~ N
O — >
2) CH3NH,eHCI, Et;N, MgSO,, N
MeOH, rt, overnight, i3n N N

HH Ve
(-)-psychotriasine

then NaBH,, 0°C 8

(R)-tert-butyl  (1-benzyl-3-(2-hydroxyethyl)-2-oxoindolin-3-yl)carbamate  (7)

(Laschat and Kunz, 1991; Kung et al., 2011)

To a stirred solution of KMnO4 (28.44 mg, 0.18 mmol) and NalO4 (1.80 g, 8.40
mmol) in water (30 mL) was added compound 3a (1.20 mmol) at room temperature,
and the suspension was stirred until 3a was completely consumed. The reaction



mixture was extracted five times with ether (300 mL). The combined organic layers
were dried with MgSOs., filted and evaporated in vacuo. The residue was directly used
for the next step without further purification.

The above residue acid was dissolved in THF (5 mL) and the solution was cooled to
-10 €. EtsN (183 pL, 1.32 mmol) and ethyl chloroformate (126 i, 1.32 mmol) were
added dropwise to this solution. After stirring for 60 min, the reaction mixture was
filtered off. NaBH4 (95.76 mg, 2.52 mmol) was dissolved in 5 mL H2O and cooled
with an ice bath, then the above filtrate was added slowly to this solution. Returned to
room temperature and stirred for 4 h, acidified with 1 M HCI until the pH =2 - 3. The
organic phase was separated and water phase was extracted with EtOAc (20 mLx 3).
The organic phases were washed with Sat. NaHCOs and brine, then dried with
MgSOs.. Filtered and concentrated in vacuo, and the residue was purified by silica gel
column chromatography (ethyl acetate/petroleum ether = 1/5) to afford colorless
liquid 7 (279.6 mg, 61% yield, 98.8:1.2 er), [a]p?’ = +11.6 (c = 0.5, CHCl3); 'H NMR
(400 MHz, CDClg) & 7.37 - 7.30 (m, 5H), 7.26 (t, J = 3.5 Hz, 1H), 7.17 (t, J = 7.7 Hz,
1H), 7.04 (t, J = 7.5 Hz, 1H), 6.72 (d, J = 7.8 Hz, 2H), 5.15 (s, 2H), 4.83 (s, 2H), 3.92
(dddd, J = 46.8, 11.4, 7.1, 3.7 Hz, 2H), 2.97 (s, 1H), 2.05 (dddd, J = 50.5, 14.8, 7.3,
3.7 Hz, 2H), 1.30 (s, 9H); *C NMR (101 MHz, CDCl3) § 177.90, 154.24, 141.88,
135.89, 128.79, 128.54, 127.59, 127.33, 122.79, 122.71, 109.27, 80.23, 61.69, 58.04,
44.06, 39.15, 28.11; HRMS (ESI): m/z calcd for Cx»H27N204 [M+H]*: 383.1971;
found: 383.1969; HPLC: Daicel Chiralpak AD - H, n-hexane/i-PrOH = 4:1, Flow rate
= 1.0 mL/min, A = 210 nm, tr = 6.5 min (major) and tr = 10.8 min (minor).

(R)-tert-butyl  (1-benzyl-3-(2-(methylamino)ethyl)-2-oxoindolin-3-yl)carbamate

(8) (Kung et al., 2011; Shao et al., 2017)

A mixture of amino alcohol 7 (199.00 mg, 0.52 mmol), NaHCO3 (436.8 mg,
5.20mmol) and Dess-Martin periodinane reagent (331.00 mg, 0.78 mmol) in DCM (5
mL) was stirred at room temperature for 1 h. 2.5 mL Na>S>03 (1.0 M) was added and
the resulting mixture was vigorously stirred for 15 min. Saturated NaHCO3 (5 mL)
was then added and extracted with DCM (10 mL x 3). The combined organic layers
was dried with MgSO4 and concentrated in vacuo to afford crude product.

In a 50 mL round bottom flask under argon atmosphere, the above crude product,
methylamine hydrochloride (351.00 mg, 5.20 mmol) and MgSO4 (249.60 mg, 2.08
mmol) were placed. Methanol (10 mL) and EtsN (721 L, 5.20 mmol) were added in
order at room temperature. After overnight stirring, NaBH4 (59.28 mg, 1.56 mmol)
was added at 0°C. After stirring at room temperature for 0.5 h, the reaction mixture
was quenched with water, and extracted with EtOAc (10 mL x 3). The combined
organic layers were dried over Na>SO4 and filtered. Concentrated in vacuo, and the
residue was purified by silica gel column chromatography (ethyl acetate to
DCM/MeOH = 15/1) to afford compound 8 as yellow liquid (174.6 mg, 85% vyield,
99.5:0.5 er); [o]p? = +18.4 (c = 0.5, CHCl3); *H NMR (400 MHz, CDCls) § 7.39 -
7.37 (m, 2H), 7.33 (t, J = 7.5 Hz, 2H), 7.30 - 7.23 (m, 3H), 7.18 (t, J = 14..8 Hz, 1H),
7.02 (t, J=7.5Hz, 1H), 6.73 (d, J = 7.8 Hz, 1H), 5.10 (br, 1H), 4.79 (br, 1H), 3.02 (s,



2H), 2.61 (s, 4H), 2.38 (ddt, J = 14.2, 10.0, 6.2 Hz, 1H), 1.23 (s, 9H); 3C NMR (101
MHz, CDClz) & 176.60, 154.35, 141.87, 135.72, 130.28, 128.94, 128.89, 127.72,
127.52, 123.27, 122.73, 109.26, 80.31, 60.35, 53.48, 44.55, 44.17, 33.46, 33.37, 28.07;
HRMS (ESI): m/z calcd for C23sH3zoN3Os [M+H]™: 396.2287; found: 396.2286; HPLC:
Daicel Chiralpak IF, n-hexane/i-PrOH = 3:2, Flow rate = 1.0 mL/min, A = 210 nm, tr
= 15.4 min (major) and tr = 30.4 min (minor).
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(R)-tert-butyl  (1-benzyl-3-(3-hydroxypropyl)-2-oxoindolin-3-yl)carbamate (9)
(Shibasaki et al., 2003)

To a stirred solution of compound 3a (869.40 mg, 2.3 mmol) in dry THF (5.0 mL)
was added 9-BBN (0.5 M in THF, 11.50 mL,5.7 mmol) at 0 °C. The mixture was
warmed to room temperature and stirred for 24 h. H>O, (30%, 12.70 mL) and NaOAc
(20%, 16.10 mL) were added in order at 0 °C, and the resulting mixture was stirred
for 5 h at room temperature. The aqueous layer was extracted with EtOAc (20 mLx3),
and the combined organic layers were dried over anhydrous Na>SOs. After filtered
and evaporation, the crude mixture was purified by silica gel column chromatography
(ethyl acetate/petroleum ether = 1/1) to give compound 9 as white solid (867.4 mg, 95%
yield, 98.3:1.7 er); [0]o?’ = +22.0 (¢ = 1.0, CHCI3); MP 72 - 73 °C; 'H NMR (400
MHz, CDCl3) 6 7.37 (d, J = 7.2 Hz, 2H), 7.31 (t, J = 7.3 Hz, 2H), 7.28 - 7.23 (m, 2H),
7.18 (t, J=7.8 Hz, 1H), 7.02 (t, J = 7.5 Hz, 1H), 6.72 (d, J = 7.8 Hz, 1H), 5.48 (s, 1H),
5.08 (br, 1H), 4.80 (br, 1H), 3.56 (t, J = 6.2 Hz, 2H), 2.09- 1.90 (m, 2H), 1.56- 1.48
(m, 2H), 1.26 (s, 9H); *C NMR (101 MHz, CDCls) & 177.76, 154.23, 142.39, 135.96,
128.76, 128.45, 127.57, 127.48, 122.69, 122.63, 109.08, 80.20, 61.76, 61.58, 44.12,
34.64, 28.08, 25.70; HRMS (ESI): m/z calcd for CasH2oN20s [M+H]*: 397.2127;
found: 397.2122; HPLC: Daicel Chiralpak AD - H, n-hexane/i-PrOH = 4:1, Flow rate
= 1.0 mL/min, A = 210 nm, tr = 8.4 min (major) and tr = 13.6 min (minor).

(R)-tert-butyl 1-benzyl-2-oxospiro[indoline-3,2'-pyrrolidine]-1'-carboxylate (10)

(Lamet al., 2013)

To a stirred solution of compound 9 (79.20 mg, 0.20 mmol) and PhsP (68.10 mg, 0.26
mmol) in DCM (2 mL) at 0 T was added a solution of DEAD (38.00 uL, 0.24 mmol)
in DCM (2 mL). The resulting mixture was warmed to room temperature slowly, and
then stirred overnight. The reaction was quenched with EtOH (1 mL) and
concentrated under reduced pressure. The residue was purified by silica gel flash
column chromatography (ethyl acetate/petroleum ether = 1/2) to afford compound 10
as white solid (54.1 mg, 72% yield, 98.7:1.3 er); [a]o?’ = -11.1 (¢ = 0.2, CHCl3); MP
106 - 107 °C; *H NMR (400 MHz, CDCl3) § 7.39 - 7.27 (m, 5H), 7.20 - 7.15 (m, 2H),
7.01(t,J=7.0 Hz, 1H), 6.72 (d, J = 8.5 Hz, 1H), 5.28 (d, J = 15.5 Hz, 1H), 4.45 (d, J



= 15.5 Hz, 1H), 3.92 - 3.76 (m, 2H), 2.49 - 2.38 (m, 1H), 2.36 - 2.25 (m, 1H), 2.20 -
2.08 (m, 2H), 0.99 (s, 9H); 3C NMR (101 MHz, CDCls) § 177.73, 152.96, 142.22,
136.03, 132.86, 128.80, 128.38, 127.69, 127.53, 122.68, 121.86, 108.70, 80.02, 66.84,
48.10, 43.96, 39.94, 27.78, 23.04; HRMS (ESI): m/z calcd for Ca3H27N203 [M+H]":
379.2022; found: 379.2018; HPLC: Daicel Chiralpak AD - H, n-hexane/i-PrOH =
19:1, Flow rate = 1.0 mL/min, A = 210 nm, tr = 23.8min (major) and tr = 27.6 min
(minor).
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(R)-tert-butyl allyl(3-allyl-1-benzyl-2-oxoindolin-3-yl)carbamate (11) (Nakamura

et al., 2013)

To a stirred solution of compound 3a (124.70 mg, 0.33 mmol) in DMF (2.0 mL) was
added NaH (60% in oil, 15.80 mg, 0.39 mmol) at 0°C. The resulting mixture was
warmed to room temperature, after stirring for 30 min, allylbromide (31.50 pL, 0.36
mmol) was added. The resulting mixture continued to stir for 30min untill
disappearance of 3a monitored by TLC. The crude mixture was directly purified by
silica gel column chromatography (ethyl acetate/petroleum ether = 1/5) to give
compound 11 as white solid (130.7 mg, 98% vyield, 98.5:1.5 er); [a]o?’ = -56.8 (C =
1.0, CHCl3); MP 51 - 52 °C; 'H NMR (400 MHz, CDCls) & 7.40 (d, J = 7.4 Hz, 2H),
7.31-7.23 (m, 3H), 7.20 - 7.12 (m, 2H), 6.99 (t, J = 7.5 Hz, 1H), 6.69 (d, J = 7.7 Hz,
1H), 6.12 - 6.02 (m, 1H), 5.41 (d, J = 17.3 Hz, 1H), 5.26 (d, J = 10.3 Hz, 1H), 5.20 -
5.05 (m, 2H), 4.94 (d, J = 16.9 Hz, 1H), 4.78 (d, J = 10.0 Hz, 1H), 4.54 (d, J = 15.6
Hz, 1H), 4.36 (d, J = 18.8 Hz, 1H), 4.18 (dd, J = 17.1, 6.7 Hz, 1H), 2.88 - 2.77 (m,
2H), 1.16 (s, 9H); °C NMR (101 MHz, CDCls) § 176.81, 154.30, 142.82, 136.74,
136.12, 131.75, 130.30, 128.48, 128.16, 128.07, 127.48, 122.36, 122.21, 120.27,
116.28, 108.53, 80.83, 66.06, 46.64, 44.34, 40.93, 28.04; HRMS (ESI): m/z calcd for
C26H31N203 [M+H]*: 419.2335; found: 419.2329; HPLC: Daicel Chiralpak IA,
n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr = 5.4 min (major)
and tr = 7.9 min (minor).

(R)-tert-butyl  1-benzyl-2-oxo-3',6'-dihydro-1"H-spiro[indoline-3,2"'-pyridine]-1'-
carboxylate (12) (Nakamura et al., 2013)

A mixture of compound 11 (121.20 mg, 0.30 mmol) and Grubbs 2nd (25.47 mg, 0.03
mmol) in toluene (2.0 mL) was stirred for 20 min at 60 °C. After cooling to room
temperature, the crude mixture was directly purified by silica gel column
chromatography (ethyl acetate/petroleum ether = 1/6) to give compound 12 as white
solid (92.5 mg, 79% yield, 98.5:1.5 er); [a]p?’ = +70.2 (¢ = 1.0, CHClI3); MP 89 - 90



°C; 'H NMR (400 MHz, CDCl3) § 7.35 - 7.31 (m, 4H), 7.27 - 7.23 (m, 1H), 7.18 -
7.11 (m, 2H), 6.92 (t, J = 7.5 Hz, 1H), 6.68 (d, J = 7.7 Hz, 1H), 6.22 - 6.18 (m, 1H),
6.02 - 5.95 (m, 1H), 5.34 (d, J = 15.6 Hz, 1H), 4.52 (s, 1H), 4.28 (d, J = 15.7 Hz, 1H),
4.15 (d, J = 17.6 Hz, 1H), 2.81 (dp, J = 15.6, 2.8 Hz, 1H), 2.15 (dd, J = 15.8, 6.6 Hz,
1H), 1.21 (s, 9H); *C NMR (101 MHz, CDCls) & 177.21, 154.17, 141.61, 136.14,
133.46, 128.74, 128.21, 127.53, 127.28, 123.12, 122.26, 108.80, 80.86, 61.18, 43.92,
43.29, 34.99, 28.06; HRMS (ESI): m/z calcd for CaH27N20s [M+H]": 391.2022;
found: 391.2016; HPLC: Daicel Chiralpak AD - H, n-hexane/i-PrOH = 19:1, Flow
rate = 1.0 mL/min, A = 210 nm, tr = 20.7 min (major) and tr = 30.5 min (minor).
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(R)-methyl 2-(1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)acetate

(13) (Laschat and Kunz, 1991; Shao et al., 2017)

To a stirred solution of KMnO4 (28.444 mg, 0.18 mmol) and NalOs (1.80g, 8.40
mmol) in water (30 mL) was added compound 3a (1.2 mmol) at room temperature,
and the suspension was stirred until 3a was completely consumed. The reaction
mixture was extracted five times with ether (100 mL). The combined organic layers
were dried with MgSOs, filted and evaporated in vacuo. The residue was directly used
for the next step without further purification.

To a stirred solution of the above residue in CH3CN (30 mL) were added Cs2COs
(782.4 mg, 2.4 mmol) and Mel (150 pL, 2.4 mmol) at room temperature. The reaction
mixture was stirred for 8 h, and water was added. The reaction mixture was extracted
with EtOAc (30 mLx 3). The combined organic layers were washed with brine, dried
with Na.SOs, filtered and concentrated in vacuo. The residue was purified by silica
gel column chromatography (ethyl acetate/petroleum ether = 1/5, v/v) to afford white
solid 13 (340.6mg, 68% yield, 98.7:1.3 er); [a]o?’ = +46.6 (c = 1.0, CHCIs); MP 53-
54 °C; *H NMR (400 MHz, CDCls) § 7.37 (d, J = 7.1 Hz, 2H), 7.32 (t, J = 7.3 Hz,
2H), 7.30 - 7.23 (m, 2H), 7.18 (t, J = 7.7 Hz, 1H), 7.00 (t, J= 7.5 Hz, 1H), 6.71 (d, J =
7.8 Hz, 1H), 6.35 (s, 1H), 5.08 (br, 1H), 4.82 (br, 1H), 3.69 (s, 3H), 2.96 (d, J = 15.0
Hz, 1H), 2.59 (d, J = 15.0 Hz, 1H), 1.29 (s, 9H); 3C NMR (101 MHz, CDCls) &
175.55, 170.19, 153.79, 142.29, 135.75, 129.56, 129.14, 128.76, 127.59, 127.37,
122.96, 122.80, 109.41, 80.40, 59.25, 52.20, 44.21, 40.90, 28.12; HRMS (ESI): m/z
calcd for Ca3H27N20s [M+H]*: 411.1920; found: 411.1912; HPLC: Daicel Chiralpak
AD - H, n-hexane/i-PrOH = 3:2, Flow rate = 1.0 mL/min, X = 210 nm, tr = 8.0 min
(major) and tr = 23.6 min (minor).



(R)-methyl 2-(3-amino-1-benzyl-2-oxoindolin-3-yl)acetate (14) (Melchiorre et al.,

2008)

To a stirred solution of compound 13 (271.50 mg, 0.66 mmol) in DCM (5 mL) was
added TFA (983.00 uL, 13.20 mmol) at 0<C. After stirring for 2 h at room
temperature, the mixture was cooled to 0<C and sat. NaHCO3 (20 mL) was added.
The aqueous layer was extracted with DCM (10 mL x 3) and the combined organic
layers were dried over MgSOg. Filtered and concentrated in vacuo, the residue was
purified by silica gel column chromatography (ethyl acetate/petroleum ether = 1/1) to
give compound 14 as white solid (191.9 mg, 94% vyield, 99.0:1.0 er); [o]p?’ = +57.4 (C
= 1.0, CHCl;); MP 52 - 53 °C; *H NMR (400 MHz, CDCls) § 7.39 (d, J = 7.4 Hz, 1H),
7.38 - 7.30 (m, 4H), 7.29 - 7.26 (m, 1H), 7.20 (td, J = 7.7, 1.3 Hz, 1H), 7.04 (t, J = 7.6
Hz, 1H), 6.74 (d, J = 7.8 Hz, 1H), 5.05- 4.81 (dd, J = 42.3, 15.6 Hz, 2H), 3.52 (s, 3H),
3.00 (s, 2H), 1.92 (s, 2H); *C NMR (101 MHz, CDCls) & 179.18, 169.95, 142.72,
135.74, 130.81, 129.36, 128.80, 127.67, 127.41, 123.71, 122.93, 109.47, 58.47, 51.73,
44.01, 42.45; HRMS (ESI): m/z calcd for CigH1gN2O3 [M+H]™: 311.1396 found:
311.1393; HPLC: Daicel Chiralpak AD - H, n-hexane/i-PrOH = 9:1, Flow rate = 1.0
mL/min, A =210 nm, tr = 28.0 min (major) and tr = 30.2 min (minor).

(R)-1'-benzylspiro[azetidine-2,3'-indoline]-2",4-dione (15) (Shibasaki et al., 2010)
A mixture of compound 14 (91.50 mg, 0.295 mmol), 2 M agq. NaOH (0.45 mL) and
MeOH (0.90 mL) was stirred for 2 h at room temperature. Acidified the reaction
mixture by 1 M aq. HCI, and then the reaction mixture was evaporated at 50 T to
give a crude carboxylic acid. To a round bottom flask with the crude carboxylic acid
were added NaHCOs3 (123.98 mg, 1.48 mmol), the MsCl1 (68.50 uL, 0.89 mmol) and
CH3CN (3 mL) were added in order under argon atmosphere. The reaction mixture
was stirred for 18 h at 80 <T. After cooling to room temperature, the mixture was
filtered and washed with 2.5% MeOH in EtOAc. The filtrate was concentrated under
reduced pressure and the residue was purified by silica gel flash column
chromatography (ethyl acetate/petroleum ether = 1/1) to afford compound 15 as white
solid (54.9 mg, 67% yield, 98.8:1.2 er); [o]p?’ = +82.4 (¢ = 0.5, CHCI3); MP 116 -
117 °C; *H NMR (400 MHz, CDCl3) § 7.46 (d, J = 7.3 Hz, 1H), 7.37 - 7.23 (m, 4H),
7.11(t, J=7.5Hz 1H), 6.79 (d, J = 7.9 Hz, 1H), 6.22 (s, 1H), 4.92 (dd, J = 33.4, 15.5
Hz, 2H), 3.41 (dd, J = 105.7, 14.5 Hz, 2H); *C NMR (101 MHz, CDCls) & 175.38,
166.49, 142.70, 135.22, 130.32, 128.93, 127.94, 127.44, 126.76, 123.49, 109.76,
55.99, 51.11, 44.30; HRMS (ESI): m/z calcd for Ci7H1sN2O2 [M+H]": 279.1134;
found: 279.1131; HPLC: Daicel Chiralpak AD - H, n-hexane/i-PrOH = 4:1, Flow rate
= 1.0 mL/min, A =210 nm, tr = 11.1 min (major) and tr = 13.1 min (minor).
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(R)-methyl 2-(3-((tert-butoxycarbonyl)amino)-1-(2,2-diethoxyethyl)-2-oxoindolin
-3- yl) acetate (16) (Laschat and Kunz, 1991; Shao et al., 2017)

According to the approach to compound 13, compound 16 could be afforded as
colorless liquid (54.1 mg, 62% yield, 99.6:0.4 er); [o]p?’ = +51.3 (¢ = 0.3, CHCls); *H
NMR (400 MHz, CDCl3) & 7.28 - 7.22 (m, 2H), 7.05 (d, J = 7.9 Hz, 1H), 7.00 (t, J =
7.5 Hz, 1H), 6.31 (s, 1H), 4.74 (t, J = 5.4 Hz, 1H), 4.01 (s, 1H), 3.77- 3.72 (m, 2H),
3.69 (s, 3H), 3.60 - 3.50 (m, 2H), 2.70 (dd, J = 147.9, 15.1 Hz, 2H), 1.25 (s, 9H), 1.20
- 1.04 (m, 6H); *C NMR (101 MHz, CDCl) & 175.66, 170.32, 153.70, 142.85,
129.33, 128.90, 122.62, 122.52, 109.92, 100.46, 80.23, 63.53, 63.23, 58.98, 52.15,
43.73, 40.71, 28.06, 15.28, 15.23; HRMS (ESI): m/z calcd for CaxH32N2NaO;
[M+Na]™: 459.2107; found: 459.2099; HPLC: Daicel Chiralpak AD - H,
n-hexane/i-PrOH = 4:1, Flow rate = 1.0 mL/min, A = 210 nm, tr = 8.1 min (major)
and tgr = 17.4 min (minor).
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