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ABSTRACT

The organocatalyzed Mannich reaction between pyrazolinone ketimines and 3-aryl-substituted oxindoles mediated by a

hidroquinine-derived squaramide is reported. This method enables the synthesis of a diverse set of oxindole-4-aminopyrazolone

derivatives bearing vicinal tetrasubstituted stereocenters, affording products in good yields (up to 95%), with excellent diastereo-

selectivity (>20:1) and moderate enantioselectivity (up to 85:15 er) under mild conditions.

1 | Introduction

The Mannich reaction is a type of multicomponent process that
introduces an aminoalkyl group at a position adjacent to a car-
bonyl group bearing an acidic hydrogen [1-4]. Reactions involv-
ing aldimines and «-methylene carbonyl compounds are also
classified under this reaction type. The asymmetric Mannich
reaction is a powerful tool in synthetic chemistry, increasingly
explored through organocatalysis for its efficiency and stereo-
selectivity in constructing complex molecules relevant to drug
discovery, materials science, and the development of bioactive
compounds [5, 6].

The asymmetric synthesis of heterocyclic compounds bearing
stereogenic centers has gained significant attention in the last
decade due to the occurrence of these structures in natural
and bioactive compounds [7]. Among them, pyrazolones and
pyrazoles are two of the most important classes of nitrogen-
containing heterocycles, owing to their widespread presence

in medicinal chemistry and functional materials [8]. A notable
example is the 4-substituted-4-aminopyrazolones, which pos-
sess a tetrasubstituted stereocenter at the C-4 position. This
privileged heterocyclic structure is found in various biologically
active molecules and pharmaceutical drugs [9-11]. One of the
most efficient approaches for synthesizing chiral 4-substituted
4-aminopyrazolones involves the addition of nucleophiles to
ketimines derived from pyrazole-4,5-diones [12-14]. A direct
asymmetric Mannich reaction, utilizing these newly developed
ketimines, offers a practical route for accessing such highly
functionalized building blocks [15-18].

Among the different chiral oxindoles, 3-amino-3-substituted-2-
oxindoles are key structures in natural products and biologically
active compounds [19-21] whose pharmacological activity de-
pends on the nature of the substituents at the C-3 position and
the absolute configuration of the stereocenter. The asymmetric
addition of carbon nucleophiles to isatin-derived ketimines is
the most direct method for preparing this type of compound,
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with organocatalyzed methods having grown in interest in re-
cent years [22-24].

Given the relevance of pyrazole and oxindole, the incorporation
of both structural units into a single molecule could lead to new
derivatives with quaternary amino-substituted stereocenters
and potentially interesting biological properties. Their synthesis
can be achieved by two alternative strategies: (i) reaction of pyr-
azolones with Boc-ketimines derived from isatin or (ii) reaction
of Boc-protected pyrazolinone ketimines with 3-substituted ox-
indoles (Scheme 1).

Following the first strategy, Pedro's group first described the
organocatalyzed enantioselective Mannich reaction of isatin-
derived ketimines with 4-unsubstituted pyrazolones followed
by in situ acetylation, affording the corresponding acetylated
pyrazoles in high yields and excellent enantioselectivities [25].
In a subsequent published work from this group, the enanti-
oselective addition of 4-substituted pyrazolones to the same
Boc-ketimines affords aminooxindole-pyrazolone adducts con-
taining congested vicinal tetrasubstituted stereocentres with
excellent diastereo- and enantioselectivity [26]. Zhang and co-
workers [27] also reported a one-pot enantioselective Mannich
addition/allylic alkylation cascade reaction between pyrazolo-
nes, isatin-derived ketimines, and allylic acetates.

According to the second strategy, Du and co-workers reported
the highly diastereo- and enantioselective Mannich reaction
of 3-fluorooxindole to N-aryl pyrazolinone ketimines using a
dihydroquinine-derived squaramide as organocatalyst [28].
However, when using a N-Boc-protected ketimine as the start-
ing product under the optimized reaction conditions, the results
were not satisfactory neither in terms of chemical yield nor in
terms of diastereo- and enantioselectivity.

Herein we describe the unreported organocatalyzed addition of
3-aryl substituted oxindoles to Boc-protected pyrazolinone ke-
timines, providing novel oxindole-aminopyrazolone adducts
in good yields, excellent diastereoselectivity, and moderate
enantioselectivity.

2 | Results and Discussion

For the optimization process, we studied the reaction between
the 3-phenyloxindole 2a and the pyrazolinone-derived N-Boc
ketimine 1a in the presence of 10mol% of organocatalyst in di-
chloromethane at room temperature (Table 1). A preliminary
experiment showed that when 1a was treated with 2a in the ab-
sence of a catalyst, no reaction was observed.

First, we studied the squaramides C1-C3 derived from quinine
(Table 1, entries 1-3) obtaining in all cases the adduct 3aa as
the only diastereomer (dr>20:1) and the best enantiomeric
ratio (62:38 er) with the phenethyl-substituted squaramide C3.
Thiourea C4, derived from quinine, yielded worse results than
its analogue, squaramide C3, in this reaction (compare entries
3-4). Next, two catalysts derived from cinchonidine and hy-
droquinine, C5 and C6, were tested (entries 5-6), achieving the
best results with squaramide C6, which yet again provided com-
pound 3aa as the sole diastereomer and with a slight increase in
the enantiomeric ratio (67:33). Finally, quinidine-derived squar-
amide C7, a pseudoenantiomer of C3, also effectively catalyzed
this reaction but gave the opposite enantiomer of 3aa with simi-
lar enantioselectivity (entry 7).

According to these results, we chose squaramide C6 as the best
catalyst for the reaction and proceeded to study other param-
eters such as solvent, temperature, and catalyst loading. First,
we tested toluene and several ethereal solvents (entries 8-12),
achieving the best enantiomeric ratio with 1,4-dioxane (72:28 er).
More polar solvents such as acetonitrile, ethyl acetate, acetone,
and isopropanol did not improve the previous results obtained
with 1,4-dioxane. Finally, we studied other chlorinated solvents
(entries 17-18) obtaining the best yield (85%) and enantiomeric
ratio (75:25 er) with 1,2-dichloroethane (DCE). The poorer yield
obtained in chloroform was due to the formation of the N,O-
acetal 4a produced by the reaction of ketimine 1a with traces
of ethanol used as a stabilizer of this solvent (see Experimental).
Lowering the temperature to —18°C provided a decrease in both
yield and enantiomeric ratio (entry 19). Decreasing the catalyst
loading to 5mol% did not improve the previous results either

R? NBoc
(0] ,\i N
(i) N + R4—: e} - - (Pedro et al)
R3 7 = N
R2 Bn Bn
pyrazolone-3-amino
oxindole derivatives
1
R R*
O 1
N S .
(ii) I/(N + sto _— (This work)
BocN 5 E‘n
R

oxindole-4-amino
pyrazolone derivatives

SCHEME1 | Strategies for the synthesis of pyrazole-3-amino oxindole and oxindole-4-amino pyrazolone adducts.
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TABLE 1

Optimization of reaction conditions®.

Me Ph
BocN
N+ o
o” N N
Ph Bn

catal. (10 mol%)

R

solvent, rt
1a 2a
= =
OMe OMe
H N H N
‘ N NH ‘ X NH
N~ N~ CF3
[¢] NH (6] NH
(¢] OCF:; o
C1 g ¢ c2 CFs
=
OMe
H—/N H—/N =~/ N
S NH S NH HN
N~ N~ o}
o NH [¢] NH N
5 Y s
Ph Ph Ph
c5 cé c7 DHQN
Entry* Catalyst Solvent t (h) 3aa (%)® dre erd
1 C1 DCM 2 40 >20:1 58:42
2 Cc2 DCM 2 82 >20:1 60:40
3 C3 DCM 2 80 >20:1 62:38
4 C4 DCM 4 71 >20:1 55:45
5 C5 DCM 2 52 >20:1 64:36
6 Cé6 DCM 2 68 >20:1 67:33
7 C7 DCM 2 79 >20:1 37:63
8 Cé6 PhMe 4 72 >20:1 70:30
9 Cé6 Et,0 6 75 >20:1 62:38
10 Cé6 MTBE 3 58 >20:1 63:37
11 Cé6 THF 2 89 >20:1 65:35
12 Cé6 1,4-dioxane 3 75 >20:1 72:28
13 Cé6 MeCN 2 72 >20:1 67:33
14 Cé6 EtOAc 4 85 >20:1 71:29
15 Cé6 acetone 2 78 >20:1 70:30
16 Cé6 IPA 6 62 >20:1 62:38
17 Cé6 CHCl, 3 45 >20:1 75:25
18 Cé6 DCE 2 85 >20:1 75:25
19¢ Cé6 DCE 6 60 >20:1 73:27
20f Cé6 DCE 2 80 >20:1 73:27
21 DHQN DCE 3 78 >20:1 62:38

2Reactions performed with 1a (0.11 mmol), 2a (0.1 mmol), catalyst (0.01 mmol), solvent (1 mL), room temperature.
bIsolated yield.

‘Determined by 'H-RMN.

dDetermined by chiral HPLC.

¢Reaction performed at —18°C.

fReaction performed with 0.005mol of catalyst C6.
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(S,5)-3aa

Re-face attack
FIGURE1 | Plausible transition-state model.

(entry 20). Finally, we performed a final experiment in DCE
with dihydroquinine (DHQN) as catalyst, obtaining the adduct
3aa with lower enantioselectivity than that achieved with squar-
amide C6.

Additional tests were also carried out in DCE using
other organocatalysts derived from quinine, (1R,2R)-1,2-
diaminocyclohexane, (1R, 2R)-1,2-diphenyl-ethanediamine,
and L-valine, but no improvement was achieved with either (see
Supporting Information).

On the basis of our results and those previously reported with
quinine-derived organocatalysts, [15-17] we proposed the for-
mation of the ternary complex depicted in Figure 1 to rationalize
the (S,S)-configuration of the adduct 3aa. The H-bonding activa-
tion of N-Boc ketimine 1a by the squaramide moiety of catalyst
Cé6 facilitates the nucleophilic attack of the enolate of N-benzyl-
3-aryloxindole 2a from the re-face of the imine group, leading to
the formation of adduct 3aa with the (S, S) configuration.

With the best available reaction conditions (1,2-dichloroethane
as a solvent, room temperature, with a 10mol% of catalyst C6)
we evaluated the scope and limitations of the reaction. First,
a range of different N-Boc ketimines with a variety of substit-
uents were tested with the N-benzyl 3-phenyl-2-oxindole 2a
(Scheme 2). To our delight, both electron-withdrawing (Cl)
and electron-donating (Me) groups in the para position of the
phenyl group at the N1 position of the pyrazolinone ring were
tolerated, and the corresponding adducts 3ba and 3ca were ob-
tained with excellent diastereomeric ratio (dr > 20:1), good yields
(84%-95%) and a slightly better enantiomeric ratio for 3ac (77:23
er). However, when the methyl group at the C-3 position of the
pyrazolinone ring was substituted with an ethyl (1d) or a phenyl
group (1e) both yields and enantiomeric ratio decreased.

Next, we studied different 3-substituted oxindoles bearing a vari-
ety of substituents in positions 1, 3, and 5. First, N-substitution of
the oxindole nitrogen was investigated (Scheme 2), 3ab. A group
like methyl was well tolerated, and the corresponding adduct was
obtained with high diastereo- and moderate enantioselectivity
(68:32 er). The use of oxindoles containing a p-methoxyphenyl or
a p-trifluoromethyl group at C3 led to compounds 3ac and 3ad
in moderate yields, excellent diastereoselectivity, but very low
enantiomeric ratio. A similar result was obtained in the reaction
with oxindole 2e, substituted with a bromine at the C5 position.
Finally, oxindole 2f, 4-ethoxycarbonyl-substituted, led to a 71:29

mixture of diastereoisomers and high enantiomeric ratio for the
major anti-diastereomer (85:15 er).

Surprisingly, Boc-deprotection of 3aa with TFA/DCM or with
6M HCl in dioxane did not yield the expected amino derivative.
Instead, a mixture of oxindole 2a and a strongly colored com-
pound 5a was isolated (Scheme 3). Its structure was determined
by 'H- and 3C-NMR and HRMS, resulting in the well-known
rubazonic acid [29].

3 | Conclusions

In summary, we have developed an organocatalytic enantiose-
lective Mannich reaction of pyrazolinone-derived ketimines
with 3-substituted oxindoles using hydroquinine-derived bi-
functional squaramide as a catalyst. This method provides a di-
rect pathway to access the chiral 4-aminopyrazolone derivatives
containing two privileged structural motifs, the oxindole and
pyrazolinone substructures. With the described methodology,
the Boc-protected oxindole-4-aminopyrazolinones could be ob-
tained in good yields, excellent diastereoselectivity, but moder-
ate enantioselectivity.

4 | Experimental

'H NMR (500MHz, 400MHz) and ')C NMR (126 MHz,
101 MHz) spectra were recorded in CDCl, or DMSO-d, as sol-
vent (Laboratory of Instrumental Techniques, University of
Valladolid). Chemical shifts for protons are reported in ppm
from TMS with the residual CHCI, resonance as an internal ref-
erence. Chemical shifts for carbons are reported in ppm from
TMS and are referenced to the carbon resonance of the solvent.
Data are reported as follows: chemical shift, multiplicity (s =sin-
glet, d =doublet, t=triplet, g =quartet, m = multiplet, br =broad
signal), coupling constants in Hertz, and integration. Specific
rotations were measured on a Perkin-Elmer 341 digital polarim-
eter using a 5-mL cell with a 1-dm path length and a sodium
lamp, and concentration is given in g per 100mL.

Melting points were obtained with a micro melting point Cole-
Parmer MP-200D and are uncorrected. Flash chromatography
was carried out using silica gel (230-240 mesh). Chemical yields
refer to pure isolated substances. TLC analysis was performed
on glass-backed plates coated with silica gel 60 and an F,, indi-
cator and visualized by either UV irradiation or by staining with
phosphomolybdic acid solution. Chiral HPLC analysis was per-
formed on a JASPO HPLC system (JASCO PU-2089 pump and
UV-2075 UV/Vis detector) equipped with a quaternary pump
using a Lux-i-Amylose-1 analytical column (250X 4.6 mm). UV
detection was monitored at 254nm. ESI mass spectra were ob-
tained on an Agilent 5973 inert GC/MS system.

Commercially available organic and inorganic compounds were
used without further purification. Solvents were dried and stored
over microwave-activated 4A molecular sieves. Pyrazolinone
ketimines [15], N-benzyloxindoles 2a-f [30], squaramides C1-
C2 [31], C3 [17] and thiourea C4 [32] were prepared according to
literature procedures. Racemic mixtures were synthesized ac-
cording to the general procedure using an aquiral bifunctional

499

25U907 SUOLLILIOD) BATTER.D) 3|t fdde a1 Aq pouBA0B 318 AP YO ‘98N J0 SB[ 0 ATeIgITBUIUO A3 1A UO (SUORIPUOD-PUE-SULBYWIOO" A3 1 AeJq][BUI|U0//SdY) SUONIPUOD) PUB SWid | aU1 39S *[SZ0Z/0T/80] UO AXeiq I aUIIUO AB1IA ‘PIIope|EA 2Q PepIBAIN Ad G0002 BUI/Z00T OT/10p/LI00 /3| v AReid[pu|uo//SdnY LLOI Papeo|umoq ‘8 ‘GZ0Z ‘S6TSEVET



R’ R?
BocN R® C6 (10%)
N ot o —
o7 N N DCE, rt
Ar R*
1a-e 2a-f

3aa, 2h, 85% yield
>20:1 dr, 75:25 er

3ba, 2h, 95% yield
>20:1 dr, 70:30 er

\

Me
3ea, 6h, 45% yield
>20:1 dr, 52:48 er

3ab, 2h, 75% vyield
>20:1 dr, 68:32 er

3af, 2h, 45% yield

3ae, 2h, 70% yield
>20:1 dr, 58:42 er

MeQO

_Ar
R N QMe /Bj
H N
5 R?2 0
R . NHBoc 7 NH
o) N~ #
N o NH
R 2
ce O
3aa-3ea Ph

3da, 3h, 70% yield
>20:1 dr, 65:35 er

3ca, 2h, 84% yield
>20:1 dr, 77:23 er

3ac, 3h, 50% yield
>20:1 dr, 52:48 er

3ad, 3h, 55% yield
>20:1 dr, 58:42 er

71:29 dr, 85:15 er major diast.

72:28 er minor diast.

SCHEME 2 | Scope of the addition of 3-substituted oxindoles to N-Boc pyrazolinone-ketimines. Reaction conditions: 1la—e (0.11 mmol), 2a-f
(0.1mmol), C1(0.01 mmol), DCE (1 mL), rt. Isolated yield after column chromatography. Diastereomeric ratio determined by 'H-NMR. Enantiomeric

ratio determined by chiral HPLC analysis.

thiourea derived from N',N'-dimethylethane-1,2-diamine [33]
(0.01 mmol) as catalyst.

General procedure to enantioselective Mannich reac-
tion of N-Boc pyrazolinone ketimines with 3-substituted

oxindoles. To a mixture of N-Boc ketimine 1 (0.11 mmol, 1.1
equiv) and catalyst (0.01 mmol, 0.1 equiv) in 1.0 mL of the sol-
vent, 3-substituted oxindole (0.1 mmol) was added and the
reaction mixture was stirred in a Wheaton vial until con-
sumption of the starting material (monitoring by TLC). After
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TFA, DCM, rt

o HCI 6M dioxane
rt

SCHEME 3 | Boc-deprotection of 3aa.

solvent removal under reduced pressure, the crude mixture
was purified by flash column chromatography to afford the
corresponding product. The diastereomeric ratio was de-
termined by 'H-NMR and the enantiomeric ratio by chiral-
phase HPLC analysis using mixtures of hexane/isopropanol
as eluent.

tert-Butyl ((S)-4-((S)-1-benzyl-2-0x0-3-phenylindolin-3-
yl)-3-methyl-5-0x0-1-phenyl — 4,5-dihydro-1H-
pyrazol-4-yl)carbamate (3aa). Product 3aa was obtained ac-
cording to the general procedure by the reaction of N-benzyl-3-
phenyloxindole 2a (30mg, 0.1 mmol) with ketimine 1a (32mg,
0.11 mmol) using catalyst C6 (5mg, 0.01 mmol). Chromatography
on a silica gel using hexane/DCM 1:4 as an eluent afforded com-
pound 3aa as a colorless solid (50 mg, 0.085 mmol, 85% yield). Mp
172°C-173°C. [a] ,25 = +46.5 (c=0.4, CHCL,) (75:25 er). 'H NMR
(500MHz, CDCI,): & 8.30 (br s, 1H, NH), 7.81 (m, 2H, Har), 7.47
(dd,J=7.7,1.2Hz, 1H, Har), 7.39 (m, 3H, Har), 7.32 (m, 2H, Har),
7.29-7.25 (m, 5H, Har), 7.22 (m, 2H, Har), 7.14 (td, ]=7.8, 1.2 Hz,
1H, Har), 7.07 (tt, J=7.4, 1.2 Hz, 1H, Har), 6.92 (td, J=7.7, 1.1 Hz,
1H, Har), 6.71 (dd, J=8.0, 1.0Hz, 1H, Har), 5.09 (d, J=16.0Hz,
1H, CHHPh), 4.91 (d,J =16.0Hz, 1H, CHHPh), 1.65 (s, 3H, CH,),
1.41 (s, 9H, C(CH,),) ppm. 3C-NMR (101 MHz, CDCL,) § 175.0
(C0), 170.5 (CO), 157.9 (C=N), 154.7 (CO,tBu), 143.0 (Car), 137.1
(Car), 135.0 (Car), 133.1 (Car), 129.8 (CHar), 129.5 (CHar), 128.9
(CHar), 128.8 (CHar), 128.7, 128.6 (CHar), 128.5 (CHar), 128.0,
127.6 (CHar), 127.0 (CHar), 126.3 (CHar), 125.1 (CHar), 124.6
(Car), 122.5 (CHar), 119.3 (CHar), 110.5 (CHar), 77.3 (C(CH,),),
70.7 (CNH), 53.6 (CPh), 44.5 (CH,), 28.2 (C(CH,),), 15.9 (CH,)
ppm. IR (ATR): 3309, 2981, 2927, 1717, 1693, 1613, 1596, 1485,
1365, 1251, 1157, 755, 691cm™'. HPLC: Lux i-Amylose-1 col-
umn, hexane/i-PrOH 90:10, 0.5mL/min, A=254nm, minor en-
antiomer {r=14.6min, major enantiomer {r=27.3min. HRMS
(ESI-QTOF) m/z: [M+H]* Calcd. For C,H,.N,O, 587.2653;
Found 587.2658.

tert-Butyl ((S)-4-((S)-1-benzyl-2-oxo0-3-phenylindolin-3-yl)-
1-(4-chlorophenyl)-3-methyl-5-ox0-4,5-dihydrol H-pyrazo
1-4-yl)carbamate (3ba). Product 3ba was obtained according
to general procedure by reaction of N-benzyl-3-phenyloxindole
2a (30mg, 0.1 mmol) with ketimine 1b (35mg, 0.11 mmol) using

\Z’Z\
i
j/gﬁ
Z-z

Ph
O
‘Ph N
Bn

5a 2a

catalyst C6 (5mg, 0.0l mmol). Chromatography on a silica gel
using hexane/DCM 1:4 as an eluent afforded compound 3ba as a
colorless solid (59 mg, 0.095mmol, 95% yield). Mp 216°C-217°C.
[a] > =+31.2 (¢=0.52, CHCL,) (70:30 er). 'H NMR (500 MHz,
CDCl,): 6 8.29 (br s, 1H, NH), 7.80 (m, 2H, Har), 7.44 (dd, J=77,
1.2Hz, 1H, Har), 7.39 (m, 2H, Har), 7.32 (d, J=9.0Hz, 2H, Har),
7.29-7.22 (m, 6H, Har), 7.17 (d, J=9.0Hz, 2H, Har), 7.14 (td,
J=7.8, 1.2Hz, 1H, Har), 6.90 (td, J=7.7, 1.0Hz, 1H, Har), 6.70
(dd, 7=8.0, 1.0Hz, 1H, Har), 5.07 (d, J=16.0Hz, 1H, CHHPh),
4.91 (d, J=16.0Hz, 1H, CHHPh), 1.63 (s, 3H, CH,), 1.41 (s, 9H,
C(CH,),) ppm. *C-NMR (101 MHz, CDCL,) § 174.8 (CO), 170.5
(CO), 158.3 (C=N), 143.0 (Car), 135.7 (Car), 134.9 (Car), 132.9
(Car), 130.0 (Car), 129.9 (CHar), 129.4 (CHar), 128.9 (CHar),
128.8 (CHar), 128.7 (CHar), 128.5 (CHar), 127.7 (CHar), 127.2
(CHar), 127.0 (CHar), 126.2 (CHar), 124.4 (Car), 122.4 (CHar),
110.5 (CHar), 77.3 (C(CH,),), 70.7 (CNH), 53.5 (CPh), 44.6
(CH,), 28.2 (C(CH,),), 15.8 (CH,) ppm. IR (ATR): 3333, 2981,
2927, 1703, 1489, 1362, 1257, 1159, 757, 728, 695cm~'. HPLC:
Lux i-Amylose-1 column, hexane/i-PrOH 90:10, 0.5mL/min,
A=254nm, minor enantiomer fr=16.0min, major enantiomer
tr=22.8min. HRMS (ESI-QTOF) m/z: [M+H]* Calcd. For
C,,H,,CIN,0, 621.2263; Found 621.2295.

tert-Butyl ((S)-4-((S)-1-benzyl-2-oxo0-3-phenylindolin-
3-yl)-3-methyl-5-0x0-1-(p-tolyl)-4,5-dihydro-1H-
pyrazol-4-yl)carbamate (3ca). Product 3ca was obtained
according to the general procedure by the reaction of N-
benzyl-3-phenyloxindole 2a (30 mg, 0.1 mmol) with ketimine
1c (33mg, 0.11mmol) using catalyst C6 (5mg, 0.01 mmol).
Chromatography on a silica gel using hexane/DCM 1:4 as
an eluent afforded compound 3ca as a colorless solid (50mg,
0.084mmol, 84% yield). Colorless solid, mp 208°C-209°C.
[a] )3 = +41.7 (¢=0.3, CHCL,) (77:23 er). 'H NMR (500 MHz,
CDCl,):68.27 (brs, 1H, NH), 7.81 (m, 2H, Har), 7.47 (dd, J = 7.7,
1.2Hz, 1H, Har), 7.38 (m, 3H, Har), 7.30-7.22 (m, 5H, Har), 7.15
(m, 3H, Har), 7.01(d,J=8.1Hz,2H, Har), 6.93(td,J =7.7,1.1 Hz,
1H, Har), 6.70 (dd, J=8.0, 1.1 Hz, 1H, Har), 5.08 (d, J=16.0 Hz,
1H, CHHPh), 4.91 (d, J=16.0Hz, 1H, CHHPh), 2.27 (s, 3H,
CH,CH),), 1.64 (s, 3H, CH,), 1.41 (s, 9H, C(CH,),) ppm. 13C-
NMR (101 MHz, CDCl,) § 175.0 (CO), 170.3 (CO), 157.7 (C=N),
143.0 (Car), 135.0 (Car), 134.8 (Car), 136.6 (Car), 133.1 (Car),
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129.8 (CHar), 129.5 (CHar), 129.0 (CHar), 128.8 (CHar), 128.7
(CHar), 128.6 (CHar), 128.0 (CHar), 127.6 (CHar), 127.0 (CHar),
126.4 (CHar), 124.6 (Car), 122.5 (CHar), 110.5 (CHar), 77.3
(C(CH,),), 70.6 (CNH), 53.6 (CPh), 44.5 (CH,), 28.2 (C(CH,),),
20.9 (CH,CH,), 15.9 (CH,) ppm. IR (ATR): 3333, 2935, 1710,
1608, 1485, 1362, 1253, 1163, 891, 815, 760, 695cm~'. HPLC:
Lux i-Amylose-1 column, hexane/i-PrOH 90:10, 0.5mL/min,
A=254nm, minor enantiomer ¢r =14.9 min, major enantiomer
tr=25.8min. HRMS (ESI-QTOF) m/z: [M+ H]J* Calcd. for
C,,H;,N,0, 601.2809; Found 601.2844.

tert-Butyl ((S)-4-((S)-1-benzyl-2-oxo-3-phenylindolin-
3-yl)-3-ethyl-5-0x0-1-phenyl-4,5-dihydro-1H-pyrazol-
4-yl)carbamate (3da). Product 3da was obtained
according to the general procedure by the reaction of N-
benzyl-3-phenyloxindole 2a (30mg, 0.1 mmol) with ketimine
1d (33mg, 0.11mmol) using catalyst C6 (5mg, 0.01 mmol).
Chromatography on a silica gel using hexane/DCM 1:4 as
an eluent afforded compound 3da as a colorless solid (42mg,
0.07mmol, 70% yield). [a],2* = +21.5 (c=0.34, CHCL,) (65:35 er).
'H NMR (500 MHz, CDCL,): 8 8.27 (br s, 1H, NH), 7.80 (m, 2H,
Har), 7.43 (d, J=7.6 Hz, 1H, Har), 7.38 (m, 5H, Har), 7.30-7.24
(m, 5H, Har), 7.21 (m, 2H, Har), 7.12 (td, J=7.8, 1.2Hz, 1H,
Har), 7.06 (tt, J=7.4, 1.2Hz, 1H, Har), 6.90 (td, J=7.7, 1.1 Hz,
1H, Har), 6.69 (dd, J=7.9, 1.0Hz, 1H, Har), 5.08 (d, J=16.0Hz,
1H, CHHPh), 4.90 (d, J=16.0Hz, 1H, CHHPh), 1.98 (m, 1H,
CHHCH,), 1.65 (m, 1H, CHHCH,), 1.39 (s, 9H, C(CH,),), 1.17 (¢,
J=7.3Hz, 3H, CH,) ppm. 13C-NMR (101 MHz, CDCl,): § 175.0
(CO), 170.8 (CO), 161.5 (C=N), 143.0 (Car), 137.3 (Car), 135.0
(Car), 133.3 (Car), 129.8 (CHar), 129.4 (CHar), 128.8 (CHar),
128.7 (CHar), 128.6 (CHar), 128.4 (CHar), 128.0 (CHar), 127.6
(CHar), 127.0 (CHar), 126.3 (CHar), 124.9 (CHar), 124.6 (Car),
122.4 (CHar), 110.5 (CHar), 77.3 (C(CH,),), 70.7 (CNH), 53.7
(CPh), 44.5 (CH,), 28.1 (C(CH,),), 23.0 (CH,CH,), 9.5 (CH,CH,)
ppm. IR (ATR): 3304, 2978, 2938, 1714, 1696, 1612, 1598, 1489,
1471, 1370, 1348, 1156, 753, 692cm~!. HPLC: Lux i-Amylose-1
column, hexane/i-PrOH 90:10, 0.5mL/min, A=254nm, minor
enantiomer ¢r=11.7min, major enantiomer ¢r=18.5min.
HRMS (ESI-QTOF) m/z: [M+H]* Calcd. For C,,H,.N,O,
601.2809; Found 601.2836.

tert-Butyl ((S)-4-((S)-1-benzyl-2-oxo-3-phenylindolin-3-yl)-
5-0x0-1,3-diphenyl-4,5-dihydro-1H-pyrazol-4-yl)carba-
mate (3ea). Product 3ea was obtained according to general
procedure by reaction of N-benzyl-3-phenyloxindole 2a (30mg,
0.1 mmol) with ketimine 1e (38 mg, 0.11 mmol) using catalyst C6
(5mg, 0.01 mmol). Chromatography on a silica gel using hexane/
DCM 1:4 as an eluent afforded compound 3ea as a colorless solid
(29mg, 0.045mmol, 45% yield). [a],*=-3.0 (c=0.4, CHCL,)
(52:48 er). 'TH NMR (500MHz, CDCL): § 8.46 (br s, 1H, NH),
7.67 (m, 3H, Har), 7.55 (d, J=7.1Hz, 2H, Har), 7.45 (d, J=7.4 Hz,
2H, Har), 7.30-7.23 (m, 7H, Har), 7.16 (m, 2H, Har), 7.11 (m, 3H,
Har), 7.02 (m, 3H, Har), 6.94 (td, J=7.7, 1.1 Hz, 1H, Har), 6.67 (dd,
J=7.9,1.1Hz, 1H, Har), 5.10(d, ] =16.0 Hz, 1H, CHHPh), 4.97 (d,
J=16.0Hz, 1H, CHHPh), 1.32 (s, 9H, C(CH,),) ppm. 3C-NMR
(101MHz, CDCL,): § 170.9 (CO), 154.5 (CO,tBu), 142.8 (Car),
137.2 (Car), 132.0 (Car), 135.0 (Car), 130.7 (Car), 130.0 (CHar),
129.6 (CHar), 129.2 (CHar), 128.8 (CHar), 128.6 (CHar), 128.5
(CHar), 128.3 (CHar), 127.8 (CHar), 127.7 (CHar), 127.6 (CHar),
127.2 (CHar), 127.1 (CHar), 126.7 (CHar), 126.4 (CHar), 125.4
(CHar), 124.4 (Car), 122.2 (CHar), 110.3 (CHar), 71.0 (CNH),

53.9 (CPh), 44.5 (CH,Ph), 28.0 (C(CH,),) ppm. IR (ATR): 3332,
3058, 2975, 2928, 1705, 1611, 1593, 1489, 1467, 1250, 1153, 1109,
908, 889, 759, 731, 691cm~!. HPLC: Lux i-Amylose-1 column,
hexane/i-PrOH 90:10, 0.5mL/min, A=254nm, minor enantio-
mer tr=33.5min, major enantiomer tr=12.8 min. HRMS (ESI-
QTOF) m/z: [M+H]* Calcd. for C,;H,,N,0, 649.2415; Found
649.2849.

tert-Butyl  ((S)-3-methyl-4-((S)-1-methyl-2-0xo0-3-phenyl
indolin-3-yl)-5-0x0-1-phenyl-4,5-dihydro-1 H-pyrazol-
4-yl)carbamate (3ab). Product 3ab was obtained according
to general procedure by reaction of N-methyl-3-phenyloxindole
2b (22mg, 0.1 mmol) with ketimine 1a (32mg, 0.11 mmol) using
catalyst C6 (5mg, 0.01 mmol). Chromatography on a silica gel
using hexane/DCM 1:4 as an eluent afforded compound 3ab as a
colorless solid (38 mg, 0.075 mmol, 75% yield). Mp 163°C-164°C.
[a],25=+26.9 (c=0.5, CHCL,) (68:32 er). '"H NMR (500MHz,
CDCl,): 8 8.25 (brs, 1H, NH), 7.80 (m, 2H, Har), 7.46 (dd, J=7.5,
1.1Hz, 1H, Har), 7.36 (m, 3H, Har), 7.28 (m, 3H, Har), 7.20 (m,
2H, Har), 7.06 (tt, J=7.4,1.2Hz, 1H, Har), 6.95 (td, J=7.7, 1.1 Hz,
1H, Har), 6.89 (m, 1H, Har), 3.26 (s, 3H, CH,N), 1.61 (s, 3H,
CH,), 1.39 (s, 9H, C(CH,),) ppm. 3C-NMR (101 MHz, CDCl,)
§ 174.6 (CO), 170.4 (CO), 157.8 (C=N), 143.9 (Car), 137.0 (Car),
132.9 (Car), 129.8 (CHar), 129.4 (CHar), 128.8 (CHar), 128.6
(CHar), 128.5 (CHar), 128.0, 127.6 (CHar), 127.0 (CHar), 126.3
(CHar), 125.1 (CHar), 124.4 (Car), 122.4 (CHar), 119.3 (CHar),
110.5 (CHar), 77.3 (C(CH,),), 70.7 (CNH), 53.4 (CPh), 33.8
(CH,N), 28.2 (C(CH,),), 15.8 (CH,) ppm. IR (ATR): 3315, 2924,
2855, 1714, 1699, 14,859 1471, 1366, 1155, 753, 739, 692cm™L.
HPLC: Lux-Amylose-1 column, hexane/i-PrOH 90:10, 1.0mL/
min, A=254nm, minor enantiomer {r=6.9 min, major enantio-
mer tr=7.7min. HRMS (ESI-QTOF) m/z: [M + H]|* Calcd. For
C,,H;,N,0, 511.2345; Found 511.2362.

tert-Butyl ((S)-4-((S)-1-benzyl-3-(4-methoxyphenyl)-2-
oxoindolin-3-yl)-3-methyl-5-0xo0-1-phenyl-4,5-dihydro-
1H-pyrazol-4-yl)carbamate (3ac). Product 3ac was obtained
according to general procedure by reaction of N-benzyl-3-(4-
methoxyphenyl)oxindole 2¢ (33 mg, 0.1 mmol) with ketimine 1a
(32mg, 0.11 mmol) in DCE using catalyst C6 (5mg, 0.01 mmol).
Chromatography on a silica gel using hexane/EtOAc 8:1 as
an eluent afforded compound 3ac as a colorless solid (31 mg,
0.05mmol, 50% yield). [a],>*=+17.7 (c=0.6, CHCL,) (52:48
er). 'TH NMR (500 MHz, CDCL,) & 8.29 (br s, 1H, NH), 7.73 (d,
J=9.0Hz, 2H, Har), 7.47 (d, J=7.6 Hz, 1H, Har), 7.34-7.20 (m,
9H, Har), 7.13 (td, J=7.8, 1.2Hz, 1H, Har), 7.07 (ddd, J=7.5,
4.3,1.2Hz, 1H, Har), 6.94-6.89 (m, 3H, Har), 6.72-6.69 (m, 1H,
Har), 5.08 (d, J=16.0Hz, 1H, CHHPh), 4.92 (d, J=16.0Hz, 1H,
CHHPh), 3.83 (s, 3H, OCH,), 1.69 (s, 3H, CH,), 1.42 (br s, 9H,
C(CH,),) ppm. *C-NMR (126 MHz, CDCL,) § 175.2 (CO), 170.6
(CO),159.8 (CO,tBu), 158.1 (C=N), 143.0 (Car), 137.1 (Car), 135.0
(Car), 131.1 (CHar), 130.7 (CHar), 129.7 (CHar), 128.9 (CHar),
128.8 (CHar), 128.6 (CHar), 128.5 (CHar), 127.6 (CHar), 127.1
(CHar), 127.0 (CHar), 126.2 (CHar), 125.1 (CHar), 124.8 (CHar),
124.8 (Car), 122.4 (CHar), 119.4 (CHar), 113.9 (CHar), 110.5
(CHar), 70.8 (CNBoc) 55.3 (OCH,), 53.1 (CPh), 44.5 (NCH,Ph),
28.2 (C(CH,),), 16.0 (CH,) ppm. HPLC: Lux i-Amylose-1 col-
umn, hexane/i-PrOH 90:10, 0.5mL/min, A=254nm, mayor en-
antiomer ¢r=20.0min, minor enantiomer {r=238.4min. HRMS
(ESI-QTOF) m/z: [M + NaJ* Calcd. For C,,H,,N,NaO, 639.2578;
Found 639.2577.
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tert-Butyl ((S)-4-((S)-1-benzyl-2-0x0-3-(4- (trifluoromethyl)
phenyl)indolin-3-yl)-3-methyl-5-ox0-1-phenyl-4,5-
dihydro-1H-pyrazol-4-yl)carbamate (3ad). Product 3ad was
obtained according to the general procedure by the reaction
of N-benzyl-3-(4-(trifluoromethyl)phenyl)oxindole 2d (37mg,
0.1 mmol) with ketimine 1a (32mg, 0.11 mmol) in DCE using
catalyst C6 (5mg, 0.0l mmol). Chromatography on a silica gel
using hexane/EtOAc 8:1 as an eluent afforded compound 3ad
as a colorless solid (36 mg, 0.055 mmol, 55% yield). [«],?* =+19.3
(¢=0.56, CHCL,) (58:42 er). '"H NMR (500MHz, CDCL,) § 8.21
(br s, 1H, NH), 7.98 (d, J=8.3Hz, 2H, Har), 7.67 (d, J=8.3Hz,
2H, Har), 7.47 (d, J=7.7Hz, 1H, Har), 7.33-7.23 (m, 10H, Har),
7.09 (dt, J=9.0, 3.8 Hz, 1H, Har),6.96 (t, J= 7.6 Hz, 1H, Har), 6.75
(d, J=7.9Hz, 1H, Har), 5.11 (d, J=16.0Hz, 1H, CHHPh), 4.91
(d, J=16.0Hz, 1H, CHHPh), 1.69 (s, 3H, CH,), 1.43 (br s, 9H,
C(CH,),) ppm. 3C-NMR (126 MHz, CDCL,) § 174.4 (CO), 170.2
(CO), 157.2 (C=N), 143.1 (Car), 137.4 (Car), 136.9 (Car), 134.8
(Car), 131.0 (g, J=32.8Hz, CCF,) 130.3 (CHar), 130.0 (CHar),
129.0 (CHar), 128.9 (CHar), 128.7 (CHar), 128.5 (CHar), 127.8
(CHar), 127.2 (CHar), 127.1 (CHar), 126.2 (CHar), 126.2 (CHar),
125.5 (q, J=3.7Hz, CHar), 125.3 (CHar), 124.0 (Car), 123.8 (q,
J=272.4Hz, CF,), 122.8 (CHar), 119.3 (CHar), 110.8 (CHar),
70.6 (CNHBoc), 53.5 (CPh), 44.7 (NCH,Ph), 28.2 (C(CH,),), 16.1
(CH,) ppm. ®F-NMR (470 MHz, CDCL,) § —62.83 ppm. HPLC:
Lux i-Amylose-1 column, hexane/i-PrOH 90:10, 0.5mL/min,
A=254nm, minor enantiomer tr=10.8 min, major enantiomer
tr=13.5min. [M+Na]* Calcd. for C,;H,,F,N,NaO 677.2346;
Found 677.2357.

tert-Butyl ((S)-4-((S)-1-benzyl-5-bromo-2-o0xo-3-phenyl-
indolin-3-yl)-3-methyl-5-oxo-1-phenyl-4,5-dihydro-1H-
pyrazol-4-yl)carbamate (3ae). Product 3ae was obtained
according to general procedure by reaction of N-benzyl-5-
bromo-3-phenyloxindole 2e (38 mg, 0.1 mmol) with ketimine 1a
(32mg, 0.11 mmol) in DCE using catalyst C6 (5mg, 0.01 mmol).
Chromatography on a silica gel using hexane/EtOAc 8:1 as
an eluent afforded compound 3ae as a colorless solid (47mg,
0.07mmol, 70% yield). Mp 167°C-170°C. [a],*>=+13.9 (c=0.36,
CHCL,) (58:42 er). '"H NMR (500MHz, CDCL,) 5 8.22 (s, 1H,
NH), 7.77 (dd, J=6.7, 3.3Hz, 2H, Har), 7.61 (d, J=1.9Hz, 1H,
Har), 7.48-7.33 (m, 5H, Har), 7.31-7.16 (m, 8H, Har), 7.14-7.05
(m, 1H, Har), 6.52 (d, J=8.4Hz, 1H, Har), 5.05 (d, J=16.0Hz,
1H, CHHPh), 4.84 (d, J=16.0Hz, 1H, CHHPh), 1.62 (s, 3H,
CH,), 1.41 (s, 9H, C(CH,),) ppm. 13C NMR (126 MHz, CDCL,)
8 170.34 (CO), 157.99 (NCO,'Bu), 142.04 (Car), 136.97 (Car),
134.43 (Car), 132.72 (CHar), 129.27 (CHar), 129.21 (CHar),
129.14 (CHar), 128.87 (CHar), 128.83 (CHar), 128.55 (CHar),
127.79 (CHar), 126.96 (CHar), 126.64 (Car), 125.29 (CHar),
119.36 (CHar), 115.35 (Car), 111.90 (CHar), 77.23 (C(CH,),),
53.50 (CqPh), 44.57 (CH,Ph), 28.14 (C(CH,),), 15.81 (CH,). ppm.
HPLC: Lux i-Amylose-1 column, hexane/i-PrOH 90:10, 0.5mL/
min, A=254nm, minor enantiomer tr =13.4 min, major enantio-
mer tr=27.0min. HRMS (ESI-QTOF) m/z: [M + H]|* Calcd. For
C,,H,,BIN,0, 665.1763; Found 665.1782.

Ethyl (R)-1-benzyl-3-((S)-4-((tert-butoxycarbonyl)amino)-
3-methyl-5-o0xo-1-phenyl-4,5-dihydro-1H-pyrazol-4-yl)-2-
oxoindoline-3-carboxylate (3af). Product 3af was obtained
according to general procedure by reaction of ethyl 1-benzyl-2-o
xoindoline-3-carboxylate 2f (30 mg, 0.1 mmol) with ketimine 1a
(32mg, 0.11mmol) in DCE using catalyst C6 (5mg, 0.01 mmol).

Chromatography on a silica gel using hexane/EtOAc 8:1 as
an eluent afforded compound 3af as a colorless solid (26 mg,
0.045mmol, 45% yield). (dr: 71:29; er: 85:15 major, 72:28 minor).
H NMR (500 MHz, CDCl,) 6 7.76 (d, J=8.0Hz, 1H, Har),
7.62-7.44 (m, 2H, Har), 7.43-7.22 (m, 9H, Har), 7.21-7.14 (m, 2H,
Har), 7.10 (t, J=7.4Hz, 2H, Har), 6.96 (d, J=8.2Hz, 1H, Har),
6.74 (d, J=79Hz, 1H, Har), 6.69 (d, J=79Hz, 1H, Har), 5.13
(d, J=15.7Hz, 1H, CHHPh), 4.82 (d, J=15.8Hz, 1H, CHHPh),
4.38-4.18 (m, 2H, CH,), 1.41 (s, 9H, C(CH,),), 1.25 (t, J=7.1Hz,
3H, CH,CH,) ppm. 13C NMR (126 MHz, CDCl,) 8 175.2 (CO),
169.0 (CO), 156.0 (COOEt), 143.3 (Car), 135.1 (Car), 134.6
(Car), 130.5 (CHar), 130.4 (CHar), 128.8 (CHar), 128.5 (CHar),
127.9 (CHar), 127.8 (CHar), 127.4 (CHar), 125.2 (CHar), 124.4
(CHar), 123.2 (CHar), 122.9 (CHar), 122.4 (CHar), 119.5 (CHar),
109.8 (CHar), 109.4 (CHar), 109.1 (CHar), 63.3 (CH,CH,), 44.5
(CH,Ph), 43.8 (CH,Ph), 29.7 (CH,) 28.1 (C(CH,),), 13.8 (CH,)
ppm. HPLC: Lux i-Amylose-1 column, hexane/i-PrOH 90:10,
0.5mL/min, A=254nm, mayor diastereomer: minor enantio-
mer tr=19.6min, mayor enantiomer tr=27.5min, minor dias-
tereomer: mayor enantiomer fr=35.0min, minor enantiomer
tr=38.3min. HRMS (ESI-QTOF) m/z: [M+Na]* Calcd. for
C,,H,,N,NaO, 605.2371; Found 605.2388.

tert-Butyl (4-ethoxy-3-methyl-5-0x0-1-phenyl-4,5-dihy
dro-1H-pyrazol-4-yl) carbamate (4a). Product 4a was ob-
tained as a subproduct in the reaction of ketimine la with
3-phenyloxindole 2a in chloroform stabilized with ethanol.
Colorless solid, mp 134°C-135°C. 'H NMR (500 MHz, CDCL,):
8 7.91 (dd, J=8.8, 1.1 Hz, 2H, Har), 7.40 (dd, J=8.7, 7.4 Hz, 2H,
Har), 7.19 (m, 1H, Har), 5.29 (br s, 1H, NH), 3.54 (m, 2H, CH,0),
2.15 (s, 3H, CH,), 1.35 (s, 9H, C(CH,),), 1.20 (t, 3H, CH,CH,)
ppm. B3C NMR (126MHz, CDCL): § 167.4 (CON), 157.4
(CO,tBu), 152.5 (CCH,), 137.7 (Car), 128.9 (CHar), 125.2 (CHar),
118.4 (CHar), 85.8 (CNHBoc), 81.9 (C(CH,),), 60.2 (CH,0), 28.0
(C(CH,),), 15.1 (CH,CH,) 12.9 (CH,) ppm. IR (ATR): 3214,
3115, 2979, 2924, 1702, 1595, 1504, 1364, 1239, 1155, 1052, 1026,
846, 751, 692cm™~!. HRMS (ESI-QTOF) m/z: [M + Na]* Calcd.
for C,;H,,N,NaO, 356.1581; Found 356.1592.

(Z)-4-((5-hydroxy-3-methyl-1-phenyl-1H-pyrazol-
4-yl)imino)-5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-
one (5a). "H NMR (500MHz, CDCL,): § 17.47 (s, 1H, OH), 7.92
(dd, 7=8.8, 1.2Hz, 4H, Har), 7.47 (dd, J=8.6, 7.4Hz, 4H, Har),
7.32 (m, 2H, Har), 2.37 (s, 6H, CH,) ppm. **C NMR (126 MHz,
CDCL,): 8 154.4 (CON), 152.3 (CCH,), 137.5 (Car), 129.0 (CHar),
126.9 (CHar), 125.8 (CN), 120.7 (CHar), 12.0 (CH;) ppm. IR
(ATR): 3065, 2924, 1714, 1536, 1489, 1372, 1321, 1174, 1010,
1026, 751, 684cm~!. HRMS (ESI-QTOF) m/z: [M + Na]* Calcd.
for C, H,,N,NaO, 382.1274; Found 382.1285.
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