Development of Synthetic Methodologies
via Catalytic Enantioselective Synthesis of
3,3-Disubstituted Oxindoles
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Introduction

Natural Products

HO NHMe

Welwitindolinone
Strychnofoline Spirotryprostatin A A isonitrile PF1270A Alstonisine

Drugs and bioactive compounds

~ HOT™ cl
o o =<PMP PMPMe;Si . D FiC HO\©
¢Ho, & Me ) Y o
o~ \ fe) (o] 0
P g
0 o o}
N
N H N | o)

Me Cl SM-130686 NEt, HCI
Growth inhibition GHS-R ECs9 = 3 n1M
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Bifunctional catalysisx Nucleophilicaddition to isatin or isatin ketimines

Thesynthesis oB-substituted3-aminooxindolewiathe Streckemreaction in catalyst

free strategy PMP, PMP
N AN
c Solvent Cl N
=0 + TMSCN ;—o
N 50 °C 3
H H
1a (1.0 eq) 2(2.0eq) 3
Entry* Solvent Additive Time/h Yield? (%)
] CH,CICH,ClI no 48 no
[ 2 MeOH no 15 84 |
3 EtOH no 15 64
4 i-PrOH no 15 52
5 CH,CICH,Cl MeOH (2.0 eq) 15 13
6 CH,CICH,CI MeOH (4.0 eq) 15 15
7 CH,CICH,CI MeOH (8.0 eq) 15 21
8 CH,CICH,ClI MeOH (12.0 eq) 15 64
9 CH,CICH,Cl MeOH (16.0 eq) 15 70
10 CH,CICH,Cl MeOH (20.0 eq) 15 79
11 CH,CICH,CI CF; CF; 15 36
Q S Q
FaC NJ\N CF

I
H

4 (10 mol%)

MeOH (2.0 eq)



Proposed mechanism of the racemic reaction
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Thefirst catalytic asymmetric addition of nucleophilesisatinketimines
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3
Bifunctional phosphoramide (phosphinamide) catalysts R
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Icl) : 2) Tertiary amine as Brensted base or Lewis base .
RI;IHP\[]I dN\ A 3) Two amide substituents as shielding groups HI\@&DE IOW I‘eaCtIVIty
H\\ A 4 4) Tunable pKa value of amide N-H bond N
XYRI Nu, 5) P=0 bond as Lewis base H
R R

TheStreckermreaction of NBocsubstitutedketimines II_Thefirst example oasymmetricc -electrocyclic
catalyzed byifunctionalcinchonidinederivedtertiary | reaction to construct aetrasubstitutedcarbon
aminecthioureacatalyst | center

Z 7
Ar= 3,5‘(F3C)2CGH3 OMe
N (EtO,C)oHC Ar = 3,5-(F3C)2CsH3
R o NC, NHB TTN= § TR
- R 0oC
N AN NH CD-13 (5.0 mol%) R! T N \ / SN NH QN-22 (10 mol%) EtO,C
I O, tmscn I )\ E e R! N \ | Et0,C
e + N (A A HFAP | o) X e Nz )\ A .
\ H (1.0 equiv) Z N | 0 S N N
R2 > \ 5 = N H - R (o]
12 (1.0 equiv) (2.0 equiv) CH,Clp, =70 °C, 2-4 d 14 R Yo 2 Et,0, 40 °C, 2-3 d \ 23
.o . R?

20 examples, 65-97%, 90-99% ee

control experiments

(R' = H, R? = Me) ]
=z
% MeQO
Oy o \@N
N~ S)\N/H
15 ,Igr
56%, 70% ee (using 15) _N
Vs RZ \ \/ RI
93%, 98% ee (using CD-13) — V — —
Chem Commun2013 49, 4421. 7

Angew. Chem. Int. EA014 53, 13740.



Bifunctional catalysisyx 3-substituted oxindolesasnuclephiles

Theasymmetric Michael addition of unprotected 3
substitutedoxindolesto nltrooleflns

R1
R’ 1 R2
R o R NO. P I ,,,,, OEt (10 mol%) R NO,
N 0 + RIXANO okt
A} N O

Et,0, -20 °C, MS 5A
76-96%, 3:1-21:1 dr, 91-99% ee

Highly enantioselective Michael addition chlkylthio-
and 3arylthiooxindoles

H L/ R2
SR Y N R'S NO,

3b
(10 mol%)

9 (1.2 equiv)

8. 4
R N~ O//P{((; R
O + R2/\/N02 O
N 3d (1-5 mol%) N 43
H 10 H
12 (1.2 equiv) Et,0, -20 °C, MS 5A 80-99%

4:1-8:1 dr, 91-98% ee

Varyingthe size of thealkoxygroup ofphosphoramide
couldeffectively improve theenantiofacialcontrol

Chem. ScR011, 2, 2035. A/
ChemCommun, 2014 50, 15179.



Mukaiyamaaldolreaction ofisatins

Highlyenantioselective quininglerived ureacatalyzedViukaiyama
aldol reaction ofsatinswith difluoroenoxysilanes

TheMukaiyamaaldol reaction ofsatinswith monofluorinatedsilyl enol
ethers

Chem.Commun 2012,48, 1919
Org. Chem. Front. 2014,742.



