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Simple Primary Amino Amide Organocatalyst for
Enantioselective Aldol Reactions of Isatins with Ketones

Jo Kimura,'® Ummareddy Venkata Subba Reddy,'® Yoshihito Kohari, Chigusa Seki,?
Yasuteru Mawatari,’?! Koji Uwai,®! Yuko Okuyama,!®! Eunsang Kwon,! Michio Tokiwa,
Mitsuhiro Takeshita,["! Tatsuo lwasa,'® and Hiroto Nakano*!?!

Abstract: Enantioselective aldol reactions of various isatins
with ketones using newly designed amino amide organocata-
lysts were found to provide chiral 3-substituted 3-hydroxy-2-
oxindoles in good to excellent yields and with excellent stereo-
selectivities (up to 99 %, up to 98 % ee, syn/anti = 99:1); one

catalyst, 3i, proved particularly successful. One of the resulting
oxindoles,  3-hydroxy-3-(2-oxocyclohexyl)-2-indolinone  may
serve as a synthetic intermediate for pharmaceutically impor-
tant compounds and, in its own right, shows interesting anti-
convulsant activities.

Introduction

The development of new optically active organocatalysts for
use in asymmetric synthesis has drawn considerable interest in
the scientific community over the past 10 years. Excellent cova-
lent and non-covalent organocatalysts have been developed for
use in a wide range of reactions.!"! Most recently, we reported
that a primary 3-amino alcohol acts as an efficient organocata-
lyst in some reactions.”! The enantioselective aldol reaction us-
ing organocatalysts is recognized as one of the most powerful
carbon-carbon bond-forming reactions.”! This method pro-
vides a useful route to chiral 3-hydroxy carbonyl compounds,
which are versatile synthetic motifs for many biologically and
pharmaceutically important intermediates.”® In particular, the
utilization of isatin as an electrophile has attracted much atten-
tion, because this reaction affords chiral 3-hydroxy-2-oxindoles
(3-substituted 3-hydroxy-2-oxindoles) containing an asymmet-
ric quaternary carbon atom at the 3-position. Such species are
desirable targets, because many related structural motifs are
found in natural products and pharmaceutically active com-
pounds such as 3-hydroxy-3-(2-oxocyclohexyl)-2-indolinone
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(possessing anticonvulsant activity), convolutamydine A (dis-
playing leukemia inhibitory activity) and donaxaridine (display-
ing anticancer activity) (Scheme 1).%!
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Scheme 1. Utility of 3-hydroxy-2-oxindoles.

Although organocatalyzed asymmetric reactions of isatins
with cyclic or acyclic ketones have been described,! only a few
examples have been reported of highly stereoselective reac-
tions displaying significant enantioselectivity. Therefore, the de-
sign and development of highly functionalized organocatalysts
for this reaction is a significant, albeit challenging, research
goal.

Most recently, Ishimaru et al. have developed a new amino
amide organocatalyst A containing a (2,6-difluorophenyl)amide
group for this reaction (Scheme 2).1¢! A unique feature of this
catalyst is that it has an electrostatic repulsion between one
fluorine atom on the aromatic ring and the amide oxygen atom.
Furthermore, the H-bonding of the other fluorine atom with
the amide hydrogen atom fixes the conformation of the catalyst
in such a way as to enable shielding of one enantiotopic face
of the enamine intermediate formed between the catalyst and
substrate ketones.
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Scheme 2. Concept of catalyst design.

We planned to create a new amino amide organocatalyst
based on a new concept, which is different from Ishimaru's cat-
alyst. In designing our catalyst, we envisioned the simpler
amino amide B, which bears a flexible bulky amide polycyclic
aromatic hydrocarbon group. In contrast to the Ishimaru model,
this moiety is not fixed by H-bonding, yet the catalyst should
shield one enantiotopic enamine face on the basis of steric fac-
tors. Our catalyst B is easily prepared by condensation of the
corresponding amino acid and polycyclic aromatic hydrocarbon
substituted amines. Reaction of catalyst B with cyclic or acyclic
ketones was envisioned to afford enamine intermediate C.

In intermediate C, H-bonding of the amino nitrogen atom at
the a-position with the amide hydrogen atom might strongly
fix the conformation of this intermediate. Thus, the bulkier flexi-
ble polycyclic aromatic hydrocarbon group (R?) on the amide
nitrogen atom and substituent (R') at the o-position might
shield one face of the isatin from the incoming nucleophile.
The result was envisioned to be satisfactory stereoselectivity
(chemical yield, enantioselectivity and diastereoselectivity) in an
aldol reaction using a variety of isatins and ketones (Scheme 2).
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We report herein that amino amide organocatalyst 3i
enables excellent yields and a high degree of stereocontrol (en-
antioselectivities and diastereoselectivities) (up to 99 % yield,
up to 98 % ee, syn/anti = 99:1) to be achieved in aldol reactions
of isatins with several cyclic and acyclic ketones.

Results and Discussion

Amino amide organocatalysts 3a-k were prepared easily by
condensation of the corresponding N-protected amino acids
1a-e with amines 2a-g, respectively, in the presence of
stoichiometric amounts of 1-hydroxybenzotriazole (HOBt) and
1-ethyl-3-[3-(dimethylamino)propyllcarbodiimide  (EDC) fol-
lowed by removal of the Boc group from crude N-protected
amino amide compounds using CF3CO,H. The catalysts were
prepared in yields up to 72 % (Scheme 3).[0u7]

Initially, we examined the aldol reaction of isatin 4 with
cyclohexanone 5 using organocatalysts 3a-k (25 mol-%) in the
presence of pTsOH at room temperature (Table 1) under Ishim-

R \Hk HOBt
CF3CO,H
OH N HZN-R2 EDC 3LUs
HN‘Boc CH,Cl, CH.Cl;
rt,20h rt,3h
1a—e 2a-g
1a:R'=/Pr 1b:R'=Me
1¢ :R'=tBu 1d :R'=Ph
1e : R'=Bn
f 2(R2) i 3a:R'=jPr, R®=1-naphthyl 66%
iPr, RZ=2-biphenylyl 59%

Scheme 3. Preparation of amino amide organocatalysts 3a-k.
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RZ = 1-anthracenyl 72%
R? = 2-anthracenyl 62%
RZ = 9-anthracenyl 50%
R? = 1-pyrenyl 65%
RZ = 4- pyrenyl

R? = 1-anthracenyl 51%

NH- NH- ;
: { 2. NH- g i 3h:R'=Me,
E i 3i :R'=¢Bu, R%= 1-anthracenyl 57%
E i 3j :R'=Ph, R?=1-anthracenyl 59%
; 2c 2d 2e ]

:R'=Bn, RZ?=1-anthracenyl 60%
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aru conditions.®! All catalysts proved effective, and the corre-
sponding aldol product (25,3R)-6 was generated in excellent
syn/anti selectivities (91:9-99:1). The absolute configurations
and syn/anti stereoselectivities of 6 were determined on the
basis of comparisons with literature data.l®®¢6"6ul The yse of a-
isopropyl catalyst 3a with 1-naphthylamide afforded 6 in good
chemical yield (90 %) with 70 % ee (Table 1, Entry 1). Similarly,
the use of catalyst 3b with its 2-biphenylylamide also gave
good chemical yield and moderate enantioselectivity (89 %,

Table 1. Asymmetric aldol reaction of 4 with 5 using organocatalysts 3a-k.

catalyst 3a—k (25 mol-%) ©
0 O ,TSOH-H,0 (10 mol-%) HQ
@\/%:O +[5 H;0 (20 mol-%) o
N tBUOH N
H 5 rt,20h H
4 (25,3R)-6
Entry Cat. Yield [%]! syn/antit® ee [%]!)
1 3a 20 97:3 70
2 3b 89 96:4 67
3 3¢ 89 98:2 76
4 3d 62 99:1 38
5 3e 93 97:3 65
6 3f 29 97:3 75
7 39 96 95:5 67
8 3h 80 98:2 62
9 3i 96 97:3 80
10 3j 94 92:8 4
11 3k 91 91:9 48

[a] Isolated vyield. [b] Diastereoselectivity was determined on the basis of
HPLC analyses of the reaction mixture. [c] The ee of 6 was determined on
the basis of chiral HPLC analyses using a DAICEL column.
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67 % ee) (Table 1, Entry 2). Bulkier catalyst 3c with the 1-anthra-
cenylamide gave 6 in fairly good chemical yield (89 %) and with
good enantioselectivity (76 % ee) (Table 1, Entry 3), but the use
of catalyst 3d with its 2-anthracenylamide brought about a de-
crease in both chemical yield and enantioselectivity (62 %, 38 %
ee) (Table 1, Entry 4). On the other hand, catalyst 3e with the
9-anthracenylamide afforded 6 in excellent chemical yield and
with moderate enantioselectivity (93 %, 65 % ee) (Table 1, En-
try 5). The bulkiest catalysts 3f and 3g with their pyrene moie-
ties also showed higher catalytic activities than did catalysts
3a-e, and product 6 was obtained in excellent chemical yields
with moderate to good enantioselectivities (3f: 99 %, 75 % ee;
39g: 96 %, 67 % ee) (Table 1, Entries 6 and 7). From these results,
it was shown that catalyst 3c with its 1-anthracenylamide is
best for generating 6 in good chemical yield and enantioselect-
ivity (Table 1, Entry 3).

These results indicate that one face of the enamine in inter-
mediate C might be shielded effectively by the linear 1-anthra-
cenyl moiety on the catalyst amide nitrogen atom. We also
screened the catalytic activity of catalysts 3h-k; these retain
the anthracenylamide but contain substituents other than iso-
propyl at the a-position. The best result was obtained using
catalyst 3i, which contains a tert-butyl group at the a-position
(96 %, 80 % ee, syn/anti = 97:3) (Table 1, Entry 9); the use of
3h,jk did not afford satisfactory results (Table 1, Entries 8, 10,
11). It was thus realized that both the polycyclic aromatic amide
moieties and groups present at the a-position play important
roles needed to achieve satisfactory enantioselectivity.

To optimize the reaction conditions using superior catalyst
3i, we next examined the effects of solvent, the molar ratio
of catalyst, co-catalyst, reaction temperature and reaction time
(Table 2, Entries 1-19). Aldol product 6 was obtained in 99 %
yield with 90 % ee when the reaction was carried out in THF

Table 2. Optimization of the reaction conditions of 4 with 5 using organocatalyst 3i.

Entry Solvent Cat. Co-cat. T t Yield syn/anti® ee
[mol-%] (10 mol-%) [ th] [9]1! [%]'
1 DMF 25 - rt. 20 79 94:6 77
2 acetone 25 - rt. 20 929 97:3 81
3 Et,0 25 - rt. 20 87 97:3 85
4 THF 25 - rt. 20 29 99:1 920
5 1,4-dioxane 25 - rt. 20 99 97:3 86
6 THF 20 - rt. 20 29 99:1 920
7 THF 15 - rt. 20 29 99:1 920
8 THF 10 - rt. 20 98 99:1 89
9 THF 15 phenol rt. 20 99 99:1 87
10 THF 15 pTsOH/H,0 rt. 20 29 97:3 64
11 THF 15 TFA rt. 20 29 90:10 59
12 THF 15 benzoic acid rt. 20 99 98:2 78
13 THF 15 - 0 20 29 97:3 86
14 THF 15 - -15 20 48 90:10 78
15 THF 15 - -25 20 29 82:18 78
16 THF 15 - rt. 15 29 99:1 920
17 THF 15 - rt. 10 29 99:1 920
18 THF 15 - rt. 5 84 96:4 88
19 THF 15 - rt. 25 61 94:6 87

[a] Isolated yield. [b] Diastereoselectivity was determined on the basis of HPLC analyses of the reaction mixture. [c] The ee of 6 was determined on the basis

of chiral HPLC using a DAICEL column.
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using 15 mol-% of 3i at room temperature for 20 h (Table 2,
Entry 7). In contrast to Ishimaru's reaction conditions using an
acidic co-catalyst (pTsOH), our reaction system using organocat-
alyst 3i did not afford satisfactory enantioselectivity (64 % ee),
although the reasons for this are not yet clear (Table 2, En-
try 10).

After optimizing the reaction conditions, we investigated the
generality of the reaction of isatins 7a-i with cyclohexanone 5
using catalyst 3i (Table 3, Entries 1-9). Isatins 7a-i with different
substitution patterns and electronic properties were evaluated,
and all were readily converted into their corresponding aldol
products (2S,3R)-8a-i with high stereoselectivities (syn/anti =
97:3-99:1), high chemical yields (90-99 %), and with moderate
to excellent enantioselectivities (65-98 % ee; see Table 3, En-
tries 1-9).16618] |n the attempted reactions, N-methylisatin (7a)
afforded aldol product 8a in fairly good chemical yield and with
excellent enantioselectivity (91 %, 98 % ee), although a long re-
action time was required (Table 3, Entry 1). Aldol reactions of
both N-benzyl- (7b) and N-allylisatin (7c), afforded products 8b
and 8c in fairly good chemical yields (8b: 93 %; 8c: 95 %), al-
though the observed enantioselectivities were only moderate
(8b: 65 % ee; 8c: 66 % ee) (Table 3, Entries 2 and 3). On the
other hand, the reaction using synthetically useful N-Boc-isatin
(7d), similar to the simplest isatin 4, afforded product 8d in
excellent yield and with satisfactory enantioselectivity (98 %,
78 % ee, Table 3, Entry 4). Isatin 7e, bearing an electron-donat-
ing methyl group on the aromatic ring, also gave rise in fairly
good chemical yield and enantioselectivity to product 8e (93 %,
86 % ee, Table 3, Entry 5). Aldol chemistry with isatins 7f-h,
bearing halogen atoms on their aromatic rings, also afforded
the corresponding indolinones 8f-h with good yields and enan-
tioselectivities (90-93 %, 74-81 % ee, Table 3, Entries 6-8). Addi-
tionally, fairly good results (99 %, 92 % ee) were obtained from
the reaction of isatin 7i, bearing a strong electron-withdrawing

Table 3. Asymmetric aldol reaction of 7a-i with 5 using organocatalyst 3i.

0]
Rl 9 catalyst 3i R HQ
(15 mol-%)
0+5—— 1, o)
N THF N
I‘?E r.t., time ;?2
Ta-i (25,3R)-8a-i
Entry 7 R R? 8 t Yield  syn/anti® ee
th  [%® [%]*!
1 7a H Me 8a 144 91 98:2 98
2 7b H Bn 8b 144 93 98:2 65
3 7c H allyl 8¢ 144 95 97:3 66
4 7d H Boc 8d 6 98 95:5 78
5 7e Me H 8e 10 93 97:3 86
6 7f F H 8f 10 91 99:1 74
7 79 H 89 10 93 97:3 81
8 7h Br H 8h 10 920 99:1 75
9 7i NO, H 8i 10 29 98:2 92

[a] Isolated yield. [b] Diastereoselectivity was determined on the basis of
HPLC analyses of the reaction mixture. [c] The ee of 8 was determined on
the basis of HPLC analyses using a chiral DAICEL column.
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NO, group on its aromatic ring, with ketone 5 (Table 3, Entry 9).
These results indicate that catalyst 3i is generally applicable to
the aldol reaction of differently substituted isatins.

We next examined the aldol reaction of isatin 4 with several
acyclic or cyclic ketones 9a—f using the optimal catalyst 3i un-
der the same reaction conditions used to generate earlier prod-
ucts (Table 4). The reaction of 4 with acetone 9a proceeded
smoothly to give the corresponding aldol product 10a in
good chemical yield (97 %), although the enantioselectivity
for this conversion was poor (12% ee) (Table 4, En-
try 1).16c6e0iokomoponstoul The yse of cyclopentanone 9b af-
forded the corresponding product 10b in 55 % yield with 32 %
ee (Table 4, Entry 2).5%8 Although bulkier cycloheptanone 9c
gave rise to product 10c in moderate chemical yield (54 %), the
enantioselectivity of this conversion increased to 63 % ee
(Table 4, Entry 3).2%1 The use of heterocyclic ketone tetrahydro-
pyran-4-one (9d), afforded the corresponding product 10d with
an increase in yield up to 99 % and with moderate enantiose-
lectivity (58 % ee) (Table 4, Entry 4).7 The reaction of tetra-
hydrothiopyran-4-one (9e) afforded product 10e in 92 % yield
and an improved enantioselectivity (relative to 10d formation)
of 75 % ee (Table 4, Entry 5).17 Additionally, piperidin-4-one (9f)
gave rise to product 10f in 94 % yield with 53 % ee (Table 4,
Entry 6).15 Notably, aldol products 8a-i and 10a-f were charac-
terized on the basis of full spectroscopic data analyses and were
found to be consistent with previously reported data.l°®%8 Ab-
solute configurations of all aldol products were determined by
comparing specific optical rotation values obtained herein with
literature values.6b6i8!

Table 4. Asymmetric aldol reactions of 4 with 9a-f using organocatalyst 3i.

o 2

R
o} catalyst 3i HQ

. (15 mol-%) g‘

THF

1 2 N
RERT 1t time H

9a—f (2S,3R)-10a—f

Enty 9 R' R? 10 Time [h] Yield [%]® syn/anti® ee [%]®
1 9a H H 10a 72 97 - 12

2 9 A~y 10b 9 55 8317 32
3 9c Ao 0c 144 54 97:3 63
4 9d /%\O/\)\ 10d 144 99 95:5 58
5 9 _f~gh 10e 168 92 98:2 75
6 of A~k 10f 144 94 937 53

Boc

[a] Isolated yield. [b] Diastereoselectivity was determined on the basis of
HPLC analyses of the reaction mixture. [c] The ee of 10 was determined on
the basis of HPLC using a DAICEL CHIRAL OJ-H column.

On the basis of the high enantiopurity (90 % ee) of optically
active aldol product (2S5,3R)-6 obtained from the reaction of

© 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Scheme 4. Plausible reaction course for 3i-catalyzed aldol chemistry.

isatin (4) with cyclohexanone (5), a model of the enantioselect-
ive reaction course is proposed (Scheme 4). The condensation
of catalyst 3i with 5 forms the enamine intermediate, which is
conformationally fixed by the H-bonding interaction between
the enamine N-atom and the amide H-atom of the catalyst. The
enamine intermediate may exist as I-1 or I-2; both suffer from
reduced steric interactions involving the a-position tert-butyl
moiety and the catalyst-bourne 1-anthracenyl substituent than
that for I-3. Furthermore, the more stable I-1 has a trans config-
uration between the tert-butyl substituent at the a-position and
the enamine olefin; I-2 likely has a predominantly cis configura-
tion involving these functional groups. The reaction may then
proceed through transition state Ts-1, which has reduced steric
interactions between intermediate |-1 and isatin (4) than does
Ts-2, which experiences more severe repulsive interactions be-
tween intermediate I-1 and 4. Furthermore, the syn/anti stereo-
chemistry in this reaction may be dictated largely by steric in-
teractions involving both the enamine element of the interme-
diate and isatin (4). Thus, Ts-1, which suffers from reduced re-
pulsive steric interactions, is superior to Ts-3, which has larger
repulsive interactions between I-1 and 4.

To better understand the proposed reaction course
(Scheme 4), theoretical investigations were performed (Fig-
ures 1 and 2).
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Figure 1. Structures and relative energies of intermediates I-1-3 calculated at
the B3LYP/6-311++G(d,2p)//B3LYP/6-31+G(d) levels of theory. Energy values
are compared to the lowest-energy isomer I-1.

Based on the structure of catalyst 3i, as determined by X-ray
analysis, and conformational analyses for enamine intermedi-
ates |-1-3, I-1 has been found to be the most stable of the
intermediates formed in the reaction of 3i with 5 (Figure 1).1!
Also, transition state Ts-1 can be inferred on the basis of frontier
molecular orbital energies of isomers I-1-3 and isatin (4) (Fig-
ure 2). Thus, the success of 3i-catalyzed stereoselective aldol
reaction between 4 and 5 can be rationalized and was, in fact,
suggested on the basis of these calculations and their support
of the proposed reaction course (Scheme 4).

© 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim



V*ChemPubSoc
Europe
A
a
J 4
2 s
»
‘9“
oy
sgy?
- ¢+
E -0.07572
5 oo 007607
B
gL
57
£ -0.19900
© . -0.19949
3 3 -
<4 =3 o J
| 3 %5\
L J
%‘ ‘ 8 3
g ), ‘1‘;
2 3
7 pa3
3
1-1 1-2

~

Eur|OC

European Journal
of Organic Chemistry

Full Paper

-0.11634
LUMO
~. -0.19979
4.5
he, b
. * -0.25634
2 % ' \ HOMO
@ @
J
,13*
1-3 isatin

Figure 2. Frontier orbitals as calculated at the B3LYP/6-311++G(d,2p) level on 6-31+G(d)-optimized geometries.

Conclusions

We have developed a simple new amino amide organocatalyst
3i with a bulky 1-anthracenyl substituent on the amide N-atom
based on a new catalyst design concept. This catalyst is stable
when exposed to air, and has the two significant features of
easy preparation and desirable structural characteristics. Thus,
it can be derived easily from the corresponding amino acid
ester by two steps, and it contains both an amino group for
transient enamine generation and a modifiable amide group
that enables non-covalent conformational locking of the
enamine intermediate within a single molecule. Furthermore,
the bulkier 1-anthracenyl substituent on the amide N-atom in
the catalyst makes possible high levels of enantioselectivity
during aldol condensations. Thus, when 3i was used in the
asymmetric aldol reaction of several isatins with cyclic and
acyclic ketones, one enantiotopic face of the enamine interme-
diate was effectively shielded by the amide-linked anthracenyl
substituent; the corresponding aldol products were conse-
quently generated in excellent chemical yields (up to 99 %) and
stereoselectivities (up to 98 % ee, syn/anti = 99:1) under mild
and environmentally friendly conditions. Moreover, catalyst 3i
is inexpensive relative to proline derivatives and other organo-
catalysts that have seen use in this reaction. Further studies,
including alterations to the catalyst design and detailed mecha-
nistic investigations using calculation methods, are currently in
progress.

Eur. J. Org. Chem. 0000, 0-0 www.eurjoc.org

Experimental Section

General Methods: All glassware was used after flame drying, and
reactions were performed under argon. Reactions were monitored
by thin layer chromatography (TLC) and analysed by UV light
(254 nm), iodine vapor, ninhydrin staining and anisaldehyde stain-
ing. TLC was performed on silica gel 60 F,s,4 glass plates from Merck.
Purifications of reaction products were carried out by flash chroma-
tography on silica gel 60N (40-50 pum) from Kanto Chemical. Unless
mentioned otherwise, all chemical reagents were used without fur-
ther purification. NMR spectra were measured using a JEOL JNM-
ECA500 instrument. "H NMR (500 MHz) and '*C NMR (125 MHz)
spectra were measured in CDCl; or [Dg]DMSO as solvent and are
given in terms of ppm from tetramethylsilane (6 = 0.00 ppm) or the
residual solvents as an internal standard ([Dg]DMSO: 6 = 2.50 ppm
for "H NMR; CDCl5: 6 = 77.16 ppm for '3C NMR). Multiplicity of
chemical shifts are reported as s = singlet, d = doublet, t = triplet,
q = quadruplet, dd = doublet of doublets, td = triplet of doublets,
m = multiplet and br. = broad, and coupling constants J are given
in Hz. Infrared (IR) spectra were measured using a JASCO FT/IR-4100
instrument. Optical rotations were measured using a JASCO DIP-
360 instrument with EtOH as solvent. Melting points were measured
using a Yanaco micro melting point apparatus. HRMS spectra were
measured in El mode using Hitachi RMG-6MG and JEOL-JNM-DX303
spectrometers. Diastereomeric ratios and enantiomeric excesses
were determined by HPLC analyses using DAICEL CHIRALPAK AD-H,
CHIRALPAK AS-H, CHIRALCEL OJ-H and CHIRALPAK IC columns.

General Procedure for the Synthesis of Amino Amide Organo-
catalysts 3a-k: To a stirred solution of amine 2a-g (0.36 mmol) in

© 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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anhydrous CH,Cl, (3 mL) at 0 °C, was added N-Boc acid 1a-e
(0.3 mmol), followed by sequential addition of EDC (64 uL,
0.36 mmol) and HOBt (49 mg, 0.36 mmol) at the same temperature
and stirred for 1 h. Then, the reaction mixture was allowed to warm
to room temperature for 24 h. After the reaction was complete, as
determined by TLC, the reaction mixture was diluted with EtOAc
and then washed with 0.1 N HCI, saturated NaHCO; solution and
brine. The organic layer was dried with Na,SO, and concentrated
under reduced pressure. This crude reaction mixture was used for
the next reaction without further purification. To the dilute reaction
solution in dry CH,Cl, was added TFA (0.4 mL) dropwise at 0 °C and
the mixture then stirred at room temperature for 3 h. After removal
of the CH,Cl, under reduced pressure, the reaction mixture was
neutralized by dropwise addition of a saturated NaHCO; solution at
0 °C and stirred at room temperature for 1 h. Finally, the reaction
mass was extracted with CH,Cl,, the resulting organic layer then
dried with Na,SO, and the mixture concentrated under reduced
pressure. The resulting residue was then purified by flash column
chromatography on SiO, (CH,Cl, and n-hexane/EtOAc = 3:1 to 1:1)
to afford amino amide organocatalysts 3a-k.

(5)-2-Amino-N-(naphthalen-1-yl)-3-methylbutanamide (3a):
White crystals (EtOAc), 66 % yield. M.p. 77-78 °C. [a]3® = -29.99 (c =
0.12, EtOH). IR (neat): ¥ = 3246, 2958, 1649, 1530, 1499, 795 cm™".
"H NMR (500 MHz, CDCl3): 6 = 10.34 (br. s, 1 H, NH), 8.28-8.26 (dd,
J =7.73,0.86 Hz, 1 H, ArH), 7.93-7.91 (d, J = 831 Hz, 1 H, ArH),
7.87-7.86 (m, 1 H, ArH), 7.65-7.64 (d, J = 8.31 Hz, 1 H, ArH), 7.55-
747 (m, 3 H, ArH), 3.54-3.53 (d, J = 3.44 Hz, 1 H, CH), 2.59-2.50 (m,
1 H, CH), 1.63 (br. s, 2 H, NH,), 1.11-1.10 (d, J = 6.87 Hz, 3 H, CH5),
0.95-0.94 (d, J = 6.87 Hz, 3 H, CH3) ppm. ">*C NMR (125 MHz, CDCl5):
0 = 17285, 134.17, 132.61, 128.93, 126.23, 126.20, 126.16, 126.14,
125.94, 124.66, 120.39, 118.14, 60.89, 30.89, 20.03, 16.09 ppm. MS
(El): m/z = 242 [M + H]*. HRMS (EI): calcd. for C;5H;gN,O [M + HI*
242.1419, found 242.1410.

(5)-2-Amino-N-(biphenyl-2-yl)-3-methylbutanamide (3b): Color-
less oil, 59 % yield. [a]3* = -14.59 (c = 1.03, EtOH). IR (neat): ¥ =
3276, 2959, 1675, 1512, 1447, 750, 700 cm™". "TH NMR (500 MHz,
CDCl3): 6 = 9.58 (br. s, 1 H, NH), 8.44-8.42 (dd, J = 8.31, 1.15 Hz, 1
H, ArH), 7.48-7.36 (m, 6 H, ArH), 7.25 (d, J = 1.43 Hz, 1 H, ArH), 7.18-
7.15 (td, J = 7.45, 1.15 Hz, 1 H, ArH), 3.29-3.28 (d, / = 3.44 Hz, 1 H,
CH), 2.40-2.34 (m, 1 H, CH), 1.50 (br. s, 2 H, NH,), 0.96-0.95 (d, J =
7.16 Hz, 3 H, CHs), 0.79-0.78 (d, J = 6.87 Hz, 3 H, CHs) ppm. '3C
NMR (125 MHz, CDCl3): 6 = 172.72, 138.58, 135.03, 132.51, 130.15,
129.54, 128.84, 128.50, 127.80, 124.05, 120.82, 60.67, 30.86, 19.85,
15.97 ppm. MS(El): m/z = 268 [M + H]*. HRMS (El): calcd. for
C1/H20N,0 [M + HI* 268.1576, found 268.1567.

(5)-2-Amino-N-(anthracen-1-yl)-3-methylbutanamide (3c): Beige
crystals (EtOAC), 72 % yield. M.p. 113-114 °C. [a]&® = -7.87 (c = 0.51,
EtOH). IR (neat): ¥ = 3293, 2962, 1678, 1508, 869, 729, 705 cm™'. 'H
NMR (500 MHz, CDCl3): 6 = 10.51 (br. s, 1 H, NH), 8.42 (s, 2 H, ArH),
8.28-8.26 (d, J = 7.16 Hz, 1 H, ArH), 8.03-7.98 (m, 2 H, ArH), 7.80-
7.78 (d, J =831 Hz, 1 H, ArH), 7.49-7.44 (m, 3 H, ArH), 3.59-3.58 (d,
J=3.72 Hz, 1 H, CH), 2.62-2.55 (m, 1 H, CH), 1.75 (br. s, 2 H, NH,),
1.14-1.13 (d, J = 7.16 Hz, 3 H, CH3), 0.99-0.98 (d, J = 6.87 Hz, 3 H,
CH3) ppm. 3C NMR (125 MHz, CDCl5): 6 = 172.94, 132.28, 132.23,
131.57, 12851, 128.08, 127.31, 125.83, 125.52, 125.44, 124.86,
118.94, 116.82, 60.98, 30.95, 20.05, 16.14 ppm. MS (El): m/z = 292
[M + HI*. HRMS (EI): calcd. for C;9H,0N,0 [M + HI* 292.1576, found
292.1583.

(5)-2-Amino-N-(anthracen-2-yl)-3-methylbutanamide (3d): Beige
crystals (EtOAc), 62 % yield. M.p. 202-203 °C. [a]g' = -75.12 (c =
1.03, EtOH). IR (neat): ¥ = 3249, 2957, 1650, 1512, 892, 736 cm™". 'H
NMR (500 MHz, CDCl5): 6 =9.75, (br. H, 1 H, NH), 8.54 (d, /= 1.43 Hz,
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1 H, ArH), 8.37-8.36 (d, J = 6.59 Hz, 2 H, ArH), 7.98-7.96 (m, 3 H,
ArH), 7.49-7.41 (m, 3 H, ArH), 3.46 (d, J = 3.72 Hz, 1 H, CH), 2.56-
2.50 (m, 1 H, CH), 1.55 (br. s, 2 H, NH,), 1.10-1.08 (d, J = 7.16 Hz, 3
H, CHs), 0.93-0.92 (d, J = 7.16 Hz, 3 H, CH3) ppm. '3C NMR (125 MHz,
CDCls): 6 = 173.06, 134.56, 132.30, 132.18, 131.18, 129.34, 129.30,
128.31, 128.10, 126.17, 125.83, 125.63, 125.07, 120.68, 115.07, 60.63,
30.89, 20.02, 16.11 ppm. MS (El): m/z = 292 [M + H]*. HRMS (El):
calcd. for C;gH50N50O [M + H]* 292.1576, found 292.1580.

(5)-2-Amino-N-(anthracen-9-yl)-3-methylbutanamide (3e):
Brown crystals (EtOAc), 50 % yield. M.p. 98-99 °C. [a]&’ = +14.85
(c = 1.01, EtOH). IR (neat): ¥ = 3235, 2958, 1646, 1506, 1357, 877,
731 cm™". "TH NMR (500 MHz, CDCl5): 6 = 9.85, (br. s, 1 H, NH), 8.42
(s, 1 H, ArH), 8.02-8.00 (m, 4 H, ArH), 7.51-7.45 (m, 4 H, ArH), 3.71-
3.70 (d, J = 3.44 Hz, 1 H, CH), 2.69-2.63 (m, 1 H, CH), 1.72 (br. s, 2
H, NH,), 1.19-1.17 (d, J=7.16 Hz, 3 H, CH3), 1.13-1.12 (d, J = 6.87 Hz,
3 H, CH3) ppm. 3C NMR (125 MHz, CDCl3): 6 = 174.17, 131.83,
128.77, 128.41, 128.07, 126.64, 126.21, 125.38, 123.45, 60.77, 30.78,
20.18, 16.45 ppm. MS (El): m/z = 292 [M + H]*. HRMS (El): calcd. for
Cy9H20N,0 [M + HI* 292.1576, found 292.1581.

(5)-2-Amino-N-(pyren-1-yl)-3-methylbutanamide  (3f): White
crystals (EtOAc), 65 % vyield. M.p. 168-169 °C. [a]& = -15.00 (c =
2.00, EtOH). IR (neat): ¥ = 3251, 2954, 1641, 1515, 841, 711, 504 cm™".
"H NMR (500 MHz, CDCl5): 6 = 10.57 (br. s, 1 H, NH), 8.75-8.74 (d,
J =831 Hz 1 H, ArH), 8.16-8.11 (m, 3 H, ArH), 8.06 (s, 2 H, ArH),
8.01-7.95 (m, 3 H, ArH), 3.60-3.59 (d, J = 3.44 Hz, 1 H, CH), 2.65-
2.56 (m, 1 H, CH), 1.69 (br. s, 2 H, NH,), 1.14-1.13 (d, J = 6.73 Hz, 3
H, CHs), 1.00-0.99 (d, J = 6.87 Hz, 3 H, CHs) ppm. 3C NMR (125 MHz,
CDCl3): 6 = 173.01, 131.53, 130.95, 130.92, 128.38, 127.79, 127.55,
126.42, 126.17, 125.55, 125.37, 125.25, 124.96, 124.85, 122.02,
120.05, 119.98, 60.93, 30.97, 20.07, 16.18 ppm. MS (El): m/z = 316
[M + HJ*. HRMS (EI): calcd. for C57H,0N,0 [M + H]* 316.1576, found
316.1573.

(5)-2-Amino-N-(pyren-4-yl)-3-methylbutanamide (3g): White
crystals (EtOAC), 46 % yield. M.p. 168-169 °C. [a]3° = -6.66 (c = 0.30,
EtOH). IR (neat): ¥ = 3252, 2957, 1650, 1522, 823, 714 cm™'. "H NMR
(500 MHz, CDCl5): 6 = 10.67 (br. s, 1 H, NH), 9.02 (s, 1 H, ArH), 8.25-
8.21 (m, 3 H, ArH), 8.14-7.98 (m, 5 H, ArH), 2.67-2.61 (m, 1 H, CH),
2.67-2.61(m, 1 H, CH), 1.74 (br.s, 2 H, NH,), 1.17-1.16 (d, J = 6.87 Hz,
3 H, CHs), 1.02-1.01 (d, J = 7.16 Hz, 3 H, CH3) ppm. '3C NMR
(125 MHz, CDCls): 6 = 173.23,131.77, 131.30, 131.25, 130.86, 127.93,
127.25, 12648, 125.80, 125.74, 125.62, 125.52, 125.24, 124.50,
122.37,117.47,117.30, 61.08, 30.95, 20.08, 16.17 ppm. MS (El): m/z =
316 [M + HI*. HRMS (El): caled. for CyqHyoN,0 [M + HI* 316.1576,
found 316.1572.

(5)-2-Amino-N-(anthracen-1-yl)propanamide (3h): Yellow crystals
(EtOAc), 51 % yield. M.p. 141-142 °C. [a]3' = +29.99 (c = 0.60, EtOH).
IR (neat): ¥ = 2961, 2925, 1524, 1261, 1098, 1026, 803, 721 cm™". 'H
NMR (500 MHz, CDCl3): 6 = 10.49 (br. s, 1 H, NH), 8.44 (s, 2 H, ArH),
8.29-8.27 (d, J = 7.16 Hz, 1 H, ArH), 8.05-7.99 (m, 2 H, ArH), 7.81-
7.79 (d, J = 859 Hz, 1 H, ArH), 7.50-7.45 (m, 3 H, ArH), 3.85-3.81
(m, 1 H, CH), 1.82 (br. s, 2 H, NH,), 1.59-1.57 (d, J = 7.16 Hz, 3 H,
CHs) ppm. 3C NMR (125 MHz, CDCly): 6 = 174.11, 132.27, 132.23,
131.58, 128,51, 128.10, 127.37, 125.86, 125.52, 125.38, 124.92,
118.87, 116.79, 51.83, 21.99 ppm. MS (El): m/z = 264 [M + H]*. HRMS
(El): calcd. for C;7H;gN,O [M + HI* 264.1263, found 264.1268.

(5)-2-Amino-N-(anthracen-1-yl)-3,3-dimethylbutanamide  (3i):
Beige crystals (EtOAc), 57 % yield. M.p. 145-147 °C. [a]&’ = +80.00
(c = 1.00, EtOH). IR (neat): ¥ = 1670, 1495, 879, 729 cm~". "H NMR
(500 MHz, CDCl3): 6 = 10.07 (br. s, T H, NH), 8.44-8.41 (d, J =
13.46 Hz, 2 H, ArH), 8.25-8.24 (d, J = 7.16 Hz, 1 H, ArH), 8.04-7.99
(m, 2 H, ArH), 7.81-7.79 (d, J = 8.59 Hz, 1 H, ArH), 7.50-7.45 (m, 3
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H, ArH), 3.49 (s, 1 H, CH), 1.77 (br. s, 2 H, NH,), 1.19 [s, 9 H, (CH3)s]
ppm. "3C NMR (125 MHz, CDCl5): 6 = 172.09, 132.23, 131.56, 128.52,
128.07, 127.30, 125.82, 125.81, 125.49, 125.47, 124.85, 118.94,
117.05, 65. 31, 34.66, 27.14 ppm. MS (El): m/z = 306 [M + H]*. HRMS
(EN): calcd. for C,oH55,N50 [M + HI* 306.1732, found 306.1728.

(5)-2-Amino-N-(anthracen-1-yl)-2-phenylethanamide (3j): Brown
crystals (EtOAc), 57 % yield. M.p. 52-53 °C. [a]&? = -11.50 (c = 2.00,
EtOH). IR (neat): ¥ = 1685, 1509, 868, 727, 696 cm~'. 'H NMR
(500 MHz, CDCl5): 6 = 10.24 (br. s, 1 H, NH), 8.41 (s, 1 H, ArH), 8.32
(s, 1 H, ArH), 8.19-8.17 (d, J = 7.16 Hz, 1 H, ArH), 7.98-7.97 (m, 2 H,
ArH), 7.79-7.77 (d, J = 8.31 Hz, 1 H, ArH), 7.57-7.34 (m, 8 H, ArH),
483 (s, 1 H, CH), 212 (br. s, 2 H, CH) ppm. "3C NMR (125 MHz,
CDCl3): 0 = 171.49, 140.90, 132.18, 132.00, 131.61, 131.60, 129.23,
128.50, 128.44, 128.09, 127.38, 127.16, 125.90, 125.48, 12541,
125.27, 118.83, 117.36, 60.94 ppm. MS (El): m/z = 326 [M + H]™.
HRMS (El): calcd. for C;,H1gN,0O [M + HI* 326.1419, found 326.1411.

(5)-2-Amino-N-(anthracen-1-yl)-3-phenylpropanamide (3k):
Brown crystals (EtOAc), 60 % yield. M.p. 43-45 °C. [a]&® = +19.00
(c = 1.00, EtOH). IR (neat): ¥ = 3294, 2963, 1673, 1509, 1263, 869,
727,699 cm™'. "TH NMR (500 MHz, CDCl3): 6 = 10.32 (br. s, 1 H, NH),
8.43 (s, 1 H, ArH), 8.27-8.24 (m, 2 H, ArH), 8.00-7.97 (m, 2 H, ArH),
7.82-7.80 (d, J = 8.59 Hz, 1 H, ArH), 7.49-7.46 (m, 3 H, ArH), 7.37-
7.27 (m, 5 H, ArH), 3.97-3.95 (m, 1 H, CH), 3.48-3.45 (dd, J = 14.03,
4.01 Hz, 1 H, CH,), 3.02-2.98 (dd, J = 13.75, 9.16 Hz, 1 H, CH,), 2.02
(br. H, 2 H, NH,) ppm. '3C NMR (125 MHz, CDCl): 6 = 172.78, 172.78,
137.73, 132.24, 132.17, 131.64, 131.58, 129.58, 129.04, 128.53,
128.10, 127.34, 127.19, 125.87, 125.85, 125.48, 125.16, 118.98,
117.24, 57.32, 40.95 ppm. MS (El): m/z = 340 [M + HI*. HRMS (El):
calcd. for C55H50N,O [M + HI* 340.1576, found 340.1583.

General Procedure for the Enantioselective Aldol Reaction of
Isatins with Ketones: To a stirred solution of catalyst 3i
(0.015 mmol) in dry THF (2 mL) were added ketone (2 mmol) and
isatin (0.1 mmol) at room temperature. The reaction mixture was
stirred at this temperature and monitored by TLC until the reaction
was completed. Then, THF was removed under reduced pressure.
The concentrated reaction mixture was purified by flash column
chromatography on silica gel (n-hexane/EtOAc = 5:1 to 1:1) to give
the corresponding product.
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