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Fig.1 The structure of chiral Takemoto’ s (thio)urea catalysts 1a—g
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1.1 X R SR

AL la—1g W 3 T 1 i K B A B
8 E) G BE RS GF254 3 2 AR K AT 4035 43 25 F R A
0.071~0.050 mm fERZ , WL T ILPGiH 2 E PR
R A HAh A BT a0 s T B R K 'H
NMR F1 “C NMR ¢ 3% i 3 Bruker Avance-500 7
% 1 H IR 18 A (£ ] Bruker 24 7)) W& 5 LURAL
DMSO JiE L, PLAR AR B DMSO K MR (4351 4
S 3.33 Ml 40.45); = BEBTIE HRMS [
7E 18 FH Triple TOF 5600 #Y 5 i 4% (3€ [E Sciex 2
H]): e RE A28579-T-CG APIIL %I [ Zje G
(2 Rudolph 23 5] MZE 3 XFBLA T SAE (ee ) H
FEHF LC-20A S0 (S ( H AR B HE A w) ) I
Daicel ChiralpakIA F M A% H:( 4.6 mm x 250 mm,
HARKIEBEAF]).
12 A3HFR Aldol R M B — IR (ES B

F 10 mL 7 #5RE PoIm ABEL(0.1 mmol ), &
Mok 2 FRR (0.2 mmol ), 4L 1b (0.005 mmol ). 2R )5 ,
JIA 1.0 mL B ESRUT B8k , 780G | IR G RTE
0 °CJ )V 24~48 h, Wi TLC Wil 5z 1 . [ 5E s
TCHFAbFH | T3 SN TR 2 AR IE M 4y B i ik (1E
Okt : ZFRAHEE =9 = 1), B3)r24 3a-3n, AL
AR AR . o= 0 3b-3e. 3j-3k. 3n Mk

Ay, fbA WK 'H NMR, °C NMR, HRMS W1 F -

(S)-4- (1- B2 3- 53 -2- S M| -3- 3L ) -3-
ARTIRCHBEC3b): FIAREA , mp: 120.1~121.3 °C .
'H NMR (500 MHz, DMSO ) 6 7.34 - 7.24 (m, 2H ),
7.03 -6.93(m, 2H), 6.13 (s, 1H),4.03(q, J=7.0
Hz, 2H ),3.56 (s, 2H ),3.43(d,]J =17.0 Hz, 1H ), 3.14
(t,/=15.0Hz, 1H ), 3.10(s,3H ), 1.14(t,J = 7.0 Hz,
3H); “C NMR (125 MHz, DMSO ) 6 201.1, 177.1,
167.7, 144.9, 131.4, 130.1, 124.2, 122.9, 109.2, 73.1,
61.4, 50.6, 50.2, 26.8, 14.9; HRMS ( ESI): caled for
C,sH;;NOsNa+ [ M+Na ] +: 314.0999; found: 314.0992;
[ a ]D®=-12.54( ¢ 0.52, CH;OH ); HPLC ( Chiralpak
IA, Ve, @ Vewo=90 10, 1.0 mL/min, A = 254
nm ) , t; = 60.8 min ( minor ), 68.8 min ( major ).

(S)-4- (5- B & 3- #63 -2- S M| -3- 3L ) -3-
ARTIRCHEE3c): FIEEA , mp: 113.8~115.0 C .
'H NMR (500 MHz, DMSO ) 8 10.14 (s, 1H), 7.05
(s,1H),6.99(d,J=8.0Hz 1H),6.67(d,J=8.0 Hz,

1H), 6.02 (s, 1H), 4.04(q,J = 7.0 Hz, 2H ), 3.67-
3.52 (m, 2H), 3.33 (d,J = 17.0 Hz, 2H ), 3.08 (d,
J=17.0 Hz, 1H), 223 (s, 3H), 1.15(t,J = 7.0 Hz,
3H); "C NMR (125 MHz, DMSO ) & 201.2, 178.8,
167.8, 140.9, 132.2, 130.9, 130.1, 125.4, 110.1, 73.5,
61.4, 50.5, 50.3, 21.6, 14.9; HRMS (ESI ): caled for
C,sH;NOsNa* [ M+Na ]*: 314.0999; found: 314.0994;
[ a ]D¥=-29.67 (¢ 0.62, CH,OH ); HPLC ( Chiralpak
IA, Vi, & Veuo=90 ¢ 10, 1.0 mL/min, A = 254
nm ), ty = 30.7 min ( minor ) , 38.8 min ( major ) .

(S)-4- (5- 9 3- £ -2- S| e -3- 3L ) -3- %]
RTRHEE(3d ) & A REA , mp: 134.5~136.9 C .
'H NMR (500 MHz, DMSO ) 8 10.27 (s, 1H), 7.12
(dd, J=8.0,2.5Hz 1H), 7.01 (ddd, J = 9.5, 8.5, 2.5
Hz, 1H), 6.77 (dd, J = 8.5, 4.5 Hz, 1H ), 6.19 (s,
1H), 4.04(q,/J=7.0Hz 2H), 3.58 (s, 2H), 3.42
(d,J=17.5Hz, 1H),3.13(d, J = 17.5 Hz, 1H ), 1.15
(1,J=7.0 Hz, 3H); "“C NMR ( 125 MHz, DMSO ) &
201.2, 178.8, 167.7, 159.7, 157.8, 139.6, 133.8 (d, J =
7.7Hz),116.2,116.0(d, J =232 Hz), 112.7, 112.5,
111.1(d,J = 7.8 Hz ), 73.6, 61.4, 50.2, 50.1, 14.8;
HRMS (ESI): caled for C,,H ,FNO;Na* [ M+Na | "
318.0748; found: 318.0744; [ a ]D”=-14.0(c 0.49,
CH,0H ); HPLC Chiralpak IA, Vi, & Vepgo=90 +
10, 1.0 mL/min, A =254 nm ), t = 32.5 min ( minor ),
42.3 min ( major ) .

(S)-4- (5- & 3- £ Hk -2- AWk -3- 3L) -3- &
RTHRCBE(3e ): EEAEA , mp: 140.2~141.6 °C .
'H NMR ( 500 MHz, DMSO ) & 10.38 (s, 1H ), 7.29
(d,J =2.0Hz 1H), 7.23 (dd,J = 8.0, 2.0 Hz, 1H ),
6.79(d,J=80Hz 1H),6.18 (s, IH),4.04 (q, J =
7.0 Hz, 2H ), 3.58 (d,J =2.0 Hz, 2H ), 3.46 (d, J =
17.5Hz, 1H),3.15(d,J=175Hz, 1H), 1.14(t, J =
7.0 Hz, 3H): “C NMR ( 125 MHz, DMSO ) & 201.3,
178.5, 167.7, 142.4, 134.3, 129.7, 126.2, 125.0, 111.8,
73.4, 61.4, 50.2 50.1, 14.9; HRMS (ESI): caled
for C,,H,,CINO;Na" [ M+Na |*: 334.0453; found:
334.0459; [ @ ]D”=-9.98 (¢ 0.50, CH,O0H ); HPLC
( Chiralpak IA, Ve, & Vepgo=90 ¢ 10, 1.0 mL/min,
A =254 nm ), t; = 33.2 min ( minor ), 44.2 min ( major ).

(S)-4- (5- HIJE 3- 3L -2- 4 M| W -3- 3 ) -3-
AACTIRHER( 3 ): FEARIA , mp: 105.3~106.7 C .
'H NMR (500 MHz, DMSO ) & 10.14 (s, 1H), 7.05
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(s, 1H), 7.04-6.94 (m, 1H), 6.67 (d, J = 8.0 Hz,
1H), 6.02(s, 1H), 3.61 (s,2H), 3.58 (s, 3H),
3.32(d,/J=175Hz,2H),3.08(d,J=17.5Hz, 1H),
2.23(s,3H); "C NMR ( 125 MHz, DMSO ) 6 201.1,
178.8, 168.3, 140.9, 132.2, 130.9, 130.2, 125.4, 110.1,
73.5,52.7, 50.5, 50.1, 21.6; HRMS (ESI ): caled for
C,H;sNOsNa*[ M+Na ]*: 300.0842; found: 300.0846;
[ a ]D®=-20.27(c 0.68, CH;OH ); HPLC ( Chiralpak
IA, Ve, @ Vengo=90 © 10, 1.0 mL/min, A = 254
nm ), ty = 36.0 min ( minor ) , 45.0 min ( major ) .
(S)-4- (5- & 3- F3E -2- | M|k -3- 3% ) -3- 54
AT RRAMEC 3k ) flE (A A, mp: 130.7~132.0 C..
'H NMR (500 MHz, DMSO ) & 10.38 (s, 1H), 7.30
(d,/J=2.0Hz 1H),7.23(dd, J = 8.0, 2.0 Hz, 1H),
6.79(d,J=80Hz 1H),6.19(s, 1H),3.61(s,2H),
3.58(s,3H),3.46(d,J=17.5Hz IH), 3.15(d,
J=175Hz 1H); “C NMR (125 MHz, DMSO ) &
201.3, 178.5, 168.2, 142.4, 134.2, 129.7, 126.2, 125.0,
111.8, 73.4, 52.7, 50.1, 49.9; HRMS (ESI): caled
for C;3H,,CINOsNa® [ M+Na |*: 320.0296; found:
320.0299; [ @ ]|D*=-38.33( ¢ 0.56, CH,0H ); HPLC
( Chiralpak TA, Ve, * Veugo=90 1 10, 1.0 mL/min,
A =254 nm ), tp = 38.7 min ( minor ), 52.2 min ( major ).
(S)-4- (5- & 3- F3E -2- M|k -3- 3% ) -3- 44

TR THEE3n): B EAREA , mp: 124.7~126.0 C .
'H NMR ( 500 MHz, DMSO ) & 10.26 (s, 1H), 7.22
(d,J=75Hz 1H),7.17(dd, J =7.5, 1.0 Hz, IH),
6.93- 6.88 (m, 1H), 6.78 (d, J = 7.5 Hz, 1H), 6.08
(s,1H),3.99(t,J=6.5Hz 2H), 3.59 (s, 2H ), 3.38
(s, 1H), 3.07(d,J = 17.0 Hz, 1H ), 1.54- 1.46 (m,
2H), 1.33-1.25(m, 2H ), 0.86 (t,J = 7.5 Hz, 3H );
“C NMR ( 125 MHz, DMSO ) & 201.2, 178.8, 167.9,
143.4, 132.1, 130.0, 124.7, 122.2, 110.4, 73.4, 65.1,
50.5, 50.3, 31.0, 19.4, 14.4; HRMS (ESI): caled for
CH,oNOsNa'[ M+Na |*: 328.1155; found: 328.1161;
[ @ ]D®=-0.32(¢ 0.51, CH;0H ); HPLC ( Chiralpak
IA, Vg, & Veuo=90 ¢ 10, 1.0 mL/min, A = 254

nm ), ty = 26.6 min ( minor ) , 36.0 min ( major ) .

2 #RE5iTie
2.1 Takemoto Z(%) IR 1a—g 4L RITFR Aldol &2 5z
I35 10% (BE JR 0 %0 () IRA5 £ 9 la—g
T AL S LB O LR A XTFR Aldol
SR, ARAESCHR [ 25 ] BB AR 45, SR &k
W NTEF] , SIS 24~48 h (TLC Wil 52 %7 ), 4%
B
T AR - BR TR 1g, Hofth 6 Fh(BT)
IR A A 350 7 U 00K R R 4 R A 8 B 41 0 2

F1(B) PR la—g EU B S 2B B ZEERI AT FR Aldol IR Y5 R

Table 1 Asymmetric Aldol reaction of isatin with ethyl acetoacetate catalyzed by (thio)ureas la—g"

(

Entry Catalyst Yield/%" % ee’ Conf."
1 la 82 60 S
2 1b 83 64 S
3 le 80 57 R
4 1d 81 63 R
5 le 71 50 S
6 1f 78 57 S
7 lg - - -

a. Reaction condition: Isatin(0. 10 mmol), ethyl acetoacetate (0.20 mmol) and catalysts(0.01 mmol) in THF (1 mL); b. isolated yield;

c. Determined by HPLC analysis (Chiralpak IA-H); d. The configuration was determined by comparison with the optical rotation data of

the literature
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% 36 &

2. TR 2 T8 (49 A % B Aldol 2 13 3R 715 & - ¥4 3 - B -
TR Z B P28, 13 5] T 50%~64% () ST AR 3k £ v Fi
77%~83% ()73 . For | IRATAE i Ak5R) 1h =B
AT BRI AR, LA 2 32 7= Py i b 00 5k
I E HEEAE I 5 SRR 2, 5 g S AL

22 RMFEHHEE

K IR TE B e AR 1 FHTF AR |
TR HEALTR T S A5 1F B BELLA Lt £ R LR Y
ANKIFR Aldol I, 25 58 SN 25 1R Xk S A e
IS | 255 WL 2.

F2 1bENERLIZ B 2 B Z B AT FR Aldol Jz Bz B9 S5 4k

Table 2 Screening of reaction condition for the asymmetric Aldol reaction catalyzed by 1b"

Entry Solvent Temp. Cat. loading/% (Mole fraction) Yield/%" Poee’
1 THF rt 10 82 64
2 CH,CI, rt 10 80 31
3 CHCI, rt 10 76 28
4 Et,0 rt 10 81 60
5 MTBE rt 10 84 66
6 1,4-dioxane rt 10 82 62
7 PhMe rt 10 78 24
8 xylene rt 10 76 24
9 MTBE 0 10 81 75
10 MTBE -10 10 73 73
11 MTBE -20 10 68 72
12 MTBE -40 10 56 73
13 MTBE 0 5 80 87
14 MTBE 0 25 72 67
15 MTBE 0 20 86 81

16° MTBE 0 5 56 73
17° MTBE 0 5 80 56

a. Reaction condition: Isatin(0. 10 mmol), ethyl acetoacetate (0.20 mmol) and 1b(0.01 mmol) in solvent (1 mL); b. isolated yield;

c. Determined by HPLC analysis (Chiralpak IA); d. 2 mL of solvent; e. 0.4 nm MS(about 200 mg)

FATHZLE T 8 TIPS S 1) S AR E 52
Wi, PT LA P B 0] Fh iz O W R I R )
WL EE Centries 1, 4-6 ), B WAL T HAD AP (1 3%
AL Hrp BT 2t ( MTBE ) s 4750 ( 66%
ee, entry5 ) . i BEXT W A ST AR RN EA FE 0 | 38 H
ARRIEAT )T AR SN 3 B g S B e | (H
K&, AR 2 RS 3 FRATTE Jeke R
TR0 C ., FEU T BEREMEAE S T 9%,
M7= Z5m AT N % Centry 9 vs entry 5); #EIM , 4kZEF%
I 10, -20 F1 -40 C , LR LI =T ee {H
A A Centry 10-12 vs entry 9 ) . ZE 5 H ) Heid
B FIRRE ST, dkel % S A X I

I ST TEREVE RS2 | AR EE JR 23 10%
B2 5%, 7= i X LA T (B TR 12% (entry 13
vs entry 9 ). i I /b i ) A0 7045 20 T A ) 7 A4
TEBE A 2 U B A A ) B AR AR |, BRI S
M SA , P HS A . (HJ2 |, ARSI AL 57
JEEIR AT BN 2.5%, 17 i 1) ee {H 1™ S84 B o) B AIG
(entry 14 vs entry 13). A, R EE IR 534K
H1 10% 3428 20%, 7= RR AR , (HJE R AL
PEREVEA BT T R Centryl5 vs entry 13 ). 38 5 S %
TR TR R A8 R AR S I 38 i /o B IR 51k
I, A PEE RS2 mL ), &55E 2B R N 1 7=
RS AR B W A Centry 16 vs entry 13).



%1 PR3 s IRATAE WA UREAL T 5 LI LRI SRS BE Aldol JZ 7 55
fiee  FANTHEE T AKIR B A% Y 0.4 nm 735 LEMNEE
Bt X 2 S NE ST AR BEPE R R | 455 BRI Y N T 5 R EAEREIA R A, IR

AXIFRFE A B AR Centry 17vs entry 13). 25
TR R AR R+ 5% (FEIR I3 E)
FEALF] 1h, FHESRUT HEmE( 1 mL ), 0 °CJ .

TZS RIS R, B 8 RS R Be L i 4
FRARTE] B 20k 2R B 1 FH T ASXFFR Aldol [0, 2%
DL 3.

F3 FEZEBZEBEES AR EED A AT FR Aldol KAz

Table 3 Generility of the enantioselective Aldol reaction of isatins with acetoacetates *

Qﬁ;+M

Cat. 1b
(5 %)

Methyl tert- butyl ether

Entry R, R, Product Yield/%" % ee
1 H, C,H, 3a 81 87
2 1-Me, C,H 3b 83 62
3 5-Me, C,H; 3¢ 86 76
4 5-F, C,H; 3d 81 73
5 5-Cl, C,H; 3e 85 84
6 5-Br, C,H; 3f 84 77
7 4-Br, C,H, 3g 78 51
8 7-Cl, C,H; 3h 76 56
9 H, CH, 3i 86 71
10 5-Me, CH, 3j 87 68
11 5-Cl, CH, 3k 83 70
12 H, C,H, 31 81 82
13 5-Br, C;H, 3m 80 69
14 H, CH, 3n 79 82

a. Reaction condition: Isatin(0. 10 mmol), acetoacetate (0.20 mmol) and 1h(0.005 mmol) in (1 mL)at 0 °C; b. isolated yield;

c. Determined by HPLC analysis (Chiralpak TA)

S5 AL b AR U8 b AS W] U e
L5 WO (L) BB A X FR Aldol S, LA
76%~87% )7 ZAF BB 7™ i Horp, #E2L S
LT LR TR R NAT B T 5 55 1Y ee {E(87% ee,
entryl ). BELL AR CILAT B XT S0 1 AR B
Som .5 A BUREE LT Y B 2 B L AR T R
P (entries 3-6 ). 4 7 F1 7 2 B B 21 09 s b A5
BT 519 F1 56% (1 ee {H . >4 ¢ 21 2CHH A BOFC e
L1000 5 S SR SR B R ROV, LR RV

SEARTEREE BT A T FH R Y S0 45 R (entries 1,3,5
vs entries 911 ). 1 T AN £ 1k £ R B8 )i 90 % s i
SEARTEREEA S, AT SOK S IR SRR AT
BEAE AR o3 ) S RE£L AT IO, PIRh RSS2 1
82% ee (entries 12, 14 ), Z5E AT HHEE(71% ee ),
HRRT LR 87% ee ). AT HEAR: HEL PRI A2 [H] 8K
MEEGAE TSR L R, SELLA5F rh U py A
AL LA S LTk LR TR RS0 SR ) 7 A 1 4
PERA —FE RS2



56

o T

i

#
&
Gl

3

i

22 LR | ¥ Takemoto BI(HR) R4 AL TN T
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Organocatalyzed Enantioselective Aldol Reaction of Isatins and

Acetoacetates

MU Hong-wen'?, DU Nan, WANG Li-ming’, JIN Ying’
( 1. Department of Pharmacy, Jilin Medical University, Jilin 132013, China; 2. Department of Pharmacy,
Yanbian University, Yanji 133000, China )

Abstract: Takemoto’s (thio)urea derivatives were applied in the asymmetric direct Aldol reaction of isatins and acet-

oacetate. Under the condition of 0.1 mmol substrate amount, the optimized conditions were determined to be 5%(Mole
fraction) loading catalyst N-[ 3,5-Bis(trifluoromethyl)phenyl |-N' -[ (1S, 25)-2-(dimethylamino)cyclohexyl Jurea (1b)
in methyl tert-butyl ether (1 mL) at 0 °C . The different substituted isatins were evaluated for the generality of this

reaction, the desired chiral 8 -(2- oxindole-3yl-)- 8 -hydroxy- B -ketoesters bearing the were obtained in 76%~87%

yield with up to 87% enantiomeric excess ( ee ).

Key words: Takemoto's (thio)urea derivatives; asymmetric direct Aldol reaction; isatins; acetoacetates



