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TOF 56007 i %% (3 [ Sciex 2 7); hE G (EH i
A28579-T-CG APIII %Y [ 3 i Y 4X (3¢ E Rudolph
O3] I SE ; X WA R (ee) AT RE /i LC-20A
1R AW AH L A (AR B HE 2 F]) & Daicel
ChiralpakAS-H F 4 {4 3% A (4.6 mm>250 mm, H A<
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mmol) FI 1k 7 1(10%(%E /K 53 %)), £ Bk (Et,0)
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Fig.1 The structure of chiral Takemoto's (thio)urea catalysts 1a—11

133 HARY) da—d4l PG Y) 4ey 4d. 4641
Bk %, H'H NMR. "C NMR., HRMS. HPLC,
EISW R 5 IR U

(R)-(1-7F & -5-5 -3-(1H-1,2,4-= M -1-)-2-P5| L&
Fi-3-) S AL B R AN T B 4e: 11 (0 [811K; 81% yield;
mp: 136.6~138.2 C; 'H NMR (500 MHz, CDCL,) ¢
8.24 (s, 1H), 8.00 (s, 1H), 7.91 (d, J = 2.0 Hz, 1H),
7.37-7.26 (m, 6H), 6.71 (d, J = 8.5 Hz, 1H), 6.17 (s,
1H), 4.95 (q, J = 16.0 Hz, 2H), 1.43 (s, 9H). HR-ESI-
MS  m/z:  462.1411 [M+Na]" (caled for
C,,H,,CIN,O;Na, 462.1415); [a]®=-4.078 (c=0.56,
CHCly) (67% ee); HPLC (Daicel Chiralcel ID, n-
EtOH=280 : 20, 1.0 mL/min, A =254 nm), ty =
7.69 min (minor), 8.85 min (major).

(R)-(1-F & -7-1R -3-(1H-1,2,4-= Mk -1-)-2-15|
Bi-3-) 5 BRAUT B 4d: 1 ([ 14 ; 82% yield;
mp: 68.9~71.2 °C; 'H NMR (500 MHz, CDCL,) 6 8.16
(s, 1H), 8.00 (s, 1H), 7.85 (dd, J = 7.5, 1.0 Hz, 1H),
7.51 (dd, J = 8.0, 1.0 Hz, 1H), 7.31 (dd, J = 8.0, 6.5
Hz, 2H), 7.28-7.20 (m, 3H), 7.09-7.01 (m, 1H), 6.21
(s, 1H), 5.45 (q, J = 16.5 Hz, 2H), 1.41 (s, 9H). "°C
NMR (125 MHz, CDCl;) 6 170.9, 153.1, 152.8, 142.3,
140.3, 137.4, 136.2, 128.7, 128.4, 127.4, 126.2, 126.1,
125.1, 103.3, 82.2, 72.2, 45.4, 28.1. HR-ESI-MS m/z:
506.0906 [M+Na]® (caled for C,,H,,BrN,O;Na,

hexane :

506.090 2); [a]5= —3.584 (c=0.53, CHCL;) (48% ee);
HPLC (Daicel Chiralcel ID, n-hexane : EtOH=
80 : 20, 1.0 mL/min, A=254 nm), t; =
10.92 min (major).

(R)-(1-F 2 -3-(3-F & -1H-1,2,4-= 1K -1-)-2-5]
WEER-3-) EE B BRAUT B de: (0 [E 14 90% yield;
mp: 193.3~195.8 °C; 'H NMR (500 MHz, CDCl,) &
7.93 (s, 1H), 7.84-7.79 (m, 1H), 7.35-7.25 (m, 7H),
7.14 (td, J=17.5, 1.0 Hz, 1H), 6.78 (d, J = 8.0 Hz, 1H),
6.25 (s, 1H), 4.96 (dd, J =47.5, 16.0 Hz, 2H), 2.40 (s,
3H), 1.39 (s, 9H). HR-ESI-MS m/z: 442.1957
[M+Na]" (caled for Cp;H,srN;O;Na, 442.195 3); [a]5=
—16.981 (c=0.50, CHCl;) (99% ee); HPLC (Daicel
Chiralcel ID, n-hexane : EtOH = 80 : 20, 1.0 mL/min,
A=254 nm), t; = 10.46 min (minor), 12.96 min (major).

(R)-(1-FF-5-F-3-(3-F - 1H-1,2,4-=Pk-1-)-2-
5] R B-3-) 28k B R AL T B 4f: 11 (0 8K 80%
yield; mp: 179.2~182.7 C; 'H NMR (500 MHz,
CDCl,) 6 8.98 (s, 1H), 8.71 (s, 1H), 7.43-7.35 (m, 3H),
7.32 (dd, J = 10.0, 4.5 Hz, 2H), 7.28-7.24 (m, 1H),
7.18 (td, J=9.0, 2.5 Hz, 1H), 6.92 (dd, /= 8.5, 4.0 Hz,
1H), 4.99 (d, J = 16.0 Hz, 1H), 491 (d, J = 16.0 Hz,
1H), 2.19 (s, 3H), 1.30 (s, 9H), "C NMR (125 MHz,
CDCL) ¢ 170.8, 161.2, 160.4, 158.4, 154.5, 144.8,
139.8, 136.3, 129.6, 129.5 (d, J = 22.4 Hz), 1284,

8.82 min (minor),
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128.1,117.9,117.7,113.6, 113.4, 111.8 (d,J= 7.7 Hz),
81.3,74.3,44.1,28.7, 14.6. HR-ESI-MS m/z: 460.176 1
[M+Na]+ (caled for C,H,FN;O;Na, 460.176 8);
[@]5=—4.09 (c=0.12, CHCI;) (76% ee); HPLC (Daicel
Chiralcel ID, n-hexane : EtOH = 80 : 20, 1.0 mL/min,
A =254 nm),tz = 8.03 min (minor), 9.30 min (major).
(R)-(1-"FE-5-§-3-(3-F&E-1H-1,2,4- =M-1-)-2-
i5| b FR-3-) S R AT Mg 4g: M [EA 81%
yield; mp: 172.1~174.4 °C; 'H NMR (500 MHz,
CDCl,) § 8.02 (s, 1H), 7.82 (d, J = 2.0 Hz, 1H), 7.35-
7.26 (m, 6H), 6.68 (d, J= 8.5 Hz, 1H), 6.20 (d, J = 6.0
Hz, 1H), 5.00 (d, J = 16.0 Hz, 1H), 4.91 (d, J = 16.0
Hz, 1H), 2.40 (s, 3H), 1.41 (s, 9H); °C NMR (125
MHz, CDCLy) 6 169.8, 162.4, 153.2, 142.3, 141.2,
134.1, 131.2, 129.3, 129.0, 128.1, 127.3, 127.1, 126.9,
111.2, 82.0, 72.5, 44.6, 28.1, 14.1; HR-ESI-MS m/z:
476.1465 [M+Na]" (caled for C,;H,,CIN;O;Na,
476.146 0); [a]>=—1.44 (c=0.62, CHCL) (73% ee);
HPLC (Daicel Chiralcel ID, n-hexane : EtOH=
80 : 20, 1.0 mL/min, 4 = 254 nm), t; = 7.77 min
(minor), 8.90 min (major).
(R)-(1-"F3-5-7R-3-(3-FE:-1H-1,2,4-=M8-1-)-2-
05| W f-3-) 2L B R AU T B 4h: 8 [ 1K 86%
yield; mp: 168.1~1722 °C; 'H NMR (500 MHz,
DMSO) d 9.00 (s, 1H), 8.73 (s, 1H), 7.66 (d, J = 2.0
Hz, 1H), 7.51 (dd, J = 8.5, 2.0 Hz, 1H), 7.38 (d, J =
7.0 Hz, 2H), 7.33-7.29 (m, 2H), 7.26 (dd, J = 8.5, 6.0
Hz, 1H), 6.89 (d, J = 8.5 Hz, 1H), 4.99 (d, J = 16.0
Hz, 1H), 4.91 (d, J = 16.0 Hz, 1H), 2.19 (s, 3H), 1.30
(s, 9H); °C NMR (125 MHz, DMSO) 6 170.5, 161.2,
154.4, 144.7, 142.8, 136.1, 134.1, 130.1, 129.3, 128.3,
128.2,128.0, 115.5, 112.7, 81.3, 74.0, 44.1, 28.6, 14.5.
HR-ESI-MS  m/z: 520.0955 [M+Na]" (caled for
C,;H,,BrN,O;Na, 520.096 1); [a]>=—8.36 (c=0.58,
CHCly) (77% ee); HPLC (Daicel Chiralcel ID, n-
hexane : EtOH=80 : 20, 1.0 mL/min, A =254 nm), ty =
8.14 min (minor), 9.36 min (major).
(R)-(1-FFH-5-FAF-3-(3-FH-1H-1,2,4-=M8-1-)
-2-15| R -3-) 2 FP R AL T R 4z 1165 BT A4 85%
yield; mp: 174.0~176.7 °C; 'H NMR (500 MHz,
DMSO) J 8.89 (s, 1H), 8.64 (s, 1H), 7.39 (d, J = 7.5
Hz, 2H), 7.30 (dd, J = 10.0, 5.0 Hz, 3H), 7.25 (t, J =
7.0 Hz, 1H), 7.10 (dd, J = 8.0, 1.0 Hz, 1H), 6.77 (d, J =

8.0 Hz, 1H), 4.96 (d, J = 16.0 Hz, 1H), 4.86 (d, J =
16.0 Hz, 1H), 2.24 (s, 3H), 2.18 (s, 3H), 1.29 (s, 9H);
C NMR (125 MHz, DMSO) & 170.9, 161.0, 144.6,
141.2, 136.6, 133.0, 131.6, 129.3, 128.3, 128.1, 126.0,
110.5, 81.0, 74.6, 44.0, 28.8, 21.6, 14.6. HR-ESI-MS
m/z: 456.2012 [M+Na]  (caled for C,,H,,N;O;Na,
456.2019); [@]Z=—-10.37 (¢=0.56, CHCL;) (90% ee);
HPLC (Daicel Chiralcel ID, n-hexane : EtOH=
80 : 20, 1.0 mL/min, A= 254 nm), t; = 10.62 min
(minor), 12.72 min (major).

(R)-(1-FH-5- I H-3-3-F H-1H-1,2,4- =Wk
1-)-2-95) W3 R -3-) 4k B MR A TR 4j: 1€ I 4
85% yield; mp: 159.4~162.5 °C; 'H NMR (500 MHz,
CDCly) 6 7.95 (s, 1H), 7.46 (d, J = 2.5 Hz, 1H), 7.37-
7.26 (m, 5H), 6.83 (dd, J = 8.5, 2.5 Hz, 1H), 6.67 (d,
J = 8.5 Hz, 1H), 6.23 (s, 1H), 4.97 (d, J = 16.0 Hz,
1H), 4.89 (d, J = 16.0 Hz, 1H), 3.76 (s, 3H), 2.40 (s,
3H), 1.40 (s, 9H); "C NMR (125 MHz, CDCl,) &
169.9, 156.6, 153.3, 142.4, 135.9, 134.6, 128.9, 127.9,
127.1,116.2, 113.7, 110.8, 81.7, 72.9, 55.8, 44.5, 28.1,
14.2; HR-ESI-MS m/z: 472.196 1 [M+Na]" (calcd for
CpHyNsONa, 472.1967); [a]5=—1.44 (c=0.62,
CHCl;) (76% ee); HPLC (Daicel Chiralcel ID, n-
hexane : EtOH =280 : 20, 1.0 mL/min, 2=254 nm), ty =
13.04 min (minor), 21.52 min (major).

(R)-(1- 2 -7-.-3-3-F & -1H-1,2,4-= M -1-)
-2-M5| R -3-) AL R A T B 4k: (A [E 14 83%
yield; mp: 182.0~184.2 °C; 'H NMR (500 MHz,
CDCl;) 6 7.91 (s, 1H), 7.59 (dd, J = 5.5, 3.0 Hz, 1H),
7.39-7.27 (m, 5H), 7.12-7.06 (m, 2H), 6.24 (s, 1H),
5.09 (q, J = 15.5 Hz, 2H), 2.39 (s, 3H), 1.39 (s, 9); "°C
NMR (125 MHz, CDCl;) § 170.0, 162.4, 153.1, 148.6,
146.6, 142.3, 135.9, 128.7, 128.2, 128.0 (d, J = 32.7
Hz), 127.4, 124.5 (d, J= 6.2 Hz), 122.6, 119.5 (d, J =
19.4 Hz), 81.9, 72.6, 46.2, 28.1, 14.1. HR-ESI-MS
m/z: 460.176 1 [M+Na]" (caled for C,;H,,FN;O;Na,
460.176 6); [a]5=—11.13 (c=0.43, CHCL,) (77% ee);
HPLC (Daicel Chiralcel ID, n-hexane : EtOH=
80 : 20, 1.0 mL/min, 4 = 254 nm), tz = 8.32 min
(minor), 10.39 min (major).

(R)-(1-"E3E-7-1-3-(3- I - 1H-1,2,4-=W-1-)-2-
W5 Wk W-3-) 22 B B R AL T R 41 1 R [ELA 82%
yield; mp: 168.9~171.4 <C; 'H NMR (500 MHz,
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CDCly) 6 7.92 (s, 1H), 7.76 (dd, J = 7.5,1.0 Hz, 1H),
7.49 (dd, J= 8.0, 1.0 Hz, 1H), 7.34-7.23 (m, 5H), 7.03
(t, J=8.0 Hz, 1H), 6.23 (s, 1H), 5.45 (q, J=16.5 Hz,
2H), 2.39 (s, 3H), 1.40 (s, 9H); "C NMR (125 MHz,
CDCly) ¢ 171.0, 162.5, 153.1, 142.3, 140.4, 137.3,
136.4, 128.7, 127.3, 126.2, 125.7, 125.0, 103.3, 82.0,
72.0, 45.3, 28.1, 14.1. HR-ESI-MS m/z: 520.0955
[M+Na]+ (caled for C,H,,BrNsO;Na, 520.095 0);
[a]=—0.127 (c=0.37, CHCL;) (79% ee); HPLC (Daicel
Chiralcel ID, n-hexane : EtOH = 80 : 20, 1.0 mL/min,

A =254 nm), t; = 8.56 min (minor), 11.60 min (major).

2 HRE®

2.1 Takemoto Z! (%) Ak 1a—11 9 aza-Mannich 52
KAL) 1a—10 B THELLIEIE 22 55 1,2,4-=

R 3a FAXIFR aza-Mannich I, % 24407 1Y

HEALPERE. MRS SRR AR O 46 1F Y, e — 4

BERT, 10%(BE/R550) i, &R0 12 h.

RN AR 1.

F1 BATRS 1,24-=FBHARIFTR aza-Mannich & H 4 R*

Table 1 Asymmetric aza-Mannich reaction of isatin imine with 1,2,4-triazole"

NBoc H BocHN r/ll}
0 - «N\N Cat. (10%) 2N~
N/ DCM rt @:5:0
2a Bn 3a ” Bn
Entry Catalyst Yield/%" ee/ % Conf.*

1 la 81 4 R
2 1b 83 4 R
3 1c 80 10 S
4 1d 85 26 S
5 le 87 61 R
6 1f 81 0 -
7 1g 75 14 R
8 1h 86 48 R
9 1i 84 20 S
10 1j 76 0 -
11 1k 76 5 R
12 11 78 6 R

a. Reaction condition: Isatin-derived ketimine(0.10 mmol), 1,2,4-triazole (0.20 mmol) and catalysts(0.0lmmol) in DCM (1 mL), the mixture was reacted at rt

for 12 h’; b. isolated yield; c. Determined by HPLC analysis (Chiralpak ID-H); d. The configuration was determined by comparison with the optical rotation

data of the literature""".

e 145 LA 12 b ) 1a—11 78 —
SR BE P SRR 4R Ak i 2T W RGN 1,2,4- = (R 1Y)
AR aza-Mannich [, DA 75%~87% HIr= 2R 3545
HArr=9. H (R,R)-N-ME & FRARAEIL T 1e L H
b r AL RE, 551 61% ee(Entry 5). 113 &
HHEGAE, -5 SOk AR AT oY, o B
VIR XA AR R, 2R B, 24 LA (S,S)-N-MH I A7
RAEAR T 1 A2 N, 15 2] TIHBER = 4. teAh,
MR IR O N _E R BUR A RE 3R, R

FIF A 05 SR, BT AR L B A5 7 5 8 57
VB PE A BT R4 (Entry 7-9 vs Entry 5). 25 |, §
e RPN Te.
2.2 KNSR

BEAEALT] 1e N T HELL WAL 2a 1 1,2,4-— 5
mk 3a BIAXIFR aza-Mannich [z i . 38 13 % 24N [A]
PRSIV L TREE | Ak 17 280 45 SR A X i Ak Al g
s, LD SO 2544, 4 e R i S AR BE
PR, ZERILF 2.
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Table 2 Screening of reaction condition for the asymmetric aza-Mannich reaction catalyzed by 1e’
Entry Solvent Temp./C Cat. Loading /%(Mole fraction) Yield/%" eel/%"
1 DCM rt 10 87 61
2 Et,0 rt 10 88 86
3 CHCl, rt 10 85 64
4 THF rt 10 78 55
5 PhMe rt 10 80 76
6 CH;CN rt 10 75 7
7 MTBE rt 10 88 26
8 Xylene rt 10 78 9
9 Et,0 0 10 85 74
10 Et,0 -10 10 70 69
11 Et,0 rt 20 89 85
12 Et,0 rt 5 85 78
13 Et,0 t 10 83 76
14° Et,0 rt 10 89 70

a. Reaction condition: Isatin derived imine 2a (0. 10 mmol), 1,2,4-triazole 3a (0.20 mmol) and 1e(0.01mmol) in solvent (1 mL) the mixture was reacted for

12~24 h’; b. isolated yield; c. Determined by HPLC analysis (Chiralpak ID-H); d. 2 mL of solvent; e. 0.4 nm MS(about 200 mg).

% 2 AR DU S5 5 (1) 5006 SRz 1) 7= %
IS ARBEBENEAT S LA 2Bk R B R4S T el
B X e e PR (86% ee, Entry 2) T 7E i F1 — H1 2
BT, SEARBEEENE 73 F PR 7% ee 1 9% ee
(Entry 6, 8); (2) MR BEEXT RN STARE B M — & 152
Me: M BERE 2R 0 °C B, SR 7= M ee (HIA BT
T (Entry 9 vs Entry 2). 24k 48 22 [% £ -10 C
B, 5y B AR AR TR, 7 i B ST AR IR MR T R
69% ee (Entry 10); (3) B4 AL FH B 18 in 2 20%(5E
IRGTER), 7= i ) ee {H AN = 244 13 5142 & (Entry
11 vs Entry 2), ¢ R ZE 5%(EE/RE0), KV
77NN AR BE PR YA T T B (Entry 12 vs Entry
2); (4) Y B R LR T — A%, RIS A S = 2
mL B, R A9 F= RIS ARE B4 Br R % (Entry
13 vs Entry 2); (5) LA 0.4 nm 43 F07, /=i ee {6
B 5 R &% 70%(Entry 14 vs Entry 2). 5T L) 45
T, e th i e A SN F2 A 10%(8E IR 43 40) 1AL
7 1e, 1 mL Et,O, R,
2.3 EEMMELE

W LR ) AL RIR R T 8 AR

PR B 210 e 2 Ff 1,2,4-= 280 e I3 1Y R SR aza-
Mannich W HY, 47 3% SN IR TS I, 25 584k
FIAA T S0 ()3 1, 455 L3 3.

H 3% 3 AT LUE H: TR RN 2504 T, Z2 R0t
BELT A 1,2,4- = 8006 K 3-FF 56 — SR0m8 (1) R X
aza-Mannich N P EERS A 4T, LL 77%~90% 1Y
FERARASHNL (1) H AR =8 da—dm. HA R FEH
BRI AR HE e 201 2a AR5 AN R = e )
JWAS BN T AT S AR B, 5300 86% ee I
99% ee(Entry 1, Entry 5). 5 1,2,4-=%MA L, L) 3-
- 1,2,4- = E M ICY), W10 RR 8418 w5 S 1 1 57
PRGN (Entry 5-7,12 vs Entry1—4). 2% |, BE£LF
Jie b BRI R AR I B DL R = MR 2544 L iy HE
X BNE FA) ST A B A AT 2 0, HLER G ANV A8, A RF
Tt — 5.

HRAE A5 21 7 i B 4 % R4 78, 46t T BB Y 2o A
WAl 2 frzs: SN BEMEIL ] 1e BB IR ZE HA) 8 1 WU
SR FTE AL BE L RE, [RIEsF, AL BB RS =
R B U, S R 16 A = N re-TI 1
O R E, 1951 R FA7 7= .
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3 AERREILTES=FMAARIIFR aza-Mannich [ 5"

Table 3 Generility of the enantioselective aza-Mannich reaction of isatin derived imines with 1,2 4-triazole"

R,

TCTJ N/g B“\N;_{ i://

S R s

Bn : Bn
2 3 4

Entry Product R, R, Yield/%" eel%
1 4a H H 88 86
2 4b 5-F H 83 50
3 4c 5-Cl H 80 67
4 4d 7-Br H 79 57
5 4e H Me 90 99
6 4f 5-F Me 80 76
7 4g 5-Cl Me 81 73
8 4h 5-Br Me 80 60
9 4i 5-Me Me 85 90
10 4j 5-OMe Me 77 60
11 4k 7-F Me 80 77
12 41 7-Br Me 78 79

a. Reaction condition: Isatin derived imines (0.10 mmol), 1,2,4-triazole (0.20 mmol) and 1e (0.01 mmol) in Et,O (1 mL), the mixture was reacted at rt for 12~24

h; b. isolated yield; c. Determined by HPLC analysis (Chiralpak ID-H).
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Organocatalyzed Enantioselective Aza-Mannich Reaction of Isatin-
derived Ketimines and 1,2,4-Triazoles

JIANG Hui-ting"?, GU Ying-ying', SUN Yu-hong'’, WANG Li-ming', JIN Ying"*
(1. Department of Pharmacy, Jilin Medical University, Jilin132013, China, 2. Department of Pharmacy, Yanbian
University, Yanji 133000, China)

Abstract: Takemoto's (thio)urea derivatives were applied in the asymmetric aza-Mannich reaction of isatin
derived ketimines and 1,2,4-triazoles. The screened optimal conditions were determined to be 10%(Mole fraction)
loading catalyst (R,R)-N-pyrrole thiourea le in Et,0O (1 mL) at rt. The different substituted substrates were
evaluated for the generality of this reaction, the desired chiral 3,3-diamino-2-oxindoles bearing N,N’-ketal
structural motif were obtained in 77%~90% yields with up to 99% enantiomeric excess (ee).

Key words: Takemoto's (thio)urea derivatives; asymmetric aza-Mannich reaction; isatin derived ketimines; 1,2,4-

triazoles
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