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Fig. 1 Drugs containing spirocyclopropane-oxidized indole skeletons
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1.1 B RIKF  LC2000 % i &k i M (3 s BER:
78 AL (1 2R {45 47 FR 22 7] ); DRX-400MHz
TR RE IR I (75 [ Bruker 23 7)); UHR TOF LC #
A HE RAT A E] BT (75 Bruker A F); X-6 A
I 02 A (b5 28 FALER AT PR F)).
3-FRHE-2-ZEW R, SLER PG, WH L2 %
(TMEDA) | L5t R P Eehiash . Z-3-H I
(R)-1-(4-F B IR IE) W . (R)-4-F AR L . R FR
BN P by I T W I 2 | e
Bealife ) .
1.2 EUEFBAKR  7E 50 mL B K Ui A
0.187 g(0.5mmol) (R)-2, 2'-—F4HE-1, 1283, 3-—
R [17-181 1 0.143 g(1.2 mmol) 3V 4% Bt 54 . 25 mL
=Wz, 70 °C 13 6 h, TLC R 52 17 , e 7% 13 2=
1 AR SR = S B, RIS (R)-2, 2'- - FR -
1, 1'-BK 283, 3- IR (1). 7E 100 mL K8ifiH,
B 0.100 g(1 mmol) B F R # . PEG-400 1 20 mL

COOH cocl
e OH  SOCI, 00 OH KSCN,PEG- 100 O
‘1) OH Cher, mir,70C CY) OH™ o, s

COOH COoCl
1

N)’\N N
H
OH
OH
H
N

AT, PEPE T PEG-400 X 4) M or SR IR F P
WS (R)-2, 2'-F2 -1, 1'-—25-3, 3 HIfit
AATREEMEAE 15 mL S P Les i, B R
Wl 1 N, 28N 2= A B s e i — P b
W, 295 min W52, TLC KGN EE ST 2%, R 58 A,
A ULVE A B TEZEBR i ), 15 B A R (2) . 78
100 mL = 58I FP A 20 mL THF, 5 I 15 (1) 3
o [ R A R i, A SRR A 0.091 g(0.8
mmol) JIT 3-H & 28 O e, VKV 25 048 F )i 12 h,
TLC A 52 1 58 B, BEZ% B 0 00, #2280 [ vEMt
. VO MEE) - MR ZTER) =10 = 1] 153 {0 [ {4
3a, YHE Ry 76%, FE TG AL 3b. e, 3d. ILIA] 2.

3a: WA, 7R 76%, mp. 217.1 ~ 218.5 C,
[0]F = +8.3°(CH;COCH;). 'H NMR (400 MHz,
DMSO-d;) 6: 1.38 ~ 0.97 (d, J = 2.3Hz, 8H) , 1.58 (d,
J=1.6 Hz, 6H) , 4.43 ~ 3.89 (m, 6H) , 2.06 (s, 4H),
6.84 (d, J=5.9 Hz, 4H) , 7.29 (s, 4H) , 8.09 (t, J="7.1
Hz, 2H), 8.71 (d, J=7.5 Hz, 2H) , 8.87 (s, 2H) , 10.71
(d, J = 8.5 Hz, 2H) , 11.26 (t, J = 8.8 Hz, 2H). 13C
NMR (101 MHz, DMSO-dy) 6: 14.8, 20.6, 51.1, 120.8,
123.5, 124.6, 124.73, 128.7, 129.8, 130.2, 130.5,
131.6, 134.0, 134.7, 136.7, 138.1, 138.2, 166.4, 178.9.
HR-MS(C3gH,N,0,S,) [M+H]" 682.261 3(3H44.1),
SENE 682.261 1.

3b: IREOEIA, 772K 75%, m.p. 231.3 ~233.4 C,
[@]5 = +18.9°(CH;COCH;). 'H NMR (400 MHz,
DMSO-dj) 6: 1.55 (dd, J = 6.5 Hz, 6H), 3.72 (d, J =
6.5 Hz, 6H) , 5.45 ~ 5.41 (m, 4H) , 7.28 ~ 6.28 (d, J =
7.5 Hz, 6H) , 7.31(d, J = 8.4 Hz, 8H) , 8.03 (s, 4H) ,
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Fig. 2 Synthesis of 3a—3d axial chiral catalyst
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8.73 (s, 2H), 11.22 (d, J = 8.5 Hz, 2H). 1 3C NMR (101
MHz, DMSO-dy) d: 1.9, 22.5, 24.2, 51.0, 53.2, 54.2,
55.6, 114.6, 116.9, 120.8, 124.8, 127.8, 128.1, 129.57,
130.4, 134.6, 136.9, 155.1, 166.5, 170.8, 178.9. HR-
MS( Cy4,H;3eN,0,S,) [M+H]" 726.230 1(i15415 ), 52
MY 726.2303.

3e: B AR, 772K 79%, mp. 227.2 ~ 229.8 C,
[0]¥ = +9.8° (CH;COCH;). 'H NMR (400 MHz,
DMSO-dj) : 1.56 (m, 6H) , 1.97 (s, 2H) , 5.44 (d, J =
7.5 Hz, 2H) , 6.86 (d, J = 4.8 Hz, 2H) , 7.55 ~ 7.48 (d,
J=8.5Hz, 8H), 7.42 ~ 7.36 (m, 6H) , 8.09 (d, J = 7.8
Hz, 2H), 8.77 (s, 2H) , 11.20 (d, J =8.1 Hz, 2H). 1*C
NMR (101 MHz, DMSO-dy) &: 32.8, 54.3, 116.3,
120.8, 124.9, 128.8, 129.1, 129.9, 130.4, 131.9, 132.2,
134.6, 136.6, 141.3, 142.2, 156.3, 166.4, 170.2, 179.2.
HR-MS (C4H;,CLN,0,S,) [M+H]* 766.120 1(315
{8, SEME 766.120 2.

3d: IR ECEEIA, 778 75%, m.p. 230.3 ~232.5 °C,
[¢]¥ = +17.3° (CH;COCH;). 'H NMR (400 MHz,
DMSO-dy) d: 1.56~ 1.19 (s, 6H) , 1.97 ~ 1.85 (m,
4H), 5.50 ~ 5.44 (d, J = 7.2 Hz, 2H) , 6.85 (m, 2H) ,
7.32 (d, J = 4.8 Hz, 6H) , 7.36 (d, J = 6.5 Hz, 6H) ,
8.08 (d, J = 7.5 Hz, 4H) , 8.77 ~ 8.74 (s, 2H) , 11.19
(d, J = 8.1 Hz, 2H); '*C NMR (101 MHz, DMSO-d;)
5:22.0,22.4,22.9,25.2,27.9, 43.8, 54.3, 120.8, 123.7,
124.5,129.1, 130.4, 132.0, 134.8, 136.6, 142.3, 165.9,
166.8, 179.2, 179.4. HR-MS( C4oH3,N,O¢S,) [M+H]*
730.191 2GiH54E), SEMIME 730.192 1.
1.3 23 [ RRE-|UBIR | WER AZET
0.2 mmol ) N-Boc-3-5 581 LM5M¢ (4a) F10.25 mmol
1) (E)-1, 4-A(4-JR KL ) T -2-4 -1, 4-[ (5a) #K
YA 25 mL B RE S, A S mL ) CHCl,
IR YIIE A x=10% KL 3a, 25 C 514
TR 25 h, TLC R, 980 2818 bk & CHCLs, H: 2

da Sa

BT [ VMR V() : (C TR CBR)=T : 3] 4lifk,
B @ A 6a, G UKL ANIE] 3 Bz . LAZRALMIJ7
LG AL S ) 6b ~ 6i.
tert-Butyl(2S5,35)-2,3-bis(4-bromobenzoyl)-2'-
oxospiro[cyclopropane-1,3'-indoline]-1"'-
carboxylate(6a) B {4 [FA, m.p. 168 ~ 171 C, j=&K
80%, [a]% =+180.6 (c =1.00, CHCl;); 79% ee [Chiral-
pak AD-H, Hex/i-PrOH {AF: 9 : 1, 1 mL/min, 25 C,
230 nm, tz = 18.5 (major), 24.0 (minor) min]. 'H
NMR (400 MHz, CDCl;) ¢: 7.89 (d, /= 8.2 Hz, 1 H,
oxindole-H), 7.83 (d, J = 8.6 Hz, 2 H, 2CArH), 7.67
(d, J=8.5Hz, 2 H, 2cArH), 7.58 (d, /= 8.6 Hz, 2 H,
2C¢ArH), 7.53 (d, J = 8.5 Hz, 2 H, 2CArH), 7.34 (td,
J=28.0, 1.3 Hz, 1 H, oxindole-H), 7.30 (dd, J = 7.8,
1.3 Hz, 1 H, oxindole-H), 7.15 (td, /= 7.6, 1.1 Hz, 1
H, oxindole-H), 4.35 (d, /= 8.0 Hz, 1 H, CH), 4.08 (d,
J=28.0Hz, 1 H, CH), 1.57 (s, 9 H, Boc); '3C NMR
(101 MHz, CDCly) ¢: 190.7, 189.0, 169.7, 148.8,
140.4, 135.3, 134.9, 132.4, 132.3, 130.3, 130.1, 129.8,
129.3, 129.3, 124.9, 122.7, 122.0, 115.4, 85.3, 41.3,
40.5,40.0,28.2. HRMS (ESI) m/z:. C,0H,;Br,NO5 [M +
H]" 625.312 411554, SEIME 625.314 7.
tert-butyl(285,35)-2,3-bis(4-methylbenzoyl)-2'-
oxospiro[cyclopropane-1,3'-indoline]-1'-carboxylate
(6b) {4 [ K, mp. 173~ 176 °C, 7= & 57%,
[a]% =+38.6(c = 1.00, CHCl,); 74% ee[Chiralpak AD-
H, Hex/i-PrOH & FLX 9 ¢ 1, 1 mL/min, 25 C; 230
nm, fx = 12.27 (major), 18.8 (minor) min]; 'H NMR
(400 MHz, CDCl;) o: 8.01 ~ 7.96 (m, 2 H, 2CArH),
7.89 (d, J = 8.1 Hz, 1 H, oxindole-H), 7.86 ~ 7.81 (m,
2 H, 2cArH), 7.59 ~ 7.51 (m, 2 H, 2CArH), 7.48 ~
7.42 (m, 2 H, 2CArH), 7.42 ~ 7.35 (m, 3 H, 2CArH,
oxindole-H), 7.32 (td, J = 8.0, 1.4 Hz, 1 H, oxindole-
H), 7.15 (td, J=17.7, 1.0 Hz, 1 H, oxindole-H), 4.45 (d,

x(3a)=10%
CHCls, 53,25 h

3 BIRUEWeamIAM
Fig. 3 Synthesis of spirocyclic compound 6a
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J=8.1Hz, 1 H, CH), 4.16 (d, J = 8.1 Hz, 1 H, CH),
1.57 (s, 9 H, Boc). 3C NMR (101 MHz, CDCl;) ¢:
191.7, 190.0, 169.8, 149.0, 140.4, 136.7, 136.2, 134.2,
133.8, 129.0, 128.9, 128.8, 128.7, 124.8, 123.2, 122.1,
115.2, 85.0, 41.4, 40.8, 40.3, 28.2. HRMS (ESI) m/z:
CaoHosNOs [M + HI* 467.162 5( 158 ) , 52l {8
467.163 9.
tert-butyl(28§,3S5)-2,3-bis(4-methylbenzoyl)-2'-
oxospiro[cyclopropane-1,3'-indoline]-1"'-
carboxylate(6¢) B A [& 1A, m.p. 72~ 75 C, j*H
66%, [a]® = +21.5(c = 1.00, CHCl;); 73%ee [Chiral-
pak AD-H, Hex/i-PrOH fAFIL 9 = 1, 1 mL/min, 20 C,
230 nm, g = 17.9 (major), 22.1 (minor) min]. 'H
NMR (400 MHz, CDCl;) ¢: 7.88 (d, /= 8.2 Hz, 2 H,
2CcArH), 7.87 (ddd, /= 8.2, 1.0, 0.5 Hz, 1 H, oxindole-
H), 7.73 (d, J = 8.2 Hz, 2 H, 2CArH), 7.34 (ddd, J =
7.7, 1.3, 0.5 Hz, 1 H, oxindole-H), 7.30 (ddd, J = 8.2,
7.7, 1.4 Hz, 1 H, oxindole-H), 7.23 (d, J= 7.9 Hz, 2 H,
2CArH), 7.18 (d, J = 7.9 Hz, 2 H, 2CArH), 7.13 (td,
J=1.7,1.1 Hz, 1 H, oxindole-H), 4.42 (d, J = 8.1 Hz,
1 H, CH), 4.13 (d, J= 8.1 Hz, 1 H, CH), 2.37 (s, 3 H,
ArCH,), 2.36 (s, 3 H, ArCH;), 1.56 (s, 9 H, Boc). *C
NMR (101 MHz, CDCly) o: 191.3, 189.7, 169.9,
149.0, 145.2, 144.7, 140.4, 134.3, 133.9, 129.6, 129.6,
129.0, 128.8, 128.7, 124.8, 123.4, 122.1, 115.2, 84.9,
41.2, 40.9, 40.4, 28.1, 21.9, 21.8. HRMS (ESI) m/z:
C3H,oNOs [M + H]" 495.293 8+ 4411 ) , 52 Il {5
495.294 8.
tert-butyl(28§,35)-2,3-bis(4-methylbenzoyl)-2'-
oxospiro[cyclopropane-1,3'-indoline]-1"'-
carboxylate(6d) 75 {7 [& {&, m.p. 84 ~ 88 °C, f= %
86%, [a]® = +57.8(c = 1.00, CHCl;); 83% ee[Chiral-
pak AD-H, Hex/i-PrOH #&FRLL 9 : 1, 1 mL/min, 25 °C,
230 nm, fx = 16.9 (major), 19.7 (minor) min]. 'H
NMR (400 MHz, CDCl;) 0: 7.91 (d, J = 8.7 Hz, 2 H,
2CArH), 7.89 (d, J = 7.9 Hz, 1 H, oxindole-H), 7.75
(d, J=8.6 Hz, 2 H, 2cArH), 7.40 (d, J= 8.7 Hz, 2 H,
2CArH), 7.36 (d, J = 8.6 Hz, 2 H, 2CArH), 7.34 ~
7.29 (m, 2 H, 2coxindole-H), 7.15 (td, /= 7.7, 0.9 Hz,
1 H, oxindole-H), 4.36 (d, /= 8.0 Hz, 1 H, CH), 4.09 (d,
J=8.0 Hz, 1 H, CH), 1.57 (s, 9 H, Boc). 3C NMR
(101 MHz, CDCl;) o: 190.4, 188.8, 169.7, 148.8,
140.9, 140.4, 140.4, 134.8, 134.5, 130.2, 130.0, 129.3,

129.3, 129.2, 124.9, 122.7, 122.0, 115.4, 85.2, 41.3,
40.5,40.0, 28.1. HRMS (ESI) m/z: C,9H,;C1LNOs [M +
H]" 535.084 7(1155{H), SEIE 535.085 8.
tert-butyl(28§,35)-2,3-bis(4-methylbenzoyl)-2'-
oxospiro[cyclopropane-1,3'-indoline]-1"'-
carboxylate(6e) % {4 [F K, m.p. 66 ~ 73 C, f= %
88%, [a]F = +23.2(c = 1.00, CHCls); 82% ee [Chiral-
pak AD-H, Hex/i-PrOH fAFALt. 8 : 2, 1 mL/min, 25 C,
230 nm, g = 53.5 (major), 61.2 (minor) min]. 'H
NMR (400 MHz, CDCl;) ¢: 8.29 (d, J = 8.9 Hz, 2 H,
2CArH), 8.25 (d, J = 8.9 Hz, 2 H, 2CArH), 8.12 (d,
J =289 Hz, 2 H, 2cArH), 7.97 (d, J = 8.9 Hz, 2 H,
2CArH), 7.90 (d, J = 8.2 Hz, 1 H, oxindole-H), 7.38
(ddd, J= 8.3, 7.6, 1.4 Hz, 1 H, oxindole-H), 7.32 (dd,
J=1.8,0.8 Hz, 1 H, oxindole-H), 7.18 (td, /="7.7, 1.1
Hz, 1 H, oxindole-H), 4.41 (d, /= 7.8 Hz, 1 H, CH),
4.17 (d, J= 7.8 Hz, 1 H, CH), 1.56 (s, 9 H, Boc). °C
NMR (101 MHz, CDCly) ¢: 190.3, 188.4, 169.4,
151.0, 150.8, 148.5, 140.6, 140.5, 140.1, 129.9, 129.8,
129.6, 125.1, 124.3, 124.2, 122.0, 121.8, 115.7, 85.6,
41.8, 40.3, 40.2, 28.1. HRMS (ESI) m/z: C59H,3N30q
[M + H]" 557.133 7(7HRE) , SEIE 557.133 2.
tert-butyl(28§,35)-2,3-bis(4-methylbenzoyl)-2'-
oxospiro[cyclopropane-1,3'-indoline]-1"'-
O [E K, mop. 145~ 152 °C, 7=
2 83%, [@]F=+15.6(c = 1.00, CHCl;); 82% ee [Chiral-
pak AD-H, Hex/i-PrOH fAF2Lt 9 : 1, 1 mL/min, 25 C,
230 nm, tg = 9.7 (major), 13.1 (minor) min]. '"H NMR
(400 MHz, CDCl;) o: 8.03 ~ 7.98 (m, 2 H, 2CArH),
7.86 ~ 7.82 (m, 2 H, 2cArH), 7.80 (d, J=8.7 Hz, 1 H,
oxindole-H), 7.63 ~ 7.52 (m, 3 H, 2CArH, oxindole
H), 7.50 ~ 7.38 (m, 5 H, 4CArH, oxindole-H), 4.46 (d,
J=28.1Hz, 1 H, CH), 4.13 (d, /= 8.1 Hz, 1 H, CH),
1.55 (s, 9 H, Boc). 3C NMR (101 MHz, CDCl,) ¢:
191.4, 189.6, 169.0, 148.8, 139.5, 136.6, 136.0, 134.3,
134.0, 132.0, 129.0, 129.0, 128.9, 128.7, 125.4, 125.3,
117.9,116.8, 85.4,41.2, 40.9, 40.4, 28.1. HRMS (ESI)
m/z: CpoH,yBrNOs [M + H]" 545.073 0( 31814 ), 5
M{H 545.074 8.
tert-butyl(28,35)-2,3-bis(4-methylbenzoyl)-2'-
oxospiro[cyclopropane-1,3'-indoline]-1"'-
carboxylate(6g) ¥ {4 [ {4, m.p. 91~ 93 C, j*#
88%, [a]¥=+18.1 (c = 1.00, CHCl5); 86% ee [Chiral-

carboxylate( 6f)
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pak AD-H, Hex/i-PrOH {AFHLt 8 : 2, 1 mL/min, 25 C,
230 nm, #g = 10.1 (major), 7.7 (minor) min]. "H NMR
(400 MHz, CDCl;) o: 7.94 (d, J = 82 Hz, 1 H,
oxindole-H), 7.80 ~ 7.75 (m, 2 H, 2CcArH), 7.52 (tt,
J=170,12 Hz, 1 H, ArH), 742~ 7.32 (m, 4 H,
2CArH, 2coxindole-H), 7.20 (td, J=7.6, 0.9 Hz, 1 H,
oxindole-H), 3.91 (d, J = 8.1 Hz, 1 H, CH), 3.77 (d,
J=8.1 Hz, 1 H, CH), 2.29 (s, 3 H, COCHj3), 1.55 (s, 9
H, Boc). 3C NMR (101 MHz, CDCls) 6: 200.2, 189.8,
169.7, 149.0, 140.5, 136.0, 133.9, 129.1, 128.9, 128.6,
124.8, 122.9, 122.3,115.3, 85.0, 43.4, 41.1, 40.4, 32.1,
28.1. HRMS (ESI) m/z: Co4H,3NOs [M + H] " 405.246 8
GFE{ED , SEIIE 405.248 6.

tert-butyl(28,35)-2,3-bis(4-methylbenzoyl)-2'-
oxospiro[cyclopropane-1,3'-indoline]-1"'-
carboxylate(6h) & {4 [ 1K, m.p. 73~ 75 °C, F= %
74%, [a]® = +26.6(c = 1.00, CHCl;); 70% ee [Chiral-
pak AD-H, Hex/i-PrOH {&F2 Lt 8 : 2, 1 mL/min, 25 °C,
230 nm, g = 12.8 (major), 37.6 (minor) min]. 'H NMR
(400 MHz, CDCly) o: 8.22 (d, J = 8.8 Hz, 2 H, 2CAr),
7.96 ~ 7.90 (m, 3 H, 2CAr, oxindole-H), 7.41 (ddd, J =
8.3, 7.6, 1.4 Hz, 1 H, oxindole-H), 7.32 (dd, J = 7.7,
0.9 Hz, 1 H, oxindole-H), 7.22 (td, J = 7.6,Hz, 1 H,
oxindole H), 3.91 (d, J=8.0 Hz, 1 H, CH), 3.75 (d, J =
8.0 Hz, 1 H, CH), 2.30 (s, 3 H, COCHj; ), 1.55 (s, 9 H,
Boc). 3C NMR (101 MHz, CDCl;) 6: 199.7, 188.8,
169.7, 150.7, 148.7, 140.4, 140.3, 129.5 , 125.0, 124.2,
122.3, 122.2, 115.5, 85.3, 43.3, 41.0, 39.8, 32.0, 28.1.
HRMS (ESI) m/ z: C,,H,,N,04 [M + H]" 450.1319
GFE{ED , SEIIE 450.1319.

tert-butyl(28,35)-2,3-bis(4-methylbenzoyl)-2'-
oxospiro[cyclopropane-1,3'-indoline]-1"'-
carboxylate( 6i) B & [E {K, m.p. 69~ 73 C, &
71%, [a] = +20.2(c = 1.00, CHCl3),72% ee. H NMR
(400 MHz, CDCl3) 0: 7.68 (d,J=8.2 Hz, 2 H, 2CArH),
7.52 (dd, J=17.8, 1 H, oxindole-H), 7.44 (dd, J = 7.7,
1.1 Hz, 1 H, oxindole-H), 7.22 (tdd, J = 7.6, 3.6, 1.0
Hz, 2 H, 2coxindole-H), 7.17 (d, J = 8.0 Hz, 2 H,
2CArH), 3.82 (d, J=8.1 Hz, 1 H, CH), 3.72 (s, 3 H,
OCHs;), 3.52 (d, J = 8.1 Hz, 1 H, CH), 2.36 (s, 3 H,
ArCHj), 1.54 (s, 9 H, Boc). HRMS (ESI) m/z:
CysHysNOg [M + HI* 435.156 4( 2 {8 ), 52 &
435.156 6.

2 FER5iVE

21 EUFIRAE LUKHY N-Boc-3-% A M|
4a Fl (E)-1, 4- X (4-3R L) T -2-45-1, 4- [ 5a )2
7 A AR R AR AL F X 6a 77 2R K ee {HLAY S,
5L 1.

®1 EUFEREmE

Tab. 1 Selection of catalyst and dosage ?

PS5 AR x(HEFERD % R % ee/%
1 3a 10 89 87
2 3b 10 68 72
3 3¢ 10 45 47
4 3d 10 70 75
5 3a 5 70 71
6 3a 10 89 37
7 3a 15 85 75
8 3a 20 78 70
9 3a 25 70 69

affi FH 4a (0.1 mmol). 5a (0.2 mmol) FMEILF] 3a-3d7E CHCl;H 7E
25 °C T HEATSUN 25 h. Y53 Egie i offi ] Chiralpak AD-H #5 i3
HPLC 43#Hrfi .

JP45 1~ 4 LRI RIS 6a 7= 2R K ee {H Y
S 24 3a AL, P2 6a 77 AR R IA 89%, ee (H
ik 87%. TEMRI SRR, fE1EF] 3b. 3¢, 3d B, =%
S HO W PR B A TR A DAL 2000 40 FT g
JE PR 24 {40 SR B K (3a) A B30 Y 2R A O
B fil e LR, Bk NH B R A F = %, i
e AR, A R T2 EN-Boce-3-5 8.1 5|k (4a)
3 B EIE B 5B, A AT BOR AT
1, 4- [ % 4= Michael JZ . 2 2, 2 HiHK (3b. 3¢,
3d) A7 3 A7 W L R S AT B, 055 T B DR B A
Horp 3¢ TAUEF ISR I L 1 BT
PEEE2E . DNZS RSN 43 B, BRI 25 [E] A2 BEL (3¢ ) fiff
=R SID I DS 2 e A o I 2 N S e TR v
(3a) (i F5 A B HAHER, R T2 0T R, it
o ALEY). 75 5 ~ 8 FIMLFHEXS 6a =
FR N ee HEY M. fh 3 1 0], 4405 H &8
x=10% I}, ;=3 (89% ) K ee {H(87%) ik e fE.
22 BRARBEMNRMEFNE  LUKY N-Boc-3-
AL 4a F1(E)-1, 4-30(4-TR KL ) T -2-045-1,
4-T 5a FL R R, x=10% 3a MAHEALH, KR
MR AE RN L R, AR EK 2. ¥ 5 1~6
FEH, Y NI R 45 °C B, 7E =S P B, PUA ik
Mg S Y S RICR B, Herh = A
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RIS, P2 6a 5= R I ee fH 4 W3k F 85% F
83%. [T 6 ~ 10 KM, 78 Fe A 7 = S H e b e
N, IR 25 C i, 72 4a (077 R K ee (B0
ik 89% 1 87%. A I i %6 Hh e A B N I BE o 25 °C.

®2 BARFERERML

Tab.2 Optimization of solvents and temperatures®

P gl B/ C 778 % ee/%
1 CH,Cl, 45 79 74
2 THF 45 76 81
3 EtOAc 45 35 74
4 Et,0 45 35 68
5 DMF 45 12 65
6 CHCl, 45 85 83
7 CHCl, 35 88 82
8 CHCl, 25 89 87
9 CHCl, 15 77 78
10 CHCl 0 75 66

2FH4a (0.2 mmol), 5a (0.25 mmol). #EfL73a (x=10 mol%); >/ &=
;¢ T RSO SR E .

23 REEVHTE FHEAR x(32)=10 %, =
AW BE AT, 25 °C N 25 h BB AE R N 41 F,
PR HAT TY R, IR T 3a XARIEY 1)
AL PERE, AR 3 A 3 . 45 KW, 3a X%
I8 N ELA B A AR AR, A2 B IR IR I B S Ak
| A5 P EL A A e PRI (89%) . AT A ST MR 3
FEE(87% ee) AR XS L SFAG A (>20 = 1 dr).

3 EUHEAERT

TESRA) S g v, Al AR AP (9 NH J2 05| DA
AR R R F R T C3 AR IR A R,
WA KA KR . N-Boc £ 47 Y 3-G F2 15[ 4a it
R b 5 O RN T R 1, 4- 1 Sa R, I LA LG
(18 77 28 T X8 Bl 3 % 1 5 O MR B TR 5 2 13| e 6. 1]
W L5 T DR R g e 53 n 1 C3 4b C—H #E1Y
FRPE. 5 —Jr i, ‘E it T AR R Y Z B
AN A S T RE. A N-Boc {47 1 3-S5 05| T
TR MR R P e B2 s, LIS T C—H SRR T,
i IR 5 HL R R, CL 2 R B B R
FeHEH. 55 R 3 A, AR A R R, Ry A K
HL LA, R 7 AR B g, R Ry I L S
AN I S 4 i R, B AT
Michael Il e b B 2547, (R G, o B-AN 1R AT E
SEALE Y5 3-F R0 W Z 8] 1) Michael A% F1 B
Ji B0 0 PR SR AZ IR R B IR B N BOA T e A A=
Y1 6 BIIE e SR M| W R IR D B Ak 1Y B k. DA
AR5 3a g 5], HEI0 AT BE 2 AL R P A 2 > N—H
[R5 3-SR0 (4a) FIASIRLFN 1, 4- i (5a)
T Rt WA, I H P36 & A Michael il s s g Fl 43
T ERAL T AR 8 = JC IR R S B8 7= W) 6a. 1] RE 1Y)
A S A 4 frs.

4 #Fit

PRER G R B A e 2 g | Whe 14 P A, AR SR
DG H A4 M PEBUIR HE AL 3a-3d, FFKEHN T
N-BUT SRR DR 19 3-SR 31 W 4 1557 B R AN

R3 RERWMHYT R

Tab. 3 Expansion of reaction substrates 2

s R, R,, Rs =) 7 b0, ee/% (dr)
1 H(4a) Br(Sa), CgH;Br(5a) 6a 89 87(>20: 1)
2 H(4a) H(Sb), CgHs(5b) 6b 60 77(10 = 1)
3 H(4a) CH;(5¢), CgHsCHj(Sc¢) 6¢c 65 75(10 : 1)
4 H(4a) Cl(5d), CgHsCl(5d) 6d 92 87(>20 : 1)
5 H(4a) NO,(5e), CgHsNOy(Se) e 70 86 (10 : 1)
6 Br(4b) H(Sb), C¢Hs (Sb) of 60 71091
7 H(4a) H(5b), CHs(5f) 6g 85 72(>20: 1)
8 H(4a) NO,(5f), CHs(5f) 6h 75 72 (>20 : 1)
9 H(4a) Cl(5d), OCH;(5g) 6i 40 53(>20:1)
10 H(4a) CH;(S¢), OCH;(Sg) 6j Akt ARKH

*ff4a (0.2 mmol). 5a (0.25 mmol). fifkiI3a (x=10%)7ECHCI; (2mL), 25 CF 25 h; Y40 iit; © Tk s iop i il <
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Fig. 4 Possible transition states of the enantioselective Michael addition/cyclization cascade

AL, 4-— 0 5 BB Ry . 45 R LM, 7E 25 C T,
x=10% 3a VE R EAL I, %7514 CHCL, I3 RIEY),
Bk 89% M=K 87% (1) ee {H, I 7 kA 4
VETRTE . ARG Y L 7= 2w S0, IR IR TN
Pt TR M AT AR M A B AL T T Ik
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Synthesis of spiro [cyclopropane-oxyindole] compounds by organic catalytic reaction

CHEN Zhiming"™*
(College of Chemistry and Materials Science, Key Laboratory of Functional Materials Chemistry of Guizhou Province,

Guizhou Normal University, Guiyang 550001, Guizhou, China)

Abstract: In this paper, four thiourea catalysts containing chiral carbon and C, chiral axis were designed and

synthesized successfully, and they were used for the asymmetric synthesis of spiral [cyclopropane-indole oxide]

compounds. The experimental results showed that the synthesis of spiro [cyclopropane-oxyindole] obtained better
yield (89%) and higher enantioselectivity (87%) at room temperature 25 °C with 10 mol% 3a as catalyst and CHCl,4

as solvent. The reaction has the advantages of friendly environment, mild reaction condition and cheap catalyst.

This method provides an important way for the synthesis of snail [cyclopropane-oxyindole] skeleton with

biological pharmacological activity.

Key words: cyclopropane-oxyindole compounds; asymmetric catalysis; thiourea catalysts
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