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Phosphine-Catalyzed Synthesis of 1,3-Dihydro-3-
alkylidene-2H-indol-2-ones

Li, Jingjie Wang, Yuhao Meng, Tiantian Huang, Yiyong™
(School of Chemistry, Chemical Engineering and Life Sciences, Wuhan University of Technology, Wuhan 430070)

Abstract A P(4-OMe-C¢Ha)s-catalyzed Michael addition/double bond migration tandem reaction between allenyl imide and
indol-2-ones was developed. This synthetic strategy for diverse 1,3-dihydro-3-alkylidene-2H-indol-2-ones features opera-
tionally simple, good substrate scope, high chemoselectivity and mild reaction conditions. The proposed reaction mechanism is
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also provided.
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TE Rt A oA Ak, AR 5 5 F I R A SR A%
JRUOL S 3 PR 1A K s R R | -2 37
FIAEVIIA R R 30 TEHUREE R We-2-FRAE v = o
SR, Lu /NANSEEL T H 5 B £ B 48 5 0 F BRI
Bly BLRIAH 1A INE N, Zhang /NHUSISZEL T BRI R
W& ply-Ar X 50 /R NN EE SR, FRAT T RS A8 1T S 72 A
HHORIR, 2-WEMELE AT A DRI IR E 1 AT DAE N C4 i
C3 AHT, TE=MBHEI T 5. Mk B[4+
VIR0 s e 219, B85 it AR fie 26 [3 + 3138 I Rl
N0 AEAR T AR, SR IR % 1 A7 307 TEHUAR AL 1
M5|Wk-2- 2 1R RBERL, £ =MBHEN TS, ZE p-
LI T SR N U RS A B S N, ST 1,3- 2 &-3-10
Jot JE M| Wk-2- W 2R AT R4 3 KA 2 (Scheme 1).
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Figure 1 Representative natural products and pharmaceuticals containing 1,3-dihydro-3-alkylidene-2H-indol-2-one core structure
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Scheme 1 Synthetic strategies for 1,3-dihydro-3-alkylidene-2H-
indol-2-ones
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BNE TR PE ) R 1,3- 5 -3- T8 Joe F -5 We-2-
fi(3a, Entry 2), %A WERIAINE=H) 4a FIER. A
PR IE 8 SRR R CR , SARAE F — 5 SE A Ak 771
P(4-OMe-CeHs); (20 mol%), 7EHH[H I Z Bk 77, 7=
W) 3a (77 R F 2 62% (Entry 3). X5, FHBEEALT
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N,N-—FE FRER R, BL 72% 0145 21030 5 /- Nk
P 3a, T H[4+ 10 RR BT (Entry 9); 243
FE D — 20, P4 3a IR B SE R, JF BN
I 4546 (81%, Entry 10). Z b, BiE T %N i
%ﬁtﬁ 30 ‘CF, P(4-OMe-CeHa)s (20 mol%) NAHEALH,
TRELFEEZ(0.5 mL) A R AT
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Table 1 Optimization of the reaction conditions

o o
J Z ., mo Catalyst (20 mol%)
TN N Solvent, 30 °C

/ Boc \
1 2a 4a Boc
Entry Catalyst Solvent Time/h Dieldilis
3a 4a
1 PBus EtOAc 48 34¢ 34¢
2 PBus EtO 48 49
3 P(4-MeOCsHa)3 EtO 18 62
4 P(4-MeOCsHa)3 THF 48 38 39
5 P(4-MeOCsHa)3 DCE 48 42 36
6 P(4-MeOCsH4)3 MTBE 48 10 35
7 P(4-MeOCsH4)3 CH3CN 48 50 —
8 P(4-MeOCsHa)3 CH3OH 48 —
9 P(4-MeOCsHa)3 DMF 48 72
10 P(4-MeOCsHa)3 DMF 24 814

@Reactions were performed with 1 (0.10 mmol), 2a (0.12 mmol) and catalyst (0.02 mmol) in solvent (1.0 mL). ?Isolated yield. ¢ Based on the recovered starting
material 1.4 Solvent (0.5 mL).

R G- 2- i AR A @
Table 2 Substrate scope of indol-2-one

O o P(4-MeOCgHy)3
)L Z 7 (20 mol%) o O
e N * R © 0 ‘= T
\ / N\ DMF, 30 °C R'= 0" N
PG 24 h -/
1 2
R R Br R’ Br R R'
/ / /
(0] O (0] (0] (0]
N N N N N
Boc Ac Boc Boc Boc
3a, 81%, Z:E = 2.9:1 3b, 71%, Z:E = 2.5:1 3c, 63%, 2.9:1 dr 3d, 71%, 2.7:1 dr 3e, 46%, Z:E = 3.3:1

R’ R’ R’ R'

MeO / F. / Cl / Br /
o 0 (0] 0

N N N N
Boc Boc Boc Boc

3f, 82%, Z:E = 3.0:1 39, 45%, Z.E = 1.5:1 3h, 27%, Z:E = 2.6:1 3i, 76%, Z.E = 2.5:1
R’ R’ R’ R’

N ) ) ) )
(0] (0] (0] O

N o N cl N MeO,C N
Boc Boc Boc Boc
3j, 11%, ZE=2.71 3k, 76%, ZZE=1.7:1 31, 86%, Z.E = 2.5:1 3m, 54%, Z.E = 3.2:1

“Reactions were performed with 1 (0.10 mmol), 2 (0.12 mmol) and P(4-MeOCH,); (0.02 mmol) in DMF (0.5 mL); Z/E ratio and dr were determined by 'H NMR
analysis; isolated yield.

FRAAES =) 3F RAFANT B = ) P2 285 & NI )2, & 31 (177 e d =1 (86%), BRIEHUIRIINIWE-2- 3m 1773
B RSB P20 (3h AN 3)) 7 R, BIFi%, H55(54%), 1B Z/E LeRs s FH e AU L. 2a0iE
HEHUREEMe, FHI Br)skf8 h & 2501~ 1Ak, & IRIME= D SEAR G B, #2 DA Z B P= N 3, ERY
X 6-PLHUARIEREAT T %E, HASE Y 3k 772088 P RUR, PEHLBILE 1.5 0 1~33 01 Z[a. 4 A
TR KT (76%), SRTIT A N AN, &A= TR, Y 1 30 R 45 3 H RTE AR FAE.
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1.3 (2)-3a RSB THT
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W EZ Rk, SRR, SRR S AT
[ 2SN Ok, 2Rk 5 CHEE, JLREHTH
ek, B X FRATINERE TAY 3a EZ S
R Ry Z BY(E] 2, CCDC: 2129943). (Z)-3a 5. 5 J& 5
RHE R, 2=1.34139 nm; &A1 T: 0.13 mm X 0.08 mm X
0.05 mm; ZS[E #E: P2i/c (no. 14); WS a=
1.13027(10) nm, 5=0.98222(9) nm, c=1.81411(16) nm.

B2 (2)-3a 1) X 5Lk s S 0
Figure 2 X-Ray crystal structure of (2)-3a
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Scheme 2 Proposed reaction mechanism
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PR R 32, ok DU . & obt. AT
Bk LBk 2R LB RS S IR ERE T A
H, O ARG A M TR i VR RG] -2 R 254K
RS HE SCHR . AR i R34 9 43 40
3.2 ZLWAHE

TE 157 000 3 B 10 e s I M o N B s T I
J% 1 (0.10 mmol). W[Wk-2-d 2 (0.12 mmol)FH = (4-H 4
BB Q20 mol%), IRE MG 2% H, R Bk R E
PR B AR, PR A A R SO I TE K. N N-ZH
FEHIBENZ(0.5 mL), 30 CHiFE A, Gk (TLC) Wil
RHEFE. BSEE G, DR 2 N N- R R
A, Tl 4% B R 2 B AL (R I S
W/ TR TG/ AMEE, Vv V=40 1 1 D3FY) 3.

(2)-1- BT S Pk HE -3-(3- H 2 -4- S AR -4-(2- W e it
Fif-3-25) T e -2- 7. 55 ) - 15| Wk -2 (3a): [ £ [ 44, 72
81%, 32.2 mg. m.p. 148~150 ‘C; '"H NMR (500 MHz,
CDCls) 6: 7.85 (d, J=8.00 Hz, 1H), 7.60 (d, J=8.00 Hz,
1H), 7.30~7.26 (m, 1H), 7.15~7.12 (m, 1H), 6.08 (q, J=
7.00 Hz, 1H), 4.40~4.37 (m, 2H), 4.03~4.00 (m, 2H),
2.35 (s, 3H), 1.63 (s, 9H), 1.46 (d, J=7.00 Hz, 3H); 1*C
NMR (126 MHz, CDCLy) o: 174.1, 165.0, 154.2, 152.7,
149.4, 138.7, 128.5, 124.0, 114.7, 84.2, 62.1, 42.9, 283 ,
19.6, 15.2; IR (KBr) v: 1772, 1694, 1617, 1477, 1461,
1387, 1371, 1345, 1316, 1297, 1256, 1234, 1152, 1123,
1102, 1078, 1018, 794, 751 cm™'; HRMS (ESI) calcd for
C21H24N,O¢Na [M+Na]" 423.1516, found 423.1527.

(2)-1- L -3-(3- i JE-4- S AR -4-(2-BE ML ot - 3- 3
TE-2-W7 )W Wk-2-F(3b): [ EEE, 775 71%. 24.3
mg. m.p. 183~185 C; 'H NMR (500 MHz, CDCl;) ¢:
8.33 (d, J=8.00 Hz, 1H), 7.62 (d, J=8.00 Hz, 1H), 7.31
(td, J=8.00, 1.50 Hz, 1H), 7.19 (td, J=8.00, 1.20 Hz, 1H),
6.12 (q, J=7.00 Hz, 1H), 4.46~4.34 (m, 2H), 4.10~3.96
(m, 2H), 2.71 (s, 3H), 2.35 (s, 3H), 1.47 (d, J=7.00 Hz,
3H); 3C NMR (126 MHz, CDCl3) 6: 173.8, 171.2, 167.0,
154.4, 1527, 138.9, 128.7, 124.5, 124.1, 123.6, 123.5,
116.2, 62.1, 42.9, 42.7,27.2, 19.3, 15.1; IR (KBr) v: 1770,
1726, 1704, 1617, 1460, 1386, 1371, 1341, 1280, 1259,
1201, 1174, 1121, 1072, 1020, 790, 749, 695 cm”'; HRMS
(ESI) calcd for CigHisN,OsNa [M+Na]" 365.1115, found
365.1108.

1B T PRI -4- 1R -3-(3- F 2 -4- S AR -4-(2-BE Mk It
i -3-25) T - 1- M -2-52) - 15| Wk -2 3e): [ [l 44, =2
63%, 30.2 mg. m.p. 164~165 ‘C; 'H NMR (500 MHz,
CDCls) 6: 7.82 (d, J=8.10 Hz, 1H), 7.30 (d, J=8.10 Hz,
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1H), 7.21 (dd, J=8.10, 8.10 Hz, 1H), 5.49 (s, 1H), 5.25 (s,
1H), 4.65 (q, J=6.90 Hz, 1H), 4.34 (s, 1H), 4.32~4.20
(m, 2H), 3.98~3.80 (m, 2H), 1.62 (s, 9H), 1.39 (d, J=
6.90 Hz, 3H); 3C NMR (126 MHz, CDCly) d: 173.9,
171.8, 152.9, 149.2, 1422, 140.5, 130.1, 128.2, 125.8,
120.4, 119.4, 113.7, 84.7, 61.9, 53.5, 42.9, 41.0, 28.0, 17.3;
IR (KBr) v: 1768, 1722, 1695, 1448, 1383, 1363, 1344,
1292, 1255, 1213, 1160, 1123, 1077, 1040, 776, 758 cm !;
HRMS (ESI) caled for C;Hx;BrN,O¢Na [M + Na] *
501.0629, found 501.0632.

1-BUT S B ik -4- YR -5- 1 JE-3-(3- FH L -4- S AR -4-(2-
W AR A - 3-8 ) T~ 1075 -2- 38 )15 Wk -2- i (3dl): 1 € [T 44k,
FEE T1%, 35.0 mg. m.p. 162~163 ‘C; 'H NMR (500
MHz, CDCl;) &: 7.70 (d, J=8.20 Hz, 1H), 7.20 (d, J=
8.20 Hz, 1H), 5.47 (s, 1H), 5.32 (s, 1H), 4.60 (q, J=6.90
Hz, 1H), 4.30 (s, 1H), 4.29~4.18 (m, 2H), 3.85~3.81 (m,
2H), 2.37 (s, 3H), 1.61 (s, 9H), 1.36 (d, J=6.90 Hz, 3H);
13C NMR (126 MHz, CDCl3) d: 173.8, 172.0, 152.8, 149.3,
140.9, 139.7, 134.5, 130.4, 126.1, 122.9, 119.1, 113.5,
84.4, 61.8, 54.1, 42.7, 40.8, 28.0, 22.2, 17.0; IR (KBr) v:
2981, 1774, 1722, 1690, 1480, 1462, 1372, 1336, 1290,
1251, 1208, 1157, 1118, 1038, 1000, 832, 757 cm !;
HRMS (ESI) caled for C;HzsBrN,O¢Na [M + Na] *
515.0785, found 515.0788.

(2)-1-FUT S PR -5- F 56 -3-(3- Y 2 4- S AR -4-(2- &
M LE R -3-58) T he-2- M58 )15 Wk -2- i (3e): I Bl 4k, 7=
% 46%, 19.0 mg. m.p. 157~158 °C; '"H NMR (500 MHz,
CDCly) 8: 7.75 (d, J=8.30 Hz, 1H), 7.44 (s, 1H), 7.12 (d,
J=8.30 Hz, 1H), 6.09 (q, J=7.00 Hz, 1H), 4.46~4.37 (m,
2H), 4.08~4.01 (m, 2H), 2.35 (s, 3H), 2.36 (s, 3H), 1.65
(s, 9H), 1.48 (d, J=7.00 Hz, 3H); '*C NMR (126 MHz,
CDCly) d: 174.1, 165.2, 153.6, 152.6, 149.4, 136.4, 133.0,
129.0, 124.6, 123.7, 123.5, 114.4, 83.9, 62.0, 42.8, 42.8,
28.2,21.4,19.5,15.1; IR (KBr) v: 1775, 1740, 1711, 1684,
1481, 1460, 1385, 1347, 1297, 1254, 1157, 1112, 1076,
1040, 1002, 822, 765 cm !'; HRMS (ESI) calcd for
C2H26N2OgNa [M+Na]™ 437.1682, found 437.1683

(Z2)-1-BUT 8 Pl Fik-5- 4 Bk -3-(3- A ik -4- S AR -4-(2-
W A i -3 ) T e -2 NP 35 )| -2 -l (31): 1 £ [T 44K,
P72 82%, 35.3 mg. m.p. 158~159 ‘C; 'H NMR (500
MHz, CDCl;) &: 7.81 (d, J=9.00 Hz, 1H), 7.21 (d, J=
2.50 Hz, 1H), 6.86 (dd, J=9.00, 2.50 Hz, 1H), 6.11 (q, J=
7.00 Hz, 1H), 4.42 (t, J=8.10 Hz, 2H), 4.09~4.01 (m,
2H), 3.85 (s, 3H), 2.37 (s, 3H), 1.66 (s, 9H), 1.49 (d, J=
7.00 Hz, 3H); 3C NMR (126 MHz, CDCls) &: 174.0,

Chin. J. Org. Chem. 2022, 42, 2222~2228
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165.1, 156.1, 154.4, 152.6, 149.4, 132.5, 124.8, 123.6,
115.3, 112.5, 111.2, 83.8, 62.0, 55.8, 42.8, 29.7, 28.2, 19.4,
15.1; IR (KBr) v: 2360, 2340, 1772, 1737, 1716, 1696,
1483, 1388, 1359, 1309, 1295, 1254, 1165, 1114 cm
HRMS (ESI) caled for CyHzN2O7Na [M + Na] *
453.1628, found 453.1632.

(2)-1-FU T E P I -5- 58 -3-(3- FF Ik -4-SE AR -4-(2- e
BE i -3-28) T e -2- . 58 )- 15| bk-2- T (3g): A Eulfil 4, 7=
F 45%, 18.8 mg. m.p. 156~157 °C; '"H NMR (500 MHz,
CDCl3) d:7.84 (dd, J=9.00, 4.00 Hz, 1H), 7.31 (dd, J=
9.00, 2.60 Hz, 1H), 6.99 (td, J=9.00, 2.60 Hz, 1H), 6.07
(q, J=7.00 Hz, 1H), 4.41~4.38 (m, 2H), 4.04~4.01 (m,
2H), 2.33 (s, 3H), 1.62 (s, 9H), 1.46 (d, J=7.00 Hz, 3H);
3C NMR (126 MHz, CDCl) &: 173.8, 164.6, 160.2,
158.3, 155.8, 152.6, 149.3, 134.7, 124.9 (d, J=7.30 Hz),
123.1 (d, J=2.65 Hz), 115. 7 (d, J=8.06 Hz), 114.7 (d,
J=22.93 Hz), 111.2 (d, J=26.21 Hz), 84.2, 62.1, 42.9 (d,
J=12.22 Hz), 282, 19.4, 15.1; '9F NMR (471 MHz,
CDCl3) 5: —118.80~—118.85 (m, 1F); IR (KBr) v: 1779,
1748, 1682, 1477, 1386, 1355, 1302, 1288, 1266, 1240,
1148, 1098, 1037 cm™!; HRMS (ESI) caled for Cp1HasF-
N,O¢Na [M+Na]" 441.1422, found 441.1432.

(2)-1-FUT E P I -5- 5 -3-(3- F Jk-4-SE AR -4-(2- e
FE i -3-28) T ot -2- 7.5 )-I5] Wk -2- i (3h): il i, 7=
% 27%, 11.7 mg. m.p. 148~149 °C; 'H NMR (500 MHz,
CDCl;) 0:7.82 (d, J=8.80 Hz, 1H), 7.56 (d, J=2.20 Hz,
1H), 7.25 (dd, J=8.80, 2.20 Hz, 1H), 6.07 (q, J=7.00 Hz,
1H), 4.45~4.32 (m, 2H), 4.02 (t, J=8.10 Hz, 2H), 2.33 (s,
3H), 1.62 (s, 9H), 1.46 (d, J=7.00 Hz, 3H); '3C NMR (126
MHz, CDCls) 0: 173.7, 164.3, 156.0, 152.6, 149.2, 137.1,
129.1, 128.1, 125.1, 123.8, 122.7, 115.8, 84.4, 62.1, 43.0,
42.8,28.1,19.5, 15.1; IR (KBr) v: 1782, 1740, 1696, 1468,
1388, 1369, 1340, 1303, 1282, 1255, 1224, 1153, 1112,
1073, 1002 cm™!'; HRMS (ESI) calcd for Cy;H3CIN,OgNa
[M+Na]" 457.1134, found 457.1137.

(2)-1-FU T 8 P I -5- 1R -3-(3- F J-4- B AR -4-(2- e
Feli-3-55) T Joe-2- V. 2%) Mg | We-2- i (3i): 1 (il A4k, j= 2
76%, 36.4 mg. m.p. 153~155 C; 'H NMR (500 MHz,
CDCly) §: 7.78 (d, J=8.70 Hz, 1H), 7.72~7.71 (m, 1H),
7.41 (dd, J=8.70, 1.60 Hz, 1H), 6.06 (q, J=6.90 Hz, 1H),
4.40 (t, J=8.10 Hz, 2H), 4.03 (t, J=8.10 Hz, 2H), 2.34 (s,
3H), 1.63 (s, 9H), 1.47 (d, J=6.90 Hz, 3H); 3C NMR (126
MHz, CDCl:) 0: 173.7, 164.2, 156.0, 152.6, 149.1, 137.6,
131.1, 126.6, 125.5, 122.5, 116.7, 116.2, 84.4, 62.1, 43.0,
42.8,28.1,19.6, 15.1; IR (KBr) v: 1776, 1687, 1463, 1388,
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1367, 1338, 1303, 1254, 1152, 1112, 1074 cm™'; HRMS
(ESI) caled for CyHp;BrN,OgNa [M+Na]® 501.0627,
found 501.0632.

(2)-1-FUT S I -5-H 5 -3-(3- H 9k -4- 51 AR -4-(2-1i8
M e -3 -5 T e -2- 0 ) - M| We-2- Bl (3j): - 1 (il Ak, 7
F 11%, 4.9 mg. m.p. 158~159 C; '"H NMR (500 MHz,
CDCLy) d: 8.47 (d, J=2.30 Hz, 1H), 8.22 (dd, J=9.00,
2.30 Hz, 1H), 8.03 (d, J=9.00 Hz, 1H), 6.08 (g, J=6.90
Hz, 1H), 4.44~4.40 (m, 2H), 4.12~3.99 (m, 2H), 2.44 (s,
3H), 1.64 (s, 9H), 1.48 (d, J=6.90 Hz, 3H); '3C NMR (126
MHz, CDCly) 0: 173.2, 163.3, 158.6, 152.7, 148.8, 143.9,
143.4, 124.4, 124.1, 121.8, 118.9, 114.5, 85.3, 62.2, 43.2,
42.8,28.1,19.7, 15.1; IR (KBr) v: 1775, 1748, 1723, 1678,
1614, 1535, 1463, 1387, 1362, 1313, 1260, 1221, 1189,
1149, 1110, 1037, 997, 953, 894, 848, 787, 759, 710, 608,
518, 459 cm '; HRMS (ESI) caled for C,1Hy3N3;OsNa
[M+Na]~ 468.1388, found 468.1377

(Z2)-1-BUT S Bk Fk-6- FF A ik -3-(3- T KR -4- S AR -4-(2-
WA A5t P -3- 3 ) T e -2- M0 25 )~ 5| -2 -l (3K ): 1 £ [ 44k,
P2 76%, 32.7 mg. m.p. 128~129 ‘C; 'H NMR (500
MHz, CDCl;) d: 7.52~7.49 (m, 2H), 6.67 (dd, J=8.70,
2.60 Hz, 1H), 6.03 (q, J=6.90 Hz, 1H), 4.40~4.36 (m,
2H), 4.03~4.00 (m, 2H), 3.84 (s, 3H), 2.29 (s, 3H), 1.63
(s, 10H), 1.44 (d, J=6.90 Hz, 3H); '3C NMR (126 MHz,
CDCL) d: 174.3, 159.9, 152.6, 150.4, 149.3, 140.0, 124.8,
123.0, 109.4, 101.2, 84.0, 62.0, 55.5, 42.8, 42.4,29.7, 28 2,
19.3, 15.1; IR (KBr) v: 1772, 1734, 1685, 1619, 1481,
1387, 1364, 1314, 1255, 1214, 1162, 1118, 1041, 1018,
1001, 947, 913, 853, 802, 761, 727 cm™'; HRMS (ESI)
caled for Cy»HyN,O;Na [M + Na]' 453.1628, found
453.1632.

(2)-1-F0 T S R -6-50-3-(3- H FE-4- 5 AR -4-(2- P s
Beli-3-55) T Je-2- MV 2%) -5 We-2-F (30): 1 (ol 44, 7= 2
86%, 37.4 mg. m.p. 138~139 ‘C; 'H NMR (500 MHz,
CDCLy) d: 7.92 (d, J=2.10 Hz, 1H), 7.50 (d, J=8.40 Hz,
1H), 7.11 (dd, J=8.40, 2.10 Hz, 1H), 6.05 (q, J=7.00 Hz,
1H), 4.45~4.32 (m, 2H), 4.02 (t, J=8.00, 2H), 2.31 (s,
3H), 1.63 (s, 9H), 1.45 (d, J=7.00 Hz, 3H); 3C NMR (126
MHz, CDCL3) d: 173.8, 164.5, 154.8, 152.6, 149.1, 139.4,
1342, 124.5, 123.7, 122.6, 122.2, 115.3, 84.6, 62.1, 42.8,
28.1, 19.6, 15.1; IR (KBr) v: 2982, 2360, 1781, 1738,
1698, 1602, 1477, 1428, 1347, 1300, 1252, 1152, 1113,
1081, 1040, 1017, 945, 907, 845, 816, 759, 731, 598 cm " !;
HRMS (ESI) caled for CyHCIN,O¢Na [M + Na] *
457.1134, found 457.1137.
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(2)-1-FUT A Ik -3-(3- H 2k -4- S AR -4-(2-WE M L -
3-35) T e -2- M0 Ak )15 W -2- il -6- FH R AR R (3m): 1 [
fk, 773 54%, 24.7 mg. m.p. 138~139 C; 'H NMR (500
MHz, CDCL) 6: 8.52 (d, J=1.60 Hz, 1H), 7.86 (dd, J=
8.20, 1.60 Hz, 1H), 7.67 (d, J=8.20 Hz, 1H), 6.09 (q, J=
6.90 Hz, 1H), 441 (t, J=8.00 Hz, 2H), 4.04 (t, J=8.00
Hz, 2H), 3.93 (s, 3H), 2.41 (s, 3H), 1.66 (s, 9H), 1.49 (d,
J=6.90 Hz, 3H); 3C NMR (126 MHz, CDCly) &: 173.7,
166.6, 157.7, 148.9, 138.6, 129.7, 127.8, 125.2, 123.5,
123.0, 115.6, 84.5, 77.2, 62.1, 52.3, 43.1, 42.8, 28.1, 19.9,
15.1; IR (KBr) v: 2360, 2340, 1777, 1742, 1724, 1683,
1485, 1438, 1392, 1362, 1307, 1256, 1232, 1162, 1102,
756 cm '; HRMS (ESI) calcd for CpHy¢N2OsNa [M+
Na]+ 481.1589, found 481.1581.

3 B #1 ¥l (Supporting Information) &%) 3 ¥ 'H
NMR. BC NMR Al YF NMR &, ixsetpl o] L2k
MASFI) 355 (http://sioc-journal.cn/)_ %K.
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