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(57) Abstract: Disclosed is an oxygen-guided synthesis method for a 7-alkynyl indole compound. The synthesis method comprises:
adding a di-t-butyl(14-indol-1-y)phosphine oxide compound, an alkyne halide, a palladium salt catalyst, an oxidant, a ligand and a

solvent into a reactor, performing a reaction under stirring at 80

° C~100 ° C, and separating and purifying the reaction liquid, so as

to obtain a 7-alkynyl indole compound. The method of the present invention develops a cross-coupling reaction of di-tert-butyl(14-in-
dol-1-yl)phosphine oxide and an alkyne halide, and constructs a series of highly functionalized 7-alkynyl indole compounds, having
extremely high step economy and atomic economy. In addition, simple and readily available raw materials, safe operation, good re-
gioselectivity and wide substrate universality are major characteristics of the reaction.
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R B AN U AE SR SIS m IR R SR g, B Tl ERZ54T
iRk FERMBIHIR I GG EP o EE. RREE
AMEME AR 2T B E RSN ETT, 252 R N Hi 4,
KB RANE BTG BRI BB A RE BRI 23] T T2 1%
e TEARGTRIE RUTVET, BREEMIDEAT 44 B0 22 3 22 FR S DR AN C-Hixd 14 DA R
— DI X ERN TERL EF R, FREEEC-HEELAER AR, BRI ERE
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JB AL AR TE AL A C-HE R RV B B R AR L B b BV B 3 3
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« BRIFBKTAL, 25 BN AV AL AR FE B AR BRI C-HIG (L 0 R Horr,
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WE S TEESBMIER, WNMEZEECHRENKZP (Q.Yin, H. F. T. Klare,
M. Oestreich, Angew. Chem. Int. Ed., 2017, 56, 3712; H. Wang, Z. Bai, T. Jiao, Z.
Deng, H. Tong, G. He, Q. Peng, G. Chen, J. Am. Chem. Soc., 2018, 140, 3542; T.
Miao, P. Li, Y. Zhang, L. Wang, Org. Lett., 2015, 17, 832.) - S4MW[EEEYIAIFR3NAL
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AT LA v B & B2 IR AR AL &) (L. Yang, L. Zhao, C.-J. Li, Chem.
Commun., 2010, 46, 4184; G. L. Tolnai, S. Ganss, J. P. Brand, Waser J. Org. Lett.
2013, /5, 112; Z.-Z. Zhang, B. Liu, C.-Y. Wang, B.-F, Shi. Org. Lert., 2015, 17, 4094;
T. Li, Z. Wang, W.-B. Qin, T.-B. Wen, ChemCatChem., 2016, 8, 2146; Z. Ruan, N.
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DA 55 ELAR S 51 3 Fff P 6 7R & BH AR 77 RAEHE — A, HAR%
HH A R0 ] B St 7 =0 ANBR T it

St 511
FERBEFIIANONZE R T HE (1 H-BE-1-5) Sl 0.012EE/R =(
TR HE . 0.18SEEEREAIREL . 0.155BEE R = R IGREIRA . 0.0258 5
IR3-EMERE . 0.18ZEE/R=RAEEENR, 15ZTFRERGH, 7Eo0°C. %
700 rpm FHERE RN 12/NFJ5, A b, EIEEIR, IS mLK,
H B CEEREBGIK, A HEYMFHAH.S g T/KIMIREE T, T8, WIERYE
 FE RS s AL, B O BT R H30: 1 A A EE: LR &
BB ATEN, B8 BV, 7 %81%-

P B S0 Kl Bak A I o e BRRIEBITR, SR
TEEER AT PR

'H NMR (400 MHz, CDCl 3) 8 =7.58-7.53 (m, 2H), 7.29 (s, 1H), 7.11 (t, J= 7.6 Hz,
1H), 6.69 (d, J = 3.2 Hz, 1H), 1.35 (d, J = 14.4 Hz, 18H), 1.17 (s, 21H);

13C NMR (100 MHz, CDC1 5) § = 138.3, 133.6, 131.5 (d, J = 4.1 Hz), 128.1 (d, J =
4.8 Hz), 121.6, 121.2, 112.4, 108.0 (d, J = 5.1 Hz), 107.5, 94.8, 39.2 (d, J = 67.3 Hz),
27.1,18.8, 11.6;

3P NMR (162 MHz, CDCl 5) 8 = 62.51-61.61 (m);

IR (KBr) viny 2943, 2868, 1467, 1387, 1243, 1129, 993, 879, 738, 659, 474 cm ';
HRMS (ESI) Calcd for C H ,sNOPSi [M+H] *: 458.3003, Found 458.3008-

Z LA EGRAENT B AR ST -
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[0060]
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St 512

TERME P IIAONZE /R T (4-FE-1 g-mPk-1-5) S, 0.01ZE
IR ERED . 0.18ZEE/RIRIRR . 0.15% 8 /K = R A AT . 0.02
ZERER3-EMIE . 0.18Z /R = RINEREREMRE, LSZAFRIEREN, 7E90°C
o FRERT00 rpm FHEPE RN 127N, A IR R R, W EIEEE, IS mL
K, R OEEFEBGIK, &HETMEIFHEH.S gi/KMIRE T, T8, Wk
Wds, FRTAEENT A, BT AT SRR R TR H30: 1 A v EE: £
MR GV, B2 BT, T %E82%-

P B S0 K Bok A I o Bl a4 BIsTIReITR, SR
TEEER AT PR

'H NMR (400 MHz, CDCl 5) 8 =7.48 (d, J = 7.6 Hz, 1H), 7.29 (s, 1H), 6.91 (d, J =
7.2 Hz, 1H), 6.71 (s, 1H), 2.50 (s, 3H), 1.35 (d, J = 14.8 Hz, 18H), 1.16 (s, 21H);

13C NMR (100 MHz, CDCI 5) § = 138.0, 133.6, 131.0 (d, J = 4.0 Hz), 130.7, 127.6
(d, J=4.9 Hz), 122.22, 109.9, 107.8, 106.1 (d, J = 5.1 Hz), 93.8, 39.2 (d, J = 67.3 Hz),
27.1,18.8, 11.6;

3P NMR (162 MHz, CDCI ;) 8 = 62.17-61.28 (m);

IR (KBr) vy 2945, 2867, 1471, 1355, 1242, 1122, 1003, 881, 864, 597, 474 cm 1

HRMS (ESI) Calcd for C H ,,NOPSi [M+H] *: 472.3159, Found 472.3161-

Z LA EGRAENT B AR ST -
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[0063]  TERNETIIA0IREE/R T & (4-FEE-1 g-Hb-1-5) S 001=2
BER= (ZRENER) . 0.18Z BRI . 0.152 /R =% B iR
« 0.02ZBR3-EMIE . 0.18ZE/R =R INEFEIUR, 152 FRIEREH,
TE90°C. ¥Z34700
rpm MRFER N O/NS T, fEIbinA R, WEIRER, IASmLK, HIRK
CEEREHBIX, AIFENAEIFERHO.S g /KBRIREE T, ik, WEkYE, HiE
AR, O E AT SRR R EL30: 1 A B R CBRIR &
s, BRI BT, TR ERT2%-

[0064] T3 BAn oIS K. i EA RS s Bl E 7. BTN, Sk
TEEAR 0N R

[0065]  'H NMR (400 MHz, CDCl ;) 6 =7.48 (d, J = 7.6 Hz, 1H), 7.29 (s, 1H), 6.91 (d, J =
7.2 Hz, 1H), 6.71 (s, 1H), 2.50 (s, 3H), 1.35 (d, J = 14.8 Hz, 18H), 1.16 (s, 21H);

[0066]  “C NMR (100 MHz, CDCl 3) 8 = 153.3, 139.5, 134.9, 126.6 (d, J = 4.5 Hz), 121.7
(d, J = 4.6 Hz), 107.7, 105.5, 104.7 (d, J = 4.9 Hz), 102.2, 92.4, 55.3,39.2 (d, J = 67.2
Hz),27.1,18.8, 11.6;

[0067] P NMR (162 MHz, CDCl ;) § = 62.17-61.28 (m);

[0068] IR (KBr) vy 2941, 2864, 1482, 1364, 1272, 1119, 881, 756, 859, 476 cm ;

[0069]  HRMS (ESI) Calcd for C »H ;,NO ,PSi [M+H] *: 488.3108, Found 488.3111-

[0070] AL EEARAENT BN Y A0S 0T -
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TERNETMACIZE/R (4- (FEE) -1H
IR 1-E) RUT EEALE . 0.01ZE/R = (ZIRENE) 5. 0.18%kE
IRBRIRER . 0152 /K = AR . 0.02Z B /R3-EMIE. 0.18ZE /R =57
NEREEIIR, 1LSZTFRRERNTER], 7E80°C. #3700 rpm T HPE SR 127N
JG, I R, BHIEZRR, ASmLK, HIBROEEREEIK, 4HE
HUAEFFER0.5 g oK BRI EE T4, HU8, WRIk4E, BB EN o ssift,
Jit F B AT R FA HE30: 1 A A TR EE: IR CERIR GV, 153 B9
, TTER82%-

5 B S0 K sk EAEREE 4o BRI 1iR, 551
FALEAR AT PR

'H NMR (400 MHz, CDCl ;) § = 7.52-7.45 (m, 3H), 7.38 (t, J = 7.3 Hz, 2H),
7.34-7.30 (m, 1H), 7.20 (s, 1H), 6.88 (s, 1H), 6.63 (d, J = 8.2 Hz, 1H), 5.18 (s, 2H),
1.35 (d, J = 14.8 Hz, 18H), 1.16 (s, 21H);

13C NMR (100 MHz, CDCI 5) § = 152.5, 139.6, 137.0, 134.9, 128.5, 127.9, 127.3,
126.6 (d, J = 4.7 Hz), 122.1 (d, J = 4.5 Hz), 107.6, 105.7, 104.9 (d, J = 5.1 Hz), 103.6,
92.6,70.0,39.2 (d, J = 67.2 Hz), 27.1, 18.8, 11.6;

3P NMR (162 MHz, CDCl 5) 8 = 62.56-61.66 (m);

IR (KBr) Vi 2940, 2864, 1481, 1366, 1275, 1117, 1018, 881, 747, 657, 473 cm 1;

HRMS (ESI) Calcd for C yH 5,NO ,PSi [M+H] *: 564.3421, Found 564.3429-
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[0081]  TERNAEPTIIAONREE/R T & (4-F-1 H-HIE-1-5) 8B 0.01ZE/R
(IR ENER) . 0.18ZE/RIRIRE . 0. 15 B /R =R IR . 0.02%
BEIR3-FMEIE . 0.18Z B /R = RIFEEIR, 152 ERIENER, 7E100°C
o FEHT00 rpm FHEPE R N20/N S, A IR R RE, W EIBR S, IS mL
K, R OEEFEBGIK, &HETMEIFHEH.S gi/KMIRE T, T8, Wk
Wds, FRTAEENT A, BT AT SRR R TR H30: 1 A v EE: £
MR GV, B2 EWTY, T E79%-

[0082]  FTfE BAnFUIMEGE R Bk Bk EmEE E S BImE13. K14, El15F
EN6TR, SHRAEEER T IR

[0083]  'H NMR (400 MHz, CDCl 5) 6 = 7.53-7.49 (m, 1H), 7.27 (s, 1H), 6.83-6.79 (m, 2H),
1.36 (d, J = 14.8 Hz, 18H), 1.16 (s, 21H);

[0084]  1BC NMR (100 MHz, CDCl 5) 8 = 156.1 (d, J = 248.8 Hz), 140.5 (d, J = 9.4 Hz),
134.4 (d, J=7.4 Hz), 128.0 (d, J = 4.6 Hz), 120.4 (dd, J = 22.2, 4.5 Hz), 108.7 (d, J =
4.0 Hz), 107.1 (d, J = 18.8 Hz), 106.7, 103.3 (d, J = 5.0 Hz), 94.2, 39.3 (d, J = 66.8
Hz),27.1,18.8, 11.5;

[0085] 3P NMR (162 MHz, CDCl 5) 8 = 63.40-62.48 (m);

[0086]  F NMR (376 MHz, CDCl 5) 6 = -120.43 (t, J = 7.0 Hz);

[0087] IR (KBr) vau 2946, 2871, 1593, 1479, 1361, 1247, 1116, 1007, 882, 799, 662, 480
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cm L
HRMS (ESI) Calcd for C ,H 4FNOPSi [M+H] *: 476.2908, Found 476.2910-
22 DA RN B bR P BRI AT

%

f rerereres. %

SIS 4

=L 516

FERNEFIMAONZE/R T H (4-1-1 H-HI0E-1-5) ALk 0012 /K
TR EE) . 0.18BEERERIRHL . 0.152 B /R R T RRIRE . 0.02%
PEIR2-IRIEIE . 0.18F B /R — RINEEERIUR, 1LSZ TR, 7E90°C.
FET700 rpm NPV 127N G, IEINEA AR, WEIRZER, TIAS mLK
. MZBRCBERRGIX, IR ERO.S TOKMIBE T 1, TI8, sk
Y6, FLESHEEVT B, PR ZATEBIRC AR EL30: 1 £ EE: ORR
LBRRETEN, RBEIEVTY, T 360%-

Frfs BAnr e EGE 8 sk EANREE o il 17 BRI 19, 4514
FAEEAR U T PR

'H NMR (400 MHz, CDCl ;) 6 =7.49 (d, J = 8.0 Hz, 1H), 7.34 (s, 1H), 7.12 (d, J =
8.0 Hz, 1H), 6.84 (d, J=2.0 Hz, 1H), 1.35 (d, J = 14.8 Hz, 18H), 1.16 (s, 21H);

13C NMR (100 MHz, CDCl 3) 6 = 138.8, 133.9, 130.2 (d, J = 4.1 Hz), 128.7 (d, J =
4.5Hz), 126.3,121.5, 111.2, 106.6, 106.2 (d, J = 4.8 Hz), 95.9, 39.3 (d, J = 66.6 Hz),
27.1,188, 11.5;

P NMR (162 MHz, CDCl 3) 8 = 63.49-62.60 (m);
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[0096]

[0097]
[0098]

[0099]
[0100]

[0101]

[0102]

[0103]

[0104]

11

IR (KBr1) v 2946, 2868, 1468, 1348, 1239, 1122, 998, 884, 812, 751, 637, 472 cm

-1.

’

HRMS (ESD) Caled for C ,H ,CINNaOPSi [M+Na] *: 514.2432, Found 514.2438-
PN G TRER AV 7 b oy T

o R Bu
‘Bu
TIPS

St 517

TERCNE IO NZEER T B (4081 H-WIBe-1-5) FABE. 0.01ZE R
(IR EAER) . 0.18ZERIKIRE . 0152 /R =F IR . 0.02%2
FEIR3-RMEIE . 018 /R = R IR, 152 FRIERER, 7L90°C.
FEHT700 rpm FERFERCN 12/, A R, @REIRER, JIAS mLK
, HZMRCBEHBBIX, BIFEVMTEHO.S g /KMIRE TR, S8, WHEHk
Y5, FEIEENT R, T ORI AT 30 1A A TR EE: LR
CERREWN, B2 BT, 77 HE53%-

FIrG BFRm i Eak B Bis A e B ol 20, BR1MER2207R, 4514
RAOEEAR W T FrR:

'H NMR (400 MHz, CDCl ;) 8 =7.42 (d, J = 8.2 Hz, 1H), 7.34 (s, 1H), 7.28 (d, J =
8.0 Hz, 1H), 6.80 (d, J=2.0 Hz, 1H), 1.35 (d, J = 14.8 Hz, 18H), 1.16 (s, 21H);

13C NMR (100 MHz, CDCI 3) 6 = 138.3, 134.0, 132.0 (d, J = 3.9 Hz), 128.6 (d, J =
4.6 Hz), 124.7,115.0, 111.7, 108.1 (d, J = 4.6 Hz), 106.6, 96.1, 39.3 (d, J = 66.6 Hz),
27.1,18.8, 11.5;

3P NMR (162 MHz, CDCl 3) § = 63.60-62.70 (m);
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[0105] IR (KBr) v, 2942, 2866, 1466, 1342, 1238, 1123, 993, 878, 811, 744, 657,473 cm

-1.

’

[0106] HRMS (ESI) Calcd for C »;H ,;BrNNaOPSi [M+Na] +: 558.1927, Found 558.1931-
[0107]  ZZLL FEARHENT BAn ) 05T -

///////;///a‘s

s

5}'5 vlv " ‘v"
"“4,"7« £F N
j-ywswa‘;‘

PRI,

g
o

[0108]  SEhtf5I8

[0109]  FERNETIIA0IREE/R T & (5-FHE:-1 H-HIEk-1-5) S, 0.01=2E
IR R AN 8. 018 EE/RIKIREL . 0.15Z B /R = H P LI . 0.02
ZFEIR3-FMIE. 0.18ZEE/R = RINEEENIR, 15Z2THFEFRIEREGH, 7E90°C
< FEH700 rpm ARPESRB 12N S, b AR R, WEIRER, IIAS mL
K, R OEEFEBGIK, &HETMEIFHEH.S gi/KMIRE T, T8, Wk
W4E, FET AR s, BT AR BT R HL30: 1 80 T £
M CERR-ATET, BB BT, TR ER79%-

[0110] AR B~ EaE Kl il EABaE o Rl k23 E24mERsSFR, 4
FALEAR W R

[0111]  'H NMR (400 MHz, CDCl ;) § = 7.37 (s, 1H), 7.33 (s, 1H), 7.25 (s, 1H), 6.61 (d, J =
2.0 Hz, 1H), 2.38 (s, 3H), 1.34 (d, J = 14.4 Hz, 18H), 1.17 (s, 21H);

[0112]  BC NMR (100 MHz, CDCl ;) § = 136.8, 134.6, 131.8 (d, J = 4.2 Hz), 130.9, 128.2
(d, J=4.9Hz), 121.3, 111.9, 107.6 (d, J = 5.7 Hz), 94.2, 39.2 (d, J = 67.5 Hz), 27.1,
20.7,18.8, 11.6;

[0113] 3P NMR (162 MHz, CDCl ;) § = 61.91-61.02 (m);
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[0114] IR (KBr) v, 2944, 2867, 1466, 1381, 1239, 1124, 991, 878, 753, 661, 608, 473 cm

-1.

’

[0115]  HRMS (ESI) Calcd for C H ,NOPSi [M+H] +: 472.3159, Found 472.3163-
[0116] Z DL EEERHENT B 10055/ a0 -

H 3 ﬁ g, c"-“ﬁ‘f?\"

WM
4

g 5
o
i
43
e

R P
e

[0117]  SEhEf519

[0118]  FERNETIIA0IREE/R T & (5-FEE-1 H-Hb-1-5) S, 001=2
BER (IR ENER) . 0. 102 B /REIRER . 0.202 B8 /% =& IR . 0.
02ZE/R3-EMEIE . 0.18Z /R = RIAERERERE, LS FRIEREN, 7690
°C. FGHT700 rpm MEFERN 127N )5, (I R iR, WEIEER, IIAS
mL/K, HZROEEZEBRIR, SIFEVAEIFEHO.S ¢ o/KIIRET B, TIE,
FEWR4E, FES i ENr s et B AR BT AR H 10: 1 89 v ik
LR CBRIR GV, 158 B4, 7 248%-

[0119] AR Bin~#eEag Kl i EABag i a-nl k26 E27rER8FR, 45t
FALEAR W R

[0120]  'H NMR (400 MHz, CDCl 5) 6 =7.27 (d, J = 2.4 Hz, 1H), 7.19 (d, J = 2.4 Hz, 1H),
7.03 (d, J =2.4 Hz, 1H), 6.61 (d, J = 3.2 Hz, 1H), 3.81 (s, 3H), 1.33 (d, J = 14.4 Hz,
18H), 1.16 (s, 21H);

[0121]  3C NMR (100 MHz, CDCl 5) 6 = 154.4, 133.5, 132.4 (d, J = 4.2 Hz), 128.8, 121.8,
113.0, 107.8 (dd, J = 4.4, 3.3 Hz), 107.0, 104.0 (d, J = 1.4 Hz), 94.8,39.2 (d, J = 67.3
Hz),27.1,18.8, 11.5;

[0122] IR (KBr) vae 2045, 2870, 1679, 1595, 1467, 1387, 1228, 1947, 805, 660, 472 cm !



WO 2020/177347 PCT/CN2019/113792

[0123]
[0124]
[0125]

[0126]
[0127]

[0128]

[0129]

[0130]

14

3P NMR (162 MHz, CDCl1 5) 6 = 62.12-61.21 (m);
HRMS (ESI) Caled for C »xH ,NO ,PSi [M+H] +: 488.3108, Found 488.3111-

Z DL B ARIER HAr Y asmamT :
HaCO__

LIl

57t 510

TERNETIIANONZEER T B (5-%-1 H-WIPe-1-5) FBE. 0.01ZE R
(IR EAER) . 0.18ZERIKIRE . 0152 /R =F IR . 0.02%2
FEIR2-IRMEIE . 018 /R = R IAEEREMR, 152 FRIERER, 7£90°C.
FEHT700 rpm FERFERCN 12/, A R, @REIRER, JIAS mLK
, HZMRCBEHBBIX, BIFEVMTEHO.S g /KMIRE TR, S8, WHEHk
45, FEHEENT B, BRSO N TR H30:1 094 THEE: LR
CERRGWT, /BB Y), 77 E56%-

S BRI G . B B AL A R 20, 130, K31
327, GEMRAEEAR T

'H NMR (400 MHz, CDCl 3) 6 = 7.34 (s, 1H), 7.28 (d, J = 9.6 Hz, 1H), 7.20 (d, J =
8.0 Hz, 1H), 6.65 (s, 1H), 1.34 (d, J = 14.8 Hz, 18H), 1.16 (s, 21H);

13C NMR (100 MHz, CDCl 3) 6 = 157.7 (d, J = 237.4 Hz), 135.1, 132.4 (dd, J = 10.3,
4.1 Hz), 129.7 (d, J = 4.6 Hz), 120.4 (d, J = 25.6 Hz), 113.3 (d, J = 10.2 Hz), 107.9 (t,
J=4.6Hz),106.7 (d, J = 22.9 Hz), 106.2 (d, J = 2.0 Hz), 96.3, 39.3 (d, J = 67.0 Hz),
27.1,18.8, 11.5;
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[0131]
[0132]
[0133]

[0134]
[0135]

[0136]
[0137]

[0138]

[0139]

[0140]

15

3P NMR (162 MHz, CDC1 ;) 6 62.90-62.00 (m);
YF NMR (376 MHz, CDCl ;) 6 -123.43 (t, J = 9.0 Hz);
IR (KBr1) v 2945, 2870, 1581, 1467, 1381, 1234, 1138, 985, 871, 802, 662, 476 cm

-1.

’

HRMS (EST) Caled for C »H »,FNOPSi [M+H] *: 476.2908, Found 476.2913-
PN G TRER AV 7 b oy T

N
k]
EE
EE
EE
it
i3

TIPS

St 511

TER R IIAOIZE /R T HE (5-8-1 H-BIPE-1-2) &, 0.01ZEER
(IR EAER) . 0.18ZERIKIRE . 0152 /R =F IR . 0.02%2
FEIR2-IRMEIE . 018 /R = R IAEEREMR, 152 FRIERER, 7£90°C.
FEHT700 rpm FERFERCN 12/, A R, @REIRER, JIAS mLK
, HZMRCBEHBBIX, BIFEVMTEHO.S g /KMIRE TR, S8, WHEHk
Y5, FEIEENT R, T ORI AT 30 1A A TR EE: LR
CERREWN, B2 HRTY), 77 F46%-

FIrG BFRm ik B Bis A B o an 33 BB34MEBS IR, 45t
RAOEEAR W T FrR:

'H NMR (400 MHz, CDCl ;) 8 =7.49 (d, J = 8.0 Hz, 1H), 7.34 (s, 1H), 7.12 (d, J =
8.0 Hz, 1H), 6.84 (d, J=2.0 Hz, 1H), 1.35 (d, J = 14.8 Hz, 17H), 1.16 (s, 21H);

13C NMR (100 MHz, CDCI 3) 6 = 138.8, 133.9, 130.2 (d, J = 4.1 Hz), 128.7 (d, J =
4.5Hz), 126.3,121.5, 111.2, 106.6, 106.2 (d, J = 4.8 Hz), 95.9, 39.3 (d, J = 66.6 Hz),
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27.1,18.8, 11.5;
[0141] 3P NMR (162 MHz, CDCI 5) 6 63.49-62.60 (m);
[0142] IR (KBr) Vi 2939, 2868, 1459, 1372, 1235, 1132, 997, 879, 757, 671, 474 cm
[0143]  HRMS (ESI) Calcd for C »H ,;CINNaOPSi [M+Na] *: 514.2432, Found 514.2435-
[0144]  ZZLL FEARHENT B AR 05T -

Cle

%

ettt ‘;“,;‘

N
v\""'\ﬁ 3 T \\\:‘z}

D aeaaiiie

[0145]  SEhEfEI12

[0146]  TERNETIIAOIREE/R T & (3-FH:-1 H-HIkk-1-5) S, 0.01=ZE
IR RERNED 8. 0202 B /RIKIREL . 0.10Z B /R — & P LI . 0.02
ZERER3-EMIE . 0.18Z /R = RINEREREMRE, LSZAFRIEREN, 7E90°C
o FRERT00 rpm FHEPE RN 127N, A IR R R, W EIEEE, IS mL
K, R OEEFEBGIK, &HETMEIFHEH.S gi/KMIRE T, T8, Wk
W4E, FETALENT s, B AR E ST B R H30: 1 A B £
M CERR-ATET, BB Y), T %84%-

[0147] PR BP0 E0E K i EABRE o Rl k36 EI37REIBRSFTR, 45t
FALEAR W R

[0148]  'H NMR (400 MHz, CDCl ) 6 =7.57 (d, J = 7.2 Hz, 1H), 7.46 (d, J = 7.6 Hz, 1H),
7.12/(t, J = 7.2 Hz, 1H), 7.04 (s, 1H), 2.29 (s, 3H), 1.34 (d, J = 14.8 Hz, 18H), 1.16 (s,
21H);

[0149]  3C NMR (100 MHz, CDCl ;) 6 = 138.9, 133.5, 132.3 (d, J = 3.9 Hz), 125.2 (d, J =
2.5Hz), 121.1, 119.1, 116.6 (d, J = 5.2 Hz), 112.4, 107.6, 94.6, 39.1 (d, J = 67.7 Hz),
27.1,18.8,11.5,9.7;
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[0150]
[0151]
[0152]
[0153]

[0154]
[0155]

[0156]

[0157]

[0158]

17

3P NMR (162 MHz, CDCl 5) 8 61.79-61.08 (m);
IR (KB) vy 2943, 2869, 1466, 1390, 1228, 1128, 1005, 908, 743, 660, 474 cm 1
HRMS (ESI) Caled for C »H ,,NOPSi [M+H] *: 472.3159, Found 472.3161-

22 D) FEERIES HART PG a0 T -

L5113

FERBEFIIANONZE R T HE (1 H-BE-1-5) Sl 0.012EE/R =(
TR HE . 0.18SEEEREAIREL . 0.155BEE R = R IGREIRA . 0.0258 5
IR3-FMERE. 0. 18R/ T B AEEENR, 152 FRIERNER, 7290°C
o FRERT00 rpm FHEPE RN 127N, A IR R R, W EIEEE, IS mL
K, R OEEFEBGIK, &HETMEIFHEH.S gi/KMIRE T, T8, Wk
Wds, FRTAEENT A, BT AT SRR R TR H30: 1 A v EE: £
M CERR AV, B2 B, 7 %84%-

S Br 0B B Bl AR 5 B39 E40FnE 41 R, S5
FALEAR AT PR

'H NMR (400 MHz, CDCl 3) 8 =7.54 (d, J = 7.6 Hz, 1H), 7.30 (d, J = 1.6 Hz, 1H),
7.11(t,J = 7.6 Hz, 1H), 6.69 (s, 1H), 1.35 (d, J = 14.8 Hz, 18H), 0.99 (s, 9H), 0.21 (s,
6H);

13C NMR (100 MHz, CDCl 5) 8 = 138.7, 133.0, 131.5 (d, J=4.0 Hz), 1282 (d, J =
4.8 Hz), 121.6, 121.3, 112.1, 108.1 (d, J = 5.0 Hz), 106.1, 96.2, 39.3 (d, J = 67.3 Hz),
27.1,26.4,17.0, -4.5;
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[0159] 3P NMR (162 MHz, CDCl 5) 6 62.80-61.92 (m);

[0160] IR (KBr) v, 2951, 1686, 1490, 1399, 1257, 1124, 988, 818, 739, 661, 598, 525 cm
B

[0161]  HRMS (ESD Calcd for C »4H ;,NOPSi [M+H] *: 416.2533, Found 416.2531-

[0162] LA LEAEHENT B AR YIS a0 F -

[0163]  FRSEHEBI N AR BRI SR T o0, (HAR R BHESEHE S AU A 32 B SC i ]
FURRM), HERMEMRT EA L AR S R T I . . B
o HE A, BRCOVEMEESR N, BESERZARRTERE Z -
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[BUFIEESR 4]

[FUF 3K 5]

[FUF 3K 6]
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19

P ZE SR

— AR 7 REG IR SR G RO, BRIEET, B8
PR

NN, IARY T E (1 BB 1-5) BERERILEY.
BREd . HEERMEILA . ST ECARIRT, FE80~100°C M HFESAL,
MR IFRAZEER, T8 s Eailt, JEIINR7-REBIRIL
&Y.

RV ZSRIITR B G O R, BFIEET . A0 R 22 N
FREAR PR

P d TN
20T a2 Sy
Riep 0 R TN
\\\ ,‘f-e’*m.,N . L - g 3 3 i o
oy el B T ; ’595" By
= g B, %E Q7
M oF '\;'BU X By
‘Bu L
Ri-

£, RUZB&E. 4FHE. +-FEE. 4TEE. 45 458 41
CS-FEL S-FEE. 5. S-EA-AESR—FLLLE;
R2AZFNERER . BT HE A EREE P —Hh;

XA TRER-
REDCMZSRIER TR & RO, BAFETE T, It
FEMR A« (305 25 PR B = (0 2 PR R ) — S P A — el 0
MRL L AR BRI IR S T & (1 B-miEk-1-5) & i
R AW 0B IR H70.05~0.15: 1
REDCMZSRIER TR & RO TE, BAFETE T, ke A0 A&
S5TRTE (1 HRRE-1-5) SR ENEIR T 1.6~2.6:1-
REDCMZSRIER TR & O TE, BAFIETE T, ISt h i E
FEEL IR &Y, mEE . IR . SR, BRI —R Rl b
5 = # PR iR 4152
REDCMZSRIER TR & RO TE, BAFETE T, IR Ebsf) haf
FIMABES R TE (1 H
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-EIiR-1-) FA R YRR /R LR 1.0~2.0:1, FRRE MR
HemAES ZRTE (UH

-WIR-1-55) AR G I EE /R L 1.0~2.0: 16

REDCMZESRIE TR & U, BAIETE T, FTRFL A R 3- St
MEE2-IRINIE; FTAFARIIIA RS T E (1 H-mPE-1-5) fib
R AW EE IR HER0.1~0.3: 16

BN ZSRIE TR & RO, BAFIETE T, IR
BN ZESRIE TR & O, BAFIETE T, TR i e SR (I
8] }96~20/]N5F o
REDCMZSRIE TR & RO, BAFIETE T, TR 5 s b i) #
VER: RN CERREL, &IFEHAE, FHTKRIRE T
TR, EAERRENIEN, BT, SRR, BBINRT-
BB RAL S )
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'H NMR (400 MHz, CDCls)
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3C NMR (100 MHz, COCly)
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3C NMR (100 MHz, CDCly)
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13C NMR (100 MHz, CDCly)
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