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Phosphine-Catalyzed [3+2] Annulations with y-Methyl Allenoates
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Abstract The phosphine-catalyzed [3+2] annulation of y-methyl allenoates with 2-arylidene-1H-indene-1,3(2H)-diones is
reported. In the reaction, a series of highly functionalized spiro[4.4]dec-6-ene skeletons were obtained in moderate to good
yields and high diastereoselectivities. It should be noted that the perfect a-regioselective annulation adducts were obtained with
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simple PPh; catalyst.
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Scheme 1 Different styles for phosphine-catalyzed domino
reaction with p-substituted allenoates
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Table 1 Optimization of reaction conditions

CO,Et
Catalyst
Solvent, r.t.

Entry  Catalyst (mol%) Solvent Time/h dr Yield"/%
1 Ph;P (20) THF 12 911 72
2 (4-FCg¢Hy);P (20) THF 23 38:1 33
3 (4-MeOCg¢Hy);P (20) THF 24 — Trace
4 Ph,PMe (20) THF 23 171 12
5 PBu; (20) THF 24 — Trace
6° PhsP (20) THF 30 — 0
77 PhsP (20) THF 2 59:1 6l
8 PhsP (10) THF 28 — Trace
9 PhsP (30) THF 20 56:1 50
10 PhsP (50) THF 2 36.1 34
11 Ph;P (20) CHCl; 18 5511 13
12 PhsP (20) CH,Cl, 18 1.6:1 6
13 PhsP (20) Toluene 20 52:1 72
14 PhsP (20) CH;CN 20 —  Trace
15 Ph;P (20) 1,4-Dixoane 4 64:.1 82

LA 1,4- S ONIE IS, SR EF(3R 1, Entries
11~15). EA MRS 2 PPhy (20 mol%)fFE A
3, 1,4- " ONHONER, EERZME TN 4 h
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Table 2 Scope of reaction substrates

CO5R
PPh3 (20 mol%)
1 ,J4-dixoane, r.t.

O’d

CO,R
3
Entry Ar R Time/h  Yield"/% dr

1 Ph Et 4 82 6.4:1
2 2-MeC¢H, Et 34 57 9:1
3 3-MeCgH, Et 2 67 4:1
4 4-MeCeH, Et 23 39 5:1
5  2-BrCg¢H, Et 48 66 10:1
6  3-BrC¢H, Et 20 68 5:1
7 4-BrCeH, Et 17 47 7:1
8  4-MeOC¢H, Et 21 75 5:1
9  2-CIC¢H, Et 17 79 10:1
10 4-CIC¢H, Et 12 57 5:1
11 2-FCeH, Et 24 76 9:1
12 4-FCH, Et 7 38 10:1
13 24-CLCH; Et 24 87 >20:1
14 1-Naphthyl Et 24 79 8:1
15  2-Naphthyl Et 34 42 1:1
16  2-Thienyl Et 24 74 >20: 1
17 3-Thienyl Et 34 54 >20: 1
18 2-Furyl Et 24 84 10:1
19 2-Styryl Et 34 41 3:1
20 Ph Bn 22 40 3:1
21 Ph Me 10 78 4:1

“ Unless otherwise mentioned, the reaction was performed with 1a (0.1 mmol),

2a (0.2 mmol) in 2.0 mL of solvent. ?

0 °C.“Reaction temperature: 50 C.
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Isolated yield. © Reaction temperature:

“ Unless otherwise stated, the reactions were performed with 1 (0.1 mmol), 2
(0.2 mmol) in 2.0 mL of solvent. * Isolated yield.
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S-F L2 FRH 13- AR -1, 3 AR R TR [3] 4 -
1,2- i ]-3- 4 -3- H R L W6 (3a): F A E A, =23 82%.
m.p. 105.7~105.9 ‘C; '"H NMR (300 MHz, CDCl;) ¢:
7.96 (d, J=7.5 Hz, 1H, ArH), 7.77~7.57 (m, 3H, ArH),
7.12~6.97 (m, 3H, ArH), 6.95~6.79 (m, 3H, ArH, C=
CH), 4.77 (t, J=2.5 Hz, 1H, CHPh), 4.13~3.99 (m, 2H,
OCH,), 3.60~3.52 (m, 1H, CHCH3), 1.11~1.04 (m, 6H,
CHCH;, CH,CH;); *C NMR (75 MHz, CDCl;) d: 202.8,
198.0, 164.1, 147.1, 142.9, 141.8, 137.1, 135.9, 135.3,
134.5, 128.5, 127.8, 127.0, 123.0, 122.9, 68.7, 60.3, 59.4,
45.8, 14.7, 14.0;, HRMS (ESI) calcd for Cy3H;04 [M+
H]" 361.1434, found 361.1433.

S5-I 2-(ARH 2K FE)-1"3"- 41,3 - A IR R3]
J#i-1,2'-21]-3-FH R 418 (3b): A ER, F2% 57%; m.p.
143.1~143.5 C; 'H NMR (300 MHz, CDCls) §: 7.77~
7.61 (m, 3H, ArH), 7.59~7.46 (m, 2H, ArH), 7.01 (d, J=
7.7 Hz, 1H, C=CH), 6.87~6.69 (m, 3H, ArH), 3.97 (q,
J=7.1 Hz, 2H), 3.69~3.66 (m, 1H, CHAr), 2.75~2.53

B2 HLERHE

Scheme 2 Proposed mechanism
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(m, 3H, CHCHs,), 2.17 (s, 3H, CH;), 1.89~1.71 (m, 1H,
CHCH,), 0.99 (t, J=7.1 Hz, 3H, CH,CH;); °C NMR (75
MHz, CDCls) 6: 202.7, 202.0, 165.4, 146.7, 142.4, 142.3,
137.7, 135.6, 134.6, 134.5, 130.6, 129.6, 127.3, 126.7,
125.8, 122.6, 122.0, 61.2, 61.0, 42.6, 26.7, 25.1, 19.5, 13.7;
HRMS (ESI) caled for CyHp0, [M+H]" 375.1591,
found 375.1590.

5-F -2 -(J) FR 2R L )- 11,3 = 4-10,3"- AU A K[ 3]
I75-1,2'-2i]-3-H R 4B 3e): AR, 723 67%; m.p.
112.9~113.1 ‘C; '"H NMR (300 MHz, CDCl;) : 7.84~
7.50 (m, 5H, ArH), 6.93~6.64 (m, 4H, ArH, C=CH),
3.99 (q, J=7.1 Hz, 2H, OCH,), 3.31 (d, J=12.4 Hz, 1H,
CHAr), 2.86~2.47 (m, 3H, CHCH3), 2.10 (s, 3H,CH;),
1.99~1.82 (m, 1H, CHCH;), 1.01 (t, J=7.1 Hz, 3H,
CH,CH3); *C NMR (75 MHz, CDCls) d: 203.15, 201.38,
165.45, 146.76, 142.86, 141.79, 138.72, 137.52, 134.43,
128.97, 128.81, 127.97, 127.80, 125.10, 122.36, 122.00,
61.40, 60.97, 47.78, 26.38, 23.42, 21.06, 13.63; HRMS
(ESI) caled for CpHy30, [M+H]" 375.1591, found
375.1591.

5-F B2 (R R 2R 3E)-11,3"- - 11,3- —EIZ 3R IR [3]
#5-1,2"-E11-3-H R 4B (3d): s R, 7% 39%;
'H NMR (300 MHz, CDCl3) é: 7.71 (dd, J=5.9, 2.0 Hz,
1H), 7.63~7.49 (m, 4H), 6.77 (dd, J=26.9, 8.1 Hz, 4H),
3.95 (q, J=7.1 Hz, 2H, OCH,), 3.38~3.23 (m, 1H,
CHAr), 2.81~2.46 (m, 3H, CHCHj;), 2.05 (s, 3H, CHs),
1.92~1.80 (m, 1H, CHCH;), 0.96 (t, J=7.1 Hz, 3H,
CH,CH;); *C NMR (75 MHz, CDCls) 6: 203.3, 201.6,
165.5, 146.8, 142.9, 141.8, 136.7, 135.8, 134.5, 134.4,
129.0, 128.6, 127.9, 122.5, 122.1, 61.3, 61.0, 47.5, 26.4,
23.6, 20.7, 13.6; HRMS (ESI) calcd for Cp4H,30, [M+
H]" 375.1591, found 375.1591.

5- IR 2-(2-VR A HE)-1' 3 - 10,3 AR [FR R3]
15-1,2'-E1]-3-FHF R L (3e): FAE, 775 66%; m.p.
133.2~133.5 ‘C; '"H NMR (300 MHz, CDCl5) : 8.02 (d,
J=7.4 Hz, 1H), 7.83~7.67 (m, 3H), 7.32~7.20 (m, 3H),
7.05~6.97 (m, 2H), 5.15 (s, 1H, CHAr), 4.19~3.94 (m,
2H, OCH,), 3.51~3.35 (m, 1H, CHCH3), 1.10~1.06 (m,
6H, CHCH,;, CH,CH3); C NMR (75 MHz, CDCl;) o:
202.5, 197.2, 163.7, 147.4, 142.5, 141.5, 137.8, 135.7,
135.4, 134.9, 132.2, 130.6, 128.6, 127.0, 125.0, 123.5,
122.8, 65.4, 60.4, 56.7, 47.5, 16.0, 13.9; HRMS (ESI)
caled for CyHyBrO, [M + H] ©  439.0539, found
439.0539.

5-HI L2 (3- VR A HE)-1' 3 - 10,3 AR [FR R3]
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i-1,2'-E]-3-H R ZE(3): BB MERAE, PR 68%;
'H NMR (300 MHz, CDCLy) 6: 7.99 (d, J=7.4 Hz, 1H),
7.83~7.60 (m, 3H), 7.19 (d, J=7.9 Hz, 1H), 7.05~6.80
(m, 4H, ArH, C=CH), 4.71 (t, J=2.6 Hz, 1H, CHAr),
4.17~4.02 (m, 2H, OCH,), 3.62~3.46 (m, 1H, CHCH,),
1.13~1.08 (m, 6H, CH,CH;, CHCH;); *C NMR (75
MHz, CDCl;) 0: 202.5, 197.8, 163.8, 147.6, 142.8, 141.7,
139.6, 136.1, 135.6, 134.0, 131.6, 130.2, 129.3, 127.3,
123.2, 123.1, 121.9, 68.3, 60.5, 58.5, 46.1, 14.7, 14.0;
HRMS (ESI) caled for Cp;H,BrO, [M+H]" 439.0539,
found 439.0536.

5-F -2 (4- TR IE)- 11,3 40103 AR PR 1[3]
i-1,2-E11-3-H R B8 (3g): B MERAR, P2 47%;
'H NMR (300 MHz, CDCLy) 6: 7.96 (d, J=7.3 Hz, 1H),
7.82~7.59 (m, 3H), 7.19 (d, J=8.4 Hz, 2H), 6.86 (t, J=
2.3 Hz, 1H), 6.78 (d, J=8.3 Hz, 2H), 4.73 (t, J=2.6 Hz,
1H, CHAr), 4.20~3.94 (m, 2H, OCH,), 3.61~3.44 (m,
1H, CHCH3), 1.15~1.02 (m, 6H, CHCH;, CH,CH;); "*C
NMR (75 MHz, CDCly) &: 202.6, 197.9, 163.8, 147.4,
142.8, 141.7, 136.3, 136.1, 135.6, 134.1, 130.9, 130.3,
123.1, 123.1, 121.0, 68.4, 60.4, 58.4, 46.2, 14.6, 14.0;
HRMS (ESI) caled for Cp3H,BrO, [M+H]" 439.0539,
found 439.0536.

5-FRAE-2-(4- AR R )-10,3- 410, 3- AR 3
IR [31)-1,2'-Efi]-3-H R 4.BE(3h): B EREA, 72% 75%;
'H NMR (300 MHz, CDCly) d: 7.78~7.69 (m, 1H),
7.64~7.51 (m, 4H), 6.85 (d, J=8.7 Hz, 2H), 6.46 (d, J=
8.7 Hz, 2H), 3.95 (q, J=7.1 Hz, 2H, OCH,), 3.58 (s, 3H,
OCHa,), 3.28 (d, J=12.4 Hz, 1H, CHAr), 2.81~2.45 (m,
3H, CHCHj;), 1.88~1.83 (m, 1H, CHCHj3), 0.97 (t, J=7.1
Hz, 3H, CH,CH;); C NMR (75 MHz, CDCly) 6: 203.4,
201.64, 165.4, 158.5, 146.8, 142.9, 141.8, 134.6, 134.5,
131.0, 129.1, 129.0, 122.5, 122.1, 113.4, 61.4, 61.0, 55.1,
47.0, 26.4, 23.8, 13.6; HRMS (ESI) calcd for Cp4H,;05
[M+H]" 391.1540, found 391.1540.

5-HIFE-2- (-G HL)-1,3- - 11,3 AR K [3]
W5-1,2'-Bf1]-3-H R 4R (31): AEEE, 7% 79%; m.p.
103.4~103.8 ‘C; '"H NMR (300 MHz, CDCl;) ¢: 8.01 (d,
J=17.5 Hz, 1H), 7.85~7.61 (m, 3H), 7.19 (d, J=2.8 Hz,
2H), 7.08 (t, J=3.0 Hz, 2H), 6.96 (t, J=2.2 Hz, 1H), 5.16
(t, J=2.0 Hz, 1H, CHAr), 4.14~4.00 (m, 2H, OCH,),
3.50 ~3.43 (m, 1H), 1.12~1.01 (m, 6H, CH,CH,,
CHCH3); C NMR (75 MHz, CDCl;) d: 202.5, 197.4,
163.7, 147.6, 142.3, 141.5, 136.0, 135.7, 135.4, 134.5,
133.9, 130.5, 128.8, 128.3, 126.4, 123.4, 122.8, 65.7, 60.4,
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54.2, 47.3, 15.8, 13.9; HRMS (ESI) caled for C,3H,ClO,
[M+H]" 395.1045, found 395.1042.

5- IR 2-(4-5UHEHD)-1'3- - 10,3 AR [FR R3]
W5-1,2-Bl1-3-H IR 4 B83)): EaFMERIA, F 57%;
'H NMR (300 MHz, CDCLy) &: 7.95 (d, J=7.5 Hz, 1H),
7.79~7.61 (m, 3H), 7.02 (d, J=8.2 Hz, 2H), 6.85~6.81
(m, 3H), 4.73 (t, J=2.6 Hz, 1H, CHAr), 4.14~3.97 (m,
2H, OCH,), 3.57~3.48 (m, 1H, CHCH3), 1.13~1.01 (m,
6H, CHCH,;, CH,CH3); C NMR (75 MHz, CDCl;) o:
202.6, 198.0, 163.9, 147.4, 142.8, 141.7, 136.1, 135.8,
135.5, 134.2, 132.8, 129.9, 128.0, 123.1, 68.5, 60.4, 58.4,
46.1, 26.9, 14.6, 14.0; HRMS (ESI) calcd for Cy3HyC10,4
[M+H]" 395.1045, found 395.1045.

5-FHE-QQ-FIEIL)-1',3"- T 4H-2-13"- S MBI R [3]
Ji-1,2-E1]-3-H R L B8 (3K): S EBBPERK, 72K 76%;
'H NMR (300 MHz, CDCly) d: 8.04 (m, 1H), 7.85~7.65
(m, 3H), 7.19~6.98 (m, 3H), 6.95 (t, J=2.3 Hz, 1H),
6.74~6.68 (m, 1H), 5.05 (s, 1H, CHAr), 4.22~4.04 (m,
2H, OCH.,), 3.62~3.53 (m, 1H, CHCH3), 1.18~1.08 (m,
6H, CHCH;, CH,CH;); *C NMR (75 MHz, CDCl;) o
202.2, 197.8, 163.9, 160.2 (d, J=245.7 Hz), 147.7, 142.0
(d, J=44.1 Hz), 135.8, 135.5, 133.5, 130.4 (d, J=3.9 Hz),
128.7 (d, J=8.3 Hz), 124.9, 124.7, 123.6 (d, J=3.4 Hz),
1233, 122.8, 114.7, 114.4, 66.7, 60.4, 46.5, 15.0, 14.0;
HRMS (ESI) caled for C,3HyFO, [M+H]" 379.1340,
found 379.1339.

5-H R 2-(4- T A HL)-1'3- - 10,3'- AR [FR R3]
15-1,2"-Bl1-3-FH R LB 31): s thEmik, % 38%;
'H NMR (300 MHz, CDCLy) &: 7.97 (d, J=7.3 Hz, 1H),
7.82~7.56 (m, 3H), 6.89~6.84 (m, 3H), 6.75 (t, J=8.7
Hz, 2H), 4.76 (t, J=2.6 Hz, 1H, CHAr), 4.24~3.92 (m,
2H, OCH,), 3.59~3.52 (m, 1H, CHCH3), 1.14~1.02 (m,
6H, CHCH,;, CH,CH3); C NMR (75 MHz, CDCl;) o:
202.7, 198.1, 164.0, 161.7 (d, J=245.5 Hz), 147.3, 142.9,
141.8, 136.0, 135.5, 134.3, 132.9 (d, J=3.2 Hz), 130.1 (d,
J=8.1 Hz), 123.0 (d, J=3.9 Hz), 114.9, 114.6, 68.6, 60.4,
58.5, 45.9, 14.6, 14.0; HRMS (ESI) calcd for Cy3HaoFO,
[M+H]" 379.1340, found 379.1340.

S-FEE-2-(2,4- “RAHL)-1'3- R -1,3- AR
IR [314i-1,2'-Ef]-3-F R £ FE(3m): A, 7<% 87%;
m.p. 109.4~109.7 ‘C; 'H NMR (300 MHz, CDCl;) §:
8.01 (d, J=7.1 Hz, 1H), 7.87~7.66 (m, 3H), 7.21~7.11
(m, 3H), 6.96 (t, J=2.3 Hz, 1H), 5.10 (t, J=2.0 Hz, 1H,
CHAr), 4.20~3.99 (m, 2H, OCH,), 3.50~3.41 (m, 1H,
CHCH,), 1.12 (t, J=7.1 Hz, 3H, CH,CHj3), 1.07 (d, J=7.4
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Hz, 3H, CHCH;); °C NMR (75 MHz, CDCLy) 6: 202.2,
197.4, 163.5, 147.9, 142.2, 141.4, 1359, 135.7, 134.8,
134.4, 134.2, 133.4, 131.3, 128.6, 126.8, 123.5, 122.9,
65.4, 60.6, 53.6, 47.5, 15.8, 14.0; HRMS (ESI) calcd for
Ca3H oCLO4 [M+H]" 379.1340, found 379.1340.

5-F L 2-(1-253E)-1,3"- —4(-1',3- — SB[ R3]
Wi5-1,2'-2li]-3-H R ZBE(3n): ALK, 773% 79%; m.p.
106.8~107.1 ‘C; 'H NMR (300 MHz, CDCl5) 6: 7.88 (d,
J=17.5 Hz, 1H), 7.66~7.49 (m, 5H), 7.42~7.12 (m, 5H),
6.99 (s, 1H), 5.64 (s, 1H, CHAr), 4.19~3.92 (m, 2H,
OCH,), 3.64 (d, J=7.1 Hz, 1H, CHCH;), 1.13 (d, J=7.3
Hz, 3H, CHCHj3), 1.00 (t, J=7.0 Hz, 3H, CH,CH;); "*C
NMR (75 MHz, CDCL) &: 203.6, 197.6, 164.2, 146.9,
142.3, 141.6, 135.7, 135.2, 135.0, 133.5, 133.4, 131.5,
128.7, 127.6, 127.5, 125.7, 125.0, 125.0, 122.9, 122.7,
122.6, 67.6, 60.3, 53.7, 46.7, 152, 14.0; HRMS (ESI)
calcd for C;Hp304 [M+H]" 411.1591, found 411.1592.

5-F 3L 2-(2-25 3E)-1'3- 4 (-1',3- SR FA R3]
J5-1,2"-E1-3-H R Z.BR(30): & B, PR 42%;
'H NMR (300 MHz, CDCl3) d: 7.99 (d, J=7.6 Hz, 1H),
7.77~7.46 (m, 6H), 7.42~7.29 (m, 3H), 7.09 (dd, J=8.5,
1.5 Hz, 1H), 6.92 (t, J=2.3 Hz, 1H), 4.98 (t, J=2.6 Hz,
1H, CHAr), 4.14~3.95 (m, 2H, OCH,), 3.67~3.54 (m,
1H, CHCHj3), 1.13 (d, J=7.4 Hz, 3H, CHCH;), 1.04 (t,
J=17.1 Hz, 3H, CH,CH;); "C NMR (75 MHz, CDCl;) o:
203.0, 198.0, 1642, 147.1, 142.9, 141.8, 135.9, 135.3,
134.9, 134.7, 132.9, 132.5, 127.8, 127.5, 127.5, 127.4,
126.8, 125.7, 125.6, 123.1, 123.0, 68.7, 60.4, 59.2, 46.2,
14.7, 14.0; HRMS (ESI) caled for CyHy0, [M+H]"
411.1591, found 411.1591.

5-F L2 (2-MEWY HE)-1'3'- 4R - 1", 3'- EUB[FF R3]
Wi-1,2-E]-3-F R 4. FR(3p): ik, F=% 74%; 'H
NMR (300 MHz, CDCL) 6: 7.99 (d, J=6.8 Hz, 1H),
7.85~7.68 (m, 3H), 7.01 (d, J=4.5 Hz, 1H), 6.85 (t, J=
2.2 Hz, 1H), 6.77 (dd, J=5.0, 3.6 Hz, 1H), 6.62 (d, J=3.3
Hz, 1H), 4.96 (t, J=2.2 Hz, 1H, CHAr), 4.19~4.01 (m,
2H, OCH,), 3.52~3.45 (m, 1H, CHCHj3), 1.15~1.10 (m,
6H, CH,CH;, CH,CH3); *C NMR (75 MHz, CDCl;) §:
202.3, 197.6, 163.8, 146.8, 143.0, 141.7, 140.2, 136.0,
135.5, 134.5, 126.8, 126.6, 124.5, 123.2, 123.1, 67.8, 60.4,
53.5, 45.9, 15.2, 14.0; HRMS (ESI) calcd for CyH;oSO,
[M-+H]" 367.0999, found 367.0999.

5-F L (3-MEMY HE)-1',3'- 4R -1",3'- AUB[FF R3]
W-1,2-E1]-3- R LB (3q): s FIERE, 725 54%;
'H NMR (300 MHz, CDCl;) d: 7.96 (d, J=6.9 Hz, 1H),
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7.82~7.66 (m, 3H), 7.02 (dd, J=4.9, 3.0 Hz, 1H), 6.82 (t,
J=2.3 Hz, 1H), 6.76~6.69 (m, 1H), 6.65 (dd, J=5.0, 1.2
Hz, 1H), 4.85 (t, J=2.7 Hz, 1H, CHAr), 4.20~3.97 (m,
2H, OCH,), 3.61~3.47 (m, 1H, CHCH3), 1.13~1.09 (m,
6H, CHCH,;, CH,CH3); C NMR (75 MHz, CDCl;) o:
202.7, 198.2, 164.0, 146.6, 142.9, 141.8, 137.8, 136.0,
135.4, 134.5, 128.1, 124.7, 123.0, 122.9, 122.7, 68.5, 60.3,
54.2, 45.5, 14.6, 14.0; HRMS (ESI) calcd for CyH ;oSO
[M+H]" 367.0999, found 367.0998.

5-F3E-2-(2-MRIH3E)-1',3- 4 -1',3- ~ SB[ FF K [3]
Hi5-1,2-811-3-H iR 2. K5 (3r): Ok, 7% 84%; 'H
NMR (300 MHz, CDCl;) d: 8.07~7.95 (m, 1H), 7.92~
7.73 (m, 3H), 7.14 (s, 1H), 6.86 (t, J=2.1 Hz, 1H), 6.20~
6.11 (m, 1H), 5.93 (d, J=3.1 Hz, 1H), 4.75 (s, 1H, CHAr),
4.28~4.03 (m, 2H, OCH,), 3.45~3.38 (m, 1H, CHCHj,),
1.19 (t, J=7.1 Hz, 3H, CH,CHs), 1.13 (d, J=7.4 Hz, 3H,
CH,CH3); *C NMR (75 MHz, CDCly) d: 202.1, 197.3,
163.6, 151.1, 147.0, 142.8, 141.6, 141.4, 135.9, 135.5,
132.7, 123.4, 123.1, 110.3, 108.0, 65.9, 60.5, 51.3, 46.5,
15.3, 14.1; HRMS (ESI) calcd for C;H;9Os [M—}—H]+
351.1227, found 351.1230.

(E)-5-F3E-2-F8 20 2E-1' 3- 4 -1',3- AU 3R L,
[3])5-1,2"-E]-3-F R 2. HE(3s): FOEE, 7% 41%; 'H
NMR (300 MHz, CDCl;) d: 8.01~7.95 (m, 1H), 7.94~
7.88 (m, 1H), 7.84~7.75 (m, 2H), 7.23~7.09 (m, 5H),
6.74 (t, J=2.1 Hz, 1H), 6.22 (t, J=6.6 Hz, 2H), 4.33~
4.05 (m, 3H, CHAr, OCH,), 3.48~3.41 (m, 1H, CHCHj,),
1.27~121 (m, ,3H, CH,CH;), 1.10 (d, J=7.4 Hz, 3H,
CHCH;); *C NMR (75 MHz, CDCl;) d: 202.7, 199.0,
163.9, 146.0, 142.9, 142.1, 136.7, 136.1, 135.8, 135.6,
134.9, 132.5, 128.3, 127.4, 127.2, 126.4, 123.3, 67.7, 60.4,
55.7, 46.4, 14.9, 14.2; HRMS (ESI) calcd for C,sH,;0,
[M+H]" 387.1591, found 387.1591.

5-F k-2 SR JE - 10,30 AR <1030 AR [ I [3] 4 -
1,2'-E]-3-45-3- R G (3t): B (B PEmifk, 7% 40%;
'H NMR (300 MHz, CDCly) &: 7.97 (d, J=7.5 Hz, 1H),
7.80~7.65 (m, 2H), 7.59 (d, J=7.5 Hz, 1H), 7.30~6.85
(m, 11H), 5.06 (dd, J=45.0, 12.6 Hz, 2H, OCH,), 4.81 (t,
J=2.6 Hz, 1H, CHAr), 3.63~3.51 (m, 1H, CHCHj,), 1.11
(d, J=7.4 Hz, 3H, CHCH3); *C NMR (75 MHz, CDCl,)
5: 202.8, 198.0, 163.9, 148.1, 142.9, 141.8, 137.0, 135.9,
135.7, 135.3, 134.1, 128.6, 128.3, 127.9, 127.8, 127.1,
123.02, 122.9, 68.7, 66.1, 59.4, 45.8, 14.7; HRMS (ESI)
caled for CogHp304 [M+H]" 423.1591, found 423.1591.

S-F R FR 10,3 A1, 3 AR [ R (3] -
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1,2'-8]-3-45-3- R AR (Bu): FH DR, 77 78%;
'H NMR (300 MHz, CDCLy) 6: 7.97 (d, J=7.5 Hz, 1H),
7.76 (td, J=7.4, 1.2 Hz, 1H), 7.69 (td, J=7.4, 1.2 Hz, 1H),
7.59 (d, J=7.5 Hz, 1H), 7.08~7.04 (m, 3H,), 6.91~6.84
(m, 3H, Ar, CH=C), 4.78 (t, J=2.6 Hz, 1H, CHAr), 3.63
(s, 3H, OCHs), 3.56 (dt, J=7.4, 2.6 Hz, 1H, CHCH), 1.11
(d, J=7.5 Hz, 3H, CHCH3); °C NMR (75 MHz, CDCl,)
8: 202.8, 198.0, 164.6, 147.6, 142.9, 141.8, 136.9, 135.9,
135.3, 134.1, 128.5, 127.9, 127.1, 123.0, 122.9, 68.6, 59.3,
51.6, 45.8, 14.7; HRMS (ESI) caled for CogH304 [M+
H]" 347.1278, found 347.1261.

%5 Bh #1 ¥} (Supporting Information) 7% 3 ) 'H
NMR. "C NMR FI7=4) 3e [ 5454, X sepbklar oo
G B WAST R 36 (http://sioc-journal.cn/)_I T %,
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