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9] CO 7153t 9l¥ 2-methyl-3-butyn-2-ol hex-
acarbonyldicobalt(9.2 mg, 0.025 mmol, 5 mol %)l
1,2-DME (5 mL)Z 7}3F g-o8oj] CyNHy(9 pL, 0.075
mmol)g 73ttt o] E3FAE 65°CoA] 15~30%7t
8kt Fol| EZ v}lZ diethyl 2-(2-propenyl)-2-(2-pro-
pynl) propan-1,3-dioate 1a(119 mg, 0.5 mmol}E 54}
712 7t o] Hh-EFAE 65°CellA A3
1247k vke-A1 7|3 Algo2 Yok g8 E-
t0Ac(7Z} 1 mL)E 7}8te] 3087} tl715elA A5
3, EtOAC(50 mL)Z 3Z&3}o] thA] 23525 mL)
2 HAo]F F NaSO,2 AxA e} v A3}
7 Are]le  flash ZZotE (SO, 15%
EtOAc/Hex, 30% EtOAc/Hex 422 2 A )ale] 5
2r o] A E 114 mg(86%) Y ich. 'H-NMR(CDCl)
85.89(s, with fine structure, 1H, C=CH), 4.24~4.13
(m, 4H, 2CH,0), 3.35~3.18(m, 2H), 3.14~3.00(m,
1H), 2.76(dd, J=12.7, 7.6 Hz), 2.59(dd, J=17.9, 6.4
Hz, 1H), 2.09(dd, J=17.8, 3.2 Hz, 1H), 1.70(app t, J=
12.7 Hz, 1H), 1.21(app g, J=7.3 Hz, 6H); "C-NMR
(CDCly) 8209.1(C), 185.2(C), 171.3(C), 170.6(C),
125.4(CH), 61.9(CH,), 61.8(CHy), 60.8(C), 44.9(CH),
42.0(CH,), 38.8(CH,), 35.0(CH,), 13.8(CHs); IR(thin
film) 3086, 2982, 2938, 1733, 1636, 1465, 1445,
1278, 1254, 1179, 1063, 900, 860 cm .
3,3a,4,5-Tetrahydro-3a-methyl-5-0xo0-2,2(H)-pen-
talenedicarboxylic acid diethyl ester (2b)2| £HAd.
919 2a¢} 72 A& A 45t Y QA E
128 mg(92%)3331c}. 'H-NMR(CDCls) 85.75(d, J=1.6
Hz, 1H, C=CH), 4.19(q, J=7.2, 2H, OCH,), 4.11(dq,
J=1.1, 7.0 Hz, OCH,), 3.44(dd, J=17.7, 2.2 Hz, 1H),
3.12(d, 17.7 Hz, 1H), 2.51(d, J=13.7 Hz, 1H), 2.31(s,
2H), 2.17(d, J=13.7 Hz), 1.23~1.14(m, 5H, CH,CH3),
1.09(s, 3H, CH3); >C-NMR(CDCls) 8208.8(C), 188.2
(C), 171.4(C), 171.1(C), 124.2(CH), 124.1(CH), 62.0
(CH,, two peaks), 60.0(C), 51.7(CHy), 49.7(C), 44.4
(CH,), 34.2(CH,), 26.5(CHs), 13.9(CH;), 13.8(CHa);
IR(thin film) 3076, 2981, 2874, 1734, 1715, 1637,
1232, 1179, 1061, 859 cm .
1,2,4,6,7,7a-Hexahydro-2-oxo-5H-indene-5,5-di-
carboxylic acid diethyl ester (2¢)2] E4. $]°] 2a
o} e Alguyg AHgste] T4 AAS 91 mg
(54%)3 %1tk 'H-NMR(CDCly) 85.87(s, 1H, C=CH),

4.16~4.06(m, 4H, CH,0), 3.39(dd, J=4.2, 0.6Hz),
2.65~2.39(m, 4H), 2.12~2.04(m, 1H), 1.96~1.80(m,
2H), 1.28~1.23(m, 1H), 1.16(dt, J=1.9, 7.2 Hz, 6H,
CH;); *C-NMR(CDCl;) 8207.8(C), 178.7(C), 170.7
(C), 169.3(C), 129.4(CH), 61.8(CH,), 61.4(CHp), 56.3
(C), 41.7(CH,), 40.5(CH), 35.2(CH,), 30.49(CHp),
30.46(CH,), 13.8(CHj); IR(tin film) 3072, 2981,
2935, 2871, 1731, 1710, 1628, 1447, 1367, 1276,
1196, 1142, 1069, 1025, 860 cmfl; high resolution
mass spectrum caled. for CysHy00s(M") 280.1311,
found 280.1312.
2,3,3a,4-Tetrahydro-2-{(4-methylphenyl)sulfonyl]-
cyclopenta[Clpyrrol-5(1H)-one (2d)2| &M. £
2a8} & AFPHS A 4ste] AU, hex-
ane, 30% BtOAc/Hex, 50% EtOAc/Hex &2 2 A/
sle] 145.2~148°Colld =& 2 AAL 1155
mg(84%)A%ltt. mp 145.2~148°C; R=0.24(50%
EtOAc/Hex); '"H-.NMR(CDCl;) 87.60(d, J=8.3 Hz,
2H, Aromatic H), 7.23(d, J=8.2 Hz, 2H, Aromatic H)
5.87(s, 1H, C=CH), 4.21(d, J=16.5 Hz), 3.94~3.88(m,
2H), 3.10~2.96(m, 1H), 2.53~2.43(m, 2H), 2.32(s,
3H, CH;), 1.98~1.90 (m, 1H); BC-NMR(CDCly) &
207.2(C), 178.6(C), 144.0(C), 133.7(C), 129.9%(CH),
127.4(CH), 126.1(CH), 52.4(CH;), 47.5(CHy), 43.9
(CH), 39.7(CH,), 21.4(CHs); IR(KBr) 3067, 1711,
1648, 1343, 1162, 1090, 827, 673 cm
2,3,3a,4-Tetrahydro-2-[(4-methylphenyl)sulfonyl]-
3-methyl-cyclopenta[Clpyrrol-5(1H)-one (2¢)2| &
M. 9lo] 2ac} e AgH e A83tel F4H
1, hexane, 30% EtOAc/Hex, 50% EtOAc/Hex <2
2 AAsk B SARAEF 130 g%
o], 1.1:19] diastereomeric EY-Eo]{c}. "H.NMR
(CDCl3) 87.71(d, J=8.2 Hz, 2H, Aromatic H), 7.62(d,
J=82 Hz, 2H, Aromatic H) 7.30~7.27(m, 4H, Aro-
matic H), 6.02(s, 1H, C=CH), 5.79(s, 1H, C=CH),
4.36(d, J=16.7 Hz, 1H), 4.23~4.09(m, 4H), 2.97~2.27
(m, 3H), 2.50(dd, J=17.8, 6.3 Hz, 1H), 2.37(s with
shoulder, 6.5H), 2.30(d, J=6.6 Hz, 0.5H), 2.05(dd, J=
14.8, 3.5 Hz, 1H), 1.93(dd, J=179, 3.2 Hz, 1H),
1.55(d, J=5.9 Hz, 3H) 0.98(d, J=6.7 Hz, 3H); Be.
NMR(CDCl;) 8208.0(C), 206.8(C), 178.6(C), 176.2
(C), 144.0(C), 143.8(C), 135.8(C), 133.6(C), 129.9
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Table 1. Thermally promoted Pauson-Khand cyclizations catalyzed by 2-methyl-3-butyn-2-ol hexacarbonyldicobalt with
CyNH,
Entry Substrate Time(h) Product Yield(%)"

/
1 Et020\< : la 12 Et02C 2a 86

1c 12 EtO,C O 2¢ 54

EtO,

1b 12 E0,C 2b 92
¢

1d 12 2d 84°

CHa
5 TsN le 12 TSN®= 2e 90
\_—_.‘: O
~F TsN o
6 TsN 1f 14 2f 72¢
\——=——ph -

1g 13 2g 60°

CH,
>\¢ f
8 S 1h 13 (o) o 2h 80
\—_____

SCH,

*The reactions were carried out at 65°C with 0.1 M of substrate, 15 mol % CyNH, and 5 mol % alkyne-cobalt com-
plex. ®7.5 mol % alkyne-cobalt complex and 22.5% CyNH,. “1.1:1.0 ratio of diastereomers. 10 mol % alkyne-cobalt
complex. °5.0:1.0 ratio of diastereomers. ' 10:1 ratio of diastercomers.

(CH), 129.8(CH) 127.4(CH), 127.0(CH), 1262(CH,  (CH), 52.0(CH), 49.8(CH,, two peaks), 47.3(CH),
two peaks), 125.2(CH, two peaks), 61.9(CH), 563  46.3(CH,), 39.3(CH,), 37.2(CH,), 21.4(CHs) 20.5
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(CHs), 15.9(CH,); IR(KBr) 2971, 2928, 2973, 1715,
1652, 1598, 1448, 1344, 1164, 1092, 818, 700 cm ™Y
high resolution mass spectrum calcd. for C;sH7;NO3S
(M") 291.0921, found 291.0929 and 291.0926.
2,3,3a,4-Tetrahydro-2-[(4-methylphenyDsulfonyl]-
6-phenyl-cyclopenta[Clpyrrol-5-(1H)-one (22| 8}
M. $19] 2a9) e APPEL A ste] FHHA
7, hexane, 30% EtOAc/Hex, 50% EtOAc/Hex <
2 ZAste] FMuAES 1257 mg(72%) At
mp 165.2-166.5°C; 'H-NMR(CDCL,) §7.67(d, J=8.1
Hz, 2H, Aromatic H), 7.40~7.24(m, 7H, Aromatic H)
4.58(d, J=16.8 Hz, 1H), 4.06~3.98(m, 2H), 3.20~
3.07(m, 1H), 2.72(dd, J=17.8, 6.4 Hz), 2.57(dd, J=
10.6, 9.8 Hz), 2,.34(s, 3H, CHy), 2.19(dd, J=17.9, 3.7
Hz, 1H); "C-NMR(CDCl5) 8205.2(C), 171.7(C), 143.8
(C), 135.9(C), 133.9(C), 129.8(CH) 128.8(CH), 128.5
(CH), 128.1(CH), 127.2(CH), 51.9(CH,), 48.2(CH,),
417(CH), 40.6(CHp), 21.3(CH;); IR(KBr) 3056,
2923, 1709, 1661, 1245, 1158, 1093, 904, 816 cm” Y
high resolution mass spectrum caled. for CyHgNO3S
(M") 353.1086, found 353.1088.
Trans-3a,4-dihydro-3-methyl-1H-cyclopenta[C]
furan-5(3H)-one 2g)2| B1A. £]¢] 2a¢} 722 Ad
w8 z83led 3FAIS}9l a7, hexane, 10% EtOAc/
Hex 2 2 A7R3te] 4 oA 83 mg(60%) A2,
5:19] diastereomeric EZEo]grt. R=0.20(50%
EtOAc/Hex); 'H-NMR(CDCls) 86.0(app g, J=2.0 Hz,
1H), 4.72(d, J=16.2 Hz, 1H), 4.56(d, J=16.2 Hz, 1H),
3.56~3.45(m, 1H), 2.46~2.26(m, 1H) 2.57(ddd J=17.6,
6.4, 0.6 Hz, 1H), 2.07(ddd, J=17.6, 3.6, 0.6 Hz, 1H),
1.3%(d, J=6.0 Hz, 3H); *C-NMR(CDCls) §209.0(C),
185.3(C), 124.5(CH), 79.6(CH), 66.2(CH,), 52.3(CH),
38.6(CH,), 19.3(CH;); IR(thin film) 3083, 1716,
1651, 1645, 999, 846 cm .
Trans-3a,4-dihydro-3-methyl-6-methylthio-1H-
cyclopenta[Clfuran-5(3H)-one (2h)2| BHM. $]2
2a¢} Z& AgupHe AE3le] FAFAL, hex-
ane, 30% EtOAc/Hex, 50% EtOAc/Hex 2.2 A7)
8ol 67~68°CollA] = wia AAA AL 63 mg
(80%) 3%lc}. mp 67~68°C; R=0.45(50% EtOAc/
Hex); 'H-NMR(CDCL) 84.71(dd, J=16.3,1.5 Hz, 1H),
4.55(dt, J=16.3, 1.43 Hz, 1H) 3.49~3.40(m, 1H), 2.76

~2.68(m, 1H) 2.64(dd J=6.4, 17.1 Hz, 1H), 2.36(s,
3H), 2.11(dd J=17.4, 2.9 Hz, 1H) 1.36(d, J=6.0 Hz,
3H); “C-NMR(CDCly) 8205.1(C), 176.1(C), 132.9
(C), 79.9(CH), 66.6(CH,), 51.3(CH), 38.8(CHy), 194
(CH»), 14.6(CH3); IR(thin film) 1709, 1629, 1442,
1067 cm’™; high resolution mass spectrum calcd. for
CoH;,0,S(M") 184.0558 found 184.0556.

dat 3 1@
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