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Materials and Methods

General Information. NMR spectra were taken with aVarian Mercury-300 spectrometer (300 MHz for
'H NMR, 75.4 MHz for **C NMR) in CDCl;. Chemical shifts were recorded in ppm relative to internal
standard CDCl; and coupling constants were reported in Hz. The high resolution mass spectra were
recorded on a Finnigan MAT 8430 spectrometer. Other mass spectra were obtained on a Shimadzu
GCMS-2010 or Shimadzu LCMS-2010 spectrometer. Optical rotations were recorded on a PerkinElmer
341 (Manchester, U.K.) in a 10-cm cell. Méelting points were measured on a X-4 melting point apparatus
(Shanghai, China). IR studies were carried out on a Perkin-Elmer 983 spectrometer. X-ray intensity data
were measured at 293 K on a Bruker SMART APEX CCD-based X-ray diffractometer system equipped
with afine-focus Mo-target X-ray tube (? = 0.71073 A) operated at 1,500 W. The detector was placed at a

distance of 6.042 cm for the crystal. The frames were integrated with the SAINT software package



(Bruker, Billerica, MA) by using a narrow-frame integration algorithm. Enantiomeric excess (ee) was
determined by HPLC with a Chiralpak AD, AD-H, or AB-H column (Daicel Chemica Industries, Ltd.
Japan) and hexane/isopropanol as the eluent. All reactions were carried out in a oven dried Schlenk tube
under Ar atmosphere. All solvents were distilled from the indicated drying reagents right before use:
Toluene and THF (Na, benzophenone), CICH,CH,CI (P,Os), and MeCN, MeNO; (this solvent was first
digtilled from CaH,, then redistilled), DMSO, NMP, and DMF (CaH,). The norma work-up procedure
included extraction with Et,O or EtOAc, drying over Na,SO,4, and evaporation of solvent in vacuo.
Purification by column chromatography was performed using Huanghai (Shandong, China) silica gel H

(10-40 m).

2,3-Allenoic acid 2 were prepared according to the literature procedure.™

General Procedurefor the Preparation of the 1,5,7,8,9-Pentahydr ocyclopental h]- 2-benzopyran-3-
one Derivatives.

To adried and degassed Schlenk tube were added 2,3-allenoic acid 2 (0.33 mmol), Pd(PPhs)s (17 mg
5 mol%), 2,7-adkadiynoic carbonate 1 (0.3 mmol), and 3 mL of MeNO, sequentialy under Ar
atmosphere. The resulting mixture was stirred at 60 °C for 1h under Ar atmosphere. After the completion
of the reaction (monitored by TLC), remova of the solvent by evaporation and purification by column
chromatography on silicagel (eluent: CH,Cl, or petroleum ether/diethyl ether) afforded the pure expected

Pproduct 3 or 4.

(1) Synthesisof 1,1,4,5,5-Pentamethyl-8-tosyl-1,5,7,9-tetrahydropyrrol o[ 3,4-h]-2-benzopyran-3-one (3a).

— Pd(PPhg),  TsN

— HOOC MeNO,, 60 °C, 1 h
1a OCOOMe 2a



The reaction of 1a (110 mg, 0.3 mmoal), 2a (42 mg, 0.33 mmol), and Pd(PPhg)4 (17 mg, 0.015 mmol)
in 3 mL of nitromethane afforded 109 mg of 3a (87%) (eluent: CH,CI,): Corlorless solid, m.p. 172-173
°C (acetone/ethyl ether); *H NMR (300 MHz, CDCls): d 7.71 (d, J = 8.4 Hz, 2 H), 7.34 (d, J = 8.4 Hz, 2
H), 5.40 (s, 1 H), 4.16 (S, 2 H), 3.93 (S, 2 H), 2.43 (s, 3 H), 2.24 (s, 3 H), 1.53 (s, 6 H), 1.34 (s, 6 H); *°C
NMR (75.4 MHz, CDCls): d 16.7, 21.4, 26.6, 28.0, 38.6, 50.0, 52.3, 79.8, 122.8, 126.9, 127.6, 127.9,
129.8, 131.5, 132.2, 132.6, 144.1, 150.8, 165.4; MS(EI): m/z (%) 413 (M*, 15.07), 398 (M*-CHs, 4.05),
91 (100); IR (film): 1783, 1698, 1597, 1347, 1163 cm'™; Anal. calcd. for CasH27NO,S, C 66.80, H 6.58, N

3.39; Found, C 66.78, H 6.47, N 3.31.

Crystal data for 3a: Recrystallization from acetone and ethyl ether, CysHyNO,S, MW = 413.52,
Monoclinic, space group P2(1)/c, Mo Ka, fina R indices [I > 2s(I)], R1 = 0.0633, wR2 = 0.1486, R
indices (all data): R1 = 0.0963, WR2 = 0.1647; a= 12.6156(17) A, b = 7.5890(11) A, ¢ = 23.006(3) A, a
= 90°% b = 100.518(3)°, g = 90°, V = 2165.6(5) A%, T = 293(2) K, wavelength: 0.71073 A, Z = 4,
reflections collected/unique 12125/4704 (Rix = 0.1281), number of observation [I > 2s(1)] 2980,

parameters 268. Supplementary crystallographic data have been deposited a the Cambridge

Crystallographic Data Center. CCDC 675814.

(2) Synthesis of 4-Allyl-1,1,5,5-tetramethyl-8-tosyl-1,5,7,9-tetrahydropyrrol o[ 3,4-h]-2-benzopyran-

3-one (3b).

\
= \_>:‘:< Pd(PPhg),  TsN Q /
+
TsN HOOC

_ MeNO,, 60 °C, 1 h
2b o 0

3b

1a OCOOMe

Thereaction of 1a (110 mg, 0.3 mmol), 2b (50 mg, 0.33 mmol), and Pd(PPhs)4 (17 mg, 0.015 mmol)
in 3 mL of nitromethane afforded 101 mg of 3b (77%) (eluent: CH,Cl,): Corlorless solid, m.p. 147-148

°C (acetone/ethyl ether); *H NMR (300 MHz, CDCls): d 7.72 (d, J = 8.4 Hz, 2 H), 7.34 (d, J = 8.4 Hz, 2



H), 5.95-5.80 (m, 1 H), 5.45 (s, 1 H), 5.08-4.97 (m, 2 H), 4.18 (s, 2 H), 3.94 (d, J = 1.8 Hz, 2 H), 3.51 (d,
J=54Hz 2 H), 243 (s, 3H), 154 (s, 6 H), 1.31 (s, 6 H); *C NMR (75.4 MHz, CDCls): d 21.4, 28.0,
28.1, 33.4, 38.6, 50.0, 52.5, 79.7, 116.1, 1255, 127.2, 127.7, 129.8, 132.2, 132.3, 132.9, 136.3, 144.2,
151.4, 164.5; MS(El): mVz (%) 439 (M*, 22.43), 424 (M*-CHs, 16.55), 91 (100); IR (KBr): 1695, 1638,
1598, 1345, 1165 cm™; Anal. calcd. for CosH2oNO,S, C 68.31, H 6.65, N 3.19; Found, C 68.17, H 6.87, N

3.26.

(3) Synthesis of 5-Ethyl-5-phenyl-1,1,4-trimethyl-8-tosyl-1,5,7,9-tetrahydropyrrol o[ 3,4-h]-2-benzopyran-

3-one (3c).
— Pd(PPh
e ( 3)4 TsN
TsN +
— HOOC Et  MeNO, 60°C,1h
1a OCOOMe 2c

The reaction of 1a (109 mg, 0.3 mmol), 2c (67 mg, 0.34 mmoal), and Pd(PPhg)4 (17 mg, 0.015 mmol)
in 3 mL of nitromethane afforded 109 mg of 3c (74%) (eluent: CH,Cl,): Corlorless solid, m.p. 188-189
°C (acetone/ethyl ether); *H NMR (300 MHz, CDCls): d 7.71 (d, J = 8.4 Hz, 2 H), 7.35 (d, J = 8.4 Hz, 2
H), 7.32-7.18 (m, 3 H), 7.11 (d, J = 7.2 Hz, 2 H), 5.30 (s, 1 H), 4.29 (d, J = 16.2 Hz, 1 H), 4.17 (d, J =
16.2 Hz, 1 H), 4.01 (dd, J = 13.2, 1.2 Hz, 1 H), 3.85 (dd, J = 13.2, 1.2 Hz, 1 H), 2.45 (s, 3 H), 2.50-2.38
(m, 1H), 1.99 (g, J = 7.2 Hz, 1 H), 1.64 (s, 3 H), 1.61 (s, 3 H), 1.58 (s, 3 H), 0.76 (t, J = 7.2 Hz, 3 H); **C
NMR (75.4 MHz, CDCl3): d 8.8, 15.9, 21.5, 28.4, 28.5, 29.7, 50.0, 51.6, 52.4, 80.3, 124.9, 126.0, 126.7,
127.6, 1285, 128.8, 129.7, 129.9, 132.3, 132.4, 144.2, 145.8, 149.6, 165.0; MS(El): m/z (%) 489 (M",
10.34), 460 (M*-C,Hs, 11.48), 91 (100); IR (film): 1694, 1683, 1455, 1351, 1163 cm™; Anal. calcd. for

CaoH31NO4S, C 71.14, H 6.38, N 2.86; Found, C 71.02, H 6.54, N 2.75.

(4) Synthesis of 5-(4-bromophenyl)-5-methyl-1,1,4-trimethyl-8-tosyl-1,5,7,9-tetrahydropyrrolo-[ 3,4-h] -

2-benzopyran-3-one (3d)



Br

— Pd(PPhg),

_ HOOC MeNO,, 60 °C, 1 h

The reaction of 1a (109 mg, 0.3 mmol), 2d (86 mg, 0.33 mmol), and Pd(PPhs)4 (17 mg, 0.015 mmol)
in 3 mL of nitromethane afforded 141 mg of 3d (73%) (eluent: petrolem ether/ether 1 : 1): Corlorless
solid, m.p. 204-205 °C (acetone/ethyl ether); '"H NMR (300 MHz, CDCls): d 7.71 (d, J = 7.8 Hz, 2 H),
7.42 (d, J=8.7Hz, 2 H), 7.35(d, J= 8.7 Hz, 2 H), 7.02 (d, J = 7.8 Hz, 2 H), 5.31 (s, 1 H), 4.26 (d, J =
15.9 Hz, 1 H), 4.19 (d, J= 15.9 Hz, 1 H), 4.26 (d, J = 13.5Hz, 1 H), 4.26 (d, J= 13.5Hz, 1 H), 2.45 (s, 3
H), 1.64 (s, 3 H), 1.58 (s, 3 H), 1.56 (s, 3 H), 1.53 (s, 3 H); *C NMR (75.4 MHz, CDCls): d 16.2, 21.5,
229, 28.1, 28.2, 46.6, 50.0, 52.3, 80.2, 120.6, 124.3, 126.8, 127.0, 127.7, 129.9, 130.0, 131.5, 131.9,
132.2, 144.2, 144.4, 150.1, 164.9; MS(El): m/z (%) 555 [(*'Br)M"*, 15.14], 553 [(“Br)M*, 13.59], 91
(100); IR (film): 1696, 1597, 1567, 1487, 1345, 1163, 1095 cm™; Anal. calcd. for CasHoeBrNO,S, C

60.65, H 5.09, N 2.53; Found, C 60.57, H 5.24, N 2.59.

(5) Synthesis of 1-Phenyl-4,5,5-trimethyl-8-tosyl-1,5,7,9-tetrahydropyrrol o[ 3,4-h]-2-benzopyran-

3-one (3e).

\ / Pd(PPhy), TSN

HOOC MeNO,, 60 °C, 1 h

1b OCOOMe

The reaction of 1b (122 mg, 0.3 mmol), 2a (42 mg, 0.33 mmol), and Pd(PPhs)4 (19 mg, 0.016 mmol)
in 3 mL of nitromethane afforded 119 mg of 3e (86%) (eluent: CH,Cl,): Corlorless solid, m.p. 197-198
°C (acetone/ethyl ether); *H NMR (300 MHz, CDCls): d 7.65 (d, J = 7.8 Hz, 2 H), 7.40-7.20 (m, 7 H),
5.82 (s, 1 H), 5.47 (s, 1 H), 4.13-3.80 (m, 4 H), 2.42 (s, 3H), 2.16 (s, 3 H), 1.42 (s, 3 H), 1.31 (s, 3 H);

3C NMR (75.4 MHz, CDCl3): d 16.4, 21.5, 26.4, 26.7, 39.3, 50.4, 50.6, 120.5, 124.0, 126.2, 127.7, 127.8,



128.9, 129.8, 129.8, 132.4, 133.2, 134.5, 137.9, 144.1, 151.0, 165.1; MS(EI): m/z (%) 461 (M, 12.08),
446 (M*-CHs, 16.34), 91 (100); IR (film): 1737, 1365, 1353, 1229, 1217 cm; Anal. calcd. for

Co7H27NO,S, C 70.26, H 5.90, N 3.03; Found, C 69.89, H 5.84, N 2.84.

(6) Synthesis of 1-Propyl-4,5,5-trimethyl-8-tosyl-1,5,7,9-tetrahydropyrrol o[ 3,4-h]-2-benzopyran-3-one

(3).

— TsN
Yau— \ / Pd(PPh3),
TsN + X
— HOOC MeNO,, 60 °C, 1 h
OCOOMe 2a © ©
1c 3f

The reaction of 1c (112 mg, 0.3 mmol), 2a (43 mg, 0.33 mmol), Pd(PPhs)4 (17 mg, 0.015 mmol) in 3
mL of nitromethane afforded 105 mg of 3f (83%) (eluent: petroleum ether/ethyl ether = 1/1): Corlorless
solid, m.p. 151-152 °C (acetone/ethyl ether); *H NMR (300 MHz, CDCls): d 7.67 (d, J = 8.4 Hz, 2 H),
7.29 (d, J = 8.4 Hz, 2 H), 5.35 (s, 1 H), 4.76 (dd, J = 3.9, 9.0 Hz, 1 H), 4.05-3.82 (m, 4 H), 2.37 (s, 3 H),
2.14 (s, 3H), 1.82-1.65 (m, 1 H), 1.52-1.20 (m, 3 H), 1.37 (s, 3 H), 1.23 (s, 3H), 0.87 (t, J = 6.6 Hz, 3 H);
C NMR (75.4 MHz, CDCls): d 13.6, 16.3, 18.3, 21.4, 26.0, 26.7, 37.6, 39.0, 50.0, 50.5, 75.7, 122.3,
122.9, 127.6, 127.7, 129.8, 131.8, 132.4, 144.1, 150.3, 165.2; MS(EIl): m/z (%) 427 (M*, 22.56), 412 (M*-
CHa, 4.55), 91 (100); IR (film): 1737, 1719, 1701, 1698, 1460, 1376, 1350, 1164 cm™; Anal. calcd. for

Co4H29NO,S, C 67.42, H 6.84, N 3.28; Found, C 67.30, H 6.91, N 3.13.

(6) Synthesis of Spiro[cyclopetane-1,1-4',5',5-trimethyl-8'-tosyl-1',5',7',9'-tetrahydropyrrolo[ 3,4-h] -2

benzopyran -3-one] (3g).

— Pd(PPh TsN

— HOOC MeNO,, 60 °C, 1 h
OCOOMe 2a © ©




The reaction of 1d (119 mg, 0.31 mmoal), 2a (43 mg, 0.33 mmol), and Pd(PPhs)4 (16 mg, 0.015
mmol) in 3 mL of nitromethane afforded 97 mg of 3g (74%) (eluent: CH,ClI,): Corlorless solid, m.p. 183-
184 °C (acetonelethy! ether); *H NMR (300 MHz, CDCls): d 7.67 (d, J = 8.4 Hz, 2 H), 7.29 (d, J = 8.4 Hz,
2 H), 5.35 (s, 1 H), 4.14 (s, 2 H), 3.87 (d, J = 1.5 Hz, 2 H), 2.37 (s, 3H), 2.15 (s, 3 H), 2.18-1.65 (m, 8 H),
1.28 (s, 6 H); *C NMR (75.4 MHz, CDCls): d 16.7, 21.4, 22.8, 26.6, 38.65, 38.74, 49.9, 52.0, 90.0, 1235,
125.2, 127.6, 128.6, 129.8, 130.6, 132.3, 132.5, 144.1, 152.5, 165.7; MS(EIl): mVz (%) 439 (M*, 16.83),
424 (M*-CHs, 9.59), 91 (100); IR (film): 1696, 1597, 1450, 1350, 1163, 1095 cm™; Anal. calcd. for

CosH29NO,S, C 68.31, H 6.65, N 3.19; Found, C 68.43, H 6.68, N 3.06.

(8) Synthesis of Dispiro[cyclopetane-1,1'-1-methyl-8'-tosyl-1',5',7',9-tetrahydro- pyrrolo[3,4-h]-2'-

benzopyran -3-one-5',1"-cyclohexane] (3h).

. Pd(PPhy), TSN Y
\ﬁ HOOC MeNO,, 60 °C, 1 h o X0
OCOOMe 2e
1d 3h
Thereaction of 1d (117 mg, 0.3 mmol), 2e (54 mg, 0.33 mmol), and Pd(PPhs)4 (17 mg, 0.015 mmol)
in 3 mL of nitromethane afforded 101 mg of 3h (70%) (eluent: CH,CI,): Corlorless solid, m.p. 253-254
°C (acetone/ethyl ether); *H NMR (300 MHz, CDCls): d 7.70 (d, J = 8.1 Hz, 2 H), 7.33 (d, J= 8.1 Hz, 2
H), 6.17 (s, 1 H), 4.20 (s, 2 H), 3.95 (s, 2 H), 2.42 (s, 3 H), 2.30 (s, 3 H), 2.20-1.25 (m, 18 H); *C NMR
(75.4 MHz, CDCl3): d 17.6, 21.2, 21.4, 22.8, 24.5, 32.7, 38.7, 41.6, 50.3, 52.2, 89.7, 123.0, 126.2, 127.3,
127.7, 129.1, 129.8, 129.9, 132.4, 144.1, 152.9, 166.0; MS(El): mVz (%) 479 (M", 6.78), 464 (M*-CHs,

2.43), 91 (100); IR (film): 1739, 1729, 1371, 1366, 1347, 1229, 1217, 1157 cm; Ana. calcd. for

CoH33NO4S, C 70.12, H 6.93, N 2.92; Found, C 69.94, H 6.90, N 2.85.

(9) Synthesis of 6-Allyl-1,1,4,5,5-pentamethyl-8-tosyl-1, 5,7,9-tetrahydropyrrol o[ 3,4-h]-2-benzopyran-3-

one (3i).



/%/: Pd(PPh3),

— HOOC MeNO,, 60 °C, 1 h A

le OCOOMe 2a o o

3i

The reaction of 1e (119 mg, 0.3 mmol), 2a (43 mg, 0.33 mmoal), and Pd(PPhz)4 (18 mg, 0.015 mmol)
in 3 mL of nitromethane afforded 83 mg of 3i (61%) (eluent: CH,Cl, ~ CH.Cl,/diethyl ether 20/1):
Corlorless solid, m.p. 164-165 °C (acetone/ethyl ether); *H NMR (300 MHz, CDCl3): d 7.70 (d, J = 8.1
Hz, 2 H), 7.34 (d, J= 8.1 Hz, 2 H), 5.70-5.55 (m, 1 H), 5.12-5.00 (m, 2 H), 4.17 (s, 2 H), 3.91 (s, 2 H),
2.88 (d, J= 6.0 Hz, 2 H), 2.43 (s, 3 H), 2.25 (s, 3H), 1.53 (s, 6 H), 1.38 (s, 6 H); *C NMR (75.4 MHz,
CDCl3): d17.5, 21.5, 24.9, 28.1, 34.3, 41.7, 49.4, 52.5, 79.6, 116.9, 121.7, 125.5, 127.60, 127.64, 129.9,
131.8, 132.5, 133.7, 139.5, 144.2, 153.1, 165.8; MS(El): m/z (%) 453 (M*, 6.87), 410 (M*-allyl, 16.58),
384 (100); IR (film): 1755, 1694, 1597, 1556, 1456, 1348, 1164, 1095 cm™’; Anal. calcd. for CosHzNOS,

C 68.85, H 6.89, N 3.09; Found, C 68.74, H 6.77, N 3.06.

(10) Synthesis of 4-Butyl-1,1,4,5,5-pentamethyl-1,5,7,9-tetrahydrofuro[ 3,4-h]-2- benzopyran-3-one (3j).

/%/_/ . \ : Pd(PPhs), s
HOOC

0]
— MeNO,, 60 °C, 1 h

1f OCOOMe 2a o o

3

The reaction of 1f (80 mg, 0.3 mmal), 2a (41 mg, 0.33 mmol), Pd(PPhs)4 (18 mg, 0.015 mmol) in 3
mL of nitromethane afforded 66 mg of 3j (68%) (eluent: petroleum ether/CH.Cl, = 1/9): yellow oil; *H
NMR (300 MHz, CDCls): d 4.65 (s, 2 H), 4.47 (s, 2 H), 2.28 (s, 3 H), 2.10 (m, 2 H), 1.51 (s, 6 H), 1.47 (s,
6 H), 1.40-1.32 (m, 4 H), 0.92 (t, J = 6.6 Hz, 3 H); *C NMR (75.4 MHz, CDCls): d 13.7, 17.4, 23.3, 24.8,

27.9, 30.3, 31.7, 42.1, 69.3, 71.6, 79.5, 120.4, 123.1, 128.6, 135.7, 141.3, 154.2, 166.3; MS(EI): m/z (%)



316 (M*, 10.06), 301 (M*-CHs, 1.83), 231 (100); IR (film): 1757, 1696, 1554, 1461, 1344, 1226, 1122,

1071 cm™; HRMS: cacld. for CyoH2s03 [M*] 316.2038; Found, 316.2029.

(11) Synthesisof 8,8-Bis(ethoxycarbonyl)-4,5,5-trimethyl-1,5,7,8,9-pentahydrocyclopenta] h]-2-

benzopyran-3-one (3k).

E - Pd(PPha), E
. —— E
><:\ HOOC N

E — MeNO,, 60 °C, 1 h
OCOOMe 2a o~ ~o

E = COOEt 3K

1g
The reaction of 1g (98 mg, 0.3 mmol), 2a (42 mg, 0.33 mmol), and Pd(PPhz)4 (18 mg, 0.015 mmol)
in 3 mL of nitromethane afforded 64 mg of 3k (54%) (eluent: petroleum ether/ethyl ether = 1/1): Viscous
solid; *H NMR (300 MHz, CDCls): d 5.42 (s, 1 H), 4.84 (s, 2 H), 4.18 (g, J = 4.8 Hz, 4 H), 3.04 (s, 2 H),
3.00 (s, 2 H), 2.20 (s, 3 H), 1.36 (s, 6 H), 1.22 (t, J = 4.8 Hz, 6 H); *C NMR (75.4 MHz, CDCls): d 13.9,
16.3, 26.8, 37.2, 37.8, 39.2, 58.8, 61.9, 65.5, 118.2, 121.6, 130.6, 133.6, 136.8, 153.7, 166.6, 170.7;
MS(EI): mz (%) 374 (M*, 35.06), 359 (M*-CHs, 8.57), 227 (100); IR (film): 1732, 1702, 1405, 1400,

1367, 1250, 1190, 1068 cm™; HRMS: cacld. for CyH2606 [M*] 374.1729; Found, 374.1730.



(12) Synthesis of (R)-(-)-3-Ethyl-1,1,4,5,5-pentamethyl-8-tosyl-1, 5,7,9-tetrahydropyrrolo[ 3,4-h]-2-

benzopyran-3-one [R-(-)-3l].

1) Propionaldehyde
2) EtBr < " Jas / </
3) TMSCI, THF ovozym I _
=——MgBr ) > —TMS — > /—_—TMS+ ——TMS
4) 2N HCl HO vinyl acetate AcO HO
5 58% (R)-6 35% (S)-539%
/ 1) "BuLi /
/// NHTs " — TMS 2)acetone JS—
(S)-5 TsN TsN
DEAD/PPh, = 3) CICOOMe =
OCOOMe
THF R)784% Y TBAF R-(+)-1h 68%
(>99% ee) THF (>99% ee)

: COOH

Pd(PPh,),
MeNO,, 60 °C, 1 h

R-(-)-3l 73%
(>99% ee)

Scheme 1
(@ 1-(Trimethylsilyl)pentyn-3-ol (5).[2] To astirred solution of ethynyl magnesium bromide (0.2 mol) in
200 mL of THF was added over 30 min a solution of propionaldehyde (11.654 g, 0.2 mol) in 30 mL of
THF at 0 °C. The mixture was vigoroudly stirred at room temperature for 1 h and then heated to reflux for
30 min. To this mixture was slowly added over 30 min a solution of ethyl magnesium bromide (0.2 mol)
in 200 mL of THF at 0 °C. Then the mixture allowed to warm to room temperature naturally and stirred at
the temperature for another 1 h. A solution of chlorotrimethylsilane (TMSCI) (50.8 mL, d = 0.855, 43.463
g, 0.4 mol) in 30 mL of THF was added dropwise to the mixture at 0 °C. After the addition was complete,
the mixture was stirred for an additional hour a room temperature. The mixture was cautiously poured
into a 500 mL of 2 M HCI and the resulting mixture was stirred for half an hour. The organic phase was
separated and the aqueous phase was extracted with ether (50 mL x 3). The combined organic layers were
dried over sodium sulfate and concentrated. Flash chromatography (eluent: ether/petroleum ether = 5/1)
afforded product 5 (18.030 g, 58%) as a pale yellow oil. '"H NMR (300 MHz, CDCls): d 4.31 (g, J = 6.0

Hz, 1 H), 1.83 (bs, 1H), 1.78-1.63 (m, 2 H), 1.00 (t, J = 7.2 Hz, 3 H), 0.15 (S, 9 H).



(b) (9-1-(Trimethylsilyl)pent-1-yn-3-ol (S5).) Novozym 435 (1.021 g) was added to a solution of
racemic 5 (6.552 g) in 100 mL of vinyl acetate. The suspension was stirred at room temperature for 100
hr as monitored by TLC. The reaction mixture was diluted with 100 mL of diethyl ether and filtered.

Concentration and purification by flash chromatography on silica gel (petroleum ether/ether 5/1) afforded

(R)-6 (2.933 g, 35%) and (9-5 (2.539, 39%) as pae-yellow ail. (9-5: [a]?*°, = - 5.4 ° (c = 1.00, CHCl3);

'H NMR (300 MHz, CDCls): 4.37-4.25 (m, 1 H), 1.97 (bs, 1H), 1.78-1.63 (m, 2 H), 1.00 (t, J= 7.2 Hz, 3

H), 0.16 (s, 9H); (R)-6: [a]®, = + 126.5 ° (¢ = 1.00, CHCl3);*H NMR (300 MHz, CDCls): 5.32 (t, J =

6.6 Hz, 1 H), 2.07 (s, 3H), 1.75 (m, 2 H), 0.98 (t, J = 7.5 Hz, 3 H), 0.16 (s, 9 H).

() (R)-N-(2-proparyl)-N-(1-trimethylsilyl-1-pentyn-3-yl)tosylamide (R-7).1 Diethyl azodicarboxylate
(2.003 g, 11 mmol) was added dropwise to a solution of (§-5 (1.670 g, 10 mmoal), triphenylphosphine
(2.627 g, 10 mmol), and N-proparyl tosylamide (2.095 g, 10 mmol) in anhydrous THF (20 mL) at O °C.
Then the resulting yellow solution was allowed to warm to room temperature and stirred for 5 hours.
Then the solvent was evaporated and the residue was purified by flash chromatography on silica gel

(eluent: petroleum ether/ethyl ether = 7/1) to afford (R)-7 (2.939 g, 84%) as white solid (>99% ee, HPLC

conditions: AB-H column; rate, 0.6 mL/min; eluent, hexane/i-PrOH 95/5. ? = 230 nm). [a]?°, = + 124.3°

(c = 1.00, CHCl3). White solid, M.p. 61-62 °C (crystalization from petroleum ether); *H NMR (300 MHz,
CDCls): d 7.73(d, = 7.8 Hz, 2 H), 7.26 (d, J = 7.8 Hz, 2 H), 4.56 (t, J = 7.8 Hz, 1 H), 4.08 (dd, J = 18.3,
2.1 Hz, 1 H), 3.88 (dd, J=18.3, 1.5 Hz, 1 H), 2.39 (s, 3H), 2.19 (s, 1 H), 1.83 (dq, J = 7.8, 7.2 Hz, 2 H),
1.01 (t, J = 7.2 Hz, 3 H), -0.02 (s, 9 H); *C NMR (75.4 MHz, CDCl3): d -0.5, 10.8, 21.5, 28.5, 33.5, 53.2,
72.0, 79.6, 90.9, 101.1, 127.6, 129.4, 135.9, 143.5; MS(ESI): m/z 402 (M+MeOH+Na"), 370 (M+Na"); IR
(film): 3286, 2173, 1598, 1359, 1340, 1250, 1168 cm™; Anal. calcd. for CigHzsNO,SSi, C 62.21, H 7.25,

N 4.03; Found, C 62.11, H 7.19, N 4.03.



(d) (R)-N-(4-methyl-4-(methoxycar bonyloxy)pent-2-ynyl)-N-(1-pentyn-3-yl)-tosylamide (R-1h).l¥! To
asolution of (R)-7 (1.733 g, 5.0 mmol) in 20 mL of THF was added dropwise 2.4 mL of "BuLi (25M in
Hexane) at -78 °C. After lithiation for 20 min at -78 °C, anhydrous acetone (0.45 mL, 6.0 mmol) was
added at this temperature. The reaction mixture was warmed up to room temperature and stirred for 30
min. Then methyl chloroformate (658 mg, 0.54 mL, 9 mmol) was added at -78 °C. The mixture was
warmed to room temperature and quenched with aqueous NH,4Cl after 2 hours. The mixture was extracted
with ethyl ether, and the combined organic phase was dried over MgSO, and concentrated. The residue
was dissolved in 10 mL of THF and treated with TBAF (1.739 g, 6.0 mmol). The mixture was stirred for
30 min at room temperature. The mixture was diluted with 100 mL of ether and washed with water (30
mL X 2). The organic phase was dried over N&,SO, and evaporated. Purification by flash chromatography

on silicagel (eluent: petroleum ether/ethyl ether = 10/1) afforded (S)-1h (1.340 g, 68%). (>99% ee, HPLC

conditions: AD column; rate, 0.6 mL/min; eluent, hexane/i-PrOH 90/10. ? = 230 nm). [a]®°, =+ 63.5°(c

= 1.00, CHCl3). White solid, M.p. 69-70 °C (crystalization from petroleum ether); *H NMR (300 MHz,
CDCls): d 7.73 (d, J = 8.1 Hz, 2 H), 7.26 (d, J = 7.8 Hz, 2 H), 4.63-4.55 (M 1 H), 4.22 (d, J = 18.3 Hz, 1
H), 4.03 (d, J= 18.3 Hz, 1 H), 3.71 (s, 3 H), 2.39 (s, 3H), 2.17 (5, 1 H), 1.90-1.75 (m, 2 H), 1.56 (s, 6 H),
0.97 (t, J = 3.3 Hz, 3H); 3C NMR (75.4 MHz, CDCl3): 20.8, 21.4, 28.30, 28.34, 33.6, 52.0, 54.2, 73.9,
74.1, 80.0, 80.3, 83.8, 127.5, 129.4, 136.4, 143.5, 153.3; MS (ESI): m/z 414 (M+Na'); IR (film): 3278,
1764, 1600, 1441, 1357, 1340, 1275, 1167, 1138, 1092 cm*; HRMS (ESI): cacld. for CxH2sNOsSNa"

[M+Na'] 414.1346; Found, 414.1348.

(e) Synthesis of R-(-)-3l.
Following the general procedure, the reaction of R-(+)-1h (116 mg, 0.3 mmol, 99.3% ee), 2a (44 mg,
0.33 mmoal), and Pd(PPhs)4 (17 mg, 0.015 mmol) in 3 mL of nitromethane afforded R-(-)-3l (93 mg, 73%

yield) (eluent: petroleum/ethyl ether = 1/1) (>99% ee, HPLC conditions. AD-H column; rate, 0.7

mL/min; eluent, hexane/i-PrOH 95/5. ? = 230 nm). [a]?°; = - 46.1 ° (c = 1.00, CHCl3). White solid, m.p.



175-176 °C (acetonelethyl ether); *H NMR (300 MHz, CDCls): d 7.60 (d, J = 8.1 Hz, 2 H), 7.21 (d, J =
8.1 Hz, 2 H), 5.19 (s, 1 H), 4.22 (d, J = 18.3Hz, 1 H), 4.03 (d, J = 18.3 Hz, 1 H), 2.33 (s, 3H), 2.15 (s, 3
H), 1.62 (m, 2 H), 1.53 (s, 3 H), 1.35 (s, 3 H), 1.32 (s, 3 H), 1.01 (s, 3 H), 0.90 (t, J = 7.2 Hz, 3 H); *C
NMR (75.4 MHz, CDCls): d 9.1, 16.7, 21.3, 26.0, 26.8, 27.5, 28.29, 38.34, 51.7, 63.4, 79.7, 122.5, 126.6,
127.2, 129.6, 132.0, 132.1, 132.7, 134.4, 143.8, 150.8, 165.4; MS(El): m/z (%) 441 (M", 17.3), 426 (M*-
CHa, 3.84), 91 (100); IR (film): 1696, 1450, 1342, 1163, 1120, 1090, cm’*; Anal. calcd. for CosHaNO,S,

C 68.00, H 7.08, N 3.17; Found, C 67.92, H 7.08, N 3.24.

(13) Synthesis of 1,1-Dimethyl-5-(naphthal en-1-yl)-4-propyl-8-tosyl-1,4,7,9- tetrahydropyrrolo[ 3,4-h]-2-

benzopyran-3-one (4a).

S O Pd(PPhs),

TsN + TsN
— _ MeNO,, 60 °C, 1 h
0COoOMe HOOC ?

The reaction of l1a (111 mg, 0.305 mmol), 2f (85 mg, 0.337 mmol), and Pd(PPhs)4 (17 mg, 0.015
mmol) in 3 mL of nitromethane afforded 112 mg of 4a (69%)(eluent: CH,Cl,). Corlorless solid, m.p. 203-
204 °C (acetone/ethy! ether); *H NMR (300 MHz, CDCls): d 7.95-7.82 (m, 2 H), 7.80 (d, J = 8.1 Hz, 2 H),
7.58-7.25 (m, 5 H), 7.35(d, J = 8.1 Hz, 2 H), 7.21 (d, J = 7.2 Hz, 1 H), 7.08 (s, 1 H), 4.34 (d, J = 10.2 Hz,
1 H), 4.80-4.62 (M, 2 H), 4.47 (d, J = 13.2 Hz, 1 H), 2.41 (s, 3H), 1.79 (s, 3 H), 1.75 (s, 3H), 1.36 (q, J =
9.3 Hz, 1 H), 1.05-0.95 (m, 2 H), 0.70-0.55 (m, 1 H), 0.01 (t, J = 6.6 Hz, 3 H); *C NMR (75.4 MHz,
CDCl3): d12.2, 20.2, 21.4, 29.8, 30.2, 38.2, 40.3, 52.8, 54.2, 84.0, 125.1, 125.2, 125.3, 125.9, 126.2,
126.9, 127.6, 128.3, 128.4, 129.8, 130.1, 132.2, 132.95, 133.00, 133.8, 134.3, 136.0, 136.2, 139.5, 143.9,
171.2; MS(ESI): m/'z594 (M+Na'+MeOH), 562 (M+Na'); IR (film): 1736, 1460, 1365, 1352, 1229, 1217,

1164, 1097 cm™; Anal. calcd. for CssHasNO,S, C 73.44, H 6.16, N 2.60; Found, C 73.30, H 6.24, N 2.49.



(14) Synthesis of 5-(4-Bromophenyl)-1,1-dimethyl-4-propyl-8-tosyl-1,4,7,9- tetrahydropyrrolo[ 3,4-h]-2-

benzopyran-3-one (4b).

Br ! Br

/T Pd(PPh3), TsN O
TsN +
- HOOC MeNO,, 60 °C, 1 h
OCOOMe 29 @] @]
la
4b

The reaction of 1a (111 mg, 0.3 mmol), 2g (93 mg, 0.33 mmoal), and Pd(PPhg)4 (17 mg, 0.015 mmol)
in 3 mL of nitromethane afforded 92 mg of 4b (59%) (eluent: CH,Cl,). White solid, m.p. 202-203 °C
(acetone/ethy! ether); *H NMR (300 MHz, CDCls): d 7.77 (d, J = 8.4 Hz, 2 H), 7.54 (d, J = 8.4 Hz, 2 H),
7.34(d, J=8.4Hz, 2 H), 7.07 (d, J = 8.4 Hz, 2 H), 6.98 (s, 1 H), 4.80-4.55 (m, 3 H), 4.46 (d, J = 12.9 Hz,
1 H), 3.79 (dd, J = 3.3, 10.8 Hz, 1 H), 2.41 (s, 3H), 1.75 (s, 3 H), 1.72 (s, 3 H), 1.51 (m, 1 H), 1.35-1.17
(m, 2 H), 1.12-0.95 (m, 1 H), 0.54 (t, J = 7.2 Hz, 3 H); *C NMR (75.4 MHz, CDCls): d 12.9, 20.4, 21.5,
29.8, 30.0, 38.8, 40.0, 52.8, 54.1, 84.1, 122.0, 124.2, 127.6, 129.9, 130.3, 130.7, 131.7, 131.8, 132.9,
134.2, 136.5, 138.2, 140.5, 144.1, 170.9; MS(EI): mVz (%) 569 [(*'Br)M*, 5.38], 567 [(°Br)M*, 5.13], 91
(100); IR (film): 1732, 1597, 1492, 1448, 1349, 1285, 1163, 1098, 1011 cm™; Anal. calcd. for

CooH30BrNO,4S, C 61.27, H 5.32, N 2.46; Found, C 60.96, H 5.37, N 2.43.

Crystal data for 4b: Recrystalization from acetone and ethyl ether, CyoH3BrNOsS, MW = 568.51,
Monoclinic, space group P2(1)/n, final R indices [I > 2s(1)], R1 = 0.0424, wR2 = 0.0778, R indices (all
data): R1 = 0.0984, wR2 = 0.0868; a= 17.4190(17) A, b = 9.6103(10) A, c = 31.794(3) A, a =90°, b=
93.815(2)°, g = 90°, V = 5310.5(9) A® T = 293(2) K, wavelength: 0.71073 A, Z = 8, reflections
collected/unique 27183/9845 (Rin: = 0.0900), number of observation [I > 2s(1)] 4485, parameters 657.

Supplementary crystallographic data have been deposited at the Cambridge Crystallographic Data Center.

CCDC 675815.
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Archive directory: /export/home/masm/vnmrsys/data
Sample directory:
File: CARBON

Pulse Sequence: s2pul
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Archive directory: /export/home/masm/vnmrsys/data
Sample directory:

File: CARBON

Pulse Sequence: s2pul
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1xd-4-37-c
Archive directory: \oxuoﬂw\zcso\amm5\<:5ﬂm<m\nwnm

Sample directory:
File: CARBON

Pulse Sequence: s2pul
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1xd-4-112-cc

Archive directory: /export/home/masm/vnmrsys /data
Sample directory:

Pulse Sequence: s2put
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