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A convenient synthesis of enantiopure
(4aS,7aR)-1,4,4a,7a-tetrahydrocyclopenta[c]pyran-3,7-dione

Aidar Z. A’mukhametov, Airat M. Gimazetdinov and Mansur S. Miftakhov

Experimental

Solvents were purified and dried by standard procedures before use. Reagents were generally the
best quality commercial grade and used without further purification unless otherwise indicated.
All reactions were carried out in oven-dried glassware. TLC was performed using Sorbfil STC-1A
110 pm layer, silica gel 5-17 percolated foil plates. Column chromatography was conducted using
210-280 mesh silica gel. Optical rotations were measured using the sodium D line at 589 nm on a
Perkin-Elmer, Model 241 MC polarimeter at 20 °C. IR spectra were recorded on a Shimadzu IR
Prestige-21 spectrometer as nujol mull or as neat thin films on KBr plates (film) and were reported
in reciprocal centimeters (cm-1). IH and 13C NMR spectra were obtained using a Bruker AM-300
(300 MHz for H and 75.47 MHz for 13C) or BrukerAvance III (500 MHz for 1H and 125.77 MHz for
13(C) as solutions in CDCl3 (Aldrich Chemical Company; spectra grade) or acetone-ds (Solvex-D;
spectra grade). Chemical shifts are reported in & unit-parts per million (ppm) downfield from
tetramethylsilane (TMS) as the internal reference. Splitting patterns are designated as s = singlet;
br s = broad singlet; d = doublet, t = triplet; q = quartet; quin. = quintet; m = multiplet. Mass spectra
were recorded on Shimadzu LCMS QP-2010EV (APCI) spectrometer. Elemental analyses were
carried on a Euro EA 3000 CHNS-analyzer.
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[(1R,4R,5S5)-5-(2-methoxyvinyl)-4-(trimethylsilyl)cyclopent-2-en-1-yljmethanol (3) and
[(4aR,5R,7aR)-3-methoxy-1,3,4,4a,5,7a-hexahydrocyclopenta[c]pyran-5-
yl]trimethylsilane (4)

General procedure: To a stirred solution of (methoxymethyl)triphenylphosphonium chloride
(0.87 g, 2.54 mmol) in dry toluene (20 ml), cooled to -78°C under argon atmosphere, was added
1.2 M solution of NaHMDS (1.85 mL, 2.22 mmol) and the temperature was raised to ambient. After
being stirred at this temperature for 10 min, the mixture was cooled to -78°C and the solution of
lactol 2 (0.2 g, 1.01 mmol) in dry toluene (5 mL) was added. Then, the reaction mixture was heated
to room temperature and saturated solution of NH4Cl (3 mL) was added. The resulting mixture
was filtered, the water layer extracted with EtOAc, the combined organic layers were dried with
MgS0s4, the solvent was evaporated. Purification by column chromatography on SiO2 (petroleum
ether/ethyl acetate, 1:1) gave poorly stable enol ether 3 (E/Z, 7:1).

[(1R,4R,55)-5-(2-methoxyvinyl)-4-(trimethylsilyl)cyclopent-2-en-1-yljmethanol (3)
For major E-isomer:

Yield: 0.157 g (68%); colorless transparent oil.

Rr= 0.4 (petroleum ether/ethyl acetate = 1:1).

IR (liquid film): 3356, 3041, 2952, 2898, 1652, 1465, 1451, 1391, 1311, 1248, 1206, 1159, 1142,
1106, 1025, 949, 937, 868, 837, 793, 751, 719, 692 cm-L.

1H NMR (acetone-ds, 500 MHz): & = 6.35 (d, ] = 7.6 Hz, 1H, CH30CH=CH), 5.70-5.75 (m, 1H, C3H),
5.60-5.65 (m, 1H, C2H), 4.82 (t,] = 11.7 Hz, 1H, CHsOCH=CH), 3.52-3.61 (m, 1H, CH<HsOH), 3.45 (s,
3H, CH30), 3.36-3.45 (m, 1H, CH.HsOH), 2.05 (s, 1H, CHS), 0.0 (s, 9H, (CHz)3Si).

13C NMR (acetone-ds, 125 MHz): § = 146.74 (CH30CH), 132.00, 129.20, 108.83, 62.93, 55.04, 52.43,
43.43,41.13, -3.44.

MS (APCI): m/z (%) = 227 (100) [MH]*. Me;Si

OMe

‘\\\\\\\s\s\’
Anal. Calcd for C12H2202Si: C, 63.67; H, 9.80. Found: C, 63.51; H, 9.77. "”"/\
OH
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[(4aR,5R,7aR)-3-methoxy-1,3,4,4a,5,7a-hexahydrocyclopenta|c]pyran-5-
yl]trimethylsilane (4)

Yield: Colorless transparent viscous oil.

Rr= 0.5 (petroleum ether/ethyl acetate = 20:1).

IR (liquid film): 3046, 2953, 2836, 1404, 1248, 1139, 1060, 864, 800 cm-1.

1H NMR (500 MHz, acetone-ds): § =5.71-5.76 (m, 1H, CéH, C®H), 5.52 (dt, / = 2.0, 5.6 Hz, 1H, C"H),
5.35 (dt, / = 1.8, 5.7 Hz, 1H, C”H), 4.62 (t, ] = 3.5 Hz, 1H, C¥H), 4.49 (dd, J = 4.2, 8.7 Hz, 1H, C3H),
3.90 (dd,J=4.4,11.8 Hz, 1H, C¥Hs), 3.72 (dd, ] = 6.6, 11.7 Hz, 1H, C'Hs), 3.68 (dd, J = 7.8, 11.7 Hz,
1H, C1Hp), 3.58 (dd, J = 2.2, 11.8 Hz, 1H, C¥'Hpg), 3.37 (s, 3H, CH30), 3.36 (s, 3H, CH30), 2.75-2.81 (m,
1H, C7?’H), 2.56-2.61 (br, 1H, C72H), 2.51-2.56 (m, 1H, C*’H), 2.24-2.29 (m, 1H, C#2H), 1.50-1.72 (m,
6H, C*Hz2, C5H, C¥Hz, C>°H), -0.02 (s, 9H, (CH3)3Si’), -0.03 (s, 9H, (CHs3)3Si).

13C NMR (125 MHz, acetone-ds): § = -2.93, -2.60 ((CH3)s), 32.39, 34.83 (C5), 33.46, 34.22 (C%),
43.01, 43.15 (C*?), 44.00, 45.05 (C7?), 54.92, 55.14(CH30), 59.84, 62.83 (C1), 97.99, 99.84 (C3),
126.55,129.37 (C7), 133.49, 133.66 (C°).

MS (APCI): m/z (%) = 227 (100) [MH]".

Me3SI
‘ \\\\\YOMG
//// /

Anal. Calcd for C12H2202Si: C, 63.67; H, 9.80. Found: C, 63.49; H, 9.71. 4
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[(1S,2R,5R)-5-trimethysilyllcyclopent-3-ene-1,2-diyl]dimethanol (7)

Method A. To a stirred solution of compound 1 (2.1 g) in anhydrous THF (70 mL) at 0°C was added
LiAlH4 (1.2 g, 31.5 mmol). The reaction was monitored by TLC (petroleum ether/ethyl acetate,
1:1). After stirring for 1 h at 0°C, to the solution was added saturated NH4Cl (20 mL) and the
resulting mixture was filtered, evaporated under reduced pressure and extracted with EtOAc
(3x50 mL). The combined organic layers were dried over MgS0O4 and evaporated under reduced
pressure. Purification by column chromatography (petroleum ether/ethyl acetate, 1:1) gave the
title compound.

Method B. The monoprotected diol 8a or 8b (0.25 g, 0.8 mmol) was treated with Dowex (0.1 g)
and Amberlyst (0.3 g) in wet methanol (100 mL). The reaction was controlled by TLC (petroleum
ether/ethyl acetate = 20:1). [on-exchange resins were separated on a Schott filter, the solvent was
evaporated under reduced pressure. Product was purified by column chromatography (petroleum
ether/ethyl acetate, 1:1).

Yield: 1.95 g (91%); light brown oil.
Rr= 0.3 (petroleum ether/ethyl acetate, 1:1); [@]%’: +103.4 (c 0.975, CH2Cl2).
IR (liquid film): 3310, 1248, 1051, 837, 728 cm™1.

1H NMR (300MHz, CDCl3/CHCl3): & = 5.68-5.72 (m, 1H, C*H or C3H), 5.31-5.35 (m, 1H, C3H or C*H),
3.55-3.81 (m, 6H, 2CH20H), 3.01-3.12 (m, 1H, C2H), 2.55-2.64 (m, 1H, CH), 1.54-1.60 (m, 1H, CSH),
0.0 (s, 9H, (CHz)3Si).

13C (75.1 MHz, CDCls/CHCls): & = 133.35 (C3), 130.68 (C#), 62.93 (CH20), 61.70 \\_/
(CH20), 49.38 (C?), 42.21 (C1), 34.31 (C5), 1.90 (MesSi). Y

MS (APCI): m/z (%) = 201 (100) [MH]*. NG
Anal. Calcd for C10H2002Si: C, 59.91; H, 9.98. Found: C, 59.74; H, 9.86.
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[(1S,2R,5R)-5-({[tert-Butyl(dimethylsilyl)Joxy}methyl)-5-trimethylsilyl)cyclopent-3-en-1-
yllmethanol (8a) and [(1R,4R,55)-2-({[tert-butyl(dimethylsilyl)|oxy}methyl)-4-
trimethylsilyl)cyclopent-2-en-1-yljmethanol (8b)

A solution of diol 7 (1.5 g, 7.5 mmol) in dichloromethane (80 mL) was added under stirring to a
mixture of tert-butyl(chloro)dimethylsilane (1.24 g, 8.25 mmol), imidazole (0.56 g, 8.25 mmol)
and dichloromethane (30 mL) at 0°C. The mixture was stirred for 3 h at the same temperature
(monitored by TLC) and evaporated under reduced pressure. Purification of the product by

column chromatography (petroleum ether/ethyl acetate, 10:1) afforded individual compounds 8a
and 8b.

[(1S,2R,5R)-2-({[tert-butyl(dimethylsilyl) Joxy}methyl)-5-trimethylsilyl)cyclopent-3-en-1-
ylJmethanol (8a)

Yield: 1.13 g (48%); transparent viscous oil.
Rr= 0.4 (petroleum ether/ethyl acetate, 10:1); [a]2° : +106.4 (c 1.03, CH2Cl2).
IR (liquid film): 3456, 2955, 2873, 1472, 1464, 1249, 1061, 841, 832,778 cm~1.

1H NMR (500 MHz, d-acetone/acetone): § = 5.70 (dt, /] = 5.3, 2.3 Hz, 1H, C*H), 5.48 (dt, / = 5.8, 2.3
Hz, 1H, C*H), 4.09-4.12 (br. s, 1H, OH), 3.78 (dd, J = 10.3, 7.7 Hz, 1H, CH«HgOH), 3.67 (dd, 1H, J =
10.3, 5.8 Hz, CH«HgOH), 3.62-3.65 (m, 2H, CH20Si), 2.92-3.01 (m, 1H, C2H), 2.46-2.53 (m, 1H, C1H),
1.78 (dt, 1H, J = 5.0, 2.3 Hz, C5H), 0.91 (s, 9H, (CH3)3C), 0.10 (s, 6H, (CH3)2Si), 0.0 (s, 9H, (CH3)3Si).

13C (125.77 MHz, d-acetone/acetone): § = 132.42 (C4),127.17 (C3), 62.76 (CH20H), 62.62 (CH20S1),
50.63 (C?), 44.33 (C1), 37.63 (C5), 25.37 ((CHs3)s3C), 18.21 ((CHs)3C), -3.57 ((CHs3)sSi), -6.12
((CH3)2Si).

MS (APCI): m/z (%) = 315 (100) [MH]*.
Anal. Calcd for C16H3402Si2: C, 61.03; H, 10.81. Found: C, 60.88; H, 10.56.

, __—~OTBS
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[(1R,4R,5S5)-2-({[tert-Butyl(dimethylsilyl)Joxy}methyl)-4-trimethylsilyl)cyclopent-2-en-1-
ylJmethanol (8b)

Yield: 1.11 g (47%); transparent viscous oil.
Rr= 0.4 (petroleum ether/ethyl acetate, 10:1); [a]3’: +118.6 (¢ 1.17, CH2Cl2).
IR (liquid film): 3415, 2999, 2885, 1686, 1464, 1249, 836, 777 cm™.

1H NMR (500 MHz, d-acetone/acetone): 6 = 5.69 (ddd, J=5.7, 3.6, 2.7 Hz, 1H, C2H), 5.46 (dt,/ = 5.7,
2.7 Hz, 1H, C3H), 4.09-4.12 (br. s, 1H, OH), 3.80 (dd, /= 9.9, 7.8 Hz, 1H, CH«HpOH), 3.65 (dd, /= 10.1,
8.0 Hz, 1H, CHqHpOSi), 3.54 (dd, ] = 10.1, 6.0 Hz, 1H, CH.HgOSi), 3.49 (dd, /] = 9.9, 6.6 Hz, 1H,
CH«HgOH), 2.94 (dddd, ] = 7.8, 6.6, 6.0, 3.6 Hz, 1H, C'H), 2.50 (dtd, J = 8.0, 6.0, 3.6 Hz, 1H, C5H), 1.80
(dt,J=5.6, 2.7 Hz, 1H, C4H), 0.91 (s, 9H, (CH3)3C), 0.10 (s, 6H, (CH3)2Si), 0.0 (s, 9H, (CH3)3Si).

13C (125.77 MHz, d-acetone/acetone): 6 = 131.84 (C3),128.17 (C?), 63.51 (CH20H), 61.60 (CH20Si),
51.12 (C5), 43.73 (C1), 38.44 (C*), 25.44 ((CHs)s3C), 17.86 ((CHs)sC), -3.60 ((CHs)sSi), -4.11
((CH3)2Si).

MS (APCI): m/z (%) = 315 (100) [MH]".
Anal. Calcd for C16H3402Siz: C, 61.03; H, 10.81. Found: C, 60.94; H, 10.65.
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(1S,2R,5R)-2-(((tert-butyldimethylsilyl)oxy)methyl)-5-(trimethylsilyl)cyclopent-3-ene-1-
carbaldehyde (9) and tert-butyl(((1R,4R,5S)-5-(2-methoxyvinyl)-4-
(trimethylsilyl)cyclopent-2-en-1-yl)methoxy)dimethylsilane (10)

To the solution of oxalyl chloride (0.61 mL, 7.11 mmol) in dichloromethane (15 mL) cooled to
—78°C under argon atmosphere was added via dropping funnel solution of DMSO (0.63 mL, 8.88
mmol) in dichloromethane (5 mL). The mixture was stirred for 10 min. Then, alcohol 8a (1.12 g,
3.55 mmol) in dichloromethane (20 mL) was added dropwise. The mixture was stirred under this
temperature for 15 min (TLC control) and the solution of EtsN in dichloromethane (10 mL) was
added, and stirring was continued for 15 min. The mixture was warmed to room temperature and
quenched with water (20 mL). The product was extracted with dichloromethane (30 mL). The
combined organic layers were dried on MgS0s4, the solvent was evaporated and the residue was
pumped. The residue containing aldehyde 9 was introduced into the Wittig reaction without
purification. To this, ylide was prepared from the [PhsP*CH20CH3]Cl~ salt (3 g, 8.75 mmol) in dry
toluene (30 mL) and 1.2 M NaHMDS (9.2 mL) (7.64 mmol) at 0°C. The resulting solution was
stirred for 10 min under argon atmosphere at room temperature. Then, the reaction mixture was
cooled to 0°C and the solution of crude aldehyde 9 in toluene (20 mL) was added dropwise. After
being stirred at room temperature for 10 min (TLC controlled), saturated NH4Cl solution was
added. The resulting mixture was filtered, the water layer was extracted with EtOAc, the combined
organic layers were dried with MgSOs, the solvent was evaporated. Purification by column
chromatography on SiOz (petroleum ether/ethyl acetate, 40:1) gave enol ether 10 (E/Z, 5:1).

(1S,2R,5R)-2-(((tert-butyldimethylsilyl)oxy)methyl)-5-(trimethylsilyl)cyclopent-3-ene-1-
carbaldehyde (9)

Colorless transparent viscous oil; Ry = 0.4 (petroleum ether/ethyl acetate, 20:1); [a]3°: + 80.0 (c
0.93, CH2Cl2). IR (liquid film): 3049, 2955, 2857, 1718, 1472, 1250, 838, 776 cm-1. 1H NMR (300
MHz, d-chloroform/chloroform): § =9.73 (d, /= 3.5 Hz, 1H, C=0), 5.72 (dt, /= 5.7, 2.2 Hz, 1H, C3H),
5.44 (dt,J = 5.1, 2.3 Hz, 1H, C*H), 3.65 (dd, J = 10.4, 5.0 Hz, 1H, CH«Hp0), 3.60 (dd, / = 10.4, 6.7 Hz,
1H, CHeHg-0), 3.24 (dddd, J = 8.9, 6.7, 5.0, 2.2 Hz, 1H, C2H), 2.94 (ddd, j = 8.9, 5.0, 3.6 Hz, 1H, C1H),
2.36 (dt,J=5.0, 2.2 Hz, 1H, C5H), 0.87 (s, 9H, (CH3)3C), 0.02 (s, 6H, (CH3)2Si), 0.00 (s, 9H, (CH3)sSi).
13C NMR (125.77 MHz, d-chloroform/chloroform): 6 = 202.84 (C=0), 132.71 (C4), 127.82 (C3),
62.32 (CH20), 53.91 (CY), 52.75 (C?), 34.73 (C5), 25.80 ((CH3)3C), 18.17 ((CH3)3C), -3.06 ((CH3)3Si),
-5.56 ((CHs3)2Si). MS (APCI): m/z (%) = 313 (100) [MH]*. Anal. Calcd for C16H3202Si2: C, 61.48; H,
10.32. Found: C, 61.33; H, 10.25.
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tert-Butyl(((1R,4R,55)-5-(2-methoxyvinyl)-4-(trimethylsilyl)cyclopent-2-en-1-
yl)methoxy)dimethylsilane (10)

For major E-isomer:

Yield: 0.98 g (81%); colorless transparent viscous oil.

Rr= 0.5 (petroleum ether/ethyl acetate, 40:1).

IR (liquid film): 3057, 2955, 2856, 1436, 1248, 1193, 1119, 836, 720 cm™1.

1H NMR (500 MHz, acetone-de): § = 6.36 (d, ] = 12.6 Hz, 1H, CH=CHOMe), 5.73 (dt, ] = 2.6, 5.8 Hz,
1H, C3H), 5.59 (dt, ] = 2.1, 5.6 Hz, 1H, C2H), 4.83 (dd, J = 10.2, 12.6 Hz, 1H, CH=CHOMe), 3.66 (dd, ]
= 5.6, 9.8 Hz, 1H, CH«Hz0), 3.56 (dd, J = 2.2, 9.6 Hz, 1H, CH.Hz0), 3.46 (s, 3H, CHs), 2.85-2.89 (m,
1H, C5H), 2.71-2.77 (m, 1H, C1H), 1.90 (td, J = 2.5, 4.8 Hz, 1H, C*H), 0.88 (s, 9H, (CHs)3C), 0.03 (s,
6H, (CH3)2Si), -0.01 (s, 9H, (CHz)3Si).

13C NMR (125 MHz, acetone-de): & = 146.83 (CH=CHOCH3), 133.43 (C2), 131.78 (C?), 104.62
(CH=CHOCH3), 63.65 (CH208Si), 55.03 (CH30), 52.31 (C1), 43.39 (C5), 41.12 (CHSi), 25.39 ((CH3)3C),
17.88 ((CH3)3C), -3.59 ((CH3)3Si), -6.0 (0Si(CH3)2).

MS (APCI): m/z (%) = 341 (100) [MH]".

Anal. Calcd for C18H3602Si2: C, 63.47; H, 10.65. Found: C, 63.26; H, 10.49. 10
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Methyl 2-((1R,2R,5R)-2-(((tert-butyldimethylsilyl)oxy)methyl)-5-(trimethylsilyl)-
cyclopent-3-en-1-yl)acetate (11)

To a solution of enol ether 10 (0.89 g, 2.60 mmol) in dry CH2Clz cooled to 0°C, were added SiO2
(0.89 g), NaHCOs3 (0.17 g) and PCC (1.69 g, 7.83 mmol). The mixture was warmed to room
temperature and stirred for 2 h (TLC control). The mixture was filtered throughout the Schott
filter with SiO2, the solvent was evaporated. Purification of the product by column
chromatography with SiO2 gave product 11.

Yield: 0.64 g (69%); colorless transparent viscous oil.
Rr= 0.5 (petroleum ether/ethyl acetate, 20:1); [a]2’: +141.0 (¢ 1.0, CHz2Cl2).
IR (liquid film): 2954, 2857, 1739, 1249, 1094, 837, 775 cm-L.

1H NMR (500 MHz, acetone-ds): § = 5.73 (dt, ] = 2.6, 5.7 Hz, 1H, C*H), 5.45 (dt, ] = 2.0, 5.7 Hz, 1H,
C3H), 3.70 (dd, ] = 6.2, 10.2 Hz, 1H, CH«H0), 3.63 (dd, J = 7.8, 10.3 Hz, 1H, CH«Hz0), 3.60 (s, 3H,
CHs), 2.88-2.94 (m, 1H, C2H), 2.73-2.79 (m, 1H, C'H), 2.59 (dd, ] = 5.6, 15.0 Hz, 1H CH«HsCO2Me),
2.23 (dd, ] = 9.5, 14.9 Hz, 1H CH.HsCO2Me), 1.70 (quint, J = 2.6 Hz, 1H, C5H), 0.90 (s, 9H, (CHz3)3C),
0.13 (s, 6H, (0SiCH3)2), 0.0 (s, 9H, (CH3)3Si).

13C NMR (125 MHz, acetone-de): § = 173.12 (C=0), 132.15 (C*), 127.38 (C3), 62.42 (CH20Si), 50.62
(OCHs), 41.54 (C5), 37.99 (C!, C2), 35.29 (CH2C=0), 25.35 ((CH3)sC), 17.86 ((CH3)sC), -3.55
((CH3)3Si), -6.11 (0Si(CHz)2).

MS (APCI): m/z (%) = 357 (100%) [MH]*.

T™MS

Anal. Calcd for C18H3603Siz2: C, 60.62; H, 10.17. Found: C, 60.49; H, 10.09. 1
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(4aR,5R,7aR)-5-trimethylsilyl-4,4a,5,7a-tetrahydrocyclopentajc]pyran-3(1H)-one (12)

Compound 11 (0.502 g, 1.4 mmol) was dissolved in wet methanol (25 ml), and Amberlyst (15
hydrogen form) and Dowex 50WX4 200-400 (0.25 g each) were added. The reaction proceeded
within 16 h. The mixture was filtered through Schott funnel, the solvent was evaporated, and the
residue was purified by column chromatography on SiOz (petroleum ether/ethyl acetate, 3:1).

Yield: 0.227 g (77%); colorless transparent viscous oil.
Rr= 0.3 (petroleum ether/ethyl acetate, 3:1); [@]%’: +141 (c 1.0, CHz2Cl2).

IR (liquid film): 3471, 3048, 2954, 2900, 2850, 1749, 1478, 1434, 1358, 1350, 1248, 1140, 1076,
1034, 965, 906, 872, 838, 794, 694, 622 cm~1.

1H NMR (500 MHz, CDCls): & = 5.77 (dt, ] = 2.2, 5.7 Hz, 1H, C6H), 5.33 (dt, ] = 2.2, 5.7 Hz, 1H, C’H),
4.35 (dd, ] = 4.6, 11.5 Hz, 1H, CHa), 4.12 (dd, J 5.4, 11.5 Hz, 1H, C!Hp), 3.18 (m, 1H, C72H), 2.78 (m,
1H, C*H), 2.61 (dd, ] = 6.8, 14.6 Hz, 1H, C*H), 2.32 (dd, ] = 5.9, 14.6 Hz, 1H, C4Hp).

13C (125 MHz, CDCl3): § = 173.26 (C=0), 134.83 (C6), 125.39 (C7), 69.39 (C1), 45.22 (C74), 43.75
(C5), 36.51 (C*), 34.73 (C4), -3.47 ((CHs3)3Si).

MS (APCI): m/z (%) = 211 (100) [MH]".

\ /

Tsi

\ 0}
m\\\\\ 4
4a 3
6

O
Anal. Calcd for C11H1802Si: C, 62.81; H, 8.63. Found: C, 62.67; H, 8.51. 12
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(4aS,7R,7aR)-7-hydroxy-4,4a,7,7a-tetrahydrocyclopenta[c]pyran-3(1H)-one (13a) and
(4aS$,7S,7aR)-7-hydroxy-4,4a,7,7a-tetrahydrocyclopenta[c]pyran-3(1H)-one (13b)

General procedure. Solid NaHCOs3 (1.4 g, 16.66 mmol) was placed in a round bottom flask, and H20
(5 mL) followed by acetone (15 mL) were added. The mixture was cooled to 0°C in an ice bath and
stirred for 20 min. Oxone (1.33 g, 2.16 mmol) was added in one portion, and stirring was continued
at 0°C for further 15 min. Then, compound 12 (0.227 g, 1.08 mmol) was added in one portion. The
ice bath was removed, and the reaction mixture was stirred at room temperature for 1 h. The
mixture was then diluted with water (15 mL) and extracted with CH2Cl2. The combined organic
layers were dried with MgSOs, solvent was evaporated in vacuo. Purification on SiOz using
petroleum ether/ethyl acetat (3:1) as the solvent system, gave individual alcohols 13a and 13b
with 88% overall yield.

(4aS,7R,7aR)-7-hydroxy-4,4a,7,7a-tetrahydrocyclopenta[c]pyran-3(1H)-one (13a)

Yield: 0.097 g (75%); white solid; mp 127°C; Rf= 0.4 (petroleum ether/ethyl acetate, 3:1); [a]3°
+75 (¢ 0.9, CH2Cl2).

IR (liquid film): 3418, 2916, 1731, 1479, 1432, 1394, 1356, 1335, 1274, 1251, 1227, 1149, 1124,
1093, 1058, 1039, 1023, 950, 920, 843, 784, 734 cm™1.

1H NMR (500 MHz, CDCls): § = 5.92 (dt, ] = 1.9, 5.6, Hz, 1H, C®H), 5.79 (dd, J = 1.6, 5.6 Hz, 1H, C5H),
497 (d, ] = 4.97 Hz, 1H, C"H), 4.62 (dd, ] = 4.0, 11.9 Hz, 1H, C1Hq), 4.27 (dd, / = 4.4, 11.9 Hz, 1H,
ClHp), 3.31 (m, 1H, C*2H), 2.86 (sept, J = 4.4, 1H, C72H), 2.72 (dd, J = 7.2, 15.2, 1H, C*H), 2.53 (dd, J =
4.2,15.2, 1H, C*H).

13CNMR (125 MHz, CDCl3): 6 =172.41 (C=0), 135.47 (C¢), 134.88 (C>), 77.94 (C7), 66.23 (C1),41.48
(C7a),38.27 (C*), 34.62 (C4).

MS (APCI): m/z (%) = 155 (100) [MH]".

\\\\\\Y

/// 7 7 /

O///III,,

Anal. Calcd for CsH1003: C, 62.33; H, 6.54. Found: C, 62.12; H, 6.25. 13a
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(4aS$,7S8,7aR)-7-hydroxy-4,4a,7,7a-tetrahydrocyclopentac]pyran-3(1H)-one (13b)
Yield: 0.0325 g (25%); colorless transparent viscous oil;
Rr= 0.3 (petroleum ether/ethyl acetate, 3:1); [a]2° : +193 (c 1.1, CH2Cl2).

IR (liquid film): 3429, 1731, 1633, 1481, 1433, 1391, 1357, 1281, 1249, 1147, 1077, 1042, 1011,
963,841, 780,793 cm™1.

1H NMR (500 MHz, CDCl3): § = 5.90 (dt, J = 1.9, 5.7 Hz, 1H, CH), 5.84 (dd, ] = 1.4, 5.5 Hz, 1H, CSH),
4.8 (d,] = 2.1 Hz, 1H, C’H), 4.39 (dd, ] = 4.3, 11.7 Hz, 1H, C'Hd), 4.28 (dd, ] = 4.8, 11.7 Hz, 1H, C!Hp),
3.51 (m, 1H, C*H), 2.72 (dd, ] = 7.3, 15.1, 1H, C*H), 2.52 (m, 1H, C72H),2.41 (dd, ] = 4.8, 15.1, 1H,
C*Hp).

13C NMR (125 MHz, CDCls): § = 172.60 (C=0), 137.00 (C6), 134.41 (C5), 81.07 (C7), 68.90 (C1), 45.02
(C72), 41.15 (C*), 40.66, 33.61 (C4).

MS (APCI): m/z (%) = 155 (100%) [MH]".
Anal. Calcd for CsH1003: C, 62.33; H, 6.54. Found: C, 62.09; H, 6.30.

5
“\\\\\\\4 3 0
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(4aS,7aR)-1,4,4a,7a-tetrahydrocyclopenta[c]pyran-3,7-dione (6)

A mixture of isomeric allylic alcohols 13a,b (0.13 g, 0.844 mmol) in acetone (10 mL) was oxidized
with Jones reagent. The resulting solution was treated with 2-propanol (1 mL) and saturated
solution of NaHCOs3 (0.5 mL) Extraction of the product into EtOAc after removal acetone in vacuo
and next purification on SiOz (chloroform/methanol, 10:1) gave product 6.

Yield: 0.1 g (79%); white solid; mp 104-108°C; Rr= 0.6 (chloroform/methanol, 10:1); [a]3’: +346.2
(c 1.0, CH2Cl2).

IR (liquid film): 1740, 1712, 1582, 1441, 1355, 1311, 1284, 1214, 1176, 1149, 1081, 1066, 1034,
959,807,793 cm-L.

1H NMR (500 MHz, acetone-ds): 6 = 7.84 (dd, ] = 2.6, 5.7 Hz, 1H, C°H), 6.31 (dd, J = 1.9, 5.7 Hz, 1H,
C6H), 4.45 (dddd, J = 4.0, 2.4, 11.5 Hz, 2H, C1H2), 4.13 (dd, = 2.4, 11.5 Hz, 1H, C1Hg), 3.73 (m, 1H,
C#H), 3.11 (dd,J = 7.9, 15.4 Hz, 1H, C*Hs), 2.79 (tdd, ] = 1.6, 7.1, 6.8 Hz, 1H, C72H), 2.65 (dd, J = 2.5,
5.4 Hz, 1H, C*H).

13C NMR (125 MHz, acetone-ds): 6 = 208.28 (C7), 171.10 (C3), 167.89 (C5), 136.16 (C*), 66.97 (C1),
44.27 (C72), 38.95 (C4), 33.30 (C4).

MS (APCI): m/z (%) = 153 (100) [MH]".
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Anal. Calcd for CsHgO3: C, 63.15; H, 5.30. Found: C, 62.86; H, 5.05.
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(4aR,7aR)-Hexahydrocyclopenta|c]pyran-3,7-dione (14)

Hydrogenation of enone 6 (0.036 g, 0.024 mmol) was carried out a methanol (3 mL) in the presens
of Pd/C (0.036 g) for 5 h. The reaction was stopped when the gas absorption ceased. The product
has Rrthe same as the starting material. Filtration and evaporation of the solvent gave product 14.

Yield: 0.035 g (95%); white amorphous mass; Ry= 0.6 (chloroform/methanol, 10:1); [a]3°: +150
(c 1.0, CH2Cl2).

IR (liquid film): 2960, 2925, 1736, 1478, 1429, 1413, 1384, 1350, 1328, 1275, 1250, 1241, 1172,
1152,1100,1061, 1031, 949 cm-1.

1H NMR (500 MHz, CDCl3): § = 4.56 (dd, ] = 3.6, 11.7 Hz, 1H, C1Ha), 4.30 (dd, J = 5.6, 11.7 Hz, 1H,
ClHg), 3.01-3.10 (m, 1H, C4H), 2.76 (dd, ] = 6.6, 15.5 Hz, 1H, C®Ha), 2.65-2.60 (m, 1H, C72H), 2.53
(dd, ] = 4.3, 15.6 Hz, 1H, CSHg), 2.41-2.30 (m, 2H, C*Hz), 1.68-1.57 (m, 2H, C5Ha).

13C NMR (125 MHz, CDCl3): § = 216.02 (C7), 171.85 (C3), 66.19 (C1), 44.75 (C74), 37.92 (C6), 34.45
(C4), 31.13 (C2), 27.84 (C5).

MS (APCI): m/z (%) = 155 (100) [MH]".
Anal. Calcd for CsH1003: C, 62.33; H, 6.54. Found: C, 62.11; H, 6.38.
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