


























































































and -゚lactam 1 (458 mg, 2 mmo1). atmosphere was surely with 

oxygen , ethyl acetate (20 mL) and a carboxylic acid (10 mmol) were added to the mixture. 

The reaction mixture was heated to 40CC with vigorous stirring. Keeping the 

temperature at 40 'C, an aldehyde (4 mmol) was added to the mixture all at once. After 

stirring for 3 h, the reaction mixturc was powercd into 10% Na2S03 aqueous solution (80 

mL) and extracted with two 100 mL portions of hexane. Thc combined hexane solution 

wa':> with brine (100 mL), and dried over anhydrous magnesium sulfate. When 

oxygen absorption was stopped , the reaction mixture was powered into 10% Na2S03 

aqueous solution (80 mL) and extracted with two 100 mL portions of hexane. The 

combined hexane solution was washed with brine (100 mL), and dried over anhydrous 

magnesium sulfate. The solvent was removed under reduced pressure and followed by 

colurnn chromatography on silica gel (hexane/ethyl acetate) gave the corresponding 

acyloxy ゚ -lactam 2 b-2k. The results of acyloxylations are listed in Table 5 

(l'R , 3R , Idimethy Isilyl)oxy ]ethy 1] -4-ethy 1-

carbonyloxyazetidin-2-one (2b): The reaction was carried out according to general 

for the ruthenium-catalyzed acyloxylation of substrate 1. Propionic acid and 

were used. Colurnn chromatography (silica gel, hexane/ethyl acetate, 

5/1) followed by recrystallization from hexane gave 2b in 83% yield as a colorless 

needles; mp 85 'C; IR (KBr) 3150 (NH) , 2930, 2860, 1780 (ester C=O), 1740 (amide 

C=O), 1460, 1380, 1260, 1160, 1130, 1070, 1040, 950, 830 cm-1; lH 

270 MHz) ﾕ 0.06 (s , 3H , SiCH3) , 0.08 (s , 3H , SiCH3) , 0.87 (s , 9H , 

(t, J = 7.6 Hz, 3H , CH2CH3), 1.26 (d , J = 6.4 Hz, 3H , -CH(OTBDMS)CH3) , 2.37 (q , 

J= 7.6 3.18 (dd, 1.2 Hz, lH , C3-H) , 4.22 (dq , J = 3.7 , 

6.4 Hz, lH , CI'-H) , 5.84 (d, J = 1.2 Hz, lH , C4-H) , 6.44 (br, lH , NH); 13C NMR 

67. 9 ﾕ -5.15 (SiCH3) , 8.77 (-CH2CH3) , 17.94 (ｭ

C(CH3)3), 22.32 (-CH(OTBDMS)CH3) , 25.62 (-C(CH3)3), 27.43 (-CH2CH3) , 64.01 

(-CH(OTBDMS)CH3) , 65.15 (C3) , 75.15 (C4) , 166.44 (NHC=O) , 174.70 

Ana1. Ca1cd for CI4H28N04Si: C, 55.78; H , 9.04; N , 4.65. Found: 

C, 55.73; H , 8.95; N , 4.72. +46.2 (c 0.98 , CHCl}). 

( 3R , -[ (t-Butyldimethylsilyl)oxy 

carbony loxy (2c): The reaction was carried out according to general 

procedure for the ruthenium-catalyzed acyloxylation of substrate 1. Hexanoic acid and 

were used. Column chromatography (silica geJ , hexane/ethyl acetate, 
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511) followed by recrysta1lization from hexane gave 2c in 61 % yield as a colorless 

needles; mp 60 CC; IR (KBr) 3300 (NH) , 2953 , 1786 (ester C=O) , 1745 (amide C=O) , 

1470, 1460, 1377, 1340, 1251 , 1157, 1107 , 1078 , 1035 , 943 , 837 cm-1; lH 

ﾕ 0.06 (s , 3H , SiCH3) , 0.08 (s , 3H , SiCH3) , 0.88 (s , 9H , -

C(CH3 )3), 0.90 (t, J = 6.8 Hz, 3H , -CH2CH3) , 1.25 (d, J = 6.1 Hz, 3H , -

CH(OTBDMS)CH3) , 1.32 (m, 4H) , 1.64 (tt, J = 7.6, 7.3 Hz, 2H , -CH2CH2CH2-) , 

2.34 (t, J = 7.3 Hz, 2H , 3.17 (dd, J = 3.7 , 1.2 Hz, lH , C3-H), 4.22 

(dq, J= 3.7 , 6.1 Hz, lH , C l'-H), 5.84 (d , J= 1.2 Hz, lH , C4-H) , 6.44 (br, lH , NH); 

13C NMR (CDCI3 , 67.9 8 -5.18 (SiCH3) , -4.34 (SiCH3) , 13.82, 17.90 (ｭ

C(CH3)3), 22.22, 22.28 (-CH(OTBDMS)CH3) , 24.35 , 25.68 31. 18 , 

34.03 , 64.01 (-CH(OTBDMS)CH3) , 65.14 (C3) , 75.08 (C4) , 166.43 (NHC=O) , 

174.04 Anal. Ca1cd for C17H33N04Si: C, 59.44; H , 9.69; N , 4.08. 

Found: C , 59.72; H, 9.59; N , 4.14; +45.6 (c 0.99, CHC13). 

( 1 'R , 3R , 
acetoxy azetidin- (2d): The reaction was carried out according to genera1 

procedure for the ruthenium-catalyzed acyloxylation of substrate 1. Methoxyacetic acid 

and acetaldehyde were used. Column chromatography (Silica gel, hexane/ethyl acetate, 

5/1) followed by recrystallization from hexane gave 2d in 74% yield as a colorless 

needles; mp 80 'C; IR (KBr) 3119 (NH) , 2959, 2930, 1782 (ester C=O) , 1761 (amide 

C=O) , 1734, 1377, 1255 , 1196, 1170, 1132, 1074, 1053 , 972 , 835 cm-1; lH 

8 0.07 (s , 3H , SiCH3), 0.09 (s , 3H , SiCH3) , 0.87 (s , 9H , -

C(CH3 )3), 1.26 (d, J = 6.4 Hz, 3H , -CH(OTBDMS)CH3) , 3.22 (dd, J = 3.4, 1.2 Hz, 

lH , C3-H) , 4.07 (s , 2H, -C=OCH20-) , 4.22 (dq , J = 3.4, 6.4 Hz, lH , C l'-H) , 5.94 (d , 

J = 1. 2 Hz, lH , C4-H) , 6.44 (br, 1H , NH); 13C 8 -5.18 

(SiCH3) , -4.35 (SiCH3) , J7.91 (-C(CH3)3), 22.30 (-CH(OTBDMS)CH3) , 25.68 (ｭ

C(CH3)3), 59 .49 (-CH2OCH3) , 63.89 (-CH(OTBDMS)CH3) , 65.46 (C3) , 69.53 (ｭ

CH2OCH3) , 75.66 (C4) , 166.05 (NHC=O) , 170.51 Anal. Calcd for 

CI4H27NOSSi: C, 52.97; H , 8.58; N, 4.42. Found: C, 53.14; H , 8.41; N , 4.52; 

+34.0 (c 0.99 , CHCl}). 

(I'R , 3R , -

(2e): The reaction was carried out according to general 

procedure for the ruthenium-catalyzed acyloxylation of substrate 1. Phenylacetic acid 

and acetaldehyde were used. Column chromatography (Silica gel , hexane/ethyl acetate, 
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8/1) fol10wed by recrystal1ization from hexane gave 2e in 83% yield as a colorless 

needles; mp 61 CC; IR (KBr) 3200 (NH) , 2950, 2850, 1780 (ester C=O) , 1740 

C=O) , ]460, 1370, 1320, 1250, 1130, 1070, 1000, 940, 830, 770 cm-I; IH 

(CDC13 , 270 ﾒ 0.04 (s , 3H , SiCH3) , 0.06 (s , 3H , SiCH3) , 0.85 (s , 9H , -

C(CH3b) , 1.23 (d, 1 = 6.4 Hz, 3H , -CH(OTBDMS)CH3) , 3.18 (dd , 1=3.6, 1.2 Hz, 

lH , C3-H) , 3.66 (s , 2H , -C=OCH2Ph), 4.20 (dq , 1 = 3.4, 6.4 Hz, 1 H, 

CH(OTBDMS)CH3) , 5.86 (d, 1 = 1.2 Hz, 1H, C4-H) , 6.48 (br, lH , NH) , 7.24-7.36 

(m, 5H , aromatic); I3C (CDC13 , -5.2 (S iCH3) , -4.3 (SiCH3) , 17.9 

(-C(CH3)3), 22.3 (-CH(OTBDMS)CH3) , 25.6 (-C(CH3 )3), 41.1 (C=OCH2Ph) , 64.0 (ｭ

CH(OTBDMS)CH3) , 65.3 (C3), 75.7 (C4), 127.4 128.7 (aromatic) , 129.2 

(aromatic) , 133.1 (aromatic), 166.4 (NHC=O) , 171.9 (-OC=OCH2CH3). Anal. Calcd 

for CI9H29N04Si: C, 62.78; H , 8.05; N , 3.86. Found: C , 62.71; H, 7.99; N , 3.88; 

+46.8 (c 0.99 , CHC13). 

(1 'R , 3R , 
acetoxy azetidin- (2f): The reaction was carried out according to general 

procedure for the ruthenium-catalyzed acyloxylation of substrate 1. Cyanoacetic acid 

and acetaldehyde were used. Column chromatography (Silica gel, hexane/ethy 1 acetate, 

8/1) followed by recrystallization from hexane/ethy 1 acetate (1: 1) gave 2 f in 81 % yield as 

powder; mp 117 CC; IR (KBr) 3343 (NH) , 2955 , 2270 1774 (ester 

C=O) , 1743 (amide C=O) , 1473 , 1375 , 1334, 1258, 1192, 116] , 1076, 1043 , 943 , 837 

cm-I; IH NMR (CDCb , 270 MHz) ﾒ 0.06 (s , 3H , SiCH3) , 0.08 (s , 3H , SiCH3) , 0.87 

(s , 9H , -C(CH3 )3), 1.27 (d , 1= 6.4 Hz, 3H , -CH(OTBDMS)CH3) , 3.27 (dd , 1= 3.2, 

1.2 Hz, lH , C3-H) , 3.52 (s , 2H , -C=OCH2CN) , 4.24 (dq , 1 = 3.2 , 6.4 Hz, lH , -

CH(OTBDMS)CH3), 5.96 (d, 1 = 1.2 Hz, lH , C4-H) , 6.53 (br, lH , NH); 13C 

67.9 ﾒ -5.2 (SiCH3) , -4.4 (SiCH3) , 17.9 (-C(CH3)3), 22.3 (ｭ

CH(OTBDMS)CH3), 24.7 (C=OCH2CN) , 25.7 (-C(CH3)3), 63. 7(ｭ

CH(OTBDMS)CH3), 65.7 (C3) , 77.3 (C4) , 112.1 (-CH2C=N) , 163.2 (NHC=O) , 

165.6 Anal. Calcd for C14H24N204Si: C, 53.82; H , 7.75; N , 8.97. 

Found: C, 53.98; H, 7.69; N, 9.06. +42.4 (c 1.05 , CHCI3). 

( 1 'R , 3R , -[1' - utyldimethy lsily 

(2g): The reaction was out according to genera1 

procedure for the ruthenium-cata1yzed acyloxylation of substrate 1. Chloroacetic acid 

and acetaldehyde were used. Co1urnn chromatography (silica gel, hexane/ethyl acetate, 
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5/1) followed by recrystallization from hexane gave 2g in 92% yie1d as a colorless 

needles; mp 109 CC; IR (KBr) 3200 (NH) , 2960, 2940, 2850, 1780 (ester C=O) , 1750 

(amide C=O), 1470, 1380, 1300, 1260, 1140, 1080, 1040, 1010, 950 cm-1; IH 

(COCl) , 400 ﾒ 0.07 (s , 3H , SiCH3) , 0.08 (s , 3H , SiCH3) , 0.87 (s , 9H , -

C(CH3 )3), 1.27 (d, 1 = 6.3 Hz, 3H , 3.24 (dd, 1 = 3.3 , 1.2 Hz, 

1 H , C3-H) , 4.10 (s , 2H , 4.24 (dq, 1 = 3.3 , 6.3 Hz, lH , 

CH(OTBDMS)CH3) , 5.94 (d, 1 = 1.2 Hz, 1H, C4-H) , 6.44 (br, lH , NH); 13C NMR 

(CDC13 , 100 ﾒ -5.2 (SiCH3) , -4.3 (SiCH3) , 17.9 (-C(CH3b) , 22.3 (ｭ

CH(OTBDMS)CH3) , 25.7 (-C(CH3 )3), 40.5 (-CH2C1) , 63. 8( -CH(OTBDMS)CH3) , 

65.6 (C3) , 76.8 (C4) , 166.0 (NHC=O) , 167.5 Anal. Calcd for 

C13H24N204SiCl: C, 48.58; H, 7.53; N , 4.36; Cl , 10.89. Found: C, 48.35; H , 7.36; 

N, 4.42; Cl, 10.66; +46.3 (c 1.06, CHCl}). 

(1 'R , 3R , buty ldimethylsi Iyl)oxy]-

ethy l]azetidin-2-one reaction was carried out according to general 

procedure for the ruthenium-catalyzed acyloxylation of substrate 1. Bromoacetic acid 

and acetaldehyde were used. Co1umn chromatography (silica gel, hexane/ethyl acetate, 

5/1) followed by recrystallization from hexane gave 2h in 78% yield as colorless needles; 

mp 107 CC; IR (KBr) 3323 (NH) , 2959, 2930, 1782 (ester C=O) , 1765 (amide C=O) , 

1743 , 1446, 1273 , 1255 , 1186, 1169, 1155 , 1136, 1107 , 1074, 1049, 947 , 837 cm-1; 

1 H NMR (CDCI3 , 270 MHz) ﾒ 0.06 (s , 3H , SiCH3) , 0.08 (s , 3H, SiCH3) , 0.87 (s , 9H , 

-C(CH3 )3), 1.26 (d, 1= 6.3 Hz, 3H , 3.24 (dd, 1 = Hz, 

lH , C3-H) , 3.86 (s , 2H , -C=OCH2Br) , 4.23 (dq , 1 = 3.4, 6.3 Hz, I H, 

CH(OTBDMS)CH3) , 5.92 (d, 1 = 1.2 Hz, 1H , C4-H) , 6.49 (br, 1H, NH); I3C NMR 

(CDC13, 67.9 ﾒ -5.2 (SiCH3) , -4.3 (SiCH3) , 17.9 (-C(CH3)3), 22.3 (ｭ

CH(OTBDMS)CH3) , 25.0 (-CH2Br) , 25.7 (-C(CH3)3), 63.8(-CH(OTBDMS)CH3) , 

65.6 (C3) , 76.8 (C4) , 165.9 (NHC=O) , 167.5 Anal. Calcd for 

CI3H24N204SiBr: C, 42.73; H , 6.63; N , 3.84; Br, 21.62. Found: C, 42.63; H, 6.40; 

N , 3.90; Br, 21.45. +40.4 (c 1.02, CHC13). 

(1 'R , 3R , tyldimethy Isily l)oxy 

(2i): The reaction was carried out according to general 

procedure for the ruthenium-catalyzed acyloxylation of substrate 1. Dichloroacetic acid 

and acetaJdehyde were used. Recrystallization from hexane without using silica gel 

co1urnn chromatography gave 2i in 70% yield as colorless needles; mp 118 CC; IR (KBr) 
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3150 (NH) , 2960, 2940 , 2860, 1790, 1765 (ester C=O) , 1740 (amide C=O) , 1470, 1380, 

1300, 1260, 1150, 1080, 1040, 1010, 940 cm-I; I H NMR (COC13 , 400 ﾒ 0.07 (s , 

3H , SiCH3), 0.08 (s , 3H , SiCH3), 0.87 (s , 9H , -C(CH3 )3), 1.28 (d, J = 6.4 Hz, 3H , -

CH(OTBDMS)CH3) , 3.32 (dd, J= 3.3 , 1.2 Hz, 1H , C3-H) , 4.25 (dq , J= 3.3 , 6.4 Hz, 

IH , -CH(OTBDMS)CH3) , 5.96 (s , 1H , -C=OCHCh) , 6.00 (d , J= 1.2 Hz, lH , C4-H) , 

6.50 (br, I H , NH); 13C NMR (COCl) , ﾒ -5.2 (SiCH3) , -4.3 (SiCH3) , 18.1 

(-C(CH3 )3), 22.5 (-CH(OTBDMS)CH3) , 25.6 (-C(CH3 )3), 64.1 (-CHCh) , 64.2 (ｭ

CH(OTBDMS)CH3) , 66.3 (C3) , 78.5 (C4) , 165.6 (NH C=O) , 166.6 

Anal. Calcd for CI3H23N04SiCI2: C, 43.93; H , 6.53; N , 3.94; CI , 19.70. Found: C, 

43.90; H , 6.83; N, 4.02; CI , 19.58; +34.4 (c 1.00, CHCb). 

(1 'R , 3R , I)oxy 

(2j): The reaction was carried out according to 

procedure for the ruthenium-catalyzed acy10xy1ation of substrate 1. Dibromoacetic acid 

and acetaldehyde were used. Recrystallization from hexane without using silica gel 

co1umn chromatography from hexane gave 2j in 65% yie1d as powder; mp 

105.5 'C; IR (KBr) 3437 (NH) , 2926 , 2854, 1788 (ester C=O) , 1743 

1250, 1182‘ 1138, 1074, 1039, 1001 , 945 , 839 cm-); IH 270 MHz) ﾕ 

0.07 3H , SiCH3) , 0.09 (s , 3H , SiCH3) , 0.87 (s , 9H , -C(CH3 )3), 1.28 (d , J = 6.4 

Hz, 3H , 3.28 (dd, J = 3.4, 1.2 Hz, lH , C3-H) , 4.25 (dq , J = 

3.4, 6.4 Hz , 1 H, -CH(OTBDMS)CH3) , 5.82 (s , I H, -C=OCHBr2) , 5.99 (d , J = 1.2 Hz , 

1 H, C4-H) , 6.49 NH); I3C ﾕ -5.2 (SiCH3) , -4.3 

(-C(CH3)3), 22.3 (-CH(OTBDMS)CH3) , 25.7 (-C(CH3)3), 31.2 (ｭ

CHBr2) , 63.8 (-CH(OTBDMS)CH3) , 65.8 (C3) , 78.0 (C4) , 164.8 (NHC=O) , 165.6 (ｭ

OC=OCHBr2); AnaJ. Calcd for CI3H23N04SiBr2: C, 35.22; H , 5.23; N , 3.16; Br, 

35.63. Found: C, 35.39; H , 5.28; N, 3.31; Br, 35.87; +28.6 (c 0.99 , 

CHC13) . 

3R , ldimethylsi Iy I)oxy ]ethy 

nitro benzo y 1) azetidin- (2k): The reaction was carried out according to 

general procedure for the ruthenium-catalyzed acyloxy1ation of substrate 1. 2,4-

Dinitrobenzoic acid and acetaldehyde were used. Recrystallization from hexane without 

using silica gel column chromatography from hexane gave 2k in 54% yield as colorless 

needles; mp 148 'C; IR (KBr) 3449 (NH) , 2990 , 2860, 1790 (ester C=O) , 1743 

C=O), 1724, 1604, 1550, 1352 , 1280, 1248 , 1159, 1130, 1066, 1006, 939 , 833 cm-); 
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I H NMR (CDC13 , 270 MHz) ﾒ 0.09 (s , 3H, SiCH3) , 0.10 (s , 3H , SiCH3) , 0.90 (s , 9H , 

-C(CH3 )3), l. 30 (d, J = 6.3 Hz, 3.29 (dd , J = 2.9 , 1.2 Hz, 

lH , C3-H) , 4.28 (dq, J= 2.9 , 6.3 Hz, 1H , -CH(OTBDMS)CH3) , 6.20 (d , J = 1.2 Hz, 

lH , C4-H) , 6.53 (br, 1H , NH) , 7.94 (d , J = 8.6 Hz, 1H, aromatic C6-H) , 8.57 (dd , J = 

8.6, 2.2 Hz, lH , aromatic Cs-H) , 8.84 (d , J = 2.2 Hz, 1H, aromatic C3-H); J3C 

(CD(]3 , 67.9 ﾒ -5.2 (SiCH3) , -4.3 (SiCH3) , 17.9 (-C(CH3)3), 22.2 (ｭ

25.7 (-C(CH3 )3), 63.7 (-CH(OTBDMS)CH3) , 65.9 (C3) , 77.6 

(C4) , 119.8, 127.7 , 13 1. 2 , 132.0, 148.0, 149.3 (aromatic carbon) , 163.8 (NHC=O) , 

165.7 Anal. Calcd for CJ8H2SN308Si: C , 49.19; H , 5.74; N , 9.57. Found: 

C , 49.32; H, 5.71; N, 9.51; -7.2 (c 1.09 , CHCI)). 

Preparation of Idimethy Is ily 

ethy (11): A 100 mL three-necked 

round-bottomed flask equipped with a thermometer, a magnetic stirring bar and a pressure 

equaJizing dropping funnel connected to a three-way stopcock was charged with 

CF,SO,SiMe, (0.62 g, 2.79 mmol) , and CH2Cl2 (40 mL) atmosphere. The 

mixture was coo1ed to -68 'C assisted with a dry-ice acetone bath and the mixture of 

CH2C12 (40 '-methoxyethene (2.44 g, 16.71 mmo1) 4-

acy10xy -゚lactam (2: 0.80 g, 2.79 mmol, 2f: 0.87 g 2.79 mmol) was added dropwise 

over a period of 3 h. After stirring for 2 h at -68 'C, the resulting mixture was allowed 

to room temperature and then stirred overnight. The reaction mixture was poured into 

water (80 extracted twice with EtOAc (50 mL). The extract was washed with 

NaHCa:, solution , brine and dried over solvent was removed under 

reduced presser, and purification by column chromatography on Siﾛ2 by using a 2:3 

mixture of hexane and EtOAc as the e1uent gave the tﾜle compound. Isolated yields of 

11 were 60% (0.50 mmol, from 2) and 92% (0.75 g, 2.51 mmol , from 2f). 

JH NMR (COCI3 , ﾒ 0.08 (s , 6H , SiCH3X2) , 0.88 (s , 9H , -C(CH3 )3) , 1.21 

(d , J = 6.1 Hz, 3H , -CH(OTBDMS)CH3), 2.56 (dd, J = 16.4, 9.6 Hz, 1H , -

CHaHbCÛ2-), 2.74 (dd , J = 16.4, 4.2 Hz, 1 H , -CHaHbCÛ2-), 2.81 (dd, J = 4.9 , 2.2 

Hz, 1H , -CHCO-) , 3.72 (s , 3H , 3.97 (ddd , J = 9.6 , 4.2 , 2.2 Hz, 1H , -

CHNH-) , 4.19 (dq , J = 4.9 , 6.1 Hz, 1H, -CH(OTBDMS)CH3) , 6.03 (b , 1H , NH); I3C 

-5.0 (SiCH3) , -4.3 (SiCH3) , 17.9 (-C(CH3 )3), 22.5 (ｭ

CH(OTBDMS)CH3) , 25.7 (-C(CH3)3), 39.5 (-CH2CÛ2CH3) , 46.8 (-CH2CÛ2CH3) , 

51.9 (-CHCONH-) , 64.3 (-CH(OTBDMS)CH3) , 65.4 (-CHNH) , 167.7 (NHC=O) , 
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171.6 AnaJ. CaJcd for CI4H27N04Si: C, 55.78; H , 9.04; N , 4.65. 8) Murahashi, S.-I.; Saito, T.; Naota, T.; H.; Akutagawa, S. 
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cyclohexene (18) gave *)-3-acetoxy-2-hydroxycycJohexanone (19) chemo-and 

stereo-selectively. Similarly, the oxidation of cis-5-methoxycarbonyl-2-cyclohexenyl 

acetate (20) 12 gave *, 5R *)-3-acetoxy-2-hydroxy-5-methoxycarbonyl-lｭ

cyclohexanone (21) selectively. These reactions are highly useful for synthesis of 

sugars. 

The oxidation of 

(22) gave the indicating that direct oxidation with peracetic acid 

is not involved in these reactions. The oxidation of 22 with peracetic acid in the absence 

of the catalyst does not occur under the sirnilar reaction conditions. 

HO 

AcO 

Scheme la 

k 
a , b C 

AcO 

Ac Ac 

d e , f 

AcO 

26 27 

H 

1 

28 29 

CH2=CHMgBr; (b) DMAP/pyridine; (c) PdCI2( CH3C N)2 (cat.); 
(d) RuCI3 (cat.), CH3C 03H; (e) KOH; (f) NBA; (g) (h) Br2; (i) 
(N02)2C6H3NHNH2; u) CH3C OC 

The efficiency of the present reaction has been demonstrated by the synthesis of 

cortisone acetate (1) , 13 which is a valuable anti-inflarnmatory agent. Our strategy for the 
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synthesis of 1 is shown in Scheme 1. Epiandrosterone (24) , which is comrnercially 

available, was converted into (25) (mp 152-153.5 

<t:) upon treatment with vinylmagnesium bromide followed by N , Nｭ

dimethylaminopyridine and AC20 in dry pyridine. Catalytic of 25 with 

PdCh(CH3CNh catalystl4 in THF at room temperature gave 

17(20)-ene (26) (mp 153-154.5 <t:) in 92% yieJd. The present ruthenium-catalyzed 

oxidation of 26 proceeds stereoselectively to give 

3,21-acetate (27) (mp 202-203.5 CC, +28.00 (c 1. 03 , CHC13)) in 57% yieJd. 

Hydrolysis of 27 foJlowed by oxidation with N-bromoacetamide gave 28. Acetylation 

followed by dehydrogenation gave 29 (mp 235-236 CC, +1140 (c 0.245 , 

acetone)) , 15 which can be converted into 1 by' rnicrobial oxidation with Rhizopus 

The reaction can be rationalized by assuming which involve direct 

formation of from alkenes formation of epoxides followed by ring 

opening (path B) , and formation of 1,2-diols and subsequent oxidation The 

following controJ experiments for the oxidation of 5-decene exclude path C: 

i) The oxidation of 5,6-decanediol under the reaction conditions gave 5,6-decanedione 

and pentanoic acid rather than the ii) cﾎs-and trans-5 ,6-

Epoxydecanes were recovered completely under the reaction conditions. Although it is 

to discuss the mechanism at the present stage, the reaction can be rat卲nalized 

by assurning the following reaction pathways: The reaction of the Ru(lII) complex with 

peracetic acid would give Ru(V)=O species ,8 which undergoes react卲n with olefins to 

give cationic species 3. Nucleophilic attack of water before ring closure to give epoxide 

and subsequent ゚ -elimination of ruthenium hydride species would The 

oxidation of cis-5-decene gave 6-hydroxy-5-decanone (30%) along with trans-5 ,6-

epoxydecane cÎs-5 ,6-epoxydecane (1 5%) , suggesting the presence of 

intermediate 3 in this oxidation reaction. Actually , the oxidation of 2.3-dimethyl-2-

butene which has no -゚hydrogen atom gave 2, 3-dihydroxy-2 , 3-dimethylbutane 

excl usi vel y. 

Experimental Section 
Materials. (2) 5-Decene was prepared by hydrogenat卲n of 5-decyne with 

Lindlar (E) 5-Decene wali prepared by hydrogenation of 5-decyne with 
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(z) oxide and oxide were by epoxidation of the 

corresponding and (E)-olefins with m-chroloperbenzo� acid. CH2CI2, 

Et20 , MeOH , CHC13, PdC12(MeCN)2, 2,4-

dìmethylaminopyridine, Ac}O, magnesium, vinyl magnesium bromide, N-

cyclopentanone, indene, 

I-methyl-l-cyclohexene, estron , and 

epiandrosterone were all commercially available and used without further purification. 

Dry pyridine and triethylamine were obtained by distil1ation over of 

diazomethane was carried out according to usual procedure. A 30% solution of peracetic 

acid a gift from DAICEL Chemical Industries , Ltd. cis-5-Methoxycarbonyl-2-

cyclohexyl acetate 12 was prepared by the reported method. 

General Procedure for the Ruthenium-Catalyzed Oxidation of 

Alkenes w ith Peracetic Acid. A 50 mL round-bottomed flask equipped with a 

magnetic stirring bar and a dropping funnel connected to a three-way stopcock 

charged with alkene (5.0 mmol) , CH2Cb (5 mL), CH3CN (5 rnL), H20 (5 mL) and 

RuCI3' 3H20 (0.039 g, 0.15 mmol). The mixture was stirred at room temperature and a 

30% solution of AcOOH in EtOAc (3.8 g, 15 mmol) was added dropwise over a period 

of 2 h. After complete addition, the mixture was stirred for an additional 3 h at room 

temperature. Then , the react卲n mixture was poured into 5% Na2S03 aqueous solution 

and extracted with CH2C12 (25 rnL x 5). The combined extracts were washed with a 

saturated NaCl aqueous solution (25 mL) and dried over of the 

solvent under reduced pressure followed by column chromatography on Siﾛ2 or 

distillation 

(5): IR (neat) 3400 (OH) , 2937 , 1712 (C=O) , 1470, 

1406, 1381 , 1284, 1246, 1203 , 1122, 1082, 1055, 1026 cm-1; IH 270 

MHz) 8 0.94 (t, J = 7.5 Hz, 3H , -CH ,), 0.97 (t, J = 7.3 Hz, 3H , -CH3)‘1.40 (b, lH , 

OH) , 1.48 (m, 2H , -CH 2-) , 1.66 (tq , J = 5.1 , 7.3 Hz, -CH2CH2CH3), 1.72 (m, 2H , 

CH2), 2.45 (dt, J = 7.2 , 5.1 Hz, 4.18 (t, J = 3.5 Hz, lH , 

); "c (CDCl, , 67. 9 8 13.6 (CH ,), 17.2 (CH2), 18.2 (CH2), 

35.9 (CH2), 76.3 (-CH(OH)-) , 212.5 (C=O); exact mass calcd for CgHI602 

144.1] 50, found 144.1183. 

(7): IR (neat) 3450 (OH) , 1720 (C=O) , 1620, 

1590, 1470, 1440, 1380, 1300, 1250, 1210, 1150, 1120, 1090, 1030, 990, 910 cm-I; 
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83.01 (dd , J= 16.6, 5.1 Hz, lH , -CH2-) , 3.27 (b, lH , 

OH) , 3.56 (dd , J = 16.6, 7.8 Hz, lH , -CH2-) , 4.54 (dd, J = 7.8 , 5.1 Hz, lH , -

(m, 5H , aromatic); 13C (COCl:1' 67.9 MHz) 835.2 (CH2), 

74.3 (-CH(OH)-) , 124.5 , 126.8 , 128.0, 134.1 , 135.9, 15 l. 0 , 206.5 (C=O); exact mass 

calcd for Cl)Hg02 148.0524, found 148.0509. 

(9): IR (neat) 3406 (OH) , 2895 (CH) , 1685 

(C=O) , 1616, 1514, 1458 , 1425 , 1386, 1263 , 1219, 1157 , 1103 , 1068, 1035 , 891 , 829 , 

721 cm-1; 1 H NMR (CDCI3 , 8 1.88-2.54 (m, 4 H , -CH2-x 2) , 3.70 (br, 1 H , 

OH) , 4.20 (dd , Hz, 1 H , -CH(OH)-) , 6.12 (ddd, J= Hz, ] 

H) , 7.02 (m, lH); I3C NMR (CDCI3 , 8 25.7 (CI-bCH(OH)) , 31.3 

(CH=CHCH2) , 72.9 (COCI-I(OH)) , 127.0, 152.0, 200.4 exact mass calcd for 

C6H8ﾛ2 112.0524, found 112.0537. 

(11): IR (neat) 3439, 2942, 1713 , 

1451 , 1373 , 1312, 1254, 1165, ] 134, 1165, 1134, 1080, 1030, 1020, 974, 949 , 916 , 

829 , 697 , 664 cm-1; 'H NMR (CDC13 , 8 1.40 (s , 3 H , CH3) , 1.60-1.80 (m, 

4 H) , 2.12 (m, 2 H) , 2.50 (m, 2 H) , 3.93 (br, 1 H , OH); 13C (COC13 , 8 

214.3 , 76.4, 42.1 , 37.8 , 27.9 , 25.1 , 23.0; Anal. Calcd for C7HI2ﾛ2: C, 65.58; H , 

9.44. Found: C, 65.78; H, 9.68. 

(13): mp 54 CC; IR (KBr) 

3491 (OH) , 3022 , 2874 , 1697 (C=O) , 1485 , 1456, 1388, 1370, 1263 , ]224, 1194, 

1155 , 1059, 1005 , 966 , 937 cm-I; IH 8 1.29 (s , 9H , -

1.46 (s , 6H , -C(OH)(CH3)2)' 3.50 (b , lH , OH); 13C NMR (CDCl ì , 67.9 

827.0 (C(CH1)1)' 27.9 (CH1) , 28.4 (CH1) , 78.1 (-C(OH)) , 218.6 (C=O); Anal. 

Calcd for CSHI60}: C, 66.63; H, 1l.18. Found: C , 66.23; H , 11.06. 

Acetate (15): IR (neat) 3504 (OH) , 

2982 , 2940 , 1731 (C=O) , 1466, 1412, 1375, 1269, 1235 , 1194, 1148, 1100, 1040, 993 , 

961 , 851 , 802 , 662 , 608 cm-1; 1 H NMR CDCI3) 8 1.41 (s , 6 H, -CH3 x 2) , 

2.17 (s , 3 H , CH3CÛ2-), 3.05 (br, 1 5.02 (s , 2 H , -CH20Ac); 13C NMR 

820.5 , 26.7 , 76.5 (-C-O-) , 170.6 (-CÛ2-), 207.7 

(-C=O). 

Preparation of A 

300 mL three-necked equipped with a mechanical stirrer, a dropping funnel 

connected to a three-way stopcock, and a reflux condenser connected to a three-way 
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stopcock was charged with THF solution of vinylmagnesium bromide (50 rnL, 37.4 

mmol) under argon atmosphere. The solution was stirred at 0 CC and ゚-tetralon (5.07 g, 

34.7 mmol) in dry THF (10 mL) was added dropwise. After stirring for a half hour at 

the room temperature and a half hour at and then saturated aqueous (20 

mL) wa<.; added at 0 CC. The resulting mixture wa<.; extracted with EtOAc (75 mL x 3) , 

the conbined extracts were with 2% aqueous NaHCO, (75 H20 (75 mL), 

and dried over removal of the solvent column chromatography (Si02, 

6: 1) gave the title compound (1.24 g , 21 %) as yellow oil: I H NMR (270 

CIX],) ﾒ 1. 76-3. 22 (m, 6 H , -CH2-X 3), 5.09 (dd , J = 1. 2, 10.7 Hz, 1 H , cis-H 

of -CH=CH J ) , 5.30 (dd , J = l. 2, 17.3 Hz, 1 H , trans-H of 6.03 (dd , J = 
10.7, 17.3 Hz, 1 H , -CH=CH2), 7.02-7.22 (m, 4 H , ArH x 4); L'C NMR 

COC1,) ﾒ 26.1 x 2, 34.2 , 4 l. 8, 7 1. 2(-C-0-), 112.6 (-C=CH2), 125.9, 126.0, 128.7, 

129.4, 134.1 , 135.3 , 144.2 (-C=CH2). 

Preparation of 2-

Hydroxy-2-viny1-1 ,3,5-trihydronaphthalene (1.24 g, 7.1 mmol) , 2,4-dimethylantino­

pyridine (0.037 g, 0.30 mmol) , Ac20 (l. 4mL, 15.0 mmol) , and dry triethylamine (1.5 

rnL, ] O. 7 mmoI) were stirred over night under argon atmosphere at room temperature. 

The reaction mixture wal) poured into coo]ed H20 , and then extracted with EtOAc (50 mL 

x 3) , combined extracts were wa<.;hed with 2N-HCl (70 mL), a saturated aqueous 

NaHCO, (70 rnL), and a saturated aqueous NaCl (70 mL), and dried over 

After removal of the solvent the residue wal) distilled to give the title compound (1. 13 g, 

74%) as yellow oi1: I H COCl�) ﾒ 1. 94 (s , 3 H , CH,CO')-) , 2.44-2.54 

(m, 2 H , (m, 2 H , -CH2-) , 3.15-3.31 (m, 2 H , -CH2-) , 5.18 (d , J = 

11.0 Hz, 1 H , cis-H of -CH=CH2-) , 5.21 (d , J= 17.6 Hz, 1 H , trans-H of -CH=CH1-) , 

6.19 11. 0, 17.6 Hz, 1 H , -CH=CH2) , 7.04-7.24 (m, 4 H , ArH x 4); I,C 

(68 COCI.1) ﾒ 22.0, 26.0, 80.7 114.5 (-C=CH 2), 125.9, 

126.0, 128.5 , 129.2, 133.8 , 135.2, 140.4 (-C=CH2), 170.1 

lideny (16): 2-Acetoxy-

2-vinyl-1 , 3, (1.13 g, 5.2 mmol) , PdC12(MeCN)2 (0.11 g, 0.43 

dry THF (52.4 mL) were stirred over night atmosphere at room 

temperature. After removal of the solvent the mixture was washed by on florisil. 

After remOVal of the solvent the residue was distilled to give 16 (0. 16 g, 14%) as yellow 

oil: 'NMR (270 COCl,) ﾒ 2.03 (s , 3 H , CH,C02-) , 2.44-2.57 (m, 2 H , 

98 

equatorial H x 2) , 2.82 (d , J =6. 7 Hz, 1 H , axial H) , 2.85 (d , J = 6.7 Hz, 1 H , 

3.48(s , 1 H , 1 H of -CH2-) , 3.60 (s , 1 H , 1 H of -CH2-), 4.65 (dd , J = 7.3 , 11. 7 Hz, 2 

H , -CH20Ac) , 5.53 (m, J = 7.3 Hz, 1 H , 7.00-7.16 (m, 4 H , ArH x 4); I,C 

Nlv1R (270 MHz, COCl�) ﾒ 2 1. 1, 30.0, 60.7 , 76.9 (-C-O-), 117.1 (-C=CH-) , 126.3 , 

126.6, 127.8, 128 .4, 135.2, 137.5 ,142.3 (-C=CH-) , 171.0 (-C=O). 

(17): IR(neat) 3490 (OH) , 3021 , 2934, 1750 (C=O) , 1730 (C=O) , 1603 , 1497, 1455, 

1410, 1373 , 1267, 1233 , 1163 , 1111 , 1069, 1028 , 972, 928 , 907 , 851 , 797 , 754, 731 

cm-I; ﾒ 1.91-2.13 (m, 2 2.16 (s , 3H , CHìCO?-) , 

2.79 (dd, J= 2.0, 16.8 Hz, 1 H, 1H of -CH2-) , 2.86-3.06 (m, 2 H , -CH2-) , 3.26 (d, J= 

16.8 Hz, 1 H , 1H of -CH2-), 5.08 (s , 2 H , -CH20Ac) , 7.06-7.26 (m, 4 H , ArH x4); 

NMR COCl�) ﾒ 20.5 , 24.6, 3 1. 0, 38 .4, 65.3 (-C-O-), 77.7 (-C-O-) , 126.3 , 

126.4, 128.7, 129.7, 132.2, 134.9, 170.6 (-C02-) , 207.2 (-C=O); mass spectrum 

(FAB) rn/z HRMS calcd for CI4HI604 249.113 , found 249.1] 4 (M+ + 1). 

(19): mp 161-165 CC; 

IR (KBr) 3395 (OH) , 2957 , 1730 

976, 939, 9]6, 884, 837 cm-J; JH COC13) ﾒ 1.49-1.84 (m, 2 H , -

CH2-) , 2.00-2.12 (m, 1 H , 1H of -CH2-) , 2.13 (s , 3 H. CH3CÜ2-), 2.21-2.28 (m, 1 H , 

lH of (m, 1 H , 1H of -CH2-), 2.60 (dddd , J = 2.2 , 2.2 , 4.4 , 14.2 

Hz, 1 H , H6(ax) of -CH2C(=0) , 3.65 (d , J = 3.9 Hz, 1 H , -OH) , 4.18 (dd, J = 

10.0 Hz, 1 H , -CHOH) , 4.75 (ddd, J = 4.6 , 10.0, 11.2 Hz, 1 H , -CHOAc); 13C NMR 

ﾒ 20.6, 2 1. 1, 29.1 , 38 .4, 77.2 (-COAc) , 78.6 170.3 

207.1 (-C=O); HRMS Calcd forC8HI204 172.074, found 172.073. 

cyclohexanone (21): IR (neat) 3426, 2957 , 

978, 951 , 928 , 872 , 829 cm-I; I H NMR COC13) ﾒ 1. 95 (ddd , J = 3.0, 4.0, 

12.0 Hz, 1 H of CH3CÜ2CHCH2) , 2.11 (s , 3 H , CH3CÜ2), 2.53 (m, 1 H , 1 H of 

CH3CÜ2CHCH2) , 2.63-2.86 (m, 3 H, 3.65 (br, 1 H, OH) , 3.74 H, 

CÜ2CH3) , 4.22 (d , J= 11 Hz, 1 H , CHOH) , 4.81 (ddd , J= 4.5 , 10.0, 11. 0 Hz, 1 H, 

CH3Cﾜ2CH); I3C COCl)) ﾒ 

170.1 , 172.3 , 205.2; HRMS calcd for ClOH 150623 1.0869 , found 231.085. 

Methyl (23): mp 133-134 CC; IR (KBr) 

3360 (OH) , 2966 , 1749 (ester C=O) , 1716 (C=O) , 1437 , 1363 , 1334, 1265 , 1184, 1097, 
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successively with 2M HCI (100 rnL) , saturated aqueous NaHC03 solution (50 mL) and 

saturated aqueous N aC1 so1ution (50 mL), and dried over anhydrous N 

of the solvcnt under reduced folIowed by column chromatography (SiÛ2, 

4: 1) gave 3ß , (0.34 g, 66%) as a 

colorless solid: mp 176-178 CC; +41. 50 (c 0.99 , EtOH); IR (KBr) 3410 (OH) , 

2928 , 2859 , 1709 (C=O) , ]638 , 1468 , 1451 , 1385 , 1136, 1097, 1082, 1040 cm-I; IH 

NMR (CD30D, ﾕ 0.66 (s , 3 H , -CH3) , 0.81 (s , 3 H , -CH3) , 0.67-2.70 (m, 

22 H, -CH2-x 9 + -CH-x 4) , 2.10 (s , 1 3.07 (s , 1 H , -OH) , 3.59 (tt, J = 5.2, 

10.4 Hz, 1 H , -CHOH) , 4.28 (d, J= 19.7 Hz, 1 H , 1H of -CH20H) , 4.65 (d, J= 19.7 

Hz, 1 H , lH of -CH20H); I3C (CDJOD, 68 MHz) ﾕ 13.5, 16.3 , 22.9, 25.5 , 30.7 , 

32.8 , 32.9 , 34.3 , 35.8 , 37.5 , 37.8 , 39.1 , 39.7 , 47.1 , 50.0, 53.0, 56.3 , 68.6 (-C-O-) , 

72.6 (-C-O-) , 91.4 (-C-O-) , 214.3 

Preparation of (28): 

The mixture of 3ß , (0.328 g, 0.94 rnmol) , MeOH 

(10 rnL), dry pyridine (0.5 mL), H20 (0.5 rnL), and N -bromoacetamide (0.520 g, 3.76 

mmol) were stirred overnight at room Allyl aIcohol and 2M HCl were 

added to decompose excess oxidant. After separation of the organ兤 layer followed by 

removal of the solvent, column chromatography (SiÛ2, hexaneÆtOAc, 3: 1) gave 28 

(0.150 g, 46%) a, a colorless solid: mp 204.5-205 CC; IR (KBr) 3480 (OH) , 2948 , 

1705 (C=O) , 1445, 1389, 1273 , 1233, 1128 , 1092, 1074, 1048 , 1036 cm-

J; IH ﾕ 0.69 (s , 3 H , -CH3) , 1. 02 (s , 3 H , -CH3) , 0.75-3.08 

(m, 22 H , -CH2-x 9 x 4) , 3.06 (t, J = 4.6 Hz, 1 H, -CH20H) , 4.30 (dd , J = 4.6 , 

19.5 Hz, 1 H , 1H of -CH2(C=0)OH) , 4.66 (dd , J = 4.6, 19.5 Hz, 1 H , IH of -

CH2(C=O)OH); I3C NMR ﾕ 11.4 , 15.1 , 20.9, 23.8 , 28.8 , 30.3 ‘ 3 1. 8, 

34.6, 35.4, 35.7 , 38.1 , 38.5 , 44.6 , 46.6, 48.8 , 50.7 , 53.4, 67.4 (ｭ

C(C=O)OH) , 211.8 (-C=O) , 212.3 (-C=O). 

Preparation of 

(29): A rnixture of28 (0.140 g, 0.40 mmo1) , dry pyridine (l mL), and acetic anhydride 

(0.5 mL) was st叝red for 2 h at room temperature. The result匤g mixture was poured 

into ice-water and the resulting precipitate was collected by filtration to give crude 

acetate (0.160 g). The acetate (0. 160 g) and 

glacial acetic acid (5 mL) were chilled in an ice bath , and bromine (0.150 g, 0.94 mmol) 

in acid (2 rnL) were added dropwise for 30 min. After stirring 
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additional 1 h, 2,4-dinitrophenylhydrazine (0.142 g, 0.50 rrunol) was added in one 

portion. Then the mixture was heated for 15 min at 60CC under nitrogen atmosphere. 

After addition of 5% HCl (15 rnL) the resulting precipitate was collected by filtration and 

with water to give the crude hydrazone as a brown powder. To a solution of 

hydrazone in CHC13 (10 mL), pyruvic acid (8 mL) , water (0.1 mL), and 3.21 M 

hydrobromic acid in glacial acetic acid (0.8 mL) were added dropwise at room 

The mixture was heated at 60CC under nitrogen atmosphere. The 

resulting mixture was poured into ether (50 mL) and washed successively with saturated 

Na2C03 aqueous solution, 5% NaOH aqueous solution, and water, and dried over 

and column chromatography (SiÛ2, hexaneÆtOAc , 1011) gave 

29 (0.067 g, 43%) a<; a colorless solid: mp 235-236 CC; +1140 (c 0.245 , 

acetone) [litls mp 235-238 CC; +1140 (c 0.224, acetone)]; IR (KBr) 3400 (OH) , 

2950, 2925 , 1740 (C=O), 1720 (C=O) , 1680, 1380, 1280, 1240, 1040 cm-I; JH 

270 ﾕ 0.72 (s , 3 H , -CH3) , 0.93-1.] 6 (m, 2 H) , 1.17 (s , 3 H , -CH3) , 

1. 30-2.10 (m, 13 H) , 2.17 (s , 3 H , 2.25-2.50 (m, 4 H) , 2.73 (m, 1 H) , 

2.80 (br, 1 H , -OH) , 4.85 (d, Hz, 1 H , 1H of -CH2-0Ac) , 5.08 (d, J = 17.5 

Hz, 1 H , 1H of -CH2-0Ac) , 5.74 (s , 1H, NbfR(CDC13, 68MHz)8 

14.4, 17 .4, 20.5 , 20.7 , 23.6 , 30.1 , 32.0, 32.8 , 33.9, 34.8 , 35.7, 35.7 , 38.6, 48.3 , 

50.5 , 53.3 , 68.0 , 89.9, 123.9, 170.6 (-CÛ2-), 199.6 (-C=O) , 205.2 Anal. 

Calcd for C23H320S: C, 71.09; H, 8.3]. Found: C , 70.88; H, 8.49. 
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