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Abstmc~ Chid synthesis of canadensolide has been achieved by using the Sharpless kinetic resolution of the 

2-fnrylcarbmol derivative(l1). followed by its oxidative conversion into the corresponding pyrauoue(l2) as 

key reactions. 

Canadesolide (l), au antibiotic isolated from Penicillin cunadense,* has a unique structnral feature 

related to avenaciolide (2), isoavenaciolide Q), and ethisolide (4) (Figure 1). Its relative stereochemistry has 

been determined by the total synthesis of its racemate in 1975 by Yoshikoshi and his co-workers.~ Although a 

number of syntheses of canadensolide have been reported to date,3-5 only two chiral syntheses have been 

achieved with the use of glucose as a chiral starting materialPJ 
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Figure 1. 

Recently we have developed a synthetic strategy for the preparation of chiral2-fnrylcarbinols by utilizing 

the Sharpless kinetic resolution of the cotresponding racemates in good conversion yields with high enantio- 

selectivities and this strategy was successfully applied to the syntheses of various types of physiologically active 

natural products.s As part of our study on the exploitation of 2-furylcarbinol in natural product synthesis, we are 

interested in the enantio- and stereoselective synthesis of (-)canadensolide.~ 

The synthetic plan we first deviced is indicated in Scheme 1 which involves a trisubstitnted fnran 

derivative (5) having the all carbon unit for the synthesis of canadensolide as a starting material. 
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Scheme 1. 

Thus the Sharpless kinetic resolution employing titanium tetra-isopropoxide, Ldiisopropyl tartrate, and 

reti-butyl hydroperoxide was applied to the racemic Sa. Although the absolute configuration of the recovered 

chiral5a could not be determined at this stage, its enantiomeric excess was only 55% e.e. based on the NMR 

analysis of the conesponding Masher’s ester. In order to improve the optical purity of the resolved starting 

material in this reaction, the protecting groups of the substituents on the furan ring were exchanged and the 

kinetic resolution was again attempted. The results obtained were summarized in Table with conversion yields 

and enantiomeric excesses. Although the Shsrpless kinetic resolution of SC afforded the resolved SC in 44% 

yield with 62% e.e., such protecting groups were found to be unsuitable in later stage of its further conversion 

into canadensolide. 

Table. Kinetic Resolution of 5 Using TBHP, Ti(O’Pr),, and L-(+)-DIPT a 

substrate 5 slow-reacting 
enantiomer 

R’ RZ TBHP (equiv.) yield (%)b e.e.( %)’ 

a MOM TBS 2.0 32 55 

b MOM SEM 3.0 54 31 

C TBS AC 0.7 44 62 

’ The reaction was cmied out by using TBHP, Ti(O’Pr)d (1.0 equiv.), and L-(+)-DIPT (1.2 cquiv.) in CH$lz 

at -2YC in the presence of 3A molecular sieves. b Isolated yields based on racmic 5. ’ Determined by ‘H NMR 

analysis of the corresponding MTPA ester. 

Since all the attempts for the Sharpless kinetic resolution of trisubstituted 2-furylcarbmols gave the 

unsatisfactory results in terms of optical purity, we decided to introduce the exo-methylene function of the “I- 
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lactone in the final step of the synthesis as report4 in the previous paper&l7 and 3-substituted 24urylcarbinol 

was selected as a starting material (Scheme 2). 

e F 
12 RI, R’=H, OH IS 16 R’=OH, R’=H 

13 R’=H, R”=OEE 
17 R’=H, R2=OH 

14 R’=OEE, R2=H 

“~~~fi~~” p :A4, :i&4H9 - 1 

-- R=Bn 28 R-EE 
R=H, OH 29 R=H 

Scheme 2. Reugents: a) n-BuLi (2.2 eq.), THF then C4H9CHO (70 S); b) t-BuMezSiCl. imidazole. DMP (77 %); 

c) L-DIPT (0.24 cq.), Ti(Oi-Pr)4(0.2 eq.). t-BuOOH (0.6 eq.). CH2Cl2, -25’C (41 96); d) m-CPBA, AcONa. CHQ 

(77 8); e) CH#HOEt, PPl’S (95 %); f) Hz. 10 %Pd-C, AcOEt (96%): g) L-Selectride, ‘ITIF, -78’C (94 %); 

h) CI+CHOEt, PPTS (98 96); i )n-BQNF, THP (92 8); j) (COCl~, DMSO, CH2Cl2, -5O’C then Et3N (93 %); 

k) NaClq, 2-methyl-2-butene, KH2PO4. H20, I-BuOH (88 %); 1) 2 %HCl. THP (93 %); m) PCC. AcONa, CHzQ2 

(94 %); n) BnOH, p-TsOH, CH$lz (79 %); o) DIBAL, THP, -78’C (87 96); p) CH+HOEt. PPTS (83 96); q) Hz, 

Pd(OH)z. EtOH (78 %); r) PCC, AcONa, CH2Cl2 (74 96); s) 2 %HCl. THP (95 %). 

The desired starting material (11) was prepared as follows. Reaction of 3-furanmethanol with 2.2 equiv. 

of n-butyllithium in dry tetrahydrofuran (TX-IF) afforded the dilithiofuran which on treatment with n-valer- 

aldehyde provided the 24uylcarbinol (lo), in 70% yield, siteselectively.to After protection of the primary 

hydroxy group of 10 as its tert-butyldimethylsilyl (TBS) ether, the alcohol (11) was subjected to the Sharpless 
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kinetic resolution by using 0.24 equiv. of titanium tetra-isopropoxide, 0.24 equiv. of Ldiisopropyl tar&ate, snd 

0.6 equiv. of terr-butyl hydroperoxide to give the desired (R)-2furylcarbiil in 41% yield with >95% e.e. The 

absolute umfigm&ons of the resolved compound was assumed to be R based on the previous resuhs*Jt and 

unambiguously determined by its conversion into the known bislactone (23). Oxidative ring transformation of 

(R)-11 with nt-chloq&~~~~ ic acid in chloroform gave the lactol(12), in 77% yield, whose lactol hydroxy 

group was then protected as the ethoxyethyl ether to furnish the a-anomer (13) and the p-anomer (14)12 in 

95% yield in a ratio of 1:2.4. Catalytic reduction of the major P_anomer over 10% palladium on carbon under a 

hydrogen atmosphere afforded the ketone (U), in 96% yield, stereoselectively. The observed stereoselectivity 

can be rationalixed by assuming that the attack of hydrogen occurred t?om the less hindemd side of the enone 

(14) as shown in Figure 2. 

Figure 2. 

Although the reduction of the ketone (U) with sodhuu bomhydride gave the mixture of the diastereo- 

isomeric Secondary alcohols in a ratio of ca. 1: 1, the desired (R)-stereoisomer (16) was predominantly obtained 

by employing Lselectride as a reducing agent together with the Q-isomer (17) in 81 and 13% yields, 

respectively. The stereochemistries at the C-3 position of the diastereoisomers (16) and (17) were tentatively 

assigned to be R and S tespectively, since L-Selectride reduction of hindered ketones gave the corresponding 

less stable isomers.13 The hydroxy function of the (R)-alcohol(l6) was converted into the ethoxyethyl ether 

(lg), in a usual manner, which on exposure to n-tetrabutylammonium fluoride gave the primary alcohol (19) in 

90% yield from 16. In order to construct a bis-)rlactonic skeleton, the conversion of the primary hydroxy group 

of 19 to a carboxylic acid was achieved by Swem oxidation, 14 followed by further oxidation of the resulting 

aldehyde (20) with sodium chloritet~ in 82% yield from 19. Deprotection of the ethoxyethyl groups of the acid 

(21) by treatment with a catalytic amount of hydrochloric acid brought about a formation of ~lactone ring. 

providing the bicyclic compound (22). in 93% yield, which on oxidation with pyridiium chlorochromate 

afforded the literature known bislactone (23). in 94% yield. The spectroscopic data of the synthetic lactone 

including the melting point and the specific optical rotation were identical with those reported.7 

Transformation of the lactol(22) into (-)-canadensolide was achieved as follows. After protection of the 

lactol as its benxyl ether, the resulting lactone (24) was reduced with diisobutylahuninum hydride to give the 

lactol(25), which was then converted into the ethoxyethyl ether (26) in a usual manner. Debenzylation of 26 

under a catalytic reduction condition over palladium hydroxide, followed by oxidation of the resulting lactol 

(27) with pyridinium chlorochromate furnished the known lactone (28). which was aheady converted into (-)- 

canadensolide.7 Removal of the ethoxyethyl group in 28 by acid treatment afforded the lactol(29), whose 

spectroscopic data including the specific optical rotation were identical with those reported.7 
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Thus we could disclose an enantiocontrolled synthesis of (-) canadarsolide by employing the Sharpless 

kinetic resolution of the racer& 2-iurykarbinol as a key reaction, and this synthetic strategy would be applicable 

to the syntheses of other types of bislactone antibiotics. 

EXPERIMENTAL 

Melting points were measured with a Yanagimoto MP apparatus and ate uncorrected. lR spectra were 

recorded on a Hitachi 260-10 spectrophotometer. 1H NMR spectra were obtained for solution in CDC13 on a 

JEGL PMX GSX 270 instrument, and chemical shifts are reported in ppm on the 6 scale from intemal 

tetramethylsilane. J values am given in Hz. Mass spectra were measured with a JEGL JMS D-300 spectmmeter. 

TLC was carried out on precoated 0.25 mm silica gel 70 F254 (Wako) plates. 

General Procedures for the Sharpless Kinetic Resolution of the Racemic 2-Furyl- 

carbinols --- To a solution of the racemic 2-furylcarbinol(5) (1 mol equiv.) and L&isopropyl tartrate (1.2 

mol equiv.) in dichlommethane (0.2 M in substrate) were added activated molecular sieves 3A (30 wt% based 

on the 2-tkrylcarbinol) at room temperature. The stirred mixture was cooled to -25°C. treati with titanium tetra- 

isopropoxide (1 mol equiv.), and further stirred for 30 min at the same temperature. The reaction mixture was 

treated with telt-butyl hydroperoxide (3.0 M solution in 2.2.4~trimethylpentane) and stirred for 14 h. A freshly 

prepared solution of iron(B) sulfate heptahydrate (2 mol equiv.) and tart&c acid (12 mol equiv.) in deionized 

water was added to the reaction mixture at -25°C and the resulting mixture was stirred vigorously without 

cooling for 30 min. The organic layer was separated and the aqueous layer was extracted with dichloromethane. 

The combined layer was washed with brine and dried over Na2S04. Evaporation of the solvent gave the crude 

product, which was purified by column chromatography on silica gel. 

General Procedure for the Preparation of the Mosher Ester&-- A solution of the alcohol (lo- 

20 mg) in pyridine (1 ml) was treated with (-)-ol-methoxy-a-(trifluoromethyl)phenylacetyl chloride (1.2 mol 

equiv.). After 12 h at room temperature the reaction was quenched with water and the mixture was extracted 

with ether. The organic layer was washed successively with saturated aqueous potassium hydrogen sulfate, 

saturated aqueous sodium hydrogen carbonate, and brine, and dried over Na2S04. Evaporation of the solvent 

gave the crude ester. tH-NMR analysis focused on the benxylic methine proton appeared at 6 5.80-6.00. The 

enantiomeric excess was calculated from integration of the signals. 

Kinetic Resolution of the Racemic 2-Furylcarbinol (5a) --- The reaction was performed with 

terr-butyl hydroperoxide (2.0 equiv.) on a 15.3 mmol scale (5.7 g) to provide the chiral5a (1.8 g, 32%) with 

55% e.e. [U]D +2.2” (c 1.1, CHCl3). IR(CHCl3) 3410 cm- l. lH-NMR(CDCl#i 0.12 (6H, s, 2xMe). 0.87- 

0.95 (12H, m. Me and tert-Bu), 1.26-1.90 (6H, m, C$f,jMe), 3.40 (3H, s, OMe), 4.44 (2H, d./=1.2 Hz, 

C&OMOM), 4.65 (2H, s. C&OTBS), 4.66 (2H, s, OCH20). 4.74 (lH, t. J=6.7 Hz, CH(OH)C&lg). 7.29 

(IH, s, H-5). MS m/z 372 (M+)(Found 372.2324. Calcd for CtgH3&Si: 372.2332). Anal. Calcd for 

CtgH-j&Si: C, 61.25; H, 9.74. Found: C, 60.88; H, 9.94. 
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Kinetic Resolution of the Racemic 2-Furylcarbinol (Sb) --- The reaction was performed with 

fert-butyl hydroperoxide (3.0 quiv.) on a 0.4 mm01 scale (0.14 g) to provide the chiral Sb (75 mg, 54%) with 

31% e.e.[a]D +0.9” (c 0.2. CHCl3). IB(CHCl3) 3400 cm -1. rHNMB(CDC13)8 0.01 (9H. s, SiMes). 0.87- 

0.95 (SH, m, Me and C&SiMe3), 1.20-2.00 (7H, m, C$i6Me and OH), 3.41 (3H, s. OMe), 3.61 (2H, q, 

J=6.1 Hz, CK!.&CHzSiMe3), 4.48 (2H. s, C&OMOM), 4.55 (lH, d, J=12.2 Hx.WIiOSEM), 4.64 (lH, d, 

J=12.2 Hx.CHHOSEM), 4.68 (4H, s. 2xOCHzO). 4.76 (1H. t, J=7.3 Hz, CW(OH)C4Hg), 7.36 (1H. s, H-5). 

MS m/z 370 (M+-18). 

Kinetic Resolution of the Racemic 2-Furylcarbinol (SC) --- The reaction was performed with 

rert-butyl hydroperoxide (0.7 quiv.) on a 5.4 mm01 scale (2.0 g) to provide the chiral5c (1.24 g, 44%) with 

62% e.e.[a]D -6.8” (c 1.2, CHC13). IR(CHCl3) 3400 and 1740 cm- 1. tH-NMB(CDC13)6 0.09 (3H, s, SiMe), 

0.10 (3H, s, SiMe). 0.85-1.00 (12H. m, Me and rert-Bu), 1.20-1.95 (6H, m, C#6Me), 2.04 (3H, s, 

OCOMe), 2.80 (lH, br s, OH), 4.60 (2H, br s. CZYI~OTBS), 4.78-4.88 (lH, m, CH(OH)C4Hg), 5.00 (lH, d, 

J=12.2 Hz, WHOAc), 5.13 (lH, d, J=12.2 Hz, CHHOAc), 7.26 (lH, s, H-5). MS mlz 370 (M+)(Found 

370.2170. Calcd for CrgH340sSi: 370.2173). Anal. Calcd for CrgH~O5Si: C, 61.58; H. 9.25. Found: C, 

61.75; H, 9.55. 

1-[2-(3-HydroxymethyIfuryl)l-1-pentanol (10) --- To a stirred solution of 3-furanmethanol (46.7 

g) in dry THF (470 ml) was added n-butyllithium (1.60 mol in hexane, 654 ml) at -78’C under argon, and the 

solution was further stirred for 4 h at the same temperature and for 2 h at 0°C. This solution was again cooled to 

-78°C and a solution of n-valeraldehyde (44.6 g) in THF (50 ml) was added dropwise to this solution at the 

same temperature and the resulting mixture was stirred for 20 min at -78’C and for 40 min at room temperature. 

After quenching the reaction by addition of saturated ammonium chloride solution, the mixture was extracted 

with ethyl acetate. The extract was washed with water and dried over Na2S04. Evaporation of the solvent gave a 

residue, which was subjected to column chromatography on silica gel. Elution with hexane-ethyl acetate (64 

v/v) afforded the 2-furylcarbinol(1O)(61.6 g, 70%) as a colorless oil. IR(CHCl3) 3400 cm-t. tH-NMB(CDCl$ 

6 0.88 (3H, t, J=6.7 Hz, Me), 1.10-1.35 (4H, m, CHzCzHqMe), 1.81 (2H, q. J=6.7 Hz, CH(OH)CH$3H7). 

4.09-4.13 (2H. br s, OH), 4.40 (2H, s, CX2OH), 4.64 (lH, t, J=6.7 Hz, CH(OH)C4Hg), 6.32 (lH, d, J=1.8 

Hz, H-4), 7.27 (lH, d, J=1.8 Hz, H-5). MS m/z 184 (M+)(Found 184.1095. Calcd for CtuHle03: 184.1097). 

l-[2-(3-tert-Butyldimethylsilyloxymethylfuryl)l-l-pentanoi (11) --- A solution of the diol 

(10)(1.2 g). imidaxole(0.9 g), and rerr-butyldiiethylsilyl chloride(l.1 g) in DMF(10 ml) was stirred for lh at 

ambient temperature. After treatment with saturated ammonium chloride solution, the mixture was extracted with 

ether. The extract was washed with water and dried over NazS04. Evaporation of the solvent gave a residue, 

which was subjected to column chromatography on silica gel. Elution with hexane-ethyl acetate (95:5 v/v) 

afforded the silyl ether (11)(1.4 g, 77%) as a colorless oil. IR(CHC13) 3350 cm-r. rH-NMB(CDC13)8 0.11 

(6H, s, 2xMe). 0.87-0.93 (12H, m, Me and rerr-Bu), 1.24-1.43 (4H, m, CH$Z&Me), 1.87 (2H, q, J=6.7 

Hz, CH(OH)CH2C$H7), 2.90 (lH, br s, OH). 4.62 (2H, s, CHzOSi), 4.74 (lH, t, J=6.7 Hz, CH(OH)C4Hg), 

6.28 (lH, d, J=1.8 Hz, H-4), 7.27 (lH, d, J=1.8 Hz, H-5). 

(1R)-l-[2-(3-fert-Butyldimethylsilyloxymethylfuryl)]-l-pentanol (11) --- Kinetic resolution 

of the racemic 2-furylcarbinol(11)(5.0 g, mmol) was carried out as described procedure as above to provide the 
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(R)-isomer (11)(2.03 g, 41%) with >95% e.e. [a]D +9.6’ (c 2.0, CHQ). MS m/z 297 (M+-l)(pound 

297.1890. Cakd for Ct&gO$i: 297.1885). t H-NMR of the corresponding MTPA ester (CJXl3)6 O.O2(3H, 

s, Me), 0.03 (3H, s, Me), 0.~1-0.90 (12H. m, Me and rert-Bu), 1.10-1.30 (4H, m. CH2CfldMe). 1.90-2.10 

(2H, m, w2C3H7), 3.43 (3H, s, OMe), 4.54 (lH, d, J= 12.3 Hz, CI-ZHOSi), 4.62 (lH, d, J= 12.3 HZ, 

CHHOSI), 5.92 (lH, t,J=7.3 Hz, CXOCO), 6.29 (lH, d,J=1.8 HZ, H-4). 7.18 (IH. d. J=1.8 HZ. H-S), 

7.20-7.30 (SH. m, aromatic protons). 

(2R)-2-BuLyl-4-(fer~-butyIdimethylsilyIoxymethyl)-6-hydroxy-6H-pyran-3(2H)-one (12) 

--- To a stirred solution of the (R)carbinol (ll)( 1 .OO g) and sodium acetate (0.33 g) in chloroform (12 ml) was 

added m-chloroperbenzoic acid (1.14 g) in portions at 0°C and the mixture was further stirred for 1 h at ambient 

temperature. The mixture was diluted with dichloromethane and washed successively with 5% sodium 

hydroxide solution and ammonium chloride solution, and dried over Na2SO4. Evaporation of the solvent gave a 

residue, which was subjected to column chromatography on silica gel. Elution with hexane-ethyl acetate (95:5 

v/v) afforded the pyranone (12)(0.81 g. 77%) as a colorless oil. IR(CHCl3) 3300, 1660 cm-t. tH-NMR 

(CDC13)6 0.07 (6H. s, ZxMe), 0.86-0.90 (12H, m, Me and fert-Bu), 1.24-1.47 (4H, m. CH&&Me), 1.60- 

1.89 (2H, m. CH2CjH7). 3.50 (0.75H. d, J=4.3 Hz, OH), 3.77 (0.25H. br s, OH), 4.00 (0.25H. ddd, J=1.2, 

4.3, and 7.9 Hz, H-2). 4.34-4.36 (2H, m, CHzOSi). 4.50 (0.75H. dd, J=3.7 and 7.9 Hz, H-2). 5.70 (lH, br 

s, H-6). 6.86-6.90 (lH, m, H-5). MS mlz 313 (M+-l)(Found 313.1844. Calcd for Ct6H2gO&i: 313.1834). 

(2R, 6R)-2-Butyl-4-(terf-butyldimethylsilyloxyme~hy~)-6-(l-e~hoxye~hoxy)-6~-pyran- 

3(W)-one (14) --- To a stirred solution of the lactol(12)(6.12 g) in dichloromethane (100 ml) containing 

pyridinium p-toluenesulfonate (1.03 g) was added ethyl vinyl ether (39.1 ml) at 0°C and the resulting mixtuxe 

was further stirred at ambient temperature for 2.5 h. The solution was washed with saturated sodium hydrogen 

carbonate solution and dried over NazS04. Evaporation of the solvent gave a residue, which was subjected to 

column chromatography on silica gel. Elution with hexaneethyl acetate (99~1 v/v) afforded the (2R, 6,S)-cll- 

anomer (13)(2.13 g, 28%) as a colorless oil. IR(CHC13) 1660 cm-t. tH-NMR(CJX13)6 0.05 (3H, s. SiMe), 

0.06 (3H, s. SiMe), 0.83-0.90 (12H. m, Me and tert-Bu), 1.16-1.44 (1OH. m, OCHMeOCH~e and 

CHzC$I4Me), 1.61-2.00 (2H, m. C&C3H7), 3.47-3.98 (3H. m, H-2 and OCH2Me). 4.25-4.41 (2H, m, 

CH2OSi). 4.97 (0.5H, q. J=5.5 Hz, OCHMeO), 5.10 (OSH. q, J=5.5 Hz, OCkfMeO). 5.60-5.63 (lH, m. H- 

6). 6.79-6.86 (1H. m, H-5). 

Further elution with the same solvent gave the (2R, 6R)-/3-anomer (14X5.06 g, 67%) as a colorless oil. 

IR(CHC13) 1675 cm-t. tH-NMR(CDC13)8 0.08 (6H, s, 2xSiMe), 0.88-0.97 (12H, m, Me and tertBu), 1.15- 

1.48 (lOH, m, OCHMeOCH~e and CH&$GMe), 1.61-1.69 (IH, m. CHHC3H7). 1.90-2.00 (lH, m, 

CHHC3H7), 3.50-3.84 (2H, m, OCH2Me), 4.36 (0.5H. dd, J=3.7 and 7.9 Hz, H-2), 4.37 (2H. d, J=1.8 Hz, 

CH;?OSi). 4.46 (0.5H, dd, J=3.7 and 7.9 Hz, H-2), 4.96 (0.5H. q, J=5.5 Hz, OCZ-IMeO), 5.03 (0.5H. q, 

J=5.5 Hz, OCHMeO), 5.59 (lH, m, H-6), 6.77 (0.5H, dt, J=1.8 and 3.7 Hz, H-5), 6.84 (0.5H, dt, J=1.8 and 

3.7 Hz, H-5). Anal. Calcd for C2fl3s@Si: C, 62.14; H, 9.91. Found: C. 62.30; H. 10.30. 

(2R, 4R, 6R)-2-Butyl-4-(~ert-butyldimethylsllyloxyme~hyl)-6-(l-ethoxyethoxy)-4,5- 

dihydro-6H-pyran-3(2H)-one (15) --- A solution of the enone (14)(3.95 g) in ethyl acetate (80 ml) in the 

presence of 10% palladiumcarbon (1.19 g) under an atmosphere of hydrogen was stirred for lh at ambient 

temperature. After removal of the insoluble material by filtration, the filtrate was concentrated to leave a residue, 
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which was subjected to column chromatography on silica gel. Bhttion with hexaue-ethyl acetate (97:3 v/v) 

afforded the ketone (15)(3.79 g, 96%) as a colorless oil. IB(CHCl3) 1720 cm-l. IH-NMR(CDCl$8 0.04 (6H, 

s, 2xSiMe), 0.84 (12H, m, Me and tert-Bu), 1.21 (1.5H. t,J=7.3 Hz, OCHfle), 1.22 (1.5H. t, J=7.3 Hz, 

OCHfle), 1.34 (1.5H, t,J=J.5 Hz, OCWeO), 1.37 (1.5H, t,J=5.5 Hz, OCHMeO), 1.30-1.40 (6H, m, 

C&Me). 1.73-1.85 (lH, m, H-5), 2.49-2.64 (2H, m, H-4 and H-5). 3.46-3.94 (4H. m, OWzMe and 

CHzOSi), 4.07 (0.5H. dd, J=3.6 and 8.5 Hz, H-2). 4.17 (0.5H. dd. J=3.6 and 8.5 Hz, H-2), 4.91 (0.5H. q, 

J=5.5 Hz, OCJfMeO), 4.99 (0.5H. q, J=5.5 Hz. OCRMeO), 5.33 (0.5H, t. J=6.7 Hz, H-6), 5.41 (0.5H, t, 

J=6.7 Hz, H-6). 

(2R, 3R, 4R, 6R)-2-Butyl-4-(tert-butyldimethylsilyloxymetbyl)-6-(l-etboxyetboxy)- 

2,3,4,5-tetrabydropyran-3-01 (16) --- To a sthred solution of the ketone (15)(3.70 g) in ‘II-F (75 ml) 

was added dropwise GSelectride (1.0 M solution in THF)( 14.3 ml) at -78’C under argon atmosphere and the 

resulting mixture was further stirred for 1 h at the same temperature. Sodium hydroxide solution (5.0 M in 

waterX4.3 ml) and 30% hydrogen peroxide (4.3 ml) were added to the solution and the mixture was vigorously 

stirred for 0.5 h and extracted with ethyl acetate. The extract was washed with ammonium chloride solution, and 

dried over Na2SO4. Evaporation of the solvent gave a residue, which was subjected to column chromatography 

on silica gel. Bhnion with hexane-ethyl acetate (9: 1 v/v) afforded the a-alcohol (16)(3.01 g, 8 1%) as a colorless 

oil. IB(CHC13) 3400 cm-t. 1HNMB(CDC13)6 0.03 (6H, s, 2xSiMe). 0.86 (9H, s, tert-Bu), 0.88 (3H. t. 

J=6.7 Hz, C$H&e), 1.17 (1.5H, t. J=7.3 Hz, OCHZMe), 1.18 (1.5H. t, J=7.3 Hz, OCHfle), 1.30 (3H, d, 

J=5.5 Hz, OCHMeO), 1.23-1.38 (6H, m, C&Me), 1.53-1.60 (lH, m, H-5), 1.84-2.01 (2H, m, H-4 and H- 

5). 2.37 (0.5H, d, J=6.1 Hz, OH), 2.43 (0.5H, d, J=6.1 Hz, OH), 3.41-3.91 (6H, m, H-2, H-3, OC&Me 

and CHzOSi), 4.80 (0.5H. q. J=5.5 Hz, OCRMeO), 4.89 (0.5H, q, J=5.5 Hz, OCRMeO). 4.98 (0.5H, t, 

J=4.3 Hz, H-6), 5.07 (0.5H. t, J=4.3 Hz. H-6). Anal. Calcd for C&Lt205Si: C. 61.49; H, 10.84. Found: C, 

61.82; H, 11.29. 

Further elution with the same solvent gave the p-alcohol (17)(0.49 g, 13%) as a colorless oil. IR(CHC13) 

3400 cm-t. 1H-NMB(CDCl# 0.08 (6H. s, 2xSiMe). 0.89 (12H, s, C$QVe and tert-Bu), 1.17-1.86 (14H, 

m, H-5, OCHMeOCH#e, and C&Me), 2.25-2.29 (IH, m, H-4). 3.44-3.84 (6H, m, H-2, H-3, OC&Me 

and CHzOSi), 3.98 (0.5H. d, J=6.1 Hz, OH), 4.11 (0.5H. d, J=6.1 Hz, OH), 4.28 (lH, q. J=10.4 Hz, 

CHzOSi), 4.82 (0.5H, q, J=5.5 Hz, OWMeO), 4.90 (0.5H, q, J=5.5 Hz, OCffMeO), 4.91 (0.5H, t, J=3.7 

Hz, H-6), 5.07 (0.5H. t, J=3.7 Hz, H-6). 

(2R, 3R, 4R, 6R)-2-Butyl-4-(tcrt-butyldimetbylsilyloxymetbyl)-3,6-bis(l-ethoxy- 

etboxy)-2,3,4,Stetrabydropyran (18) --- A solution of the a-alcohol (16)(410 mg). pyridinium p- 

toluenesulfonate (53 mg). and ethyl vinyl ether (2.0 ml) in dichloromethane (8.0 ml) was stirred for 10 h at 

ambient temperature. The solution was diluted with dichloromethane and washed with saturated sodium 

hydrogen carbonate solution and dried over NazSO4. Evaporation of the solvent gave a residue, which was 

subjected to column chromatography on silica gel. Elution with hexane-ethyl acetate (95:5 v/v) afforded the ether 

(18)(476 mg, 98%) as a colorless oil. IH-NMR(CDCl3)8 0.05 (6H, s. 2xSiMe), 0.89 (3H. t, J=6.7 Hz, 

CjH&fe), 1.16-1.72 (28H, m, H-5, tert-Bu. 2xOCHMeOCH$l4e, and C&Me). 2.03-2.16 (2H, m, H-4 and 

H-5). 3.44-3.93 (8H, m, H-2, H-3, 2xOC&Me, and CHzOSi), 4.66 (0.5H, q, J=5.5 Hz, OCJfMeO). 4.73 

(0.5H. q, J=5.5 Hz, OCXMeO), 4.81 (0.5H, q, J=5.5 Hz, OWMeO), 4.88 (0.5H, q, J=5.5 Hz, OCRMeO), 

5.01 (0.5H, m, H-6), 5.09 (0.5H. m, H-6). 
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(2R, 3R, 4R, 6R)-2-Butyl-3,6-bis(l-ethoxyetboxy)-4-bgdroxymethyl-2,3,4,S-tetra- 
hydropyran (19) --- To a stirred solution of the silyl ether (18)(490 mg) in TI-W (5.0 ml) was added a 

solution of n-tetrabutylammonium fluoride in THF (1 .O M solution)( 1.1 ml) at 0°C and the xesulting solution 

was further stined for 1 h at room temperatum. The solution was diluted with ethyl acetate and the mixture was 

washed with sammted ammcmium chloride solution and dried over Na$O.+ Evaporation of the solvent gave a 

residue, which was subjected to column chromatography on silica gel. Elution with hexane-ethyl acetate (8515 

v/v) afforded the alcohol (19)(336.7 mg, 92%) as a colorless oil. IR(CHCl3) 3400 cm-l. IH-NMR(CDCl3)6 

0.86 (l.SH, t,5=6.7 Hz, QH#e). 0.88 (1SH. t,J=6.7 I-Ix, CsHae), 1.11-1.75 (19H, m, H-5, 2x 

OCH&OCHfle, and C&Me), 1.97-2.14 (2H, m, H-4 and H-5). 2.75 (0.5H, br s, OH), 2.96 (0.5H, br s, 

OH), 3.37-3.99 (8H, m, H-2, H-3,2xOC&Me, and C&OH). 4.64 (0.5H, q, J=5.5 Hz, OCWMeO), 4.74 

(0.5H, q, J=5.5 Hz, OCZfMeO), 4.76 (0.25H, q. J=5.5 Hz, OWMeO), 4.79 (0.25H, q, J=5.5 Hz, 

OCHMeO), 4.86 (0.25H. q, J=5.5 Hz. OWMeO), 4.88 (0.25H, q. J=5.5 Hz, OUZMeO), 4.99-5.08 (lH, m, 

H-6). 

(2R, 3R, 4R, 6R)-2-Butyl-3,6-bis(l-ethoxyethoxy)-2,3,4,S-tetrahydro-4-pyrancarbox- 

aldehyde (20) --- To a stirred solution of oxalyl chloride (0.14 ml) in dichloromethane (10 ml) was added a 

solution of dimethyl sulfoxide (0.15 ml) in dichloromethane (10 ml) at -78’C under argon atmosphere and the 

mixture was stirred for 10 min at the same temperature. A solution of the alcohol (19)(361 mg, mmol) in 

dichloromethane (10 ml) was then added to this solution at -78°C and further sthmd for 20 min. After addition 

of triethylamine (0.72 ml), the resulting mixture was stirred for 5 mm at -78°C and warmed to room tempe- 

rature. The reaction mixture was treated with water and extracted with benzene. The organic layer was washed 

with water and dried over Na2SO4. Evaporation of the solvent gave a residue. which was subjected to column 

chromatography on silica gel. Elution with hexane-ethyl acetate (8:2 v/v) afforded the aldehyde (20)(332.8 mg, 

93%) as a colorless oil. IR(CHC13) 1715 cm- l. 1H-NMR(CDC13)G 0.91 (3H, t, 3=6.7 Hz, QHae), 1.19 

(6H, t, 5=6.7 Hz, 2xOCH$kfe ). 1.33 (3H, d, J=5.5 Hz, OCIWeO), 1.35 (3H, d, J=5.5 Hz, OCHA4eO). 

1.14-1.72 (6H, m, C&Me), 1.98-2.09 (lH, m, H-3), 2.26-2.43 (1H. m, H-3), 2.63-2.67 (0.5H, m, H-4), 

2.81-2.87 (0.5H, m, H-4). 3.34-3.90 (5H, m, H-5 and 2xOCH2Me), 3.95 (0.5H. br s, H-6). 4.11 (O.JH, br 

s, H-6). 4.69 (0.5H. q, J=5.5 Hz, OCHMeO), 4.76 (0.5H, q, J=5.5 Hz, OCXMeO), 4.82 (0.5H, q. J=5.5 

Hz, OCHMeO), 4.83 (0.5H, q, J=5.5 Hz, OCHMeO), 5.14 (0.5H, br s, H-2), 5.18 (0.5H, br s, H-2), 9.75 

(lh, dd, J=6.1 and 10.4 Hz, CHO). 

(2R, 3R, 4R, 6R)-2-Butyl-3,6-bis(l-ethoxyethoxy)-2,3,4,S-tetrahydro-4-pyran- 

carboxylic Acid (21) --- To a stirred solution of the aldehyde (20)(330 mg) in terr-butyl alcohol (33 ml) and 

2-methyl-2-butene (1.3 ml) was added a solution of sodium chlorite (647 mg) and potassium phosphate (857 

mg) in water (20 ml) at ambient temperature. After being stirred for 0.5 h, the solution was concentrated to leave 

a residue, which was extracted with dichloromethane. The organic layer was washed with water and dried over 

Na2S04. Evaporation of the solvent gave a residue, which was subjected to column chromatography on silica 

gel. Elution with hexane-ethyl acetate (7:3 v/v) afforded the acid (21)(305 mg. 88%) as a colorless powder. 

IR(CHCl3) 3050, 1690 cm-t. 1H-NMR(CDCl# 0.92 (3H, t. J=6.7 Hz, QH&e), 1.09-1.73 (18H, m, 

2xOCHMeOCH~e and Cfl6Me). 2.03-2.32 (2H, m, H-5), 2.79-2.85 (0.5H, m, H-4), 2.98-3.01 (0.5H, m, 
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H-4). 3.39-4.16 (6H, m, H-5, H-6 and 2xOC&Me), 4.70-4.92 (2H, m, 2xOCIfMeO), 5.13 (OSH, d, J=3.1 

Hz, H-6). 5.15 (0.5H, d, J=3.1 Hz, H-6). 10.33 (lH, br s, COOH). 

2, 3, 6-Trideoxy-3-C-carboxyl-6-C-propyl-D-galactofuranose y-Lactone (22) --- A 

solution of the acid (21)( 100 mg) and 2% hydrochloric acid (0.5 ml) in THF (6.0 ml) was stirred for 2.5 h at 

ambient temperatum. After basikd with sammted sodium hydrogen carbonate solution, the mixture was 

extracted with ethyl acetate and the extract was washed with water and dried over Na2SO4. Evaporation of the 

solvent gave a residue, which was subjected to column chromatography on silica gel. Elution with hexaneethyl 

acetate (64 v/v) afforded a solid, which was recrystaked lkom hexane-ethyl acetate to give the lactone (22) 

(51.2 mg, 93%) as needles, mp 108-llO°C. IR(CHC13) 3400, 1760 cm-l. *H-NMR(CDC13)6 0.94 (3H, t, 

J=6.7 Hz, C3H&fe), 1.26-1.59 (4H, m, CH&$-J4Me), 1.71-1.90 (lH, m, CHHC3H7), 2.15-2.32 (lH, m. 

CiYHC3H7). 2.50 (0.5H. br s, H-2), 2.55 (0.5H. br s. H-2). 2.61 (0.5H, br s, H-2), 2.68 (0.5H, br s, H-2), 

3.25 (0.5H, dd, J=6.1 and 8.6 Hz, H-3). 3.33 (0.5H. ddd, J=2.4, 5.5, and 7.9 Hz, H-3). 4444.50 (lH, m. 

H-5), 4.78 (0.5H. dd, J=3.7 and 5.5 Hz, H-4), 4.80 (0.5H, dd, J=3.7 and 5.5 Hz, H-4), 5.60-5.61 (0.5H. 

m, H-l), 5.65-5.67 (0.5H, m, H-l). MS m/z 200 (M+)(Found 200.1052. Calcd for CloH1604: 200.1049). 

Anal. Calcd for CloH1604: C, 60.21; H, 8.26. Found: C, 59.98; H, 8.05. 

(2R, 3R, 4R)-1,3:2,4-Octanebiscarbolactone (23) --- A mixture of the lactol (22)(64.5 mg), 

pyridinium chlorochromate (209 mg) and dichloromethane (5 ml) was stirred at ambient temperature for 10 h. 

After addition of an excess of ether, the insoluble material was removed by decantation and the ethereal layer 

was washed with water and dried over Na2S04. Evaporation of the solvent gave a residue, which was subjected 

to column chromatography on silica gel. Elution with hexane-ethyl acetate (64 vEV) afforded a solid, which was 

recrystaRixed from ether to afford the bislactone (23)W.l mg, 94%) as needles, mp 87-88°C (lit.7 mp 

87.5”(Z). lR(CHC13) 1765 cm-l, tH-NMR(CDCl# 0.94 (3H, t, J=6.7 Hz, CsH&fe), 1.39-1.56 (4H, m, 

CH$$f4Me). 1.78-1.94 (2H, m, w2C3H7). 2.93 (2H. d, J=6.1 Hz, H-l), 3.51 (lH, q, J=6.1 Hz, H-2). 

4.59 (lH, ddd, J=3.7, 6.7, and 7.9 Hz, H-4), 5.11 (lH, dd, J=3.7 and 6.1 Hz, H-3). [a]D -32.9”(c 0.93. 

EtOH) { lit.7 [o~]D -33’(EtOH)). These spectroscopic data are identical with those reported.7 

Benzyl 2,3,6-Trideoxy-3-C-carboxyl-6-C-propyl-D-galactofuranoside y-Lactone (24) --- 

To a stirred solution of the lactol(22)(82 mg) andp-toluenesulfonic acid (15.6 mg) in dichloromethane (2.0 ml) 

was added benxyl alcohol (0.01 ml) at 0°C under argon atmosphere and the resulting mixture was further stirred 

for 3 h at room temperature. The mixture was treated with brine and extracted with dichloromethane. The extract 

was washed with saturated sodium hydrogen carbonate solution and brine, and dried over Na2S04. Evaporation 

of the solvent gave a residue, which was subjected to column chromatography on silica gel. Elution with 

hexane-ethyl acetate (3: 1 v/v) afforded the benxyl ether (24)(75.8 mg, 79%) as a colorless oil. IR(CHC13) 1765 

cm-l. 1H-NMR(CDC13)S 0.90 (3H. t, J=7.3 Hz, CsH&fe), 1.26-1.50 (4H, m, CH$2&Me), 1.76-1.86 (2H, 

m, w&H7), 2.18 (lH, ddd, J=4.9, 8.6, and 12.8 Hz, H-2), 2.54 (lH, d, J=12.8 Hz, H-2), 3.23 (1H. dd, 

J=6.4 and 8.6 Hz, H-3). 4.43 (lH, dt, J=4.3 and 7.4 Hz, H-5), 4.46 (lH, d. J=12.2 Hz, OCWHPh), 4.76 

(lH, dd, J=4.3 and 6.4 Hz, H-4). 4.78 (lH, d, J=12.2 Hz, OWHPh), 5.21 (lH, d, J=4.9 Hz, H-l), 7.22- 

7.36 (5H, m, aromatic protons). MS m/z 290 (M+)(Found 290.1517. Calcd for Ct7H2204: 290.1517). 

Benzyl 2,3,6-Trideoxy-3-C-formyl-6-C-propyl-D-galactofuranoside y-Lactone (25) --- To 

a stirred solution of the lactone (24)( 10 mg) in THF (0.5 ml) was added l.OM toluene solution of diisobutyl- 
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aluminum hydride (0.03 ml) at -78T under argon atmosphere and the solution was further stirred for 0.5 h at 

the same mmpemmm. A mixture of methanol and water (1: 1 v/v)(ml) was added to this solution and the stirring 

was conthmed another 0.5 h at room temperature. After removal of the solvent, the residue was extracted with 

ethyl acetate and the organic layer was washed with brine, and dried over Na2SO4. Evaporation of the solvent 

gave a residue, which was subjected to colwnn chromatography on silica gel. Elution with hexane-emyl acetate 

(8:2 v/v) afforded the lactol(25)(8.8 mg, 87%) as a colorless oil. 1H-NMlX(CDC13)G 0.92 (3H, t, J=7.3 Hz, 

QH&fe), 1.26-1.80 (6H, m, CfleMe), 2.04-2.33 (2H. m, H-2), 2.53 (lH, br s, OH), 2.79-2.84 (lH, m, 

H-3). 3.67 (0.25H. dt, J=3.1 and 7.3 Hz, H-5). 4.18 (0.75H, dt, J=3.1 and 7.3 Hz, H-5). 4.39 (0.75H, d, 

J=l1.6 Hz, OWHPh), 4.47 (0.25H. d, J=11.6 Hz, OCHHph), 4.57 (0.25H. dd, J=3.1 and 6.1 Hz, H-4). 

4.65 (0.75H. dd. J=3.1 and 6.1 Hz, H-4). 4.77 (0.25H. d.J=11.6 Hz, OCHHph). 4.81 (0.75H. d, J=11.6 

Hz, OCXHPh), 5.20 (0.75H. d, J=5.5 Hz, H-l), 5.22 (0.25H, d, J=5.5 Hz, H-l), 5.49 (lH, br s, 

tX(OH)O), 7.26-7.35 (5H, m. aromatic protons). 

Benzyl 2,3,6-Trideoxy-3-C-formyl-6-C-propyl-D-galactofuranoside 1-Ethoxyethyl 

Hemiacetal(26) --- A solution of the lactol(25)(34 mg), pyridinium p-toluenesulfonate (5.8 mg), and ethyl 

vinyl ether (0.22 ml) in dichloromethane (1.0 ml) was stirred for 5 h at ambient temperature. The solution was 

washed with saturated sodium hydrogen carbonate solution and brine, and dried over Na2S04. Evaporation of 

the solvent gave a residue, which was subjected to column chromatography on silica gel. Elution with hexane- 

ethyl acetate (95:5 v/v) afforded the ethoxyethyl ether (26)(36.1 mg. 83%) as a colorless oil. 1H-NMR(CDC13) 

6 0.92 (3H. t.J=7.3 Hz, CjHae), 1.17-1.56 (lOH, m, CH$&Me and OCHMeOCHfle), 2.13-2.20 (2H, 

m, CIf2C3H7). 2.84-2.90 (2H, m, H-2). 3.43-3.82 (2H, m, OC&Me), 3.98 (0.5H, dt, J=3.1 and 7.3 Hz, H- 

5). 4.07 (0.5H. dt.J=3.1 and 7.3 Hz, H-5). 4.42 (lH, d, J=12.2 Hz, OtXHPh), 4.62 (1H. dd, J=3.1 and 

6.1 Hz, H-4), 4.80 (0.5H, q.J=5.5 Hz, OCHMeO), 4.81 (lH, d, J=12.2 Hz, 0-h). 4.87 (0.5H. q, 

J=5.5 Hz, OWMeO), 5.17 (IH, br s, H-l), 5.19 (0.5H. br s, OCHO), 5.31 (0.5H, br s, OCHO), 7.26-7.39 

(5H, m, aromatic protons). 

2,3,6-Trideoxy-3-C-formyl-6-C-propyl-D-galactofuranoside 1-Ethoxyethyl Hemiacetal 

(27) --- A solution of the ether (26)(45 mg) in ethanol (0.5 ml) in the presence of palladium hydroxide (20 mg) 

was stirred for 3 h under an atmosphere of hydrogen. After removal of the insoluble material by filtration, the 

filtrate was concentrated to leave a residue, which was subjected to column chromatography on silica gel. 

Elution with hexane-ethyl acetate (8:2 v/v) afforded the lactol(27)(26.5 mg. 78%) as a colorless oil. rH-NMR 

(CDC13)6 0.92 (3H. t, J=7.3 Hz, CJHeiVe), 1.18-1.85 (12H, m, Cfl6Me and OCHMeOCH~e), 2.01 (lH, 

m, H-2), 2.12-2.25 (lH, m, H-2). 3.43-3.78 (2H, m, OCH2Me), 3.92-3.99 (0.5H, m, H-5). 4.01-4.10 

(0.5H, m, H-5), 4.62-4.68 (0.5H, m, H-4). 4.70 (0.25H, dd, J=3.7 and 7.3 Hz, H-4). 4.73 (0.25H, dd, 

J=3.7 and 7.3 Hz, H-4), 4.78 (0.5H. q. J=5.5 HZ, OCHMeO), 4.83 (0.5H, q, J=5.5 Hz, OWMeO), 4.95 

(0.25H, s, OCHO), 5.07 (0.25H, s, OCHO), 5.16 (0.25H, s, OCHO), 5.26 (0.25H, s, OCHO). 5.34-5.43 

(0.5H, m, H-l), 5.58 (0.5H, d, J=4.3 Hz, H-l). 

2,3,6-Trideoxy-3-C-formyl-6-C-propyl-D-galacto-l,4-lactone 1-Ethoxyethyl Hemiacetal 

(28) --- A mixture of the lactol(27)(26 mg). sodium acetate (23 mg). pyridinium chlorochromate (61 mg), and 

dichloromethane (4 ml) was stirred for 8 h at ambient temperature. After addition of an excess of ether, the 
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insoluble material was removed by decantation and the ethereal layer was washed with water and dried over 

NagSO4. Evaporation of the solvent gave a residue, which was subjected to column chromatography on silica 

gel. Blution with hexane-ethyl acetate (8:2 v/v) affotded the lactone (28)(19.2 mg, 74%) as a colorless oil. 

JR(CHCl3) 1775 cm-t. tHNMR(CDC13)8 0.92 (3H, t, J=7.3 Hz, C$J&fe), 1.18-1.72 (12H. m, C&Me 

and GCHMeGCH@fe), 2.49 (OSH, dd, J=3.7 and 18.9 Hz, H-2). 2.50 (lH, dd, J=3.7 and 18.9 Hz, H-2). 

2.82 (OSH, dd, J=1.2 and 18.9 Hz, H-2), 2.86 (OSH, dd, J=1.2 and 18.9 Hz, H-2), 3.03-3.14 (lH, m, H- 

3). 3.44-3.76 (2H, m, GCI-ZzMe), 4.03 (OSH, dt, J=3.7 and 7.3 Hz, H-5). 4.13 (0.5H. dt, J=3.7 and 7.3 Hz, 

H-5). 4.80 (0.5H. q, J=5.5 Hz, OcHMeO). 4.85 (0.5H. q. J=5.5 Hz, CXXMeO), 4.96 (O.SH, dd. J=3.7 and 

6.7 Hz, H-4), 4.97 (0.5H. dd, J=3.7 and 6.7 Hz, H-4). 5.07 (0.5H, s, H-I), 5.18 (0.5H, s, H-l). 

2,5-Dideoxy-2-C-carboxymethyl-S-C-propyl-D-lyxofuranose y-lactone (29) ---The same 

procedure as for 21 was applied to 28 (19 mg) to afford the title compound (29) (13.3 mg, 95%) as a colorless 

oil. [U]D -15.2”(c 0.3, CHCl3) [lit.,7 [a]~ -14.9”(c 1.0, CHCl3)). The spectroscopic data are identical with 

those reported.7 
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