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Abstract - (-)-Malyngolide, an antibiotic isolated from a blue-green algae, was 

synthesized starting from (-)-quinic acid. 

(-)-Malyngolide is an antibiotic isolated from the marine blue-green algae, Lyngbya majucula GOMONT,' 

and its structure was determined as 1. Although more than thirty methods for its synthesis have so  far been 

appeared, 2 in the course of our synthetic studies3 on biologically active natural products using (-)-quinic 

acid (2)4 as a chiral source,S we planned to synthesize (-)-I. (-)-Quinic acid (2) has four asymmetric 

centers, of which one is quaternary and the others are secondary. We thought that it might be possible to 

introduce the stereogenic center at C1 of (-)-2 into the C5 asymmetric center of (-)-I. 

OH 

(-)-Malyngolide (1) (-)-Quinic acid (2) 

Although the hi01 (4) is known,6 we synthesized 4 with a modified method from (-)-2. Thus, (-)-2 was 

treated with 2.2-dimethoxypropane in acetone in the presence of a catalytic amount of p-toluenesulfonc acid 
@-TsOH) to give the protected ylactone (3) in 87% yield.4 Lithium aluminum hydride reduction of 3 

gave the mol (4) in 83% yield. Protection of the glycol part in 4 as an acetonide was first med with 2,2- 

dimethoxypropane in acetone in the presence of a catalytic amount of P-TSOH,' but a complex mixture 

was formed. The desired alcohol (5) was obtained in quantitative yield, when 2,2-dimethoxypropane was 

used instead of acetone as the ~ o l v e n t . ~  Acetylation of 5 was performed by neament with acetic anhydride 

and pyridine to give 6 in 94% yield. Selective deprotection of the acetonide groups in 6 with aqueous 

acetic acid in methanol gave the diol (7) in 54% yield (80% based on recovery of 6 in 27%). Oxidative 

cleavage of the glycol portion of 7 was carried out using sodium metaperiodate in a mixture of methanol 

and water, and the crude dialdehyde was reduced successively with sodium borohydride in  ethanol 

followed by hydrolysis of the ester group by addition of water to the reaction mixture and stirring the 

mixture at room temperature to afford the trio1 (8) in 67% yield from 7. Lithium aluminum hydride 
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Scheme 1. Reagents and coditions: a. 2,2-dimethoxypropane, acetone, p-TsOH (87%); b. 
LiAlH4 (83%); c. 2,2-dimethoxypropane. DMF, p-TsOH (quant.); d. Ac20, pyr (94%); e. 
AcOH, H20, MeOH (54%; 80% based on recovery of material); f. 1) NaIO,, H,O, MeOH; 
2) NaBH4; 3) H20 (67%); g. NaI04, H20, MeOH (88%); h. ethyl 2-(triphenylphosphorany- 
1idene)propionate. MeCN (66%; 74% based on recovery of material); i. TEMPO, KBr, aq. 
NaOCl (quant.); j. 2-heptenyltriphenylphosphonium bromide, n-BuLi, ether (74%); k. H2, 
Ra Ni, EtOH (quant.); 1. 1) KOH, H20; 2) HCI, H20. 

reduction of the intermediary dialdehyde in tetrahydrofuran gave 8 in only 39% yield. Again, oxidative 

glycol cleavage of 8 was performed with sodium metaperiodate in a mixture of methanol and water to 

furnish the lactol (9) in 88% yield. Wittig reaction of 9 with ethyl 2-(triphenylphosphoranylidene)- 

propionate in acetonimle gave the conjugate ester (10) as a stereoisomeric mixture in 66% yield (74% 

based on recovery of 9 in 11% yield). Oxidation of the primary alcohol (10) to the aldehyde (11) was 

carried out in a quantitative yield by the treatment with a catalytic amount of 2,2,6,6-teuamethylpiperidine- 

1-oxyl, free radical (TEMPO), potassium bromide and aqueous sodium hypochlorite in a mixture of 

dichloromethane and water.9 Pyridinium dichromate oxidation of 10 gave 11 in low yield (42%). Wittig 

reaction of 11 with 2-heptenyltriphenylphosphonium bromidelo in the presence of n-butyllithium in ether 

gave the crude triene (12), which was hydrogenated directly using Raney Nickel (W-7) as a catalyst to 

form the known ester (l3lZw as a diastereomeric mixture in 74% yield from 11. Thus, the known ester 
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(13) was synthesized in 11 steps and 18% overall yield from (-)-quinic acid (2). This is superior to our 

method reported previously starting from D-lactose (13 steps and 2% overall yield).2w Finally, hydrolysis 

of the ester group of 13 with potassium hydroxide in aqueous ethanol followed by acidic work-up gave (-)- 
malyngolide (1); [aID20 -13.1' (lit.,l [ a ] ~  -13") and (+)-2-epimalyngolide (14) in 38 and 37% yields, 

respectively. It is known that the base treatment of (+)-I4 followed by acidic work-up furnished a mixture 

of (-)-I and (+)-I4 in a ratio of 9:4.2c IR, 1 ~ - N M R  and MS spectral data of the synthesized (-)-I are 

identical to those of the natural 0ne.l 

EXPERIMENTAL SECTION 
Unless otherwise stated the following procedures were adopted. Melting points were determined using a 

Yanagimoto micro-melting point apparatus, model MP-S3, and are uncorrected. IR spectra were measured 

with a Hitachi 260-30 infrared spectrophotometer. 'H-NMR spectra were recorded on a JEOL JNM- 

(3x270 (270 MHz) spectrometer using tetramethylsilane as the internal standard. High resolution mass 

spectra (HRMS) were measured with a JEOL JMS-HX100 instrument at 70 eV. Optical rotations were 

recorded on a JASCO DIP-370 polarimeter. 

(1S,3R,4S,5R)-1,3,4-Trihydroxy-3,4-O-isopropylidene-6-oxabicyclo[3.2.lloctan-7-one 

(3 )  
A solution of (-)-quinic acid (2) (0.500 g, 2.60 mmol), 2,2-dimethoxypropane (0.58 mL, 4.68 mmol), and 

p-TsOH (0.016 g, 0.09 mmol) in dry acetone (9.3 mL) was heated to reflux for 6 h. After cooling tort, 

the mixture was concentrated to give a residue, which was dissolved in saturated aqueous NaHCO3 

solution. The aqueous solution was extracted with AcOEt and the extract was washed with brine. After 

drying over anhydrous Na2S04, the organic solution was concentrated to give a residue, which was 

chromatographed on S i q  (acetone : n-hexane=l : 1) to furnish 3 (0.485 g, 87%16 as colorless needles; mp 

144-146 "C (CHC13-n-hexane). 

(1R,2S,3R,5R)-1,2,3,5-Tetrahydroxy-5-hydroxymethyl-2,3-O-isopropylidenecyclohe- 

xane (4) 

A solution of 3 (0.860 g, 4.02 mmol) in dry THF (3 mL) was added dropwise to a mixture of LiAIH4 

(0.191 g, 5.02 mmol) and dry THF (17 mL) and the reaction mixture was heated to reflux for 8 h. After 

cooling tort, Hz0 (1 mL) and Celite were added and the mixture was stirred at rt for 2 h. The mixture was 

filtered and the residue was washed with a mixture of CHC13 and EtOH. The combined filtrate was 

concentrated to leave a residue, which was chromatographed on Si02 (acetone : n-hexane=3 : 1) to give 4 

(0.727 g, 83%)6 as a colorless crystalline powder; mp 117-118 'C (CHC13-n-hexane). 

(5R,7R,8R,9R)-7,8,9-Trihydroxy-8,9-O-isopropylidene-2,2-dimethyl-l,3-dioxaspiro- 

[4.5]decane ( 5 )  

2.2-Dimethoxypropane (50 mL) and p-TsOH (0.392 g, 2.06 mmol) were added to a solution of 4 (4.500 

g, 20.62 mmol) in dry DMF (3.0 ml) and the whole was stirred at rt for 2 h. The mixture was concentrated 

and the residue was dissolved in ether and the solution was washed successively with saturated NaHCO3 

solution, H20, and brine. The organic layer was dried over anhydrous Na2S04 and concentrated to give 5 
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(5.465 g, quant.) as colorless crystalline powder; mp 69.5-70.0 OC. IR (Nujol): 3400 cm-l. IH-NMR 
(CDC13) 6: 1.39 (6H, s, 2 x CH3). 1.52 (3H, s, CH3), 1.48-1.59 ( lH, m, C H C b C ) ,  1.94 (lH, dd, 

J=l5.0, 5.0 Hz, CHCbC),  2.02-2.12 (2H, m, CHCbC) ,  2.13 (IH, lH, br s, OH), 3.75 (lH, d, J=8.5 

Hz, OCH2C). 3.82 (lH, d, J=8.5 Hz, OCH2C), 3.88 (lH, t, J=6.0 Hz, OCH), 4.08-4.18 (lH, m, 

OCHCHzC), 4.32 (lH, dd, J=10.5, 5.0 Hz, OCH). HRMS (mlz): Calcd for C12Hlg05 (M+-CH3): 

243.1233. Found: 243.1203. Anal. Calcd for C13H2205: C, 60.44; H, 8.58. Found: C, 60.26; H, 8.38. 
[ a ] ~ 2 1  -24.3O (c=0.970, MeOH). 

(5S,7R,8R,9R)-7-Acetoxy-8,9-dihydroxy-8,9-0-isopropylidene-1,3-dioxaspiro[4.5]- 

decane (6) 

To a mixture of acetic anhydride (1.4 mL, 14.84 mmol) and dry pyridine (3.5 mL, 43.28 mmol) was added 

under ice cooling a solution of 5 (0.100 g, 0.39 mmol) in dry CH2C12 (1.4 mL) and the whole was stirred 

under ice cooling for 8 h. After addition of Hz0 (1 mL), the organic layer was separated and the Hz0 layer 

was extracted with CHC13. The combined organic layer was washed successively with Hz0 and brine, and 

dried over anhydrous NazS04. The organic layer was concentrated to give a residue, which was 

chromatographed on Si02 (AcOEt : benzene=l : 1) to furnish 6 (0.109 g, 94%) as a colorless oil. IR 
(neat): 1720 cm-1. 1H-NMR (CDCI3) 6: 1.35, 1.40, 1.42, 1.54 (each 3H, s, 4 x CH3). 1.60 (lH, dd, 

J=13.5, 8.5 Hz, C H C b C ) ,  1.95 (lH, dd, J=15.0, 5.0 Hz, CHCBC),  2.04-2.14 (lH, m, CHC&C), 

2.07 (3H, s, OCOCH3), 2.19 (lH, ddd, J=15.0, 3.5, 1.5 Hz, CHC&C), 3.74 (2H, s, OCHzC), 4.01 

(IH, t, J 4 . 5  Hz, OCECH2), 4.36 (lH, dd, J=10.0, 5.0 Hz, OCH), 5.25 (IH, ddd, J=8.O, 5.5, 3.5 Hz, 
OCHCHzC). HRMS (mlz): Calcd for C14H2106 (M+-CH3): 285.1338. Found 285.1357. [alD21 -17.9' 

(c=1.025, MeOH). 

(5S,7R,8R,9R)-7-Acetoxy-8,9-dihydroxy-2,2-diethl-1,3-dioxaspiro[45]decane (7) 

Acetic acid (4 mL) was added to a solution of 6 (0.245 g, 0.81 mmol) in MeOH (4 mL) and H20 (2 mL) 

and the mixture was stirred at n for 14 h. After neutralization with 2N NaOH solution and then salung out, 

the mixture was extracted with AcOEt. The organic layer was washed with saturated NaHC03 solution and 

the aqueous layer was extracted with CHC13. The combined organic layers were washed with brine and 

dried over anhydrous Na2S04. Evaporation of the solvent gave a residue, which was chromatographed on 

Si0z (AcOEt : benzene=l : 1) to give 7 (0.1 14 g, 54%, 80% based on recovery of material) as an colorless 
oil and the staning 6 (0.066 g, 27%). IR (neat): 3350, 1720 cm-I. IH-NMR (CDC13) 6: 1.44 (6H, s, 2 x 

CH3). 1.46-1.76 (2H, m, CHC&C), 2.07-2.27 (2H, m, CHC&C), 2.10 (3H, s, OCOCH3), 2.63 (lH, 

d, J=10.0 Hz, OH), 3.48 (IH, td, J=10.0, 3.5 Hz, OCHCHz), 3.57 (lH, d, J=10.0 Hz, OH), 3.80 (2H, 

S, OCHzC), 4.08 (lH, ddd, J=10.0, 7.0, 3.0 Hz, OCH), 5.22 (IH, ddd, J=11.0, 10.0, 5.0 Hz, 

OCHCH2). HRMS (mlz): Calcd for C11H1706 (M+-CH3): 245.1025. Found: 245.1018. 
(4S)-4-[(2R)-2,3-Dihydroxypropyl1-4-(2-hydroxyethy-2,2-diethl-1,3-dioxolane (8) 

To a mixture of 7 (8.016 g, 30.80 mmol), MeOH (290 mL), and Hz0 (200 mL) was added portionwise 

NaIO4 (16.468 g, 76.99 mmol) and the whole was stirred at rt for 1 h. During the reaction proceed, the 

mixture was maintained neutral by addition of 1M NaHC03 solution. After addition of H20, the most of 

MeOH was evaporated, and the resulting aqueous solution was salted out and then extracted with AcOEt. 

The extract was washed successively with Hz0 and brine, and dried over anhydrous Na2S04. Evaporation 
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of the solvent gave the crude dialdehyde (7.435 g) as colorless oil, which was used for the following 

reaction without further purification. 

To a solution of the crude dialdehyde (7.435 g) in EtOH (325 mL) was added gradually NaB& (2.342 g, 

61.91 mmol) under ice cooling and the whole was stirred at rt for 1 h. After addition of H20, the mixture 

was stirred at rt for 1 h and neutralized with 10% HCI solution. After the most of EtOH was evaporated 

and the residue was salted out, the whole was extracted continuously with ether. The extract was 
concentrated to give a residue, which was chromatographed on SiO2 (acetone-n-hexane=l: 1) to yield 8 

(4.517% 67% from 7) as a colorless oil. IR (neat): 3270 cm-1. 1H-NMR (CDC13) 6: 1.43, 1.47 (each 3H, 

s, 2 x CH3), 1.70 (lH, dd, J=15.0, 2.0 Hz, C H C h C ) ,  1.88 (lH, dd, J=15.0, 10.0 Hz, CHC&C), 

2.00 (2H, dd, J=11.5, 6.0 Hz, C C b C H z ) ,  2.30 (lH, br s, OH), 3.48 (IH, dd, J=11.0, 6.2 Hz, 

CHC&OH), 3.61 (lH, dd, J=11.0, 3.0 Hz, CHC!kOH), 3.78 (IH, s, OH), 3.79 (2H, dd, J=11.5, 5.5 

Hz, CHzC&OH), 3.89 (IH, d, J=9.0 Hz, OCHzC), 3.99 (lH, d, J=9.0 Hz, OCHzC), 3.86-4.07 (IH, 

m, OCHCHz). HRMS (mlr): Calcd for C9H1705 (M+-CH3): 205.1076. Found: 205.1054. 

(5S)-7-Hydroxy-2,2-dimethyl-1,3,8-trioxaspiro[4.5]decane (9) 

To a mixture of 8 (1.513 g, 6.87 mmol), MeOH (55 mL), and H20 (38 mL) was added portionwise NaIO4 

(3.673 g, 17.17 mmol) at rt and the whole was stirred for 1.5 h. During the reaction proceed, 1M NaHC03 

solution was added to keep the mixture being neutral. After addition of H20, the most of MeOH was 

evaporated and the resulting solution was salted out. The mixture was extracted with AcOEt and the organic 

layer was washed with brine. After drying over anhydrous Na2S04, the solvent was evaporated to give a 

stereoisomeric mixture (2:l) of 9 (1.143 g, 88%) as colorless crystals after recrystallization from AcOEt-n- 

hexane; mp 63-70 OC. IR (CHC13): 3300 cm-l. HRMS (rnlr): Calcd for C8H1304 (Mf-CH3): 173.0808. 

Found: 173.0814. Major isomer: IH-NMR (CDC13) 6: 1.37, 1.405 (each 3H, s, 2 x CH3), 1.66-2.04 

(4H, m, CHzC&CC&CH), 2.78 (IH, m, OH), 3.76-3.84 (IH, m, OC&CH2), 3.85 (IH, d, J=9.0 Hz, 

OCHzC), 3.93 ( lH,  d, J=9.0 Hz, OCHzC), 3.89 -3.99 (lH, m, OC&CH2), 5.18-5.22 (lH, m, 
OCEIOH). Minor isomer: lH-NMR (CDC13) 6: 1.42, 1.45 (each 3H, s, 2 x CH3), 1.66-2.04 (4H, m, 

CH2C&CC&CH), 3.70 (lH, m, OH), 3.76 (IH, d, J=9.0 Hz,OCH2C), 3.80 (IH, d, J=9.0 Hz, 

OCHzC), 4.18 (IH, td, J=11.5, 3.5 Hz, 0C&CH2), 5.04 (IH, d, J=10.5 Hz, OC&CH2), 5.14-5.19 

(lH, m, OCHOH). 

(4R)-4-(3-Ethoxycarbonyl-2-butenyl)-4-(2-hydroxyethyl)-2,2-dimethyl-l,3-dioxolane 

(10)  
Ethyl 2-(hiphenylphosphoranylidene)propionate (0.558 g, 1.54 mmol) was added to a solution of 9 (0.200 

g, 1.06 mmol) in dry MeCN (7 mL) and the mixture was heated to reflux for 4.5 h. After addition of more 

ethyl 2-(triphenylphosphoranylidene)propionate (0.212 g, 0.58 mmol), refluxing the mixture was 

continued further for 1.5 h. The mixture was concentrated and the residue was treated with ether. The 

insoluble material was removed by filtration and the filtrate was concentrated to give a residue, which was 

chromatographed on Si02 (Ac0Et:n-hexane=l : 1) followed by preparative thin layer Si02 chromatography 

with the same solvent system to furnish 10 (0.192 g, 66%; 74% based on recovery of material) as a 
colorless oil and the starting 9 (0.021 g, 11%). IR (neat): 3400, 1705 cm-l. IH-NMR (CDCI3) 6: 1.30 

(3H, t, J=7.0 Hz, COzCH2C&), 1.44 (6H, s, 2 x CH3). 1.80-1.92 (4H, m, CH2CI&CC&CH), 2.55 
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(3H, dd, J=7.5, 1.0 Hz, =CCH3), 3.70-3.90 (2H, m, CH2C&OH), 3.86 (2H, s, OCHzC), 4.20 (2H, q, 

J=7.0 Hz, C02C&CH3), 6.75 (lH, tq, J=7.5, 1.5 Hz, CH2CH=). HRMS (mlz): Calcd for C13H2105 

(M+-CN3): 257.1389. Found: 257.1366. 

(4R)-4-(3-Ethoxycarhonyl-2-hutenyl)-4-formylmethyl-2,2-dimethyl-1,3-dioxolane (11) 

A solution of KBr (0.007 g, 0.06 mmol) in Hz0 (0.03 mL) and TEMPO (0.001 g, 0.01 mmol) were added 

to a solution of 10 (0.166 g, 0.61 mmol) in CH2C12 (0.2 mL). Sodium hypochlorite solution (7 mL) was 

added dropwise to the above mixture at -15 "C under vigorous stirring. The organic layer was separated and 

the water layer was extracted with CHzC12, and the combined organic layer was washed successively with 

saturated NH4Cl solution pregnated with KI, saturated Na2S203 solution and brine. After drying over 

anhydrous Na2S04, the organic layer was concentrated to give 11 (0.174 g, quant.) as an yellow oil. IR 
(neat): 1720, 1705 cm-I. 'H-NMR (CDC13) 6: 1.30 (3H, t, J=7.0 Hz, CO2CH2C&), 1.41, 1.425 (each 

3H, s, 2 x CH3). 1.83 (3H, m, =CCH3), 2.58 (2H, dd, J=8.0, 1.0 Hz, =CCH2), 2.67 (lH, dd, J=16.5, 

2.0 Hz, CQCHO), 2.80 (lH, dd, J=16.5, 2.0 Hz, CBCHO), 3.90 (lH, d, J=9.0 Hz, OCH2C), 3.95 

(IH, d, J=9.0 Hz, OCHzC), 4.20 (2H, q, J=7.0 Hz, C02C&CH3), 6.79 (IH, tq, J=8.O, 1.5 Hz, 

=CHCH2), 9.79 (lH, t, J=2.0 Hz, CHO). HRMS (mlz): Calcd for C13Hlg05 (M+-CH3): 255.1232. 

Found: 255.1233. 

(4S)-4-(3-Ethoxycarbonyl-2-butenyl)-2,2-dimethyl-4-(2,4-nonadienyl)-l,3-dioxolane 

(12) 
n-Butyllithium (1.47 M in n-hexane solution, 0.45 mL, 0.67 mmol) was added to a solution of 2- 

heptenyltriphenylphosphonium bromide (0.321 g, 0.73 mmol) in dry THF (2 mL) under ice cooling and 

the mixture was stirred at n for 1.5 h. A solution of 11 (0.165 g, 0.61 mmol) in dry THE (4 mL) was 

added to the above reaction mixture under ice cooling and the whole was stirred at n for 20 min. The 

mixture was concentrated to leave a residue, which was treated with ether. The insoluble material separated 

by filtration was treated again with ether and filtered. The combined filtrate was washed successively with 

H20 and brine, and then dried over anhydrous NazS04. Evaporation of the solvent gave the residue, which 

was chromatographed on Si02 (AcOEt : n-hexane=l : 10) to afford 12 (0.159 g, 74%) as a colorless oil. 
IR (neat): 1710, 1650 cm-I. IH-NMR (CDC13) 6: 0.89 (3H, t, J=7.0 Hz, CH2CH3), 1.29 (3H, t, J=7.0 

Hz, C O ~ C H Z C H ~ ) ,  1.30-1.38 (4H, m, CHzCHz), 1.40, 1.41 (each 3H, s, 2 x CH3), 1.83 (3H, dd, 
J=4.0, 1.5 Hz, =CCH3), 2.06 (2H, q, J=7.0 Hz, =CHC&), 2.26-2.51 (4H, m, 2 x CC&CH=), 3.76 

(IH, dd, J=9.0, 6.5 Hz, OCHzC), 3.84 (lH, dd, J=9.0, 2.5 Hz, OCHzC), 4.19 (2H, q, J=7.0 Hz, 

C O Z C ~ ~ C H ~ ) ,  5.24-6.48 (4H, m, =CHI, 6.83 (IH, tq, J=7.0, 1.5 Hz, =CHCHzC). HRMS (miz): Calcd 

for C21H3404 (M+): 350.2457. Found: 350.2483. 

(4S)-4-(3-Ethoxycarb0nylbutyl)-2,2-dimethyl-4-nonyl-l,3-dioxnlane (13) 

A solution of 12 (0.153 g, 0.44 mmol) in EtOH (3 mL) was stirred under hydrogen atmosphere in the 

presence of Ra Ni (prepared from 1 g of AI-Ni alloy; W-7) at rt for 4.5 h. The catalyst was removed by 

filtration and the filtrate was concentrated to give 13 (0.160 g, quant.) as a colorless oil. IR (neat): 1735 
cm-l. IH-NMR (CDC13) 6: 0.88 (3H, t, J=7.0 Hz, CH2C&), 1.16 (3H, d, CHC&), 1.26 (3H, t, J=7.0 

Hz, COzCH2CHd. 1.27 (14H, s, (CH2)7), 1.38 (6H, s, 2 x CH3), 1.40-1.80 (6H, m, C C b C H 2 ,  

CHCHzC&C), 2.33-2.47 (IH, m, C K H 3 ) .  3.71, 3.75 (each lH, d J=8S Hz, OCH2C), 4.13 (2H, q, 
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J=7.8 Hz, C02CE2CH3). HRMS (mlz): Calcd for C20H3704 (M+-CH3): 341.2692. Found: 341.2672. 

[aID21 +18S0 (c=1.05, MeOH). 

(-)-Malyngolide (1) and  (+)-2-Epimalyngolide (14) 

To a solution of 13 (0.158 g, 0.44 mmol) in EtOH (4 mL) was added a solution of KOH (1.095 g, 19.52 

mmol) in Hz0 (4 mL) under ice cooling and the mixture was stirred at n for 5 h. The mixture was acidified 

with 10% HC1 solution to pH 3 under ice cooling and the whole was stirred at n for 1 h. After salting out, 

the mixture was exuacted with AcOEt, and the extract was washed with brine and dried over anhydrous 

Na2S04. Evaporation of the solvent gave a residue, which was dissolved in MeCN (5 mL). Amberlyst 15 

(0.03 g) was added to the mixture and the whole was stirred at rt for 1.5 h. After filtration, the filtrate was 

concentrated to afford aresidue, which was dissolved in ether and the whole was washed successively with 

saturated NaHC03 solution and brine, and dried over anhydrous Na2S04. Evaporation of the solvent gave 

a residue, which was purified with preparative Si02 thin layer chromatography (CHC13 : acetone=4 : 1) to 

give (-)-I (0.44g, 37%) and (+)-I4 (0.045 g, 38%) as colorless oils. (-)-Malyngolide (1): IR (neat): 
3400, 1720, 1710 cm-l. lH-NMR (CDC13) 6: 0.88 (3H, t, Jz6.7 Hz, C H z C a ) ,  1.26 (14H, s, (CHz),), 

1.29 (3H, d, J=7.0 Hz, CHC&), 1.51-1.82 (4H, m, CHC&C&C), 1.88-2.06 (2H, m, CC&CH2), 

2.36-2.52 (lH, m, CHCH3), 3.48 (lH, d, J=12.0 Hz, CCHZOH), 3.67 (lH, d, J=12.0 Hz, CCH20H). 
HRMS (miz): Calcd for C15H2702 (M+-CH20H): 239.2011. Found: 239.1987. [aIo20 -13.1' (c=2.185, 

CHC13) [lit.,' [aID -13' (c=2, CHC13)I. (+)-2-Epimalyngolide (14): IR (neat): 3340, 1700 cm-1. IH- 

NMR (CDC13) 6: 0.88 (3H, t, J=6.5 Hz, CHZCH~),  1.26 (14H, s, (C&),CH3), 1.29 (3H, d, J=7.0 Hz, 

CHC&), 1.62-1.84 (4H, m. CHC&C&C), 1.86-2.02 (2H, m., CC&CH2), 2.26 (lH, t, k 6 . 0  Hz, 
OH), 2.37-2.51 (lH, m, CWH3). 3.61 (2H, d, J=6.0 Hz, C b O H ) .  [aID21 +20.14' (c=2.185, CHC13). 

REFERENCES AND NOTES 

1. R. E. Moore, J. H. Cardellina 11, E. V. Arnold, and J. Clardy, J .  Org. Chem., 1979, 44, 4039. 

2. a) J. H. Babler, B. J. Invergo, and S. J. Sarussi, J. Org. Chem., 1980, 45, 4241; b) Y. Sakito, S. 

Tanaka, M. Asami, and T. Mukaiyama, Chem. Letr. , 1980, 1223; c) K. Matsuo, T. Kinuta, and K. 

Tanaka, Chem. Pharm. Bull., 1981, 29, 3047; d) S. Toni, T. Inokuchi, and K. Yoritaka, J .  Org. 

Chem., 1981,46,4241; e) K. Matsuo and K. Tanaka, Chem. Pharm. Bull., 1981,29,3070; f )  G. 

Cardillo, M. Orena, G. Porzi, and S. Sandri, J .  Org. Chem., 1981,46, 2439; g) S. Kim., C. Y. 

Hong, and Y. C. Moon, J. Org. Chem., 1982, 47, 4350; h) J. R. Pougny, P. Rollin, and P. Sinay, 

Tetrahedron Lerr., 1982,23, 4929; i) A. P. Kozikowski, T. R. Nieduzak, and J. Scripko, 

Organomerallics, 1982, 1, 675; j) T. Kogure and E. L. Eliel, J. Org. Chem., 1984, 49,579; k )  H. 

Hagiwara and H. Uda, J. Chem. Soc. Perkin Trans. 1,1985, 1157; 1) P. T. Ho and S. Wong, Con. 

J. Chem., 1985,63, 2221; m) K. Machiya, I. Ichimoto, K. Tonari, M. Kirihata, and H. Ueda, Agric. 

Biol. Chem., 1985, 49, 1767; n) Y. Noda and M. Kikuchi, Synrh. Comm., 1985, 15, 1245; o) A. 

M. Honen and S. V. Ley, J .  Organomet. Chem., 1985,285; p) P. G. M. Wuts and M. C. Cheng, J .  

Org. Chem., 1986,51,2844; q) Y .  Tokunaga, H. Nagano, and M. Shiota, J. Chem. Soc. Perkin 

Trans. I ,  1986, 581; r) B. Giese and R. Rupaner, Liebigs Ann. Chem., 1987, 231; s) H. Suemune, 

T. Harabe, 2. F. Xie, and K. Sakai, Chem. Pharm. Bull., 1988,36,4337; t) T. Sato, H. Maeno, T. 



1220 HETEROCYCLES, Vol. 48, No. 6,1998 

Nom, and T. Fujisawa, Chem. Lett., 1988, 1739; u) M. C. Trinh, J. C. Florent, and C. Monneret, 

Tetrahedron, 1988, 44, 6633; v) T. Honda, M. Iwai, K. Keino, and M. Tsubuki, J.  Chem. Soc.. 

Perkin Trans. 1,1990,2677; w) K. Matsuo, Y. Hasuike, and H. Kado, Chem. Pharm. Bull., 1990, 

38, 2847; x) I. Ichimoto, K. Machiya, M. Kirihara, and H. Ueda, Agric. Biol. Chem., 1990, 54, 657; 

y) A. Guingant, Tetrahedron : Asymmertty, 1991,2,415; z) M. Asaoka, S. Hayashibe, S. Sonoda, 

and H. Takei, Tetrahedron, 1991,47,6967; aa) H. Nagano, M. Ohno, and Y. Miyamae, Bull. Chem. 

Soc. Jpn., 1992, 65, 2814; bb) J.  E. Baldwin, K. D. Memtt, C. J.  Schofield, S. W. Elson, and K. H. 

Baggaley, J .  Chem. Soc., Chem. Commun., 1993, 1301; cc) H. Florke and E. Schaumann, Liebigs 

Ann. Chem., 1996, 147; dd) D. Enders and M. Knopp, Tetrahedron, 1996,52,5805; ee) N. 

Maezaki, Y. Matsumori, T. Shogaki, M. Soejima, T. Tanaka, T. Ohishi, and C. Iwata, Chem. 

Commun., 1997, 1755; ff) H. Konno, K. Hiroya, and K. Ogasawara, Tetrahedron Lerr., 1997, 38, 
6023. 

3. a) K. Matsuo and S. Ishida, Chem. Express, 1993,8,321; b) K. Matsuo and T. Arase, Chem. Pharm. 

Bull., 1994, 42, 715; c) K. Matsuo and S. Ishida, Chem. Pharm. Bull., 1994, 42, 1325; d) K. Matsuo 

and T. Arase, Chem. Pharm. Bull., 1995,43, 890; e) K. Matsuo and T. Arase, Chem. Pharm. Bull., 

1995.43, 2091; f) K. Matsuo, T. Arase, S. Ishida, and Y. Sakaguchi, Herrocycles, 1996, 43, 1287; 

g) K. Matsuo and Y. Sakaguchi, Heterocycles, 1996,43,2553; h) K. Matsuo, M. Kobayashi, and K. 

Sugimoto, Heterocycles, 1997,45, 1191; i) K. Matsuo and Y. Sakaguchi, Chem. Pharm. Bull., 1997, 
45, 1620. 

4. K. Matsuo, M. Morita, and K. Kawashima, Chem. Pharm. Bull., 1997,45, 1734. 
5. a) A. Barco, S. Benetti, C. D. Risi, P. Marchetti, G. P. Pollini, and V. Zanirato, Tetrahedron: 

Asymmetry, 1997.8, 3515, and references cited therein; b) S. Hanessian, J. Pan, A. Camell, H. 

Bouchard, and L. Lesage, J. Org. Chem., 1997,62,465; c) E. Albertini, A. Barco, S. Benetti, C. D. 

Risi, G. P. Pollini, and V. Zanirato, Tetrahedron, 1997, 53, 17177. 

6. a) R. Grewe and E. Nolte, Liebigs Ann. Chem., 1952, 575, 1 ;  b) M. Eberle and D. Arigoni, Helv. 

Chim. Acra, 1960,43, 1508; c) B. M. Trost and A. G. Romero, J .  Org. Chem., 1986, 51, 2332. 

7. J. D. White, J. H. Cammack, K. Sakuma, G. W. Rewcastle, and R. K. Widener, J. Org. Chem., 

1995.60, 3600. 

8. F. A. Davis, G .  V. Reddy, B. C. Chen, A. Kumar, and M. S. Haque, J. Org. Chem., 1995.60, 

6148. 

9. P. L. Anelli, C. Biffi, F. Montanari, and S. Quici, J .  Org. Chem., 1987,52, 2559. 

10. F. Bohlmann and H. G. Viehe, Chem. Ber., 1955.88, 1347. 

Received, 1 3 t h  March, 1998 


