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Total Synthesis of (+)-Malyngolide
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(£)-Malyngolide, which is an antibiotic isolated from a marine blue-green alga, was
synthesized starting from 2-ethoxycarbonylcyclopentanone.
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Malyngolide is a recently discovered antibiotic isolated from the marine blue-green alga,
Lyngbya majuscula Gomont,) and its structure was determined as 1. Recently, an elegant
total synthesis of (—)-malyngolide has been reported by Mukaiyama et al.?

As a part of a general project aimed at the elucidation of the
OH structure-activity relationships of antimicrobial substances?,
we selected malyngolide as a parent compound and firstly
Q planned to synthesize it by a route which is applicable to the
synthesis of its analogs.
1 The synthetic route to (+)-malyngolide is illustrated in
Chart 1.

2-Ethoxycarbonyl-2-nonylcyclopentanone (3) was prepared
by the reaction of 2-ethoxycarbonylcyclopentanone (2)% with nonyl bromide in the presence
of sodium hydride in N,N-dimethylformamide at 100—110°C in 82.59, yield.

For conversion of the keto ester (3) to a ketol (5), it is necessary to reduce the ester group
selectively in the presence of the keto group. There is no good method so far available for
that purpose, although many procedures are available for the reduction of a ketone or aldehyde
in the presence of an ester or lactone.® Therefore, we examined firstly reduction of both
keto and ester groups and successive selective oxidation of the secondary alcohol in the diol
(4). Thus, reduction of the keto ester (3) with lithium borohydride gave the diol (4) in 71.49,
yield, and this product was oxidized selectively with bromine and hexamethylphosphoramide
(HMPA)® to give the ketol (5) in 72.29, yield. Secondary, we employed the method of enolate
formation in combination with hydride reduction which was first developed by Barton for the
reduction of steroidal ketones.” Thus, the keto ester (3) was treated with lithium diisopro-
pylamide (LDA) at —76°C in tetrahydrofuran (THF) to form a lithium enolate, which was
reduced with lithium aluminum hydride at the same temperature to afford the desired ketol
(3) in 63.59%, yield.

Baeyer-Villiger oxidation of the ketol (5) with m-chloroperbenzoic acid in the presence
of sodium bicarbonate in chloroform gave a lactone (6) as a sole product in 81.8%, yield. The
protection of the hydroxyl group in 6 was accomplished in 78.6%, yield by treatment with
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dihydropyran in the presence of a catalytic amount of p-toluenesulfonic acid in methylene
chloride. The lactone (7) was treated with LDA at —76°C in the presence of HMPA in THF,
and alkylated with methyl iodide to afford a diastereomeric mixture of methyl lactones 8 and
9.2 Removal of the protecting group of the crude products with acetic acid gave a diastereo-
meric mixture of (&)-malyngolide (1) and its C-2 epimer (10) in 58%, yield. The ratio of
1:10 was 5: 4. The diastereomers 1 and 10 were separated by silica gel column chromato-
graphy. Moore et al. reported that malyngolide was the most stable C-2 epimer, since epi-
merization at C-2 did not occur during the saponification of 1.0 Therefore, isomerization
of 10 to 1 was examined.? When pure 10 was treated with LDA in THF at —76°C and then
quenched with water, a ratio of 1: 10 of approximately 9: 4 was obtained. The IR, NMR
and mass spectra of 1 were superimposable on those of the natural product.

Antimicrobial activity testing of both 1 and 10, and syntheses of malyngolide analogs
are in progress.

Experimental

Infrared (IR) spectra were measured with a Hitachi EPI-S infrared spectrometer and nuclear magnetic
resonance (NMR) spectra were taken on a Hitachi Perkin-Elmer R-20B or a JEOL PS-100 spectrometer
using tetramethylsilane (TMS) as an internal standard. Mass spectra (MS) were measured with a Hitachi
M-70 spectrometer and relative ratios of diastereomers in mixtures were determined by use of a Shimadzu
CS-910 dual-wavelength chromatogram scanner.

2-Ethoxycarbonyl-2-nonylcyclopentanone (3) A solution of 2-ethoxycarbonylcyclopentanone (2)%
(20.0 g, 0.128 mol) in dry DMF (15 ml) was added dropwise to a suspension of NaH (6.415 g, 0.147 mol as
559, purity) in dry DMF (200 ml) with stirring under an N, atmosphere at room temperature, and the obtained
mixture was stirred at the same temperature for 2h. A solution of nonyl bromide (30.76 g, 0.147 mol) in
dry DMF (15 ml) was added dropwise, then the mixture was heated in an oil bath at 100-—110°C for 2.5 h.
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It was cooled to room temperature, poured into a mixture of ice and water, and extracted three times with
ether. The extracts were washed with water and saturated brine, and dried over Na,S0,. Removal of the
solvent and fractional distillation gave 29.78 g (82.59,) of 3. bp 108—112°C (0.2 mmHg). IR »2% cm-1:
1758 (C=0), 1725 (COO), 1218, 1145, 1025. NMR (CDCl,) 8: 0.89 (3H, br. t, =5 Hz, CH,CH,), 1.25 (16H,
s, (CH,)sCHj), 1.25 (3H, t, /=7 Hz, CO,CH,CHy), 1.7—2.7 (6H, m, COCH,CH,CH,C-), 4.16 (2H, q, /=7 Hz,
CO,CH,CH;). MSmfe: 282 (M*), 237 (M+—45), 209 (M+—73), 156 (M+—126), 110. Anal. Calcd for C,,H;Os:
C, 72.30; H, 10.72. Found: C, 72.58; H, 11.01.

2-Hydroxymethyl-2-nonylcyclopentanol (4)——A solution of 3 (20.0 g, 71 mmol) in dry THF (20 ml)
was added dropwise to a suspension of LiBH, (2.008 g, 92 mmol) in dry THF (80 ml) with stirring and ice
cooling. The mixture was stirred at room temperature for 4 h, then more LiBH, (0.309 g, 14 mmol) was added
and the whole was stirred at the same temperature for 1 h. Ethyl acetate and water were added to destroy
excess LiBH, under cooling. The solution was acidified by the addition of 10%, H,SO, solution to give pH
1—2 and extracted three times with ether. The extracts were washed with saturated brine, dried over
Na,SO,, and concentrated to leave an oil, which was purified by SiO, column chromatography (methanol-
chloroform=3: 97) to afford 12.256 g (71.4%) of 4 as a viscous oil. IR »X cm—!: 3370 (OH), 1040. NMR
(CDCly) 6: 0.89 (3H, br. t, /=5 Hz, (CH,),CH,), 1.29 (16H, s, (CH,)sCH,;), 1.40—1.90 (6H, m, COCH,CH,-
CH,C-), 2.18 (2H, s, OH x 2), 3.32, 3.64 (each 1H, d, /=11 Hz, CH,0OH), 4.13 (1H, br. t, /=5 Hz, CHOH).
MS mfe: 211 (M+~31), 206 (M+—36), 180 (M+—62), 135, 121. Anal. Caled for C;sH,0,: C, 74.33; H, 12.47.
Found: C, 74.41; H, 12.62.

2-Hydroxymethyl-2-nonylcyclopentanone (5) from 4 A solution of bromine (0.102 ml, 1.99 mmol) in
dichloromethane (10 ml) was added dropwise to a vigorously stirred heterogeneous mixture of 4 (300 mg,
1.24 mmol) and HMPA (66 mg, 0.37 mmol) in dichloromethane (8 ml) and 8% NaHCO, solution (4.2 ml) at
5°C. Stirring was continued at 0—5°C for 75 min. After separation of the dichloromethane phase, the
water layer was extracted six times with dichloromethane. The combined organic phase was washed with
5% Na,S,0, solution and saturated brine, and dried over Na,S0,. Removal of the solvent in vacuo gave
an oil, which was purified by SiO, column chromatography (methanol-chloroform=2: 98) to furnish 215 mg
(72.2%) of 5 as an oil. bp 108—110°C (0.15 mmHg). IR »i cm—t: 3420 (OH), 1727 (C=0), 1460, 1160,
1045. NMR (CDCly) 6: 0.89 (3H, br. t, /=5 Hz, (CH,)¢CH,), 1.25 (16H, s, (CH,),CH,), 1.5—2.3 (7H, m,
COCH,CH,CH,C- and CH,OH), 3.30, 3.66 (each 1H, d, /=11 Hz, CH,0OH). MS m/fe: 210 (M+—30), 128,
114, 97, 84. Amnal. Caled for C;;H,0,: C, 74.95; H, 11.74. Found: C, 74.60; H, 12.24.

2-Hydroxymethyl-2-nonylcyclopentanone (5) from 3 A solution of #-butyllithium in hexane (14.5%
solution, 3.49 ml, 5.33 mmol) was added dropwise to a cooled solution (—76°C) of dry diisopropylamine
(0.74 ml, 5.33 mmol) in dry THF (8 ml) with stirring under an N, atmosphere. After the mixture had been
stirred at —76°C for 30 min, a solution of 3 (1.0 g, 3.55 mmol) in dry THF (3 ml) was added dropwise, and the
whole was stirred at —76°C for 1 h. LiAlH, (0.135 g, 3.55 mmol) was added portionwise at —76°C and the
mixture was warmed slowly to —40°C and stirred at that temperature for 1 h. The mixture was poured
into cooled 2~ HCI solution (50 ml) and then extracted three times with ether. The combined ether layer
was washed with saturated brine and dried over Na,SO,. Removal of the solvent in vacuo and purification
of the residue by SiO, column chromatography (benzene-ethyl acetate=1: 1) gave 0.541 g (63.5%) of 5 as an
oil.

0-Hydroxymethyl-d-nonyl-d-valerolactone (6)——m-Chloroperbenzoic acid (1.691g, 9.8 mmol) and
NaHCO; (0.823 g, 9.8 mmol) were added to a solution of 5 (1.567 g, 6.53 mmol) in dry chloroform (60 ml),
and the mixture was stirred at room temperature for 16.5 h in the dark. Saturated NaHCO, solution was
added, then the chloroform layer was separated, washed with NaHCO, solution and saturated brine, and
dried over Na,SO,. Removal of the solvent and purification of the residue by SiO, column chromatography
(benzene—ethyl acetate=1:1) furnished 1.368 g (81.8%) of 6 as an oil. IR »™* cm—!: 3420 (OH), 1730
(COO0), 1240, 1145. NMR (CDCly) 4: 0.89 (3H, br. t, /=5 Hz, (CH,)sCH,), 1.27 (16H, s, (CH,),CH,), 1.73—
1.95 (4H, m, COCH,CH,CH,C-), 2.3—2.6 (2H, m, COCH,CH,), 3.01 (1H, s, OH), 3.50, 3.70 (each 1H, d,
J=11Hz, CH,OH). MS m/e: 225 (M+—31), 197 (M+—59), 129 (M+—127), 112.

Malyngolide (1) and C-2 Epimalyngolide (10)——Dihydropyran (0.53 ml, 6.85 mmol) was added to a
mixture of 6 (1.0 g, 3.91 mmol) and p-toluenesulfonic acid (0.156 g, 0.91 mmol) in dichloromethane (39 ml)
with stirring at 0°C, and the mixture was stirred at 0°C for 3.5 h and then at room temperature for 2 h.
After saturated NaHCO; solution had been added with cooling, the organic layer was separated, washed
with saturated NaHCO; solution and saturated brine, and dried over Na,SO,. After removal of the solvent
i vacuo, the residue was purified by SiO, column chromatography (ether-hexane=8: 1) to give 1.044 g
(78.6%,) of 7 as an oil.

A solution of n-butyllithium in hexane (14.5% solution, 2.16 ml, 3.3 mmol) was added dropwise to a
cooled solution (—76°C) of dry diisopropylamine (0.46 ml, 3.3 mmol) in dry THF (8 ml) with stirring under
an N, atmosphere. The mixture was stirred at —76°C for 30 min, then HMPA (5 ml), followed by a solution
of 7 (0.93 g, 2.75 mmol) in dry THF (10 ml), was added dropwise. Stirring was continued for 5 min, then
a solution of methyl iodide (0.19 ml, 3.05 mmol) in dry THF (3 ml) was added dropwise and the whole was
stirred at —76°C for 3 h and then at room temperature for 1 h. The mixture was diluted with water with
cooling, acidified with 2~ HCI solution to pH 2—3 and then concentrated in vacwo. After being heated
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on a water bath at 60—70°C for 20 min, the mixture was extracted three times with ether and the extracts
were washed with saturated brine. Sodium sulfate was used for drying, and removal of the solvent gave a
crude mixture of 8 and 9 as an impure oil. This was used as such for the next hydrolysis reaction. The
crude mixture of 8 and 9 was dissolved in 60%, aqueous acetic acid (10 ml) and allowed to stand at 45°C for
5h. The mixture was cooled to room temperature, neutralized by the addition of saturated NaHCO,
solution and extracted three times with ethyl acetate. The extracts were washed with saturated brine and
dried over Na,SO,. Removal of the solvent gave 0.897 g of an oil, which was purified by SiO, column chro-
matography (chloroform-acetone=4: 1) to furnish 0.431 g (58.0%) of a diastereomeric mixture of 1 and 10.
The ratio of 1: 10 was 5: 4, as determined by the use of a dual-wavelength chromatogram scanner. When
the diastereomeric mixture of 1 and 10 was carefully chromatographed on an SiO, column (chloroform-—
acetone=4: 1), pure 10 was eluted from the column first followed by pure 1. The IR, NMR and mass spectra
of 1 were identical with those of the natural product. 1:IR»{ cm—1: 3450 (OH), 1721, 1715 (COO), 1210,
1115. NMR (CDCl,) é: 0.89 (3H, br. t, /=5 Hz, (CH,)sCH;), 1.27 (16H, s, (CH,)sCH,), 1.27 (3H, d, /=
7 Hz, COCHCH,), 1.5—2.2 (4H, m, COCH(CH,;)CH,CH,C-), 2.40 (1H, m, COCH(CH,)CH,), 2.52 (1H, s,
CH,OH), 3.45, 3.71 (each 1H, d, /=12 Hz, CH,0H). MS m/e: 239 (M*+—31), 211 (M+—58), 155 (M+—115),
143 (M+—127), 115, 95, 85.  10: IR »3%% cm~1: 3450 (OH), 1725, 1708 (COO). NMR (CDCl,) é: 0.89 (3H,
br. t, J=5 Hz, (CH,)CH,), 1.28 (16H, s, (CH,);CH,), 1.28 (3H, d, /=7 Hz, COCHCHy), 1.50—2.20 (4H, m,
COCH(CH,)CH,CH,C-), 2.30—2.65 (1H, m, COCH(CH,)CH,), 2.32 (1H, br. s, CH,0H), 3.60 (2H, s, CH,OH).

Isomerization of 10 to 1——A solution of #-butyllithium in hexane (14.5% solution, 3.92 ml, 6.0 mmol)
was added dropwise to a solution of diisopropylamine (0.84 ml, 6.0 mmol) in dry THF (8 ml) with stirring
and cooling (—76°C), and the mixture was stirred for 30 min. A solution of 10 {(0.406 g, 1.5 mmol) in dry
THF (3 ml) was added dropwise over a period of 4 min, and the mixture was stirred at —76°C for 1 h, warmed
to room temperature and then stirred for 1 h. Water and 2§ HCI solution were added with ice-cooling and
THF was removed by evaporation in vacuo. After the mixture had been warmed at 60—70°C on a water
bath for 30 min, it was extracted three times with ethyl acetate. The extracts were washed with saturated
brine and dried over Na,50,. Removal of the solvent gave 0.394 g (97.0%) of a mixture of the diastereo-
meric isomers 1 and 10 in the ratio of 9: 4.
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