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Abstract: Enantioselective synthesis of all the possible stereoisomers of acaterin 1, naturally occurring
ACAT inhibitor with acetogenin-type skeleton, was accomplished starting from both the enantiomers of
ethyl 3-hydroxy butanoate 3. Stereochemistry of synthetic samples 1 and pseudo-1 was unambiguously
assigned by converting to the authentic compound. The absolute configuration of natural acaterin was

determined as (4R, 1'R) by careful comparison of TLC behavior and spectral and optical data.
INTRODUCTION

Inhibitors of acyl-CoA: cholesterol acyltransferase (ACAT) activity are expected to be effective for
treatment of atherosclerosis and hypercholesterolemial-2. Although several synthetic ACAT inhibitors are
known345, those of natural origin have rarely been reported®?. Among them, acaterin 1 was isolated from a
culture broth of Pseudomonas sp. A92 by Endo and co-workers’. Its structure was proposed as 1 by
spectroscopic analysis, but the stereochemistry remained unknown. Acaterin contains butenolide skeleton
with alkyl chain at C-2 position, which is related to Annonaceous acetogenins®, such as uvaricin 2%, with
remarkable antitumor activity. As a lead compound, ACAT inhibitors from natural origin must be very useful
and important and for that work, it is necessary to clarify the stereochemistry of acaterin.

During the course of our continuing studies on the synthesis of enzyme inhibitors, we started the
synthesis of all the possible sterecisomers of acaterin to determine the absolute configuration of the natural
product. Our synthetic plan was based on the construction of ct-alkylthio-y-lactones A from readily available
chiral source, ethyl 3-hydroxybutanoate, (S)- and (R)-3. Acylation of A should give B, from which those
stereoisomers 1 and pseudo-1 would be derived. Described below is our synthesis and characterization of the

+ Synthetic Studies on Enzyme Inhibitors. Part 4. For Part 3. see: Kitahara, T.; Aono, S.; Mori, K. Biosci. Biotech. Biochem., 1995,
59,78 ~ 82.
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synthetic samples to determine the absolute configuration.
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RESULTS AND DISCUSSION

In order to establish the synthetic scheme and relative stereochemistry, both racemates of natural isomer
(H)-1 and its diastereomer (F)-pseudo-1 were first synthesized. y-Valerolactone (3)-4 was treated with LDA
and methyl methanethiolsulfonate to give a mixture of trans-sulfide (+)-5a (45.7%), cis-sulfide (+)-5b
(22.8%) and a by-product, bis-methylthio derivative, ()-6 (10.1%). It was a separable mixture and each
isomer was fully characterized, but both sulfides, (+)-5a and Sb, were treated with LDA and octanoyl
chloride to afford single B-keto lactone (£)-7 in 72.5% yield. Stereochemical assignment of (+)-5 and (£)-7
was definitely executed by the following 'H NMR data: In those whose methylthio group locates cis-position
to methyl substituent, chemical shifts of methyl protons are 1.46 ppm (5b and 7) and 1.45 ppm (6). On the
other hand, those signals are at higher field, 1.41 ppm in the case of trans-located isomer 5a and non-
substituted lactone 4.

Reduction of (+)-7 with NaBH4 in aqueous THF afforded approximately 1.2 to 1 mixture of
diastereomeric alcohols (+)-8a (44.1%) and (£)-8b (36.7%). Each diastereomer was separated and pure (¥)-
8a and (+)-8b were submitted to MCPBA oxidation followed by pyrolysis in toluene eliminating of
methylthio group to give natural (1)-1 (63.5%, Rf = 0.13, Hexane / EtOAc =4/ 1) and ()-pseudo-1 (62.8%,
Rf = 0.20), respectively. Although relative configurations of 8a, 8b, (+)-1 and (1)-pseudo-1 were still
unknown and they were elucidated as shown in the scheme I later on, the polar isomer (+)-1 was proved to be
identical with natural acaterin by TLC behavior and spectral analysis. the isomer (+)-1 was crystalline
compound melting at 38.8 ~ 39.2°C, but unfortunately not suitable for X-ray crystallography. Thus, we
turned to synthesize optically active compounds via this route to determine both relative and absolute

stereochemistry.
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(R)-y-Valerolactone (R)-4!0 was prepared from ethyl (R)-3-hydroxybutanoate (R)-311:12 with ~100%
e.e. via one carbon-extension in 28.4% yield through 5 steps!®h. The lactone was converted to the B-keto
lactone (2R, 4R)-7 in 52.5% yield for 2 steps, which was reduced as above to give a 1.1 to 1 mixture of
diastereomers (2R, 4R)-8a (42.3%) and (2R, 4R)-8b (40.1%). Elimination of methylthio group afforded (4R)-
1, [@]p?© ~19.7 (CHCl), and (4R)-pseudo-1, [a}p2° ~63.7 (CHCls), respectively.

0 a 0 o} b
MeS"™ O Mes * Mﬁé
0 € 0
(1)-4 (+)-5a (£)-5b £)-6
(4R)-4 (4R)-Sa (4R)-Sb
MeS| O °© MeS| O, MeS| O
N e VY e
\/\/\/\" : M
o O OH O OH
(*)-7 (+)-8a (£)-8b
(4R)-7 (4R)-8a (4R)-8b
#)-8a de | 0 ()-8 e | o
(4R)-8a . (4R)-8b —
OH O OH O
(*)-1 (*)-pseudo-1
(4R)-1 (4R)-pseudo-1

Scheme 1. a) LDA, MeSSO;Me, THF, -78°C — -20°C, 2.5 h, 68.5%. b) LDA, n-C7H;5COC],
THF, -78°C — -10°C, 2.5 h, 72.5%. c) NaBH,, THF-H,0 (10 : 1), -5°C, 1 h, 44.1% (8a), 36.7%
(8b). d) MCPBA, CH;Cl, ~78°C, 15 min. ¢) CaCOs, toluene, reflux, 3 h, 63.5% in 2 steps.

In the same manner, ethyl (5)-3-hydroxybutanoate (S5)-3 (98.7% e.e.)!2:13 was transformed to (S)-y-
valerolactone (S)-4, which was submitted to the same procedure to give (45)-1, [a]p!® +19.6 (CHCL), and
(45)-pseudo-1, [a]p!? +62.6 (CHCl3) in overall 7.2% and 6.4% yield through 10 steps.
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As [at]p value of natural acaterin is —17 (CHCl3) at 19°C14, it was concluded that (4R)-1 was identical
with natural product, but the absolute configuration at C-1' position still remained unknown. Those optically
active isomers were oily, so several crystalline derivatives were prepared and (1R, 45)-camphanate 9 of (4.5)-
1 gave nice crystals of long needles (m.p. 82.0 ~ 82.3°C), but it was again not suitable for X-ray analysis.
Thus , we attempted to correlate one of the synthetic isomer to the standard sample via degradation.

Acetylation of (45)-pseudo-1 was followed by ozonization and oxidative workup with HyO; to give (+)-
2-acetoxynonanoic acid (+)-10 in 36% yield: [c]p!® +17 (CHCI3). The authentic sample was prepared by the
following route. Ethyl (R)-(+)-glycidate 115 was treated with hexylmagnesium bromide in the presence of
cuprous bromide to give a-hydroxy ester. Alkaline hydrolysis and subsequent acetylation afforded (R)-(+)-2-
acetoxynonanoic acid (R)-(+)-10, [a]p!? +22 (CHCl3) in overall 32% yield from 11. Both the degradation
product (+)-10 from (45)-pseudo-1 and the authentic sample (R)-(+)-10 were entirely identical including
positive sign of [a]p value. Thus, original (4S)-pseudo-acaterin should have (45, 1'R)-configuration and
consequently, natural acaterin was proved to be (4R, 1'R)-(—)-2-(1"-hydroxyoctyl)-4-pent-2-enolide (4R, 1'R)-
1
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Scheme 3. a) Ac,0, CsH;sN, 1. t., overnight, 97%. b) O3, AcOH-EtOAc, —10°C, then H;0,, 1. t.,

overnight, 37%. ¢) n-C¢H;3MgBr, CuBr-Me,S, Et;,0, -78°C, 2 h, 47%. d) NaOH aq., . t., 30
min. ) Ac;0, DMAP, CH;,Cly, r. t., 30 min, 68% in 2 steps.
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In order to obtain natural enantiomer selectively, various reagents were examined for the reduction of

the keto lactone (2R, 4R)-7. Reduction with Zn(BHy), gave pseudo-type isomer predominantly (8a/8b =29/

71) probably via a chelating transition state 12, in which hydride preferably approaches from less hindered o.-

face (opposite to angular methylthio group) to give 8b as a major isomer. On the other hand , using sterically
hindered reagent, DIBAL-BHT!6, natural isomer 8a was predominated (8a / 8b = 63 / 37). The best ratio (8a
/ 8b = 73 / 27) was obtained by reduction with LiAl(O‘Bu);H at —65°C. It might be rational that both
carbonyl groups are existing at opposite direction like 13 without chelation because of dipole-dipole

interaction. Bulky reagents, therefore, should approach preferentially from less hindered front face to give

natural isomer 8a.

Entry Reagent Condition Ratio (8a : 8b) Yield
1 NaBH4 THF-H,0, -5°C,1 h 51:49 82.4%
2 Zn(BHy), toluene, —78°C, 3 h 29:71 83.5%
3 DIBAL-BHT toluene, —78°C, 2 h 63:37 91.9%
4 BH;-THF THF, -5°C ~ 5°C, 8 h 65:35 57.6%
5 LiAl(0O’'Bu)sH  THF, -65°C, 1 h 73:27 81.4%
6 LiBHy4 THF, -78°C,2 h 25:75 83.4%

Table 1. Stereoselective Reduction of (2R, 4R)-7.
MesMe(
M 4
H@&%es YeO0
4 (o)

H®

12 Chelating transition

(0]
HO\/
Less hindered
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ACAT inhibition activity of four stereoisomers of acaterin was assayed using microsomes prepared

from rat liver. Interestingly, ACAT inhibitions by four stereoisomers were much the same.

Compound Concentration (uM) ACAT activity (pmolemin-lsmg-!)
None —_ 522 (100)*

Acaterin (natural product) 200 121 (23)

Synthetic (4R, 1'R) 200 132 (25)

4S5, 1's) 200 136 (26)

(4R, 1'S) 200 107 (20)

4S5, I'R) 200 121 (23)

Table 2. ACAT Inhibitions by Four Stereoisomers of Acaterin. (* Percent of control value.)
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In conclusion, enantioselective synthesis of all the possible four stereoisomers of acaterin, naturally occurring
ACAT inhibitor, was accomplished and the absolute configuration of the natural product was unambiguously
determined as (4R, 1'R) via correlation to the authentic sample. Thus stereochemistry of butenolide core in
acaterin from microbial origin is opposite to that of Annonaceous acetogenin from plant kingdom.
Relationship between stereostructure and inhibiting activity is very interesting and now under investigation.

Results will be reported in due course.
EXPERIMENTAL

IR: Jasco A-102 spectrometer. — !H NMR (in CDCl3): Jeol INM EX-90 spectrometer (90 MHz) or
Bruker AC-300 spectrometer (300 MHz). — Optical rotations: Jasco DIP-371 polarimeter. — Column
chromatography: Merck Kieselgel 60 (Art. Nr. 7734). — Boiling points and melting points: uncorrected
values.

4-Methyl-2-(methylthio)-butyrolactone (5). — (a) Racemate: A solution of n-butyllithium in hexane
(1.71 M, 1.75 ml, 2.99 mmol) was added to a solution of diisopropylamine (0.42 ml, 303 mg, 3.00 mmol) in
tetrahydrofuran (3.4 ml) at 0°C under argon. After stirring this solution at 0°C for 1 h, a solution of (+)-4
(300 mg, 3.00 mmol) in tetrahydrofuran (4.7 ml) was added at —78°C and stirred at —78°C for 30 min. Then,
to this solution, a solution of methyl methanethiolsulfonate (378 mg, 3.00 mmol) in tetrahydrofuran (1.5 ml)
was added at ~78°C and stirred at ~78°C for 30 min and at —20 ~ —30°C for 2 h. The reaction mixture was
poured into 1 N hydrochloric acid and extracted with ether. The organic layer was washed with water and
brine, dried with anhydrous magnesium sulfate and concentrated in vacuo. The residue was chromatographed
over silica gel (25 g). Elution with hexane / ethyl acetate (8 : 1) gave (+)-5 (300 mg, 68.5%, 5a:5b=2:1)
and 6 (58 mg, 10.1%). — (1)-5a: np23 = 1.4930. IR (film): v = 1760, 1195, 1185, 1115, 1090, 1055 cm~!. 'H
NMR: & = 1.41 (3H, d, J = 6.0 Hz, 4-Me), 2.20 (2H, dd, J = 7.5, 5.3 Hz, 3-H), 2.28 (3H, 5, -SMe), 3.46 (1H, t,
J=5.3Hz, 2-H), 4.78 (1H, tq, J = 7.5, 6.0 Hz, 4-H). Anal. Calcd. for C¢H;90,S : C, 49.31; H, 6.90. Found:
C, 49.66; H, 7.03.
cis-(£)-5b: np22 = 1.4918. IR (film): v = 1760, 1190, 1175, 1135, 1120, 1055 cm-!. TH NMR: & = 1.46 (3H,
d, J = 6.6 Hz, 4-Me), 1.78 (1H, ddd, J = 8.1, 9.4, 13.1 Hz, 3-H), 2.28 (3H, s, -SMe), 2.74 (1H, ddd, J = 6.6,
9.4, 13.1 Hz, 3-H), 3.56 (1H, t, J = 9.4 Hz, 2-H), 4.58 (1H, ddq, J = 8.1, 6.6, 6.6 Hz, 4-H). Anal. Calcd. for
CsH00,S : C,49.31; H, 6.90. Found: C, 49.62; H, 7.02.

(b) (4R)-Isomer: In the same manner as described above, (R)-4 (1.30 g, 13.0 mmol, ~100% e.e., prepared
from (R)-3-hydroxybutanoate!0h.11.12y gaye (4R)-5 (1.37 g, 72.2%, 5a :5b =2 : 1) . — (4R)-5a: np?2 =
1.4933, [a]p2? = +62.1 (c = 1.16 in chloroform). Its IR and 'H NMR spectra were identical with those of (+)-
5a. Anal. Calcd. for C¢H9O,S : C, 49.31; H, 6.90. Found: C, 48.85; H, 6.88.

(4R)-5b: np22 = 1.4971, [a]p!® = —20.2 (c = 1.16 in chloroform). Its IR and 'H NMR spectra were identical
with those of (+)-5b. Anal. Calcd. for C¢H00,S : C, 49.31; H, 6.90. Found: C, 48.81; H, 7.08.

(c) (45)-Isomer: In the same manner as described above, (5)4 (2.08 g, 20.8 mmol, 98.7% e.e., prepared from
(8)-3-hydroxybutanoate 10h.12.13) gave (45)-5 (2.07 g, 68.2%, 5a: 5b =3.5: 1). — (45)-5a: np!® = 1.4958,
[a]lp!? = ~57.0 (¢ = 1.25 in chloroform). Its IR and 'H NMR spectra were identical with those of (+)-5a.
Anal. Calcd. for CgH ¢0,S : C, 49.31; H, 6.90. Found: C, 49.73; H, 6.93.
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(48)-5b: np!9 = 1.4947, [a]p!® = +22.4 (¢ = 1.11 in chloroform). Its IR and 'H NMR spectra were identical
with those of (£)-5b. Anal. Calcd. for C¢H1¢O,S : C, 49.31; H, 6.90. Found: C, 49.27; H, 6.95.

4-Methyl-2-(methylthio)-2-octanoyl-y-butyrolactone (7) — (a) Racemate: A solution of zn-butyllithium
in hexane (1.70 M, 3.18 ml, 5.40 mmol) was added to a solution of diisopropylamine (0.755 ml, 545 mg, 5.40
minol) in tetrahydrofuran (6.3 ml) at 0°C under argon. After stirring this solution at 0°C for 1 h, a solution of
(3)-5 (788 mg, 5.40 mmol, mixture of Sa and 5b) in tetrahydrofuran (8.3 ml) was added dropwise at -78°C
and stirred at —78°C for 30 min. Then, to this solution, a solution of n-octanoyl chloride (878 mg, 5.40 mmol)
in tetrahydrofuran (3.9 ml) was added at —78°C, stirred at ~78°C for 30 min and warmed slowly to —10°C
within 2 h. The reaction mixture was poured into 1 N hydrochloric acid and extracted with ether. The organic
layer was washed with water and brine, dried with anhydrous magnesium sulfate and concentrated in vacuo.
The residue was chromatographed over silica gel (100 g). Elution with hexane / ethyl acetate (100 : 1 ~ 50 :

1) gave (£)-7 (1.01 g, 68.8%) and recovered (¥)-5 (40 mg, 5.1%); np'8 = 1.4841. IR (film): v = 1765, 1710,
1190, 1155, 1105 cm~!). TH NMR (300 MHz): & = 0.87 (3H, d, J = 6.6 Hz, 8'-H), 1.20 ~ 1.37 (10H, m, 3™-, 4"-,
5'-, 6'- and 7'-H), 1.46 (3H, d, J = 6.0 Hz, 4-Me), 1.58 (2H, ddt, J = 7.2, 7.5, 7.9 Hz, 3'-H), 1.96 (1H, dd, J =
9.5,12.9 Hz, 3-H), 2.03 (3H, s, -SMe), 2.70 (1H, dt, J= 17.4, 7.2 Hz, 2'-H), 3.03 (1H, dt, J = 17.4, 7.5 Hz, 2
H), 3.20 (1H, dd, J = 5.7, 12.9 Hz, 3-H), 4.43 (1H, ddq, J = 5.7, 9.5, 6.0 Hz, 4-H). Anal. Calcd. for
C14H24058 : C, 61.74; H, 8.88. Found: C, 61.25; H, 8.83.

(b) (R)-Isomer: In the same manner as described above, (4R)-5 (1.25 g, 8.56 mmol, mixture of 5a and 5b)

gave (4R)-7 (1.58 g, 67.8%) and recovered (4R)-5 (85 mg, 6.8%); np?! = 1.4827, [a]p2! = +94.4 (c= 1.10 in
chloroform). Its IR and 'H NMR spectra were identical with those of (£)-7. Anal. Calcd. for Cj4H403S : C,
61.74; H, 8.88. Found: C, 61.52; H, 8.93.
(¢) (S)-Isomer: In the same manner as described above, (45)-5 (1.96 g, 13.4 mmol, mixture of 5a and 5b)
gave (45)-7 (2.87 g, 78.6%) and recovered (45)-5 (300 mg, 15.3%); np!8 = 1.4841, [a]p'8 = -96.9 (c = 1.04
in chloroform). Its IR and 'H NMR spectra were identical with those of (£)-7. Anal. Calcd. for C 4H5405S :
C, 61.74; H, 8.88. Found: C, 61.60; H, 8.97.

4-Methyl-2-(1-hydroxyoctyl)-2-(methylthio)-v-butyrolactone (8). — (@) Racemate: Sodium
tetrahydroborate (50 mg, 1.32 mmol) was added to a solution of (+)-7 (500 mg, 1.84 mmol) in
tetrahydrofuran (10 ml) and water (1 ml) at -5°C. The mixture was stirred at —5°C for 1 h, then poured into
water and extracted with ether. The organic layer was washed with water and brine, dried with anhydrous
magnesium sulfate and concentrated in vacuo. The residue was chromatographed over silica gel (37 g).
Elution with hexane / ethyl acetate (30 : 1 ~ 15 : 1) gave 8a (221 mg, 44.1%) and 8b (186 mg, 36.7%) as
colorless oil. — 8a; np?3 = 1.4858. IR (film): v = 3460, 1740, 1195, 1115, 1080, 1050 cm-!. 'H NMR (300
MHz): d =0.88 3H, d, J = 6.5 Hz, 8-H), 1.19 ~ 1.42 (11H, m, 2"-, 3"-, 4-, 5'-, 6- and 7-H), 1.51 3H, d, J =
6.3 Hz, 4-Me), 1.58 (1H, dd, J = 3.2, 13.9Hz, 3-H), 1.96 (1H, m, 2'-H), 2.15 (1H, d, J = 4.9 Hz, OH), 2.18
(3H, s, -SMe), 2.91 (1H, dd, J = 9.0, 13.9 Hz, 3'-H), 4.03 (1H, dd, J = 4.9, 10.5 Hz, 1'-H), 4.66 (1H, ddq, J =
3.2,9.0, 6.3 Hz, 4-H). Anal. Calcd. for C14H,603S: C, 61.29; H, 9.55. Found: C, 61.73; H, 9.52.
8b; np23 = 1.4883,. IR (film): v = 3500, 1755, 1195, 1125, 1115, 1080, 1055 cm-!. TH NMR (300 MHz): § =
0.87 (3H, d, J = 6.5 Hz, 8-H), 1.22 ~ 1.68 (12H, m, 2'-, 3", 4-, 5'-, 6'- and 7"-H), 1.51 (3H, d, J = 6.5 Hz, 4-
Me), 1.61 (1H, dd, J = 4.4, 144 Hz, 3-H), 2.26 (3H, s, -SMe), 2.74 (1H, dd, J = 8.7, 14.4 Hz, 3'-H), 2.85
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(1H, br, OH), 3.83 (1H, brd, J = 9.6 Hz, 1-H), 4.64 (1H, ddq, J = 4.4, 8.7, 6.5 Hz, 4-H). Anal. Calcd. for
C14H2603S: C, 61.29; H, 9.55. Found: C, 61.68; H, 9.59.

(b) (4R)-Isomer: In the same manner as described above, (4R)-7 (1.15 g, 4.23 mmol) gave (4R)-8a (490 mg,
42.3%) and (4R)-8b (465 mg, 40.1%). — (4R)-8a; np22 = 1.4864, [at]p?2 = +43.0 (¢ = 0.93 in chloroform). Its
IR and 'H NMR spectra were identical with those of (£)-8a. Anal. Calcd. for C14H,603S: C, 61.29; H, 9.55.
Found: C, 61.87; H, 9.57.

(4R)-8b; np20 = 1.4895, [at]p?! = -23.0 (c = 0.79 in chloroform). Its IR and 'H NMR spectra were identical
with those of (£)-8b. Anal. Calcd. for C4H603S: C, 61.29; H, 9.55. Found: C, 61.10; H, 9.60.

(c) (4S)-Isomer: In the same manner as described above, (45)-7 (1.96 g, 7.21 mmol) gave (45)-8a (950 mg,
48.1%) and (45)-8b (826 mg, 41.8%). — (45)-8a; np!8 = 1.4855, [a]p!8 = —42.2 (¢ = 1.06 in chloroform). Its
IR and 'H NMR spectra were identical with those of (+)-8a. Anal. Calcd. for C14H26038S: C, 61.29; H, 9.55.
Found: C, 61.06 H, 9.64.

(4R)-8b; np!7 = 1.4903, [0]p!? = +22.4 (¢ = 1.06 in chloroform). Its IR and 'H NMR spectra were identical
with those of (£)-8b. Anal. Calcd. for C 4H3603S: C, 61.29; H, 9.55. Found: C, 61.12; H, 9.62.

Acaterin (1). — (a) Racemate: A solution of m-chloroperoxybenzoic acid (55%, 240 mg, 0.77 mmol) in
dichloromethane (4 ml) was added dropwise to a solution of (+)-8a (210 mg, 0.77 mmol) in dichloromethane
(16 ml) at ~78°C under argon. Stirred for 15 min, the reaction mixture was poured into 10% aqueous sodium
thiosulfate solution and extracted with dichloromethane. The extraction was washed with water and brine,
dried with anhydrous magnesium sulfate and concentrated in vacuo. The residue was dissolved in toluene (6
ml) and refluxed in the presence of calcium carbonate (77 mg, 0.77 mmol) for 3 h. After a filtration and a
concentration of the reaction mixture, the residue was chromatographed over silica gel (4 g). Elution with
hexane / ethyl acetate (8 : 1) yielded crude (+)-1, which was distilled to give (+)-1 (110 mg, 63.5%) as
colorless crystal; b.p. 123 ~ 125 °C/ 4 Torr, m.p. 38.8-39.2°C. IR (film): v = 3450, 1745, 1200, 1120, 1080,
1020 cm~1. "H NMR (300 MHz in pyridine-ds): 8 = 0.82 (3H, d, J = 6.6 Hz, 8'-H), 1.13 ~ 1.41 (8H, m, 4™-, 5"-
, 6'- and 7-H), 1.29 (3H, d, J = 6.8 Hz, 4-Me), 1.51 - 1.78 (2H, m, 3'-H), 1.91 (1H, dddd, J = 5.0, 8.0, 10.1,
13.2 Hz, 2'-H), 2.09 (1H, dddd, J = 4.0, 6.2, 10.1, 13.7 Hz, 2'-H), 4.88 (1H, dddd, J = 1.6, 2.0, 4.0, 8.0 Hz, 1"-
H), 5.04 (1H, ddq, J = 1.6, 2.0, 6.8 Hz, 4-H), 7.55 (1H, t, J = 1.6 Hz, 3-H).
13C NMR (75 MHz in pyridine-ds): 8 = 14.22 (C-8"), 19.20 (4-Me), 22.87 (C-7"), 25.81 (C-3", 29.53 (C-5"),
29.82 (C-4"), 32.03 (C-6"), 36.50 (C-2"), 66.48 (C-1), 77.88 (C-4), 138.66 (C-2), 150.49 (C-3), 172.66 (C-1).
Anal. Calcd. for C;3H2,03: C, 68.99; H, 9.80. Found: C, 68.79; H, 9.78.

(b) (4R)-Isomer: In the same manner as described above, (4R)-8a (470 mg, 1.72 mmol) gave (4R)-1 (300 mg,
77.4%) as colorless oil; b.p. 133.0 ~ 135.0°C / 5 Torr, np?° = 1.4720, [a]p2° = -19.7 (¢ = 0.6] in chloroform).
Its IR and 'H NMR spectra were identical with those of (£)-1. Anal. Calcd. for Cy3H,03: C, 68.99; H, 9.80.
Found: C, 68.78; H, 9.85.

(c) (4S)-Isomer: In the same manner as described above, (45)-8a (890 mg, 3.25 mmol) gave (45)-1 (445 mg,
60.6%) as colorless oil; b.p. 123.0 ~ 125.0°C / 4 Torr, np!7 = 1.4732, [a]p!? = +19.6 (¢ = 1.04 in chloroform).
Its IR and 'H NMR spectra were identical with those of ()-1. Anal. Calcd. for Cj3H05: C, 68.99; H, 9.80.
Found: C, 68.70; H, 9.87.
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Pseudo-acaterin (pseudo-1). — (a) Racemate: In the same manner as described above, (+)-8b (170 mg,
0.62 mmol) gave (3)-pseudo-1 (88 mg, 62.8%) as colorless oil; b.p. 115 ~ 117 °C / 4 Torr, np22 = 1.4717. IR
(film): v = 3450, 1745, 1200, 1120, 1085, 1025 cm~!. 'H NMR (300 MHz in pyridine-ds): 6 = 0.81 (3H, d, J
=6.7 Hz, 8'-H), 1.13 ~ 1.41(8H, m, 4'-, 5'-, 6'- and 7-H), 1.23 (3H, d, J = 6.8 Hz, 4-Me), 1.51 - 1.79 (2H, m,
3'-H), 1.88 (1H, dddd, J = 5.0, 8.2, 10.1, 13.3 Hz, 2'-H), 2.08 (1H, dddd, J = 4.0, 6.0, 10.1, 13.7 Hz, 2'-H),
4.89 (1H, dddd, J = 1.2, 1.4, 4.0, 8.2 Hz, 1-H), 5.08 (1H, ddq, J = 1.2, 1.4, 6.8 Hz, 4-H), 7.55 (1H, , J = 1.4
Hz, 3-H).
13C NMR (75 MHz in pyridine-ds): 8 = 14.27 (C-8"), 19.12 (4-Me), 22.92 (C-7'), 25.95 (C-3"), 29.59 (C-5"),
29.86 (C-4"), 32.09 (C-6"), 36.51 (C-2"), 66.58 (C-1"), 77.97 (C-4), 138.68 (C-2), 150.60 (C-3), 172.80 (C-1).
Anal. Calcd. for C13H2,04: C, 68.99; H, 9.80. Found: C, 68.70; H, 9.91.
(b) (4R)-Isomer: In the same manner as described above, (4R)-8b (440 mg, 1.61 mmol) gave (4R)-pseudo-1
(203 mg, 55.9%) as colorless oil; b.p. 117 ~ 119°C / 3 Torr, np20 = 1.4729, [a]p20 = —63.7 (c = 0.53 in
chloroform). Its IR and 'H NMR spectra were identical with those of (f)-pseudo-1. Anal. Caled. for
C13H2205: C, 68.99; H, 9.80. Found: C, 68.84 H, 9.84.
(¢) (45)-Isomer: In the same manner as described above, (45)-8b (786 mg, 2.87 mmol) gave (45)-pseudo-1
(420 mg, 64.8 %) as colorless oil; b.p. 133.0 ~ 135.0°C / 5 Torr, np?! = 1.4737, [0lp?! = +62.6 (¢ = 1.06 in
chloroform). Its IR and 'H NMR spectra were identical with those of (+)-pseudo-1. Anal. Calcd. for
C13H205: C, 68.99; H, 9.80. Found: C, 68.99; H, 9.87.

Degradation of (45)-pseudo-acaterin. — (i) Acetylation of (4S)-pseudo-1; Acetic anhydride (170 pl,
184 mg, 1.8 mmol) was added to a ice-cooled solution of (45)-pseudo-1 (200 mg, 0.885 mmol) in pyridine
(350 pl) and the mixture was stirred at room temp. overnight. After addition of ethanol (0.5 ml) and further
stirring for 1 h, the reaction mixture was poured into 1 N hydrochloric acid and extracted with ethyl acetate.
The organic layer was washed with water and brine, dried with anhydrous magnesium sulfate and
concentrated in vacuo. The residue was chromatographed over silica gel (8 g). Elution with hexane / ethyl
acetate (6 : 1) gave acetyl (4S)-pseudo-acaterin (230 mg, 97%) as colorless oil; np20 = 1.4610, [a]p?! = +68
(¢ =0.61 in chloroform). IR (film): v = 1755, 1235, 1210, 1120, 1085, 1030 cm~!. 'H NMR: & = 0.87 (3H, t,
J=6Hz, 8-H), 1.05 ~2.30 (12H, m, 2, 3'-, 4'-, 5'-, 6'- and 7"-H), 1..42 (3H, d, J = 7 Hz, 4-Me), 2.10 (3H, s,
Ac), 5.05 (1H, brq, J = 7 Hz, 4-H), 5.59 (IH, brt, J = 7 Hz, 1'-H), 7.17 (1H, br, 3-H). Anal. Calcd. for
CysH2404: C, 67.13; H, 9.02. Found: C, 67.06; H, 9.16.
(il) Ozonolysis of acetyl (4S)-pseudo-acaterin; Ozone, from ON-3-2 ozonator (Nippon Ozone Co., Ltd.), was
passed into a solution of acetyl (45)-pseudo-acaterin (100 mg, 0.37 mmol) in acetic acid (5 ml) and ethyl
acetate (5 ml) at —10°C. After the solution turned blue in color, nitrogen was passed into the solution to
remove excess ozone. Water (3 ml) and 30% hydrogenperoxide (1 ml) were added to the reaction mixture and
the whole was stirred at room temp. overnight. The reaction mixture was poured into water and extracted
with ether. The organic layer was washed with water and brine, dried with anhydrous magnesium sulfate and
concentrated in vacuo. The residue was subjected to preparative silica gel TLC with chloroform / methanol /
acetic acid (100 : 10 : 1) and (+)-10 (30 mg, 37%) was obtained as colorless oil; np!7 = 1.4422, [atlp!9 = +17
(¢ = 0.40 in chloroform). IR (CCly): v = 1750, 1725, 1225 cm~!. |H NMR: & = 0.88 (3H, t, J = 5.3 Hz,9-H),
1.00 ~ 2.05 (12H, m, 3- 4-, 5-, 6-, 7- and 8-H), 2.14 (3H, s, Ac), 5.01 (1H, t, J = 5.8 Hz, 2-H). Anal. Calcd.
for C11H2004: C, 61.09; H, 9.32. Found: C, 61.51; H, 9.34.
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(R)-2-Acetoxynonanoic acid {(authentic sample) [(R)-10]. — (i) Ethyl (R)-2-hydroxynonanoate; A
solution of hexylmagnesiumbromide in ether was prepared from hexylbromide (2.5 g, 15 mmol) and
magnesium (370 mg, 15 mmol) under argon. To a mixture of this Grignard reagent and copper(I)bromide-
dimethyl sulfide complex (70 mg, 0.34 mmol), a solution of (R)-11 (330 mg, 2.8 mmol) in ether (2 ml) was
added dropwise under argon at ~78°C and the mixture was stirred for 2 h. The reaction mixture was poured
into saturated aqueous ammonium chloride solution and extracted with ether. The organic layer was washed
with water and brine, dried with anhydrous magnesium sulfate and concentrated in vacuo. The residue was
chromatographed over silica gel (20 g). Elution with hexane / ethyl acetate (20 : 1) gave ethyl (R)-2-
hydroxynonanoate (270 mg, 47%) as colorless oil; np!8 = 1.4343, [a]p!® = +1.93 (¢ = 1.05 in methanol). IR
(CCly): v = 3480, 1730, 1200, 1130, 1090, 1020 cm-1. 'H NMR: 8 = 0.88 (3H, t, J = 6.6 Hz, 9-H), 1.25 ~
1.85 (12H, m, 3-, 4-, 5-, 6-, 7- and 8-H), 1.30 (3H, t, J = 7.2 Hz, OCH,-CH3), 2.72 (1H, br, OH), 4.16 (1H,
dd, J =4.1,7.2 Hz, 2-Me), 4.24 (2H, q, J = 7.2 Hz, O-CH»-CH3). Anal. Calcd. for C{1H203: C, 65.31; H,
10.96. Found: C, 64.95 H, 10.96.

(i1) (R)-2-Acetoxynonanoic acid [(R)-10]; Ethyl (R)-2-hydroxynonanoate (65 mg, 0.32 mmol) was stirred in
25% aqueous sodium hydroxide solution at room temp. for 30 min. The reaction mixture was adjusted to pH
1 with 1 N hydrochloric acid and extracted with ether. The organic layer was washed with water and brine,
dried with anhydrous magnesium sulfate and concentrated in vacuo. The residue was dissolved in
dichloromethane (2 ml). To this solution, acetic anhydride (70 mg, 0.69 mmol) and 4-dimethylaminopyridine
(10 mg, 0.08 mmol) was added and the whole was stirred for 30 min. The reaction mixture was poured into 1
N hydrochloric acid and extracted with ether. The organic layer was washed with water and brine, dried with
anhydrous magnesium sulfate and concentrated in vacuo. The residue was chromatographed over silica gel (2
g). Elution with hexane / ethyl acetate (8 : 1) gave (R)-10 (47 mg, 68%) as colorless oil; npl7 = 1.4422,
[a]lp!® = +22 (¢ = 0.85 in chloroform). IR and !H NMR was identical those of (+)-10 (prepared from (45)-

pseudo-acaterin).

(4S)-Acaterin (1S)-camphanate [(45)-1]. (15)-Camphanic chloride (100 mg, 0.46 mmol) was added to
a solution of (45)-acaterin (50 mg, 0.22 mmol) and 4-dimethylaminopyridine (small amount) in pyridine (1
ml) and stirred at room temp. for 2 h. An excess of 3-N, N-dimethylamino-1-propylamine was added and
stirred for 5 min. This was diluted with ether and washed with 1 N hydrochloric acid, water and brine, dried
over anhydrous magnesium sulfate and concentrated in vacuo. The residue was chromatographed over silica
gel (3 g) and elution with hexane / ethyl acetate (1 : 1) gave crude 9 which was recrystallized from hexane /
dichloromethane (10 : 1) to give 9 (70 mg, 78 %) as colorless fine needles; m.p. 82.0 ~ 82.3°C, [a}p22 = —6.0
(¢ = 0.59 in chloroform). IR (KBr): v = 1775, 1740, 1725, 1265, 1210, 1170, 1120, 1090, 1055, 1020 cm-1.
TH NMR: 8 =0.86 (3H, t, J = 6 Hz, 8'-H), 0.98 (3H, 5, 10"-Me), 1.07 (3H, 5, 8"-Me), 1.11 (3H, 5, 9"-H), 1.42
(3H,d, J= 6 Hz, 4-Me), 1.1 ~ 2.6 (16H, m, 3'-, 4, 5'-, 6'-, 7"-, 3"~ and 4"-H), 5.05 (1H, tq, J = 1, 6 Hz, 4-H),
5.73(1H,tt,J =1, 6 Hz, I'-H), 7.29 (1H, t, J = 1 Hz, 3-H).

Reduction of (4R)-7. — (a) With Zn(BH,4);: A solution of zinc borohydride in ether (0.13 M, 4 ml, 0.52
mmol) was added dropwise to a solution of (4R)-7 (50 mg, 0.18 mmol) in toluene (5 ml) at —78°C under

argon. Stirred for 3 h, the reaction mixture was quenched with 3% aqueous phosphoric acid and extracted
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with ether. The organic layer was washed with water and brine, dried with anhydrous magnesium sulfate and
concentrated in vacuo. The residue was chromatographed over silica gel (1 g) and elution with hexane / ethyl
acetate (10 : 1) gave a mixture of (4R)-8a and (4R)-8b (37 mg, 73.5%) at the ratio 29 : 71 (from 'H NMR)
and recovered (4R)-7 (6 mg, 12%). — (b) With DIBAL-BHT complex: A solution of diisopropylaluminum
hydride in toluene (1.0 M, 1.6 ml, 1.6 mmol) was dropped to a solution of 2, 6-di-tert-butyl-4-methylphenol
(500 mg, 2.3 mmol) at 0°C under argon and stirred for 1 h. Cooled down to —78°C, a solution of (4R)-7 (54
mg, 0.20 mmol) in toluene (5 ml) was dropped and stirred for 2 h at -78 ~ —65°C. The reaction mixture was
poured into 1 N hydrochloric acid and extracted with ether. In the same manner as described above, a mixture
of (4R)-8a and (4R)-8b (50 mg, 91.9%) was obtained at the ratio 63 : 37 (from 1H NMR). — (c) With BH;-
THF complex: A solution of borane-tetrahydrofuran complex (1.0 M, 0.54 ml, 0.54 mmol) was added to a
solution of (4R)-7 (50 mg, 0.18 mmol) in tetrahydrofuran (1 ml) at —10°C under argon. Stirred for 4 h at -5°C
and for further 4 h at 5°C. The reaction mixture was quenched with acetic acid / H,O (1 : 1) and extracted
with ether. In the same manner as described above, a mixture of (4R)-8a and (4R)-8b (29 mg, 57.6%) was
obtained at the ratio 65 : 35 (from 'H NMR) and recovered (4R)-7 (7 mg, 14%). — (d) With LiAl(O'Bu);H: A
solution of lithium tri-fers-butoxyaluminohydride in tetrahydrofuran (1.0 M, 0.56 ml, 0.56 mmol) was added
dropwise to a solution of (4R)-7 (50 mg, 0.18 mmol) in tetrahydrofuran (1 ml) at —65°C under argon and
stirred for 1 h at —65°C. The reaction mixture was poured into 1 N hydrochloric acid and extracted with .ether.
In the same manner as described above, a mixture of (4R)-8a and (4R)-8b (41 mg, 81.4%) was obtained at the
ratio 73 : 27 (from 'H NMR). — (e) With LiBH,: A solution of (4R)-7 (50 mg, 0.18 mmol) in tetrahydrofuran
(1 ml) was added dropwise to a solution of lithium borohydride (95%, 8 mg, 0.35 mmol) in tetrahydrofuran
(1 ml) at —-78°C under argon. Stirred for 2 h , the reaction mixture was poured into 1 N hydrochloric acid and
extracted with ether. In the same manner as described above, a mixture of (4R)-8a and (4R)-8b (42 mg,
83.4%) was obtained at the ratio 25 : 75 (from !H NMR).

ACKNOWLEDGMENT

We are much indebted to Professors A. Endo and K. Hasumi, Tokyo Noko University, for the generous
gift of natural acaterin and its spectral charts, and for biological assay. This work was partly supported by The
Fujisawa Foundation.

REFERENCES AND NOTES

1. Bell, F. P. Arterial cholesterol esterification by acyl-CoA: cholesterol acyltransferase, its possible
significance in atherogenesis and its inhibition by drugs. In Pharmacological Control of Hyper-
lipidemia; Prous, J. R. Ed.; Science Publishers: 1986; pp. 409 ~ 422.

2. Heider, J. G.: Agents which inhibit cholesterol esterification in the intestine and their potential value in
the treatment of hypercholesterolmia. In Pharmacological Control of Hyperlipidemia; Prous, J. R. Ed.;
Science Publishers: 1986; pp. 423 ~ 438.

3. Heider, J. G.; Pickens, C. E.; Kelly, L. A. J. Lipid Res., 1983, 24, 1127 ~ 1134.



6442

10.

11.
12.
13.

14

15.
16.

K. IsHIGAMI and T. KITAHARA

a) DeVries, V. G.; Schaffer, S. A.; Largis, E. E.; Dutia, M. D.; Wang, C.-H.; Bloom, J. D.; Katocs, Ir.,
A.S.J. Med. Chem., 1986, 29, 1131 ~ 1133. b) Largis, E. E.; Wang, C.-H.; DeVries, V. G.; Schaffer, S.
A. J. Lipid Res., 1989, 30, 681 ~ 690.

Katocs, Jr., A. S.; Wang, C.-H.; Largis, E. E. Fasb J. 1988, 2, A1219.

(a) Tomoda, H.; Nishida, H.; Masuma, R.; Cao, J.; Okuda, S.; Omura, S. J. Antibiot., 1991, 44, 136 ~
143. (b) Nishida, H.; Tomoda, H.; Cao, J.; Okuda, S.; Omura, S. ibid., 1991, 44, 144 ~ 151. (c) Nishida,
H.; Tomoda, H.; Cao, J.; Araki, S.; Okuda, S.; Omura, S. ibid., 1991, 44, 152 ~ 159.

Naganuma, S.; Sakai, K.; Hasumi, K.; Endo, A. J. Antibiot., 1992, 45, 1216 ~ 1221.

For overview readings, see the following review and articles and references cited therein. (a) Geran, R.
L; Greenberg, N. H.; MacDonald, M. M.; Schumacher, A. M.; Abbott, B. J. Cancer Chemother. Rep.,
1972, 3, 1 ~ 88. (b) Rupprecht, J. K.; Hui, Y.-H.; McLaughlin, J. L. J. Nat. Prod., 1990, 53, 237 ~ 278.
(c) Fang, X.-P.; Rieser, M. J.; Gu, Z.-M.; Zhao, G.-X.; McLaughlin, J. L. Phytochem. Anal., 1993, 4,27
~48.

Jolad, S. D.; Hoffmann, J. J.; Schram, K. H.; Cole, J. R. J. Org. Chem., 1982, 47,3151 ~ 3153.

Various procedures have been reported for the preparation of both enantiomers of y-valerolactone.
Representative examples (the first one and recent results) are listed below. For further examples, see the
references cited therein. (a) Mori, K. Tetrahedron, 1975, 31, 3011 ~ 3012. (b) Gutman, A. L.; Zuobi,
K.; Boltansky, A. Tetrahedron Lett., 1987, 28, 3861 ~ 3864. (c) Ohkuma, T.; Kitamura, M.; Noyori, R.
Tetrahedron Lett., 1990, 31, 5509 ~ 5512. (d) Mandal, A. K.; Mahajan, S. W. Synthesis, 1991, 4, 311 ~
313. (e) Ohta, T.; Miyake, T.; Seido, N.; Kumobayashi, H.; Akutagawa, S.; Takaya, H. Tetrahedron
Lett., 1992, 33, 635 ~ 638. (f) Robin, S.; Huet, F., Tetrahedron Lett., 1993, 34, 2945 ~ 2948. (g) Brown,
H. C; Kulkarni, S. V.; Racherla, U. S., J. Org. Chem., 1994, 59, 365~ 369. (h) O'Neill, J. A_; Lindell,
S. D; Simpson, T. J.; Willis, C. L. Tetrahedron: Asymmetry, 1994, 5, 117 ~ 118.

Seebach, D.; Ziiger, M. Helv. Chim. Acta., 1982, 65, 495 ~ 503.

Sugai, T.; Fujita, M.; Mori, K. Nippon Kagaku Kaishi, 1983, 1315 ~ 1321.

Sugai, T.; Ohta, H. Agric. Biol. Chem., 1989, 53, 2009 ~ 2010.

Although [a]p value of natural product was not reported in ref. 7, we measured it using the original
sample kindly provided by Prof. Endo.

Larchevéque, M.; Petit, Y. Bull. Soc. Chim. Fr., 1989, 130 ~ 139.

For preparation, characterization, and use of diisobutylaluminum 2, 6-di-tert-butyl-4-methylphenoxide
in stereoselective reductions, see: Yamamoto, H.; Iguchi, S.; Nakai, H.; Hayashi, M. J. Org. Chem.,
1979, 44, 1363 ~ 1364 and references cited therein.

(Received in Japan 10 March 1995; accepted 14 April 1995)



