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Abstract: Two new 2-amino-2-butenoic acid (Dhb)-containing microcystins (Dhb-microcystins), [D-
Asp?, (E)-Dhb/]microcystin-LR (1) and -HtyR (2), werc isolated from Oscillatoria agardhii. The
structures were elucidated by the extensive NMR analyses and confirmed by mass spectral and amino acid
analyses. The absolute configuration was determined by chemical degradation and chiral GC analyses. The

configuration of the Dhb unit of 1 and 2 was determined as £ by ROESY experiments.
© 1997 Elsevier Science Ltd. All rights reserved.
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and drinking water reservoirs'. Some strains of Q. agardhii produce cyclic heptapeptide toxins, named
microcystinsZ. The generai structure of microcystins is cyclo(-D-Ala-X-D-MeAsp-Z-Adda-D-Glu-Mdha-), where
X and Z are variable L-amino acids, D-MeAsp is D-erythro--methylaspartic acid, Mdha is N-methyldehydro-
alanine, and Adda is (25,35,85,95)-3-amino-9-methoxy-2,6,8-trimethyl-10-phenyldeca-4(E),6(E)-dienoic acid.
The two acidic amino acids, D-MeAsp and D-Glu, are connected by the isolinkages. In our previous studies of
cyanobacterial toxic compounds3, we isolated the 2-amino-2-butenoic acid (Dhb, dehydrobutyrine)-containing
microcystin (Dhb-microcystin), [D-Asp3, Dhb”]microcystin-RR (Dhb-microcystin-RR, 3) (Fig. 1), from O.

agardhii (CCAP 1459/22 = NIES 610 = CYA 18). The molecular formula of 3 was found to be identical with

that of [D-Asp3] and [Dha’]microcystin-RR#5, Furthermore, the amino acid composition of 3 agreed well with
Alna AL T A 3T ~ . YY ncssavia PRS o 11T ATR oy £ ccrno Alansley AFFacwnnt Fannn tlonnn AF r
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Asp?] and [Dha’Jmicrocystin-RR, strongly suggesting that NMR measurement is essential for precise structure
elucidation of microcystins3-7. During further investigation of toxic compounds in O. agardhii, we were able to

isolate two new Dhb-microcystins (1 and 2). We now describe the isolation and structure elucidation of 1 and 2.
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1: X= CH,CH,CH(CH3), ; [D-Aspf, (E)-Dhb:',]microcyslin-LR

2: X= CH,CH,-p-OH-Ph ; [D-Asp?, (E)-Dhb’]microcystin-HtyR
3 X= CH2CHvCHzNHC=NH(NH2) i [D-Asp, (E)-Dhb’Jmicrocystin-RR
Fig. 1. Structures of (E)-Dhb-containing microcystins isolated from O. agardhii
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0. agardhii (CCAP 1459/14) was kindly provided by Dr. John G. Day of CCAP, Scotland. The strain was
SRR LENSUIN UL, o} M. Ny, JE TN R I Y rivr avtoantad fect it . mmatia anid amsiame oalny
cultured in CT medium3. The freeze dried cells were extracted first with 5% acetic acid aqueous solution, then

with MeOH. The extracted solution was evaporated in vacuo. The extract was fractionated with Sep-Pak ODS
cartridges using 20% and 80% MeOH. The fraction eluted with 80% MeOH was analyzed by reverse-phase
HPLC using as the eluent 60% MeOH in 50 mM phosphate buffer (pH 3.0) and a photodiode array detector.
Two main peaks whose UV spectra resembling those of microcystins were observed. These two peaks were
purified by preparative reverse-phase HPLC. Further purification with HPTLC (developed with
CHCI3:MeOH:H»O (6:4:1)) yielded 1 (9.4 mg) and 2 (12.1 mg) as colorless amorphous solids. In the positive

FABMS spectrum, the [M + H]* ion of 1 was observed at m/z 981. From the high resolution FABMS spectrum,

spec
the molecular formula of 1 was established as C48H73012N10 (calculated for C4gH74012N10: 981.5410, A +3.4
acids detected after acid hydrolysis of 1 were D-Ala, L-Leu, D-Asp, L-Arg, D-Glu. This amino acid composition is
the same as that of [D-Asp3]microcystin-LR. However, the !H-NMR spectrum of 1 is again clearly different
from those of [D-Asp3] and [Dha’]microcystin-LR3. The spectrum of 1 shows a quartet, at 5.69 ppm due to the
olefin proton of the Dhb unit (Table 1). In contrast, the lH-NMR spectra of [D-Asp3] and [Dha’]microcystin-LR
show two singlets at 5-6 ppm, due to the exomethylene group of the dehydroalanine (Dha) unit. The structure of
the Dhb unit was confirmed by the analysis of the IH-1H COSY, HMQC, and HMBC spectra of 1. In the
ROESY spectrum of 1 in DMSO-dg, a cross peak between the methyl group of the Dhb unit and the amide

proton of the Ala unit was observed, suggesting that the geometrical structure of the Dhb unit in 1 is E, and,
therefore, a geometrical isomer of the Dhb unit in nodularins!© (cyclic pentapeptide toxins isolated from
cyanobacterium Nodularia sp.). In the TH-NMR spectra of nodularins, the olefin proton signal of the (Z)-Dhb

1

unit appears at lower field (6.90-6.94 ppm) than that of the (£)-Dhb unit in 1. The geomeirical structure of the
Dhb unit in 1 was confirmed by 1D NOE experiment. Extensive NMR analysis of 2D-NMR spectra of 1
revealed the presence of the Adda unit. The coupling constants and chemical shifts of the Adda unit suggest that
the relative configuration of the Adda unit of 1 is the same as that of microcystins!!. The absolute configuration
of the Adda unit of 1 was determined by oxidation of 1 following chiral GC. Compound 1 was oxidized by
treatment with KMnO4 and NalOy4 in the manner previously described!2. After oxidation, erythro-B-

methylaspartic acid and 2-methyl-3-methoxy-4-phenylbutanoic acid (MMPB) were derived from the Adda unit of

(Qehama 1)
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Scheme 1. Oxidation of the Adda unit.
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Scheme 2. Diasteroselective synthesis of MMPB.
1) BupBOTH, 1ProNEt, PhACHPCHO in CH)Ci» at -78 °C; ii) NaOMe in MeOH at 0 °C;
iti) Mel, NaOH in DMSO-THF at 0 °C; iv) NaOH in MeOH at rt.

The absolute configuration of MMPB was confirmed using chiral GC by comparing the retention time of four
diastereoisomers of MMPB. These four diastereoisomers of MMPB were diastereoselectively synthesized via an
Evans aldol condensation!3 (Scheme 2). The absolute structure of MMPB derived from the Adda unit of 1 was
established as (2R,35)-MMPB by chiral capillary GC analysis. The configuration of erythro-f-methylaspartic
acid was confirmed as D by chiral GC analysis of its N-trifluoroacetyl-O-isopropyl ester derivative. These results
suggest that the absolute configuration of the Adda unit in 1 is (25,35,85,95), i.e. the same as that in

microcystins. The sequence of 1 was mostly deduced by HMBC correlations from o-H to C=0. The connection

between the Dhb and Glu units was confirmed by a decoupled-HMBC experiment, described in our previous
paper3. From these data, the structure of 1 was established as [D-Asp3, (E)-Dhb7]microcystin-LR ((E)-Dhb-

microcystin-LR) (Fig. 1).
The pseudomolecuiar ion ([M + Hj*) of 2 in the FABMS spectrum was observed at m/z 1045. From the

high resolution FABMS spectrum, the molecular formula of 2 was deduced as C5pH72N 9013 (calculated for
Cs52H73N10013: 1045.5359, A £0.0 mmu), identical with those of [D-Asp3] and [Dha’]microcystin-HtyR14:15,
The amino acids detected after acid hydrolysis of 2 were D-Ala, L-homotyrosine (Hty), D-Asp, L-Arg, D-Glu. The
amino acid composition of 2 is the same as that of [D-Asp3]microcystin-HtyR. In the |H-NMR spectrum of 2, a
quartet was observed at 5.73 ppm. This quartet is similar to that observed with 1 and 3. Extensive NMR spectra
and chiral GC analysis suggested that the structure of 2 was [D-Asp3, (E)-Dhb7]microcystin-HtyR
io. 1
D

~ s
¢ {
microcystin-RR) (Fig. 1) in the same manner as 1. Dhb-microcystins were also isolated from CCAP strains
0. agardhii (CCAP 1439/11A, 1459/11B, and 1459/16).
The configuration of the Dhb unit of Dhb-microcystins isolated from the CCAP strains of O. agardhii is E,

while that of nodularins from Nodularia spumigena has been determined as Z!0. The Dhb unit in Dhb-
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Table 1. 1H and 13C NMR Data for [p-Asp3, (E)-Dhb7Imicrocystin-LR (1) in CD30D at 500 MHz.

position 'H J (Hz) 13C position H J (Hz) 13C
Dhb 1 166.5 Adda 1 176.4
2 132.0 2 3.00 (m) 45.0
3 5.69 (q,7.3) 123.8 3 4.52 (t,9.5) 56.5
4 1.86 (d,7.3) 13.5 4 5.37 (dd, 9.5, 15.6) 127.1
Ala 1 1753 5 6.18 (d, 15.6) 138.2
2 4.61 (q,7.0) 49.5 6 134.1
3 1.31 d,7.0) 17.5 7 5.37 (d,9.8) 136.7
Leu 1 174.7 8 2.58 (m) 37.7
2 4.28 (dd, 3.9, 11.6) 55.1 9 3.24 (m) 88.4
3 1.99 (m) 40.6 10 2.82 (m) 39.0
159 (m) 267 (dd,7.2,139)
4 1.78 (m) 26.0 11 1.08 d,7.0) 16.1
5 0.93 (d, 6.7) 23.8 12 1.62 (s) 13.0
5' 0.89 (d, 6.4) 21.3 13 0.99 d, 6.7) 16.6
Asp 1 176.7 14 3.23 (s) 58.7
2 4.56 (t,48) 53.3 15 140.6
3 2,79 {m) 39.8 16,20 7.18 d,6.7) 130.5
2.33 (m) 17,19 7.24 (dd, 6.7, 7.6) 129.2
4 175.0 18 7.16 (t, 7.6) 127.0
Arg 1 172.4 Glu 1 179.3
2 4.48 (dd, 4.3,9.0) 52.7 2 4.27 (dd, 5.8,9.2) 56.0
3 207  (m) 28.7 3 203 (m) 29.9
1.52 (m) 1.92 (m)
4 1.60 (m) 26.0 4 2.47 (m) 344
1.49 (m) 2.23 (m)
5 315 (m) 41.4 5 175.3
6 158.7
Table 2. 1H and 13C NMR Data for [D-Asp3, (E)-Dhb”Jmicrocystin-HtyR (2) in CD30D at 500 MHz
position 'H J (Hz) 13C position 'H J (Hz) 13C
Dhb 1 1667 Ada 1 176.4
2 132.0 2 298  (m) 45.0
3 5.73 (q.7.3) 123.8 3 4.52 (dd, 8.6,9.2) 56.4
4 187 (@&73) 13.5 4 551 (dd, 8.6, 15.6) 127.0
Ala 1 175.5 5 6.17 (d, 15.6) 138.2
2 4.61 (q.7.0) 49.7 6 134.0
30 134 (@d70) 17.4 7 537 (d,88) 136.8
Hy ! 174.4 8 257 (m) 377
2 4.14 (dd, 3.7, 11.3) 56.0 9 3.24 (m) 88.4
3 2.24 {(m) 341 10 2.80 (dd, 4.9, 14.0) 39.0
2.10 (m) 2.65 (dd, 7.3, 14.0)
4 2.73 (m) 32.6 11 1.06 (d,7.0) 16.2
2.52 {imi ) 12 1.60 (s) 13.0
5 133.2 13 0.99 (d, 7.0) 16.6
6, 10 7.01 (d,8.5) 130.7 14 322 (s) 58.7
7,5 6.66 {d,8.5) 116.2 15 140.6
8 156.6 16,20 7.16 d,7.0) 130.5
Asp 1 176.8 17,19 7.23 (t,7.0) 129.2
2 45T (L46) 532 B 715 (@©70) 127.0
3 2.77 (m) 39.8 Glu 1 179.2
234 (m) 2 424 (dd,58,92) 56.1
4 175.1 3 2.03 {(m) 299
Arg 1 172.4 1.95 (m)
2 4.44 (dd, 4.0, 8.5) 52.9 4 2.47 (m) 34.2
3 2.03 (m) 28.8 2.26 {(m)
153 (m) 5 175.3
4 1.58 (m) 26.3
i.54 (m)
5 3.12 (m) 41.7
6 158.6
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heir LDsp values (mice, i.p.) were 70, 70, and
250 pg/kg, respectively. These values are similar to those of the corresponding normal microcystins which
contain the Dha unit instead of the Dhb unit. These results suggest that toxicity is affected little by the methyl
group of the Dhb unit of the microcystins.

The structure elucidation of microcystins has been mainly performed by the relative tg in HPLC, amino
acid analyses and FABMS analyses of pseudomolecular ions. The I1.C/MS method was believed to be potentially
one of the most useful methods for microcystin analyses16, However, the molecular formulae and amino acid
composition of Dhb-microcystins are the same as those of the corresponding [D-Asp3Imicrocystins. Our findings

youllls

strongly suggest that 1D lH—NMR analysis is necessary for the distinction between Dhb-microcystins and the

The authors are grateful to Drs. H. Tto, J. Hayashi, A. Sakata, and S. Serizawa for measurements of
GC/MS and FABMS spectra. The authors thank Dr. John G. Day for providing CCAP strains of Oscillatoria
agardhii. We also thank Dr. Mark Bradley for gifts of D- and L-Hty.

General Procedures. NMR spectra were recorded on a Jeol JNM A-500 spectrometer (500 MHz). 1H
and !3C chemical shifts are referenced to tetramethyisilane. Homonuciear !H connectivities were determined with
the COSY and HOHAHA experiments and heteronuclear 1H-13C connectivities were determined by HSQC and
HMBC experiments. Low and high resolution FABMS were performed with a Jeol JMS-700 spectrometer,
Specific rotations were obtained on a Atago POLAX-D polarimeter.

Chemicals. p- and L-Hty were gifts of Dr. Mark Bradley at University of Southampton, UK. pL-threo-§-
Methylaspartic acid was purchased from SIGMA Chemical Co. (St. Louis, USA). DL-Methylaspartic acid was
purchased from ICN Biomedicals Inc. (Aurora, USA). (4R)- and (4S)-4-isopropyl-2-oxazolidone,

dibutvlboron triflate. and n-butvllithinm were obtained from Aldrich Chemical Companv. Inc. (Milwaukee
dibutylboron triflate, and n-butyliithium were obta Iror 1ch Chemical Company, Inc. (Milwaukee,
TIQAY AN ~thar ocnluante and rancante wara mnirrhacad fram Wala Divra Thaminral Tndiictriae T +d (Ngalra
UL’“) Al ULLICL DUILVCLILS allu l‘/asclllb Wi yulbuaauu FLUZIIL VY ARV 1 ULW U HVIIIIL AL LIIUUOLLICD, Lat\d, \Ubal\ﬂ’

Japan).

Culture Conditions. O. agardhii (CCAP 1459/14) was kindly provided by Dr. John G. Day of CCAP,
Scotland. The strain was cultured in 10 L culture bottles with CT medium of the following composition: 15 mg
Ca(NO3)2°4H,0, 10 mg KNO3, 5 mg -Naj glycerophosphate, 4 mg MgSO4¢7H20, 0.01 pg vitamin By,
0.01 pg biotin, 1 pg thiamin HCI, 0.06 mg FeCl3*6H»0, 0.01 mg MnCl*4H>0, 7 ug ZnSO4+7H>0, 1.2 pug
CoCl*6H50, 0.75 ng NayMoO4+2H;0, 0.3 mg NapEDTA*2H»0, 40 mg TAPS(N-tris(hydroxymethyl)methyl-
3-aminopropanesulfonic acid), and 100 mL distilled water, pH 8.2. The cells were grown isothermally at 20 °C
(light intensity, below 250 umol photon m-2 s-1; aeration rate, 1.5 L min-!). After 2 weeks, the alga was

mEARSERS

harvested by centnfugatlon and freeze-dried. Yields of lyophilized alga averaged 0.09 g/L
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fraction eluted with 80% MeOH was separated by reverse-phase HPLC (Mightysil RP-18, 20 x 250 mm, Kanto
Chemical, Japan, fiow rate, 9.0 mL/min) with methanol (65%) containing 0.05 M phosphate (pH 3.0). Further
purification with HPTL.C (Silica gel 60 Fa54, 0.25 mm, 10 x 25 cm, Merck, developed with CHCl3:MeOH:H;0
(6:4:1)) yielded [D-Asp?, (E)-Dhb7Imicrocystin-LR ((E)-Dhb-microcystin-LR, 1, 9.4 mg) and [D-Asp3, (E)-
Dhb’]microcystin-HtyR ((E)-Dhb-microcystin-HtyR, 2, 12.1 mg) as colorless amorphous solids.

Toxicity test. Toxicity was testcd on male BALB/C mice(7 weeks old, 23-29 g, obtained from JCL,
Japan) by i.p. injection using four doses and six animals per dose. The calculation of LD5( value was performed
with Weil's method17.

21 ol

mixture was evaporated to dryness under a gentle stream of nitrogen (Nj). The residue was treated with
trifluoroacetic anhydride (100 pL) and CH,Clp (100 pL) at 100 °C for 5 min and again evaporated by Nj. The
mixture in CH,Cly was analyzed by GC/MS using a Chirasil-L-Val capillary column (0.25 mm x 25 m) and the
following conditions: column temperature 40 to 200 °C at 8 °C/min.

[D-Asp3, (E)-Dhb7Imicrocystin-LR ((E)-Dhb-microcystin-LR) (1). Retention time, 14.0 min;
[0]25p -133° (¢ 0.15, MeOH); UV (MeOH) Anmax (log €) 239 nm (4.5); FABMS, m/z 981 {M + H]t;
HRFABMS, m/z 981.5444 ([M + H]J*, calculated for C4gH74012N10, 981.5410).

[p-Asp3, (E)-Dhb7]microcystin-HtyR ((E)-Dhb-microcystin-HtyR) (2). Retention time, 11.7
-100° (¢ 0.2, MeOH); UV (MeOH) Anax (log €) 239 nm (4.5); FABMS, m/z 1045 (IM + HIT);

2y { 1 D =] ARLEL R TS Ty
IITMMTADLAO I, 1NALZ ENEN (TR A YY1+ T Ta 1 o Tr Y . N TNAE &EFENN
VIO, M/ 100,000 (vl + 11] ', CalCUldlCd 106 US2TT74VU13iN (), 1UA4D.0D007)

Methyi (2R,35)-3-hydroxy-2-methyi-4-phenyi-butanoate (5). Compound 5 was synthesized
via an Evans aldol condensation following NaOMe treatment at 0 °C. [a]30p -52° (¢ 0.6, MeOH); UV (MeOH)
Amax 259 nm (g, 230); TH-NMR (CDCl3) & 1.21 (d, 3H, J = 7.0 Hz, H-5), 2.41 (br, 1H, 3-OH), 2.54 (m, 1H,
H-2), 2.73 (dd, J = 5.5, 13.7 Hz, 1H, H-4a), 2.77 (dd, J = 7.9, 13.7 Hz, 1H, H-4b), 3.68 (s, 3H, Me ester),
4.14 (m, 1H, H-3), and 7.20-7.29 (m, 5H, H-Ph); 13C-NMR (CDCl3) 8 10.9 (C-5), 40.4 (C-4), 43.6 (C-2),
51.8 (C-Me ester), 72.7 ('C-3) 126.6 (C-p-Ph), 128.6 (C-m-Ph), 129.3 (C-0-Ph), 138.1 (C-Ph), and 176.3 (C-
17, 190 (IM - HoO]**); CIMS, m/z 209 (IM + H1*) and 191 ({M - H,0 + H]*);
calculated for C12H170

, ulated for C12H1703, 78

Methyl (2R 38) -methoxy-2-methyl-4-phenyl-butanoate (6). Compound 5 (16 mg, 77
um()lc ) was dissolved in 1 mL of 0.1% nzu-C(‘)mdimﬁg DMSO:.THF (2 1) solution, and iodomethane ( \U 271 ')
was added to the solution. NaOH powder (0.1 g) was added to the mixture in ice-water bath, and the reaction
mixture was stirred in ice-water bath for 1.5 hr. To the reaction mixture, 3 mL. of CH,Cl; and then 0.5 M
phosphate buffer (pH 3.0) were added. The organic layer was washed with sat. NaCl three times. After
evaporation, the organic layer was applied to four HPTLC plates(Silica gel 60 F254, 0.25 mm, 10 x 25 cm,
Merck). The plates were developed with n-hexane:EtOAc (5:1). Compound 6 (12 mg, 54 pmole, yield 71%)
was obtained as a colorless oil. [0]30p -68° (c 0.8, CHCl3); UV (CHCI3) Apax 260 nm (g, 260); 'H-NMR

CDCl:) 6 1.21 (d, 3H, J = 7.0 Hz, H-5), 2.51 (m, 1H, H-2), 2.72 (dd, 1H, J = 6.0, 14.0 Hz, H-4a), 2.85

dd 1H 7 =70 140 Hz H.4h) 324 (5. 3H. 3-0O-Me). 3.65 (c 3H, Me ester). 3.75 (m. 1H, H-3), and
UG, 1k1ly, J = /.U, 17T.VU 114, LITTUJ,y J.L57 \Jy Jii, ./ NS TAVR )y JELLy 1¥AW/ vu L Jg ~Aed s \Rily iy A2T. e QUG
7.18-7.29 (m, SH, H-Ph); 13C-NMR (CDCl3) § 11.4 (C-5), 38.3 (C-4), 42.9 (C-2), 51.6 (C-Me ester), 58.4
(C-3-0-Me), 83.2 (C-3), 126.3 (C-p-Ph), 128.4 (C-m-Ph), 129.3 (C-0-Ph), 138.5 (C-Ph), and 175.3 (C-1);
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EIMS, m/z 75, 91, 131, and 190 (IM - MeOH]**); CIMS, m/z 223 (IM + H]*) and 191 ([M - MeOH + H]*);

HRCIMS, m/z 223.1349 ([M + HJ*, calculated for Ci3H 903, 223.1334).
Methyl (25,3S)-3-methoxy-2-m thyl-4-phenyl-butanoate (7). Compound 6 (5 mg) was
nnnnnnn N Y T AF RANIT T thn ombivtiae AL VOO NI AAA oo RANTIT v 033 o ot ALi N L.
UIDbUlVUU lll U.2 I OF tvicun. 10 i€ SO1tio 1, U PLL« O1I 2070 INaULVIE 111 IVIEUIN Was dUdcd dt IL. ALCT £ 1T

stirring, 5 mL of 0.1 M phosphate buffer (pH 3.0) was added, then the reaction mixture was extracted with n-
hexane. The extract was applied to HPLC (Lichrosorb Si-60, 20 x 250 mm, Merck, n-hexane:CHCl3 (20:3), 9
mL/min.). Compound 7 (1 mg, yield 20%) was obtained as a colorless oil. [0]30p +26° (c 0.1, CHCly); 1H-
NMR (CDCl3) 6 1.16 (d, 3H, J = 7.0 Hz, H-5), 2.69 (dd, 1H, J = 7.0, 14.0 Hz, H-4b), 2.70 (m, 1H, H-2),
2.85 (dd, 1H, J = 4.0, 14.0 Hz, H-4a), 3.20 (s, 3H, 3-O-Mc), 3.62 (m, 1H, H-3), 3.65 (s, 3H, Me ester), and
7.18-7.28 (m, 5H, H-Ph); 13C-NMR (CDCl3) 8 12.5 (C-5), 37.1 (C-4), 43.1 (C-2), 51.6 (C-Me ester), 58.2

(C Me), 83.8 (C-3), 126.2 (C-p-Ph), 128.3 (C-m-Ph), 129.5 (C-0-Ph), 138.5 (C-Ph), and 175.1 (C-1);

EIMS m/r 78 1 121 and 190 (IM - MecOHT+HY: CTMS /7 222 (M £ HIHY and 101 (1M _ MaNOH L HI+)-
WS, ML 12, 1, 151, alll 150 (Vi = Vil ), CAVAS, FIWE 420 \Liva T aay j &llG 171 (vl - Vi v 11y,

IIDATAAC f— NN 1240 /FRA LI+ ~ntnilotnd £ M. TIT. M2 17372 AN

TIRCNVLD, I/ £245.1040 \{ivi + I1] 7, CaiCuldiCd 10T U{3r119uU3, ££45.1054).

Synthesis of the antipodes of compounds 5, 6, and 7. The antipodes (compounds 9, 10, and
11) were synthesized in the same manner as those of compounds §, 6, and 7 except the chirality of oxazolidone.

Methyl (25,3R)-3-hydroxy-2-methyl-4-phenyl-butanoate (9). Colorless oil. [¢]3%p +53° (c
1.5, MeOH); UV (MeOH) Apax 259 nm (g, 230); 'H-NMR (CDCl3) 8 1.26 (d, 3H, J = 7.0 Hz, H-5), 2.41 (d,
1H, J = 3.4 Hz, 3-OH), 2.54 (m, 1H, H-2), 2.73 (dd, J = 5.5, 13.7 Hz, 1H, H-4a), 2.78 (dd, J = 8.0, 13.7
Hz, 1H, H-4b), 3.68 (s, 3H, Me ester), 4.15 (m, 1H, H-3), and 7.20-7.31 (m, 5H, H-Ph); 13C-NMR (CDCl3)
5 10.9 (C-5), 40.4 (C-4), 43.6 (C-2), 51.8 (C-Me ester), 72.7 (C-3), 126.6 (C-p-Ph), 128.6 (C-m-Ph), 129.3
(C-0-Ph), 138.1 (C-Ph), and 176.3 (C-1); EIMS, m/z 57,91, 117, and 190 ((M - H,O]**); CIMS, m/z 209

(INA o 1Y ond 1Q1 (TR HA o HI4Y HDROTIRMC 310 /» 2NQ 1104 (INA o 'I'_T'I+ oalonlatad for O ATT. .M,
(LIVI + 1) ) and 151 ([iVl - 1120 T I1] ), TIRNCLIVLS, /g AUz 1170 ([l T I1] CaiCuidi€d 101 v j2rnjjvsi,
NN 117700
£ZUZ.11170).

' V-4 e | l\\ 7N 1 1 b | LT O

lVleInyl {A’.D JK)-a-melnoxy—A metnyl 4-pnenyl butanoate 1), Loloriess oil. [(X]"UD +/1" (C
1.1, CHCI3); UV (CHCI3) Amax 260 nm (g, 260); lH-NMR (CDCl3) 8 1.21 (d, 3H, J = 7.3 Hz, H-5), 2.51 (m,
1H, H-2), 2.72 (dd, 1H, J = 6.0, 14.0 Hz, H-4a), 2.85 (dd, 1H, J = 7.0, 14.0 Hz, H-4b), 3.24 (s, 3H, 3-0O-
Me), 3.65 (s, 3H, Me ester), 3.75 (m, 1H, H-3), and 7.18-7.29 (m, 5H, H-Ph); I13C-NMR (CDCl3) § 11.3 (C-
5), 38.3 (C-4), 42.9 (C-2), 51.6 (C-Me ester), 58.4 (C-3-O-Me), 83.2 (C-3), 126.3 (C-p-Ph), 128.4 (C-m-Ph),
129.3 (C-0-Ph), 138.5 (C-Ph), and 175.3 (C-1); EIMS, m/z 75, 91, 131, and 190 ([M - MeOH]}**); CIMS, m/z
(IM + HI*) and 191 (IM - MeOH + H1*); HRCIMS, m/z 223.1314 (IM + HI1*, calculated for Cy3H 903,

Methyl (2R,3R)-3-methoxy-2-methyl-4-phenyl-butanoate (11). Colorless oil. [a]3% -22° (c

FaSk | MY T 1TY RTRAATY /7T A T T - "7TNTIY. IT &\ N £O 731 11T T TN 1AN LI LT AL\ Y IN
u.l, \,nug), fr-INIVIK \L,u&,ly,) 5 1.16 \u .)n, J =19V nz, ri-J), «£.07 (G4, 1rn,J = /.U, 14.U Nni, rn-40), £./1v

(m, 1H, H-2), 2.85 (dd, 1H, J = 4.0, 14.0 Hz, H-4a), 3.20 (s, 3H, 3-O-Me), 3.62 (m, 1H, H-3), 3.65 (s, 3H,
Me ester), and 7.18-7.28 (m, 5H, H-Ph); 13C-NMR (CDCl3) § 12.5 (C-5), 37.1 (C-4), 43.1 (C-2), 51.6 (C-Me
ester), 58.2 (C-3-O-Me), 83.8 (C-3), 126.2 (C-p-Ph), 128.3 (C-m-Ph), 129.5 (C-0-Ph), 138.5 (C-Ph), and
175.1 (C-1); EIMS, m/z 75,91, 131, and 190 ([M - MeOH]**); CIMS, m/z 223 ([M + H]*) and 191 ([M -
MeOH + H]*); HRCIMS, m/z 223.1314 ([M + H]*, calculated for C13H1903, 223.1334).

Chiral GC analysis of MMPB methyl esters. Methyl esters of MMPB were dissolved in CH2Cl,

and injected in a chiral capillary GC column (Chiraldex B-PM, 0.25 mm x 30 m, ASTEC Inc., USA). The
Anlhiimn tamnaratiira wwac hald at 1385 ©
LCUILULLILE IVILIPUIALULY W AD Liviu At 207 s
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