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New Polyketide Peroxides from Okinawan Marine Sponge Plakortis sp.
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Abstract: New poiyketide peroxides 2-4, isolated from an Okinawan sponge Plakortis sp., have been
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fully characierized by speciroscopic and chemical methods. The absoluic siecreochemisiries have been
determined by analysis of MTPA esters of the acyclic derivatives. Compound 2 was cytotoxic against

human enidermoid carcinoma KB and murine | Iumnhnmq L1210 cells,
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Cyclic endoperoxides have been frequently isolated from natural sources.2:> Most of them are derived from

sterols and fatty acids and are supposed to be formed by oxygen addition to 1,3-dienes. Organic extracts from

sponges of the genus Plakortis also contain polyk: \doperoxides exemplified by plakortin (1).4 Such
compounds are featured by a 1,2-dioxane ring with an acetic group at C-3 and alkyl substituens at C-4 and C-6

sponge Plakortis sp., from which we previously isolated manzamenones and related fatty acid derivatives.5:6
The relative and absolute stereochemistries have been elucidated by NOEs analysis of the natural specimen and by
MTPA method applied to the acyclic derivatives 5-8.

The organic extract of the sponge was obtained and fractionated as described in the Experimental Section.
Beside plakorin’ and chondrillin,8:9 which constituted more than 13.0% of the EtOAc soluble fraction of the
MeOH extract, the sponge contained a complex mixture of cyclic peroxides (about 2.3% of the EtOAc soluble

fraction). Repeated chromatography of this fraction gave 2 together with a mixture containing 3 and 4 as main
components. Methylation with CH2N? of this mixture followed by HPLC purification afforded methyl esters 3a
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Table 1. NMR Data for Compounds 2, 3a, and 4a in CDCl3.

2 3a 4a
1H § (m, J in Hz) 13C §(m) 1H 8 (m, J in Hz) 13C §(m) IH3(m,J in Hz)
1 176.1 (s) - n.d. -
2 2.66 (dd, 15.8 and 3.0) 36.1 (t) 3.03 (dd, 15.6 and 9.3) 314 (t) | 3.02 (dd, 15.7 and 9.3)
2.29 (bdd, 15.8 and 9.6) 2.39 (dd, 15.6 and 3.7) 2.38 (dd, 15.7 and 3.4)
3 4,18 (ddd, 9.6, 9.6 and | 81.7 (d) 4.47 (m) 78.8 (d) 4.46 (m)
3.0)
4 1.57 (m) 37.2 {(d) 2.10 (m) 35.6 (d) 2.12 (m)
5 1.98 (m) 39.3 (1) 1.70 (dd,13.1 and 4.2) 35.8 (1) 1.71 ( )
1.28 (dd, 12.8, 12.8) 1.25 (m) 1.28 (dd, 12.9, 12.9)
6 - 85.1 (s) - 84.2 (s) -
7 5.17 (s) 127.2 (d) 5.17 (s) 127.0 (d) 5.19 (s)
8 - 141.6 (s) - 142.8 (s) -
9 2.10 (m) 42.4 (1) 2.02 (dd, 13.4 and 7.9) 41.1 (v) 2.12 (m)
1.94 (m) 1.92 (dd, 13.4 and 8.1) 1.99 (m)
10 1.98 (m) 42,7 (d) 1.42 (bm) 36.8 (d) 1.99 (m)
11 | 5.12 (ddd, 15.2, 8.1 and | 133.3 (d) 1.25 (m) 25.8 (1) 5.14 (m)
0.7) 1.20 (m)
12 | 5.37 (ddd, 15.2, 6.5 and | 131.7 (d) 1.25 (m) 233 (t)a | 5.38 (ddd, 15.2, 6.3 and
6.5) 6.3)
13 1.96 (m) 25.6 (1) 1.25 (m) 28.7 (t)a 1.99 (m)
14 095, 7.5 14.6 (q) 0.90 (m) 14.1 (@)° 0.95 (1, 17.5)
15 1.42 (m) 239 (1) 1.25 (m) 324 () 1.41 (m)
1.09 (m) 1.18 (m) 1.16 (m)
16 0.89 (dd, 7.5, 7.5) 10.5 (q) 0.90 (m) 10.8 (q) 090 (t, 7.5)
17 1.59 (q, 7.5) 32.8 (1) 1.62 (m) 32.9 (1) 1.58 (m)
18 0.86 (t, 7.5) 7.8 (q) 0.86 (m) 7.7 (@) 0.84 (t, 7.5)
19 2.12 (m) 23.1 (v 2.23 (m) 224 (1) 2.23 (m)
2.14 (m) 2.12 (m)
20 097 (1, 7.5) 11.6 (g 097 (t, 7.4) 123 (@ 097 (t, 7.5 Hz)
21 1.40 (m) 27.8 (1) 1.26 (m) 25.1 (1)2 1.41 (m)
1.16 (m) 1.12 (m) 1.16 (m)
22 0.84 (t, 6.4) 12.2 (@) 0.86 (m) 11.1 (q)b 0.84 (t, 7.5)
Me 3.71 (s) 51.8 (q) 3.71 (s)

ab Assignments with the same superscripted letter are interchangeable.

Compound 2, [a]p?3 + 76.2° (¢ 1.6, CHCI3), had the molecular formula C22H3804 with the highest
peak in its EIMS occurring at m/z 337 (C20H3304, HREIMS m/z 337.2366) for the loss of an ethyl group
from the parent molecule. The IR absorption at 1717 cm-! together with the large band between 3480 and 2550
cmr ! supported the presence of carboxylic acid (8 176.1 in the 13C-NMR spectrum), as well as a simall band at
1192 cm! was significant for the peroxidic linkage. The 13C-NMR spectrum of 2 showed 22 carbon
resonances including signals for two carbons bearing oxygen at & 85.1 (s) and 81.7 (d), one trisubstituted (&
141.6 and 127.2 ) and one disubstituted (8 133.3 and 131.7) double bond. The down-field shifted H-3 (3

4.18) correlated with the C-2 protons (8 2.66 and 2.29) and with the methine signal at 8 1.57 (H-4). This latest

hvdrogen also showed cross-peaks with the mutuallv counled sionals at 8 1.98 (H-52) and 1.28 (H-5h) as well as
yarogen aiso sNowed Cross-peaxs witn the mutually coupied signais at ¢ 1.98 (ri1-2a) ang 1..2s8 (1-0D) as well as
ith tha maathglama mentame at & 1 4D and 1 NQ (LI, 18 lhath ~nsinlad ta tha mathgl gea at N QO (A _1K/)
willl ¢ metnyiene proions al 0 1.42 and 1.V {(r12-13), 00l CoOUpied 10 e meinyi group at & U.o¥ (Lin3-10j.

va

was unambiguously ascertained by 2D NMR experiments which allowed elucidatio
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(H3-22). The remaining proton signals were attributed to two isolated ethyl groups resonanting at & 1.59 (H2-
17),  0.86 (H3-18), 8 2.12 (H2-19) and & 0.97 (H3-20). The HMBC data allowed the partial structures to be
connected and completed the assignment. The NOESY spectrum of 2 showed cross-peaks between one C-2
proton (6 2.29) and H-4 and between H-3 and H-5b. Consistent with those observations, H-5b/H-4 and H-4/H-3
exhibited large coupling constants (Table 1) expected for interactions between axial protons. This agreed with a
3,4-trans disubstituted 1,2-dioxane ring adopting a chair conformation. In addition, NOEs between H-7 and H-
4, and between H-5b and H2-17 allowed establishment of the axial orientation of the major alkyl chain. Finally,
the E geometry of C11-C12 was assigned on the basis of a large coupling constant (J = 15.2 Hz) between H-11
(8 5.12) and H-12 (d 5.37), whereas the trisubstituted double bond C7-C8 was determined as E because of

1
S.iLy) Alll T4 wilClilads UL 110U 0S “ L] o a1

Compounds 3 was characterized as the methyl ester derivative 3a. The spectral properties of 3a, [a]p23
+12.4 ° (¢ 0.5, CHCIy), were very similar to those of the methyl ester of 2, except for the absence of the C11-
C12 double bond and for the relative stereochemistry at C-3. Accordingly, the EIMS spectrum showed a highest
peak at m/z 353, corresponding to the fragment having the molecular formula C21H3704 (HREIMS m/z
353.2683), and the peroxide ring was featured by signals at & 3.03 and 2.39 (H2-2), 4.47 (H-3), 2.10 (H-4),
1.70 and 1.25 (H2-5). Comparison of the spectral data of 3a with those reported for 14 suggested a cis relation
for the ring substituents at C-3 and C-4, which was confirmed by the NOEs from H-4 to the equatorial protons

H-3 and H-5a. Moreover, the NOESY spectrum also showed cross-peaks between H-4 and H-7 (8 5.17), as
wall ac hatwaan H_7 and tha mathulana nratancg at £7_Q (& D 1Y) and 1 Q) thice cnigoacting far (' & and far tha
VLAl QY ULLYWLAIL 1177 Qliu wtiv Liaviulyiviiv PIULUIID aL =7 U Lo\UL Al A.ij, iud BUEEUDLILIB 1UL LU Allu 1ul e

double bond C-7/C-8 the same stereochemistry of Z.

Treatment of 2a (the methyl ester of 2) with H2 / (10%) Pd on charcoal afforded the diol 5, which was
esterified at C-3 by (R)- or (§)-MTPA chloride in dry pyridine (Scheme 1). Upon analysis of the MTPA
derivatives Sa and 5b,10.11 the absolute configuration of 5 at C-3 was S. Whereby coupled with the relative
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2a 5 5aand 5b
3a 6 6aand 6b

| R Ry Ra Ry
2a Cobd o CH, CO-Mo v _

WHT S A L] L]

3a | CgHy H CHoCOMe
5 CgHyz  CH2COzMe H H
6 CaHiz H CH,COoMe H
5a | CgH;y CHpCOpMe H (S)-MTPA
5b | CgHiz CHCOzMe H (R)-MTPA
6a | CgHyy H CH,COsMe  (S)-MTPA
6b | CgHyr H CH,CO,Me  (R)-MTPA

i. CH2N2 in THF, r.t., 1h (100%); ii. H2-(10%) Pd/C, r.t., overnight (90%}); iii. (R)- or (§)-MTPA Cl in pyridine, r.t., 2 h.
Scheme 1
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8 b= (-)-MTPA 7 b= (-)-MTPA
i. CHzNz in THF, r.t, 1h {95%); ii. O3 in MeCH, and then NaBH4 -78° C, 20 min. (80%); iii. (+)- or {(-}-MTPA Cl in pyridine,
r.t., 4h (100%); iv. Hp-(10%) Pd/C, r.t., 2h (90%)

Scheme 2.

geometry above described, this established the complete absolute stereochemistry of the peroxide ring in 2 as
35,4R, 65. In the same way, reductive cleavage of the peroxide ring in 3a gave the diol 6. Reaction with MTPA
chlorides and analysis of the Mosher's derivatives 6a and 6b allowed assignment of R configuration at C3

in 6, thus confirming that the absolute stereochemistry of 3a was 3R, 4R, 65. Recently a MTPA method has been
proposed to assien the absolute stereochemistrv at C-2 of pn R-mpthvl alcohol. 12,13 This nrnf‘ed_‘e s based

LG SiC Avaaal3ia

en the carbon P has R configuration, the two hydr
MTPA derivative than in the (-)-MTPA. The contrary is true for the (S)-configuration.!2 Accordingly, compound
2a was transformed into the alcohol derivative 7 by mild ozonolysisi4 followed by reduction with NaBH4
(Scheme 2). Treatment of 7 with (+)- and (-)-MTPA chlorides gave the 11-(+) -MTPA (7a) and 11-(-)-MTPA
(7b) esters, respectively. The 11-methylene protons resonated as two double doublets at 8 4.33 and 4.21 in the
TH-NMR spectrum of 7a and at § 4.28 and 4.24 in that of 7b. As the signal of H-3 (8 4.23) partially
overlapped one of the hydroxymethylene protons, the diols 8a and 8b were prepared by hydrogenolysis. In the
IH-NMR spectra, the methylene signals of the (+)-MTPA derivative (8a) appeared well separated at 8 4.32 and

4.14, whereas those of the ( )-MTPA ester (8b) were very close at 8 4.24 and 4.22. These data were in well

2 and suggested R configuration at C-10 of 2.

The methyl ester 4a was epimeric at C-3 with 2a and shows the same substitution pattern of the
endoperoxide ring in 3a. Except for the optical rotation value, [a]p23 + 49.8° (¢ 0.5, CHCl3), spectral properties
of 4a were similar to those of 9, previously reported with limited data by a collection of Plakortis
halichondrioides.!> The literature data allow no more accurate structural comparison between 4 and 9, even if the
different polarimetric properties suggest that they could be diasteromeric. The structure and the stereochemistry of
4a were definitively proved by reduction with H2/Pd which gave the diol 6 as main product, thus demonstrating

that the natural acids 3 and 4 share the

e same absolute ochemistry of the dioxane ring.
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The spectroscopic analysis of 2-4 proves that those compounds occur in a chair conformation in solution.
Although the elucidation of the elusive stereochemistry at C-6 has been accomplished by NOEs analysis, a simple
comparison of 1H-NMR data of 2a-3a with those reported in literature for plakortide F-H (10-12)16 reveals
significant differences whereby the major alkyl chain is o ( 11 and 12) or B (2a,3a and 10). In particular, one
methylene proton of the C6 tertiary ethyl group in 11 and (8 2.05) is significantly further downfield than the
2a (8 1.60), 3a (8 1.62) and 10 (8 1.4R8). This shift is affected neither by the type
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of alkyl chain nor by the ring substituents, and hence can be of general application to assign the relative
stereochemistry of the quaternary stereocenier.

Despite the common occurrence of polyketide peroxides in marine sponges, their relative and absolute
stereochemistry is not always reported. At the best of our knowledge, this is the first complete assignment of the
absolute stereochemistry in plakortin-like endoperoxides. Compound 2 has cytotoxic activity against human
epidermoid carcinoma KB (IC5(, 0.4 pg/mL) and murine lymphoma L1210 (ICs50, 1.1 pg/mL) cells. On the

contrary, the methyl ester derivatives 2a-4a were completely inactive.
Experimental Section

General Methods. Optical rotations were determined on a JASCO DIP-370 polarimeter. 1D- and 2D-
NMR spectra were recorded on Bruker ARX-500 and Bruker AMX-600 spectrometers. The CHCI3 resonances at
8 7.26 and & 77.0 were used as internal references. EIMS spectra were obtained on a JEOL DX-303 spectrometer
operating at 70 eV. Infrared data were recorded by JASCO FT/IR-230 spectrometer.

Collection, Extraction and Purification. The sponge Plakortis sp. (SS11) collected off Manzamo

Okinawa, was the same as that previously reported.5 The frozen material (1.7 kg, wet welgh ) was extracted with

AAANIT /Y » 1 KT Y Aftar ramntring tha nalatila cnalaramt tha amitaniio saos A srrac ach tatar 28N =T )
IVICUIIT (4 A 1.J Lo} ALKE ICIHIIUVIL 5 LT Yulallic dULVUILLL, LUC aqucuua TOdIULC wad UIIULCU U_y 1 Coll waill (JJV 1)
and extracted first with EtOAc (3x 350 mL) and later with n-BuOH (3 x 250 mL) to give 1.49 g of EtOAc extract

)

and 4.98 g of BuOH extract. The crude EtOAc soluble material (1.49 g) was separated by silica gel column (130
g Si02) with solvent mixtures of increasing polarity from n-hexane/EtOAc 9:1 through EtOAc and CHCI3 to
MeOH. The earlier fractions (60 mg) were further chromatographied by Sephadex LH-20 eluting with
CHCI3/MeOH (1:1). The fractions positive in green to an acidic solution of anisaldehyde were joined and purified
by reverse phase HPLC (Shiseido Capcell Pack C-18 column, 10x250 mm, MeOH/H2O/TFA 85:15:0.125, 2.5
mL/min, detector UV 205 nm) to yield 2 (8.3 mg, tg 31.0 min) and other four peaks containing peroxide
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mI/min, detector UV 205 nm) and then on normal phase (YMC-Pack Sil-06 column, CHCI3 100%, 0.8 mL/min)
afforded the isolation of 3a (1.5 mg, tg 8.5 min) and 4a (1.3 mg, tg 11.5 min)

Compound 2. Pale yellow oil, [a]p2? + 76.2° (c 1.6, CHCI3); IR (film) 3480-2550 (COOH), 2963,
2929, 2875, 1717 (CO), 1192 (peroxide) cm~1; TH NMR and 13C NMR (CDCI3, 600 MHz) see Table 1; EIMS
m/z: 337 (5, M-29), 321 (10, M-45), 279 (5, M-29-58), 223 (5), 185 (25), 97 (40), 55 (100, C4H7+);
HREIMS m/; 337.2366 [(M-29)*+, C20 H33 O4 A -3.7 mmul].

Compound 2a. Colorless oil, [0t]p23 +83.1° (¢ 0.9, CHCI3); IR (film) 3480-2550 (COOH), 2963, 2931,
2875, 1745 (CO), 1457, 1437, 1191, 1178 (peroxide) cm"1; IH NMR (CDCI3, 600 MHz) & 5.38 (1H, ddd, J

~e

3
3
S S

I
—
D

. (

), 1.60 (2H, q, J =7.5 Hz, Hs-17), 157( H, m, H-4) 1.42 (2H, m, H-21
Hz, H-5b), 1.17 (1H, m, H-21b), 1.10 (1H, m, H-15b), 0.96 (3H, t, J = 7.5 Hz, CH3-20), 0.95 (31—1, t,J=
7.5 Hz, CH3-14), 0.89 (3H, t, J = 7.5 Hz, CH3-16), 0.84 (6H, t, J = 7.5 Hz, CH
m/z: 351 (20, M-29), 199 (90), 97 (80), 55 (100, C4H7).

Compound 3a. Colorless oil, [a]p2? 12.4° (¢ 0.4, CHCI3); IR (film) 2965, 2953, 1746 (CO), 1186
(peroxide) cm1; 1H- and 13C-NMR (CDClI3, 600 MHz) see Table 1; EIMS m/z: 353 (5, M-29), 279 (20, M-
29-74), 195 (40), 57 (100, C4Hg+); HREIMS m/z 353.2683 [(M-29)*, C21 H37 O4 A 2.6 mmul]..

Compound 4a. Colorless oil, [a]lp?3 + 49.8° (¢ = 0.2, CHCI3); IR (film) 2963, 2943, 1745 (CQO),
1180 (maravide) om-1. IHEI\I\JD (Ol AN NMHE2Y caa Tahla 1 EINMMC 10/>2 2851 (20 M22OQY 100 (OO Q7 (KM
11OV {PRUIVALIUC ) Lill 7, LESLNIVIIN \N 1/ 1), UUV UVIILZL ) OUC 1 AUIC 1y LIVILS MW FO L \ &y IVE=LT [y L TT \7\F ]y 71 \UUJ,
EC /1NN M LIl TTRLTIAAQ .. /- 2&1 A0 F/RA YO\ My TTa o M A [ g Yr— |
DI IWRI, gt/ ), IIRCUVID M/ D01.4937 [(\IVI-£47) ", W21 M35 VU4 A T1.U HHHIU|

a

2 .
Absolute stereochemistry of 2 at C-3. A solution of the acid 2 (2.4 mg, 7.1 pmol) in THF (2mL)
was reacted with CH2N?2 for 1h. Evaporation of the solvent gave the pure ester 2a (3.5 mg), which was
reduced in EtOH (2 mL) by H2 and 10% Pd on charcoal. The reaction was stirred at r.t. overnight, and then
filtered on paper (Advantec n.2). The filtered solution was dried under vacuum and the resulting residue was
chromatographied by HPLC (Shiseido Capcell Pack C-18 column, 4.6x250 mm; MeOH/H20 88:12; 1 mL/min.)
to give pure 5. Compound 5 was dissolved in 1 mL of pyridine and divided into two aliquots. One of this was
treated under argon with 25 uL of (R)-MTPA chloride, and the other one with the same amount of (§)-MTPA

chloride. The reaction mixture was stirred under argon at room temperature for 4h, then 1 mL of MeOH was

AAAA PR P N : PRy ._..

added to each solution. Kcﬁ‘ovmg ol the organi ic solvent under vacuum gav e dark yt:uuw Uuy fractions which
)

were first chromatographied on silica gel {CHCi3/MeOH 95:5) and then purified by HPLC (Shiseido Capceil
Pack C-18, 4.6x250 mm; MeOH/H20 92:8; 1 mL/min.) in order to afford the (S§)-MTPA ester 5a (0.8 mg) and
the (R)-MTPA ester S5b (0.6 mg), respectively from the reactions with (R)-MTPA -and (S)-MTPA chlorides.
Compound 5. IH-NMR (CDCls) : 4.89 (1H, s), 3.85 (1H, ddd, J = 7.5, 3.1, 1.5 Hz), 3.72 (3H, s), 2.62
(1H, dd, J = 16.2 and 2.5 Hz), 2.38 (1H, dd, J = 16.2 and 10.0 Hz), 2.36 (1H, m), 2.24 (1H, m), 1.94 (1H,

dd, J = 13.7 and 6.8 Hz), 1.88 (1H, dd, J = 13.7 and 6.8 Hz), 1.67 (1H, m), 1.40 (1H, m), 1.26 (m), 0.99

(3H,t,J =7.5Hz),091 (3H, t, J = 7.5 Hz), 0.89 (3H, t, J = 6.6 Hz), 0.87 (3H, t, J = 7.5 Hz), 0.84 (3H, t, J
= 7.5 Hz); EIMS (m/7): 366 (5, M-18), 355 (10, M-29), 337 (100, M-29-18), 225 (80), 113 (90). Compound
Sa. [(S)-MTPA ester derivative of 5]; IH-NMR (CDCl3) 8: 7.49 (2H, m),7.39 (bs, 3H), 5.71 (1H, m, H-3),
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4.99 (1H, s, H-7), 3.58 (3H, s, -OCH3), 3.49 (3H, s, -OCH3), 2.62 (1H, d, J = 1.8 Hz, H-2a), 2.61 (1H, d, J
= 4.1 Hz, H-2b), 2.43 (1H, m, H-19a), 2.17 (1H, m, H-19b), 1.99 (1H, dd, J = 13.9 and 5.7 Hz, H-9a), 1.86
(1H, m, H-4), 1.83 (1H, dd, J = 13.9 and 8.2 Hz, H-9a), 1.59 (2H m, Hs-17), 1.48 (1H, m, H-15a), 1.46
(ZH, m, H i i, m, H-10), 1.26 (8H, m), 1.20 (1H, m, H-15b), 0.98 (3H, t, J = 7.4 Hz, CH3-20),

Hz, CH3-16), 0.90 (3H, t, J = 7.4 Hz, CH3-18), 0.88 (3H, t, J = 6.5 Hz, CH3-14 or
CH3-22), 0.81 (3H, t, J = 7.4 Hz, CH3-22 or CH3-14). Compound 5b. [(R)-MTPA ester derivative of 5];
IH-NMR (CDCl3) &: 7.52 (2H,m),7.38 (bs, 3H), 5.74 (1H, m, H-3), 4.98 (1H, s, H-7), 3.64 (3H, s, -OCH3),
3.52 (3H, s, -OCH3), 2.64 (1H, d, J = 1.7 Hz, H-2a), 2.63 (1H, d, J = 4.3 Hz, H-2b), 2.47 (1H, m, H-19a),
2.17 (1H, m, H-19b), 2.03 (1H, dd, J = 13.6 and 5.5 Hz, H-9a), 1.85 (1H, dd, J = 13.6 and 8.3 Hz, H-9a),
1.81 (1H, m, H-4), 1.58 (2H, m, Hs-17), 1.44 (1H, dd, H-5a), 1.38 (2H, dd, H-5b), 1.41 (1H, m, H-10),
1.26 (8H, m), 1.26 (1H, m, H-15a), 1.06 (1H, m, H-15b), 1.02 (3H,t,J =74 Hz, CH3-20), 0.89 (6H, t, J

7 )

= 7.4 Hz, CH2-14 and CH3-18), 0.83 (3H.t J = 7.4 Hz. CH1-22) ¢t J =74 Hzs CHa_16
5 ailes LI%5-18), V.82 214, L,V i A § V /8 fi5-&L), V. 2, L v SSOIR4, 15710,
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0.02 ppm (H-5a), + 0 8 ppm (H-5b), +
ppm (H3-16).

Absolute stereochemistry of 3 at C-3. The absolute stereochemistry of 3 was determined as above
described for 2. Starting from 1.0 mg (2.7 umol) of 3a, (5)-MTPA (6a, 0.4 mg) and (R)-MTPA (6b, 0.4 mg)
esters were obtained. Compound 6. IH-NMR (CDCl3) 8: 4.91 (1H,8), 4.18 (1H,d, J = 9.3 Hz), 3.71 (3H, s),
2.57 (1H,dd, J = 16.4 and 10.8 Hz), 2.39 (1H, m), 2.35 (1H,d, J = 16.2 Hz), 2.18 (1H, m), 1.96 (1H.,dd, J =

13.6 and 6.5 Hz), 1.92 (1H, m), 1.88 (1H,dd, J = 13.6 and 6.5 Hz), 1.40 (1H, bs), 1.27 (m), 0.98 (3H, t, J =
TS H2Y 002 (QH ht) O R4 (3 t JT=72Hz\: EIMS (m/7) 366 (S MIRY 3855710 MO0 2337 (100 M OO,
Food LAE )y ol dw \ ZRAy WL]y VeUTT \Jh1y Ly of 7 1ot RRLJy LaRAVIANT \TTU { Jo STNINT 0Ty AYRT AN Jy g \ U Sy IV T & s Jo I27 10 \(ANRT, AVIT &7
1Y 228 /920 112 /0 FNamannnmd £a /O MTDA actar darivntiva ~F &1 lU NRMD (Y1 K. T &1
106, £23 (OU), 113 (JU). LOMPOUNna o0a. [(O)-Miira csiel derivative of Of, "r1-INVIR (LpJUI13) O /.01

w

) <
(2H,m),7.39 (bs, 3H), 5.89 (1H, m, H-3), 4.85 (1H, s, H-7), 3.65 (3H, s, -OCH3), 3.54 (3H, s, -OCH3),
2.74 (1H, dd, J = 16.0 and 8.5 Hz, H-2a), 2.59 (1H, dd, J = 16.0 and 4.4 Hz, H-2b), 2.30 (2H, q, J = 7.6 Hz,
Hs-19), 1.89 (3H,m, H-4 and H2-9), 1.48 (m), 1.26 (m), 1.20 (m), 0.98 (3H, t, J = 7.6 Hz, CH3-20), 0.92
(3H), 0.90 (6H), 0.85 (3H). Compound 6b. [(R)-MTPA ester derivative of 6]; IH-NMR (CDCl3) 8: 7.56
(2H,m), 7.40 (bs, 3H), 5.90 (1H, m, H-3), 4.89 (1H, s, H-7), 3.61 (3H, s, -OCH3), 3.50 (3H, s, -OCH3),
2.71 (1H, dd, J = 16.0 and 7.9 Hz, H-2a), 2.55 (1H, dd, J = 16.0 and 5.1 Hz, H-2b), 2.32 2H, m, J = 7.6
Hz, Hs-19), 1.91 (3H,m, H-4 and H3-9), 1.48 (m), 1.43 (m), 1.26 (m), 1.20 (m), 0.99 (3H, t, J = 7.6 Hz,

CH3-20), 0.92 (3H), 0.91 (3H), 0.90 (3H), 0.83 (3H). Chemical shift differences in MTPA esters 6a

and 6b (A8 = 8¢5 - dgb) Tu_NM H.7a) + 004
and {Ad §a - 06h). 'H-NMR 2a),+ 004

Ry
sm (H-253. - 8.02 (&
-2

ppim
methylation of 2 in THF, was stirred for 10 min. with a saturated ozone solution (about 3 mL) at -78° C
according to the reference 14. Briefly, a O3 stream was bubbled into MeOH at -78° C till a blue-colored solution
resulted. Then, 3 mL of this solution were added to 2a in MeOH at - 78° C. After 20 min., the excess ozone was
removed by a stream of nitrogen and NaBH4 (in excess) was added and the resultiing suspension was stirred for
20 min at -78° C. The reaction mixture was allowed to warm at room temperature and the excess of NaBH4 was
destroyed by 300 pL of CH3CO2H. Extraction with ethyl acetate (6 mL), followed by evaporation of the organic

layer gave the compound 7 (2.0 mg), which was divided in two fractions and treated in pyridine with ($)- and
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(R)-MTPA chlorides. The reactions were stirred under argon at room temperature for 4h and then extracted with
1 7., ATD A
EtOAc and 3% HCl. Chromatography of these fractions on silica gel column (100% CHCI3) gave the (+)-MTPA

ester 7a (0.6 mg) from the (5)-(+)-MTPA chloride, and the (-)-MTPA ester 7b (0.6 mg) from (R)-(-)-MTPA
chioride. Hydrogenolysis of 7a and 7b, followed by purification on silica gel column afforded the
corresponding diols 8a (0.5 mg) and 8b (0.6 mg). Compound 7. IH-NMR (CDCIl3) 6: 5.20 (1H, s), 4.22
(1H, m), 3.68 (3H, s), 3.76 (2H, bs), 2.61 (1H, dd, J = 16.1 and 3.1 Hz), 2.53 (1H, dd, J = 16.1 and 5.4 Hz),
2.27 2H, m), 2.10 (1H, m), 1.95 (1H, dd, J = 13.1 and 3.9 Hz), 1.86 (I1H, dd, J = 13.3 and 9.8 Hz), 1.62
(4H, m), 1.25 (m), 1.11 (1H, m), 0.99 (3H, t, J =7.6 Hz), 1.91 (9H, m); EIMS (m/z): 327 (8, M-29), 309 (20,
M-29-18), 199 (70), 127 (90), 57 (100). Compound 8a. [(+)-MTPA ester] |H-NMR (CDCI3) 8: 7.51 (2H,
m), 7.40 (3H, m), 4.88 (1H, s), 4.32 (1H, dd, J = 10.8 and 5.0 Hz), 4.14 (1H, dd, J = 10.8 and 5.7 Hz), 3.84

(1H, bt, J = 7.5 Hz), 3.71 (3H, 5), 3.54 (3H, s), 2.64 (1H, dd, J = 16.9 and 2.8 Hz), 2.37 (2H, m), 2.29
(2H, m), 1.98 (2H, d, J = 7.2 Hz), 1.79 (1H, m), 1.73 (1H, dd. J = 15.1 and 6.6 Hz), 1.64 (1H, m), 1.32
(4H, m), 1.25 (3H, m), 0.95 (3H, t, J =7.6 Hz), 0.90 (3H, t, J =7.4 Hz), 0.87 (3H, t, J =7.5 Hz), 0.83 3H, t

J =7.6 Hz). Compound 8b. [(+)-MTPA ester] |H-NMR (CDCI3) §: 7.51 (2H, m), 7.40 (3H, m), 4.87 (lH
s). 4.24 (1H, dd, J = 10.7 and 4.3 Hz), 4.22 (1H, dd, J = 10.7 and 4.2 Hz), 3.84 (1H, bdd, J = 10.5 and 2.6
Hz), 3.71 (3H, s), 3.54 (3H, s), 2.64 (1H, dd, J = 16.4 and 2.4 Hz), 2.36 (3H, m), 2.27 (2H, m), 1.97 (2H,
d,J =7.4Hz), 1.80 (1H, m), 1.72 (1H, dd, J = 15.1 and 6.6 Hz), 1.64 (1H, m), 1.37 (2H, m), 1.32 (2H, m),
1.25 (3H, m), 0.95 (3H, t, J =7.5 Hz), 0.90 (3H, t, J =7.7 Hz), 0.88 (3H, t, J =7.5 Hz), 0.85 3H, t, J =7.7
Hz).
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