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Abstract: Chemical analysis of N. anomala collected off rock platforms along the southem coast of
Australia yielded a cis-dihydroxytetrahydrofman (2) the structure for which was assigned by
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speciroscopic analysis, chemical derivatization and biomimetic synthesis. 1cucu|yuxuxuuum from Notheia
anomala are reported for the first time as potent and selective inhibitors of the larval development of
parasitic nematodes. SAR observations are made on a selection of natural, semi-synthetic and synthetic
tetrahydrofurans.  © 1998 Elsevier Science Ltd. All rights reserved.

Anthelmintics are drugs used to rid host animals of parasites. Parasitism by nematodes (unsegmented
worms which consititute the phylum Nematoda) represents a major source of lost production to the commercial
livestock industry. Despite the availability of excellent commercial anthelmintics (in vivo effective nematocidal
agents), growing levels of resistance to key structure classes (benzimidazoles, macrolides...) necessitates an
ever vigilant search for new bioactive agents. This report describes a new cis-dihydroxytetrahydrofuran (2) from
the southern Australian marine brown alga Notheia anomala.and reveals for the first time that compounds of this

general structure class exhibit potent and selective nematocidal activity against the free-living stages of the

parasitic nematodes Haemonchus contortus and Trichostrongylus colubriformis.
Notheia anomala (Order Notheiales, Family Notheiaceae) is a taxonomically unique alga found along the
southern Australia coast as an epiphyte to Hormosira banksii {Order Fucales, Family Hormosiraceae).! The

trans-dihydroxytetrahydrofuran (1) was first reported from N. anomala in 1980 by researchers from the Roche
Research Institute of Marine Pharmacology.? Although attributed no biological properties at that time, (1) has
since attracted the attention of chemists as a target molecule capable of illustrating new synthetic strategies to
chiral 2,5-disubstituted tetrahydrofurans.’™= ™ **~* Numerous potent biologically active natural products
incorporate the tetrahydrofuran moiety such that efficient synthetic procedures are hlghly prized. Our detailed re-
investigations of N. anomala have led to the identification of many new epoxylipids,*® prompting the dlscovcry

t acid catalysed t_mp_gfgrmannn of methylene interrupt
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This report represents an extension of those studies, describing a new cis-dihydroxytetrahydrofuran (2) and
summarizing the nematocidal properties of tetrahydrofurans of this structure class.

RESULTS AND DISCUSSION
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As a consequence of our ongoing research program targeting marine natural products with antiparasitic
activity we have examined solvent extracts from several hundred marine alga and invertebrates using amongst
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activity relationship (SAR) investigations, samples of N. anomala were collected from a variety of geographic
locations. Of particular interest was the observation that all collections of N. anomala contained an as yet
unreported dihydroxytetrahydrofuran (2) isomeric with, but at concentrations three orders of magnitude less
than that of, the major metabolite (1). This report describes the successful isolation, characterisation and
identification of (2), as well as conclusions drawn from SAR investigations on related tetrahydrofurans.

Large scale extraction of N. anomala followed by solvent partitioning and silica chromatography (MPLC
and HPLC) yielded the major metabolite (1), together with numerous known epoxylipids and a small quantity

of an unknown dihydroxytetrahydrofuran (2). Collections of N. anomala from locations across several hundred
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N. anomala yielding higher returns of the target metabolite (2). Unfortunately ail coliections analysed for 5350 £
400 ppm (1), and a meagre 5 £ 1 ppm of (2). Extraction of 1.3 kg dry weight of N. anomala yielded a pure
sample of (2) (5 mg).

Mass spectral analysis (m/z 312, Ammu -0.6) confirmed (2) to be isomeric with the major metabolite
(1). The NMR data for (2) revealed resonances characteristic of a monosubstituted double bond (5§ 5.81 (ddt),
139.1 (d) ppm; & 4.92 (ddt), 4.99 (ddt), 114.1 (t) ppm), a primary methyl (8 0.88 (t), 14.0 (q) ppm) and four
oxymethines (8 3.47 (ddd), 73.9 (d) ppm; & 3.62 (dt), 84.3 (d) ppm; & 3.95 (ddd), 79.0 (d) ppm; & 4.04 (ddd),
71.5 (d) ppm). Analysis of the COSY NMR data established a connectivity sequence characteristic of the
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dlhydroxytetrahydrofuran moiety in (1), which together with a diagnostic fragment ion (m/z 157, facile cleavage

PROEGIY . | no o gtanan~io~

of the C-9/C-10 Uuuu) in the EIMS confirmed \A) as a stereoisomer of (1)

In an attempt to assign a relative stereochemistry to (Z) an authentic sampie of (1) was subjected to mild
oxidation with pyridinium dichromate (PDC) to return a mixture of the two monoketones (3) and (4), and the
diketone (5). These ketones were resolved by HPLC and the two monoketones distinguished on the basis of
infrared absorptions - the carbonyl for the C-7 ketone (3) absorbed at a higher frequency (1755 cm') than that
for the less strained C-10 ketone (4) (1715 cm™). While (3) and (5) were stable, the C-10 ketone (4) proved
susceptible to photo-oxidation and required storage in the dark and/or under nitrogen. Sodium borohydride
reduction of (3) resulted in stereoselective conversion to the natural product (1) and its C-7 epimer (6) (1:4.4).

nder the same conditions was less stereoselective but successfully returned (1) and the C-10
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epimer (7) (1.2:1). Reduction of the diketone (5) yiclded a four component mixture that was resolved by HPLC
to return (1), (8), (7) and the diastereomer (8). None of the irans-dihydroxyictrahydrofuran stereoisomers
proved identical to (2), requiring that (2) possess a cis relative configuration about C-6 and C-9.
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Taking note of the co-occurrence of bisepoxide and tetrahydrofuran metabolites in N. anomala , we had
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prcw usly refined a very etficient syt hetic Prowcol for the conversion of b Scpufudc:: o Lcudu:ym Lurans. i
order to determine the relative stereochemistry of (2) a sample of methyl linoleate (9) was oxidized to the syn-
bisepoxide +(10) and anti-bisepoxide £(11), which were separated by fractional crystallisation. Treatment of
+(11) with acetic acid at 80°C returned a near quantitative yield of tetrahydrofuran monoacetates that were
resolved by HPLC into four compounds, the cis isomers +(12) and +(13) as major products, and the trans
isomers £(14) and £(15) as minor products. All components were separable by HPLC. As might be expected
the NMR data for the structural isomers 3(12) versus 1(13), and +(14) versus £(15), were virtually identical,
however, the structures could be distinguished by diagnostic ions in their respective mass spectra. The mass
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spectra of £(12) and +(14) featured an intense ion corresponding to cleavage through the C-12/C-13 bond and

loss of HOAc (m/z 225). On the other hand, the mass spectra of £(13) and +(15) lacked these ions, featuring
ral Ty 1N L s g o YA i 1200 T PRI
rather a base peak diagnostic for cleavage through the C-$/C-10 bond and loss of HOAc (m/z 139). Treatment of

the acetates +(12-15) with methanolic ammonia resuited in quantitative conversion to the respective
dihydroxytetrahydrofurans +(16-19). The relative stereochemistry of +(12-19) were initially assigned on the
basis of earlier detailed mechanistic investigations of the bisepoxide-tetrahydrofuran transformation,’” but were
readily supported by comparison of the NMR data for +(18) and +(19) with that for the natural product (1).
Likewise, the NMR data about the key dihydroxytetrahydrofuranyl moiety in £(16) and £(17) proved virtually
identical with that of the natural product (2), thereby defining the relative stereochemistry as shown. A complete
biomimetic synthesis of (1) and +(2) utilizing this bisepoxide to tetrahydrofuran methodology has recently
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Although the original determination’ of absolute stereochemistry for (1) had been vi

a monoacetate derivative, given the limited supply of (2) we elected to employ the advanced Mosher procedure
as a means to determine the absolute stereochemistry of (2). In order to establish conditions suitabie for
preparation of the required C-10 monoacetate and Mosher esters, trials were carried out on the known metabolite
(1). The optimum procedure involved conversion of (1) to the diacetate (20), which was then subjected to
partial deacetylation with ammonium hydroxide to yield the C-10 acetate (21) as the major product after HPLC.

OR; OR,
Ry Ry R Ry
(200 Ac Ac 24y  Ac  Ac
21) Ac H 25 Ac H
22) Ac (S)-MTPA ester (26) Ac (S)-MTPA ester

23) Ac (R)-MTPA ester 2n Ac (R)-MTPA ester
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(8S-8R : H-6, -55.2 Hz; H,-8, +1.7 Hz; H-9, +28.3 Hz) confirming a 6S,
for (1) - identical with that previously determined by Horeau analysis. More significantly, acetylation of (2)
yielded the diacetate (24), from which deacetylation yielded the C-10 acetate (25) as the major product after
HPLC. Conversion of (25) into the (§)-MTPA ester (26) and (R)-MTPA ester (27) proceeded smoothly, with
NMR analysis (8S-8R : H-6, -2.0 Hz; H,-8, +14.9 Hz; H-9, +8.8 Hz) confirming a 65,7S,9S,10S absolute

stereochemistry for (2).
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(28)

It is tempting to speculate on the biosynthetic pathways leading to (1) and (2). The bisepoxide (28) is a
known metabolite in N. anomala,’ and is almost certainly the biosynthetic precursor to the major trans-
dihydroxytetrahydrofuran (1). Synthetic investigations have shown that acid, as opposed to enzyme, mediated
conversion of the syn-bisepoxide (28) can lead to the trans-tetrahydrofuran (1) together with lesser amounts of
the cis-tetrahydrofuran (2).” Given this, enzymatic conversion of (28) in N. anomala could be stereoselective -
leading predominantly to the frans-tetrahvdrofuran (1) but nonetheless return mr minor amounts of the cis-

s yel returry v QA w L Lod

tetrahydrofuran (2). Alternatively, the cis-tetrahydrofuran (2) could be biosynthetically derived from an as yet
undetected anti-bisepoxide precursor. In any event V. anomala POSSESSES the abil t‘y to efficiently convert
unsaturated fatty acids to bisepoxides and tetrahydrofurans. To further expiore these phenomena efforts are
currently in hand to secure cell free enzyme preparations from fresh collections of N. anomala , in the hope that
oxidase and/or cyclase enzymes can be isolated, studied and possibly applied in stereoselective chemical
synthesis.

The natural tetrahydrofuran (1), together with a selection of closely related semi-synthetic and synthetic
analogues, were submitted for in vitro nematocidal screening. Examples of the range of derivatives derived
i ing code numbers, are shown in Figure 1.The

from naturally occurrin , along with their screenin numb

tetrahydrofuran (1) exhibited LD, values (concentration rcqulrcd to inhibit 50% of nematode eggs developing to
oottt thiod cinoa noatnot L aamfpartiie an ~n Cy geenae ? Thi

the infective third stage) against H. contortus and T. colubriformis of 1.8 and 9.9 ppm respectively. This level

of nematocidal activity is comparable to that of the commercially available nematocides levamisole and closantel.®
SAR conclusions drawn from our investigation of tetrahydrofurans from this structure ciass are summarised as

follows;

s stereochemistry about the tetrahydrofuranyl moiety does not significantly influence activity. The most
active stereoisomers were the C-10 epimers of (1) and (2) (LDs, = 0.54 and 0.41 respectively).
o while mono and diketone derivatives of (1) retained activity, the corresponding acetates were inactive.

e oxidation or reduction of the terminal double bond in (1) substant:ally diminished activity.

» while (1) dispiayed an LDy, against Haemonchus contortus and Trichostrongylus colubriformis of 1.8

and 9.9 ppm respectively, levels for selected synthetic derivatives varied as low as 0.4 and 1.5 ppm.
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Figure 1 : A selection of SAR derivatives of the natural product (1).

Unfortunately, attempts to translate the in vitro nematocidal activity elicited by these tetrahydrofurans into
an in vivo response proved unsuccessful. Although the tetrahydrofurans mentioned in this report are not in
themselves useful as commercial anthelmintics, they are a potent and selective class of nematocides with activity
against the free living stages of parasitic nematode larvae. An understanding of the in vitro mode of action of
these tetrahydrofurans may yet contribute to the discovery of new and improved anthelmintics.
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ERIMENTAL
General experimental details. see ref 9.

Parasitic nematode iarvai deveiopment assay.

Nematode eggs are applied in duplicate to the surface of an agar matrix containing the “test solution” (extract,
chromatographic fraction &/or pure compound at a concentration range of ~100 to 0.5 ppm). The eggs are
allowed to hatch and develop through to the L3 infective stage (6 days). The extent of larval development is
determined quantitatively by counting the number of eggs, L1s, L2s and L3 larvae to determine the proportion of
undeveloped larvae (eggs, L.1s and L2s) at each concentration. The data is fitted to a log-concentration-logit
model to determine the LD, value.

Crallortinn

avtrartinn and iealatinng
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Notheia anomala (1.3 kg dry weight) was collected by hand off extensive growths of Hormosira banksii
uncovered at iow tide on rock platforms south-west of Bells Beach, Victoria. The fresh aiga was air dried away
from direct sunlight over a period of three weeks, then steeped in CH,C1,/MeOH (7:3) overnight. The resulting
extract was then concentrated in vacuo, and the CH,Cl, soluble portion extracted, concentrated in vacuo and
diluted with hexane to yield the major trans-dihydroxytetrahydrofuran (1) as a crude white precipitate (6.5 gm,
0.48%). MPLC (silica, 10% stepwise elution from hexane to EtOAc) of the filtrate, followed by HPLC (2.0
mL/min, 40% EtOAc/hexane, Phenomenex Sy silica column) yielded a mixture of epoxylipids and the pure cis-
dihydroxytetrahydrofuran (2) (5 mg, 0.001%).

A stable, colorless oil. [a]p +74.5° (c=0.4, CHCl3); IR (film) 3444, 3365, 1642 cm-!; 1H NMR (400 MHz,
CDClI3) 6 0.88 (t, J=7.1 Hz, 1-H3), 1.25-1.45 (methylene envelope containing 2, 3, 4, 12, 13, 14, 15 and 16-
H»), 1.21 (m, 11-Hp), 1.62 (m, 11-Hp), 1.64 (m, 5-H3), 1.84 (dd, J=14.2, 3.4 Hz, 8-Ha), 2.03 (dt, /=6.8,
6.8 Hz, 17-Hj), 2.39 (ddd, J=14.2, 9.8, 5.4 Hz, §8-Hp), 3.47 (ddd, /=7.9, 5.3, 2.5 Hz, 10-H), 3.62 (dt,

234, J

J=27, 6.8 Hz, 6-H), 3.95 (ddd, J=9.8, 3.4, 2.5 Hz, 9-H), 4.04 (dd, J=5.4, 2.7 Hz, 7-H), 4. 9 (ddt, J=10.3,
2.2, 1.2 Hz, 19-Hgg), 4.99 (ddt, j=17.1, 2.2, 1.5 Hz, 19-Hans), 3.81 {ddt, /=17.1, 10.3, 6.8 Hz, 18-H);
13C NMR (100 MHz, CDCl3) 14.0 (C-1), 22.5 (C-2), 25.9, 26.0 (C-4, C-12), 28.8, 28.9, 29.0, 29.4, 29.6
(C-13, C-14, C-15, C-16, C-5), 32.0 (C-3), 33.8 (C-17), 34.4 (C-11), 38.8 (C-8), 71.5 (C-7), 73.9 (C-10),
79.0 (C-9), 84.3 (C-6), 114.1 (C-19), 139.1 (C-18) ppm; EIMS (70eV, m/z, %) 312 (M*, 1), 295 (1), 294
(1), 157 (100), 139 (22), 121 (20), 114 (18), 113 (88), 101 (8), 96 (14), 95 (61), 81 (21), 69 (33), 67 (22), 57
(23), 56 (29), 54 (47); HRMS found 312.2670; C19H3603 requires: 312.2664.

Oxidation of (1).

To the trans-dihydroxytetrahydrofuran (1) (87 mg, 0.28 mmol) in CH2Cl3 (5 mL) was added freshly prepared
PDC (160 mg, 0.42 mmol) and the suspension stirred vigerously at room temperature for 48 hours after which

the reaction mixture was filtered through a nad of silica and washed with EtQAc (2 x 20 mL) to return a colorless
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mixture of the ketones (3), (4) and (§). Chromatographic resolution of this mixture by HPLC (2 mL/mim,
30% EtQAc/hexane, Phenomenex S silica) provided pure samples of (3) (14 mg, 16%), (4) 29 mg, 33%)
== SEY AN - AOQDT N\

d (5) (42 mg, 48%)

(6S,9R,10R )-10-hydroxy-6,9-epoxynonadec-18-en-7-one (3).
A stable colorless oil. [a]p +33.2° (c=1.0, CHCL); IR (film) 3460, 1755, 1640 cm-!; 1H NMR (400 MHz,
CDCl3) 8 0.88 (t, J=6.8 Hz, 1-H3), 1.2-1.6 (methylene envelope, 2, 3, 4, 5, 11, 12, 13, 14, 15 and 16-H>),

2 (dt I—AQ 6.8 Hz
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(ddt, /=10.3, 2.2, 1.2 Hz, 19-H¢js), 4.99 (ddt, J=17.1, 2.2, 1.5 Hz, 19-H¢raps), 5.81 (ddt, .7=I7.1, 10.3
Hz, 18-H); 13C NMR (100 MHz, CDCl3) 14.0 (C-1), 22.4 (C-2), 24.9 (C-4), 25.5 (C-12), 28.9, 29.0,
29.5 (C-13, C-14, C-15, C-16), 31.0 (C-5), 31.5 (C-3), 33.2 (C-11), 33.8 38.9 73.6

£7.0 Ll b £ 217 0 W

PR Y P o Wt e

77.8 (C-6), 79.8 (C-9), 114.1 (C-19), 139.1 (C-18), 215.8 (C-7) ppm; EIMS (70eV, m/z, %) 3
240 (2), 157 (20), 156 (18), 155 (12), 128 (16), 127 (17), 101 (30), 99 (78), 57 (100); HRM
310.2507; C19H3403 requires: 310.2507.

w2
>‘h""'"

ound

(6S,7S,9R )-7-hydroxy-6,9-epoxynonadec-18-en-10-one (4).

fo—1 0 OUIMNL) TD (flmm) 2448 1
\C=1,V, L3 ), an (1hill) 5840, 1

able colotless oil. [alp +20.4

5 0.88 (t, J=6.8 Hz, 1-H3), 1.2-1.6 (methylene envelope, 2, 3, 4, 5, 12, 13, 14, 15 and 16-Hj3),
2.01 (dt, J=6.8, 6.8 Hz, 17-Hj), 2.09 (ddd, J=13.7, 8.3, 4.8 Hz, 8-Hp), 2.22 (ddd, J=13.7, 8.3, 0.7 Hz, 8-
Hg), 2.48 (dt, J=17.6, 7.4 Hz, 11-Hy), 2.54 (dt, J=17.6, 7.4 Hz, 11-Hp), 3.75 (dt, J/=2.9, 7.0 Hz, 6-H),
4.22 (dd, J=4.8, 2.9 Hz, 7-H), 4.55 (dd, J=8.3, 8.3 Hz, 9-H), 4.93 (ddt, /=10.3, 2.2, 1.3 Hz, 19-H;s), 4.99

(ddt, 7=17.1, 2.2, 1.5 Hz, 19-Hirans), 5.80 (ddt, /=17.1, 10.3, 6.8 Hz, 18-H); 13C NMR (100 MHz, CDCl3)

14.0 (C-1), 22.5 (C-2), 23.2 (C—4), 25.9 (C-12), 28.6, 28.8, 28.9, 29.1, 29.2, 29.2 (C-5, C-11, C-13, C-14,
C-15, C-16), 31.9 (C-3), 33.7 (C-17), 38.3 (C-8), 72.5 (C-7), 81.0 (C-6), 84.1 (C-9), 114.2 (C-19), 139.1

(C-18), 212.5 (C-10) ppm; EIMS (70 eV, m/z, %) 310 (M*, 2), 157 (100), 139 (17), 121 (14), 113 (60), 95
(42), 69 (33), 55 (38), 43 (34); HRMS found 310.2508; C19H3403 requires: 310.2507.

-

(n nn V4~

,9R )-6,9-epoxynonadec-18-ene-7,10-dione (5).

A moderately stable colorless oil. [o]p -35.9° (c=1.0, CHCl3); IR (film) 1760, 1720 cm-!; TH NMR (400
MHz, CDCl3) 6 0.88 (t, J=6.8 Hz, 1-H3), 1.3-1.7 (methylene envelope, 2, 3, 4, 5, 12, 13, 14, 15 and 16-H2),
2.04 (dt, J=6.8, 6.8 Hz, 17-H>), 2.60 (t, J=7.4 Hz, 11-H3), 2.62 (dd, J=18.3, 8.8 Hz, 8-Hyp), 2.72 (dd,

\\\\\

J=18.3, 5.4 Hz, 8-Hp), 3.90 (dd, J=7.8, 4.5 Hz, 6-H), 4.74 (dd, J=8.8, 5.4 Hz, 9-H), 4.92 (ddt, J=10.3,

22, 1.2 Hz, 19-Hcis)u,’;.99 (d\dt, J=17.1, 2.2, 1.5 Hz, 19-Hyrans), 5.81 (ddt, J=17.1, 10.3, 6.8 Hz, 18-H);
13C NMR (100 MHz, CDCl3) 14.0 (C-1), 22.4 (C-2), 23.1 (C-4), 24.8 (C-12), 28.8, 28.9, 29.1, 29.2, 30.8
(C-5, C-13, C-14, C-15, C-16), 31.3 (C-3), 33.7 (C-17), 37.5 (C-11), 38.7 (C-8), 78.7 (C-6), 79.7 (C-9),
114.2 (C-19), 139.1 (C-18), 209.7 (C-10), 213.7 (C-7) ppm; EIMS (70eV, m/z, %) 308 (M*, 2), 266 (2),

A\
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237 (1), 209 (8), 181 (29), 151 (52), 135 (39), 127 (71), 111 (47), 99 (23), 83 (81), 69 (57), 55 (100);
HRMS found 308.2351; Cj9H3203 requires: 308.2351.

/6C 7R OP 1ND )& O_onnvusamnradsns 10 nen 7 IN_Aind 1£13

{U0,/ R, R, 1 U j-G,7- cpw;_ynunuucc io-éne-/,i1U-aioe {(6)

o AL"T..-_A__| 473\ 71 E A Y A ¥V P 'I"IIE S S i = X1 AT _TAYTY gt W RS R
10 UIC /-1mMon ne (J) (1v mg, U UJ mmm) ln vieun O ML) was aaaed iNaprig \JU lllg, CS§S) anda ¢

mixture stirred at room temperature for 2 hours, after which time the MeOH was removed in vacuo to yield a
colorless solid which was extracted into Eto0 (20 mL). The ethereal extract was washed with H2O (20 mL),
aqueous saturated NaHCO3 (15 mL) and dilute aqueous HCI (15 mL, 2M), then dried over anhydrous MgSQOy,

t was shown b hv g

ﬁlfﬂfﬂl‘ nnr‘ congc pntrqh:r‘ in NMR
VYLD OLEV YY L A A LANAVAAN

vacuo to vield a waxv solid {
N AAL CARLALR &7 VESL AL/ J J oV

LANE {

N
o
)
Q
Nel
L

spectroscopy to be a 1:4.4 mixture of (1) and (6). Chromatographic resolution by HPLC (2 mL/min, 40%

s ~n AD

mUAclnexanc Phenomenex Du smca) ynelaea the desired cplmcr (0) as an unstabie coloriess oii; [(1]]) -2U.L7

(c=0.51, CHCl3); IR (film) 3370, 1692 cm!; 1H NMR (400 MHz, CDCl3) & 0.88 (t, J=6.8 Hz, 1-H3), 1.3-
1.6 (methylene envelope, 2, 3, 4, 5, 11, 12, 13, 14, 15 and 16-Hp), 1.76 (ddd, J=13.7, 3.9, 2.5 Hz, 8-Hp),

2.03 (dt, J=6.8, 6.8 Hz, 17-Hy), 2.38 (ddd, J=13.7, 9.0, 6.1 Hz, 8-Hp), 3.50 (ddd, J=8.1, 4.6, 3.4 Hz, 10-
H), 3.89 (dt, J=1.7, 4.9 Hz, 6-H), 3.98 ({ddd, /=9.0, 4.6, 3.9 Hz, 9-H), 4.02 (ddd, J=6.1, 1.7, 1.7 Hz, 7-H),
4.93 (ddt, J=10.1, 2.2, 1.3 Hz, 19-Hgg), 4.99 (ddt, J=17.1, 2.2, 1.5 Hz, 19-Hans), 5.80 (ddt, J=17.1, 10.1,
6.8 Hz, 18-H); 13C NMR (100 MHz, CDCl3) 14.0 (C-1), 22.5 (C-2), 25.6, 25.8, 28.8, 29.0, 29.3, 29.5,

31.7, 33.2, 33.7, 34.0 (C-3, C-4, C-5, C-11, C-12 to C-17), 37.2 (C-8), 74.2 (C-10), 75.4 (C-7), 79.4 (C-9),

oy 1 10 23 710\ 171
9), 139.1 (C-18) ppm; EIMS (70eV, m/z, %) 312 (M*, <1), 157 (100), 139 (18), 121

14.1 (C-1
(20), 113 (72), 95 (53), 69 (36), 55 (42); HRMS found 312.2663; C19H3603 requires: 312 2664.

(6S,7S,9R,105)-6,9-epoxynonadec-18-ene-7,10-diol (7).

The 10-monoketone (4) (25 mg, 0.08 mmol.) was treated in an manner analogous to that described above for
(3), to yield a 1.2:1 mixture of (1) and (7) (24.5 mg, 97%). Chromatographic resolution by HPLC (2 ml/min,
40% EtOAc/hexane Phenomenex Su silica) returned the desired epimer (7) as a stable colorless crystalline solid :

N/ st 707 , \ ’) 144N l 1" RIREAYY 7 ANN L ATY

m.p. 98-99°C (hexane); [ajp +9.2° (¢=0.25, CHCI3); IR (film 715, 1640 cm'; *H NMR (400 MHz,
CDCl3) 6 0.89 (t, /=6.8 Hz, 1-H3), 1.3-1,6 (methylene envelope, 2, 3, 4, 5, 11, 12, 13, 14, 15 and 16-Hy),
1.85 (bdd, J=13.2, 6.1 Hz, 8-Hp), 1.96 (bs, OH), 2.03 (bdt, /=6.8, 7.1 Hz, 17-Hj), 2.12 (ddd, J=13.2,
10.3, 4.4 Hz, 8-Hp), 3.84 (dt, J=2.9, 7.1 Hz, 6-H), 3.86 (m, 10-H), 4.16 (ddd, J=10.3, 6.1, 3.5 Hz, 9-H),
4.29 (bs, 7-H), 4.94 (ddt, J=10.1, 2.2, 1.2 Hz, 19-H.jg), 4.99 (ddt, J=17.1, 2.2, 1.5 Hz, 19-Hans). 5.81

r sy NN nATY Pt aval] AC N AN

(ddt, J=17.1, 10.1, 6.8 Hz, 18-H); 13C NMR (100 MHz, CDCl3) 14.0 (C-1), 22.6 (C-2), 25.9, 26.0, 28.9,
29.0, 29.2, 29.4, 29.6 (C-4, C-5, C-12, C-13, C-14, C-15, C-16), 32.0 (C-3), 32.3 (C-11), 33.8 (C-17),
34.3 (C-8), 72.1 (C-10), 73.3 (C-7), 80.1 (C-9), 83.5 (C-6), 114.1 (C-19), 139.2 (C-18) ppm; EIMS (70eV,

miz, %) 312 (M*, 1), 276 (2), 157 (76), 139 (38), 121 (37), 113 (100), 95 (87), 81 (44), 69 (56), 57 (63), 55
(90); HRMS found 312.2666; C1gH3503 requires: 312.2664
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(6S 7R QR ] V5 O_onnyunnnador-1R-one-7 10-4di 2)

V2 J AN, FAN L AU J 0, T EPOA yRUTRAGTL — 2 Um0l /7,2 UM 19/,

Tha 7 1IN _AiLatana /£ . N NE crvianl Y wae trantad in an mannar analagnne tn that dacarilhad ahava far
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(3), to yield a 2.3:10:1:3.3 mixture of (1), (6), (7) and (8) (23 mg, 91%). Chromatographic resolution by

[ ] P P

HPLC (2 mL/min, 30% EtOAc/hexane Phenomenex 5y silica) returned the desired diastereomer (8) as a stable

colorless amorphous solid : m.p. 37-39°C; [a]p -15.9° (¢=0.37, CHCl3); IR (film) 3353, 1692 cm-l; 1TH
NMR (400 MHz, CDCl3) § 0.86 (t, J=6.9 Hz, 1-H3), 1.3-1.6 (methylene envelope, 2, 3, 4, 5, 11, 12, 13, 14,

15 and 16-Hp), 1.86 (ddd, J=14.2, 3.9, 1.5 Hz, 8-Hyp), 2.03 (dt, J=6.8, 6.8 Hz, 17-Hy), 2.21 (ddd, J=14.2,
Q72 &A1 Hs QILIILY 2K (AAA 1—7Q 51 24 Hs 10.HY 20K (hdd T—-AA SO Hr AT AN) (hd T_A 1
7.Jy U.1 k3L, O-1T1IB ), 2.0U0 \GUl, v=/7.7, J.1, L. 114, 1U-IL), J. 70 (AU, J=0.U, J.J (14 U“I1J, F.UL (U, y=U. L
Hz, 7-H), 4.07 (ddd, /=9.3, 3.9, 2.4 Hz, 9-H), 4.94 (ddt, J=10.1, 2.2, 1.2 Hz, 19-Hjs), 4.99 (ddt, J=17.1,

2.2, 1.5 Hz, 19-Hyrans), 5.81 (ddt, J=17.1, 10.1, 6.8 Hz, 18-H); 13C NMR (100 MHz, CDCl3) 14.0 (C-1),
22.6 (C-2), 25.6, 25.9, 28.9, 29.0, 29.3, 29.5, 31.7, 32.8, 33.1 (C-3, C-4, C-5, C-11, C-12, C-13, C-14, C-
15, C-16), 33.3 (C-8), 33.8 (C-17), 72.5 (C-10), 75.0 (C-7), 80.0 (C-9), 87.5 (C-6), 1142 (C-19), 139.1 (C-

=<r5

18) ppm; EIMS (70eV, m/z, %) 312 (M*, 1), 294 (1), 277 (6), 158 (10), 157 (100), 139 (18), 121 (24), 113

(67), 95 (56), 81 (25), 69 (21), 58 (21), 57 (42), 55 (45); HRMS found 312.2666; C19H3603 requires:
312.2664.

Bisepoxides of methyl linoleate.
Commercially available linoleic acid (190 mg, 0.68 mmol) was methylated with ethereal diazomethane to return a

antitative yield of methyl linoleate (9) as a colorless viscous oil. To a vigorously stirred solution of (9) (200

at gt
G 010T1CHS uio

mg, 0.68 mmol) in CH2Cl; (10 mL) was added m-CPBA (99%, 250 mg, 1.44 mmol) and the mixture stirred at
room temperature for 2 hrs, after which excess m-CPBA was destroyed by addition of Na2SG3 (5 mi,, 10%
aqueous solution). The reaction mixture was sequentially washed with aqueous saturated NaHCO3 (10 mL),
H,0 (10 mL) and brine (10 mL), after which the organic phase was dried over anhydrous MgSQO4 and
concentrated in vacuo to yield a 1:1.8 mixture of the bisepoxides +(10) and £(11) (214 mg, 97%) as a viscous
oil. Separation of the diastereomeric bisepoxides was achieved by selective precipitation of the anfi bisepoxide
+(11) (137 mg, 64%) from pentane at -10°C, leaving a filtrate containing the syn bisepoxide £(10) (77 mg,
36%) :

Iy T 17900

methyl (9R*,108*%,12R*,135%)-9,10:12,13-bisepoxy-octadecanoate H(10).

A stable, viscous, colorless oil. IR (film) 1739 cm-1; 1H NMR (400 MHz, CDCl3) 6 0.86 (t, /=7.0 Hz, 18-
H3), 1.2-1.5 (methylene envelope, 4, 5, 6, 7, 8, 14, 15, 16 and 17-Hj), 1.60 (tt, J=7.2, 7.3 Hz, 3-H>), 1.71

(ddd, J=14.7, 5.9, 5.9 Hz, 11-Hyp), 1.76 (ddd, J=14.7, 6.8, 6.8 Hz, 11-Hp), 2.26 (t, J=7.2 Hz, 2-Hy), 2.95
- IT 203 13 I ANAFAAL T_£Q £§Q AT > 1IN Ae 1711 20K (AAd T-62 50 42 Hr 172-H ar
um, ¥-n and ioS-11), 5.U4 (\aad, J=0U.0, J.7, %.£ 14, 1U-L1 UL 1£4711), J.UU. \UUU, J5U.0, J.7y T4 ki, 14714 Ul

10-H), 3.64 (s, OCH3); 13C NMR (100 MHz, CDCl3) 13.9 (C-18), 22.5 (C-17), 24.8 (C-3), 26.2, 26.5 (C-8
and C-14), 26.9 (C-11), 27.7, 27.7, 28.9, 29.1, 29.2 (C-15, C-7, C-6, C-5 and C-4), 31.6 (C-16), 34.0 (C-
2), 51.4 (OCH,), 54.1 (C-10 and C-12), 56.6, 56.7 (C-9 and C-13), 174.2 (C-1) ppm; EIMS (70eV, m/z, %)
295 (M+-OCH3, 1), 223 (1), 211 (2), 155 (100), 109 (30), 98 (33), 96 (47), 84 (75); Analysis (%) calc'd for

0N vvinrininlAt.- A MDA N ITIN 0. N 10D
L19H34U4 C 69.9; H 16.5; O 19.6; founa: C 70.2; i1 1U.0; U 15.4.
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methyl (95*%,10R*,12R*,135*)-9,10:12,13-bisepoxy-octadecanoate 1(11).

A ctahle lnw malting naint wave cnlid « mn Qn_’lIO{" TR (Film) 174N nm-l- I NMD /AN ME> T 1. &
43 OMAUIV IUYY lll‘ululls lJUllll "M‘y OW/LINE « 1REe F SJUTI R AXN \lllll 1] L7V il AR LNIVAEN \WU AVAR ALy LAU\JIJ) v
0.84 (t, J=7.1 Hz, 18-H3), 1.2-1.5 (methylene envelope, 4, 5, 6, 7, 8, 14, 15, 16 and 17-H3), 1.56 (i, J=7.1,

7.1 Hz, 3-Hp), 1.67 (t, J=6.2 Hz, 11-Hy), 2.25 (t, J=7.3 Hz, 2-Hy), 2.92 (m, 9-H and 13-H), 3.04 (dt,

J=6.2, 4.4 Hz, 10-H or 12-H), 3.06. dt (J=6.2, 4.4 Hz, 12-H or 10-H), 3.61 (s, OCHz); 13C NMR (100
MHz, CDCl3) 13.9 (C-18), 22.5 (C-17), 24.8 (C-3), 26.1, 26.3 (C-8 and C-14), 27.1 (C-11), 27.9, 27.9,

79 Q
£0.7

2 MY A ~ T anA M 18\ 21 £ (Y 16\ AN O NN &1 2 INNLY. EA2 EAQA /MM 1N .1
-7y

9.1, 29.2 (C-4, C-5, C-6, C-7 and C-15), 31.6 (C-16), 34.0 (C-2), 51.3 {OCHjy), 54.3, 54.3 (C-10 and
C-12), 56.9, 56.9 (C-9 and C-13), 174.1 (C-1) ppm; EIMS (70eV, m/z, %) 295 (M*-OCHja, 1), 211 (2), 197
(2), 155 (100), 111 (19), 109 (30), 96 (34), 94 (53), 84 (73), 83 (58), 69 (30); Analysis (%) calc'd for

Ci9H3404: C 69.9; H 10.5; O 19.6; found: C 70.0; H 10.8 ; O 19.2.

Anrid rnatalucod rearrang Af tho any hi can/\.vllln -‘-/' 1 l
LILHE LULUL YyOT S T LWl T uusclucru Uf o U1 LTI, k)

The anti bisepoxide +(11) (100 mg, 0.31 mmol) was added to glacial acetic acid (5 mL) and the stirred solution
heated at 80°C for 20 hours. The acidic solution was then cooied to room temperature, diluted with EtoO (40
mL), and the ethereal solution washed with HyO (2 x 50 mL), aqueous saturated NaHCO3 (2 x 20 mL) and
finally a second time with H2QO (2 x 50 mL) after which it was dried over anhydrous MgS0Q4 and concentrated in
vacuo to return a colorless mobile oil in near quantitative yield, Chromatographic resolution (HPLC, silica, Sy,
25% EtOAc/hexane) returned +(12) (41.4 mg, 35%), £(13) (40.3 mg, 34%), £(14) (14.2 mg, 12%) and

w21 U “is e e

+(15) (13.0 mg, 11%).

i TN s Ko B\

,135%)-10-acetoxy-9,12-epoxy-13-hydroxyoctadecanoate +12).

A stable colorless oil. IR (film) 3480, 1739 cm-1; 1H NMR (400 MHz, CDCl3) & 0.88 (t, /=6.8 Hz, 18-H3),
1.3-1.6 (methylene envelope, 3, 4, 5, 6, 7, §, 14, 15, 16 and 17-Hj), 1.73 (ddd, J=14.4, 6.2, 1.9 Hz, 11-

A), 2.06 (s, COCHa2), 2.29 (1, /=7.6 Hz, 2-H»), 2.38 (ddd, /=14.4, 8.3, 6.6 Hz, 11-Hg), 3.47 (m, 13-H),
3.72 (ddd, J=7.6, 5.9, 3.8 Hz, 9-H), 3.75 (ddd, J=8.3, 6.2, 6.0 Hz, 12-H), 5.21 (ddd

Réuy FTTRhAJy Faid \\& AAduy RwTRRJy ek L,

J=6.6, 3.8, 1.9 Hz, 10-H); 13C NMR (100 MHz, CDCl3) 14.0 (C-18), 21.0 (COCH3), 22.6 (C-17), 24.9,
25.3, 26.1, 28.7, 29.0, 29.1, 29.4, 31.8, 33.6 (C-3, C4, C-5, C-6, C-7, C-§, C-14, C-15, C-16), 34.0 (C-
2), 35.8 (C-11), 51.4 (OCH3), 73.8 (C-13), 74.7 (C-10), 80.4 (C-12), 81.7 (C-9), 170.5 (COCH3), 174.3 (C-
1) ppm; EIMS (70eV, m/z, %) 327 (M*-59, 1), 326 (1), 309 (3), 308 (6), 295 (2), 226 (43), 225 (100), 198
(23), 199 (5), 194 (14), 193 (44), 166 (27), 155 (9), 148 (10), 84 (18); HRMS found: 225.1491; C13H2103
requires: 225.1488; found: 193.1224; C12H1702 requires: 193.1228; Analysis (%) calc'd for C21H3506: C
65.2; H 9.9; 0 24.8; found: C64.5; H 10.3; 0 25.2.
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methyl (95*,108*%,125*,138*)-12-acetoxy-10,13-epoxy-9-hydroxyoctadecanoate +(13).

§

.

1.3-1.6 (methylene envelope, 3, 4, 5, 6, 7, 8, 14, 15, 16 and 17-Hp), 1.73 (ddd, /=14.4, 6.4, 1.9 Hz, i1-
Ha), 2.06 (s, COCH3), 2.29 (t, J=7.6 Hz, 2-H2), 2.38 (ddd, /=14.4, 8.3, 6.6 Hz, 11-Hg), 3.45 (m, 9-H),
3.66 (s, OCH»3), 3.72 (ddd, J=1.6, 5.9, 3.8 Hz, 13-H), 3.74 (ddd, /=8.3, 6.4, 6.0 Hz, 10-H), 5.22 (ddd,

J=6.6. 3.8. 1.9 Hz. 12-H): 13C NMR (100 MHz, r‘nmo\ 140 (C-18), 21,1 ( (‘n(‘I—h\ ’7’)5((‘ 1'7\ 249,

O SNIeTy SeUy Res KBiduy AdTAR)y N ANAVEAS AUV ivaia NdsNoi )y AU gy dded \Nr T AR [y Siwes

25.6, 25.9, 28.7, 29.1, 29.2, 29.4, 31.8, 33.6 (C-3, C4, C-5, C-6, C-7, C-8, C-14, C-15, C-16), 34.1 (C-
2), 35.9 (C-11), 51.5 (OCHy), 73.7 (C-9), 74.7 (C-12), 80.4 (C-10), 81.8 (C-13), 170.5 (COCH3), 174.3 (C-
1) ppm; EIMS (70eV, m/z, %) 295 (3), 199 (3), 187 (30), 157 (10), 155 (36), 140 (13), 139 (100), 113 (14),
95 (16), 69 (14), 67 (12), 43 (56); EIMS (15¢V, m/z, %) 327 (M*-59, 1), 326 (1), 309 (2), 308 (2), 295 (3),
187 (70), 157 (16), 155 (44), 140 (15), 139 (100); HRMS found: 187.1332; CygH 903 requires: 187.1334;
found: 139.1119; CoH50 requires: 139.1123
methyl (9R*,10R*,125%,135*)-10-acetoxy-9,12-epoxy-13-hydroxyoctadecanoate H(14).

A stable colorless oil. IR (film) 3480, 1738 cm'!; IH NMR (400 MHz, CDCI3) § 0.89 (t, /=6.8 Hz, 18-H3),
1.3-1.6 (methylene envelope, 3, 4, 5, 6, 7, 8, 14, 15, 16 and 17-Hp), 2.00 (ddd, J=13.9, 9.0, 4.6 Hz, 11-
Ha), 2.06 (ddd, J=13.9, 6.8, 1.5 Hz, 11-Hp), 2.09 (s, COCH3), 2.30 (t, /=7.6 Hz, 2-Hj), 3.39 (bm, 13-H),

£ MY 290 /311 T_ QO 2L, OIN 2007333 T_.ON £ 0 £ O0LT. 19 LI\ & 2N (e 1N
3.66 \15, L,UQ\,H3), J.67 {aaq, 4= 7. I 5. 0, J.<z 11z, ¥-11), 3.77 \Qaq, s=7.v, 0.0, U.0 NZ, 14-11), J,JVU (Uiil, 1U-

H); 13C NMR (100 MHz, CDCl3) 14.0 (C-18), 21.0 (COCH3), 22.6 (C-17), 24.9, 25.3, 26.2, 29.0, 29.1,
29.1, 29.4, 31.8, 33.3 (C-3, C-4, C-5, C-6, C-7, C-8, C-14, C-15, C-16), 34.0 (C-2), 35.5 (C-11), 51.4
(OCHz), 73.9 (C-13), 75.5 (C-10), 80.4 (C-12), 81.2 (C-9), 170.5 (COCH3), 174.3 (C-1) ppm; EIMS

FADN %L 710N 1:;-1 \

(70eV, miz, %) 326 (M+-CO,CHj, 1), 295 (4), 226 (17), 225 (63), 194 (11), 193 (49), 166 (13), 155 (16),
109 (13), 95 (23), 97 (20), 84 (23), 81 (40), 69 (27), 67 (28), 43 (100); EIMS (15eV, m/z, %) 326 (1), 309
(1), 295 (4), 226 (34), 225 (100), 198 (16), 194 (17), 193 (73), 166 (28), 155 (21), 111 (15), 84 (25); HRMS
found: 225.1491; Cy3H3 03 requires: 225.1492; found: 193.1225; Cy2H1707 requires: 193.1228.

methyl (9R*,10R*,125%,135*)-12-acetoxy-10,13-epoxy-9-hydroxyoctadecanoate H15).

A coloriess oil. IR (fiim) 3490, 1735 cm!; 'H NMR (400 MHz, CDCl3) 6 (.87 (t, /=6.8 Hz, 18-Hj3), 1.
(methylene envelope, 4, 5, 6, 7, 15, 16 and 17-H3), 1.41 (m, 8-Hj), 1.53 (m, 14-Hp), 1.62 (m, 3-Hy), 2.0
(ddd, J=13.9, 9.0, 4.6 Hz, 11-Hp), 2.05 (ddd, J=13.9, 6.8, 1.5 Hz, 11-Hp), 2.08 (s, COCH3), 2.29 (t,

J=1.6 Hz, 2-H3), 3.38 (m, 9-H), 3.66 (s, CO2CH3), 3.89 (ddd, J=7.6, 5.9, 3.0 Hz, 13-H), 3.98 (ddd, J=

A
-1.4
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6.8, 6.8 Hz, H), 5.30

k\J

e 1
o, 1

_—

-H);
17), 24.9, 25.5, 25.9, 29.0, 29.0, 29.1, 29.4, 31.8, 33.2 (C-3, C-4, C-5, C-6, C-7, C-
34.0 (C-2), 35.5 (C-11), 51.4 (OCH3), 73.8 (C-9), 75.5 (C-12), 80.4 (C-10), 81.3 (C- 13) 1705 (QOCH3)

174.3 (C-1) ppm; EIMS (15eV, m/z. %) 327 (M+-59, 2), 309 (3), 295 (3), 188 (9), 187 (90), 225 (9), 199
(9), 155 (32), 140 (16), 139 (100); HRMS found: 187.1334; CyoH 1903 requires: 187.1332; found:

2JS VLS U A 1 104415

139.1123; CyH150 requires: 139.1 121; Analysis (%) calc'd for C21H380¢6: C 65.3; H9.9; O 24.8; found: C
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65.0; H 10.1; O 24.9

a ’ T

methyl-(95*,105*,125%,135*)-9,12-epoxy-10,13-dihydroxy-octadecanoate 1(16).

The acetoxy tetrahydrofuran alcohol £(12) (20 mg, 0. 05 mmol) in MeOH (3 mL) with NH40H (33% aqueous
solution, 2 mL) was stirred at room temperature for 2 hours, after which the mixture was concentrated in vacuo

to yield the diol £(16) (17.5 mg, 98%) as a stable pale yellow oil. IH NMR (400 MHz, CDCl3) & 0.89 (t,
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4.03
(dd, J=5.5, 2.7 Hz, 10-H); 13C NMR (100 MHz, CDCl3) 14.0 (C-18), 22.6 (C-17), 24.9, 25.7, 26.1, 28.7,
29.0, 29.1, 29.6, 31.7, 34.4 (C-3, C-4, C-5, C-6, C-7, C-8, C-14, C-15, C-16), 34.1 (C-2), 38.7 (C-11),
51.5 (OCH3), 71.5 (C-10), 74.0 (C-13), 79.0 (C-12), 84.3 (C-9), 174.4 (C-1) ppm; EIMS (70eV, m/z, %)
295 (8), 225 (98), 211 (30), 201 (22), 199 (32), 193 (42), 187 (38), 169 (32), 166 (29), 155 (100), 150 (27),
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121 (25), 115 (26), 97 (53), 111 (26), 109 (35), 84 (58), 74 (59), 65 (78), 61 (61);
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HRMS found: 225.1 491 C13H21 03 requires: 225.1491; found: 187.1334; CyoH1903 requires: 187.1334;
found: 155.1072; CgH 1504 requires: 155.1072.

methyl (9S*,108*,128*,135*)-10,13-epoxy-9,12-dihydroxyoctadecanoate H(17).
The acetoxy tetrahydrofuran alcohol +(13) (20 mg, 0.05 mmol) in MeOH (3 mL) with NH4OH (33% aqueous

solution, 2 mL) was stirred at room temnerature for 2 hnnrc after which the mixture wa
ORJAUA LA ALy s lll‘.‘ vy AWAL AV AL VVL yv (239553 AW VY RAAWAL IV LELAAWLMLY VY OGO
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to yield the diol £(17) (17.8 mg, 100%) as a stable pale yellow oil. 1H NMR (400 MHz, CDCl3) 5 0.88 (t,
J=6.8 Hz, 18-H3), 1.3-1.6 (methylene envelope, 3, 4, 5, 6, 7, 8, 14, 15, 16 and 17-H>), 1.83 (dd, J=14.2,
3.4 Hz, 11-Hp), 2.30 (t, /=7.6 Hz, 2-Hj3), 2.38 (ddd, J=14.2, 10.0, 5.6 Hz, 11-Hg), 2.70 (bs, OH), 3.47
(ddd, J=8.3, 4.9, 2.4 Hz, 9-H), 3.62 (dt, J=2.7, 6.8 Hz, 13-H), 3.66 (s, OCH3z), 3.94 (ddd, J=10.0, 3.4,

s -~ - ~ v Tm - vy

2.4, 10-H), 4.03 (dd, J=5.6, 2.7 Hz, 12-H); 13C NMR (100 MHz, CDCli3) 14.0 (C-18), 22.6 (C-17), 24.9,
25.9, 28.7, 29.0, 29.0, 29.1, 29.3, 32.0, 34.3 (C-3, C-4, C-5, C-6, C-7, C-8, C-14, C-15, C-16), 34.0 (C-
2), 38.7 (C-11), 51.5 (OCH3), 71.5 (C-12), 73.9 (C-9), 79.0 (C-10), 84.3 (C-13), 174.3 (C-1) ppm; EIMS
(70eV, m/z, %) 295 (2), 205 (14), 193 (2), 187 (64), 157 (24), 155 (100), 139 (19), 121 (14), 113 (42), 109
(20), 97 (19), 96 (15), 95 (16), 87 (20), 71 (41), 69 (36), 67 (26), 57 (40), 55 (54), 47 (27); EIMS (15eV,
miz, %) 310 (2), 295 (1), 220 (11), 205 (10), 188 (10), 187 (100), 185 (17), 157 (32), 155 (79), 140 (12),
139 (27), 113 (23), 111 (10), 99 (11), 96 (10), 95 (12), 71 (14); HRMS found: 187.1334; C O3

I(\ 10
AT \bwi fy AT \Sdjy AR \AUJy 77 \1a)y FU\2U)y FJ \1 4y AmaAmiVAL? INFRAL P Yo 1Ur21Yy

requires: 187.1334; found: 155.1071; C9H150; requires: 155.1072.

methyl ( 9R*,1 OR*,125%,135%)-9,12-epoxy-10,13-dihydroxy-octadecanoate +(18).
The acetoxy tetrahydrofuran alcohol +(14) (20 mg, 0.05 mmol) in MeOH (3 mL) and NH40OH (33% aqueous
solution, 2 mL) was stirred at room temperature for 2 hours, after which the mixture was concentrated in vacuo

tn viald tha Aial (1) (17 § mao ROL ac a ctahla ~alarlace ail l“ NMD {Am MH CIMINAZINRR (+ I=( R
10 YiCiG uiC Gi01 (2O (1 /7.7 [IIg, 70 /0 &5 d Swauil LUIUIICSS Uil SASUY 3id, Lali3) O U.OO (L, v =08
ry o ¥ N 1f\11/ A £ £ 07T Q 1A 1£ 14 . 1 1™ YY N\ 10 7333 T_17 A OMN A A
nz, 16-n3), 1.5-1.0 chmylene CnVCI()pC, Jy, 4, 0,0, /7,0, 14, 13, 10 dQ 1/-112), 1.00 WU, J=10.4, 7.U, 4.4
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Hz, 11-Ha), 2.00 (ddd, J=13.4, 6.6, 1.0 Hz, 11-Hg), 2.30 (t, J=7.6 Hz, 2-Hy), 2.35 (bs, OH), 3.39 (m, 13-
H), 3.66 (s, OCH3), 3.73 (dt, J=2.7, 6.8 Hz, 9-H), 4.01 (ddd, J=9.0, 6.6, 6.6 Hz, 12-H), 4.24 (m, 10-H);

I3C NMR (100 MHz, CDCl3) 14.0 (C-18), 22.6 (C-17), 24.9, 25.3, 26.2, 28.8, 29.0, 29.1, 29.5, 31.9,
33.1 (C-3, C-4, C-5, C-6, C-7, C-8, C-14, C-15, C-16), 34.0 (C-2), 37.9 (C-11), 51.4 (OCH3), 73.4 (C-10),
74.1 (C-13), 80.2 (C-12), 82.4 (C-9), 174.3 (C-1) ppm; EIMS (70eV, m/z, %) 226 (25), 225 (100), 211 (30),
199 (30), 193 (76), 187 (26), 175 (23), 169 (19), 167 (23), 155 (33), 150 (22), 149 (24), 139 (37), 133 (20),
121 (33), 113 (16), 109 (28), 97 (32), 95 (31), 84 (27), 81 (48), 69 (45), 67 (46), 57 (43), 55 (96); HRMS
found: 225.1491; Cy3H2103 requires: 225.1491; found: 187.1334; C1oH1903 requires: 187.1334; found:

AL TATAL TA O o

methyl (9R* I10R*,128*%,135%)-10,13-epoxy-9,12-dihydroxy-octadecanoate H19).

The acetoxy tetrahydrofuran alcohol £(15) (30 mg, 0.08 mmol) in MeOH (3 mL) and NH40H (33% aqueous
solution, 2 ml) was stirred at room temperature for 2 hours, after which the mixture was concentrated in vacuo
to yield the diol £(19) (22.5 mg, 84%) as a stable colorless oil. IH NMR (400 MHz, CDCl3) § 0.89 (t, /=6.9

), 1 1.86 (ddd, J=134,90,4.6

2 ethv 345 6,7 814 1
Adiuy 4aUTALY)y Aol \Riiveasy & Pwy vy Ty oy Uy Ty Uy 17, 2, ar ’ OV \Meane
Hz, 11-Ha), 2.01 (dd, J=13.4, 6.6 Hz, 11-Hp), 2.30 (t, J=7.6 Hz, 2-H), 2.33 (bs, OH), 3.37 (bm, 9-H),
3.66 (s, OCH3), 3.74 (dt, J=2.7, 6.8 Hz, 13-H), 4.01 (ddd, J=9.0, 6.6, 6.4 Hz, 10-H), 4.25 (bm, 12-H);

13C NMR (100 MHz, CDCl3) 14.0 (C-18), 22.6 (C-17), 24.9, 25.5, 26.0, 28.8, 29.0, 29.1, 29.4, 32.0,
33.1 (C-3, C4, C-5, C-6, C-7, C-8, C-14, C-15, C-16), 34.1 (C-2), 37.9 (C-11), 51.5 (OCH3), 73.4 (C-12),

==y

74.0 (C-9), 80.2 (C-10), 82.4 (C-13), 174.3 (C-1) ppm; EIMS (15eV, m/z, %) 225 (4), 187 (100), 157 (48),

155 (65), 139 (12), 113 (29), 95 (12); HRMS found: 187.1334; C1oH 903 requires: 187.

155.1072; CgH}502 requires: 155.107

(6S,75,9R ,10R )-6,9-epoxynonadec-18-ene-7,10-diol 7,10-diacetate (20).

A solution of (1) (50 mg) in Ac,0 (1 mL) and anhydrous pyridine (2 mL) was stirred at room temperature for 24
hrs, after which the reaction was quenched with H,0 (0.5 mL) and extracted with Et,O (40 mL). The ethereal
layer was subsequently washed with cold 1M HCI (2 x 10 mL), saturated aqueous NaHCO, (2 x 20 mL), and

HOM vy 2YmI ) th Aried unth anhudro
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(20) as a colorless oil. Physical ¢
(6S,75,9R,10R )-6,9-epoxynonadec-18-ene-7,10-diol 10-acetate (21).

A sample of the diacetate (20) (25 mg) was stirred at room temperature for 10 hrs in an excess of MeOH 20
mL) and NH,OH (6 mL), after which the solution was concentrated in vacuo and purified by silica HPLC to
yield as the major product the monoacetate (21). Physical and spectroscopic data identical with literature

measurements.’

-

S)-MTPA ester of (21).

)-MTPA ester of (2
As
e —al .} L

ample of (21) (11 mg, 0.031 mmol) in dry CH,Cl, (1 mL) was stirred at room temperature for 24 hrs with
(S)-methoxy-trifiuoromethyl-phenylacetic

1A QY AMTDA 2N sax N 17Q maenall 1 2 _dicvelahavulearhadiimide
V. 3140 LIHIIULJ, I.,J_UIVJVAUIIUAJA\- AL I R
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(30 mg, 0.145 mmol) and 4-dimethylaminopyridine (10 mg, 0.082 mmol), after which the solution was
concentrated in vacuo. Elution of the crude product through a silica Sep-Pak (. 4“% .vAc,’hcxanc) afforded the
(S)- ester (22) (16%) as a clear oil. '"H NMR (300 MHz, CDCl,) selected resonances : & 2.02 (m, 8-
H,), 2.08 (s, 16-OCOCH,), 3.92 (di, /= 6.9, 2.8 Hz, 6-H), 4.11 (ddd, /= 5.4, 6.6, 6.4 Hz, 5-H), 5.02 (m,
10-H), 5.44 (t, J= 3.3 Hz, 7-H); ESIMS (+ve) m/z 571 (M+H), 588 (M+NH,), 593 (M+Na)

(R)-MTPA ester of (21).

A sample of (21) (10 mg, 0.026 mmol) was treated with (R)-MTPA as described above to afford the (R)-MTPA
ester (23) (24%) as a clear oil. 'H NMR (300 MHz, CDCl,) selected resonances : § 2.01 (m, 8-H,), 2.08 (s,
10-OCOCH,), 3.76 (dt, J= 6.9, 2.7 Hz, 6-H), 4.19 (ddd, J= 9.3, 6.6, 6.6 Hz, 9-H), 4.96 (m, 10-H), 5.44 (t,
J=2.9 Hz, 7-H); ESIMS (+ve) m/z 571 (M+H), 588 (M+NH,), 593 (M+Na).

IRC 7C QC INCL K Q_aesnrriss s Aan_ 19 T IN_AiAl 7 1IN _Asunntnsn (V4
(W, 70,70,1 UO/‘U,7‘C‘IUA]’W"““CL'10‘C’le /7, iVt 7, 1u-aidaceéiai (&% ).

A sample of (2) was acetylated as described above for (1), to return a quahtitative yield of the diacetate (24).
[a]lp +61.3° (c=0.2, CHCl3); TH NMR (400 MHz, CDCl3) § 0.86 (t, J=7.0 Hz, 1-H3), 1.25-1.45 (methylene
envelope containing 2, 3, 4, 12, 13, 14, 15 and 16-Hy), 1.21 (m, 11-Hp), 1.62 (m, 11-Hp), 1.64 (m, 5-Hp),
2.04 (dt, J=6.8, 6.8 Hz, 17-H3), 2.06, 2.07 (2s, 2xOCOCH,), 2.37 (m, 8-Hp), 3.69 (dt, J=1.8, 6.6 Hz, 6-

N A17/(344 T=A2 A2 He Q_.HY A (m 10 407 (Ads =102 29 192 H> 10. ) A0Q (AAs

Lij, .17 \UU, y=U.5, U.& 1kLy 7704 ), T.7U (1L}, 1U K1), 774 \UUL, v71V.J, &4, 1.4 114, 1L7°14C18), .77 (UL,

) 4 1~ 1 - - 1 £ 1Y 10 TY N V ke Lo NV SN ~ YIE\ 2 O 713, ' 3 1~ 1 1N " ks & 3 10 TIN, YWTAELY /77N X7

=1/.1, £.4, 1.0 Z, 1Y-Irgns), D.44 M, /-11), J3.81 a4y, y=1/.1, 1U.3, 0.8 Z, 18-1); ELIVID (/UEVY, m/Z,
.28

(6S,75,98,105)-6,9-epg xynonadec-IB-ene -7.10-diol 10-acetate (25).
i ated with MeQOH and NH,QH as described above

ALY AT VY atea SR A4 ULy

major product the acetate (25) as a colorless oil. [a]p +72.4° (¢=0.1, CHCl3); IH NMR (400 MHz, CDCl3) §
0.86 (t, J=6.9 Hz, 1-H3), 1.25-1.45 (methylene envelope containing 2, 3, 4, 12, 13, 14, 15 and 16-Hj), 1.64
(m, 5-Hyp), 2.03 (m, 11-Hp), 2.04 (dt, J=6.8, 6.8 Hz, 17-Hy), 2.11 (s, OCOCH,), 2.22-2.40 (m, 8-HA and 8-
Hp), 3.55 (dt, J=2.8, 6.7 Hz, 6-H), 3.98 (m, 9-H), 4.01 (m, 7-H), 4.92 (ddt, J=10.3, 2.2, 1.2 Hz, 19-Hjs),
4.99 (ddt, J=17.1, 2.2, 1.5 Hz, 19-Hiane), 4.99 (dt, J= 7.3, 4.8 Hz, 10-H), 5.81 (ddt, J=17.1, 10.3, 6.8 Hz

Fe7 7 \MuALy 4 =A T o ARky A ZTERITENS Y TS \Bu @ ARdy AUTELjy UL (i v V. 124,

18-H); EIMS (70eV, m/z, %) 354 (M*, 3), 303 (5), 157 (89); HRMS found 303.0941; C;3H3304 requires:
303.0899.

or (200 ¢
T (Z0)
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turn as the
to return as the

(S)-MTPA ester of (25).
A sample of (25) (3 mg, 0.009 mmol) was treated with (S)-MTPA as described above to afford the (S)-MTPA
ester (26) (18%) as a clear oil. 'H NMR (300 MHz, CDCl,) selected resonances : § 2.11 (s, 10-Ac), 2.47 (m,

QLI 2" MN/FAs T— LA DALT» £ 2Q0 (e QI ARA (m 1N_O0COCH Y § A (1 7.1 RETMCQ f..l.\u:\
O'IIA}, DIV UL, V= UL, L5 L4y UTRL), J.07 MLy 7711), .07 il v AL )y IS 1Ly T TRy, RASRIVAL \TY

o~ F B & AN £20Q 7\ X ®RITTY \ YY) /2 A& .'\T__'\
miz 571 (iMi+11), 388 (IM+INI1, ), I¥3 (IVi+iNd)

(R)-MTPA ester of (25).
A sample of (25) (4 mg, 0.011 mmol) was treated with (R)-MTPA as described above to afford the (R)-MTPA
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ester (27) (38%) as a clear oil. "H NMR (300 MHz, CDCl,) selected resonances : § 2.11 (s, 10-Ac), 2.43 (m,
8-H,), 3.71 (dt, J= 6.5, 2.6 Hz, 6-H), 3.87 (ddd, J= 9.4, 2.3, 1.8 Hz, 9-H), 4.88 (m, 10-H), 5.42 (m, 7-H);
ESIMS (+ve) m/z 571 (M+H), 588 (M+NH,), 593 (M+Na)
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