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Abstract
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combination of spectroscopic and chemical correlations, including derivatization with a recently introduced N

reagent. This is the first time furanoterpenes have been isolated from a marine tunicate.
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attention for many investigators in recent years because they have been found to be the source
of a wide variety of biologically active substances [1]. Many of these metabolites are
nitrogen-containing compounds derived from amino acids, such as acyclic and cyclic
peptides, aromatic alkaloids, etc [2]. Although some non-nitrogenous metabolites have also
been isolated, terpenoid compounds have seldom been reported from tunicates [1,2].

During the course of our search for bioactive metabolites from marine organisms, we
selected the tunicate Ritterella rete for chemical study because it was a species that had not
been studied and is collected at an unusual ocean depth (300 m). We therefore felt that this
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constituted a potentiaily remarkable

1otope scarcely studied in terms of its chemical
potential. In addition, its crude extracts showed strong antifungal (1 mg/disk against
.. L. - — - amme . _ e VY R pu =

L . 3 TS R A rr_1__. +1. . OFiuin : JR P [
rusartium oxysporurm, I11€i l I'lUbP u .)uuvum, I'I'l_th[)le’lUlu neveun U VLIS uner

ea
and Pyricularia oryzae) and cytotoxic (ICso = 1pg/mL against P388) activities in addition to
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now report t
dendrolasin-type sesquiterpenes from those extracts: four compounds (1-4) are characterized

by the presence of a furan moiety and the other two (5§ and 6) by a y-butyrolactone ring.

2. Results and Discussion

2.1 Isolation and General Structures

The tunicate Ritterella rete was collected by dredging at an average depth of 300 m on
or marine life (just a few
specimens of stylasters, crinoids, and sponges), at the coral reefs in New Caledonia, and these
were subsequently extracted with methanol. Partitioning of the crude extracts between water
and solvents of increasing polarity gave hexane and dichloromethane fractions rich in
sesquiterpenes which were repeatedly submitted to flash column chromatography using silica

gel (hexane/ethyl acetate gradient system). Normal phase HPLC of the resulting fractions
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using a t-Porasil column (hexane/ethyl acetate solvent mixtures) yielded

sesquiterpenes 1—6 in a pure form (Figure 1).
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Figure 1. Compounds 1-6 and their derivatives.

The major component, 8-hydroxydendrolasin (1), was obtained from both the hexane

1]

nd dichloromethane fractions

1+15.5, (¢ 4-10-3, MeOH)].

HREIMS showed the molecular ion at 234.1624 amu, corresponding to a molecular formula
d

Q

f CisH2202 (M*, A 0.4 mmu), that indicates the existence of

The IH NMR spectrum indicated, as major features, the presence of a monosubstituted furyl
system (three protons at 8 7.34, 7.21, and 6.28; substitution at position 3); two olefinic
hydrogens (8 5.38 and 5.0

ps (6 2.48, 2.29, and

5); one methine group attached to oxygen (8 3.94); three methylene
2.23) and three vinylic methyl groups (8 1.72, 1.64, and 1.61). The

L e 1 - 227 = 22%

GFQ

multiplicities of the signals, together with 1H-IH COSY experiments, allowed us to establish
the connectivities between these substructures, clearly suggesting a dendrolasin (7) [3] type
skeleton with one hydroxy group at position 8. A series of MS experiments [inciuding (+)
HRFAB in m-NBA and LREI, Figure 2], together with the 13C and DEPT NMR spectra
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confirmed the furanosesquiterpene structure and established the geometry of the A% double
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bond as E (86 11.3, C-14) [4,5]. Furthermore, acetylation of 1 (Ac20/pyridine) exclusively
gave acetate 8 that, when compared to 1, showed the expected downfield shift of H-8 to
8 4.90 and the disappearance of the hydroxy IR band (3700-3400 cm~1). So, the above data

provide clear evidence that 1 is 8-hydroxydendrolasin.
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Figure 2. a) Dendrolasin skeleton (7). b) LREIMS fragmentations of compound 1.

Two other compounds (2 and 3) were also found in the same partition fractions in
smaller amounts. Both showed spectroscopic data with marked similarities to those of
8-hydroxydendrolasin (1), with clear indications that additional hydroxy groups are present

mework.

in the same

[
I’D

Compound 2 was isolated as a pale yellow oil. Its mass spectrum shows a small
molecular ion peak at m/z = 268 (C15H2404, M™*) along with a more intense peak at m/z=

250 ({[M—H20]™; obs. HREIMS 250.1570, calcd. 250.1569 for C15H2203), thus indicating
12

a
molecular formula of C;5H2404 and four double bond equivalents for 2. The proton and
carbon chemical shifts of the skeletal fragment between positions 6 and 8 show the major
differences when compared to those of 1, suggesting that the A6 double bond present in 1 is
dihydroxyiated in Z (see Table 1).

The location of those two hydroxyl groups at C-6 and C-7 was confirmed by HMBC
experiments which established the connectivities between the oxymethine proton H-6 (6 3.93,

dd, J= 11.4, 2.0 Hz) and carbons C-7 and C-14 [0 75.7 (s) and d 19.6 (q), respectively] and

between oxymethine proto 5 3.71, dd, J= 9.7, 3.3 Hz) and the methyl carbon C-14.

Thus, compound 2 is 6,7,8- mhydroxydendrolasm without stereochemical assignment at this

point
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3¢cs ppm (mult) 1H & ppm (mult, J in Hz)
#C 1b 22 32 4¢ 1d 2d 3¢ af
1 142.4 (d) 142.9 (d) 142.6 (d) 1429 (d) 7.34 (s) 7.27 (s) 7.34 (s) 7.36 (s)
110.8 (d) 111.0 (d) 111.0@) 110.8 (d) 6.28 (s) 6.30 (s) 6.26 (s) 6.29 (s)

1245 @® 123.8 (s) 124.8 (s) 1239 (s)

W N

278 (t) 221 () 28.1 (1) 21.8 (t) 2.48 (m) 2.78 (m) 2.47 (m) 2.58 (m)

_I\]i
w
Q
—
3
Nt

5 245(@) 323 (@ 24.6 (1) 28.6 (1) 2.29 (m) 2.26 (m) 2.31 (m) 1.82 (m)
1.92 (m)

6 125.2 (d) 67.4 (d) 125.6 (d) 59.1 (d) 5.38 (t, 6.9) 3.93 (dd, 552,69 3.06(,6.2)

—
—
S
™
=]

N’

7 1371368 157(6)  1356()  62.6(s)

8 77.1 (d) 74.2 (d) 78.5 (d) 73.0 (d) 3.94 (t, 6.7) 3.71 (dd, 4.00 (dd, 3.59 (dd,

9 0} 29.4 () 39.2 @) 314 @) 2.23 (m) 2.21 (m) 2.09 (m) 2.27 (br)
1.93 (m) 2.13 (bn)
10 1201¢) 12000 81.3(d) 1198(d) 505¢,7.1) S5.18(,75 453,77 520,12
11 13742 136.8 (s) 82.8 (s) 134.1 (s)
12 245(@ 259(Q)  21.7(q% 258(g) 1.72 (s) 175 (s) 1.24 (s) 1.72 (s)
13 177 179(9  214(q8 179 (@ 1.64 (s) 1.65 (s) 1.27 (s) 1.63 (s)
14 113 19.6 (@) 11.5(Q 14.3 (q) 1.61 (s) 132 (s) 1.58 (s) 1.26 (s)
15 1386(d) 1393(d) 1389(d)  139.0(d) 721(6)  135(t 1.1)  7.20(s) 7.25 (s)

The NMR spectra were recorded at 362.83, 75.42 and €125.75 MHz for 13C and 9250.13, €300.13 and f500.13 MHz for 1H.
EAssignments may be interchangeable.
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The IH and 13C NMR spectra of compound 3 differ from those of 1 only in the signals
corresponding to the fragment between C-10 and C-13 (Table 1). All the evidence suggests
that 3 also has the same skeleton as 1, but in this case it is the A10 doubie bond present in 1
that is dihydroxylated. This proposal was corroborated by 1H-1H COSY NMR correlations

~ il

7

between the diasterotopic methylene protons at 6 2.09 and 1.93 (m

oxymethine protons at § 4.53 (t, J= 7.7 Hz, H-10) and & 4.00 (dd, J= 5.6, 3.7 Hz, H-8).

corresponding to the C-12 and C-13 methyl groups at 6 27.7 and 21.4 are in good agreement
with data reported for the Me2 C(OH)-CH(OH) fragment present in compounds such as
lobanes [6] and 4,5-epoxyxeniaphyllan-14,15-diol [7]. The 13C signal generated by the methyl

mrater Faem tha AB danilhila khand
ulv 4AY UUUUIC UVULIIAU.

Compound 4 was isolated from the hexane partition. After purification by HPLC on a
p-Porasil column (hexane/ethyl acetate 9:1) it showed an [M + H]* ion (m/z = 251.1647,

A 0.0 mmu of calcd. value) in the positive ion mode HRFABMS, indicative of a molecular

formula of C15H2303 and five degrees of unsaturation.

The most obvious structural difference between 1 and 4 is the change in hybridization of
ositions 6 and 7 (from sp2 to sp3). However, in this case the chemical shifts

he carbons at

Lol
0
"8

suggest that the A® doubie bond underwent epoxidation instead of dihydroxylation. Thus the

existence of an epoxide group in 4 was deduced from the carbon resonances at & 59.1 (d,

C-6) and 62.6 (s, C-7) and its exact location was inferred by HMBC experiments: the

oxymethine proton H-6 at & 3.06 (t, J= 6.2 Hz) correlated with the carbons C-5, C-7 and C-8

[0 28.6 (1), 62.6 (s) and 73.0 (d) respectively], while the methyl protons at position 1 1416 1.26
(s)] displaye

trisubstituted epoxide group was based on both a NOE enhancement observed between the

(t
isplayed cross-peaks with carbons C-6, C-7 and C-8. The trans geometry of the

oxymethine protons H-6 and H-8 and on the characteristic 13C chemical shifts [i.e. & 14.32

£ M 1TAY FOT T oo fncn the 6.7-epoxy Q herdenws rda
gy, -14}] |0} lut:lClUlC Uic O, /-CpUAY-O- uyulUA_yuUu

compound 4, that yielded a single acetate 9 when treated with Ac2O/pyridine. This acetate,
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when compared to 4, showed the expected downfield shift of H-8 to 6 4.53.

Two other metabolites, compounds 5 and 6, were also isolated from the
dichloromethane partition fraction. Analysis of their spectroscopic data suggests that they
share the same carbon framework as 1-4, but include a y-butyrolactone moiety instead of the
furan ring found in 1-4.

Table 2.

1Y and 13C NMR (CDCl3) data for the y-butyrolactone sesquiterpenes 5 and 6.

13C § ppm (mul) 1H 8 ppm (mult, J in Hz)
# ¢ 58 &b 52 6P
1 171.0 (s) 102.4 (d) 572 (d, 1.3)
2 118.0 (& 142.3 (d) 5.86 (s) 6.76 (d, 1.3)
3 168.9 (s) 138.1 (5)¢
4 24.8 (1) 25.1 (1) 1.58 (m) 2.39 (m)
5 273 (1 25.2 (1) 2.42 (m) 2.32 (m)
6 123.8 (d) 123.9 (d) 542(t, 6.1) 537 (1,6.2)
7 138.8 () 138.8 (5)°
8 76.7 (d) 76.9 (d) 396 (t, 6.6)  3.98 (t, 6.4)
9 342 () 343 (1) 2.39 (m) 2.21 (m)
2.30 (m)
10 119.6 (d) 1199() 507 (1.63) 507 (t, 6.6)
11 135.6 (s)° 135.0 (s)
12 259 (q) 259 (q) 1.70 (s) 1.72 (s)
i3 18.0 (g 180 (@ 1.60 (s) 1.64 (s)
14 122( 119 () 1.60 (s) 1.62 (s)
15 98.9 (d) 171.3 (s) 595 (s)
OMe 569 (q) 3.36 (s) 3.56 (s)

2The NMR spectra were recorded at 62.83 MHz for 13C and 250.13 MHz for 'H.
bThe NMR spectra were recorded at 125.75 MHz for 13C and 500.13 MHz for 1H.

CAssignments may be interchangeable.

MCINS ay D
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The LRFABMS (positive ion mode) of compound 5 shows an intense ion at m/z= 249
(IM-H20+H]*; obs. HRFABMS 249.1478, calcd. 249.1491 for C15H2103), revealing a

molecular formula of C15H2204 with five degrees of unsaturation. NMR analysis (1H, 13C,
DEPT, 1H-1H COSY, and HMQC) of 5 and comparison of the data with those of 1 reveals
that they share the same C4 to Cy4 substructure (Table 2). The y-hydroxy-pB-substituted-
o.,B-unsaturated-y-lactone group in compound 5 was deduced from characteristic chemical

~

shifts: a lactone carbonyl group at 8 171.0 (s, C-1); a hemiacetal carbon at § 98.

~ 4

9 (d, C-1))
attached to the hemiacetal hydrogen at & 5.95 (s, H-15); two olefinic carbons at 8 168.9 (s

b4

11n

C-3) and 6 118.0 (d, C-2), the latter bonded to the olefinic proton at 6 5.86 (s, H-2). So,
compound 5 contains a lactone ring identical to that previously found in other marine
metabolites such as luffariellolide [9], hydroxymokupalide [10], and other sesterterpenes [11].

Finally, compound 6 shows spectroscopic data suggesting a structure quite similar to that

oo

W noac) snows
a small molecular ion peak at m/z= 281 ([M+H]") and an intense peak at m/z= 263
MMA TN+ H1TH1T Ak FARMS 762 162Q paled 276% 1647 faor C1<cHA202) indicativa of a
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(s, C-15); & 142.3 (d, C-2)/8 6.76 (d, 1H, J= 1.3 Hz); & 138.1 (s, C-3); 4 102.4 (d, C-1)/d
5.72 (d, 1H, J= 1.3 Hz), and 3 56.9 (q, OMe)/d 3.56 (s, 3H). This moiety has also been found

in other metabolites such as ambliolide, isolated from the sponge Dysidea amblia {12}, that

€
by the downfield shift observed for H- 8 (from 6 3.94 to & 5.09), confirmin

V) LWL

that the hydroxy group of 6 is linked to C-8 and the methoxy group at C-1.

2.2 Absolute Stereochemistry

The determination of the absolute configuration of the chiral centres of terpenes 1-6
was carried out by a combination of spectroscopic (NMR) analysis and chemical
interconversions, including derivatization with (R)- and (§5)-9-AMA

[2-(9-anthryl)-2-methoxyacetic acid, 11] and (R)- and (§)-MPA (12), selective Sharpless
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different strategies for the elucidation of the structure were often limited by the small amount

of sample available.

3
.

mwvernnabs

and (S) enantiomers of 11 and 12 and the 1H NMR spectra of the resulting pairs of
diastereoisomers were compared with the model established [13,14]. The A8 signs and values
(For a given proton, ASRS is the difference in the chemical shifts between (R) and (S)
derivatives) obtained for the ester pairs 13/14 and 15/16 are shown in Figure 3 and imply
an (R) absolute configuration for C-8. Thus, the complete structure of 1 was determined to

be (8R)-8-hydroxydendrolasin.

a) b)
-0.18
| Xr R I ~ -0.04
N T \l’// (/A
H OH o)
Meo"\n/o MeO'l\ﬂ’ -0.09 1
o} o) .01 -0.05 -0.68
-0.14
(S)-9-AMA (11) (S)- MPA (12)
M

Figure 3. 2) NMR reagents 9-AMA (11) and MPA (12). b) ASRS values from the 9-AMA (bold) and MPA (jtalic) esters of 1.

It is worth mentioning that the Ad values obtained with 9-AMA (11) are markedly
higher than those obtained with MPA (12), stressing the clear superiority of the former

reagent over the latter when used as CDAs for the determination of the absolute

3
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Stereospecific Sharpiess Epoxidation. Once the absolute configuration of chiral
allylic alcohol 1 was known, we correlated it with the other components of Ritterella rete. In

this way, stereospecific Sharpless reaction [16] of 1 with ¢-butyl hydroperoxide (THBP) in
the presence of Ti(O-i-Pr)4 and (+)-diethyl tartrate [(L)-(+)-(DET)] yielded a single product

that was found to be identical to natural epoxide 4
The Sharpless model for this asymmetric epoxidation is shown in Figure 4 and predicts
the transformation of the substrate into the threo derivative by kinetic control. The absolut

Ti(O-i-Pr)4
(L)-(+)-DET QH
+-BUOOH 2 c X
CH2Clo \O ] | |
20°C

&

Figure 4. Stereospecific Sharpless epoxidation of compound 1.

m-CPBA Epoxidation. In a similar way to that described above, compound 1 was
submitted to epoxidation with m-chloroperbenzoic acid (m-CPBA) in CH2Cly. A mixture of

several mono- and diepoxides resulted without any apparent selectivity. However, epoxide 4,

PYYY P Py e e P P P P A T An-a1d Loy 2o Te 1 1 2 X et 08 1 S 1 _
its diastereomer 17, and regioisomers 18 and 19 could be isolated and identified in the
reaction mixture (Figure 5). The regiochemistry of 17 was deduced from its NMR data
With this information on hand, only one possible stereochemistry remained for 17, which

was therefore unequivocally established as (6R,7S5,8R).
The regiochemistry of 18 and 19 were established analogously by spectroscopic studies,

and their absolute stereochemistry by chemical correlation with 3. Compound 18

decomposed on standin
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OH
O =
/‘ Y / N Me
(o) Me Me
17
+
m : S8
CH2C|2, 0°C O Me Me
18
+
H
o
@ A e
\_ O Me Me
19

Carbonate and Ketal

Figure 5. m-CPBA Epoxidation of compound 1.

Ring Formations. In order to establish the stereochemistry of

the 1,3-diol system of 2 and 3, NMR analysis of certain cyclic derivatives was carried out.

Thus, treatment of 3 with dimethylcarbonate led to the formation of 21, which was found to

have the ring substituents

in a cis relationship by NOESY experiments (Figure 6).

Stereospecific chemical conversion of 1 into 3 was easily achieved (via 18: 1. m-CPBA; 2.

H*/H30; Figure 5), indicating that the absolute configuration at C-8 of 3 is (8R), and

therefore the configuration of the remaining chiral centre should be assigned as (10S). If we

assume that an acid-catalyzed anti opening of the epoxide ring of 18 occurred in the

chloroform solution, the absolute configuration of the chiral centre at position 10 in 18 can

be directly assigned as (10S), and that of its diastereoisomer 19 as (10R).

Q" 0
(CH30), CO % / N ~ h(ﬁ;_‘
cat NaOH, 60°C le) Me Me
21

Figure 6. Treatment of 3 with dimethylcarbonate.
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DMP § %

> - ~ - Me

N

cat p-TsOH, 60°C o J HO' Me

. . .
Ainon 1 ono

notin Qi 1o I'1
U.laéllUbl oolglaid |1
8. In this way, comparison of the chemical shifts with well established models (Figure 7) [17]

led to the assignment of a (6R*,8R*) relative stereochemistry for those centres.

1

e\

s-\__:L ok
H

experiments (COSY and HMQC experiments were also performed in order to obtain fuily

assigned spectra), which revealed the through space interactions shown in Figure 8, the anti
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relationship for the hydroxy groups at positions 6 and 8, and a (6R*,7R*,8R*) relative
stereochemistry for 2.

The small amount of sample available did not allow us to perform any further
transformations that could be useful to verify the absolute stereochemistry of 2. The
enantiomeric structure (65*,75*,85%) is also possible based on the data available.
due to the fact that 1 is the major component and the most likely precursor for the other
furanoterpenes isolated from R. rete (each of which possesses an (8R) absolute
configuration), the (6R,7R,8R) absolute stereochemistry is the most reasonable choice for 2.

Attempts to transform epoxide 4 into 2 or 20 through ring opening and concomitant
ketal formation were unsuccessful. Treatment of 4 with mixtures of 2% H2SO4/wet acetone
or 2% p-TsOH/2,2-dimethoxypropane/wet acetone led to complex mixtures in which neither

2 nor 20 were detected.

Payne Rearrangement of 4. As compound 4 is a 2,3-epoxy alcohol, we reasoned that

it should undergo a Payne rearrangement in basic media. In fact, when 4 was allowed to
stand at r.t. in a mixture of r~-BuOH/0.5 M NaOH, an equilibrium between epoxide 4 and its
regioisomer 22 (in a 1:1.7 ratio) was rapidly obtained (Figure 9). The mechanism of the

reaction implies an inversion of configuration at C-7 producing a cis stereochemistry for 22.
Curiously, epoxide 22 was not detected, even in trace amounts, as a component of Ritterella

rete .

H Me
0% " HA oH M
//\/\/\'/\/\\‘/ © 2 ~ ~ Me
_!/ Ve Me (/Y\/\f(fl;)
b o— Me
4 22

Figure 9. Payne Rearrangement of 4.

3. Final Remarks

identical skeleton but with different degrees and patterns of oxidation, raises the possibility

5385-5406 539

v e g
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that 2—6 were artefacts of 1 generated during the extraction or other manipulative

operations. This can be ruled out because 13C signals characteristic

[u——

the above

or al

metabolites were shown to be present in the original crude oils and ali the metabolites were
isolated in enantiomerically pure form. In addition, no such transformations were observed
when the potential precursor 1 was submitted to the experimental conditions of extraction,

isolation and storage used with the biological material. Also, when furan 1 was treated with

105 (O3/TPP/hn ';’CHzClz} in the presence of MeOH and/or H20, 5§ and 6 were not detected.
It is reasonable to imagine that the metabolites 2-6 were formed by the action of oxidative

enzymes on the major component 1. This could be originated from dendrolasin 7, although

the latter is not present in R. rete. A literature precedent for a similar case has been reported

..‘ fxrima Avirganat CAC I Iit AT sy l-‘_,‘__ s SN

mainly in sponges [1], reports of the occurrence of terpenes in tunicates are
1 th rt d

tl 1t raot rann

from a tunicate. Nevertheless, this is not the first time a tunicate has been reported to be the
source of compounds considered to be characteristic of other organisms: A few years ago, a

diterpene belonging to the cembranoid family, typical of soft corals, was isolated from the

non-contaminated ascidian Styleng plicata [19].

AT AAVESA R AR A RS v a e it liils

(8R)-8-hydroxydendrolasin (1) exhibited in vitro cytotoxic activity (ICs0 =1 pug/ml)
8

coincidence could have some significance in terms of structure-activity.

4. Experimental Section

Generai Methods.- Optical rotations were measured in MeOH using a polarimeter
with a sodium lamp operating at 598 nm. The NMR spectra were recorded at 250.13, 300.13
and 500.13 MHz for 1H and 62.83, 75.42 and 125.75 MHz for 13C, using CDCI3 as solvent

and internal standard. Multiplicities were obtained by DEPT. Semipreparative HPLC was

2NN «» 77 Q

mm y A 2 A
111 idaouwX .0 min }L'

~ < Ay 1 o Q
(% 1CU VUL bllls i‘ uuwau \.416 UU A O Il

Porasil normal phase column and a differential refractometer and UV (254 nm) detectors.
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Fast atom bombardment mass spectra (FABMS) were obtained using a mass spectrometer
employing Xe atoms at 70 KeV in a thioglycerol matrix. HREIMS and LREIMS were
obtained on a spectrometer operating at 70 eV.

Two-dimensional Experiments. Two-dimensional 1H-13C heteronuclear shift

,,,,, 71/ AY\

correlation (HMQC) spectra (512 x 2K) for directly bonded protons and carbons were
obtained by accumulating 48 scans per tj, with a relaxation delay of 1 s and J cH = 130 Hz.

[ ol TR, | SRR SR 1rr 1R
1ne tw 0-01111011810[141 -t

()U-. Th

transformation.

Biological Material. Specimens of the tunicate Ritterella rete [21] (sample reference:
UA-343) were collected by dredging at a depth of 300 m on the sea mount "Azteke Bank” on
the Norfolk Ridge to the south of New Caledonia, and stored at —5°C. Voucher samples,

identified by Dr. Francoise Monniot, are kept in the Museum National d'Histoire Naturelle in
Al RIT 20.

o]
AWIWVIWVIIVY 34 ANLA R &V

1] A AAK 6 l lllllllllllll J—l} A AL A AL AAY WY R AW Y\
dryness under reduced pressure. The crude extract (109 g) was partitioned between 10%
aagueous MeQH (400 mL) and hexa (2 x 400 mL). Water was ad

MV RS YaiSas 2384

—~——

until the mixture became 40% aqueous MeOH and this was then extracted with CH2Cl2
(3 x 400 mL). After the extraction, MeOH was removed from the aqueous methanol layer
and the resulting aqueous fraction extracted with n-BuOH saturated with water (7 x 400 mL).
After evaporation, the combined organic layers yielded 5.0 g (hexanes), 14.6 g (CH2Clp), and
80.4 g (n-BuOH) of products. The viscous oil (14.6 g) obtained from the CH2Cl fraction was
purified by repeated flash column chromatography (silica gel 230-400 mesh, eluting with
hexanes/AcOEt mixtures of increasing polarity) to give compounds 1 (110 mg), 2 (4.5 mg)
and 3 (3.2 mg), which were purified by normal phase HPLC on a p-Porasil column eluted
with hexane/AcOEt (8:2), and compounds 5 (4.5 mg) :

a
and puriﬁed by reversed phase HPLC on a Nucleosil Cig column eluting with MeOH/H20
1

[

(7). In a ilar
{/:3). 1hi & Simix

nar P
column eluting with hexane/AcOEt (9:1) allowed t
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(10 mg), 3 (3 mg) and 4 (8 mg) from the hexane fraction (

A
o)

(8R)-8-Hydroxydendrolasin (1): colourless oil; [at] +15.5 (¢ 4-10-3, MeOH); UV

PN aYa s Y aaval

A 71 NAAN 1N N
74 (1.03), 210 (2.53) nm; IR (dry film) vmax 3400-3600 (OH) cm-1

2
1H NMR and 13C NMR (see Table 1); LREIMS m/z: (relative intensity) 234 (1), 233 (2), 217

\ 1£&8 « 12& 710\ 110 71£N\ Q01 71NM. ITDITITAAQ ALy A A 10N 1
(6), 165 (37), 135 (18), 119 (16), 81 (100); HREIMS M* 234.1620 calcd for C15H2202,

AL AT A P2 PPN
(iMieOH) Amax (log €)

(6R*,7R*,8R*)-6,7,8-Trihydroxydendrolasin (2): pale yellow oil; [a] -14
(¢ 1.2:10-3, MeOH); UV (MeOH) Apax (log €) 274 (2.18), 228 (2.77) nm; IR (dry film)
Vmax 3461 (OH) cm—1; 1H NMR and 13C NMR (see Table 1); LREIMS m/z (relative
intensity): 268 ([M]*, 2), 250 ((M-H20]*, 7), 217 (6), 201 (4), 199 (10), 187 (11), 125 (42),
99 (11), 95 (49), 81 (100), 69 (54), 67 (21), 55 (41); HREIMS [M-H0]* 250.1569 calcd for

C15H2203, found 250.1570.

(8R,105)-8,10,11-Trihydroxydendrolasin (3): pale yellow oil; [a] +14 (c
3.5-10-3, MeOH); IR (dry film) Vax 3400-3600 (OH) cm-1; 1H NMR and 13C NMR (see
Table 1); LREIMS m/z: (relative intensity) 251 (IM-OH]*, 3), 250 (IM-H>01+*, 18), 232

(IM-2H20}*, 6), 209 (5), 179 (5), 135 (17), 95 (22), 81 (100), 67 (15), 59 (19).

(6S,7R ,8R)-6,7-Epoxy-8-hydroxydendrolasin (4): yellow oil; [aa] +52.8 (c
5-10-3, CHCI3); UV (CHCI3) Amax (log €) 272 (10.0), 244 (35.82) nm; IR (dry film) vmax
3423 (OH) cm-!; 1TH NMR and 13C NMR (see Table 1); LREIMS m/z: (relative intensity) 232

LI-NI+Y 17T /8N 140 22N YT (774 F1NMN. LTDDADRQ INALITI+ 981 1R£A™T ~alad 4—'
\LLVL—-D.‘:UJ Jy £11 J), 1947 (D32}, 7/ U4 81 (1UU); ORCADIVIS [IVITI1]  2J51.10%97 CaiCQ 1

C15H2303, found 251.1647, [M-H20+H]+ 3.1541 calcd for C15H2102, found 233.1541.

8,15-Dihydroxy-y-butyrolactone dendrolasin (5): yellow oil; [a] -5.4 (c
2.2-10-3, MeOH); UV MeOH) Amax (log €) 280 (2.10), 234 (2.59) nm; IR (dry film) Vmax

3400-3300 (OH) cm~1; 1H NMR and 13C NMR (see Table 2); LRFABMS (positive i

A AV I \vl } Wwidl AR AVNAVAEN A4 “aw AdANA L ARFLAVEW

m/z: 357 ([M+thioglycerol]*, 22); 249 ([M=H20]*, 35); 217 (IM-MeOH]*, 100), 181 (76);
126 (42); HRFABMS [M—H,O+H]* 249.1490 calcd for Cy5H2103, found 249.1478.

~22%2 1 1UL w111
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8-Hydroxy-1-methoxy-y-butyrolactone dendrolasin (6): yellow oil; [a] <20 (¢
1-10-3, MeOH); UV (CHCI3) Anax (log €) 278 (2.4), 232 (2.8) nm; IR (dry film) vmax 3343
(OH), 2364, 1562, 1325, 1112, 996, 845, 796 cm~—1; IH NMR and 13C NMR (see Table 2);
LRFABMS (positive ion mode) m/z: 371[M+thioglycerol]*, 281 [M+H]"*, 263 ([M-H;0+H}*

1NNy D770 F16\. 721 D& MNK (KT 14
1UVU), /7 (10); 231 (£I3); «UJ (U/ ), 14

caled for C16H2303, found 263.1639.

c LDDADAMC MMA_TT-NIIT1+ D& 16477
MNINICADIVIO [IVI-I1/\VTI | LI 10T

Epoxidation of 1 to 4: An oven-dried 5 mL two-necked
equipped with a magnetic stirrer bar, thermometer and nitrogen inlet, was charged with
activated 4A molecular sieves and 1.5 mL of dry CH2Cl2 and cooled to -20 °C. To the
stirred mixture L-(+) diethyl tartrate (2.0 mg, 9.9-10-3 mmol), Ti (O-i -Pr)4 (2.3 mg,
8.25-10-3 mmol), and TBHP (0.97 mL, 0.49 mmol, 5 M in isooctane) were added, and the
reaction mixture maintained at —20 °C for 30 min. A solution of compound 1 (38.8 mg,
0.165 mmol) in 2.5 mL of dry CH2Cl2 was added dropwise over a period of 15 min and the

L Ta N -TallVy Lo

mixture was stirred at —20 °C for 8 h. Afier that time, the reaction mixture was warmed to O
°C, quenched with 2 mL of water and stirred for 30—60 min, while allowing it to warm to

the tartrate was then effected by the addition of

|

T £
Ol

1%, 1

room tem 1.
30% aqueous NaOH solution saturated with sodium chloride and vigorous stirring of the
mixture until the separation of two phases occurred. The lower organic phase was removed

and the aqueous phase extracted twice with CH2Cl3 (2 x 5 mL). The combined extracts were

dried with MgSQ4, concentrated and purified by normal phase HPLC (ut-Porasil column;
hexane/AcOEt 9:1) to afford 8 mg of compound 4.
Acetylation of 1,4 and 6: Compound 1 (5§ mg), 4 (3 mg) and 6 (3 mg), were dissolved

the crude material purified by column chromatography (silica gel; hexanes/AcOEt in
to

give the mono-acetylated compounds 8 (3.5 mg), 9 (4 mg) and 10
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Hz, H-4), 4.90 (1H, t, J= 5.8 Hz, H-8), 5.10 (1H, t, J= 6.7 Hz, H-10), 5.42 (1H, t, J= 6.9 Hz,
H-6), 6.30 (1H, s, H-2), 7.21 (1H, s, H-15).

Compound 9: 'H NMR (CDCl3, 250 MHz) 8 1.25 (3H, s, H-14), 1.62 (3H, s, H-12), 1.69
(3H, s, H-13), 2.04 (3H, s, CH3COO), 1.70 (3H, s, H-13), 1.78 (2H, m, H-9), 2.33 (2H, m,
H-5), 2.55 (2H, m, H-4), 2.98 (1H, t, J= 6.63 Hz, H-6), 4.53 (1H, t, J= 7.1 Hz, H-8), 5.06
(1H, t, J= 7.2 Hz, H-10), 6.28 (1H, s, H-2), 7.25 (1H, s, H-15), 7.36 (1H, s, H-1); 13C NMR
(CDCl3, 75 MHz) & 170.6 (s, CH3COO), 143.3 (d, C-1), 139.4 (d, C-15), 134.9 (s, C-11),
124.4 (s, C-3), 1199 (d, C-10), 111.3 (d, C-2), 77.0 (d, C-8), 62.5 (d, C-6), 60.6 (s, C-7),
309 (t, C-9), 294 (t, C-5), 22.1 (t, C-4), 21.4 (g, C-12), 18.3 (q, C-13), 13.2 (q, C-14);
LREIMS m/z: (relative intensity) 292 (M*, 1), 232 ([M-HOAc]*, 3), 125 (96), 81 (100), 71
(49), 69 (49).

Compound 10: 1H NMR (CDCl3, 250 MHz ) § 1.55 (6H, m, H4, H-5 and H-9), 1.61
(3H, s, H-13), 1.68 (3H, s, H-12), 2.02 (3H, s, OMe), 3.55 (3H, s, OMe), 5.07 (1H, t, J= 6.4
Hz, H-10), 5.09 (1H, t, J=6.2 Hz, H-8 ), 5.38 (1H, t, J= 6.6 Hz, H-6), 5.72 (1H, s, H-1), 6.76
(1H, s, H-2); LREIMS m/z: (relative intensity) 262 ([M-HOAc]*, 1), 211 (29), 179 (25), 133
(27), 83 (98), 69 (100).

Preparation of 13-16: The esters 13—16 were prepared by the reaction of 1 (2 mg)
with 1 equiv. of the (R) and the (S) enantiomers of acids 11 and 12 in the presence of DCC
and DMAP (catalytic) [22] and purified by HPLC (u—Porasil, hexane / EtOAc 96:4).

Compound 13: 1H NMR (CDCI3, 300 MHz) 6 0.76 (3H, s, H-14), 1.49 (3H, s, H-13),
1.64 (3H, s, H-12), 1.74 (2H, m, H-5), 1.90 (2H, m, H-4), 2.09 (2H, m, H-9), 3.44 (3H, s,
OMe), 4.74 (1H, t, J= 6.9 Hz, H-10), 4.88 (1H, t, J= 7.2 Hz, H-6), 5.09 (1H, t, J= 6.7 Hz,
H-8), 6.07 (1H, s, H-2), 6.26 (1H, s, Hy), 6.99 (1H, s, H-15), 7.25 (1H, s, H-1), 7.50 (4H, m,
Ar), 8.02 (2H, d, /= 8.0 Hz, Ar), 8.47 (1H, s, Ar), 8.56 (2H, d, J= 8.7 Hz, Ar).

Compound 14: 1H NMR (CDCIl3, 300 MHz) 6 0.93 (3H, s, H-13), 1.07 (3H, s, H-12),
1.44 (3H, s, H-14), 1.81 (2H, m, H-9), 2.24 (2H, q, H-5), 2.43 (2H, t, J= 7.5 Hz, H4), 341
(3H, s, OMe), 4.23 (1H, t, J= 7.0 Hz, H-10), 5.12 (1H, t, J= 6.9 Hz, H-8), 5.41 (1H, ¢, J=6.8
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Hz, H-6), 6.22 (1H, s, CHg), 6.25 (1H, s, H-2), 7.18 (1H, s, H-15), 7.34 (1H, s, H-1), 7.50

72

Compound 15: IH NMR (CDCl3, 250 MHz) 8 1.33 (3H, s, H-14), 1.59 (3H, s, H-13),

(3H, s, OMe), 4.73 (1H, s, CHg), 4.96 (1H, t, J= 6.5 Hz, H-10), 5.14 (1H, t, J= 7.0 Hz, H-8),

(5H, m, Ph).

1.54 (3H, s, H-12), 2.19 (2H, m, H-9), 2.25 (2H, m, H-5), 2.43 (2H, t, J= 7.4 Hz, H-4), 3.41

5.43 (1H, t, J= 7.5 Hz, H-6), 6.25 (1H, s, H-2), 7.18 (1H, s, H-15), 7.33 (1H, s, H-1), 7.46

To a stirred solution of compound 1 (23 mg, 9.8-10-2

th m-CPBA

Wi

Reaction of 1

mL of CH2Cl2 at 0 °C. After stirring for 48 h at that temperature, the mixture was washed

concentrated. The crude reaction product (15 mg) was purified by HPLC (normal phase

(0.5 mg), 18 (1.8 mg), and 19 (1.4 mg) and a mixture of diepoxides.

1.80 (2H, m, H-5), 2.26 (2H, m, H-9), 2.55 (2H, m, H-4), 2.89 (1H, t, J= 5.8 Hz, H-6), 3.26

-1); LREIMS m/z: (relative intensity) 235 ([M-CH3]", 3), 125 (96), 97 (31), 83 (100), 81

S,

I and

, each, s,
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6.28 (1H, s, H-2), 7.21 (1H, s, H-15), 7.34 (1H, s, H-1).

Compound 19: lH NMR (CDCl3, 250 MHz) & 1.23 and 1.26 (3H each, s, H-13 and
H-12), 1.61 (3H, s, H-14), 1.83 (2H, m, H-9), 2.29 (2H, m, H-5), 2.47 (2H, m, H-4), 2.85

A =7 TY,_ TTY 1N\ A M1 1171' 11

.4, 4.7 Hz, H-10), 4.21 (1H, m, H-8), 5.48 (iH, t, /= 7.0 Hz, H-6), 6.26 (iH, s,
H-2), 7.20 (1H, s, H-15), 7.33 (1H, s, H-1); LREIMS m/z: (relatlve intensity) 235 ([M-CH3]*,

AY 111 0L O 771N O 70NN T1 71NN\ £7T /H0N
4), 111 (¥0), ¥7 (O7), 03 (08U}, 71 (1UU), 6/ (L3)

Reaction of 2 with 2,2-dimethoxypropane: A mixture of 4 mg (1.4-10-2 mmol)
nf2 72 ml Aaf aratnna NE mT AF D) I_dimathnvunranana and o fratalutin amartint AF n ToMNLT i
Vil &y & 111Res V) a\.«vsuuw, Ve 11180 VR ‘-’A: ullllULl.lUA.lelUPall\J alivu a vauu_y VIV AlliUULIL UL y'ln\lll 11X
a 5 mL round-bottomed flask was refluxed for 2.3 h at 60 2C. The reaction mixture was
washed with aqueous NaOH solution (0.1%) and extracted four times with CH2Cl. The

combined organic phases were successively washed with water and brine, dried (MgSOg4) and

concentrated to give 4.2 mg of compound 20.

1wy wrm 7t o Vall ~ - Jom "

Compound 20: 1H NMR (CDCI3, 500 MHz) & 1.29 (3H, s, H-17), 1.34 (3H, s, H-18),
1.39 (3H, s, H-14), 1.63 (3H, s, H-13), 1.72 (34, s, H-12), 1.84 (1H, m, H-5b), 2.28 (1H, m,
H-9b), 2.37 (iH, m, H-5a), 2.48 (1H, m, H-9a), 2.58 (iH, m, H-4b), 2.77 (1H, m, H-4a), 3.80
(1H, dd, J= 10.1, 3.7 Hz, H-8), 3.85 (1H, dd, /= 11.3, 1.4 Hz, H-6), 5.19 (1H, t, J= 5.8 Hz,
H-10), 6.28 (1H, s, H-2), 7.26 (1H, s, H-15), 7.35 (1H, s, H-1); 13C NMR (CDCl3, 125 MHz)

6 142.9 (d, C-1), 136.3 (d, C-15), 133.7 (s, C-11), 123.6 (s, C-3), 120.7 (d, C-10), 111.1 (d,
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Reaction of 3 with dimethyl carbonate: A 5 mL flask, fitted with a distillation
ound 3 (2.5 me. 9.3.10- 3

1 is]
1893 g VY arg Yv 1 LIAPATRARING aF  \weod Ridfly Se AU

mmol), a catalytic amount of NaOH and 3 mL of dimethyl carbonate. This solution was
heated at 60 °C for 2.30 h under nitrogen and, after that time, the bath temperature was

raised to 90 °C for 5 min. The resulting suspension was washed with aqueous HOAc solution
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(0.5%) and extracted four times with CH2Cly. The combined organic phases were washed
with water and brine, dried (MgSO4) and concentrated to give 2.2 mg of compound 21

107.2 (s), 84.8 (d), 83.

o \WJy W

71 (82), 67 (36).

Payne rearrangement of 4: The solvents required for this reaction (water and ¢-butyl
alcohol) were deoxygenated prior to use by the rapid passage of nitrogen through the solvent
for not less than 30 min. A solution of the epoxy alcohol 4 (9.2 mg, 3.6-10~-2 mmol) in 3 mL
of t-butyl alcohol was added to 3 mL of 0.5 N aqueous NaOH solution, and stirred under an
argon atmosphere for 2 h. Then it was neutralized with saturated aqueous NH4Cl solution and

sufficient water was added to produce the separation of two phases. The aqueous phase was

Abad Fiera tisman were ¢l LI A Il 11 mhin ,d ni tyo

2.53 (1H, m, H-4b), 2.64 (1H, m, H-4a), 3.04 (1H, t, J= 6.5 Hz, H-8), 3.64 (1H, dd, J= 8.9,
2.4 Hz, H-6), 5.14 (1H, t, J= 7.1 Hz, H-10), 6.29 (1H, s, H-2), 7.24 (1H, s H—lS), 7.36 (1H, s,

H-1). LRFABMS (positive ion mode) m/z: 281 ([M+Na+thioglycerolj*, 51), 249 ([M-
14), 231 ((M-H20+H]*, 10), 221 (IM-2CH3+H]*, 91).
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