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Abstract: Five new cyclic sesquiterpenes, hirsutanols A (6), B (7), C (8), hirsutanol D (9), and ent-
gloeosteretriol (10) and a new diketopiperazine (i4) were isolated from salt water cuitures of two fungi.
Sesquiterpenes 6 - 8 and 10 were obtained from an unidentified fungus separated from an Indo-Pacific

sponge Haliclona sp. while 9 and 14 were produced by the terrestrial fungus Coriolus consors cultured
under both sea water and deionized water media. Hirsutanol A (6) and ent-gloeosteretriol (10) were
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methods. © 1998 Elsevier Science Ltd, All rights reserved.
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the cultures were obtained from the common Indo-Pacific sponge Jaspis cf. johnsioni, a regular source of
jasplakinolide.® Scale-up salt water culture of this fungus afforded broth mixtures containing hirsutane-type
sesquiterpenes but no ketide-amino acids (such as jasplakinolide) could be detected. The sesquiterpenes
isolated were coriolin B (1) and dihydrocoriolin C (2), both originally isolated and studied biosynthetically
from the terrestrial fungus Coriolus consors." Also obtained from the mycelium were three new Cl-containing
compounds named chloriolins A - C (3 - 5).2 While continuing this avenue of research we have found that
chemically prolific fungi can be regularly obtained from marine sponges. Currently, our belief is that sponges,
which have provided about 41% of all bioactive marine derived compounds,’ ought to be an important source
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of chemically prolific fungi. &7 Furthermore, there appears to be continuing interest in the overall chemistry of
fungi because this group is among the world’s greatest untapped resources for new biodiversity as well as
chemodwersﬁy.

The isolation of coriolins and chloriolins from a marine sponge-derived fungus was the stimulus for

additional experiments along several lines. We wanted to explore the possibility that other coriolin producing

* To whom correspondence should be addressed. Tel: (408) 459-2603, Fax: (408) 459-2935. phil@chemistry.ucsc.edu



fungi could be obtained from sponges. The prospects that ATCC-derived specimens of Coriolus consors®
could incorporate Cl into hirsutane biosynthetic products when grown in salt water was also of interest. We
now report progress relevant to these issues. In particular, a Haliclona species of sponge has yielded an
unidentified fungus which under salt water fermentation conditions yields new hirsutane (A) sesquiterpenes: 6
- 8 and 10.'° The salt water fermentation of an ATCC-derived culture of Coriolus consors provided a
compound 9'° having the new isohirsutane (B) skeleton accompanied by diketopiperazines 13 and 14.
Unfortunately, no chlorinated compounds could be observed from the fungi we explored that proved to be rich
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in hirsutane or isohirsutanes.
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13 Hi=q, OH4=q, OH6=B, OH8=q, Me12=8, Me13=R
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cultured a fungus sampie 95-1005C separated from Haliciona sp. sponge. A 125 mL cuiture broth provided an
extract showing selectivity in vitro against solid tumor cells. '" Thus, the ethyl acetate extract of an 8 L broth
was solvent partitioned and subsequent chromatographic fractions were purified to yield hirsutanol A (6), B
(7), C (8) and ent-gloeosteretriol (10). Hirsutanol D (9) and diketopiperazines 13 and 14 were isolated by a
similar procedure (including normal phase HPLC) from a 0.5 L salt water culture broth of various ATCC-
derived strains of Coriolus consors.’

'"H NMR data for coriolins and chloriolins provide an important reference point for recognizing
compounds containing the A framework. The diagnostic 'H NMR fingerprint includes two geminal methyls at
§0.9-1.1and 8 1.1 - 1.3 and another methyl at 0.8 - 1.3 all as singlet signals. Additionally, geminal proton

resonances occur between 8 1.6 - 1.8 and often other geminal proton resonances are observed downfield from

S92 0 with a laroa counling (e o J= 14 5§ Hz). This information was annlied to ranidly establish structures 6 - 8
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seven quaternary carbons were present in the molecule. An APT formula of C;sH;s agreed with the
HRFABMS molecular formula of C;sH;303 based on m/z = 247.1335 [(M+H)", A -0.1 mmu of caic]. The Be
NMR spectrum, tabulated in Table 1, showed seven downfield carbon signals at & 197.5 (s), 189.9 (s), 173.4
(s), 148.8 (s), 119.8 (d), 116.8 (d), and 113.5 (t). HMBC correlations (H5 to C3, C4, C6, C7 and C2; H7 to Cl1,
C2 and C6; H9 to C7 and C8; and H13 to C2, C3 and C4) defined a partial structure C13-C3-C4-C5-C6-C7-
C8-C9, which included a cross-conjugated trienone moiety. Also consistent with this array were 'H NMR

signals listed in Table 2: terminal methylene 8 5.27 (d, J = 1.0 Hz) and 6.00 (d, J = 1.0 Hz); and vinyl protons
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8 6.02 (s) and 6.50 (d, J = 2.5 Hz). The remaining degrees of unsaturation were accounted for by proposing
three fused rings of the hirsutane (A) framework. The C9 - C10 - (Mel4, Mel5)-C11-C1-C2 - (Mel2)
fragment within A was deduced from HMBC correlations (H9 to C10, C14, C15, and H11/H11" to C1, C2, C8,
C9, and C10. Subtractimz a carbonyl (8 197.5, s) oxygen from the molecular formula still req_uired two

alcohols which, based on °C shifis, were attached to C9 (6 76.5) and C1 (5 83.2). The final assignment of all
protonated carbons, verified by HMQC data, was consistent with the 2D structure as shown for 6.

With the gross structure of hirsutanol A (6) established, attention was then turned to defining its relative
stereochemical relationships. A NOESY experiment provided diagnostic coirelations, shown in Figure 1,
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including from Mel5 to Hilla and to HY, and from H11p to Mel2 and to Me14f, which indicated that these
sets of protons were on opposite molecular faces, respectively. Also, nOe correlations seen in dioxane-dg
solution from OHI1 to H9 and H11a meant that these three groups were on the same molecular face. Finally,
hirsutanol A (6) was found to be active against Bacillus subtilus."*

Table 1. ">C NMR chemical shifts for hirsutanol A (6), B (7), C (8), D (9) and ent-gloeosteretriol
(10) (125 MHz).

C 6 7 8 9 10
1 83.2(s) 87.7 (s) 84.1 (s) 40.5 (d) 56.8 (d)
2 61.8 (s) 61.6 () 63.5(s) 182.0 (s) 55.2(s)
3 148.8 (5) 148.4 (s) 48.0 (d) 131.3 (s) 52.5(d)
4 197.5 (s) 197.2 (s) 214.4(s) 208.0 (s) 76.9 (d)
5 119.8 (d) 121.0 (d) 118.4 (d) 50.9 (1) 49.9 (1)
6 189.9 (s) 189.9 (s) 195.0 (s) 49.8 (s) 89.8 (s)
7 116.8 (@) 1203 (d) 118.0 (d) 76.2 (d) 54.5 (1)
8 173.4 (s) 170.7 (s) 174.6 (s) 47.9(d) 87.7(s)
9 76.5 (d) 76.1 (d) 77.9 (d) 39.4 () 57.9 (1)
10 42.6 (s) 453 (s) 44.0 (s) 43.0(s) 42.1 (s)
11 44.1 (1) 43.8 (1) 45.3 (1) 43.6 (1) 44.9 (1)
12 26.6 (q) 26.0(q) 243 (q) 20.4 (q) 18.6 (q)
13 113.5 (1) 113.9(t) 9.6 (q) 6.1 (q) 12,5 (Q)
14 23.0(q) 21.3(q) 23.8(q) 26.5(q) 30.6 (q)
15 28.8(q) 28.4(q) 30.2(q) 24.8 (q) 28.6 (q)

*CD,0D; ° CDCl,
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Once hirsutanol B (/) was 1501atec1 we qmcmy ICCOgYIIZCﬂ from

A /0“ the 'H and °C NMR data that it wz‘is an epimer of hirsutanol A (6).
/ 6\ a}/ gi “““ ﬁm Small differences were noted in the "H NMR &s between 7 and 6 (see
Table 2) including a 0.41 ppm shift variation for H9 and 0.61 and 0.10

\W Ilz y ppm, for H11/H11’, respectively. On the other hand, significant
LHSZ differences were evident in the °C NMR shifts of C1 for 7 (5 87.7)

Figure 1. Important NOESY correlations and 6 (& 83.2) which strongly suggested that C1 was the epimeric

for hirsutanol A (6) in dioxane-dg o N und decomoose d before nOe

carbon. Unfortunately, this compo
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molecular formula of CysHaoO3 [m/z = 249.1494 (M+H)*, A -0.3 mumu of calc]. The 'H and “C NMR spectral
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profiles for hirsutanol C (Tabies 1 and 2) suggested it was a new mem iber of the hirsutanol family. The H

NMR of 8, in comparison to hirsutanol A (6), included additional resonances: a methyl at § 1.06 (d, J = 7.0
Hz), a methine at & 2.90 (q, J = 7.0 Hz). These data along with the absence of terminal double bond signals led
to the proposal of structure 8 for hirsutanol C. 13C NMR s and data from an nOe experiment indicated the

|95

3



stereochemistry at C1, C2, and C9 was the same as that in hirsutanol A (6). Furthermore, nOe correlations
were also observed between H11 and CH312 and CH;13.

The next compound analyzed, hirsutanol D (9), obtained from
C. consors (ATCC #66132), had a rather different orientation of the
four methyls groups about the triquinane ring. The molecular formula
of C;5sH»0, was established from HRFABMS data [m/z = 235.1698
(M+H)", A 0.0 mmu of calc]. Diagnostic 1D NMR resonances

suggested the presence of a fused triquinane ring system but _.id not
allow immediate distinction between svstems A and R. The
BRI YY ALRARRAN/ABLLALY B A AL L ENS, AAA YIS S LJJ DLWwiLIO L CRLINE AN A Riw

Figure 2. NOESY correlations for resonances of mutually coupled spins H11/11'-H1-H8-H7-H9/HY' in
hil'sutanOlD (9) inCDC13- . iy wam i s i < onn PaVatah ¥4

i the 'H NMR spectrum (Table 2, and confirmed by a COSY

experiment) allowed assignment of the eastern two rings of 9. A carbonyl group (8 208) with «,P unsaturation
(6 131, 182) was also evident. The HMBC correlations from H312 to C2, C5, C7; Hs13 to C2, C3, C4; H11' to
C14; and H;14 to C15 provided information to attach all methyl groups and determine the planar structure of
9. The OH placed at C7 (8 76.2) was justified by coupling to H7 (5 4.0) observed in a 'H NMR spectrum
obtained in dioxane-dg. Finally, the stereochemistry shown for 9 was deduced using NOESY correlations

shown in Figure 2.

Table 2. '"H NMR chemical shifts for hirsutanol A (6), B (7), C (8), D (9) and ent- -gloeosteretriol (10) (500 MHz)
H £ 7 g 9 10
1 3.36(q, ~10.0 Hz) 2.31 (t, 9.5 Hz)
3 2.90 (q, J=7.0 Hz) 1.62 (1H, m)
4 3.95(q, J=8.5 Hz)
5 6.02 (1H, s) 6.06 (1H, s) 5.76 (1H, s) 2.35(d, /~17.0 Hz) 2.63 (dd, /8.5, 14.0 Hz)
2.29(d, /~17.0 Hz) 1.61 (dd, /=8.5, 14.0 Hz)
7 6.50 (d, /2.5 Hz) 6.64 (d, ~1.0 Hz) 6.44 (d, /=2.5 Hz) 4.00 (d, /=9.0 Hz) 2.03 (d, /~13.5 Hz)
1.82 (d, ~13.5 Hz)
8 3.15 (p, J=9.0 Hz)
4.63 (d, /~2.5 Hz) 4,22 (d, ~1.0 Hz) 4.65 (d, /=2.5 Hz) 1.90 (dd, ./=12.5, 11.0 Hz) 1.67 (d, ~13.5 Hz)
1.56 (ddd, /=13.5,9.0,2.5Hz) 1.50 (d, /=13.5 Hz)
ii 2.67(d, ~14.5Hz) 2.06(d,/~145Hz) 2.10(d, ~15.0Hz) 1.88(dd, <125, 1.42 (ZH, m)
9.0, 2.5 Hz)
1.71(d, =145Hz) 1.81(d, ~145Hz) 1.61(d,/~15.0Hz) 1.61(dd, 125,
10.0 Hz)
12 124(3H,s) 1.18 (3H, s) 1.03 (3H, 5) 1.31 (34, s) 0.86 (3H, s)
13 6.00 (d, /=1.0 Hz) 5.99 (d, /=0.5 Hz) 1.06 (d, /=7.0 Hz) 1.69 (3H, s) 0.96 (d, /7.0 Hz)
5.27 (d, 1.0 Hz) 5.29 (d, /~0.5 Hz)
14 0.95 (3H, s) 1.07 (3H, s) 0.93 (3H, s) 1.18 (3H, s) 1.01 (3H, s)
15 1.29(3H,s) 1.27 3H, ) 1.29 (3H, 5) 1.05 (3H, 5) 1.11 3H, s)
* CD;0D, ® CDCl;
The final hirsutane type compound, ent-gloeosteretriol (10), was isolated from a sponge-derived fungus

fermentation broth. Its molecular formula was established as C;sH;¢O; based on mass spectra [EIMS m/z =
IIDOTAACQ s/ = D27 1848 (INM_H_ N YA OO mimn of calel and NMR data (Tahlee 1 and 2) The
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'H-'H cosy spectrum showed isolated spin systems consisting of

e\ e
;) i He &J}: Wy H3-H4-HS, H3-Mel3, H1-H11, H7-H7', and H9-H9'. An HMBC
ﬁ: l\ o /or r \'.ALH,- spectrum showed correlations from Mel2 to C1, C2, C3 and C6;

J N Y\ . from H7 to C1, C2, C5, C6 and C8; from H9 to C8, C11, C1 and
C10; Hi314 and H;15 correlated to each others carbon and to C9,

I
e
H
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H"'\J > e ! C10 and C11. These HMBC data verified that 10 had the same

J3v R planar structure as two known compounds- gloeosteretriol (11)

Ficure 3. NGE};,S;Y“correlat;ﬁn for ens. trom Gloeostereum incarnatum" and arthrosporol (12) from an
gloeosteretriol (10) in dioxane-d;. Arthroconidial ﬁmgus, Correlations observed from a NOESY

a
experiment on 10 in dioxane-dyg illustrated in Figure 3 indicated
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(c, 2.0, CHCI; ) Therefore, the stereochemistry of 10 is a551gned as the enantlomer of gloeosteremol Ent-
gloeosteretriol (10) was found to be anti-microbial (Bacillus subtilus) active.'?
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;5\“/15 During the isolation studies of A and B category compounds in C.
13l - consors, two diketopiperazines, 13 and 14, were also obtained as major
components from both salt water and deionized water fermentation of a

VYA\"" C. consors strain (ATCC #11574). Compound 13 was quickly identified
\g/\p ScH, as 3,6-cis-dithiomethyl-diketopiperazine, a known diketopiperazine
CHs\N/g“\\(O isolated from Gliocladium deliquescanes,”> and 14 was seen to be a

,;Ls s 2,,\ diasteromer of 13. The major 'H NMR shift differences between 13 and

o7 T 14 are at H6 (5 4.20 vs. 4.62) and at both SMe3 (5 2.30 and 1.58) and

SCH;
SMeb (S 218 and 1 06)

DAvaAVY ey

diketopiperazine 13: a-6-SMe
6-Epi-diketopiperazine 14: p-6-SMe between 13 and 14 can be attributed to a trans vs cis stereochemical
two SMe groups
wnfield shift was observed
for H6. Similar data were reported for two de-N-methyl diketopiperazines of 13 and 14 analogues, named

were frans (as compound i4), a 0.42 ppm do
i3
Sch54794 (H6 & 4.25) and Sch54796 (H6 & 4.93) respectively, isolated from the fungus Tolypocladium sp.'®

Table 3. Summary of sources, cultures and compounds isolated

Entry no. Fungus strain Source Broth condition Compounds isolated

1 92-902 Sponge J. cf. johnstoni sw-MEB 1-5

2 95-1005C Sponge Haliclona sp sw-MEB 6-8, 10

3 C. consors 66132 ATCC sw-CGB 9

4 C. consors 66132 ATCC di-CGB -

5 C. consors 66132 ATCC sw-MEB -

6 C. consors 66132 ATCC di-MEB -

7 C. consors 11574 ATCC sw-CGB 13,14

8 C. consors 11574 ATCC di-CGB 14

S C. consors 11574 ATCC sw-MEB 13,14

10 C. consors 11574 ATCC di-MEB 13,14

11 C. consars 20305 ATCC sw-CGB -

12 C. consors 20305 ATCC di-CGB -

* sw = sea water, di = deionized water, MEB = mait extract broth, CGB = coriolus giucose broth.
A summary of our investigation on the variation in metabolite production as a function of fungal sources

mond bl i Al nn i msmmmnsna d12 Tahla 2 T Anr ariginal afudu af tha 7 ~F fAabhnetans darivad mome Q.00
and oroin COMNAItiONns appeéais iii 1avid 5. il Uul Ufigiiial Stully U1 ulv v, UL jUMASIUTE GUIIVOU TUgUS Ja=7va
(entry 1) we reported the Cl-containing compounds 3 — 52 as well as coriolin B (1) and dihydrocoriolin C (2).



The latter two were originally isolated from Coriolus consors.* Alternatively, Coriolus consors from ATCC
(strain # 66132 and 11574) grown in sw-MEB conditions (entries 5 and 9) did not give Cl-containing
hirsutane derivatives, and the latter afforded diketopiperazines 13 and 14. The Haliclona sp. derived fungus
95-1005C (entry 2) was a source of hirsutane derivatives 6 - 8 and 10 when it was grown in sw-MEB
conditions. The ATCC C. consors (strain #66132) grown in sw-CGB (entry 3) yielded hirsutanol D (9). By
contrast no hirsutane derivatives were isolated from other ATCC strains (strain #11574 and 20305) under any
conditions. Finally, C. consors strain 11574 was a rich source of diketopiperazines 13 and 14 under all culture

conditions. The factors controlling these large variations are not clear at this point.

The isoprene metabolites isolated during this work belong to either the o
hirsutane (A) or isohirsutane (B) category of se squlterpenes Hirsutanols A (6) and B /=(>_<
(7) are stmctm'al"' milar to incarnal (15 at th 'lf"' f <
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hirsutanol C (8) which resembies 6 except for the saturation of Ci3 in the p position. 15
Hirsutanol D (9) is somewhat unique in comparison to other known hirsutane

derivatives,' as it possesses the new isohirsutane B frame. Hirsutanol D (9) is the 7-epimer of cucumin F, a
sesquiterpenoid from Macrocystidia cucumis.'® 1t is also interesting that our unidentified marine-derived fungi

produced 10, the enantiomer of gloeosteretriol (11).
EXPERIMENTAL SECTION

13 <

The NMR spectra were recorded at 500 MHz for 'H and 62.5 and 125 MHz for °C in CD;0D. 'H-'H
COSY, HMQC and HMBC data were measured in CD;0D; NOESY spectra were measured in dioxane-ds.
FABMS, CIMS and EIMS methods were also used. Optical rotations were determined on a digital polarimeter
in methanol. The assignments of *C and '"H NMR data were made by using HMQC data to determine one
bond H-C connectivities, HMBC data to determine two or three bond H-C connectivities, and NOESY data to
interrelate protons with close spatial proximity.

Culture of organism. The fungus (coll. no. 95-1005C) was cultured from a common Indo-Pacific
sponge, Haliclona sp. The culture was aseptically collected from the interior of the sponge sample and plated
onto Difco’s corn meal agar (17 g/L) made with filtered (0.2 um) Monterey Bay sea water, and supplemented

with 100 mg/L each of penicillin and streptomycin to decrease bacterial contamination. This fungus was

chosen for further study because the ethyl acetate extract of a 125 mlL test broth showed selective
<11 - : o
cytotoxicity.'' The 125 mL screening culture and the 8 liter culture were grown on a rotary shaker at 27°C at

¢l

180 rpm for three weeks.
Three different strains of Coriolus consors (strain #66132, 11574 and 20305) were obtained from the

A4l AR ATITIY = AL - 1s

ATCC Iist and cuitured in two different media conditions, mait extract broth (MEB) in which 15 g/L of malt
extract (DIFCO) dissolved in filtered (0.2um) Monterey Bay sea water, and coriolus glucose broth (CGB)
described by Takeuchi, et. al." The disk diffusion assay is used extensively to test susceptibility of microbes to
known antimicrobials such as penicillin and ampicillin. We used Mueller-Hinton agar as the medium and
Bacillus subtilus for Gram positive bacteria. Both hirsutanol A and ent-gloeosteretriol were found to be active
against B. subtilus at 200 pg/disc, 20% of positive control, tetracycline.
Extraction and isolation of hirsutanol A (6), hirsutanol B (7), hirsutanol C (8), and ent-
gloeosteretriol (10) from fungus 95-1005C. The mycelium and broth from 8 liters of cultured fungi were
parated by filtration and each was extracted independently. The broth was extracted with ethyl acetate. The

gxtra t (1.36g) was partitioned between 10% aqueous methanol and hexane twice. The aqueous methanol

7 LALIDILU UL



soluble portion was further partitioned between 50% aqueous methanol and methylene chloride twice. The
50% aqueous methanol solubles (508 mg) were chromatographed on sephadex eluted with methanol. Fractions
6 and 7 were further separated with sephadex eluted with 50:50 MeOH:CH,Cl,. Fractions 10-12 were purified
with reversed phase HPLC (eluted by gradient with methanol-water; 30:70 to 100:0) to yield compounds 6
(25.6 mg), 7 (2.5 mg), 8 (8.0 mg), and 10 (20.0 mg).

Isolation of hirsutanol D (9) from cultured Coriolus consors (strain #66132). ATCC Strain #66132
was grown in 0.5 L CGB salt water, and the mycelium was separated by vacuum filtration from the cultured
fungus broth. The concentrated ethyl acetate extract of the liquid broth provided 68 mg of oil which was
subjected to normal phase HPLC (3% MeOH-CH,Cl,) and 9 (1.3 mg) was isolated in the fourth fraction.

Isolation of diketopiperazines (13 and 14) from Coriolus consors (strain #11574): ATCC strain

#11574 was grown in fifteen 1 L erlenmeyer flasks (500 mL broth/flask) in salt water MEB broth conditio

Tha athvl acetata svtract af the hrath wac nartitinned hatwean amianiic mathannl with havana mathulanas
A LW Vulll UwwiGilw wARGAwL UL AW LA Y Qo l-lullvlll\lllv“ VwikYYWwwil uq“yuw ARAVULACRLIIVL  YYLLIL llDAa&lO, lll‘(ul]lcllc
chlasida Tha NS) o (M 1. avirant wae canaratad hy cavaraad mhaca flach shenmnéncunmhe fallacnd Lo
CluornGe. 10 V.o2 g Liipyx EXUalt was separatea 0y reverseéa pinase niasn cnromatograpny ionowea oy

normal phase HPLC (1% MeOH-CH2C12) to provide compounds 13 and 14.

Hirsutanol A (6). [« r =-23.5° (¢, 0.97, CH30H). UV(CH30H): 306 (4276), 218 (2920). IR (KBr) v
3401, 2966, 1678, 1642, 1590, 1455, 1366, 1284, 1155, 1131, 1031 879. '°C and 'H NMR data is given in
Tables 1 and 2. 'H NMR (500 MHz, dioxane-dg) § 5.97 (s, H5), 6.36 (d, J= 2.5 Hz, H7), 4.56 (br-s, H9), 2.18
(d, J=14.5 Hz, H11), 1.63 (d, J= 14.5 Hz, H11"), 1.19 (s, H312), 5.87 (d, J = 1.0 Hz, H13), 5.09 (d, /= 1.0
Hz, H13"), 0.89 (s, H314), 1.24 (s, H315), 3.30 (s, OH-1), 3.96 (br-d, J= 2.5 Hz, OH-9).

Hirsutanol B (7). 'H and °C NMR data is given in Tables 1 and 2. 7 decomposed in CD;0D for four
days, but compound 6 was stable under such condition. So no optical rotation, UV and IR were available for 7.
282 (1658), 206 (896). IR (KBr) v
13

446 ' and 1“ NMR data ic aivan in
U, i

1 1 iq
P e E) i I’ - o Gl A4 ANAVELIN WUGWAL 1O 51'\1
Tables 1 and 2. 'H NMR (500 MHz, dioxane-ds) 6 2.73 (g, J = 7.0 Hz, H3), 5.72 (s, H5), 6.32 (d, J = 2.5 Hz,
J (d,

H7), 4.56 (br-s, HY), 2.03 (d, J = 14.5 Hz, H11), 1.53 (d, J = 14.5 Hz, H11"), 0.97 (s, H312), 1.00
Hz, H313), 0.87 (s, H314), 1.25 (s, H315), 3.65 (br-s, OH1), 3.87 (br-s, OH9).

Hirsutanol D (9). [a]”}, = -36° (¢, 0.13, CHCl3). UV(CHCls): 248 (2316). IR (KBr) v 3413, 2954,
2919, 2849, 1737, 1707, 1655, 1455, 1414, 1378, 1255, 1090, 1014, 861, 797. °C and 'H NMR data is given

[ 2PN I | Jﬁ

in Tabies i and 2.

T SN

i W, V.o, Lagur
(86 14871 1811 1 s 1377 167 1077
VOV A § v s L I AWy AVT T

U

2721 1 IYR-\
SLi). uN \BGT)

{
\

l3n L1
C ang

IY WIRAD T,
1 INIVIK data is glven in

8.0 Hz, H4), 2.59 (dd, J = 8.0, 14.0 Hz, HS), 1.48 (dd, J: 8.5, 14.0 Hz, HS' ), 1.86 (d, J = 13.5 Hz, H7), 1.72
(d,J=13.5 Hz, H7"), 1.55 (d, J = 13.5 Hz, H9), 1.44 (d, J= 13.5 Hz, H9'), 1.385 (dd, /= 10.0, 13.5 Hz, H11),
1.375 (dd, J=10.0, 13.5, H11"), 0.71 (s, H312), 0.90 (s, H313), 0.99 (s, H314), 1.09 (s, H315), 3.22 (br-s, OH4),
2.99 (s, OHB), 3.07 (br-s, OH6).

Epi-diketopiperazine (14): [a]”p = +14.7° (¢ 2.2, CH,CL). 'H NMR (500 MHz, CDCl;) § 4.62 (s, H6),

3.66 (d, J=14.0 Hz , 3.07 (d, J = 14.0 Hz, H7"), 7.06 (d, J 8.5 Hz, H9, 97), 6.79 (d, J = 8.5 Hz, H10,
1A' AAA (A T—&E£NTT- T 17 S ALK (het T = A 5§ Ho 12 179 (¢ 215). 1,77 (s. H-16) 3,05 (s NCH.1)
1V ) .99 (U, J V.V N4, T121 &), S50 \ULTL, U U.J Thdy k10 ]y Lailde \Dy K131 ), Oy 13310y J.UD \3y iV a13a
P QAIT £3 A AL fo NIT AN 1 20 7o QUL 134 A\IAMAD 7178 NI OTMYCLY S 184 £ 709 76 0 (07
1.90 (s, dLH30), 5.45 (S, NUH34), 1.6 {8, dUr3d). "L NIVIN (140 MIZ, LJli3j 6 108405 (Lg), 710V (LD,
164.3 (C5), 65.3 (C6), 40.2 (C7), 125.9 (C8), 131.2 (C9, 9'), 114.8 (C10, 107), 158.2 (Ci1), 64.5 (Ci2), 119.3

(C13), 137.9 (C14), 17.9 (C15), 25.5 (C16), 33.1 (NMel), 30.3 (NMe4), 13.2 (SMe3), 12.3 (SMe6).
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