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Abstract—The bird’s nest fungus Cyathus striatus Willd. ex Pers. when grown in aerated liquid culture produces
three sesquiterpenes which are identified as schizandronol 1, 7a - hydroxy - schizandronol 3 and schizandronol -
8,138 - oxide 5. The identification is based on spectral investigation of the compounds and their derivatives. This is
the first reported isolation of 1 from a fungal source. Compounds 3 and 5 have not been reported previously.

In our continuing investigation of the metabolites of
bird’s nest fungi (Nidulariaceae),” Cvathus striatus
Willd. ex Pers. (strain CBS 169.37) has been investigated.
When fermented in aerated culture for 15 days, C. stria-
tus produces, among other compounds,’® three sesqui-
terpenoids of the cadinane type which are the subject of
this paper. The cadinane skeleton is of rather common
occurrence in nature but the known cadinane derivatives
are usually not as highly oxygenated as those reported
herein.!

The sesquiterpenes were isolated from the culture
broth by extraction with ethyl acetate and from the
mycelium by extraction with acetone. The extract was
subjected to gel filtration over Sephadex LH 20, then
selected fractions were chromatographed over silica gel
eluting with chloroform/ether or benzene/ether to give
7a-hydroxyschizandronol 3 and schizandronol-8,135-
oxide §. Schizandronol 1 was separated from selected
fractions by column chromatography. Recrystallisation
from ether/Skellysolve B gave 1 as white crystals of m.p.
105-106.5° and [a)p™—82°C (¢ 0.016, CHCls). Exact
mass measurement established the molecular formula
C;sH:,0,. The identity of 1 with schizandronol was
established by comparison of its physical properties (mp,
IR, UV, '‘H NMR, "*C NMR, MS) with those reported
for 1 isolated from the tree Schizandra nigra Max.* The
ORD spectrum of our material shows a negative Cotton
effect, similar to that reported for schizandronol 1,
confirming the absolute stereochemistry. This constitutes
the first report of schizandronol as a fungal metabolite.

The sesquiterpene 3 was isolated as white crystals,
m.p. 151-154°. The composition of C.sHy0: was
established by HRMS. UV and IR data indicated that 3 is
an a,f-unsaturated ketone (Aya: 236 nm; & 6,400; vy
1667cm™"). The 'H NMR spectrum of 3 shows
resonances at & 0.80 and 0.99 (two d's, each 3H, J =
6.5 Hz) which were assigned to an isopropyl group in a
chiral environment. Signals at §4.94 and 4.61 indicate an
exocyclic methylene group (IR vy, 900 cm™"). A signal
at 54.22 (s, 2H) was assigned to the methylene of a
primary allylic alcohol and one at §4.39 (dd, I1H,J=1
and 3 Hz) to an allylic secondary alcohol. In the diacetyl
derivative 4 the corresponding resonances are observed
at 4.80 and 5.50 respectively.

tFor Part 17, see Ref. 1.
fPresent address: Department of Chemistry, Odense Uni-
versity, DK 5230, Odense M, Denmark.

Comparison of the above spectral data with those of 1
indicates that 3 is a hydroxy derivative of 1 and the only
position possible for a secondary allylic hydroxyl is at
C-7. The coupling constants observed for the C-7 proton
indicate that the hydroxyl group is axial. This was
confirmed by selective spin decoupling experiments on 3
which also established the trans ring fusion (Jias. =
12Hz) and that the isopropyl group is equatorial
(J11s 1, = 11.5 Hz). The Cotton effect of 3 is negative and
3 therefore possesses the same absolute stereochemistry
as 1.

Compound 5, isomeric with 3 but less polar, resisted
crystallisation. The Cotton effect is negative. Again an
a,B-unsaturated ketone is apparent (vpe. 1673 em™;
Aax: 235 nm, € 6,200). The "H NMR is very similar to
that of 1 except that the resonances attributable to the
exocyclic methylene are missing. Instead signals at 82.79
(dd) and 2.56 (d) are present. On acetylation, § formed a
monoacetate & that has no free hydroxyl group (IR).
Since 5§ contains only one carbonyl group, the above data
is consistent with the presence of an epoxide. Thus §
appear to be the 8,13-oxide of schizandronol.

To confirm this structural assignment, and to deter-
mine the stereochemistry of the epoxide, we decided to
attempt the preparation of both possible epoxides of
O-acetylschandronol and examine their properties.
Treatment of 2 with MCPBA {m-chloroperbenzoic acid)
gave a mixture of isomers in the ratio of 4:1. The minor
isomer was identical with 6, confirming the constitution
of the natural produc. Treatment of 2 with NBS (N-
bromosuccinimide) in aq. acetone followed by treatment
of the resulting bromohydrin with pyridine’ provide a
mixtere of epoxides 6 and 7 in which 6 was now the
major component (ratioc 9:1). The main distinguishing
feature in the '"H NMR spectra of 6 and 7 is that 7 shows
a simple AB quartet (J,., = 4 Hz) centered at 52.71 for
the epoxide methylene protons, while in 6 one of the
epoxide methylene protons (52.76) is further split (J's 4
{gem), 1 Hz). It was not possible, however, to locate the
coupling partner. It is clear from the epoxidation reac-
tions that there is a preferred direction of electrophilic
attack on 2. Examination of molecular models indicates
that both a- and - faces of 2 are retatively unhindered.
In such cases, approach of bulky electrophilic reagents
to an exocyclic double bond of a cyclohexane derivative
usually occurs predominantly from the ‘‘equatorial”
rather than an “axial” face.*’ The fact that the more
sterically demanding hydrated “bromonium’ ion gives
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Figure 1

more stereoselectivity than MCPBA is in agreement with
this view.” Thus the acetate of the natural epoxide 6 is
assigned the S-oxide stereochemistry, and 7 is the o-
oxide.

In the case of the acetate 4, the a-substituent at C-7
might be expected to hinder attack from the g-face, and
in the case of the bromohydrin sequence, favor for-
mation of the a-epoxide B. Treatment of 4 with NBS in
aq. acetone gave almost exclusively (> 95%) epoxide 8.
A nuclear Overhauser experiment (NOE) showed a
strong NOE effect between one of the epoxide protons
{62.89, Hs.yn, see Fig. 1) and the axia! hydrogen at C-1
(10% enhancement), confirming the stereochemistry of
the epoxide in 8. Epoxidation of 4 with MCPBA pro-
vided, as the major product, the g-epoxide 9. Interes-
tingly, both 8 and 9 show simple AB quartets for the
epoxide methylene protons, indicating that the long range
coupling of one of the epoxide protons in 6 is to the axial
proton at C-7.

W. A. Aver and T. REFFSTRUP

EXPERIMENTAL

Melting points were measured on a Leitz microscope melting
point apparatus and are uncorrected. Optical rotations were
measured on a Perkin-Elmer 141 polarimeter. IR spectra were
recorded as chloroform casts on a Nicolet 7199 FT spectrometer.
Mass spectra were recorded on an A.EL MS-50 mass spec-
tromeler coupled to 2 DS 50 computer and are given as mje (rel.
int.). NMR spectra were recorded on a Bruker WH 400 spec-
trometer, & Bruker WH 200 spectrometer, a Varian HA-100
spectrometer interfaced to a Digilab FT/NMR 3 data system, or a
Bruker WP-60 spectrometer interfaced to & Nicolet 1080 com-
puter.

Preparative tic (ptlc) was performed on silica gel G 60 (E.
Merck, Darmstadt) with a thickness of 0.5mm, containg 1%
electronic phorpbor. The plates were visuallized by UV light or
by spraying with 1% wvalillin in concentrated sulphuric acid.
Sketlysolve B refers to Skelly Oil Company light petroleum, b.p.
§2-70°,

Mycelium from agar slants of Cyathus striatus Willd. ex Pers.
{obtained from Centraalbureau voor Schimmelcultures, Baarn,
the Netherlands, strain 169.37) was transferred to a 250mL
Erlenmeyer flask containing 150 mL of sterilised medium having
the following composition per litre: maitose, 5.0g; dextrose,
2.0g; veast exiract (Difco), 2.0g; KH,PO,, 0.5g; Ca(NO;),. 4
H,0, 0.5g; MgSQ,, 024g. peptone, 0.2¢; asparagine, 0.2g;
Fe,(S0)s, trace: {Brodie's medium)?® The flask was kept at
20-24° on a rotary shaker for 14 days. The conteats of one such
flask were used to inoculate 10 L of Brodie's medium which was
then grown for 15 days at 22° on a New Brunswick Scientific
microfermentation apparatus with stirring (200 rev./min.) and
aeration (3 Limin.). To prevent foaming ! mL of polypropylene
glycol was added.
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The mycelium was separated from the broth by filtration and
was extracted with acetone in a Soxhlet extractor. The acetone
extract was partitioned 3 times between a small volume of water
and 10 volumes of ethy!l acetate. The combined organic phases
were evaporated 1o dryness giving 1.3 g/10 L fermentation. The
extract from three 10 L fermentations were placed on a column
of Sephadex LH 20 (200 g, iength 70 ¢m) in methanol. Fractions
of 10 mL were collected. Schizandronel 1 was eluted in fractions
18 and 19. Purification by column chromatography on Si0; with
benzene-ether (100:0, 19:1, 9:1) gave pure schizandronol (in a
yield of 8 mg/10 L fermentation).

The broth was extracted 5 times with 1/2 valume of ethyl
acetate, The extracts were combined and evaporated to dryness.
Yield, 1.8 g/10 L fermentation. The combined extracts from three
10 L fermentations were placed on a column of Sephadex LH 20
(200 g, length 70cm.) in methanol and fractions of 10 ml were
collected. Schizandronol 1, 7a - hydroxyschizandronol 3 and
schizandronol - 3,138 - oxide § were contained in fractions 17-19,
and were separated by column chromatography on S5i0; with
CHCly—ether (100:0, 19:1, 9:1, 4:1), 10 mL fractions were caol-
lected. Schizandronal 1 eluted together with glochidonol® in
fractions 11 and 12, schizandronol-8,138-oxide § in fractions
16-21 and 7e-hydroxyschizandrono! 3 in fractions 50-59.

Schizandronol 1. Yield per 10 L fermentation: mycelium, 8 mg;
broth, 4 mg. Recrystallization from ether/Skellysolve B gave
white crystals, m.p. 105-106° (it.* 110°, [alg® —82° (¢ 0.016,
CHCIy) {lit* [a]p” - 105° {c 1.0, CHCly)). IR, UV, MS, '"H NMR,
3C NMR and ORD spectra were in perfect agreement with those
reported.!

Ta-Hydroxyschizandronol 3. Yield per 10L fermentation,
18 mg. Recrystallization from ethyl acetate gave brilliant white
crystals of m.p. 151-154°. UV (MeOH) A, 236 nm (e 6,400); IR
(CHCl,): 3400, 2960, 1667, 1380, 1240, 900; [a]2 - 26° (c 0.029,
CHC\); '"H NMR (200 MHz, CDCL): 87.05 (s, H-4), 4.94 (s,
H-13), 461 (4, J=1Hz, H-13), 439 (dd, J=3 and 1Hz,
H-7), 4.22 (s, 2H, H-9), 2.90 (distorted t, J~13, 3 and 12Hz,
H-8a), 2.67 (dd, J=3.5, 16 Hz, H-leq), 2.43 (dd, J=16, 13 Hz,
H-1ax), 2.31 (m, H-10), 2.0 (complex, H-4a, H-5, H-6eq), 1.42
(ddd, J=13.5, 12, 2.5Hz, H-6ax), 0.99 and 0.80 (d, each 3H,
I1=6.5Hz, H-11, H-12); MS mje calc. for C;:H»04: 250.1564;
found: 250.1570; mle 250 (78), 232 (27), 207 (35}, 190 (34), 189
(81), 176 (10), 173 (50), 172 (17), 171 (32), 167 (537), 159 (31), 152
(24), 147 (58), 143 (51}, 109 (38), 107 (48), 105 (70), 91 (100).

Schizandronol-8,138-oxide 5. Yield per 10L fermentation,
6mg. § was isolated as an oil. UV (MeOH) Anp,,: 235nm (e
6,200); IR (CHCI,): 3450, 2960, 2870, 1673, 1390, 1370; [e]p™
- $°C (¢ 0.015, CHCly); 'H NMR (200 MHz, CDCl,): $7.09 (d,
J=08Hz, H-4), 429 (d, 2H, J=08Hz, H9), .79 (dd, J=4,
1.5Hz, H-13), 2.56 (d, J=4Hz, H-13), 2.52 (dd, J=15, 3Hz,
H-leg), 2.3 (complex, 3H), 1.9 (complex, 3H), 1.4 (complex,
4 H), 1.02 and 0.85 (d, each 3H, J =7 Hz, H-11, B-12); MS m/e
calcd. for CicHy05: 250.1564; found: 250.1571; mle 250 (70), 232
(17, 220 (17), 219 (54), 207 (21), 189 (47), 147 (45), 105 (52), 93
(48), 91 (100),

Acetylschizandronol-8,13a-oxide 7. O-Acetylschizandronol (2,
16 mg, 0.06 mmol} was treated with MCPBA (12immg, 1.1eq) in
CH,Cl, at 0° for 1 h, then warmed to room temperature and left
18 h. Conversion 50%. Ptic with benzene—ether (3:1) gave at
R; =04, 9 mg of a mixture containing the epoxides 6 and 7 in the
ratio of 1:4, as determined by 'H NMR. 'H NMR (200 MHz,
CDCly), a-isomer 7: 87.20 (s, 1 H), 4.75 (s, 2H), 2.87 (d, 1H,
J=4Hz), 2.55 {d, 1H, J=4Hz)}, 2.09 (5, 3H), 1.03 (d, 3IH,
J=6.5Hz), 089 (d, 3H, ] =6.5 Hz).

Acetylschizandronol-8,13 8-axide 6. Schizandronol-8,13 8-oxide
§ was acetylated quantitatively with AcO/pyridine. IR (CHCl,):
2960, 2870, 1740 (s}, 1680 {s), 1370, 1240, 1030. 'H NMR
(100 MHz, CDClL): 7.09 (s, 1 H), 4.74 (5, 2H); 2.76 (dd, 1H, ) = 1,
4Hz),252(d, 1H,Y=4Hz),208 (s, 3H), 1.01 (d,3H, I =7 Hz),
0.85(d, 3H, J=7 Ha).

O - Acetylschizandrono! - 8,138 - epoxide 6 from 2. O-Acetyl-
schizandronol (2, 6.3 mg, 0,022 mmol) was dissolved in acetone
{2 mL} and H;0 (0.3 mL} was added together with NBS (7.7 mg,
0.044 mmol). The mixture, when homogeneous, was kept dark at
room temperature for 18 h. Tlc monitoring (henzene-ether (3:1))
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showed complete conversion to the bromohydrin (MS, chemical
ionization: m/e 352 for Cy;Hy0,”Br). The reaction mixture was
evaporated to dryness and then dissolved in CH,Cl; (2 mL) and
Al,0; (neutral, 0.5g) was added together with 3 drops of pyri-
dine. This mixture was left for 72 h under occasional shaking and
monitored by Tlc. The reaction mixture was filtered extracted
with H;0, dried and evaporated to dryness. Ptic (benzene—ether
{(3:1)) gave the mixture of isomers 6 and 7 in the ratio of 9:1 as
determined by NMR. Yield: 4.6 mg, 83%.

Diacetyl - Te - hydroxyschizandronol 4. 7Ta-Hydroxyschizan-
dronol (10.2 mg, §.04 mmol) was dissolved in Ac,O and 5 drops of
pyridine was added. After 4 hr the mixture was evaporated to
dryness to give the title compound in quantitative vield. IR
(CHCL): 2960, 1738 (s), 1687 (s), 1370, 1240 (s), 1025. 'H NMR
{400 MHz, CDCL): 87.10 (s, 1 H), 5.50 {dd, 1H, J=3, 3.5H2),
5.15(d, 1H,I1=1Hz), 482 (d, L H, J =1Hz), 4.79 (5, 2H), 2.80
(distorted t, 1 H, J=13.5, 12 and 3.5Hz), 2.68 (dd, 1 H, =16,
3.5Hz), 2.46 (dd, 1 H, J=16 and 13.5 Hz), 2.28 (m, 1 H), 2.12 (s,
3H), 2.08 (m, 3H), 2.05 (s, 3H), 1.82 (dddd, 1H, T=12, 12,35
and 3 Hz), 1.48 (ddd, 1 H, 14, 13 and 3 Hz}, 1.01 (d, 3H,J =7 Hz),
083 (d, 3H, J=7Hz).

Diacetyl - Ta - hydroxyschizandronc!-9,13a-oxide 8. Diacetyl -
Te - hydroxyschizandronol (4, 13.6 mg, 0.04 mmol) in 4 mL of
acetone and 0.4 mL of H,O was treated with NBS (2 eq., 14.5 mg)
for 18 h in the dark. The bromohydrin was quantitatively formed
(tic evidence). MS, chemical ionization: mfe 430 for
CoH2704Br. The reaction mixture was evaporated to dryness
and redissolved in CH,Cl,. Pyridine (5 drops) and ALO; (neutral
0.6g) were added and the mixture was stirred at room tem-
perature for 48 h. The reaction mixture was filtered, extracted
with dil. HCI and H,0, dried, and evaporated to drynass Lo give
10 mg, 71% of the title compound. IR (CHCI;): 2960, 1740 (s),
1680 (s), 1380, 1240 cm . 'H NMR (400 MHz, CDCL): 47.11 (s,
H-4), 4.78 (s, 2H, H-9), 4.72 (dd, H-7, J=2 and 4 Hz), 2.89 (d,
H-13syn, J =4 Hz), 2.81 (ddd, J =14, 11 and 3.5 Hz, H-8a), 2.67
(d, H-13anti, ) = 4 Hz), 2.50 (dd, H-1eq, J = 16 and 3 Hz), 2.30 (m,
H-10 and H-4a), 2.15 (H-6eg, 2.07 (6 H, acetyl Me's), 1.94 (dd,
H-lax, J=14 and 16 Hz), 1.72 (H-5ax), 1.52 (H-6ax), 1.0 (d, 3 H,
J=7Hz), 086 (d, 3H,J=7Hz).

Diacetyl - Ta - oxyschizandronol - 8,138 - oxide 9. Diacetyl -
7a - hydroxyschizandronol (30.4 mg, 0.92 mmol) was treated with
MCPBA (l.1eq., 18mg) in CHCl; overnight. Extraction with
NaHCO, and H,O followed by drying gave a mixture of isomers
which was separated by ptlc (benzene-ether (3:1)). Isolation of
the fraction showing R; 0.5 after two elulions gave the title
compound (9.5 mg, 30% yield). Diacetyl - 7a - oxyschizandronol -
8,138 - oxide 8 was isolated from the fraction having R; 0.4
{4 mg, 14%). Compound 9 shows 1R (CHClLy): 2760, 1749, 1680,
1370, 1240, 1030 em™". MS myje calc. for C,pHy0,: 350.1729. 'H
NMR (200 MHz, CDCl,): 87.16 (s, H-4), 4.76 (s, H-9), 4.56 (dd,
H-Teq, =1 and 2 Hz), 2.90 (d, H-13, J=4Hz), 281 (d, H-13,
J=4Hz), 270 {m, 1 H), 2.45 (m, 2 H), 2.20 (d, 1 H, J = 3 Hz), 2.10
(6 H, acetyl Me's), 1.94 (dd, H-1ax, I =10 and 13Hz), 1.74 (m,
1H), 1.07 (4, 3R, 1=7Hz), 0.88 (d, 3H, =7 Hz).
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