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Microbial transformation of the sesquiterperg-{caryophyllene oxidel) [(1R4R 5R,99-4,5-epoxycaryophyllan-8(13)-

ene] by a number of fungi, using a standard two-stage fermentation technique, has afforded as piR@ERER(AS)-
4,5-dihydroxycaryophyllan-8(13)-eng)( (1S4R,5R,8599)-clovane-5,9-diol §), (1R,4R 5R,9S 11R)-4,5-epoxycaryophyllan-
8(13)-en-15-o0l 4), (1R4R5R,9S119-4,5-epoxycaryophyllan-8(13)-en-14-o0b)( (1R,2S4R,5R,99-4,5-epoxy-13-
norcaryophyllan-8-onegj, (1R,4R,5R,8S,95)-4,5-epoxycaryophyllan-13-oF}, (1R,4R,5R,8S, 9S139)-caryolane-5,8,13-

triol (8), (1R,3R,4R,5R,8S599)-4,5-epoxycaryophyllan-3,13-diol), and (154R,5R,8S99-clovane-5,9,12-triol 10).
Metabolites6 and 8—10 were found to be new compounds, as deduced on the basis of spectroscopic techniques.
Compoundd—10were evaluated for butyrylcholinesterase inhibitory activity, and compé&exhibited an I1G, value

of 10.94 0.2 uM.

Many types of terpenoids are found in fruits and vegetables and and 3 (C;sH260;) were identified as the known compounds

are known to possess interesting biological activities. Sesquiterpe-

noids display analeptic, anthelmintic, anti-inflammatory, antitumor,
hypotensive, and sedative properigsnumber of transformations

of sesquiterpenoids by microorganisms have been reported, includ-

ing the biotransformation of ginsenol, a sesquiterpene alcohol
obtained from the essential oil d?Panax ginsengby Botrytis
cinerea? the fungal transformation of valerianol, a constituent of
valerian oil, byMucor plumbeus the transformation gf-selinene,
obtained from the seed oil of celerpgium graeolen$, by the
plant-pathogenic funguSlomerella cingulatg the biotransforma-

tion of (1R)-aromadendrene and allo-aromadendrene by the plant-

pathogenic funguss. cingulata® and the biotransformation of
germacrones, germacrone-4,5-epoxide aitd-qurdione, which
were isolated fronCurcuma aromaticaby Aspergillus nigef

In continuation of our studies on microbial transformation of
pharmacologically important terpenes and ster6idsthe sesquit-
erpene {)-caryophyllene oxidel), has been investigated, which
was originally isolated from a medicinal plaigindora sumatrana
Mig. (Leguminosae}? (—)-Caryophyllene oxide 1) was also
obtained from another medicinal platavandula latifolia Vill.
(Labiatae), and exhibited potent anti-inflammatory activity.
Compoundl was incubatd with six fungal cultures to obtain nine
metabolites,2—10 (Schemes 1 and 2). Metabolit@s-10 were
evaluated for butyrylcholinesterase (BuChE) inhibitory activities.
Butyrylcholinesterase inhibition is considered to be an indicator

for possible use in the treatment of Alzheimer’s disease and related

dementiag? BChE (E.C. 3.1.1.8) is produced in the liver and
enriched in the circulation. In addition, it is also present in adipose
tissue, intestine, smooth muscle cells, white matter of the brain,
and many other tissués.

Results and Discussion

(1R 4R,5R 99-4,5-dihydroxycaryophyllan-8(13)-ene anb@dR 5R -
8S99)-clovane-5,9-diol, respectively (Scheme 1). These compounds
were earlier isolated as secondary metabolites from the neutral
fraction of the dried pods of the medicinal plé8indora sumatra-
na.'? Metabolite2 was formed by the hydrolysis of epoxide by the
enzyme epoxide hydrolase, which is present in eukaryotic cells such
as mammals and funéf. When 1 was incubated withMacro-
phomina phaseolinanetabolitegl and5 were obtained. Metabolites
4 (CysH240,) and 5 (CysH240,) were also identified as known
compounds, (R,4R,5R,9S11R)-4,5-epoxycaryophyllan-8(13)-en-
15-ol and (R/4R,5R,9S5119-4,5-epoxycaryophyllan-8(13)-en-14-
ol, respectively (Scheme 1). Metabolitevas earlier obtained from
the biotransformation of,1”18whereas metabolité was obtained
from the biotransformation df by Botrytis cinerea’” These known
metabolites were identified through comparison with their reported
data:_LZ,lPlS

Incubation of ¢)-caryophyllene oxidel]) with Rhizopus stolonifer
yielded the new metaboli®@and the known metabolité (Scheme
2). Metabolite7 (C1sH260,) was identified as (R,4R,5R,8S9S)-
4,5-epoxycaryophyllan-13-ol, which was previously obtained from
the biotransformation of caryophyllene oxid§ ith B. cinereal”

Compound6 was isolated as a colorless, crystalline solid. The
HREIMS exhibited a M peak atm/z 238.1761, corresponding to
the formula G4H2,05 (calcd 238.1776), 18 amu higher than the
parent compound.. The IR spectrum showed absorptions at 3408
and 1696 cm, indicating the presence of hydroxyl and keto groups,
respectively. The absence of any IR absorption band at 1630 cm
indicated the lack of a double bond. Thd NMR spectrum of
compoundé showed an additional downfield signal @.93 (td,
oo, 18:20,38 = 10.9 Hz,Jo 3, = 4.6 HZz), which suggested the presence
of a hydroxyl group, as compared to the substiafehe3C NMR
spectrum showed the presence of 14 carbons, including four

Screening-scale experiments showed that six fungal cultures methines, four methylenes, three methyls, and three quaternary

utilized (see Experimental Section) were capable of convertif)g (
caryophyllene oxidel() into more polar metabolites. Preparative-
scale fermentation was thus carried out to produce sufficient
quantities of new and known metabolites for structure elucidation
and enzyme inhibition studies.

Incubation of (-)-caryophyllene oxidel) with Cephalosporium
aphidicolayielded the metabolite® and3. Metabolitex2 (C;sH2¢0,)

* Corresponding author. Tel: 92 21 482 4934. Fax: 92 21 481 9018.
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carbons. A new methine carbon appeared)at0.1 (C-2). The
position of the new hydroxyl group was inferred as C-2 on the
basis of COSY 45interactions between H-2(3.93) and the C-1
methine protond 2.09) and the C-3 methylene protons Z.47,
1.03), supporting the position of the hydroxyl group at C-2. In the
HMBC spectrum, the C-7 methylene protoris 42.60, 2.50) and
the C-6 methylene protong (1.98) showed interactions with C-8
(6 213.5). In the NOESY spectrum, HxZhowed interactions with
Hs-14a, Hs-120, and H-%, indicating the configuration of the C-2
hydroxyl group ag. Similarly, H-13 showed NOESY correlations
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Scheme 1.Metabolism of )-Caryophyllene Oxidel) with Cephalosporium aphidicoland Macrophomina phaseolina
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with Hs-153 and H-33. This indicated that H-1, H15, and H-5
were all ing configuration (Figure 1). Thus, the structure of the
new metabolités was deduced as RI2S 4R,5R,99)-4,5-epoxy-13-
norcaryophyllan-8-one.

Incubation of ¢)-caryophyllene oxidel) with Aspergillus niger
Fusarium lini and Gibberella fujikuroiyielded new metabolites
8—10, respectively (Scheme 2). CompouBdvas isolated as a
colorless, crystalline solid. Its HREIMS exhibited a molecular ion
at m/z 254.1631, corresponding to the formulasd,¢0; (calcd
254.1681), 34 amu higher than the parent compodnd;he IR
spectrum exhibited an absorption at 3377 tfar hydroxyl groups.
The absence of any IR absorption at 1630 tras compared to
substratel, indicated the absence of a double bond. TH&AMR
spectrum of compoun8@ was nearly identical to that of a reported
compound, caryolane-1g9diol,'2 except in the appearance of an
additional downfield signal ad 3.35 (br s). This indicated the
presence of an additional hydroxyl group in compo@nd@he13C
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14q, indicating thep-configuration of the C-13 hydroxyl group

(axial), whereas H+% (axial) showed NOE interactions withsH

123 (equatorial), indicating the configuration of the C-5 hydroxyl

group asa (equatorial) (Figure 1). The coupling constants of the

C-5 proton signal ab 3.44 (dd,Jsax, sax= 11.4 Hz,Jsax, 6eq?.9 HZ)

also supported a chair conformation of ring A and equatorial

orientations of geminal OH. Thus, the structure of new metabolite

8 was deduced as RI4R 5R,8S 9S 139)-caryolane-5,8,13-triol.
Compound9 was isolated as a colorless, crystalline solid. The

HREIMS of compound9 showed a M peak atm/z 254.1321

(C1sH2603, calcd 254.1637). The IR spectrum®tid not display

any olefinic absorptions, but showed an additional absorption of a

hydroxyl functionality at 3743 cm¥, in comparison with substrate

1. TheH NMR spectrum of compoun@showed the disappearance

of the C-13 exomethylene olefinic signals, but with the appearance

of an additional oxygen-bearing methylene proton signal &0

(m). This indicated amanti-Markonikov hydration of the C-8/C-13

NMR spectrum showed the presence of 15 carbons, including four bond. The'3C NMR spectrum o showed the disappearance of
methines, five methylenes, three methyls, and three quaternarythe signals for exocyclic double-bond carbons. Two new carbon

carbons. Resonances for two new methine carbons appeaded at
76.0 (C-5) and 72.9 (C-13). The position of the new hydroxyl group
was inferred as being attached to C-5 on the basis of COSY 45

interactions between H-%(3.44) and the C-6 methylene protons
(6 1.90). The HMBC spectrum showed interactions of H}3(44)
with C-6 (0 29.3), C-8 ¢ 70.7), and C-12 { 27.0), further
supporting the position of the hydroxyl group at C-5. The position

signals atd 49.0 (C-8) and 70.3 (C-13) further indicated the
hydration of this double bond. The position of the new hydroxyl
group was inferred as C-13 on the basis of COSY idferactions
between H-13{ 3.30) and the C-8 methine protod {.29). In the
HMBC spectrum, K13 showed heteronuclear interactions with
C-7 (0 27.2). The position of the second hydroxyl group was
inferred as C-3 on the basis of COSY °4iiteractions between

of the second hydroxyl group was placed at C-13 on the basis of H-3 (0 3.55) and the C-2 methylene protodsl(68). In the NOESY

HMBC interactions of H-13 ¢ 3.35) with C-4 ¢ 38.0), C-9 6
37.8), and C-3¢ 29.8). A detailed analysis of the 1D and 2DNMR
spectra was used to establish the structure of metal®lite the
NOESY spectrum, H-18 showed correlations with HeQand H;-

spectrum, H13 showed correlations with He9 and H-12a,
suggesting amc-orientation of the C-13 hydroxymethylene group,

while H-3 showed NOESY correlations with Rx%and H-12a,
which indicated g3-orientation of the C-3 OH (Figure 1). Thus,



Microbial Transformation of {)-Caryophyllene Oxide

Journal of Natural Products, 2006, Vol. 69, No. 1431

Figure 1. Key NOESY correlations<¢) and HMBC () correlations in compounds and8—10.

Scheme 2. Metabolism of ()-Caryophyllene Oxidel) with
Rhizopus stoloniferAspergillus niger Fusarium lini and
Gibbrella fujikuroi
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the structure of compourlwas deduced as RI3R,4R,5R,8S,99)-
4,5-epoxycaryophyllan-3,13-diol.

CompoundlO was isolated as a colorless, crystalline solid. The
HREIMS exhibited a molecular ion peak aiz 254.2530, corre-
sponding to the formula gH,603 (calcd 254.2673), 34 amu higher
than the parent compound, The IR spectrum exhibited an
absorption at 3633 cr indicating the presence of hydroxyl groups.
The IH NMR spectrum of compoundO was nearly identical to
that of compound, except in the disappearance of a methyl signal
and appearance of additional downfield AB doublets &27
= 10.0 Hz, 1H) and 3.31J(= 10.0 Hz, 1H), which indicated that
the C-12 methyl group was selectively hydroxylated into a
hydroxymethylene group. The disappearance of thd 3signals
was consistent with the absence of a double bond, and the
appearance of additional downfield signalsda8.38 (br s) and
3.62 (t,Jsp,6w68 = 5.0 Hz) indicated the presence of hydroxyl groups
at C-9 and C-5, respectively, as compared to substraide 13C
NMR spectrum showed the presence of 15 carbons including three
methines, seven methylenes, two methyls, and three quaternary
carbons. Two new methine carbons appearedl 2.0 (C-9) and
80.5 (C-5). One new hydroxymethylene carbon occurretl &t.5
(C-12). The position of the new hydroxyl group was inferred as
C-5 on the basis of COSY 43nteractions between H-%(3.62)
and the C-6 methylene proton$1.67, 1.88). The HMBC spectrum
showed interactions of H-%)(3.62) with C-6 ¢ 43.6), supporting
the position of a hydroxyl group at C-5. The second hydroxyl group
was placed at C-9 on the basis of COSY #%&eractions between
H-9 (6 3.38) and the C-10 methylene protodsl(69, 2.0), as well
as HMBC interactions of H-9Y 3.38) with C-8 ¢ 39.5) and C-10
(6 45.0). The position of the third hydroxyl group was disclosed
as C-12 from the HMBC spectrum, in which, 2 showed
interactions with C-5 ¢ 80.5). In the NOESY spectrum, H35
showed correlations with #1153 and with a methylene proton H36
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Table 1. 'H NMR Data for Compound4, 6, and8—10 (400 MHz; CDC})

position 1 6 8 9 10
1 1.74,t(10) 2.09,1(9.5) 1.48, m 2.10, m 1.67, m
2 1.42, m; 1.65, m 3.93,1d (10.9, 4.6) 1.33,m; 1.51, m 1.68, m; 1.23, m 1.03, m; 0.98, m
3 2.09,m; 0.93, m 2.47,m; 1.03, m 1.82, m; 1.30, m 3.55,dd (10.2, 3.0) 0.80, m; 0.79, m
5 2.85,dd (10.6, 4.2) 2.91,dd (10.9, 3.5) 3.44,dd (11.4, 4.9) 3.01,dd (9.3, 4.8) 3.62,1(5.0)
6 2.23,m 1.98, m; 1.69, m 1.90, m; 1.35, m 2.23,m, 1.65, m 1.66, m, 1.89, m
1.32,m
7 2.32,ddd (12.6, 8.0, 4.3);  2.50, m; 2.60, m 1.61, m; 2.52, m 1.67,m;1.23, m 0.98,m; 0.92, m
211, m
8 1.29, m
9 2.59,q(7.4) 3.10, q (7.6) 2.24,1d (10.5, 4.0) 1.63, m 3.38, brs
10 1.69, m; 1.62, m 1.35,m 1.65, m; 1.60, m 1.70, m; 1.25, m 1.69, m; 2.0, m
12 1.18,s 1.34,s 1.17,s 0.91,s 3.27,d (10.0); 3.31, d (10.0)
13 4.95, brs; 4.83, brs 3.35, brs 3.30, m 1.23m
14 0.98, s 1.25,s 1.04,s 1.26,s 0.93,s
15 0.96, s 1.16,s 1.02,s 0.92,s 0.95,s

Table 2. 13C NMR Data of Compoundg, 6, and8—10 (100

MHz, CDCl)
carbon 1 6 8 9 10
1 50.8 54.9 42.6 50.1 43.6
2 27.2 71.0 305 40.0 20.8
3 39.2 49.0 29.8 65.5 26.0
4 59.8 56.5 38.0 62.0 63.5
5 63.7 61.9 76.0 6520 80.5
6 30.% 36.5 29.3 28.5 43.6
7 29.8& 38.5 36.5 27.2 22.1
8 151.8 2135 70.7 49.0 36.5
9 48.7 47.0 37.8 34.0 72.0
10 39.8 31.0 35.0 40.0 45.0
11 34.1 35.5 34.0 34.5 35.5
12 17.0 175 27.0 22.0 715
13 112.8 - 72.9 70.5 29.8
14 21.7 23.0 16.8 29.0 35.2
15 29.9 31.5 26.0 30.5 28.5

ab Assignments may be interchanged.

Table 3. In Vitro Quantitative Inhibition of BChE by
Compoundsl—10

compound

1Go = SEM [uM]2

OCO~NOOUTAWNE

10

Galanthamine HEr

208.4+ 0.8
44.01+ 0.2
455.8+ 0.1
189.5+ 0.2

10.9+0.2
458.7+ 0.5
26.37£0.4

23.6+0.1
154.6+ 0.3
43.63+ 0.3

8.5+ 0.01

2 Standard error of the mean of five assdyStandard inhibitor of

butyrylcholinesterase.

(0 1.89), suggesting aa-orientation (axial) of the C-5 hydroxyl
group, while H-@ showed correlations with $Hl4a, which
indicated g3-orientation of the C-9 hydroxyl group (Figure 1). The
coupling constant of the C-5 hydroxymethine protor&.62 (t,

J = 5.0 Hz) also supported a chair conformation of ring C and
axial orientation of geminal OH. In ring B of the molecule, the
boat conformation may be preferred to the chair form in terms of
stability. In the chair conformation, the C-2 and C-6 protons may
lead to instability, as reported by Aebi et'@Thus, the structure

of the new metabolité0was deduced as $4UR,5R,8S,99)-clovane-

5,9,12-triol.

Compounds1—10 were screened for butyrylcholinesterase
inhibition activity. Their 1Go values are shown in Table 3, along

with the positive control (galanthamine HBr). Compourtls,

and 7—10 showed a stronger inhibitory activity against the

butyrylcholinesterase enzyme than compodndnd compound

was found to exhibit potency similar to galanthamine HBrsgIC

10.9 vs 8.5uM). Structural changes in the transformed products
were found to play a role in terms of butyrylcholinesterase enzyme
inhibition. Opening of the epoxide ring of compouhéhto atrans

diol increased the inhibitory potential (compou?dCso = 44.01

+ 0.2uM). Hydrogen bonding of the hydroxyl groups with amino
acid residues in the active site of BChE is a potentiating factor for
the enzyme inhibitor complex and resulted in the higher inhibitory
activity of compound2. Cyclization of compoundl into the
clovane-type produ@ reduced activity (compoung} ICso = 455.8

+ 0.1uM). Hydroxylation at H-155 increased the BChE inhibitory
potential (compound4; I1Cso = 189.5 + 0.2 uM), whereas
hydroxylation at H-14o. increased the activity many-fold because
enzymes are stereospecific and hydroxylation at @-idas
assumed to be favorable in the effective accommodation of
compound5 (ICso = 10.9+ 0.2 uM) at the active site of BChE.
Activity was reduced when there was no opening of the epoxide,
as in the case of compourtl (ICso = 458.7 & 0.5 uM). The
presence of an epoxide seems to increase the hindrance in the access
of hydroxyl and keto moieties of compounds in the formation of
hydrogen bonds.

Addition of a water molecule to a double bond resulted in the
formation of compound. In compound?, the hydroxyl group at
C-13 seems to increase activity = 26.37+ 0.4 uM). For the
caryolane skeleton represented by compo8ntydroxyl groups
are more available for hydrogen bonding, resulting in the increase
of activity (ICsp = 23.6 +£ 0.1 uM). Hydroxylation at C-3 in
compound further decreased activity, whereas in compoafd
a hydroxyl group at C-12 is more suitable for hydrogen bonding,
resulting in an increase of activity (§¢= 43.63+ 0.3 uM).

An effort was also made to speculate on the possible pathways
by which various bioconversions may have occurred (Supporting
Information). Transformation of-{)-caryophyllene oxidel) into
3 may involve a transannular cyclization, which could lead to a
tricyclic intermediatell, followed by bond migration leading to
the formation of the clovane-type compouBdScheme 3 in the
Supporting Information)?8 Formation of the new clovane deriva-
tive 10 may occur through a double-bond formation between C-4/
C-12, leading to the intermediate compouh?| reported earlier
by Collado et af° Epoxidation at C-4/C-12 of compouri® may
lead to the metabolit&0 (Scheme 4 in the Supporting Information).
In turn, formation of the new metaboli&may have occurred by
the conversion ol into a C-8/C-13 diol via epoxidation, which on
rearrangement may yield metabol@elntermediatel 6 may be the
precursor of a biotransformed product, as reported by Abraham et
al.18 (Scheme 5 in the Supporting Information). Finally, formation
of the norsesquiterpenoi@l may be through a diol formation at
C-8/C-13, followed by oxidative cleavage of the diol, which was
also reported by Abraham et lin the formation of kobusone.
This may lead to the formation of metabolisgg(Scheme 6 in the
Supporting Information).
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Experimental Section

General Experimental Procedures.(—)-Caryophyllene oxidel)
was purchased from Fluk&p: Buchi535 melting-point apparatus.
Optical rotations: MeOH solution, JASCO BB®&0 digital polarimeter.
IR spectra: CHGlsolution, FTIR-8900 spectrophotometer, in ¢m
1H and*3C NMR spectra: CDGlsolution, Bruker Avance 400-NMR
at 400 and 100 MHz, respectively, 2D experiments with GI30Clution,
and the same instrument; chemical shifiy ih ppm relative to TMS
as an internal standard, coupling constahits Hz. Mass spectra were
recorded on a JEOL JMS-600H mass spectrometenyin(rel %).
TLC: silica gel precoated plates (Merck, BF 20 x 20, 0.25 mm).
Column chromatography: silica gel (@30 mesh, Merck). The
compounds were detected on TLC using vanillin spray reagent.

Organisms and Culture Media. Fungal cultures o€ephalosporium
aphidicola (IMI 68689), Macrophomina phaseolingKUCC 730),
Fusarium lini (NRRL 68751), Aspergillus niger (ATCC 10549),
Rhizopus stolonife(ATCC 10404), andSibberella fujikuroi (ATCC
10704) were grown on Sabouraud 4% glucose agar (Merck) &c25
and stored at 4C. The medium forC. aphidicola(IMI 68689) was
prepared by mixing the following ingredients into distilledC (1.0
L): glucose (50 g), KHPQ, (1 g), KCI (1 g), MgSQ-7H0 (2 g),
glycine (2 g), andibberellatrace-element solution (2 mL). The latter
was prepared by mixing Co(Ng-6H,O (0.01 g), FeS®@7H,0 (0.1
g), CusQ-5H;0 (0.1 g), ZnS@7H,0O (0.161 g), MNS@4H,0O (0.01
g), and ammonium molybdate (0.01 g) in distilleg®(100 mL). The
media for M. phaseolinaand F. lini were prepared by adding the
following chemicals into distilled ED (1.0 L): glucose (10.0 g),
glycerol (10.0 g), peptone (5.0 g), yeast extract (5.0 g).R® (5.0
g), and NaCl (5.0 g). The medium fér. nigerwas prepared by mixing
the following ingredients into distilled #0 (1.0 L): glucose (10.0 g),
peptone (5.0 g), KEPO, (5.0 g), yeast extract (5.0 g), glycerol (5 mL),
and NaCl (5.0 g), while the medium f@&t. stolonifer(1.0 L, distilled
H20) included glucose (20.0 g), glycerol (5 mL), peptone (10.0 g),
yeast extract (3.0 g), and KHO; (5.0 g); the pH of the solution was
adjusted to 5.6 by adding a few drops of 0.04 N NaOH. The medium
for G. fujikuroi was prepared by mixing the following ingredients into
distilled HO (1.0 L): glucose (80.0 g), KHPO, (5.0 g), MgSQ-2H,0O
(1.0 g), NHINOs3 (0.5 g), andGibberellatrace-element solution (2 mL).

General Fermentation and Extraction Conditions. The fermenta-

Journal of Natural Products, 2006, Vol. 69, No. 1433

AcOEt gradient) yielded compoundk (19.1 mg; 3.2% yield; with
petroleum ether/AcOEt, 85:15) arfsl (28.0 mg; 4.6% yield; with
petroleum ether/AcOEt, 82:18).

Fermentation of (—)-Caryophyllene Oxide (1) with Rhizopus
stolonifer. (—)-Caryophyllene oxidel) (600 mg), dissolved in 15 mL
of acetone, was evenly distributed in 30 flasks containing 24-h-old stage
Il culture. Fermentation was carried out for 8 days. After filtration,
extraction, and evaporation, a brown gum (1.2 g) was obtained, which
on repeated column chromatgraphy (petroleum ether/AcOEt gradient)
yielded compound$ (15.1 mg; 2.5% yield; with petroleum ether/
AcOEt, 88:12) and7 (17.0 mg; 2.8% yield; with petroleum ether/
AcOEt, 84:16).

(1R,2S,4R,5R,99)-4,5-Epoxy-13-norcaryophyllan-8-one (6)color-
less, crystalline solid; mp 6263 °C; [0]?% —10 (c 0.1, MeOH); UV
(MeOH) Amax (log €) 205 (2.1) nm; IR (CHG) vmax 3408, 1696, 2922,
2853 cnT?; 'H NMR (CDCls, 400 MHz), Table 133C NMR (CDCE,
100 MHz), Table 2; EIMSn/z 238 [M]* (24), 220 (66), 205 (26), 182
(60), 164 (100); HREIMS1/z 238.1761 (calcd for GH»,0s, 238.1776).

Fermentation of (—)-Caryophyllene Oxide (1) with Aspergillus
niger. (—)-Caryophyllene oxidel) (600 mg), dissolved in 15 mL of
acetone, was evenly distributed in 30 flasks containing 24-h-old stage
Il culture. Fermentation was carried out for 8 days. After filtration,
extraction, and evaporation, a brown gum (1.4 g) was obtained, which
on repeated column chromatography (petroleum ether/AcOEt gradient)
yielded compoun@ (14.0 mg; 2.3% yield; with petroleum ether/AcOEt,
55:45).

(1R,4R,5R,8S,95,135)-Caryolane-5,8,13-triol (8):colorless, crystal-
line solid; mp 68-70 °C; [0]?% —71 (c 0.6, MeOH); UV (MeOH)
Jmax (I0g €) 206 (2.0) nm; IR (CHG) vmax 3377, 2965, 2932, 2864
cm%; *H NMR (CDCls, 400 MHz), Table 13°C NMR (CDCk, 100
MHz), Table 2; EIMSm/z 254 [M'] (12), 236 (14), 220 (26), 186
(60), 160 (100); HREIMS1/z 254.1631 (calcd for GH260s5, 254.1681).

Fermentation of (—)-Caryophyllene Oxide (1) with Fusarium lini.
(—)-Caryophyllene oxidel) (600 mg), dissolved in 15 mL of acetone,
was evenly distributed in 30 flasks containing 24-h-old stage Il culture.
Fermentation was carried out for 10 days. After filtration, extraction,
and evaporation, a brown gum (1.8 g) was obtained, which on repeated
column chromatography (petroleum ether/ AcOEt gradient) yielded
compound9 (13.0 mg; 2.1% vyield; with petroleum ether/AcOEt, 60:
40).
(1R,3R,4R,5R,8S,95)-4,5-Epoxycaryophyllan-3,13-diol (9): color-

tion medium thus obtained was distributed among 30 flasks of 250 |55 crystalline solid; mp 6770 °C; [a]?% —67 (c 0.6, MeOH); UV

mL capacity (100 mL in each) and autoclaved at 1Z1. The

(MeOH) Amax (I0g €) 205 (2.3) nm; IR (CHG) vmax 3743, 2926, 2859,

fermentation was carried out according to a standard two-stage 5gg4 crrl H NMR (CDCls, 400 MHz), Table 133C NMR (CDCh

protocol?! The substrate was dissolved in acetone, and the resulting 100 MHz), Table 2; EIMSz 254 [M+] (8), 236 (12), 220 (20), 166
clear solution was evenly distributed among 30 flasks (20 mg/0.5 mL (30), 140 (100); HREIMSn/z 254.1321 (calcd for GHo0s, 254.1637).

in each flask), containing 24-h-old stage Il cultures, and fermentation

Fermentation of (—)-Caryophyllene Oxide (1) with Gibberella

was carried out for further days on a rotatory shaker (200 rpm) at 29 fujikuroi (ATCC 10704). (~)-Caryophyllene oxide 1) (600 mg),

°C. During the fermentation period, aliquots from the culture were taken
daily and analyzed by TLC in order to determine the degree of

transformation of substrate. In all experiments, one control flask without
fungus (for checking the substrate stability) and another flask without

dissolved in 15 mL of acetone, was evenly distributed in 30 flasks
containing 24-h-old stage Il culture. Fermentation was carried out for
8 days. After filtration, extraction, and evaporation, a brown gum (1.4
g) was obtained, which on repeated column chromatography (petroleum

exogenous substrate (for checking the presence 'of endogenous Megiher/AcOEL gradient) yielded compoun@ (13.0 mg; 2.1% yield; with
tabolites) were used. The culture media and mycelium were separatedpetroleum ether/AcOEt, 54:46).

by filtration. The mycelium was washed with GEl, (1.5 L), and the
filtrate was extracted with CKLl, (3 x 2 L). The combined organic
extract was dried over anhydrous 48&, evaporated under reduced

(1S4R,5R,8S,99)-Clovane-5,9,12-triol (10):colorless, crystalline
solid; mp 76-73 °C; [a]®» —54 (¢ 0.6, MeOH); UV (MeOH)Amax
(log €) 205 (2.1) nm; IR (CHG)) vmax 3633, 2921, 2854, 2842 crh

pressure, and analyzed by thin-layer chromatography. Control flasks 1" \wvR (CDCl;, 400 MHz), Table 123C NMR (CDCl, 100 MHz)
were also harvested and compared with the test by TLC to confirm the 14p1e 2: EIMSVz 254 [M+j (16) 236 (10), 220 (25) 168 (30) 140

presence of biotransformed products.

Fermentation of (—)-Caryophyllene Oxide (1) with Cephalospo-
rium aphidicola. (—)-Caryophyllene oxidel) (600 mg), dissolved in

(100); HREIMSm/z 254.2530 (calcd for GH2603, 254.2673).
In Vitro Cholinesterase Inhibition Assay. Horse-serum butyryl-
cholinesterse (E.C 3.1.1.8), butyrylthiocholine chloride,-8ljhiobis

15 mL of acetone, was evenly distributed in 30 flasks containing 24- (2-nitrobenzoic acid) (DTNB), and galanthaminehydrobromide were
h-old stage Il culture. Fermentation was carried out for 6 days. After purchased from Sigma (St. Louis, MO). All other chemicals were of
filtration, extraction, and evaporation, a brown gum (1.63 gm) was analytical grade. Butyrylcholinesterase-inhibiting activities were mea-
obtained, which on repeated column chromatography (petroleum ether/syred by the spectrophotometric method, developed by Ellmari®t al.
AcOEt gradient) yielded compounds (16.4 mg; 2.7% vyield; with Butyrylthiocholine chloride was used as substrate to assay butyrylcho-
petroleum ether/AcOEt, 72:28) an8l (8.2 mg; 1.3% yield; with linesterase. The reaction mixture containing 180 of (100 mM)
petroleum ether/AcOEt, 68:32). sodium phosphate buffer (pH 8.0), 10 of DTNB, 10 uL of test
Fermentation of (—)-Caryophyllene Oxide (1) with Macro- compound solution, and 2@L of butyrylcholinesterase solution was
phomina phaseolina(—)-Caryophyllene oxidel) (600 mg), dissolved mixed and incubated for 15 min (2&). The reaction was then initiated
in 15 mL of acetone, was evenly distributed in 30 flasks containing by the addition of 10uL of butyrylthiocholine. The hydrolysis of
24-h-old stage Il culture. Fermentation was carried out for 4 days. After butyrylthiocholine was monitored by the formation of yellow 5-thio-
filtration, extraction, and evaporation, a brown gum (1.8 g) was 2-nitrobenzoate anion as the result of the reaction of DTNB with
obtained, which on repeated column chromatography (petroleum ether/thiocholine, released by the enzymatic hydrolysis of butyrylthiocholine
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at a wavelength of 412 nm (15 min). Test compounds and the positive
control (galanthamine HBr) were dissolved in EtOH. All the reactions
were performed in triplicate in 96-well microplates, and absorption was
measured on a microtiter plate reader (SpectraMax 340, Molecular
Devices, Sunnyvale, CA). The percentage (%) inhibition was calculated
as follows: € — §/E x 100, wherekE is the activity of the enzyme
without test compound an8 is the activity of the enzyme with test
compound.

Determination of ICso Values. The concentrations of test com-
pounds that inhibited the hydrolysis of substrates (butyrylthiocholine)
by 50% (IGo) were determined by monitoring the effect of various
concentrations of these compounds in the assays on the inhibition
values. The Ig values were then calculated using the EZ-Fit enzyme
kinetics program (Perrella Scientific Inc., Amherst, MA).
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