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Ten new derivativesX—11) of ambrein (), isolated from ambergris, were prepared by chemical transformation. Oxidation
and/or cyclization were effected by reactions with selenium oxide-tmluenesulfonyl chloride or with the use of
shortwave UV light. The structures @f-12 were elucidated by spectroscopic analysis, with the structure and relative
configuration of9 confirmed by single-crystal X-ray crystallography. The cytotoxic activities-0f2 were investigated
against human liver carcinoma (Hepa59T/VGH), colon adenocarcinoma (WiDr), lung carcinoma (A-549), and human
breast adenocarcinoma (MCF-7) cell lines. The anti-inflammatory activitigs di, in terms of the inhibition of human

neutrophil function, were also evaluated.

Ambergris is a physiological product found either in the intestines 3C NMR spectrum displayed resonances for one oxygenated

of the sperm whaleRhyseter macrocephalils (Physeteridae), or

quaternary carbord¢ 74.3), an olefinic CHdc 124.7), a quaternary

as a waste product discarded into the sea. It occurs in gray or brownolefinic carbon §c 135.9), and an exomethylene carbdg 108.9).
waxy masses, associated with the squid on which the whaledteed. The identity of 1 was confirmed asE-ambrein through mass
Since ancient times, ambergris has been one of the most highlyspectrometry (elemental formulaszgls;0) and from its NMR
valued perfumery materials and is also used in tradititional medicine spectroscopic data, which were consistent with literature vdlues.
to treat migraine headaches, rheumatism, and nervous diseases, antfeatment of ambreinlj with selenium dioxide in dioxane at room

as an aphrodisiatAmbrein, a triterpene alcohol), is the major

temperature (Scheme )1 followed by chromatographic separa-

constituent of ambergris, used as a perfume additive for the tenacitytion, afforded four selective oxidation products: otBydroxyam-
or persistence of its oddrand has been reported to possess anti- brein @) (7.5%), 13-hydroxyambrein3) (7.6%), 27-hydroxyam-

inflammatory, antinociceptive, and aphrodisiac activiti#ie anti-
inflammatory properties of ambreinl)( suggest the possible

brein @) (4.9%), and 15-oxoambreirb) (0.75%).
Compounds2 and 3 were both assigned the same molecular

interaction of this compound and prostaglandins in the mediation formula, GoHs;0,. The NMR spectroscopic data @fand3 were

of pain® Oxidative degradation of ambreirl)( as a result of

quite similar to those of ambrei) except for the replacement of

exposure of ambergris to air and sunlight, is responsible for the the C-15 methylene group by two oxymethines, resonating,at
organoleptic properties of this compound, as it leads to formation 3.91,0¢ 75.1 in2 and atdy 4.48,0c 67.7 in3. In each case, H-15

of the odorous compound Ambroxl3), with wide industrial
applications in perfumery.In view of the medicinal potential of
ambrein, we have prepared 10 new derivati&sl(1), in addition
to the known compound?2. Allylic oxidation is a useful tool for

was?3J-correlated with C-13, C-17, and C-27, confirming hydroxy-
lation at C-15. The difference in the chemical shifts of H-15 and
C-15 suggested thatand3 possess different configurations at C-15.
Mosher's method for the determination of the configuration of

preparation of many pharmaceuticals, dyes, agricultural products, secondary alcohols was appliedZ@and3 in order to distinguish

and polyester monomefsCompounds2—8 were produced as
products of Se@catalyzed allylic oxidation and benzoylation, while
9 and10 are products of cyclization with toluenesulfonyl chloride
(p-TsCl), and11 and 12 are products of photooxidation by UV
light (0 254 nm). The structures @-11 were elucidated through

between these two compountdn the case oR, the differences
between theR)-MTPA and §)-MTPA esters Ad = ds — OR) are

summarized in Figure 1a and indicated Sheonfiguration at C-15.
On the other hand, the values fohd = 6s — Or) for 3 were

indicative of theR-configuration at C-15 (Figure 1b).

spectroscopic data analysis, and single-crystal X-ray crystallography Compound4 exhibited a molecular formula of £Hs,0,, as

in the case 09. The cytotoxic activities o1—12 were investigated

determined by HRESIMSn{z 427.3943). Its NMR data were

against four human cancer cell lines. In addition, the anti- similar to those of ambreinl}, but with the disappearance of the
inflammatory activities ofl—11 were tested on elastase release by C-27 methyl group signal and its replacement by an oxymethylene

inhibition of human neutrophils.

Results and Discussion

The!H NMR spectrum ofl revealed the presence of signals for
seven methyls, one olefinic CH){ 5.16, t,J = 6.4 Hz, H-13),
and two exomethylene singlets & 4.75 and 4.54 (1#30). The

* Author to whom correspondence should be addressed. Tel:

signal atdc 66.3 in4. The oxymethylene protons &t 4.03 (2H,
s, H-27) showed HMBC correlations with the quaternary carbon
ato 139.5 (C-14), the olefinic methine carbondat 126.8 (C-13),
and the methylene carbon at 30.7 (C-15), thus confirming
hydroxylation at C-27. Compountiwas assigned the structure 27-
hydroxyambrein (yield 4.9%).

The FABMS of5 revealed a [M+ NaJ" ion peak atm/z 465,

886-02- corresponding to the molecular formulag8sc0,. The 13C NMR

3123456, ext. 2226. Fax: 886-02-23919098. E-mail: ycshen@ntu.edu.tw. data of 5 displayed a low-field carbonyl signal @i 201.8, in

T National Taiwan University.

addition to 11 CH signals, instead of 12 as ith This carbonyl

*Institute of Marine Biotechnology and Resources, National Sun Yat- \yas3J-correlated to an olefinic proton af; 6.69 (H-13), a methyl

Sen University.
§ National Research Institute of Chinese Medicine.
U Graduate Institute of Natural Products, Chang Gung University.
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signal atdy 1.76 (H-27), and a methine &, 2.65 (H-17), and this
was accompanied by a downfield shift of H-18dy 1.53), H-16
(Ao = 1.13 ppm), and C-16Xdc = 10.7 ppm), in comparison to
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1. These findings indicated the presence of a carbonyl at C-15, of 9, C3Hs00, was determined from HRESIMS and NMR data.

and consequentlg was identified as 15-oxoambrein. The calculated six degrees of unsaturation suggested the formation
The benzoyl esters 02—4 were prepared by reaction with  of an extra ring, relative t@ (CzHs,0). The oxymethine proton at

benzoyl chloride to yiel6—8, respectively, as shown in Scheme ¢, 4.12 (dd,J = 9.9, 1.2 Hz, H-13) showed HMBC correlations

1. The NMR spectra revealed the presence of characteristic benzoylyjith the methylene carbon &t 15.9 (C-12) and the methyl carbon
group signals (Experimental Section). In addition, benzoylation ., dc 12.4 (C-27). The olefinic proton aty 5.34 (t,J = 6.6 Hz
induced significant downfield shifts of H-13\p, = 1.82 ppm in H-15) had HMBC correlations with C-16 and C-27, in addition to

6 and Ady = 0.90 ppm in7) and H-27 Aoy = 0.22 ppm). The . . . .
structures of these derivatives were confirmed by the HMBC a NOESY correlation with H-17. These findings, together with

correlations of the benzoyl carbonyl carbon signal in each case with COSY NMR spectoscopic data (Figure 2), led to the conclusion
H-15 (in 6 and7) or H-27 (in 8). that reaction with TsCl introduced an ether linkage between C-8
Reaction o3 with p-toluenesulfonyl chloride (TsClj3afforded and C-13, thus forming a tetrahydropyran ring that was associated
the cyclized product® and 10 (Scheme 2). A preferentialy with rearrangement of the double-bond position from C-13 and C-14
reaction proceeded through a nucleophilic attack that involved to C-14 and C-15. The NOESY correlation between H-13 and H-26
inversion of the orientation at C-15 ir0.2* The molecular formula implied af-orientation. A single-crystal X-ray diffraction analysis
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Figure 4. Key HMBC (arrows), NOESY (curves), and COSY (bold
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Figure 2. Selected HMBC (arrows), NOESY (curves), and COSY
(bold lines) correlations 09.
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the presence of an oxygen bridge between C-8 and C-15. This
cyclization afforded thé&-form of an eight-membered tetrahydro-
TsClipy oxocine ring, which was supported by the COSY NMR spectrum
50°C,12h

(Figure 4), and proved connectivities between H-11, H-12, and H-13
and between H-15, H-16, and H-17. The strong NOESY correlation
between H-15 and the C-26 methyl protons was consistent with
the -configuration of H-15.
Photooxidation ofl using UV light (254 nm}® afforded11 and
"1y, the degradation produd?® (Scheme 3). The NMR data dfl
(molecular formula GHs.0,) indicated the absence of olefinic
10 signals attributable to C-13 and C-14lirand revealed the presence
of an oxymethine ady 3.38 (dd,J = 9.9, 2.0 Hz, H-13) and¢
(Figure 3) was used to confirm the assignment of the stru®ure  75.2 (C-13), in addition to an oxygenated quaternary carbor at
which possesses an unusual ring C in the molecule. 74.9 (C-14). The oxymethine signal &t 3.38 was correlated to
Compoundl10 exhibited the same molecular formula &sbut C-8, C-15, and C-27 in the HMBC spectrum. In addition, the H-27
different NMR data, indicating a different cyclization pattern. The protons exhibited a HMBC correlation with the oxyquaternary
oxymethine proton aty 3.96 (dd,J = 9.2, 0.9 Hz, H-15) exhibited carbon atoc 74.9 (C-14), confirming hydroxylation at C-14 and
HMBC correlations with C-13, C-16, and, notably, C-8, suggesting formation of a tetrahydropyran ring as ¢ The strong NOESY

S
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Table 1. Cytotoxicity of Compoundd—12 against Human
Tumor Cells (ERg, ug/mL)?

compound hepa59T/VGH  WiDre A-549 MCF-7&
2 5.7 7.8 6.4 4.0
5 6.8 10 53 8.5
doxorubicin 0.11 0.12 0.21 0.12

aConcentration that inhibits 50% of the growth of human tumor
cell lines after 72 h exposufé. ® Human liver carcinomet Human
colon adenocarcinoméHuman lung carcinom&Human breast ad-
enocarcinoma’.Compoundsl, 3, 4, and6—12 were inactive (Elg >
10 ug/mL).

Table 2. Anti-inflammatory Effect of Compound$—11 and
Genistein (1Qug/mL) on Elastase Release as Tested on Human
Neutrophil$

compound

% of control

4.6+ 110
132.7+ 2.50
79.3+5.66
74.4+ 6.68
95.1+ 4.63
115.5+ 7.18
85.6+ 7.08
75.6+5.52
92.2+5.62
82.0+6.99
11 81.3+4.18
genisteif 51.6+ 5.89

2 Results are presented as meaiSEM (n = 3), p < 0.05. DMSO
was used as negative control (100%Loncentration necessary for 50%
inhibition. ¢ Positive control.
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correlations between H-3){ 3.38) and H-26 {4 1.26) and H-27
(0n 1.11) were consistent with thg-orientation of H-13 and

Shen et al.

Pharmacia Biotech AB, Uppsala, Sweden) was used for separation.
S(+)-a-Methoxy-o-trifluoromethylphenylacetyl chloride ang-(—)-
a-methoxye-trifluoromethylphenylacetyl chloride (MTPA esters) were
obtained from ACROS Organics (Geel, Belgium).

Animal Material. Ambergris, a secretion from the sperm whale
Physeter macrocephalus, was purchased from a local drug store in
Kaohsiung, Taiwan, in June 2001. A voucher specimen (Pm-3) was
deposited at the School of Pharmacy, National Taiwan University,
Taipei, Taiwan.

Extraction and Isolation of Ambrein (1). The ambergris sample
(20 g) was dissolved in-hexane and applied to the top of a silica gel
column (236-400 mesh), eluted with-hexane-EtOAc (10:1), to give
four fractions (F-1 to F-4). Fraction F-4 was purified on a silica gel
column usingr-hexane-EtOAc (50:1) to yield ambreinl( 4.8 g, yield
24.2%).

(+)-Ambrein (1R,2R,4aS,8aS,3E,1"S)-(+)-1-[6'-(2",2"-Dimethyl-
6''-methylenecyclohexyl)-4#methylhex-3-enyl]-2,5,5,8a-tetrameth-
yldecahydronaphthalen-2-ol (1):colorless, needle-shaped crystals; mp
80—82°C (lit. 81.5-82.5°C); [a]p +17.2 € 0.2, CHCl,); 1*C NMR
(CDCls, 75 MHz) 6 39.8 (t, C-1), 24.9 (t, C-2), 42.1 (t, C-3), 33.2 (s,
C-4), 56.2 (d, C-5), 18.5 (t, C-6), 44.6 (t, C-7), 74.3 (s, C-8), 61.5 (d,
C-9), 39.2 (s, C-10), 25.6 (t, C-11), 31.5 (t, C-12), 124.7 (d, C-13),
135.9 (s, C-14), 38.3 (t, C-15), 23.8 (t, C-16), 53.7 (d, C-17), 35.0 (s,
C-18), 36.4 (t, C-19), 20.6 (t, C-20), 32.6 (t, C-21), 149.4 (s, C-22),
15.5 (g, C-23), 33.3 (q, C-24), 21.6 (g, C-25), 23.8 (q, C-26), 16.4 (q,
C-27), 26.3 (q, C-28), 28.5 (q, C-29), 108.9 (t, C-30); EIMEz 428
[H]*; FABMS m/z 451 [M + NaJ*, 429 [M + H]", CaoHs20.

Reaction of 1 with SeQ. Selenium dioxide (885 mg, 7.90 mmol)
was added to a solution df (3.38 g, 7.90 mmol) in dry 1,4-dioxane
(10 mL), and the reaction mixture was stirred at room temperature for
1 h. Water was then added, and the product was extracted with CH
Cl,. The CHCI; layer was washed with saturated NaH{&lution
and dried over anhydrous p&0,. The solvent was evaporated and
the residue (3.98 g) was chromatographed on a silica gel column (70
g) using a gradient of C#€l,—MeOH for elution to affordL (665 mg),

a-orientation of the OH group at C-14. These data are in accordancea mixture M, 4 (164 mg, yield 4.9%)2 (100 mg, total yield 7.5%),

with the structure assigned fid. Compoundl2 was determined

as 4-(2,2-dimethyl-6-methylenecyclohexyl)butan-2-one by spec-
troscopic comparison with literature dat&lotably, Ambrox 3)

was not obtained under these conditions.

The in vitro cytotoxic activities ol—12 were investigated against
human liver carcinoma (Hepa59T/VGH), human colon adenocar-
cinoma (WiDr), human lung carcinoma (A-549), and human breast
adenocarcinoma (MCF-7) cell lines, using the MTT assay. The
results are shown in Table'®. Among the compounds tested,
and5 exhibited moderate cytotoxic activity against all four tumor
cell lines.

The in vitro anti-inflammatory activities ol—11 were also

and a mixture M. M; (302 mg) was separated on a silica gel column
usingn-hexane-EtOAc (100:0 to 1:1) to yield (25 mg, yield 0.7%).
A similar fractionation of M (589 mgq) yielde® (54 mg), a 5:6 mixture
of 2 and 3 (223 mg,'H NMR integration), and3 (135 mg, total
yield 7.6%).

Preparation of (R)- and (S)-MTPA Esters of 2 and 3.To a solution
of 2 or 3 (2 mg in 0.5 mL of pyridine) was adde®(+)- or R-(—)-
MTPA chloride (one drop), and the solution was allowed to stand at
room temperature for 7 h. After purification using preparative TLC,
the ester (1.8 mg, 90% yield) was analyzed'HyNMR spectroscopic
measurement, andd = J0s — dr was calculated separately f@
and3.

(1R,2R,4aS,8aS,3E,5'S,1'S)-(+)-1-[6'-(2",2"-Dimethyl-6"-meth-

screened by observation of elastase release as tested on humaf{enecyclohexyl)-4methyl-5-hydroxyhex-3-enyl]-2,5,5,8a-tetram-

neutrophils (Table 2). Genistein was used as a positive contro
compound. Compound3 4, and8 exhibited weak anti-inflamma-
tory activities as compared to compouhdvhich showed the most
potent anti-inflammatory activity at 1@g/mL. In contrast, com-
pounds2 and6 possessed inflammatory effect (over 100%) under
the same conditions.

Experimental Section
General Experimental ProceduresOptical rotations were recorded

on a JASCO DIP-1000 polarimeter. IR and UV spectra were measured
on Hitachi T-2001 and Hitachi U-3210 spectrophotometers, respectively.

The'H, 3C NMR, COSY, HMQC, HMBC, and NOESY spectra were
recorded on a Bruker FT-300 or a Varian Unity INOVA FT-500 NMR
spectrometer at 500 MHz fdH and 125 MHz for'*C, respectively,
using TMS as internal standard. Chemical shifts are giveh (jppm)
and coupling constants in Hz. Low-resolution EIMS and FABMS were

|ethyldecahydronaphthalen-2-o| (2):colorless crystals; mp 14%C;

[odo 420 (¢ 0.2, CHCl,); IR (CHoCla) vmax 3420 (OH), 2928 (CH),
1647 (double bond), 1124 (€0) cmt; 'H NMR (CDCls, 300 MHz)

6 1.71 (1H, m, H-1a), 1.67 (1H, m, H-1b), 1.54 (2H, m, H-2), 1.39
(1H, m, H-3a), 1.16 (1H, m, H-3b), 0.87 (1H, m, H-5), 1.58 (1H, m,
H-6a), 1.42 (1H, m, H-6b), 1.86 (2H, m, H-7), 1.03 (1H, m, H-9), 1.47
(1H, m, H-11a), 1.33 (1H, m, H-11b), 2.07 (2H, m, H-12), 5.39 (1H,
t, J = 6.6 Hz, H-13), 3.91 (1H, dd] = 9.6, 0.9 Hz, H-15), 2.05 (1H,
m, H-16a), 1.59 (1H, m, H-16b), 2.03 (1H, m, H-17), 1.48 (1H, m,
H-19a), 1.25 (1H, m, H-19b), 1.67 (1H, m, H-20a), 1.24 (1H, m, H-20b),
2.03 (2H, m, H-21), 0.77 (3H, s, H-23), 0.84 (3H, s, H-24), 0.77 (3H,
s, H-25), 1.11 (3H, s, H-26), 1.60 (3H, s, H-27), 0.82 (3H, s, H-28),
0.92 (3H, s, H-29), 4.78 (1H, s, H-30a), 4.60 (1H, s, H-30#);NMR
(CDCl, 75 MHz) 6 39.7 (t, C-1), 23.6 (t, C-2), 42.0 (t, C-3), 33.2 (s,
C-4), 56.1 (d, C-5), 18.4 (t, C-6), 44.4 (t, C-7), 74.1 (s, C-8), 61.2 (d,
C-9), 39.1 (s, C-10), 25.2 (t, C-11), 30.8 (t, C-12), 125.7 (d, C-13),
138.1 (s, C-14), 75.1 (d, C-15), 32.5 (t, C-16), 49.8 (d, C-17), 34.6 (s,
C-18), 36.2 (t, C-19), 20.5 (t, C-20), 32.5 (t, C-21), 149.5 (s, C-22),

recorded on a VG Quattro 5022 mass spectrometer. HRMS were 15.3 (9, C-23), 33.3 (q, C-24), 21.4 (q, C-25), 23.8 (q, C-26), 12.2 (q,

recorded on a Finnigan MAT-95XL mass spectrometer. An UVGL-25
mineral light lamp (Upland, CA) operating at 254 nm was used for
photoreaction. Silica gel 60 (Merck) was used for column chromatog-
raphy, and precoated silica gel plates (Merck, Kieselgel 60 F-254, 1
mm) were used for preparative TLC. Sephadex LH-20 (Amersham

C-27), 26.1 (g, C-28), 28.3 (q, C-29), 109.2 (t, C-30); EINiEx 444
[M]*; FABMS m/z 467 [M + NaJ*, 427 [M — OH]*, 409 [M — H,O
— OH]*; HRESIMSm/z 427.3940 (calcd for €Hs,0, 427.3940).
(1R,2R,48S,8aS,3E,5'R,1"9)-(—)-1-[6'-(2",2"-Dimethyl-6"-meth-
ylenecyclohexyl)-4methyl-5'-hydroxyhex-3-enyl]-2,5,5,8a-tetram-
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ethyldecahydronaphthalen-2-ol (3):amorphous solid;d]p —21 (€
0.2, CHCI); IR (CH2Cly) vmax 3420 (OH), 2938 (CH), 1647 (double
bond), 1124 (€0) cm'}; *H NMR (CDCl; 300 MHz) ¢ 1.65 (2H,
m, H-1), 1.54 (2H, m, H-2), 1.41 (2H, m, H-3), 0.95 (1H, m, H-5),
1.61 (1H, m, H-6a), 1.43 (1H, m, H-6b), 1.88 (2H, m, H-7), 1.04 (1H,
m, H-9), 1.52 (1H, m, H-11a), 1.34 (1H, m, H-11b), 2.09 (2H, m, H-12),
5.23 (1H, t,J = 7.0 Hz, H-13), 4.48 (1H, br dJ = 8.9 Hz, H-15),
2.20 (1H, m, H-16a), 2.06 (1H, m, H-16b), 2.08 (1H, m, H-17), 1.72
(2H, m, H-19), 1.54 (1H, m, H-20a), 1.30 (1H, m, H-20b), 2.10 (2H,
m, H-21), 0.77 (3H, s, H-23), 0.87 (3H, s, H-24), 0.78 (3H, s, H-25),
1.13 (3H, s, H-26), 1.72 (3H, s, H-27), 0.85 (3H, s, H-28), 0.95 (3H,
s, H-29), 4.83 (1H, s, H-30a), 4.64 (1H, s, H-308; NMR (CDCE,
75 MHz) 6 39.9 (t, C-1), 23.8 (t, C-2), 42.0 (t, C-3), 33.5 (s, C-4),
56.1 (d, C-5), 18.6 (t, C-6), 44.6 (t, C-7), 74.3 (s, C-8), 60.9 (d, C-9),
39.1 (s, C-10), 25.8 (t, C-11), 29.8 (t, C-12), 127.2 (d, C-13), 138.0 (s,
C-14), 67.7 (d, C-15), 30.3 (t, C-16), 49.9 (d, C-17), 34.7 (s, C-18),
36.2 (t, C-19), 20.6 (t, C-20), 32.2 (t, C-21), 149.8 (s, C-22), 15.4 (q,
C-23), 33.3 (g, C-24), 21.6 (q, C-25), 24.0 (g, C-26), 18.2 (q, C-27),
26.4 (q, C-28), 28.4 (g, C-29), 109.3 (t, C-30); EIM%z 426 [M —
H,0]"; FABMS m/z409 [M — H,O — OH]*; HRESIMSm/z 427.3937
(calcd for GoHs10, 427.3940).

(1R,2R,48S,8aS,3E,1"S)-(+)-1-[6'-(2",2"'-Dimethyl-6"-methyle-
necyclohexyl)-4-hydroxymethylhex-3-enyl]-2,5,5,8a-tetramethyl-
decahydronaphthalen-2-ol (4):amorphous solid;d]p +20.4 € 0.2,
CH,Cl,); IR (CH2Cl,) vmax 3420 (OH), 2928 (CH), 1646 (double bond),
1134 (C-0) cnT%; *H NMR (CDCl3, 300 MHz) 6 1.63 (2H, m, H-1),
1.54 (2H, m, H-2), 1.43 (2H, m, H-3), 0.95 (1H, m, H-5), 1.45 (2H,
m, H-6), 1.87 (2H, m, H-7), 1.05 (1H, m, H-9), 1.30 (2H, m, H-11),
1.88 (2H, m, H-12), 5.45 (1H, tJ = 7.1 Hz, H-13), 2.17 (2H, m,
H-15), 1.52 (2H, m, H-16), 1.68 (1H, m, H-17), 1.47 (1H, m, H-19a),
1.26 (1H, m, H-19b), 1.72 (2H, m, H-20), 2.07 (2H, m, H-21), 0.79
(3H, s, H-23), 0.87 (3H, s, H-24), 0.79 (3H, s, H-25), 1.12 (3H, s,
H-26), 4.03 (2H, s, H-27), 0.83 (3H, s, H-28), 0.91 (3H, s, H-29), 4.78
(1H, s, H-30a), 4.59 (1H, s, H-30b)*C NMR (CDCk, 75 MHz) 6
39.8 (t, C-1), 23.7 (t, C-2), 42.0 (t, C-3), 33.4 (s, C-4), 56.0 (d, C-5),
18.4 (t, C-6), 44.3 (t, C-7), 74.0 (s, C-8), 61.2 (d, C-9), 39.1 (s, C-10),
25.6 (t, C-11), 27.1 (t, C-12), 126.8 (d, C-13), 139.5 (s, C-14), 30.7 (t,
C-15), 25.5 (t, C-16), 54.4 (d, C-17), 34.9 (s, C-18), 36.2 (t, C-19),
20.5 (t, C-20), 32.4 (t, C-21), 149.1 (s, C-22), 15.4 (g, C-23), 33.2 (q,
C-24), 21.5 (q, C-25), 23.8 (g, C-26), 66.7 (t, C-27), 26.3 (q, C-28),
28.3 (q, C-29), 109.0 (t, C-30); EIMBVz 426 [M — H,O]*; FABMS
m/z427 [M — OH]", 409 [M — H,0 — OH]*; HRESIMSn/z 427.3943
(calcd for GoHs10, 427.3940).

(1R,2R,4aS,8aS,3E,1"S)-(+)-1-[6'-(2",2"'-Dimethyl-6"-methyle-
necyclohexyl)-4-methyl-5'-oxohex-3-enyl]-2,5,5,8a-tetramethyl-
decahydronaphthalen-2-ol (5):amorphous solid;d]p +22.4 € 0.2,
CH,Cl,); UV Amax (MeOH) (loge) 238 (3.9), 272 (0.9) nm; IR (CH
Cl2) vmax 3490 (OH), 2930 (CH), 1718 (€0, ester), 1645 (double
bond), 1083 (C-0), 738 cn?; *H NMR (CDCls, 300 MHz) 6 1.65
(2H, m, H-1), 1.50 (2H, m, H-2), 1.46 (1H, m, H-3a), 1.37 (1H, m,
H-3b), 0.91 (1H, m, H-5), 1.46 (2H, m, H-6), 2.00 (2H, m, H-7), 1.11
(1H, m, H-9), 1.27 (2H, m, H-11), 2.33 (2H, m, H-12), 6.69 (1HJt,
= 7.0 Hz, H-13), 2.85 (2H, m, H-16), 2.65 (1H, m, H-17), 1.55 (2H,
m, H-19), 1.68 (2H, m, H-20), 2.05 (2H, m, H-21), 0.81 (3H, s, H-23),
0.88 (3H, s, H-24), 0.81 (3H, s, H-25), 1.18 (3H, s, H-26), 1.76 (3H,
s, H-27), 0. 88 (3H, s, H-28), 0.95 (3H, s, H-29), 4.68 (1H, s, H-304a),
4.38 (1H, s, H-30b)3C NMR (CDChk, 75 MHz,) 6 39.9 (t, C-1), 24.1
(t, C-2), 42.0 (t, C-3), 33.3 (s, C-4), 56.2 (d, C-5), 18.4 (t, C-6), 44.8
(t, C-7), 74.3 (s, C-8), 61.4 (d, C-9), 39.1 (s, C-10), 23.9 (t, C-11),
35.3 (t, C-12), 142.2 (d, C-13), 137.4 (s, C-14), 201.8 (s, C-15), 34.5
(t, C-16), 49.2 (d, C-17), 35.0 (s, C-18), 38.7 (t, C-19), 20.6 (t, C-20),
32.4 (t, C-21), 149.5 (s, C-22), 15.4 (g, C-23), 33.4 (g, C-24), 21.6 (q,
C-25), 23.7 (q, C-26), 12.0 (q, C-27), 24.5 (q, C-28), 28.9 (q, C-29),
108.2 (t, C-30); FABMSm/z 465 [M + Na]f, 443 [M + H];
HRESIMS m/z 443.3886 (calcd for €Hs10,, 443.3889).

Benzoylation of 2 and 3 A mixture of 2 and3 (200 mg, 0.45 mmol)
was treated with benzoyl chloride (0.1 mL) and pyridine (2 mL) at 50
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(1R,2R,4aS,8aS,3E,5'S,1"9)-(+)-1-[6'-(2",2"-Dimethyl-6"-meth-
ylenecyclohexyl)-4methyl-5'-benzoyloxyhex-3-enyl]-2,5,5,8a-tet-
ramethyldecahydronaphthalen-2-ol (6):amorphous solid;jf]p +60.4
(c 0.2, CHCI,); UV Amax (MeOH) (log €) 238 (4.53), 272 (3.39) nm;
IR (CH:Cl,) vmax 3502 (OH), 2933, 2866 (CH), 1718 €D, ester),
1646 (double bond), 1276 (€0, ester), 1118 (€0), 711 cn1t; *H
NMR (CDCl;, 300 MHz) 6 1.75 (2H, m, H-1), 1.60 (2H, m, H-2),
1.35 (1H, m, H-3a), 1.16 (1H, m, H-3b), 0.84 (1H, m, H-5), 1.60 (1H,
m, H-6a), 1.42 (1H, m, H-6b), 1.88 (2H, m, H-7), 1.08 (1H, m, H-9),
1.42 (2H, m, H-11), 2.56 (1H, m, H-12a), 2.13 (1H, m, H-12b), 5.26
(1H, t,J = 6.2 Hz, H-13), 5.73 (1H, dd] = 9.0, 1.5 Hz, H-15), 2.10
(1H, m, H-16a), 1.60 (1H, m, H-16b), 1.96 (1H, m, H-17), 1.51 (1H,
m, H-19a), 1.26 (1H, m, H-19b), 1.63 (1H, m, H-20a), 1.30 (1H, m,
H-20b), 2.10 (2H, m, H-21), 0.77 (3H, s, H-23), 0.80 (3H, s, H-24),
0.77 (3H, s, H-25), 1.16 (3H, s, H-26), 1.72 (3H, s, H-27), 0.90 (3H,
s, H-28), 0.94 (3H, s, H-29), 4.82 (1H, s, H-30a), 4.50 (1H, s, H-30b),
8.07 (2H, d,J = 7.5 Hz, H-3,7), 7.46 (2H, t,J = 7.5 Hz, H-4,6),
7.57 (1H, t,J = 7.5 Hz, H-8); 23C NMR (CDCk, 75 MHz) 6 39.9 (t,
C-1), 23.6 (t, C-2), 42.1 (t, C-3), 33.4 (s, C-4), 56.0 (d, C-5), 18.6 (t,
C-6), 44.6 (t, C-7), 74.2 (s, C-8), 60.0 (d, C-9), 39.0 (s, C-10), 25.0 (t,
C-11), 30.1 (t, C-12), 129.7 (d, C-13), 133.6 (s, C-14), 72.6 (d, C-15),
30.5 (t, C-16), 50.0 (d, C-17), 34.7 (s, C-18), 36.2 (t, C-19), 20.7 (t,
C-20), 32.5 (t, C-21), 148.4 (s, C-22), 15.5 (q, C-23), 33.4 (g, C-24),
21.6 (g, C-25), 23.6 (q, C-26), 18.4 (q, C-27), 26.3 (g, C-28), 28.4 (q,
C-29), 110.1 (t, C-30), 165.9 (s, C}1130.8 (s, C-3, 129.7 (d, C-37),
128.4 (d, C-46), 132.8 (d, C-H; EIMS m/z 426; FABMS m/z 531
[M — OH]*, 409 [M — PhCOOH— OH]*; HRESIMSm/z 531.4201
(caled for G/HssO,, 531.4202).

(1R,2R,48S,8aS,3E,5R,1"9)-(+)-1-[6-(2",2"-Dimethyl-6"-meth-
ylenecyclohexyl)-4methyl-5'-benzoyloxyhex-3-enyl]-2,5,5,8a-tet-
ramethyldecahydronaphthalen-2-ol (7):amorphous solid;d]p —20.3
(c 0.2, CHCIy); UV Anax (MeOH) (loge) 238 (4.51), 273 (3.13) nm;
IR (CH:Cly) vmax 3502 (OH), 2932 (CH), 1715 (€0, ester), 1646
(double bond), 1601 (aromatic), 12760, ester), 1113 (€0), 711
cm%; *H NMR (CDCls;, 300 MHz)d 1.72 (2H, m, H-1), 1.56 (2H, m,
H-2), 1.38 (1H, m, H-3a), 1.14 (1H, m, H-3b), 0.89 (1H, m, H-5), 1.46
(2H, m, H-6), 1.88 (2H, m, H-7), 1.07 (1H, m, H-9), 1.44 (2H, m,
H-11), 2.20 (2H, m, H-12), 5.55 (1H, §,= 7.3 Hz, H-13), 5.38 (1H,

t, J = 7.2 Hz, H-15), 1.93 (2H, m, H-16), 1.75 (1H, m, H-17), 1.54
(1H, m, H-19a), 1.33 (1H, m, H-19b), 1.71 (2H, m, H-20), 2.25 (1H,
m, H-21a), 2.02 (1H, m, H-21b), 0.78 (3H, s, H-23), 0.85 (3H, s, H-24),
0.78 (3H, s, H-25), 1.14 (3H, s, H-26), 1.70 (3H, s, H-27), 0.85 (3H,
s, H-28), 0.93 (3H, s, H-29), 4.82 (1H, s, H-30a), 4.72 (1H, s, H-30b),
8.04 (2H, d,J = 7.2 Hz, H-3,7), 7.43 (2H, t,J = 7.2 Hz, H-4,6),
7.54 (1H, t,J = 7.2 Hz, H-8); 23C NMR (CDCk, 75 MHz) 6 39.8 (t,
C-1), 23.8 (t, C-2), 41.9 (t, C-3), 33.2 (s, C-4), 56.1 (d, C-5), 18.4 (t,
C-6), 44.7 (t, C-7), 74.1 (s, C-8), 61.3 (d, C-9), 39.1 (s, C-10), 25.0 (t,
C-11), 31.0 (t, C-12), 131.4 (d, C-13), 131.5 (s, C-14), 80.4 (d, C-15),
28.7 (t, C-16), 50.1 (d, C-17), 35.0 (s, C-18), 37.2 (t, C-19), 20.6 (t,
C-20), 33.2 (t, C-21), 148.4 (s, C-22), 15.4 (q, C-23), 33.4 (g, C-24),
21.5 (g, C-25), 23.8 (g, C-26), 11.3 (q, C-27), 25.3 (g, C-28), 28.5 (q,
C-29), 109.4 (t, C-30), 165.7 (s, C}1131.1 (s, C-3, 129.5 (d, C-37),
128.2 (d, C-46'), 132.6 (d, C-5; EIMS nvz 426, 408; FABMSm/z
531 [M — OH]*; HRESIMS nmvz 531.4200 (calcd for &HssO,,
531.4202).

Benzoylation of 4.Compound4 (60 mg, 0.14 mmol) was subjected
to benzoylation, and chromatographic purification of the product using
the same methods mentioned under benzoylatio? arid 3, to yield
8 (9 mg, yield 12.2%).

(1R,2R,48S,8aS,3E,1"'S)-(+)-1-[6'-(2",2"-Dimethyl-6'""-methyle-
necyclohexyl)-4-benzoyloxymethylhex-3-enyl]-2,5,5,8a-tetrameth-
yldecahydronaphthalen-2-ol (8):amorphous solid;d]p +23 (€ 0.2,
CH.CLy); UV Amax (MeOH) (log €) 229 nm (4.36); IR (CHCl,) vmax
3450 (OH), 2932 (CH), 1716 (€0, ester), 1646 (double bond), 1605
(aromatic), 1270 (€0, ester), 1111 (€0), 711 cm?; *H NMR
(CDCl;, 300 MHz)6 1.64 (2H, m, H-1), 1.58 (2H, m, H-2), 1.40 (1H,
m, H-3a), 1.14 (1H, m, H-3b), 0.97 (1H, m, H-5), 1.62 (1H, m, H-6a),
1.42 (1H, m, H-6b), 1.40 (1H, m, H-7a), 1.18 (1H, m, H-7b), 1.08

°C for 15 h. The crude residue (287 mg) was separated on Sephadex1H, m, H-9), 1.58 (2H, m, H-11), 2.01 (2H, m, H-12), 5.60 (1HJt,

LH-20 using CHCI,—MeOH (1:1) to give four fractions (Fj).
Fraction i (127 mg) was chromatographed using normal-phase HPLC
and n-hexane-CH,Cl,—MeOH (8:8:1) to yield three fractions A

= 5.3 Hz, H-13), 2.13 (2H, m, H-15), 1.35 (2H, m, H-16), 1.73 (1H,
m, H-17), 1.52 (1H, m, H-19a), 1.26 (1H, m, H-19b), 1.73 (2H, m,
H-20), 2.05 (2H, m, H-21), 0.79 (3H, s, H-23), 0.86 (3H, s, H-24),

C). Fraction B (55 mg) was further separated using normal-phase HPLC 0.79 (3H, s, H-25), 1.14 (3H, s, H-26), 4.75 (2H, s, H-27), 0.82 (3H,

andn-hexane-EtOAc (12:1) to yield6 (24 mg, yield 9.7%) and (12
mg, yield 4.9%).

s, H-28), 0.90 (3H, s, H-29), 4.75 (1H, s, H-30a), 4.58 (1H, s, H-30D),
8.07 (2H, d,J = 7.6 Hz, H-3,7), 7.44 (2H, t,J = 7.6 Hz, H-4,6),



152 Journal of Natural Products, 2007, Vol. 70, No. 2

7.54 (1H, t,J = 7.6 Hz, H-3); *C NMR (CDCk, 75 MHz) 6 39.8 (t,
C-1), 23.6 (t, C-2), 42.0 (t, C-3), 33.2 (s, C-4), 56.1 (d, C-5), 18.5 (t,
C-6), 44.6 (t, C-7), 74.0 (s, C-8), 61.5 (d, C-9), 39.1 (s, C-10), 25.5 (t,
C-11), 27.5 (t, C-12), 128.3 (d, C-13), 134.5 (s, C-14), 31.0 (t, C-15),
25.3 (t, C-16), 54.4 (d, C-17), 34.8 (s, C-18), 36.1 (t, C-19), 20.6 {(t,
C-20), 32.3 (t, C-21), 149.1 (s, C-22), 15.4 (q, C-23), 33.4 (g, C-24),
21.5 (g, C-25), 23.8 (g, C-26), 69.5 (t, C-27), 26.3 (g, C-28), 28.3 (q,
C-29), 109.1 (t, C-30), 166.5 (s, C}1130.9 (s, C-3, 129.6 (d, C-37),
128.3 (d, C-46'), 132.8 (d, C-5; EIMS mvz 309 [M — PhCOOH—
OH]*; FABMS m/z 571 [M + NaJ"; HRESIMSm/z 571.4130 (calcd
for Cs7Hs603Na, 571.4127).

Reaction with p-Toluenesulfonyl Chloride. A mixture of 3 (100
mg, 0.45 mmol)p-toluenesulfonyl chloride (0.1 mL), and pyridine (1.5
mL) was stirred at 50C for 12 h. Ether was added, and the mixture
was washed with saturated aqueous Nak€@ution and brine, dried,

and evaporated. The resulting crude residue (127 mg) was chromato-

graphed on a silica gel column usinghexane-EtOAc (100:0 to 10:
1) to afford two fractions (A and B). Fraction A (89 mg) was separated
by silica gel preparative TLC (Gk) usingn-hexane-CH,Cl, (3:1) to
yield 9 (20 mg, 20.8%) and.0 (42 mg, 43.8%).
(1R,2R,4aS,8aS,3R 4 E,1"S)-(+)-1-[6'-(2",2"-Dimethyl-6"-meth-
ylenecyclohexyl)-4methylhex-4-enyl]-2,3-epoxy-2,5,5,8a-tetram-
ethyldecahydronaphthalen-2-ol (9):colorless, needle-shaped crystals;
mp 112°C; [o]p +25.2 € 0.2, CHCL); IR (CHxCl,) Vmax 3400 (OH),
2928 (CH), 1646 (double bond), 1074-©) cnr?; *H NMR (CDCls,
300 MHz)d 1.54 (2H, m, H-1), 1.53 (2H, m, H-2), 1.35 (2H, m, H-3),
0.96 (1H, m, H-5), 1.42 (2H, m, H-6), 1.83 (2H, m, H-7), 1.60 (1H,
m, H-9), 1.79 (1H, m, H-11a), 1.55 (1H, m, H-11b), 1.61 (2H, m, H-12),
4.12 (1H, ddJ = 9.9, 1.2 Hz, H-13), 5.34 (1H, ] = 6.6 Hz, H-15),
2.22 (1H, m, H-16a), 2.08 (1H, m, H-16b), 1.79 (1H, m, H-17), 1.46
(1H, m, H-19a), 1.26 (1H, m, H-19b), 1.60 (2H, m, H-20), 2.06 (1H,
m, H-21a), 2.00 (1H, m, H-21b), 0.80 (3H, s, H-23), 0.86 (3H, s, H-24),
0.80 (3H, s, H-25), 1.21 (3H, s, H-26), 1.60 (3H, s, H-27), 0.83 (3H,
s, H-28), 0.93 (3H, s, H-29), 4.74 (1H, s, H-30a), 4.50 (1H, s, H-30b);
13C NMR (CDCh, 75 MHz) 6 39.1 (t, C-1), 23.7 (t, C-2), 42.1 (t, C-3),
33.3 (s, C-4), 56.4 (d, C-5), 18.5 (t, C-6), 43.5 (t, C-7), 74.9 (s, C-8),
51.9 (d, C-9), 37.1 (s, C-10), 26.4 (t, C-11), 15.9 (t, C-12), 75.6 (d,
C-13), 136.3 (s, C-14), 125.7 (d, C-15), 24.9 (t, C-16), 54.0 (d, C-17),
35.0 (s, C-18), 37.2 (t, C-19), 20.2 (t, C-20), 33.2 (t, C-21), 149.4 (s,
C-22), 15.0 (q, C-23), 33.4 (g, C-24), 21.5 (q, C-25), 25.9 (q, C-26),
12.4 (q, C-27), 25.3 (g, C-28), 28.6 (g, C-29), 108.8 (t, C-30); EIMS
m/z 409 [M — OH]*; FABMS miz 449 [M + NaJt, 427 [M + H]*;
HRESIMSm/z 427.3941 (calcd for &Hs,0, 427.3940).

Crystal data for 9: C3oHs¢01, M 426.72, orthorhombid?2;2,2; (No.
19),a6.298(2) A,b 11.916(2) A,c 35.057(5) A,V 2631.1(7) R, Z 4,
Deaica 1.077 g cni3, F(000) 952 4(Mo Ka) 0.71073 A T 298 K, 2232
unique reflections collected. Final GooF 1.3R 0.0476, wR
0.0705, 280 parameterg, 0.062 mnT?, R indices based on 1546
reflections withl > 20(l), absorption corrections applied. Copies
of the deposited crystal data can be obtained, free of charge,
on application to CCDC (file number 626138), 12 Union Road,
Cambridge CB2 1EZ, UK [fax:+44(0) 1223 336033 or e-mail:
deposit@ccdc.cam.ac.uk].

(1R,2R,4aS,8aS,5 S,3E,1"'S)-(+)-1-[6'-(2",2"'-Dimethyl-6"'-meth-
ylenecyclohexyl)-4methylhex-3-enyl]-2,5-epoxy-2,5,5,8a-tetram-
ethyldecahydronaphthalen-2-ol (10)colorless, needle-shaped crystals;
mp 98°C; [a]p —24.3 € 0.2, CHCI); IR (CHCI;) vmax 3400 (OH),
2928 (CH), 1647 (double bond), 1078+(©) cnT?; *H NMR (CDCls,

300 MHz) § 1.65 (1H, m, H-1a), 1.60 (1H, m, H-1b), 1.54 (2H, m,
H-2), 1.44 (1H, m, H-3a), 1.40 (1H, m, H-3b), 0.99 (1H, m, H-5), 1.44
(2H, m, H-6), 1.80 (2H, m, H-7), 1.20 (1H, m, H-9), 2.27 (1H, m,
H-11a), 2.10 (1H, m, H-11b), 1.60 (1H, m, H-12a), 1.49 (1H, m, H-12b),
5.28 (1H, br t,J = 6.2 Hz, H-13), 3.96 (1H, ddJ = 9.2, 0.9 Hz,
H-15), 1.62 (2H, m, H-16), 1.84 (1H, m, H-17), 1.50 (1H, m, H-19a),
1.31 (1H, m, H-19b), 1.76 (2H, m, H-20), 2.15 (1H, m, H-21a), 2.00
(1H, m, H-21b), 0.74 (3H, s, H-23), 0.86 (3H, s, H-24), 0.80 (3H, s,
H-25), 1.25 (3H, s, H-26), 1.60 (3H, s, H-27), 0.81 (3H, s, H-28), 0.93
(3H, s, H-29), 4.74 (1H, s, H-30a), 4.47 (1H, s, H-305C NMR
(CDCls, 75 MHz) 6 39.1 (t, C-1), 23.8 (t, C-2), 42.0 (t, C-3), 33.3 (s,
C-4), 56.4 (d, C-5), 18.6 (t, C-6), 42.2 (t, C-7), 74.6 (s, C-8), 57.4 (d,
C-9), 36.8 (s, C-10), 24.7 (t, C-11), 31.8 (t, C-12), 126.4 (d, C-13),
135.9 (s, C-14), 75.5 (d, C-15), 18.4 (t, C-16), 53.7 (d, C-17), 35.1 (s,
C-18), 37.7 (t, C-19), 19.9 (t, C-20), 33.8 (t, C-21), 149.3 (s, C-22),
15.6 (g, C-23), 33.4 (q, C-24), 21.3 (q, C-25), 20.7 (g, C-26), 12.0 (q,
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C-27), 24.7 (q, C-28), 28.8 (q, C-29), 108.7 (t, C-30); EIM& 409
[M — OHJ*; FABMS m/z 449 [M + NaJ*, 427 [M + H]*; HRESIMS
m/z 427.3942 (calcd for §Hs;0, 427.3940).

Photoreaction of Ambrein (1). Ambrein (1, 300 mg) was dissolved
in acetone (5 mL) containing a few drops of®and irradiated with
shortwave UV light (254 nm, UV lamp) for 72 h at room temperature.
The mixture was stirred continuously, and the evaporated solvent was
replaced. The solution was then evaporated, and the residue (285 mg)
was separated on a silica gel column usmpexane-EtOAc (100:1
to 2:1) to afford12 (6 mg) and11 (25 mg, 8.3%).

(1R,2R,4aS,8aS,3S,4'S,1"'S)-(+)-1-[6'-(2",2"'-Dimethyl-6'""-meth-
ylenecyclohexyl)-4hydroxy-4'-methylhexyl]-2,3-epoxy-2,5,5,8a-tet-
ramethyldecahydronaphthalen-2-ol (11): amorphous solid; d]o
—19.8 £ 0.2, CHCly); IR (CH:Cl,) vmax 3446 (OH), 2926 (CH), 1645
(double bond), 1088 (€0) cm%; *H NMR (CDCls, 300 MHz)6 1.57
(2H, m, H-1), 1.54 (2H, m, H-2), 1.36 (2H, m, H-3), 1.00 (1H, m,
H-5), 1.50 (2H, m, H-6), 1.79 (2H, m, H-7), 1.15 (1H, m, H-9), 1.65
(2H, m, H-11), 1.65 (2H, m, H-12), 3.38 (1H, dd,= 9.9, 2.0 Hz,
H-13), 2.06 (2H, m, H-15), 1.48 (2H, m, H-16), 1.65 (1H, m, H-17),
1.53 (2H, m, H-19), 1.21 (2H, m, H-20), 2.00 (2H, m, H-21), 0.74
(3H, s, H-23), 0.87 (3H, s, H-24), 0.80 (3H, s, H-25), 1.26 (3H, s,
H-26), 1.11 (3H, s, H-27), 0.92 (3H, s, H-28), 0.85 (3H, s, H-29), 4.75
(1H, brs, H-30a), 4.56 (1H, brs, H-30BFC NMR (CDCk, 75 MHz)
0 39.1 (t, C-1), 23.9 (t, C-2), 42.1 (t, C-3), 33.3 (s, C-4), 57.6 (d, C-5),
18.6 (t, C-6), 41.9 (t, C-7), 73.3 (s, C-8), 56.4 (d, C-9), 36.7 (s, C-10),
26.6 (t, C-11), 19.9 (t, C-12), 75.2 (d, C-13), 74.9 (s, C-14), 36.5 (t,
C-15), 18.2 (t, C-16), 54.7 (d, C-17), 35.1 (s, C-18), 35.4 (t, C-19),
20.7 (t, C-20), 32.7 (t, C-21), 149.4 (s, C-22), 15.6 (g, C-23), 33.3 (q,
C-24), 21.3 (q, C-25), 29.7 (q, C-26), 23.7 (g, C-27), 26.1 (g, C-28),
28.5 (g, C-29), 108.9 (t, C-30); FABM®/z 467 [M + Na]"; HRESIMS
m/z 467.3865 (calcd for §Hs,0,Na, 467.3865).

Cytotoxicity Assay. Cytotoxicity was determined against Hepa59T/
VGH (human liver carcinoma), WiDr (human colon adenocarcinoma),
A-549 (human lung carcinoma), and MCF-7 (human breast adenocar-
cinoma) tumor cells was based on a MTT assay method. The assay
procedure was carried out as previously descrit&Ds, values were
defined by a comparison with the untreated cells as the concentration
of test sample resulting in 50% reduction of absorbance.

Anti-inflammatory Assay (Measurement of Elastase Release).
Degranulation of azurophilic granules was determined by elastase
release as described previouslyith some modifications. Experiments
were performed using MeO-Suc-Ala-Ala-Pro-\f&hitroanilide as the
elastase substrate. In brief, after supplementation with MeO-Suc-Ala-
Ala-Pro-Valp-nitroanilide (100uM), neutrophils (6x 10°/mL) were
equilibrated at 37C for 2 min and incubated with each test compound
for 5 min. Cells were activated by FMLP (100 nM)/CB (Q:8/mL),
and changes in absorbance at 405 nm were monitored continuously
for elastase release. The results are expressed as the percentage of the
initial rate of elastase release in the FMLP/CB-activated, test compound-
free (DMSO) control system.
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