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AbstractÐA series of analogues of, and potential pro-drugs derived from, the potent antibacterial diterpene totarol (1) were syn-
thesized in order to elucidate the minimum structural requirements for antibacterial activity and to seek compounds with good
bioavailability in vivo. These analogues varied in the structural features of their aromatic rings and the prodrugs were O-glycosy-
lated derivatives. They were tested in vitro against three Gram-positive bacteria: b-lactamase-positive and high level gentamycin-
resistant Enterococcus faecalis, penicillin-resistant Streptococcus pneumoniae, and methicillin-resistant Staphylococcus aureus
(MRSA); and against the Gram-negative multi-drug-resistant Klebsiella pneumoniae. None of the analogues was more potent than
totarol itself, which is e�ective against these Gram-positive bacteria at MIC values of 7 mM. The results were evaluated in terms of a
structure±activity relationship and this showed that a phenolic moiety was essential for potent antibacterial activity. Amongst the
pro-drugs, totaryl a-d-mannopyranoside (22) proved the most active in vitro (MIC 18mM). The in vivo antibacterial activities of
compounds 1, 22 and totarol b-lactoside (23) were assessed in a mouse model of infection, but they were found to be ine�ective.
Compounds 1 and 22 were shown to be cytotoxic towards proliferating human cell cultures, CH 2983, HeLa, and MG 63, but only
at concentrations of >30 mM. # 1999 Elsevier Science Ltd. All rights reserved.

Introduction

Since the early 1950s and the emergence of penicillin-
resistant Staphylococci, the incidence of infections
caused by bacteria resistant to commonly used anti-
biotics has increased alarmingly.1,2 In particular,
resistances to multiple antibiotics of strains of Gram-
positive bacteria such as Enterococcus faecalis, methi-
cillin resistant Staphylococcus aureus (MRSA),3 and
Streptococcus pneumoniae4 are signi®cant problems
amongst hospitalized patients. Totarol (1),5 a naturally
occurring phenolic diterpene, is the major chemical
constituent in the hexane extract of the heartwood of
the New Zealand native tree Podocarpus totara G.
Benn,6,7 and can also be isolated from a variety of other
sources.5 It has been shown to have antibacterial activ-
ity against Gram-positive bacteria8±14 and, in particular,
MRSA (with an MIC of 2.7 mM in vitro).3

We now report the syntheses of the systematically
modi®ed analogues of totarol 2±23. Their antibacterial
activity was evaluated in vitro in an attempt to de®ne
the in¯uence of structural features on the aromatic
ring upon antibacterial potency in this class of diter-
penes. In addition, the in vivo antibacterial activities
of totarol (1) and two glycosylated analogues 22 and
23 were evaluated in a mouse infection model, and
totarol (1) and totaryl a-d-mannopyranoside (22) were
screened against a variety of human cell cultures in vitro
in an e�ort to gauge the cytotoxicity of this class of
antibiotics.

Results and Discussion

Synthesis of homologues 2±5 and substitution analogues
6±8

Totarol (1) has some structural features in common
with previously reported diterpene antibiotics such as
ferruginol (10), but inhibits the growth of Gram-posi-
tive bacteria at lower concentrations. One striking fea-
ture of totarol is that its phenolic and isopropyl groups

0968-0896/99/$ - see front matter # 1999 Elsevier Science Ltd. All rights reserved.

PI I : S0968-0896(99 )00162-5

Bioorganic & Medicinal Chemistry 7 (1999) 1953±1964

Key words: Antibacterials; glycosides; natural products; terpenes and
terpenoids.
* Corresponding author. Tel.: +64-45690040; fax: +64-45690055;
e-mail: g.evans@irl.cri.nz



are in a sterically crowded environment.5 The isopropyl
group at C-14 `scissors' the phenolic group at C-13 in
consequence of a non-bonding interaction between the
former and the methylene group at C-7.15 Manifest evi-
dence of this steric shielding is seen in the IR spectrum
of liquid 1 in which the OH stretching absorption is at
3500 cmÿ1 rather than 3300 cmÿ1 as observed for phe-
nols, suggesting that intermolecular hydrogen bonding
is not possible.16

Also the signals for C-16 and C-17 in the 13C NMR
spectrum of 1 are shifted up®eld relative to the corre-
sponding signals for similar diterpenes such as ferrugi-
nol, due to the greater proximity of these atoms to the
phenolic group in the former case.17 The ®rst challenge
was to assess whether this steric shielding might be the
critical factor in totarol's greater antibacterial potency.

Firstly, the totarol analogue 2, in which the isopropyl
group at C-14 is replaced by a hydrogen atom, was
synthesized. Manool (24) can easily be converted in two
steps into enone 2a18 (Scheme 1),19,20 treatment of
which with N-bromosuccinimide in carbon tetrachloride
under a heat lamp a�orded a crude brominated pro-
duct. Reaction in re¯uxing collidine gave the desired
analogue 221 in 65% overall yield.

Totarol analogues varying in the type of alkyl sub-
stituent at C-14 were then prepared. When enone 2a19

was heated under re¯ux in tert-butanol with potassium
tert-butoxide followed by the separate dropwise addi-
tion of various alkyl halides,22,23 the C-14 n-alkyl deri-
vatives 3a±5a were obtained (Scheme 1). Attempted
aromatization of these substituted enones under the
conditions described above for the conversion of 2a into
2 was unsuccessful. Instead, a newer method which uses
copper(II) bromide in acetonitrile at room tempera-
ture24 was used to give the desired phenolic compounds
3±5 in 71, 64 and 80% yields, respectively.

The C-14 isopropyl group of totarol was then replaced
by an hydroxy group. Treatment of O-methyl-totarol
(11) with lead tetraacetate in acetic acid at 100�C
a�orded two chromatographically separable products,
7a-acetoxy-13-methoxytotara-8,11,13-triene (6a) and
14-acetoxy-13-methoxypodocarpa-8,11,13-triene (6b) in
42 and 16% yield, respectively (Scheme 2). The replace-
ment of the C-14 isopropyl group by an acetoxy group
in 6b was con®rmed by 1H and 13C NMR spectroscopy
[AcO group present, dH 2.31; dC 168.9 (s), 20.5 (q); H-
11, H-12 intact; i-Pr absent]. Saponi®cation of 6b using
sodium methoxide in methanol followed by acidi®cation
gave compound 6c in 75% yield, and demethylation of

Scheme 1.
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this product using BBr3
25 in CH2Cl2 a�orded the cate-

chol 6 in 83% yield.

Deoxygenation of totarol (1) was e�ected by reduction
of its tri¯ic ester 13. Hydrogenolysis was achieved under
one atmosphere of hydrogen over Pd/C in CH2Cl2 with
a stoichiometric amount of triethylamine to prevent
poisoning of the catalyst,26 the reaction proceeding
smoothly at room temperature and a�ording the known
compound 727 in 96% yield.

Compound 8, in which the C-13 phenolic and the C-14
isopropyl groups of totarol are each replaced by a
hydrogen atom, was prepared from podocarpic acid
(25) which was converted to podocarpa-8,11,13-trien-
12-ol (8a) by a literature procedure.28 The latter was
esteri®ed with tri¯uoromethanesulfonic anhydride to
a�ord the aryl tri¯ate 8b (65% yield) hydrogenolysis of
which gave the desired podocarpa-8,11,13-triene (8)29 in
91% yield (Scheme 3).

Synthesis of the positional isomer of totarol, ferruginol
(10)

Ferruginol (10) is the major constituent of Podocarpus
ferrugineus D. Don,30 and its antimicrobial31 and anti-
bacterial13,32±35 activities have been reported. It was
selected for evaluation because the steric hindrance
about the phenolic group di�ers signi®cantly from that
in totarol (1). Ferruginol (10) was obtained in 88% yield
from ferruginyl benzoate, prepared by a literature pro-
cedure,30 by saponi®cation using sodium methoxide in
methanol followed by acidi®cation.

Alkylation and esteri®cation of totarol (1)

To gauge the contribution of the phenolic proton to the
antibacterial activity of totarol (1), the phenol was O-
substituted by methylation and acetylation to give O-
methyl totarol (11) and totaryl acetate (12), respectively,
by standard methods.36 The tri¯ate ester 13 of totarol
(1) is referred to above.

Glycosylation of totarol (1)

As well as providing a means of further gauging the
importance of the phenolic proton to totarol's anti-
bacterial activity, the glycosylation of totarol (1) also
provided a route to pro-drug derivatives with improved
solubility in water and potentially better bioavailability.
Glycosylation was achieved by the reaction of 1 with
peracetylated glycosyl bromides37 in the presence of sil-
ver tri¯ate38,39 which gave the peracetylated b-d-gluco-
pyranoside (14), a-d-mannopyranoside (17) and b-
lactoside (18) and a separable mixture of the per-
acetylated a- and b-d-galactopyranosides, 15 and 16, in
good to moderate yields. The anomeric con®gurations
of the products were assigned on the bases of their 1H
NMR 3J1,2 values.40 Deacetylation using sodium meth-
oxide in methanol yielded the ®ve glycosylated totarols
19±23.

Evaluation of in vitro antibacterial activities and their
relationship to structural features on the aromatic ring

The antibacterial activities of totarol (1) and the com-
pounds 2±23 were evaluated at concentrations of 2, 8

Scheme 3.

Scheme 2.
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and 32 mgmLÿ1 against three Gram-positive bacteria: b-
lactamase positive and high level gentamycin-resistant
E. faecalis, penicillin-resistant S. pneumoniae, and
methicillin-resistant S. aureus (MRSA); and the Gram-
negative bacterium, multi-drug-resistant K. pneumoniae.
The observed minimum inhibitory concentrations are
listed in Table 1.

None of the compounds tested was active against K.
pneumonia. Gram-negative bacteria have signi®cant
lipid components in their cell wall, up to 25% of dry
weight, whereas the lipid content of Gram-positive bac-
terial cell walls is much smaller, 0±2.5%. It is thought
that the former are protected from lipophilic anti-
bacterial compounds, such as totarol, simply because
these are trapped in the cell wall lipids, and do not reach
the cell membrane.41

Totarol (1) and several of its analogues, notably 2±6
and 10, were active against all three of the Gram-posi-
tive bacteria. None of the compounds displayed greater
potency than totarol, though some were equipotent.
Replacement of the C-14 isopropyl group of totarol
with a linear alkyl group (Me, Et, or Pr) should some-
what reduce steric crowding of the adjacent phenolic
group, but the antibacterial potency against Gram-
positive bacteria was not reduced, homologues 3±5
exhibiting MIC's comparable with that of 1. Replace-
ment of the C-14 isopropyl group with a hydrogen atom
or a hydroxy group, however, as in compounds 2 and 6,
respectively, resulted in a signi®cant loss in activity (4-
to 16-fold). This could be interpreted as being a result of
either the phenolic group not being as sterically shielded
as when an alkyl group is present at C-14, or of the
reduction in the overall lipophilic character of these
compounds.

Ferruginol (10) is an isomer of totarol (1) in which the
isopropyl and phenolic groups are transposed by one
carbon atom around the aromatic ring. The C-7 meth-
ylene group in 10 no longer causes the isopropyl group
to scissor the phenolic group, which is consequently not
as sterically shielded as in totarol (1).15 Ferruginol's
antibacterial activity is reduced by up to a factor of 4
relative to that of totarol for two of the Gram-positive
bacteria, but not the third.

Substitution of totarol's C-13 phenolic group with a
hydrogen atom has a more dramatic e�ect, compound
7 inhibiting only S. pneumoniae, and at an MIC of
32 mgmLÿ1. The residual activity of 7 against S. pneu-
moniae in the absence of a phenolic group, is notable
however. Replacement of both the C-13 phenolic and C-
14 isopropyl groups with hydrogen atoms gives com-
pound 8 which exhibits no in vitro activity against any
of the Gram-positive strains even at 32 mgmLÿ1.

Methyl ether 11, acetate 12 and tri¯ate 13 were inactive,
with the exceptions that 11 and 12 have MICs of
8 mgmLÿ1 against S. pneumoniae. Perhaps this organism
can cleave the substituent groups of these derivatives to
release totarol. It is noteworthy that this bacterium is
most sensitive to several of the totaryl glycosides that
were tested (19±23).

Overall, the presence of a phenolic group appears to be
essential for potent activity against Gram-positive bac-
teria in this class of diterpenes, and it is noticeable that
the most active compounds examined (1, 3±5 and 10) all
possess a primary or secondary alkyl substituent in the
ortho-relationship to the hydroxy function. Since such
o-alkylphenols oxidise to o-quinone methides42 it may
be concluded that the bioactive compounds studied here
could manifest their activities by acting as antioxidants,
which conclusion has previously been drawn for totarol
itself on the basis of the ®ndings of several biochemical
experiments.43 [The authors gratefully acknowledge the
advice of a referee on this last point.]

Glycosylation of totarol (1) gave the potential pro-drugs
14±23 some of which exhibited in vitro antibacterial
activity comparable with that of totarol. The a-d-man-
nopyranoside (22) in particular showed good activity
against the three Gram-positive organisms, and the a-
stereochemistry at the anomeric centre of the sugar
moiety may be signi®cant since the a-d-galactopyrano-
side 20 is more active than the corresponding b-anomer
21. None of the peracetylated derivatives (14±17)
showed any antibacterial activity in vitro. We speculate
that the active species is totarol itself, released by
endogenous bacterial glycosidases which are inhibited
by O-acetylation of the substrates.

In vivo antibacterial activity of compounds 1, 22 and 23
in a mouse infection model

The in vivo activity of compound 1 was assessed in a
mouse model of infection arising from a potentially
lethal intraperitoneal challenge of methicillin susceptible
S. aureus (MSSA). In an initial test, a subcutaneous

Table 1. In vitro antibacterial activity MICa, mgmLÿ1 (values in

brackets are mM)

Compound Enterococcus
faecalis

Streptococcus
pneumoniae

Staphylococcus
aureus

Klebsiella
pneumoniae

1 2 (7) 2 (7) 2 (7) >32
2 8 (33) 8 (33) 8 (33) >32
3 2 (8) 2 (8) 2 (8) >32
4 2 (7) 2 (7) 2 (7) >32
5 2 (7) 2 (7) 2 (7) >32
6 32 (120) 8 (31) 32 (120) >32
7 >32 32 (120) >32 >32
8 >32 >32 >32 >32
9 >32 >32 >32 >32
10 8 (28) 2 (7) 8 (28) >32
11 >32 8 (27) >32 >32
12 >32 8 (24) >32 >32
13 >32 >32 >32 >32
14 >32 >32 >32 >32
16 >32 >32 >32 >32
17 >32 >32 >32 >32
19 8 (18) 32 (71) 32 (71) >32
20 32 (71) 8 (18) 32 (71) >32
21 >32 8 (18) >32 >32
22 8 (18) 8 (18) 8 (18) >32
23 >32 32 (51) >32 >32

a Minimum inhibitory concentrations.
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dose of totarol (1) was found to be protective, at a PD50
value of 7.1mg/kg (Table 2). However, this result was
not reproduced in two subsequent experiments, pre-
sumably because totarol is poorly bioavailable. We rea-
soned that totarol a-d-mannopyranoside (22) and
totarol b-lactoside (23) might show improved in vivo
activity due to greater bioavailability. Partition coe�-
cient values between water and octanol were calculated
for totarol, the totaryl glycoside (22) and the totaryl
disaccharide glycoside (23) giving log P values of 7.5,
4.9 and 2.6, respectively. Clearly totarol in its un-
ionized form is very lipophilic, and this can be some-
what ameliorated by glycosylation. Unfortunately, nei-
ther of the two glycosides 22 and 23 exhibited improved
protective activity in the mouse model of infection
(Table 2).

In vitro cytotoxicity of compounds 1 and 22

To further assess the potential for this class of antibiotic
for use in human medicine, the cytotoxicity of repre-
sentative compounds was assessed against three human
cell lines in culture. Initially, totarol (1) and totaryl a-d-
mannopyranoside (22) were tested at concentrations of
25, 5, 1 and 0.2 mgmLÿ1. It was soon clear that both test
compounds were exerting adverse e�ects on cell growth
at the highest concentrations. Within 24 h of addition of
the compounds, the cells became rounded and detached
from the plates. This was true for all three cell types,
and was con®rmed when test cultures were ®xed, stained
and measured. Test compound concentrations of
25 mgmLÿ1 resulted in cell growth values ranging from
4% (�1%) to 25% (�3%) for the three cell types,
relative to control culture values set at an arbitrary
100% (�11%).

We deduced that both totarol (1) and compound 22
were exerting cytotoxic or growth-inhibitory e�ects
on human cells at concentrations between 5 and
25 mgmLÿ1. A second series of experiments were per-
formed to de®ne the e�ective concentrations more clo-
sely. The test solutions had concentrations of 21, 14 and
7 mg/mL and the results are summarized in Table 3.

For totarol, 50% growth inhibition occurred at con-
centrations between 14 and 21 mgmLÿ1 (49±73 mM) for
each of the three cell lines tested. In the case of com-
pound 22, the corresponding point in the concentration
range tested was between 21 and 25 mgmLÿ1 (see pre-
vious experiment; 47±56 mM), except in the case of the
human ®broblast line (CH 2983), where 50% growth

inhibition apparently occurred between 14 and
21 mgmLÿ1 (31±47 mM).

An apparent di�erence in the sensitivity of the two
compounds largely disappears when molar concentra-
tions are compared. It can be concluded that the human
cells tested grow normally at concentrations of 30 mM or
less of either totarol or its glycoside 22.

The nature of the growth-inhibitory e�ect has not been
explored, except to examine the possible cytotoxic e�ect
of totarol (1) on con¯uent, quiescent cells. Compounds
1 and 22 were tested at concentrations of 21, 14 and
7 mgmLÿ1 in each case. After a 24 h exposure, test cul-
tures were evaluated for their ability to exclude the dye
Trypan Blue. In CH 2983, HeLa and MG 63 cultures,
control cells were always 98±100% viable (�4%). In all
cases, there was some evidence for increased cell
detachment during washing and staining, in the wells
exposed to the highest concentrations of compounds 1
and 22. In the case of CH 2983 and MG 63, the treated
cells retained their ability to exclude dye to the same
extent as the controls. In the case of the HeLa cells,
viability was 85% (�4%) at the highest concentrations
and 91% (�4%) at the lowest.

We conclude that compounds 1 and 22 are not sig-
ni®cantly toxic to non-proliferating cells at concentra-
tions below those which result in inhibition of
proliferation, and that the MIC's against multidrug
resistant Gram-positive bacteria are lower (sevenfold in
the case of totarol) than the minimum concentration at
which cytotoxicity is evident against proliferating
human cell lines. Further testing would be required to
determine if this window of safety is su�cient to permit
the use of these compounds in the treatment of human
bacterial disease.

Experimental

Synthesis

General methods. 1H and 13C NMR spectroscopic data
were recorded on a Bruker AC300 spectrometer and
assignments were made with the assistance of DEPT
and COSY experiments. Sugar resonances are identi®ed
by primes (0). The infrared spectra were obtained (KBr)
on a Perkin±Elmer 1600 series FTIR spectrometer.
Elemental analyses were conducted with a Carlo Erba
EA 1108 elemental analyser. Low and high resolution

Table 2. In vivo antibacterial activity

Compound Routea PD50 mgkgÿ1

Totarol (1) sc 7.1
Totarol (1) sc >16
Totarol (1) sc >32
Glycoside (22) sc 40
Glycoside (23) sc >40
Vancomycin sc 0.7

a sc=Subcutaneous injection.

Table 3. Cytotoxicity of compounds 1 and 22

Compd [mgmLÿ1] [mM] Cell growth (%)

CH 2983 HeLa MG 63

1 21 73 36 13 15
1 14 49 103 96 97
1 7 25 115 106 105
22 21 47 33 85 102
22 14 31 118 98 110
22 7 16 100 116 95

G. B. Evans et al. / Bioorg. Med. Chem. 7 (1999) 1953±1964 1957



mass spectra (HRMS) were obtained on a VG-70-250S
double focusing magnetic sector mass spectrometer (VG
Analytical) equipped with a standard VG-70S EI/CI ion
source. Melting points were determined on a Reichert
hot stage microscope and are uncorrected. All reactions
were monitored by thin layer chromatography which
was carried out on 60 PF254 silica gel-coated aluminum
sheets. All puri®cations were by column chromato-
graphy and were performed using Merck Kieselgel S
silica gel. Solvents were dried and puri®ed before use
according to standard procedures.44 ``Petrol'' refers to
the fraction of petroleum ether boiling between 60 and
80�C.

Podocarpa-8,11,13-trien-13-ol (2).21 A solution of enone
2a19,20 (110mg, 0.45mmol) and N-bromosuccinimide
(90mg, 0.5mmol) in carbon tetrachloride (10mL) was
heated at re¯ux by irradiation under a heat lamp for 1 h
and then cooled, diluted with dichloromethane (50mL)
and ®ltered through Celite. The resulting solution was
washed with NaHCO3 (2�20mL), brine (2�20mL),
dried (MgSO4) and concentrated in vacuo. The crude
residue was redissolved in collidine (5mL) and heated
under re¯ux for 30min. The mixture was diluted with
HCl (100mL, 1 M), extracted with ethyl acetate
(3�25mL), and the extract was dried (MgSO4) and
concentrated in vacuo. Chromatography on silica gel
using petrol/ethyl acetate (10/1) as the eluant gave
compound 2 (84mg, 75%), mp 128�C, lit.21 127±
127.5�C; 1H NMR (CDCl3) d 7.03 (1H, d, J=8.5Hz, H-
11), 6.53 (1H, dd, J=8.5, 2.8Hz, H-12), 6.42 (1H, d,
J=2.8Hz, H-14), 4.68 (1H, br s, OH), 2.76 (2H, m, H-
7), 1.08 (3H, s, H-20), 0.87 (3H, s, H-18), 0.85 (3H, s, H-
19); 13C NMR (CDCl3) d 152.8, 142.8, 136.8, 125.6,
114.8, 112.8 (Ar), 50.5 (C-5), 41.7 (C-3), 39.0 (C-1), 37.2
(C-10), 33.4 (C-4), 33.2 (C-18), 30.4 (C-7), 24.9 (C-20),
21.5 (C-19), 19.3 (C-6), 18.3 (C-2).

14-Methylpodocarp-8(14)-en-13-one (3a). Methyl iodide
(88 mL, 1.4mmol) in anhydrous tert-butanol (5mL) was
added dropwise to a stirred solution of compound 2a
(318mg, 1.3mmol) and potassium tert-butoxide
(174mg, 1.6mmol) in tert-butanol (10mL) under re¯ux
over a 15min period. After an additional 15min under
re¯ux the reaction was quenched with aqueous ammo-
nium chloride (150mL, 10% w/v) and the resulting
aqueous layer extracted with ethyl acetate (3�25mL).
The combined organic layers were washed with brine
(3�20mL), dried (MgSO4) and concentrated in vacuo.
Chromatography on silica gel using petrol/ethyl acetate
(12/1) as the eluant gave 3a as a chromatographically
pure oil (152mg, 45%); IR umax 1667 cmÿ1 (CO); 1H
NMR (CDCl3) d 2.95 (1H, ddd, J=16.0, 4.9, 1.9Hz, H-
7b), 2.43 (1H, dt, J=15.5, 4.2, 4.2Hz, H-12a), 2.18 (1H,
dd, J=15.5, 5.4Hz, H-12b), 1.79 (3H, s, CH3), 0.93
(3H, s, H-18), 0.87 (3H, s, H-19), 0.76 (3H, s, H-20); 13C
NMR (CDCl3) d 199.6 (C-13), 158.0 (C-8), 130.5 (C-14),
53.8 (C-5), 52.7 (C-9), 41.9 (C-3), 39.1 (C-10), 39.1 (C-
1), 37.0 (C-12), 33.6 (C-18), 33.4 (C-4), 31.3 (C-7), 22.1
(C-19), 21.8 (C-6), 20.3 (C-11), 18.9 (C-2), 15.2 (C-20),
11.1 (CH3); m/z 260 (M+, 14%), 149 (19), 137 (54), 124
(100), 95 (14), 69 (14); HRMS, calcd for C18H28O (M+)
260.2140, found 260.2137.

14-Ethylpodocarp-8(14)-en-13-one (4a).24 Bromoethane
(71 mL, 0.96mmol) in anhydrous tert-butanol (5mL)
was added dropwise to a stirred solution of compound
2a (223mg, 0.91mmol) and potassium tert-butoxide
(122mg, 1.1mmol) in tert-butanol (10mL) under re¯ux
conditions over a 15min period. After an additional
15min under re¯ux the reaction was quenched with
aqueous ammonium chloride (150mL, 10% w/v) and
the resulting aqueous layer extracted with ethyl acetate
(3�25mL). The combined organic layers were washed
with brine (3�20mL), dried (MgSO4) and concentrated
in vacuo. Chromatography on silica gel using petrol/
ethyl acetate (12/1) as the eluant gave 4a as a chroma-
tographically pure oil (140mg, 56%); 1H NMR (CDCl3)
d 2.95 (1H, ddd, J=15.5, 4.7, 2.0Hz, H-7b) 2.30 (2H, q,
J=7.6Hz, CH2), 0.93 (3H, s, H-18), 0.90 (3H, t,
J=7.6Hz, CH3), 0.88 (3H, s, H-19), 0.76 (3H, s, H-20);
13C NMR (CDCl3) d 199.0 (C-13), 157.4 (C-8), 136.7
(C-14), 54.0 (C-5), 52.3 (C-9), 41.8 (C-3), 39.3 (C-10),
39.0 (C-1), 37.1 (C-12), 33.5 (C-18), 33.3 (C-4), 30.9 (C-
7), 21.1 (C-6), 22.0 (C-19), 20.0 (CH2), 18.8 (C-11), 18.5
(C-2), 14.9 (C-20), 13.9 (CH3); HRMS, calcd for
C19H30O (M+) 274.2297, found 274.2298.

14-Propylpodocarp-8(14)-en-13-one (5a). 1-Bromopro-
pane (124 mL, 1.4mmol) in anhydrous tert-butanol
(5mL) was added dropwise to a stirred solution of
compound 2a (318mg, 1.3mmol) and potassium tert-
butoxide (174mg, 1.6mmol) in tert-butanol alcohol
(10mL) under re¯ux over a 15min period. After an
additional 15min under re¯ux the solution was quen-
ched with aqueous ammonium chloride (150mL, 10%
w/v) and the resulting aqueous layer extracted with
ethyl acetate (3�25mL). The combined organic layers
were washed with brine (3�20mL), dried (MgSO4) and
concentrated in vacuo. Chromatography on silica gel
using petrol/ethyl acetate (12/1) as the eluant gave 5a as
an oil (120mg, 32%); IR umax 1668 cmÿ1 (CO); 1H
NMR (CDCl3) d 2.96 (1H, ddd, J=16.0, 4.9, 1.9Hz, H-
7b), 2.30 (2H, q, J=7.4Hz, CH2CH3), 0.93 (3H, s, H-
18), 0.89 (3H, t, J=7.4Hz, CH3), 0.87 (3H, s, H-19),
0.76 (3H, s, H-20); 13C NMR (CDCl3) d 199.5 (C-13),
157.8 (C-8), 135.4 (C-14), 54.2 (C-5), 52.6 (C-9), 42.0 (C-
3), 39.5 (C-10), 39.1 (C-1), 37.2 (C-12), 33.7 (C-18), 33.5
(C-4), 31.4 (C-7), 27.4 (CH2), 22.9 (CH2), 22.3 (C-6),
22.1 (C-19), 20.1 (C-11), 19.0 (C-2), 15.1 (C-20), 14.2
(CH3); m/z 288 (M+, 100%), 165 (24), 137 (74), 123
(27), 91 (23), 81 (24), 69 (22); HRMS, calcd for C20H32O
(M+) 288.4453, found 288.4571.

14-Methylpodocarpa-8,11,13-trien-13-ol (3). Copper(II)
bromide (62mg, 0.28mmol) was added to a stirred
solution of compound 3a (60mg, 0.23mmol) in aceto-
nitrile (5mL) at room temperature. After 6 h the reac-
tion was quenched with saturated brine (100mL) and
the resulting aqueous solution extracted with ethyl ace-
tate (3�30mL), and the combined organic layers were
dried (MgSO4) and concentrated in vacuo. Chromato-
graphy on silica gel using petrol/ethyl acetate (20/1) as
the eluant gave 3 (42mg, 71%), mp 142�C; IR umax 3419
(OH), 1640 (C�C) cmÿ1; 1H NMR (CDCl3) d 7.03, 6.64
(2H, 2d, J=8.5Hz, H-11, H-12), 4.59 (1H, s, OH), 2.83
(1H, dd, J=16.5, 6.7Hz, H-7b), 2.65 (1H, ddd, J=16.5,
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11.3, 7.8Hz, H-7a), 2.12 (3H, s, CH3), 1.19 (3H, s, H-
20), 0.98 (3H, s, H-18), 0.95 (3H, s, H-19); 13C NMR
(CDCl3) d 150.8, 143.2, 135.4, 122.5, 121.4 112.7 (Ar),
49.9 (C-5), 41.7 (C-3), 39.5 (C-1), 37.5 (C-10), 33.4 (C-
4), 33.3 (C-18), 28.8 (C-7), 25.1 (C-20), 21.6 (C-19), 19.5
(C-6), 19.1 (C-2), 11.1 (CH3); m/z 258 (M+, 34%), 243
(100), 173 (32), 161 (26), 147 (40), 69 (11); HRMS calcd
for C18H26O (M+) 258.1984, found 258.1985.

14-Ethylpodocarpa-8,11,13-trien-13-ol (4). Copper(II) bro-
mide (54mg, 0.24mmol) was added to a stirred solution
of compound 4a (54mg, 0.20mmol) in acetonitrile
(5mL) at room temperature. After 6 h the mixture was
quenched with saturated brine solution (100mL) and
the resulting aqueous solution extracted with ethyl ace-
tate (3�30mL), and the combined organic layers were
dried (MgSO4) and concentrated in vacuo. Chromato-
graphy on silica gel using petrol/ethyl acetate (20/1) as
the eluant gave 4 as a chromatographically pure oil
(35mg, 64%); IR umax 3443 (OH), 1652 (C�C) cmÿ1;
1H NMR (CDCl3) d 7.03, 6.62 (2H, 2d J=8.6Hz, H-11,
H-12), 4.57 (1H, s, OH), 2.96 (1H, dd, J=16.1, 6.9Hz,
H-7a), 2.76 (1H, ddd, J=16.1, 11.2, 7.9Hz, H-7b), 2.65
(2H, q, J=7.6Hz, CH2), 1.20 (3H, s, H-20), 1.16 (3H, t,
J=7.6Hz, CH3), 0.98 (3H, s, H-18), 0.95 (3H, s, H-19);
13C NMR (CDCl3) d 150.6, 143.2, 134.3, 127.4, 122.7
112.8 (Ar), 49.8 (C-5), 41.6 (C-3), 39.3 (C-1), 37.5 (C-
10), 33.2 (C-4), 33.2 (C-18), 27.5 (C-7), 25.0 (C-20), 21.5
(C-19), 19.3 (C-6), 19.0 (C-2), 18.9 (CH2), 13.0 (CH3);
m/z 272 (M+, 36%), 257 (100), 187 (38), 175 (24), 161
(44), 69 (14); HRMS, calcd for C19H28O (M+)
272.2140, found 272.2142.

14-Propylpodocarpa-8,11,13-trien-13-ol (5). Copper(II)
bromide (84mg, 0.36mmol) was added to a stirred
solution of compound 5a (90mg, 0.30mmol) in aceto-
nitrile (5mL) at room temperature. After 6 h the mix-
ture was quenched with brine (100mL) and the resulting
aqueous solution extracted with ethyl acetate
(3�30mL) and the combined organic layers were dried
(MgSO4) and concentrated in vacuo. Chromatography
on silica gel using petrol/ethyl acetate (20/1) as the
eluant gave 5 as a chromatographically pure oil (72mg,
80%); IR umax 3441 (OH), 1650, 1588 (C�C) cmÿ1; 1H
NMR (CDCl3) 7.02, 6.62 (2H, 2d J=8.6Hz, H-11, H-
12), 4.59 (1H, s, OH), 2.75 (2H, m, H-7a, H-7b), 1.19
(3H, s, H-20), 1.04 (3H, t, J=7.3Hz, CH3), 0.97 (3H, s,
H-18), 0.95 (3H, s, H-19); 13C NMR (CDCl3) d 151.0,
143.4, 134.8, 126.3, 123.0 113.0 (Ar), 50.1 (C-5), 41.8 (C-
3), 39.6 (C-1), 37.8 (C-10), 33.5 (C-4), 33.4 (C-18), 28.3
(C-7), 28.0 (CH2), 25.3 (C-20), 22.3 (CH2), 21.7 (C-19),
19.6 (C-6), 19.3 (C-2), 14.9 (CH3): m/z 286 (M+, 41%),
272 (24), 271 (100), 201 (34), 189 (18), 175 (40); HRMS,
calcd for C20H30O (M+) 286.2297, found 286.2294.

7�-Acetoxy-13-methoxytotara-8,11,13-triene (6a) and
14-acetoxy-13-methoxypodocarpa-8,11,13-triene (6b).
Lead tetraacetate (1.7 g, 3.8mmol) was added to a stir-
red solution of 11 (1 g, 3.3mmol) in acetic acid (10mL)
and the mixture was heated to 100�C under argon. It
was then stirred for 2 h, another portion of lead tetra-
acetate (0.85 g, 1.9mmol) was added and the solution
was stirred for a further 2 h. The mixture was diluted

with water (200mL) and extracted with ethyl acetate
(3�50mL), and the combined organic extracts were
washed with water until the washings were neutral,
dried (MgSO4) and concentrated in vacuo. Chromato-
graphy on silica gel using petrol/ethyl acetate (40/1) as
the eluant gave: 7-acetoxy-13-methoxytotara-8,11,13-
triene (6a) (502mg, 42%), mp 96±97�C; 1H NMR
(CDCl3) d 7.16, 6.87 (2H, 2d, J=8.8Hz, H-11, H-12),
6.10 (1H, br t, H-7b), 3.78 (3H, s, OCH3), 3.26 (1H, br
s, H-15), 2.90 (2H, m, H-6), 2.04 (3H, s, COCH3), 1.32,
1.28 (2�3H, 2d, J=7.0Hz, H-16, H-17), 1.15 (3H, s, H-
20), 0.90 (3H, s, H-18), 0.89 (3H, s, H-19); 13C NMR
(CDCl3) d 170.2 (COCH3), 156.8, 143.7, 135.5, 130.8,
123.3, 112.8 (Ar), 69.4 (C-7), 55.1 (OCH3), 44.5 (C-5),
41.2 (C-3), 39.1 (C-1), 38.1 (C-10), 33.2 (C-4), 32.7 (C-
18), 28.3 (C-15), 26.6 (C-6), 24.5 (C-20), 21.4 (C-19),
20.7 (COCH3), 20.4, 20.3 (C-16, C-17), 19.4 (C-2); m/z
358 (M+, 7%), 298 (100), 241 (54), 213 (46), 189 (30),
171 (41), 83 (13), 69 (22); HRMS, calcd for C23H34O3

(M+) 358.2508, found 358.2506; and 14-acetoxy-13-
methoxypodocarpa-8,11,13-triene (6b) as a chromato-
graphically pure oil (163mg, 16%); IR umax 3455 (OH),
1737 (C�O), 1641 (C�C) cmÿ1; 1H NMR (CDCl3) d
7.08, 6.77 (2H, 2d, J=8.7Hz, H-11, H-12), 3.77 (3H, s,
OCH3), 2.77 (1H, dd J=17.6, 6.5Hz, H-7b), 2.55 (1H,
ddd, J=17.6, 11.3, 7.9Hz, H-7a) 2.31 (3H, s, COCH3),
1.16 (3H, s, H-20), 0.93 (3H, s, H-18), 0.91 (3H, s, H-
19); 13C NMR (CDCl3) d 168.9 (COCH3), 148.3, 143.8,
137.4, 129.2, 122.1, 109.7 (Ar), 55.9 (OCH3), 49.8 (C-5),
41.7 (C-3), 39.1 (C-1), 37.4 (C-10), 33.4 (C-4), 33.3 (C-
18), 25.1 (C-20), 24.5 (C-7), 21.6 (C-19), 20.5 (COCH3),
19.3 (C-6), 18.2 (C-2); m/z 316 (M+, 15%), 299 (65), 281
(49), 257 (45), 43 (100); HRMS, calcd for C20H28O3

(M+) 316.4405, found 316.4411.

13-Methoxypodocarpa-8,11,13-trien-14-ol (6c). Sodium
hydride (20mg) was added to a stirred solution of 6b
(2.2 g, 7.0mmol) in methanol (20mL) at room tem-
perature under argon. Stirring was continued for 14 h
and the mixture was concentrated in vacuo. Chromato-
graphy on silica gel using petrol/ethyl acetate (20/1) as
the eluant gave compound 6c (1.42 g, 75%), mp 97�C;
IR umax 3442 (OH), 1618 (C�C), 1491 cmÿ1; 1H NMR
(CDCl3) d 6.75, 6.69 (2H, dd, J=8.6Hz, H-11, H-12),
5.62 (1H, s, OH), 3.84 (3H, s, OCH3), 2.93 (1H, dd,
J=17.9, 6.1Hz, H-7b), 2.66 (1H, ddd, J=17.9, 11.4,
8.0Hz, H-7a), 1.17 (3H, s, H-20), 0.95 (3H, s, H-18),
0.92 (3H, s, H-19); 13C NMR (CDCl3) d 144.2, 143.1,
142.3, 122.1, 114.7, 107.9 (Ar), 55.8 (OCH3), 49.9 (C-5),
41.6 (C-3), 39.0 (C-1), 37.2 (C-10), 33.2 (C-4), 33.2 (C-
18), 24.8 (C-20), 24.0 (C-7), 21.5 (C-19), 19.2 (C-6), 18.2
(C-2); m/z 274 (M+, 98%), 259 (100), 189 (38), 163 (43),
115 (10), 69 (28); HRMS, calcd for C18H26O2 (M+)
274.1933, found 274.1932.

Podocarpa-8,11,13-trien-13,14-diol (6).21 Boron tri-
bromide (1 M, 1mL) was added dropwise to a stirred
solution of 6c (100mg, 0.36mmol) in CH2Cl2 (10mL) at
room temperature under argon. The mixture was stirred
for 30min, diluted with CH2Cl2 (50mL), washed with
aqueous Na2S2O3 (10%, 3�25mL), aqueous NaHCO3

(3�25mL), brine (3�25mL), dried (MgSO4), and con-
centrated in vacuo. Chromatography on silica gel using
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petrol/ethyl acetate (9/1) as the eluant gave 6 (78mg,
83%), mp 158±159�C, lit.21 146.5±147.5�C; 1H NMR
(CDCl3) d 6.74, 6.70 (2H, 2d, J=8.5Hz, H-11, H-12),
5.16 (2H, s, OH), 2.86 (1H, dd, J=17.1, 6.6Hz, H-7b),
2.63 (1H ddd, J=17.1, 11.3, 7.9Hz, H-7a), 1.18 (3H, s,
H-20), 0.97 (3H, s, H-18), 0.94 (3H, s, H-19) (e�ectively
identical to those recorded at 60MHz20); 13C NMR
(CDCl3) d 144.1, 140.9, 140.0, 122.5, 116.0, 112.7 (Ar),
50.0 (C-5), 41.7 (C-3), 39.1 (C-1), 37.2 (C-10), 33.3 (C-
4), 33.3 (C-18), 25.0 (C-20), 24.2 (C-7), 21.6 (C-19), 19.3
(C-6), 18.2 (C-2).

Totara-8,11,13-trien-13-yl tri¯uoromethanesulfonate (13).
Tri¯uoromethanesulfonic anhydride (0.98mL, 5.4mmol)
was added dropwise to a stirred solution of totarol (1)
(1.05 g, 3.6mmol) and triethylamine (1mL, 7.2mmol) in
CH2Cl2 (20mL) at 0�C under argon. The resulting
solution was allowed to warm to room temperature,
stirred for 14 h, diluted with CH2Cl2 (200mL), washed
with dilute HCl (2�50mL, 1M), brine (3�50mL), dried
(MgSO4), and concentrated in vacuo. Chromatography
on silica gel using petrol as the eluant gave 13 (960mg,
63%), mp 78�C; IRmax 1638 (C�C), 1211, 1142 (SO)
cmÿ1; 1H NMR (CDCl3) d 7.18, 7.08 (2H, 2d,
J=9.0Hz, H-11, H-12), 2.97 (1H, dd, J=17.2, 5.9Hz,
H-7b), 2.80 (1H, ddd, J=17.2, 10.8, 7.9Hz, H-7a), 1.36,
1.33 (2�3H, d, J=7.1Hz, H-16, H-17), 1.19 (3H, s, H-
20), 0.96 (3H, s, H-18), 0.93 (3H, s, H-19); 13C NMR
(CDCl3) d 150.6, 137.1, 124.1, 120.7 (Ar), 118.5 (q,
J=320Hz, CF3), 118.3, 116.4 (Ar), 49.2 (C-5), 41.5 (C-
3), 39.4 (C-1), 38.4 (C-10), 33.4 (C-4), 33.2 (C-18), 28.8
(C-7), 27.2 (C-15), 24.9 (C-20), 21.6 (C-19), 20 .8, 20.7
(C-16, C-17), 19.4 (C-6), 19.2 (C-2); m/z 418 (M+,
46%), 403 (49), 321 (100), 307 (48), 161 (22), 84 (70), 69
(65); HRMS, calcd for C21H29F3O3S (M+) 418.1790,
found 418.1788.

Totara-8,11,13-triene (7).27 Palladium on carbon (10%,
20mg) was suspended in a stirred solution of triethyl-
amine (1.0mL) and 13 (100mg, 0.24mmol) in methanol
(30mL) at room temperature under an atmosphere of
hydrogen, and the mixture was stirred for 14 h, ®ltered
through Celite and concentrated in vacuo. Chromato-
graphy on silica gel using petrol as the eluant gave 7
(62mg, 96%), mp 78±79�C, lit.27 78±78.5�C; 1H NMR
(CDCl3) d 7.18±7.04 (3H, m, Ar) 3.13 (1H, sept,
J=6.8Hz, H-15), 2.96, (1H, dd, J=17.2, 6.8Hz, H-7b),
2.78 (1H, ddd, J=17.2, 11.2, 7.8Hz, H-7a), 1.22, 1.21
(2�3H, d, J=7.0Hz, H-16, H-17), 1.19 (3H, s, H-20),
0.95 (3H, s, H-18), 0.93 (3H, s, H-19); 13C NMR
(CDCl3) d 150.3, 146.6, 132.1, 125.7, 122.1, 121.8 (Ar),
49.6 (C-5), 41.6 (C-3), 39.4 (C-1), 38.2 (C-10), 33.4 (C-
4), 33.2 (C-18), 28.2 (C-7), 27.2 (C-15), 25.0 (C-20), 23.7,
23.3 (C-16, C-17), 21.6 (C-19), 19.5 (C-6), 19.2 (C-2).

Podocarpa-8,11,13-trien-12-yl tri¯uoromethanesulfonate
(8b). Tri¯uoromethanesulfonic anhydride (80 mL,
0.44mmol) was added dropwise to a stirred solution of
8a28 (100mg, 0.41mmol) and triethylamine (0.068mL,
0.49mmol) in CH2Cl2 (10mL) at 0�C under argon.
The resulting solution was allowed to warm to room
temperature, stirred for 14 h, diluted with CH2Cl2
(100mL), washed with dilute HCl (2�25mL, 1M), brine

(3�25mL), dried (MgSO4), and concentrated in vacuo.
Chromatography on silica gel using petrol as the eluant
gave 8b as a chromatographically pure oil (100mg,
65%); 1H NMR (CDCl3) d 7.17±6.93 (3H, m, Ar), 2.99±
2.71 (2H, m, H-7a,7b), 1.17 (3H, s, H-20), 0.96 (3H, s,
H-18), 0.93 (3H, s, H-19); 13C NMR (CDCl3) d 153.1,
148.2, 136.0, 130.7 (Ar), 119.0 (q, J=319Hz, CF3),
118.1, 117.5 (Ar), 50.0 (C-5), 41.9 (C-3), 38.8 (C-1), 38.5
(C-10), 33.9 (C-4), 33.6 (C-18), 30.0 (C-7), 25.0 (C-20),
21.9 (C-19), 19.3 (C-6), 18.8 (C-2); m/z 376 (M+, 47%),
361 (53), 347 (46), 305 (22), 291 (57), 279 (100), 265 (71),
159 (18), 129 (18), 115 (20), 83 (22), 69 (100), 55 (28), 41
(28); HRMS, calcd for C18H23F3O3S (M+) 376.1320,
found 376.1323.

Podocarpa-8,11,13-triene (8).29 Palladium on carbon
(10%, 20mg) was suspended in a stirred solution of
triethylamine (0.2mL), methanol (10mL) and 8b
(100mg, 0.27mmol) at room temperature under an
atmosphere of hydrogen and the mixture was stirred for
14 h, ®ltered through Celite and concentrated in vacuo.
Chromatography on silica gel using petrol as the eluant
gave 8 as a chromatographically pure oil (55mg, 91%);
1H NMR (CDCl3) d 7.18±7.00 (4H, m, Ar), 2.93±2.87
(2H, m, H-7a,7b), 1.19 (3H, s, H-20), 0.95 (3H, s, H-18),
0.93 (3H, s, H-19) consistent with literature data45; 13C
NMR (CDCl3) d 150.1, 135.2, 128.9, 125.5, 125.1, 124.3
(Ar), 50.3 (C-5), 41.7 (C-3), 38.8 (C-1), 37.8 (C-10), 33.4
(C-4), 33.3 (C-18), 30.3 (C-7), 24.8 (C-20), 21.6 (C-19),
19.3 (C-6), 19.0 (C-2).

Abieta-8,11,13-triene-12-ol (10, ferruginol).30 Sodium
hydride (10mg) was added to a stirred solution of fer-
ruginyl benzoate (9, 163mg, 0.42mmol, prepared
according to ref. 29) in methanol (10mL) at room tem-
perature under argon. The resulting solution was stirred
for 14 h and concentrated in vacuo. Chromatography
on silica gel using petrol/ethyl acetate (19/1) as the
eluant gave 10 (105mg, 88%), mp 56±57�C, lit.31 56±
57�C; 1H NMR (CDCl3) d 6.82 (1H, s, H-14), 6.62 (1H,
s, H-11), 3.13 (1H, sept J=6.9Hz, H-15), 2.90±2.70
(2H, H-7a,7b), 1.23, 1.22 (2�3H, d, J=6.9Hz, H-16, H-
17), 1.19 (3H, s, H-20), 0.95 (3H, s, H-18), 0.93 (3H, s,
H-19); 13C NMR (CDCl3) d 150.6, 148.5, 132.8, 131.4,
126.5, 110.9 (Ar), 50.2 (C-5), 41.6 (C-3), 38.7 (C-1), 37.4
(C-10), 33.3 (C-4), 33.2 (C-18), 29.6 (C-7), 26.7 (C-15),
24.6 (C-20), 22.6, 22.4 (C-16, C-17), 21.5 (C-19), 19.2
(C-6), 19.1 (C-2).

13-Methoxytotara-8,11,13-triene (11).7,36 Methyl iodide
(0.23mL, 3.7mmol) was added to a stirred solution of
sodium hydride (60%, 0.22 g, 5.5mmol) and totarol (1,
1.04 g, 3.6mmol) in DMF (10mL) at 0�C under argon.
The resulting suspension was allowed to warm to room
temperature, stirred for 14 h, diluted with water
(200mL) and ®ltered to yield a solid. Chromatography
on silica gel with petrol/ethyl acetate (100/1) as the
eluant gave 11 (1.01, 93%); mp 92±93�C, lit.36 92±
92.5�C; 1H NMR (CDCl3) d 7.16, 6.79 (2H, 2d,
J=8.8Hz, H-11, H-12), 3.83 (3H, s, OCH3), 3.34 (1H,
m, H-15), 3.02, (1H, dd, J=17.0, 6.3 Hz, H-7b), 2.84
(1H, ddd, J=17.0, 11.2, 7.8Hz, H-7a), 1.37, 1.36
(2�3H, d, J=7.0Hz, H-16, H-17), 1.27 (3H, s, H-20),
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1.02 (3H, s, H-18), 1.00 (3H, s, H-19); 13C NMR
(CDCl3) d 156.4, 143.1, 133.7, 133.4, 122.8, 109.6 (Ar),
55.1 (OCH3), 49.7 (C-5), 41.7 (C-3), 39.7 (C-1), 37.8 (C-
10), 33.3 (C-4), 33.3 (C-18), 28.6 (C-7), 27.4 (C-15), 25.3
(C-20), 21.7 (C-19), 20 .5, 20.5 (C-16, C-17), 19.6 (C-6),
19.5 (C-2).

13-Acetoxytotara-8,11,13-triene (12).17,36 Acetic anhy-
dride (20mL) was added to a stirred solution of totarol
(1, 8.6 g, 30mmol) in pyridine (20mL) at 0�C. The
resulting solution was allowed to warm to room tem-
perature, stirred for 14 h, diluted with water (400mL)
and ®ltered to yield a solid. Chromatography on silica
gel using petrol/ethyl acetate (50/1) as the eluant gave 12
(7.8 g, 79%), mp 120�C, lit.36 121±121.5�C; 13C NMR
spectral chemical shifts identical to published data
(d�0.1 ppm).17

13-(2,3,4,6-Tetra-O-acetyl-�-D-glucopyranosyloxy)-totara-
8,11,13-triene (14). A solution of tetra-O-acetyl-a-d-
glucopyranosyl bromide37 (431mg, 1.1mmol) in toluene
(5mL) was added dropwise to a stirred suspension of 1
(200mg, 0.7mmol), activated sieves (3 AÊ , 1.0 g), and
sodium hydrogen phosphate (1.0 g) in toluene under
argon in a ¯ask masked from the light. After 30min
silver tri¯ate (270mg, 1.1mmol) in toluene (5mL) was
added via a cannula, the mixture was stirred for 2 h, ®l-
tered through Celite and concentrated in vacuo. Chro-
matography on silica gel using petrol/ethyl acetate (3/1)
as the eluant gave 14 (270mg, 63%), mp 175�C; IR umax

1746 (CO), 1640 (C�C) cmÿ1; 1H NMR (CDCl3) d 7.07,
6.79 (2H, 2d, J=8.9Hz, H-11, H-12), 5.33 (1H, t,
J=9.1Hz, H-20), 5.30 (1H, t, J=9.1Hz, H-30), 5.18 (1H,
t, J=9.1Hz, H-40), 5.18 (1H, d, J=9.1Hz, H-10), 4.25
1H dd, J=12.2, 5.6Hz, H-60a), 4.16 (1H, dd, J=12.2,
2.6Hz, H-60b) 3.86 (1H, m, H-50), 3.27 (1H, br s, H-15),
2.92, (1H, dd, J=17.0, 6.1Hz, H-7b), 2.76 (1H, ddd,
J=17.0, 10.9, 7.8Hz, H-7a), 2.06, 2.04, 2.02, 2.00
(4�3H, 4s, COCH3), 1.28, 1.19 (2�3H, d, J=7.0Hz, H-
16, H-17), 1.18 (3H, s, H-20), 0.94 (3H, s, H-18), 0.91
(3H, s, H-19); 13C NMR (CDCl3) d 170.6, 170.3, 169.4,
169.3 (COCH3), 153.0, 145.2, 134.4, 134.0, 122.9, 111.8
(Ar), 97.5 (C-10), 73.4 (C-20), 71.8 (C-30), 71.4 (C-40),
68.6 (C-50), 62.2 (C-60), 49.5 (C-5), 41.5 (C-3), 39.6 (C-
1), 37.9 (C-10), 33.3 (C-4), 33.2 (C-18), 28.9 (C-7), 27.2
(C-15), 25.2 (C-20), 21.6 (C-19), 20.8, 20.7 (COCH3),
20.6, 20.6 (C-16, C-17), 20.4, 20.4 (COCH3), 19.5 (C-6),
19.4 (C-2); m/z 616 (M+, 1%), 331 (42), 271 (13), 169
(100), 109 (38), 69 (6), 43 (38); HRMS, calcd for
C34H48O10 (M

+) 616.3247, found 616.3257.

13-(2,3,4,6-Tetra-O-acetyl-�- and �-D-galactopyranosyl-
oxy)-totara-8,11,13-triene (15 and 16). A solution of
tetra-O-acetyl-a-d-galactopyranosyl bromide37 (431mg,
1.1mmol) in toluene (5mL) was added dropwise to a
stirred suspension of 1 (200mg, 0.7mmol), activated
sieves (3 AÊ , 1 g), and sodium hydrogen phosphate (1 g)
in toluene under argon in a ¯ask masked from the light.
After 30min silver tri¯ate (270mg, 1.1mmol) in toluene
(5mL) was added via a cannula, the mixture was stirred
for 2 h, ®ltered through Celite and concentrated in
vacuo. Chromatography on silica gel using petrol/ethyl
acetate (5.6/1) as the eluant gave: 13-(2,3,4,6-tetra-O-

acetyl-a-d -galactopyranosyloxy)-totara-8,11,13-triene
(15) as a chromatographically pure oil (65mg, 15%); 1H
NMR (CDCl3) d 7.08, 6.98 (2H, 2d, J=9.0Hz, H-11,
H-12), 5.79 (1H, d, J=3.2Hz, H-10), 5.69 (1H, 2d,
J=10.9, 3.2Hz, H-20), 5.55 (1H, d, J=2.9Hz, H-40),
5.35 (1H, dd, J=10.9, 3.6Hz, H-30), 4.27 (1H, t,
J=6.6Hz, H-50), 4.12 (2H, m, H-60), 3.35 (1H, br s, H-
15), 2.99 (1H, dd, J=17.1, 6.3Hz, H-7b), 2.75 (1H, m,
H-7a), 2.18, 2.04, 2.01, 1.94 (4�3H, 4s, COCH3), 1.39,
1.36 (2�3H, d, J=7.0Hz, H-16, H-17), 1.16 (3H, s, H-
20), 0.95 (3H, s, H-18), 0.93 (3H, s, H-19); 13C NMR
(CDCl3) d 170.2, 170.1, 170.0, 169.9 (COCH3), 152.7,
144.9, 134.0, 133.5, 123.0, 111.6 (Ar), 93.9 (C-10), 67.9
(C-30), 67.8 (C-20), 67.8 (C-40), 66.9 (C-50), 61.1 (C-60),
49.3 (C-5), 41.5 (C-3), 39.5 (C-1), 37.7 (C-10), 33.2 (C-
4), 33.1 (C-18), 28.7 (C-7), 27.3 (C-15), 25.0 (C-20), 21.5
(C-19), 20.9, 20.6, 20.5, 20.5 (COCH3), 20.6, 20.6 (C-16,
C-17), 19.3 (C-6), 19.2 (C-2); m/z 616 (M+, 3%), 331
(100), 169 (94), 127 (13), 109 (39), 43 (97); HRMS, calcd
for C34H48O10 (M+) 616.3247, found 616.3255. This
was followed by 13-(2,3,4,6-tetra-O-acetyl-b-d-galacto-
pyranosyloxy)-totara-8,11,13-triene (16) as a chromato-
graphically pure oil (180mg, 42%); 1H NMR (CDCl3) d
7.08, 6.82 (2H, 2d, J=8.9Hz, H-11, H-12), 5.54 (1H,
dd, J=10.3, 8.0Hz, H-20), 5.45 (1H, d, J=3.3Hz, H-40),
5.14 (1H, d, J=8.0Hz, H-10), 5.11 (1H, dd, J=10.3,
3.3Hz, H-30), 4.14 (3H, m, H-50, 2H-60), 3.29 (1H, br s,
H-15), 2.93 (1H, dd, J=17.1, 6.1Hz, H-7b), 2.78 (1H,
ddd, J=17.1, 10.8, 7.8Hz, H-7a), 2.20, 2.07, 2.02, 2.01
(4�3H, s, COCH3), 1.32, 1.21 (2�3H, d, J=7.1Hz, H-
16, H-17), 1.19 (3H, s, H-20), 0.96 (3H, s, H-18), 0.92
(3H, s, H-19); 13C NMR (CDCl3) d 170.4, 170.4, 170.2,
169.3 (COCH3), 153.2, 145.2, 134.4, 134.0, 122.9, 112.0
(Ar), 98.2 (C-10), 71.5 (C-30), 70.9 (C-50), 68.8 (C-20),
67.2 (C-40), 61.5 (C-60), 49.6 (C-5), 41.6 (C-3), 39.6 (C-
1), 37.9 (C-10), 33.4 (C-4), 33.3 (C-18), 29.0 (C-7), 27.3
(C-15), 25.3 (C-20), 21.7 (C-19), 21.0, 20.8, 20.7, 20.6
(COCH3), 20.6, 20.5 (C-16, C-17), 19.5 (C-6), 19.4 (C-
2); m/z 616 (M+, 3%), 331 (83), 169 (78), 127 (13), 109
(34), 43 (100); HRMS, calcd for C34H48O10 (M+)
616.3247, found 616.3257.

13-(2,3,4,6-Tetra-O -acetyl -� -D-mannopyranosyloxy)-
totara-8,11,13-triene (17). A solution of glycosyl donor
tetra-O-acetyl-a-d-mannopyranosyl bromide37 (470mg,
1.2mmol) in toluene (5mL) was added dropwise to a
stirred suspension of 1 (200mg, 0.7mmol), activated
sieves (3 AÊ , 1 g), and sodium hydrogen phosphate (1 g)
in toluene under argon in a ¯ask masked from the light.
After 30min silver tri¯ate (270mg, 1.1mmol) in toluene
(5mL) was added via cannula, the mixture was stirred
for 2 h, ®ltered through Celite and concentrated in
vacuo. Chromatography on silica gel using petrol/ethyl
acetate (5.6/1) as the eluant gave 17 (320mg, 74%), mp
205�C; 1H NMR (CDCl3) d 7.08 (2H, 2d, J=8.9Hz, H-
11, H-12), 5.48 (2H, m, H-10, H-20), 5.59 (1H, dd,
J=10.0, 2.6Hz, H-30), 5.42 (1H, t, J=10.0Hz, H-40),
4.33 (1H, dd, J=12.8, 5.7Hz, H-60a), 4.11 (2H, m, H-50,
H-60b), 3.34 (1H, sept J=7.0Hz, H-15), 2.96 (1H, dd,
J=17.1, 6.2Hz, H-7b), 2.77 (1H, ddd, J=17.1, 11.1,
7.9Hz, H-7a) 2.19, 2.08, 2.07, 2.04 (4�3H, 4s, COCH3),
1.42, 1.35 (2�3H, d, J=7.0Hz, H-16, H-17), 1.20 (3H,
s, H-20), 0.96 (3H, 4s, H-18), 0.89 (3H, s, H-19); 13C
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NMR (CDCl3) d 170.4, 169.8, 169.8, 169.6 (COCH3),
152.8, 145.2, 134.1, 133.7, 123.1, 112.1 (Ar), 95.9 (C-10),
69.3 (C-20), 69.1 (C-30), 69.1 (C-50), 65.6 (C-40), 62.1 (C-
60), 49.3 (C-5), 41.4 (C-3), 39.5 (C-1), 37.6 (C-10), 33.1
(C-4), 33.0 (C-18), 28.6 (C-7), 27.1 (C-15), 25.0 (C-20),
21.4 (C-19), 20.9, 20.8, 20.7, 20.5 (COCH3), 20.5, 20.5
(C-16, C-17), 19.3 (C-6), 19.2 (C-2); m/z 616 (M+, 2%),
331 (53), 271 (10), 169 (97), 127 (12), 109 (41), 43 (100);
anal., calcd for C34H48O10 C, 66.2; H, 7.8, found C,
66.1; H, 8.0.

13-(2,20,3,30,4,6,60 -Hepta-O-acetyl-�-D-lactopyranosyl-
oxy)-totara-8,11,13-triene (18). A solution of hepta-O-
acetyl-a-d-lactopyranosyl bromide37 (750mg, 1.1mmol)
in toluene (5mL) was added dropwise to a stirred sus-
pension of 1 (286mg, 1mmol), activated sieves (3 AÊ ,
1 g), and sodium hydrogen phosphate (1 g) in toluene
under argon in a ¯ask masked from the light. After
30min silver tri¯ate (386mg, 1.5mmol) in toluene
(5mL) was added via a cannula, the mixture was stirred
for 2 h, ®ltered through Celite and concentrated in
vacuo. Chromatography on silica gel using petrol/ethyl
acetate (5.6/1) as the eluant gave 18 as a chromato-
graphically pure oil (260mg, 29%); 1H NMR (DMSO-
d6) d 7.05, 6.78 (2H, 2d, J=8.9Hz, H-11, H-12), 5.36±
3.77 (13H, m, H-20±H-60, H-100-H-600), 4.51 (1H, d,
J=7.9Hz, H-10), 2.84 (2H, m, H-7a,7b), 2.16, 2.07,
2.07, 2.06, 2.06, 2.01, 1.97 (7�3H, 5s, COCH3), 1.26,
1.16 (2�3H, d, J=6.9Hz, H-16, H-17), 1.17 (3H, s, H-
20), 0.94 (3H, s, H-18), 0.91 (3H, s, H-19); 13C NMR
(DMSO-d6) d 170.4, 170.2, 170.1, 169.9, 169.9 169.8,
169.6, 169.1 (COCH3), 153.0, 145.0, 135.0, 133.8, 122.9
(Ar), 101.2 (C-10), 97.0 (C-100) 76.5, 73.5, 72.6, 71.7,
71.0, 70.8, 69.2, 66.7 (C-20±C-50, C-200±C-500), 62.2, 60.9
(C-60, C-600), 49.6 (C-5), 41.6 (C-3), 39.6 (C-1), 37.9 (C-
10), 33.3 (C-4), 33.2 (C-18), 28.9 (C-7), 27.0 (C-15), 25.2
(C-20), 21.6 (C-19), 20.8, 20.8, 20.8, 20.7, 20.7, 20.7,
20.5 (COCH3), 20.5, 20.4 (C-16, C-17), 19.5 (C-6), 19.4
(C-2); m/z 905 (MH+, 3%), 619 (27), 559 (13), 331 (80),
169 (57); HRMS, calcd for C46H65O18 (MH)+ 905.4171,
found 905.4158.

13-(�-D-Glucopyranosyloxy)-totara-8,11,13-triene (19).
Sodium hydride (10mg) was added to a stirred solution
of 14 (90mg, 0.15mmol) in methanol (5mL) at room
temperature under argon. The mixture was stirred for
14 h and concentrated in vacuo. The resulting residue
was suspended in 20% methanol in ethyl acetate and
passed through a short silica gel column to a�ord 19
(61mg, 93%), mp 128�C; IR umax 3374 (OH), 1646
(C�C) cmÿ1; 1H NMR (d4-MeOH) d 6.85, 6.72 (2H, 2d,
J=9.0Hz, H-11, H-12), 4.75 (1H, d, J=7.2Hz, H-10),
3.68 (1H, dd, J=12.0, 1.5Hz, H-60a), 3.49 (1H, dd,
J=12.0, 5.0Hz, H-60b), 3.50±3.18 (4H, m, H-20±H-50),
3.11 (1H, br s, H-15), 2.74, (1H, dd, J=16.9, 6.1Hz, H-
7b), 2.54 (1H, ddd, J=16.9, 11.3, 7.8Hz, H-7a), 1.17,
1.12 (2�3H, d, J=7.0Hz, H-16, H-17), 0.96 (3H, s, H-
20), 0.76 (3H, s, H-18), 0.73 (3H, s, H-19); 13C NMR
(CDCl3) d 155.3, 145.4, 134.7, 130.0, 124.0, 113.5 (Ar),
78.9, 78.0, 75.2, 71.5, 68.6 (C-20±C-50), 62.7 (C-60), 51.3
(C-5), 42.8 (C-3), 41.0 (C-1), 39.0 (C-10), 34.3 (C-4),
33.8 (C-18), 30.0 (C-7), 28.8 (C-15), 25.6 (C-20), 22.1 (C-
19), 21.2, 21.2 (C-16, C-17), 20.6 (C-6), 20.6 (C-2); m/z

616 (M+, 1%), 448 (2), 286 (62), 271 (100), 201 (26), 189
(12), 175 (36), 69 (15), 55 (10), 43 (19); HMRS, calcd for
C26H40O6 (M

+) 448.2825, found 448.2818.

13-(�-D-Galactopyranosyloxy)-totara-8,11,13-triene (20).
Sodium hydride (10mg) was added to a stirred solution
of 15 (60mg, 0.1mmol) in methanol (10mL) at room
temperature under argon. The mixture was stirred for
14 h and concentrated in vacuo. The resulting residue
was suspended in ethyl acetate/methanol (4/1) and pas-
sed through a short silica gel column to a�ord 20
(39mg, 89%), mp 219�C; 1H NMR (DMSO-d6) d 6.84,
6.78 (2H, 2d, J=9.0Hz, H-11, H-12), 5.19 (1H, d,
J=2.6Hz, H-10), 3.70±3.18 (6H, m, H-20±H-60), 2.72
(1H, dd, J=16.8, 5.8Hz, H-70), 2.48 (1H, m, H-70), 1.15,
1.11 (2�3H, d, J=7.0Hz, H-16, H-17), 0.95 (3H, s, H-
20), 0.74 (3H, s, H-18), 0.70 (3H, s, H-19); 13C NMR
(DMSO-d6) d 155.2, 144.4, 134.0, 133.9, 124.3, 113.2
(Ar), 98.6 (C-10), 73.5, 71.3, 69.7, 69.6 (C-20±C-50), 61.5
(C-60), 50.8 (C-5), 42.6 (C-3), 40.7 (C-1), 38.7 (C-10),
34.5 (C-4), 34.4 (C-18), 29.8 (C-7), 28.6 (C-15), 26.5 (C-
20), 22.9 (C-19), 22.1, 21.7 (C-16, C-17), 20.5 (C-6), 20.4
(C-2); m/z 449 (MH+, 15%), 413 (13), 286 (100), 271
(94), 201 (24), 189 (30), 175 (26), 149 (21), 115 (19), 93
(36), 85 (15), 69 (41), 57 (17), 41 (35); HRMS, calcd for
C26H40O6 (M

+) 448.2825, found 448.2810.

13-(�-D-Galactopyranosyloxy)-totara-8,11,13-triene (21).
Sodium hydride (20mg) was added to a stirred solution
of 16 (120mg, 0.2mmol) in methanol (10mL) at room
temperature under argon. The mixture was stirred for
14 h and concentrated in vacuo. The resulting residue
was suspended in ethyl acetate/methanol (4/1) and pas-
sed through a short silica gel column to a�ord 21
(80mg, 89%), mp 225�C; 1H NMR (DMSO-d6) d 7.01,
6.88 (2H, 2d, J=8.9Hz, H-11, H-12), 4.74 (1H, d,
J=7.7Hz, H-10), 4.00±3.00 (7H, m, H-20±H-60, H-15),
2.60 (2H, m, H-7a,7b), 1.13, 1.09 (2�3H, d, J=7.0Hz,
H-16, H-17), 0.93 (3H, s, H-20), 0.75 (3H, s, H-18), 0.71
(3H, s, H-19); 13C NMR (DMSO-d6) d 155.4, 144.3,
134.0, 133.8, 123.9, 113.8 (Ar), 102.0 (C-10), 76.7, 75.2,
72.0, 69.4 (C-20±C-50), 61.7 (C-60), 50.6 (C-5), 42.4 (C-3),
40.4 (C-1), 38.6 (C-10), 34.3 (C-4), 34.2 (C-18), 29.6 (C-
7), 28.2 (C-15), 26.3 (C-20), 22.7 (C-19), 22.0, 21.7 (C-
16, C-17), 20.3 (C-6), 20.3 (C-2); m/z 449 (MH+, 15%),
286 (100), 271 (66), 255 (18), 201 (23), 175 (16), 149 (17),
91 (22), 69 (29), 45 (25); HRMS, calcd for C26H41O6

(MH)+ 449.2903, found 449.2891.

13-(�-D-Mannopyranosyloxy)-totara-8,11,13-triene (22).
Sodium hydride (20mg) was added to a stirred solution
of 17 (130mg, 0.2mmol) in methanol (10mL) at room
temperature under argon. The mixture was stirred for
14 h and concentrated in vacuo. The resulting residue
was suspended in ethyl acetate/methanol (4/1) and pas-
sed through a short silica gel column to a�ord 22
(85mg, 95%), mp 285�C; 1H NMR (DMSO-d6) d 7.01,
6.88 (2H, 2d, J=8.9Hz, H-11, H-12), 4.56 (1H, d,
J=7.7Hz, H-10), 3.53±2.99 (7H, m, H20±H60, H-15),
2.61 (2H, m, H-7a,7b), 1.13, 1.09 (2�3H, d, J=7.0Hz,
H-16, H-17), 0.93 (3H, s, H-20), 0.75 (3H, s, H-18), 0.71
(3H, s, H-19); 13C NMR (DMSO-d6) d 155.4, 144.4,
134.0, 133.8, 123.9, 113.8 (Ar), 102.0 (C-10), 76.7, 75.2,
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72.0, 69.4 (C-20±C-50), 61.7 (C-60), 50.6 (C-5), 42.4 (C-3),
40.4 (C-1), 38.6 (C-10), 34.3 (C-4), 34.2 (C-18), 29.6 (C-
7), 28.2 (C-15), 26.3 (C-20), 22.7 (C-19), 22.0, 21.7 (C-
16, C-17), 20.3 (C-6), 20.3 (C-2); m/z 448 (M+, 17%),
307 (46), 286 (100), 271 (63), 189 (25), 175 (47); HRMS,
calcd for C26H40O6Na (MNa)+ 471.2723, found
471.2717.

13-(�-D-Lactopyranosyloxy)-totara-8,11,13-triene (23).
Sodium hydride (20mg) was added to a stirred solution
of 18 (135mg, 0.15mmol) in methanol (10mL) at room
temperature under argon. The mixture was stirred for
14 h and concentrated in vacuo. The resulting residue
was suspended in ethyl acetate/methanol (4/1) and pas-
sed through a short silica gel column to a�ord 23
(58mg, 63%) mp 187�C; 1H NMR (DMSO-d6) d 6.83,
6.69 (2H 2d, J=8.8Hz, H-11, H-12), 4.67 (1H, d,
J=7.7Hz, H-10), 4.06 (1H, d, J=6.5Hz, H100), 3.60±
3.10 (13H, m, H-20±H-60, H-200±H-600, H-15), 2.59 (2H,
m, H-7), 1.12, 1.07 (2�3H, d, J=6.9Hz, H-16, H-17),
0.92 (3H, s, H-20), 0.74 (3H, s, H-18), 0.69 (3H, s, H-
19); 13C NMR (DMSO-d6) d 155.2, 144.6, 134.0, 133.9,
124.0, 113.7 (Ar), 105.1 (C-100), 101.0 (C-10), 81.6, 76.9,
76.8, 76.2, 74.7, 74.6, 71.9, 69.5 (C-20±C-50, C-200±C-500),
61.8, 61.7 (C-60, C-600), 50.7 (C-5), 42.4 (C-3), 40.5 (C-1),
38.6 (C-10), 34.3 (C-4), 34.2 (C-18), 29.6 (C-7), 27.5 (C-
15), 26.3 (C-20), 22.7 (C-19), 21.9, 21.7 (C-16, C-17),
20.4 (C-6), 20.3 (C-2); m/z 610 (M+, 3%), 271 (43), 189
(19), 165 (24), 115 (22), 91 (38), 41 (55); HRMS, calcd
for C32H50O11 (M

+) 610.3353, found 610.3351.

In vitro antibacterial screens

Minimum inhibitory concentrations (MIC) were
determined by the double agar dilution method with
Mueller±Hinton agar. The overnight broth cultures
were diluted to approximately 108 CFU (colony forming
units) mLÿ1 with fresh broth and an inoculum of 104

CFU mLÿ1 per spot was applied to agar plates con-
taining graded concentrations of each compound. After
incubation at 37�C for 18±20 h, the MIC was de®ned as
the minimum drug concentration which inhibited
growth of bacteria.

In vivo antibacterial screens

A mouse protection model was used to assess the in vivo
antibacterial activity of compounds 1, 22 and 23. Mice
were obtained from ZENECA Barriered Animal Breed-
ing Unit. Male mice (Alpk: ApfCD-1 strain) weighing
19±21 g were infected intraperitoneally with �ten times
the LD50 of MSSA strain 601055 in 6% hog gastric
mucin (Sigma). Animals were dosed subcutaneously
with the test compounds at 1 and 5 h post infection. A
group of four mice was used for each dose level of each
compound. Animal health was monitored at least twice-
daily until the experiment was terminated on day 4 post-
infection. The dose of test compound that provided
50% protection (PD50 values) were computed by logit
analysis from numbers of survivors over the range of
doses tested.

Human cell culture screens

Conditions for the maintenance, culture and spectro-
photometric measurement of growth in human cell cul-
tures were as previously described.46,47 Human
®broblasts were a normal diploid strain, CH 2983,
established from a human amniocentesis sample; test
cultures were all between the 6th and 10th passage.
Human tumour cell lines were the HeLa carcinoma line,
and an osteosarcoma line, MG 63.

Test cultures were plated sparsely in 0.1mL aliquots in
96 well culture plates, in normal minimal Eagle's me-
dium supplemented with 10% foetal calf serum. After
24 h, media were replaced with fresh 0.1mL aliquots of
media (control), or 0.1mL aliquots of media containing
compounds 1 or 22. Compounds 1 and 22 were dis-
solved in dimethyl sulfoxide to give stock solutions with
concentrations of 1±2 mgmLÿ1. Stock solutions were
diluted with complete normal growth medium to give
test solutions with concentrations in the range from 0.2±
25 mgmLÿ1. Culture plates were monitored daily, until
control cultures became con¯uent (typically 4±7 days),
at which time all wells were ®xed, stained, dried and
measured spectrophotometrically. Reported values are
the mean of four experimental determinations.

In a separate series of experiments, cultures were grown
in microwells to con¯uence in normal growth medium.
Test solutions of compounds 1 and 22 in growth med-
ium were then applied for 24 h. Test and control wells
were then washed, and subjected to a Trypan Blue
exclusion test. Non-viable cells, identi®ed by blue stain-
ing, were counted per random microscopic ®eld. At least
eight ®elds were counted in each experiment.
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