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The novel polyketide macrolide archazolid-7-O-β-D-gluco-
pyranoside (3) has been isolated from the myxobacterium Cy-
stobacter violaceus and the structure of this first archazolid-
glycoside has been determined by spectroscopic and degrad-
ative methods. A synthesis of simplified 7-O analogues,
based on regioselective derivatisation of archazolid A, was
elaborated. These structurally novel archazolids of natural

Introduction

Vacuolar-type ATPases (V-ATPases)[1] represent an im-
portant target from the perspective of medicinal chemistry
and drug research, as the function of these proton-translo-
cating proteins is correlated with various diseases such as
osteoporosis[2] and cancer.[3] The natural products archazo-
lid A (1, Figure 1) and archazolid B (2), originally isolated
by the groups of Höfle and Reichenbach from fermentation
broths of the myxobacterium Archangium gephyra,[4–6] rep-
resent a novel type of particularly effective inhibitors (IC50

values in the low nanomolar range) of these heteromultim-
eric enzymes, both in vitro[7,8] and in vivo.[6] A high specific-
ity for V-ATPase and a certain selectivity for the mamma-
lian type of this enzyme, together with the reversible mode
of binding, add to the attractiveness of these natural poly-
ketides for further development. No analogues for struc-
ture–activity studies have so far been described, however,
making access to structurally novel archazolid derivatives
an important research goal. Of particular interest along
these lines are archazolid conjugates, in order either to in-
crease the selectivity for specific types of V-ATPases further
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and synthetic origin were evaluated in detail for V-ATPase
inhibition and their biological activities are discussed in
terms of their solution conformations, as determined by high-
field NMR studies, including J-based conformation analysis
and constrained molecular dynamics simulations.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

or to allow applications of these antimitotic agents in pro-
drug approaches.[9] Very recently, the stereochemistry of 1
and 2 has been determined by extensive NMR studies and
chemical derivatisation.[10] Here we report on the isolation

Figure 1. The archazolids: potent V-ATPase inhibitors from
myxobacteria.
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and structural elucidation of the first archazolid-glycoside –
archazolid-7-O-β--glucopyranoside (= archazolid C, 3) –
from the myxobacterium Cystobacter violaceus.[11] Further-
more, we also describe the synthesis of simplified 7-O ana-
logues and evaluate the inhibitory effects of these structures
on V-ATPase in detail. The solution conformation of these
novel macrolides is analysed by NMR methods and molec-
ular modelling, allowing the observed biological data to be
interpreted.

Results and Discussion

Cystobacter violaceus strain Cb vi105 was identified in a
screening for novel and more efficient archazolid-producing
myxobacteria. As the archazolids are biologically highly ef-
fective compounds that induce a typical rounding of L-929
mouse fibroblast cells, we were able to screen myxobacteria
for archazolid production by looking for this special
phenotype using low culture volumes (e.g. agar
cylinders cut from grown Petri dishes). HPLC analysis of
extracts from larger cultures confirmed the presence of
archazolid A, together with one major and several further
minor metabolites. A 300 L bioreactor cultivation was then
run in the presence of Amberlite XAD (1%) for absorption
of excreted secondary metabolites. After ten days, the ad-
sorber resin and cell mass (4.9 kg) were harvested by centri-
fugation and extracted with acetone to give a crude extract
(13.7 g), from which consecutive gel chromatography
(Sephadex LH-20), MPLC and reversed-phase HPLC
yielded archazolid A (1, 106 mg) and archazolid C (3,
35 mg) as colourless, amorphous solids. All physical and
spectroscopic data for 1 were found to be identical to those
previously reported for archazolid A from Archangium
gephyra.[4,5,10]

The UV/Vis spectrum of the novel metabolite 3 indicated
this compound to be an archazolid derivative. The 1H
NMR spectrum of 3 likewise resembled that of 1 (Figure 2,
a). In the aromatic region, two one-proton singlets (δ =
5.73 ppm for 11-H, 7.10 ppm for 4�-H), four one-proton
doublets (δ = 5.04 ppm: 6-H, 5.36 ppm: 9-H, 6.62 ppm: 13-
H, 5.93 ppm: 19-H), and three one-proton doublets (δ =
6.77 ppm: 3-H, 5.71 ppm: 14-H, 6.99 ppm: 20-H, 5.64 ppm:
21-H) suggested a polyunsaturated backbone closely related
to that of archazolid A. Likewise, further low-field one-pro-
ton signals at δ = 4.42 ppm (7-H), 4.40 ppm (15-H),
3.48 ppm (17-H), 5.96 ppm (23-H) and 5.99 ppm (1�-H)
were very similar to those of the parent compound 1. In the
same fashion, all observed three-proton signals for methyl
groups resembled the 1H NMR spectroscopic data for 1.
Further signals in the aliphatic region (chemical
shift�3 ppm) at δ = 2.88, 3.04, 2.44, 1.72, and 3.04 ppm
were assigned to the macrocyclic protons 4a-H, 4b-H, 8-H,
16-H and 22-H, others at δ = 1.81, 1.88, and 1.77 ppm to
the protons in the side chain at C-5� and C-6�. The remain-
ing 1H NMR signals were observed in the region from δ =
3.00 to 4.00 ppm. This observation, together with HRMS
analysis of the novel metabolite, indicating the molecular
formula to be C48H72N2O12S, 162 mass units (correspond-
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ing to C6H10O5) higher than archazolid A, suggested the
presence of a hexose-substituted archazolid. The O-glyco-
sidic nature of this compound was also evident from a
doublet at δ = 4.17 ppm (7.5 Hz), attributed to an anomeric
proton (1���-H). The signals for 2���-H to 5���-H were re-
solved in CD3OD and assigned to glucose. The 13C NMR
spectroscopic data also displayed the expected number of
carbons and chemical shifts for glucose,[12] and this was fur-
ther confirmed by ROESY interactions.

Figure 2. 1H NMR shifts (δ values in ppm) with multiplet type (a)
as well as HMBC (single arrows) and ROESY interactions (double
arrows) (b) for the glycoside 3.

The position of the glucose unit was deduced by ROESY
experiments, which showed interactions of 1���-H and 2���-
H with 6-H, 7-H and 8-H and by a long-range C–H corre-
lation from 1���-H to C-7. The sugar unit is therefore situ-
ated at position C-7, and the new glycoside has the consti-
tution shown in Figure 2. Its structure was further con-
firmed by TOCSY experiments and by HMBC and HMQC
interactions. Further verification of its constitution was ob-
tained by hydrolysis and GC/HPLC comparison with au-
thentic samples of glucose and archazolid. For the new gly-
coside, we suggest the name archazolid C.
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Scheme 1. Synthesis of the 7-O analogues 4 and 5 by selective functionalization of archazolid A (1).

Access to sufficient material of archazolid A from the
myxobacterium Cystobacter violaceus opened the possibil-
ity of rationally elaborating a synthesis of simplified 7-O
analogues of archazolid C and thus of obtaining further
structure–activity data for this novel metabolite. This ap-
proach would require a selective derivatisation of the 7-O-
group in the presence of the free hydroxy moiety at C-15.
This indeed seemed feasible with respect to the recently de-
termined solution conformation of 1,[10] which indicates the
7-OH to be readily accessible. To test our ideas for such
a regioselective functionalisation, archazolid A was treated
with electrophiles possessing a space demand similar to that
of glucose to provide derivatives 4 and 5 in order to allow
for meaningful SAR data (Scheme 1). After optimisation of
the reaction conditions, both a selective esterification and a
selective silylation could be effected, and the para-nitroben-
zoate 4 and the silyl ether 5 were obtained as the major
products together with only minor amounts of the bis-ad-
ducts 6 and 7. No monofunctionalization at 15-OH was
observed, showing the 7-hydroxy to be more reactive.

This efficient synthesis of the 7-O analogues enabled ac-
cess to sufficient material for assessment of their biological
activities in parallel with the evaluation of archazolid C. In
view of the recently discovered high anti-V-ATPase activity
of archazolids A and B,[5,7] the inhibitory efficacies of the
novel analogues 3–5 on purified V-ATPase holoenzyme
from the mid-gut of the tobacco hornworm were tested
(Table 1). All the new analogues showed very similar de-
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grees of inhibition in this in vitro test system, but these
activities are dramatically reduced in relation to those of 1
and 2, which suggests that a free 7-OH is an important part
of the pharmacophore.

Table 1. Inhibition of the V1/Vo holoenzyme activity and cytotoxi-
cities of archazolids A–C and their analogues 4 and 5.

Enzyme inhibitionV1/Vo Growth inhibition
holoenzyme: IC50, L-929: IC50, n[d]

nmol/mg enzyme[a]

Archazolid A (1) 0.6[b] 0.81
Archazolid B (2) 0.6[c] 1.1
Archazolid C (3) 210 1600
Analogue 4 250 290
Analogue 5 140 940

[a] The specific enzyme activity of the controls without inhibitors
was 1.5�0.2 µmolmg–1 min–1. [b] 0.8 nmol/mg enzyme corre-
sponds to 10 n. [c] Value taken from ref.[7]. [d] Origin of the mam-
malian cell line: murine connective tissue DSM ACC 2.

These in vitro data are consistent with the corresponding
inhibitory effects on the growth of the murine connective
tissue cell line L-929. While the IC50 values for 1 and 2 are
in the low nanomolar range, the analogues are less potent,
with IC50 values two to three magnitudes higher. Among
the analogues tested, the benzoate 4 was three times more
potent than the silyl analogue 5, and five times more active
than the glycoside 3. The growth inhibitory activity does
not run in parallel with the activity at the target enzyme;
this may be the result of different membrane permeabilities.
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To allow further analysis of these biological data, the

solution conformations of archazolid-7-O-β--glucopyr-
anoside and its 7-O analogues were studied by NMR spec-
troscopy. As close mimics of biologically relevant systems,
and also for consistency with a previous analysis of arch-
azolid A,[10] these compounds were studied in CD3OD, in
which optimum 1H NMR signal dispersion was achieved at
the highest available field strength (600 MHz). A combina-
tion of multiplet analysis,[13] homonuclear decoupling and
TOCSY experiments at different mixing times (Figure 2)
were used for determination of all 3JH,H coupling constants,
and information on the spatial relationships between non-
adjacent protons was deduced from ROESY experiments.
Within the macrocyclic core, all analogues show a charac-
teristic sequence of large (�8 Hz) and small (�4 Hz) 3JH,H

coupling constants, together with a series of highly specific
transannular NOE correlations, which indicate a high de-
gree of structural rigidity for the macrocycle. Within this
lactone ring, a certain degree of flexibility only has to be
considered around the (22,23)-bond, as suggested by a me-
dium coupling from 22-H to 23-H, and to a lesser degree
also around the (22,23)-bond, which is indicated by a
broadening of the corresponding 1H NMR signals. This
behaviour is in close agreement with the previously deter-
mined flexibility of archazolid A. Selected key coupling
constants for the “western” (row 1–5, 3-H···9-H), the
“northeastern” (row 6–8, 14-H···17-H) and the “southeast-
ern” fragments (row 9–11, 19-H···23-H) of the macrocycle,
as well as for attachment of the side chain (row 12–13,
1�-H···5�b-H) in comparison to the data for archazolids
A and B are depicted in Table 2. These values show a very
high degree of similarity for all the archazolids, which indi-
cate that all these structures reside in a highly conserved
solution conformation. Notably, variation of the 7-O-sub-
stituent appears to have no significant influence on the ob-
served conformation.

Table 2. Selected 1,3JH,H coupling constants for archazolids A (1)
and C (3) and analogues 4 and 5.

1 3 4 5

3-H to 4a-H 7.5 7.4 7.2 6.8
3-H to 4b-H 7.5 7.4 8.1 8.3
6-H to 7-H 9.5 9.8 10.0 9.1
7-H to 8-H 9.4 9.8 9.7 8.9
8-H to 9-H 9.6 9.1 9.6 10.1
14-H to 15-H 6.0 5.3 7.5 7.2
H-15 to H-16 3.2 3.2 3.2 4.2
16-H to 17-H 9.0 8.9 8.5 8.7
19-H to 20-H 10.9 10.6 10.8 10.6
21-H to 22-H 7.0 6.2 7.4 7.6
22-H to 23-H 4.1 3.8 5.3 4.5
1�-H to 5�a-H 9.1 9.1 8.7 9.1
1�-H to 5�b-H 4.5 4.5 4.5 4.5

Input files with constrained torsion angles and distances
based on these spectroscopic data were generated for arch-
azolid C in Macromodel 8.5[14] and subjected to restrained
Monte Carlo 10,000-step conformational searches (MM2
force field) with the generalised Born/surface area (CB/SA)
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water solvent model[15] to reveal the conformation as de-
picted in Figure 3 as the global solution conformation mini-
mum within a series of discrete families of structurally re-
lated low-energy conformations within 5 kcalmol–1, which
is closely consistent with data previously determined for ar-
chazolid A.[10] Archazolid C thus likewise resides in an
“open” and fairly planar shape. Flexibility was observed
around the (22,23)-bond and to a lesser degree also around
the (15,16)-bond and within the side chain, whilst the re-
maining part of the macrocycle is predicted to be rather
rigid.

Figure 3. Preferred solution conformation of archazolid C (3).

Conclusions

In summary, we have described the first archazolid-glyco-
side, archazolid C (3), from the myxobacterium Cystobacter
violaceus. Its constitution was established by NMR investi-
gations and unambiguously confirmed by acidic cleavage.
Simplified 7-O analogues were prepared by a highly regio-
selective O-functionalization of archazolid A. Whilst each
of these novel archazolids adopts a solution conformation
very similar to that of archazolid A, the inhibitory effects
on V-ATPase are reduced by an order of three magnitudes,
which suggests that a free 7-OH is part of the pharmaco-
phoric region. This highly reduced activity of the 7-O ana-
logues, together with their synthetic availability from 1,
might enable applications in detoxified prodrug ap-
proaches.[9] Furthermore, these results show that it is pos-
sible to modify the structure of archazolid while retaining
the overall shape and flexibility and suggest that it could
also be possible to increase its potency while retaining its
3D shape.

Experimental Section
General Remarks: Optical rotations were determined with a Perkin–
Elmer 241 instrument, UV spectra were recorded with a Shimadzu
UV-2102 PC scanning spectrometer, and IR spectra were measured
with a Nicolet 20DXB FT-IR spectrometer. NMR spectra were
recorded in CD3OD and CDCl3 with a Bruker DMX 600 and a
Bruker WM 400 spectrometer. EI and DCI mass spectra (reactant
gas ammonia) were obtained with a Finnigan MAT 95 spectrome-
ter; high resolution data were acquired by peak matching (M/DM
= 10000). Pure compounds were characterized by analytical HPLC
on Nucleosil C 18 (column 125�2 mm, 5 µm, flow 0.3 mLmin–1),
diode array detection. Preparative HPLC on Nucleosil (column
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250�21 mm, 7 µm, flow 18 mLmin–1), detection: UV absorption
at 254 nm. Analytical TLC [TLC aluminium sheets silica gel
Si 60 F254 (Merck)], solvent: mixtures of ethyl acetate/petroleum
ether, detection: UV absorption at 254 nm, dark blue spots on
staining with cerium(IV) sulfate/phosphomolybdic acid in sulfuric
acid followed by charring.

Isolation of Archazolids A (1) and C (3) from Cystobacter violaceus:
A fermentation batch (300 L) of strain Cb vi105, isolated at GBF
(Braunschweig, Germany), was grown in M7 medium in the pres-
ence of Amberlite XAD-16 adsorber resin (3 L) at 30 °C.[5] After
harvesting by centrifugation, the mixture of wet cell mass and ad-
sorber resin was extracted with four batches of acetone (each 3 L)
by stirring, sedimentation and decanting. The extract was concen-
trated on a rotary evaporator (30 °C/50 mbar) to the water phase,
which was extracted with ethyl acetate (one portion of 3.5 L and
two portions of 1.5 L). The organic phase was evaporated (30 °C/
150 mbar) to the water phase. The residue was dissolved in meth-
anol (1 L) and washed three times with heptane (1 L). Evaporation
gave the crude extract (13.7 g), which was dissolved in methanol
for further purification by gel chromatography on Sephadex LH 20
(Fluka, Steinheim, solvent: methanol, flow 7 mLmin–1). Further
purification by medium pressure RP chromatography (solvent:
methanol/water 8:2, detection 230 nm, flow 65 mLmin–1) and high
pressure RP chromatography (solvent: acetonitrile/water 65/35, de-
tection 230 nm, flow 15 mLmin–1) gave archazolid A (106 mg) and
archazolid C (35 mg). These antibiotics were analysed by HPLC
(methanol/water 82:18, flow rate: 0.3 mLmin–1, detection: diode ar-
ray). The retention times were 11.8 min for archazolid A and
6.3 min for archazolid C.

Archazolid A (1): Colourless, amorphous solid: tR = 11.8 min
(Nucleosil C18, 125�2 mm, 5 µm, methanol/water 82:18, flow
rate: 0.3 mLmin–1, diode array detection); Rf = 0.25 (silica gel Si 60
aluminium sheets, petroleum ether/ethyl acetate 2:1). [α]D22 = –64.0
(c = 12.8 mgmL–1, MeOH). IR (KBr): ν̃max = 3500, 2944, 2876,
1720, 1254, 1143 cm–1. UV (MeOH): λmax (lg ε) 228 nm (4.6). The
NMR spectroscopic data were identical to those previously pub-
lished.[4,5,10]

Archazolid C (3): Colourless, amorphous solid: tR = 6.6 min
(Nucleosil C18, 125�2 mm, 5 µm, acetonitrile/water 65:35, flow
rate: 0.3 mLmin–1, diode array detection). [α]D22 = –33.9 (c =
6.2 mg mL–1, MeOH). 1H NMR (CD3OD, 600 MHz): δ = 0.70 (d,
J = 7.2 Hz, 3 H, 16-CH3), 0.78 (d, J = 6.8 Hz, 3 H, 8-CH3), 0.97
(d, J = 6.8 Hz, 3 H, 7�-H3), 0.99 (d, J = 6.8 Hz, 3 H, 8�-H3), 1.14
(d, J = 6.8 Hz, 3 H, 22-CH3), 1.60 (s, 3 H, 18-CH3), 1.71 (s, 3 H,
5-CH3), 1.72 (ddq, J = 8.9, 3.2, 7.2 Hz, 1 H, 16-H), 1.73 (s, 3 H,
10-CH3), 1.77 (m, 1 H, 6�-H), 1.81 (dd, J = 7.9, 4.9 Hz, 1 H, 5�-
H), 1.88 (m, 1 H, 5�-H), 1.88 (d, J = 1.1 Hz, 3 H, 12-CH3), 1.89
(s, 3 H, 2-CH3), 2.44 (ddq, J = 9.8, 9.1, 6.8 Hz, 1 H, 8-H), 2.71 (s,
3 H, 2��-H3), 2.88 (dd, J = 14.3, 6.8 Hz, 1 H, 4-H), 3.04 (ddq, J =
6.2, 3.8, 6.8 Hz, 1 H, 22-H), 3.04 (dd, J = 14.3, 7.9 Hz, 1 H, 4-H),
3.13 (s, 3 H, 17-OCH3), 3.23 (dd, J = 8.5, 8.5 Hz, 1 H, 4���-H),
3.31 (m, 1 H, 5���-H), 3.31 (m, 1 H, 2���-H), 3.48 (brd, J = 8.9 Hz,
1 H, 17-H), 3.70 (dd, J = 11.7, 5.9 Hz, 1 H, 6���-H), 3.88 (dd, J =
11.7, 2.3 Hz, 1 H, 6���-H), 4.17 (d, J = 7.5 Hz, 1 H, 1���-H), 4.40
(br s, 1 H, 15-H), 4.42 (dd, J = 9.8, 9.8 Hz, 1 H, 7-H), 5.04 (d, J =
9.8 Hz, 1 H, 6-H), 5.36 (d, J = 9.1 Hz, 1 H, 9-H), 5.64 (dd, J =
15.3, 6.2 Hz, 1 H, 21-H), 5.71 (dd, J = 16.2, 5.3 Hz, 1 H, 14-H),
5.73 (s, 1 H, 11-H), 5.93 (d, J = 10.6 Hz, 1 H, 19-H), 5.96 (d, J =
3.8 Hz, 1 H, 23-H), 5.99 (dd, J = 9.1, 4.5 Hz, 1 H, 1�-H), 6.19 (dd,
J = 14.9, 11.1 Hz, 1 H, 20-H), 6.62 (d, J = 15.9 Hz, 1 H, 13-H),
6.77 (t, J = 7.4 Hz, 1 H, 3-H), 7.10 (dd, s, 1 H, 4�-H) ppm. 13C
NMR (CD3OD, 101 MHz): δ = 12.5 (Me-18), 12.6 (Me-16), 12.8
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(Me-2), 17.2 (Me-5), 17.3 (Me-22), 17.9 (Me-8), 20.2 (Me-12), 22.5
(C-7�), 23.5 (C-8�), 24.8 (Me-10), 26.0 (C-6�), 27.7 (C-2��), 39.5 (C-
8), 40.4 (C-4), 40.7 (C-22), 43.7 (C-16), 46.1 (C-5�), 56.4 (17-OMe),
63.2 (C-6���), 72.0 (C-5���), 73.5 (C-1�), 74.3 (C-15), 75.1 (C-4���),
77.3 (C-7), 77.5 (C-23), 78.3 (C-3���), 78.7 (C-2���), 89.8 (C-17),
100.3 (C-1���), 116.5 (C-4�), 127.3 (C-6), 127.7 (C-20), 129.4 (C-13),
130.0 (C-2), 130.7 (C-11), 130.7 (C-19), 133.3 (C-10), 133.4 (C-9),
133.4 (C-12), 134.0 (C-14), 134.9 (C-21), 135.6 (C-18), 141.0 (C-5),
142.1 (C-3), 156.3 (C-3�), 158.5 (C-1��), 168.4 (C-1), 174.2 (C-
2�) ppm. The 13C assignments were achieved by HMQC and
HMBC experiments. IR (film): ν̃max = 3389, 2931, 1717, 1079 cm–1.
UV(MeOH): λmax (lg ε) 229 nm (5.2). HRMS for C48H72N2O12NaS
[M +Na]+: calcd. 923.4704; found: 923.4704.

Hydrolysis of Archazolid C: a) Glucose was detected as the com-
pletely TMS-silylated methyl glycoside by Chaplin’s method.[16]

b) Preparative scale. Compound 3 (1.00 mg, 1.1 µmol) was stirred
in HCl/MeOH (0.5 , 3 mL) at 50 °C for 30 min. Sat. aq. NaHCO3

(3 mL) and EtOAc (4 mL) were added, the organic phase was sepa-
rated, and the aqueous phase was extracted with EtOAc. Drying
of the combined organic phases (MgSO4), concentration of the
organic phase and purification by high pressure RP chromato-
graphy (solvent: acetonitrile/water 65:35, detection 230 nm, flow
15 mLmin–1) gave archazolid A (0.5 mg, 0.7 µmol). The chromato-
graphic (HPLC) and spectroscopic (1H NMR) data were identical
to those for the authentic natural product.

7-O-p-Nitrobenzoate of Archazolid A (4): A solution of archazo-
lid A (9.7 mg, 13.1 µmol) in DCM (0.5 mL) was treated at room
temperature with pyridine (0.25 mL), catalytic amounts of DMAP
and p-nitrobenzoyl chloride (24.4 mg, 131 µmol) and the mixture
was stirred at this temperature for 24 h. The reaction mixture was
filtered through SiO2 (elution with DCM) and washed twice with
sat. aq. NaHCO3 (10 mL) and once with water (5 mL). Drying of
the organic phase (Na2SO4), evaporation of the solvent and flash
chromatography on SiO2 (petroleum ether/ethyl acetate 4:1 to 7:1)
gave the dibenzoate 6 (1.9 mg, 2.0 µmol, 15%, Supporting Infor-
mation) and the monobenzoate 4 (9.1 mg, 10.2 µmol, 78%). 4: Rf

= 0.32 (silica gel Si 60 aluminium sheets, petroleum ether/ethyl
acetate 2:1). [α]D22 = +13.3 (c = 10.3 mgmL–1, CHCl3). 1H NMR
(CD3OD, 600 MHz): δ = 0.79 (d, J = 7.0 Hz, 3 H, 16-CH3), 1.04
(m, J = 6.8 Hz, 3 H, 8-CH3), 0.98 (d, J = 6.8 Hz, 7�-H3), 1.00 (d,
J = 6.8 Hz, 8�-H3), 1.11 (d, J = 6.8 Hz, 3 H, 22-CH3), 1.64 (s, 3 H,
18-CH3), 1.65 (s, 3 H, 10-CH3), 1.72 (ddq, J = 8.5, 3.2, 7.0 Hz, 16-
H), 1.77 (m, 6�-H), 1.82 (m, 5�-H), 1.86 (m, 5�-H), 1.89 (d, J =
0.8 Hz, 3 H, 5-CH3), 1.91 (s, 3 H, 2-CH3), 1.99 (d, J = 0.9 Hz, 3
H, 12-CH3), 2.69 (ddq, J = 9.7, 9.6, 6.8 Hz, 8-H), 2.75 (s, 2��-H3),
2.88 (dd, J = 14.3, 7.2 Hz, 4-H), 3.04 (ddq, J = 7.4, 5.3, 6.8 Hz,
22-H), 3.06 (dd, J = 14.3, 7.9 Hz, 4-H), 3.17 (s, 3-H, 17-OCH3),
3.31 (d, J = 8.5 Hz, 1 H, 17-H), 4.30 (dd, J = 8.2, 3.2 Hz, 1 H, 15-
H), 5.22 (d, J = 9.6 Hz, 1 H, 9-H), 5.29 (d, J = 10.0 Hz, 1 H, 6-
H), 5.51 (dd, J = 15.4, 7.3 Hz, 1 H, 21-H), 5.53 (dd, J = 9.7, 9.7 Hz,
1 H, 7-H), 5.69 (s, 1 H, 11-H), 5.80 (d, J = 11.1 Hz, 1 H, 19-H),
5.88 (dd, J = 16.0, 7.5 Hz, 1 H, 14-H), 5.96 (d, J = 5.3 Hz, 1 H,
23-H), 6.03 (dd, J = 8.7, 4.5 Hz, 1 H, 1�-H), 6.13 (dd, J = 15.4,
10.8 Hz, 1 H, 20-H), 6.45 (d, J = 15.6 Hz, 1 H, 13-H), 6.81 (dd, J
= 8.1, 7.2 Hz, 1 H, 3-H), 7.20 (s, 1 H, 4�-H), 8.26 (d, J = 9.0 Hz,
2 H, PNB-H2), 8.40 (d, J = 9.0 Hz, 2 H, PNB-H2) ppm. 13C NMR
(CDCl3, 101 MHz): δ = 11.6 (Me-18), 12.4 (Me-2), 13.7 (Me-16),
16.4 (Me-8), 17.1 (Me-5), 17.5 (Me-22), 19.9 (Me-12), 24.3 (Me-
10), 24.4 (C-6�), 24.2 (C-7�), 24.6 (C-8�), 27.6 (C-2��), 38.7 (C-8),
39.4 (C-4), 40.7 (C-22), 41.8 (C-16), 44.3 (C-5�), 56.2 (30-OMe),
72.2 (C-1�), 76.2 (C-23), 75.8 (C-15), 76.5 (C-7), 90.6 (C-17), 115.5
(C-4�), 123.5 (PNB-C), 124.1 (C-6), 126.3 (C-20), 128.5 (C-13),
128.9 (C-19), 129.1 (C-11), 129.8 (C-9), 130.0 (C-2), 130.6 (PNB-



Archazolid-7-O-β--glucopyranoside from Cystobacter violaceus FULL PAPER
C), 132.4 (C-14), 133.3 (C-10), 133.3 (C-12), 134.9 (C-21), 135.5
(C-18), 135.9 (PNB-C), 139.7 (C-3), 139.8 (C-5), 149.6 (PNB-C),
155.9 (C-3�), 158.4 (C-1��), 164.1 (PNB-C=O), 167.3 (C-1), 171.2
(C-2�) ppm. The 13C assignments were achieved by HMQC and
HMBC experiments. HRMS for C49H65N3O10SNa [M + Na]+:
calcd. 910.4288; found: 910.4280.

7-O-TBS-Archazolid A (5): A solution of archazolid A (1, 30.0 mg,
40.7 µmol) in DCM (1 mL) and pyridine (0.5 mL) was treated at
room temperature with TBSCl (36.7 mg, 245 µmol) and the mixture
was stirred at this temperature for 72 h. The reaction mixture was
filtered through SiO2 (elution with DCM). Evaporation of the sol-
vent and flash chromatography (petroleum ether/ethyl acetate 10:1
to 5:1 to 2:1) gave 3.4 mg (3.5 µmol, 8.6%) of the (7,15)-bis-O-
TBS-ether of archazolid A (7, see Supporting Information) and the
mono-TBS ether 5 (26.7 mg, 31.3 µmol, 77%). 7-O-TBS-archazo-
lid A (5): Colourless oil: Rf = 0.35 (silica gel Si 60 aluminium
sheets, petroleum ether/ethyl acetate 2:1). [α]D22 = –74.9 (c =
7.3 mg mL–1, CHCl3). 1H NMR (CD3OD, 600 MHz): δ = 0.03 (s,
3 H, Si-CH3), 0.06 (s, 3 H, Si-CH3), 0.78 (d, J = 7.3 Hz, 3 H, 16-
CH3), 0.88 (d, J = 6.8 Hz, 3 H, 8-CH3), 0.91 [s, 9 H, Si-C(CH)3],
1.01 (d, J = 6.80 Hz, 3 H, 8�-H3), 1.03 (d, J = 6.4 Hz, 3 H, 7�-H3),
1.12 (d, J = 6.8 Hz, 3 H, 22-CH3), 1.61 (d, J = 1.1 Hz, 3 H, 18-
CH3), 1.72 (d, J = 1.1 Hz, 3 H, 5-CH3), 1.75 (ddq, J = 8.7, 4.2,
6.8 Hz, 1 H, 16-H), 1.78 (s, 3 H, 10-CH3), 1.80 (m, 2 H, 5�-H, 6�-
H), 1.84 (dd, J = 8.3, 4.9 Hz, 1 H, 5�-H), 1.91 (s, 3 H, 2-CH3), 1.93
(d, J = 1.1 Hz, 3 H, 12-CH3), 2.30 (ddq, J = 9.8, 8.6, 6.8 Hz, 1 H,
7-H), 2.74 (s, 3 H, 2��-H3), 2.95 (dd, J = 15.1, 6.8 Hz, 1 H, 4-H),
3.00 (dd, J = 14.4, 9.1 Hz, 1 H, 4-H), 3.06 (ddq, J = 7.6, 4.5, 6.8 Hz,
1 H, 22-H), 3.13 (s, 3 H, 17-OCH3), 3.29 (d, J = 8.7 Hz, 1 H, 17-
H), 4.08 (dd, J = 8.9, 8.9 Hz, 1 H, 7-H), 4.20 (dd, J = 7.2, 4.2 Hz,
1 H, 15-H), 5.16 (dt, J = 10.1, 1.2 Hz, 1 H, 9-H), 5.19 (d, J =
9.1 Hz, 1 H, 6-H), 5.55 (dd, J = 15.1, 7.6 Hz, 1 H, 21-H), 5.80 (dd,
J = 15.9, 7.9 Hz, 1 H, 14-H), 5.80 (s, 1 H, 11-H), 5.83 (d, J =
9.4 Hz, 1 H, 19-H), 5.96 (d, J = 4.5 Hz, 1 H, 23-H), 6.03 (dd, J =
9.1, 4.9 Hz, 1 H, 1�-H), 6.06 (dd, J = 14.7, 10.6 Hz, 1 H, 20-H),
6.38 (d, J = 15.9 Hz, 1 H, 13-H), 6.87 (ddd, J = 8.3, 6.8, 1.5 Hz, 1
H, 3-H), 7.20 (s, 1 H, 4�-H) ppm. 13C NMR (CDCl3, 101 MHz): δ
= –4.71 (Si–CH3), –4.20 (Si–CH3), 11.4 (Me-18), 12.6 (Me-2), 13.8
(Me-16), 14.4 [Si–C(CH3)3], 16.6 (Me-5), 16.9 (Me-8), 17.7 (Me-
22), 19.83 (Me-12), 22.2 (C-7�), 23.0 (C-8�), 24.4 (Me-10), 24.7 (C-
6�), 25.9 [SiC(CH)3], 27.6 (C-2��), 39.8 (C-4), 40.8 (C-22), 41.1 (C-
8), 42.0 (C-16), 44.4 (C-5�), 56.1 (30-OCH3), 72.1 (C-1�), 73. 8 (C-
7), 76.2 (C-15), 76.3 (C-23), 90.5 (C-17), 115.1 (C-4�), 126.3 (C-20),
128.6 (C-2), 128.8 (C-13), 129.3 (C-19), 130.5 (C-11), 130.6 (C-6),
131.6 (C-14), 132.3 (C-9), 132.3 (C-10), 133.0 (C-12), 133.2 (C-18),
134.6 (C-21), 140.8 (C-3), 141.1 (C-5), 155.2 (C-3�), 156.0 (C-1��),
168.3 (C-1), 174.3 (C-2�) ppm. The 13C assignments were achieved
by HMQC and HMBC experiments. HRMS for C48H76N2O7Na-
SSi [M + Na]+: calcd. 875.5040; found: 875.5050.

Molecular Dynamics Simulations: Files with constrained torsion
angles and H–H distances based on the spectral analysis were gen-
erated in Macromodel 8.5.[14] Restrained molecular modelling stud-
ies were performed with the MMFFs force field, together with the
generalised Born/Surface area (GB/SA) water solvent model.[15]

Structures were subjected to a minimisation procedure to the near-
est local minimum prior to the generation of new local energy con-
formers by Monte Carlo searching (20,000 steps). All conforma-
tions within 50 KJmol–1 were recorded. The normal setup protocol
was employed, with experiments sampling batches of 1000 to 2000
structures.

Cell Culture and Growth Inhibition Assay: The L-929 mouse cell
line was from the German collection of Microorganisms and Cell
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Cultures (DSMZ) and cultivated in DME medium (GIBCO BRL)
plus newborn calf serum (10%) and CO2 (10%) at 37 °C in a moist
atmosphere. Growth inhibition was measured on microtiterplates.
Aliquots of 120 µL of the suspended cells (50,000 mL–1) were
added to 60 µL of a serial dilution of the inhibitor. After 5 d, meta-
bolic activity per well was determined by the MTT assay.[17]

V-ATPase Assays: V-ATPase was purified by published pro-
cedures.[18] Standard V-ATPase assays with a final volume of
160 µL and a pH of 8.1 consisted of protein (3 µg), Tris-MOPS
(50 m), 2-mercaptoethanol (3 m), MgCl2 (1 m), KCl (20 m),
C12E10 (0.003%), NaCl (20 m), and Tris-HCl (3 m). After 5 min
of pre-incubation at 30 °C with or without inhibitors, Tris-ATP
(1 m) was added and after incubation for 2 min, the reaction was
stopped by placing the tube in liquid nitrogen. Inorganic phosphate
produced in the assays of V-ATPase was measured according to
the protocol of Wieczorek et al.[19]

Supporting Information (see also the footnote on the first page of
this article): Complete spectroscopic data for 1, 6 and 7, calculated
data and copies of NMR spectra for archazolid C.
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