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Three new fungal polyketide metabolites, chaetocyclinone A
to C, were produced by cultures of Chaetomium sp. (strain
Go6 100/2), which was isolated from marine algae. The struc-
tures of the novel compounds were established by detailed
spectroscopic analysis. Additionally, an X-ray analysis of
chaetocyclinone C (5) was performed. Chaetocyclinone A (1)
exhibits inhibitory activity against selected phytopathogenic

fungi. The biosynthesis of 1 and 5§ was studied by feeding
13C-labelled acetate. The results suggest the polyketide
pathway for the isolated metabolites. In the case of chaetocy-
clinone C (5), we assume an unusual condensation of two
highly reactive heptaketide intermediates.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Introduction

In the course of our screening programme for new ma-
rine secondary metabolites, we investigated endosymbionts,
which were isolated from several types of algae. In the cul-
ture broth of Chaetomium sp. (strain G6 100/2) we iden-
tified three novel metabolites, which were named chaetocy-
clinone A (1), B (2) and C (5). Biosynthetically, chaetocycli-
none A (1) and B (2) should be generated by a fungal poly-
ketide synthase in a one-chain heptaketide folding process.
For the more complex species chaetocyclinone C (5) we
propose a dimerization step of two heptaketides. In this pa-
per we present the isolation, structure elucidation and the
biological activity of chaetocyclinones A to C as well as
biosynthetic studies of 1 and 5 (Figure 1).

Culture Conditions and Isolation

Endophytic fungi were prepared following surface steril-
isation of selected algae and isolation procedures described
by Schulz et al.l'l The isolated genera were identified by
classical taxonomic methods. Chaetomium sp. (strain
G0 100/2) was cultivated at 28 °C in shaking flasks for 96 h,
using a malt extract/glucose/yeast extract medium. The
chaetocyclinones A to C were basically found in the culture
filtrate, which was separated from the mycelium. The filtrate
was extracted at pH = 5 with ethyl acetate and the com-
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bined organic layers were dried and the solvents evaporated.
The resulting crude extract was purified by subsequent col-
umn chromatography using silica gel, Sephadex LH-20 and
RP 18 silica gel. This procedure yielded 8-10 mg/L of 1, 4
6 mg/L of 2 and 1-2 mg/L of 5.

Structure Elucidation

The molecular formula of chaetocyclinone A (1) was de-
termined by HR-ESI-MS to be C,,H¢Og (m/z = 371.07374
[M + Na]*). The IR spectrum displays characteristic ab-
sorption bands of an a,B-unsaturated ketone (1655 cm™!)
clearly separated from those of an ester group (1720 cm™!).
The 'H and '*C NMR spectra show the presence of 15 non-
exchangeable proton and 17 carbon signals (Table 1),
respectively, 12 of the carbon signals in the region dc =
94.6-172.8 ppm indicating a highly substituted aromatic
and heteroaromatic ring system. All of the '"H NMR signals
turn up as singlets, but a 'H-'"H COSY experiment showed
two long-range (*Jyy 1, >Ju.p) couplings between aromatic
protons and a neighbouring methyl and methoxy group,
respectively. A third unusual 3Jyy coupling between 1-H
and 3-CH; was assigned later (Figure 2). The connectivities
between hydrogen and carbon atoms were confirmed by
HSQC and HMBC experiments and two fragments (ring A
and C) had been established (Figure 2). The connection of
the fragments through oxygen and the carbonyl group fol-
lows from the low-field (C-4a/C-5a: 6c = 159.6, 143.6 ppm)
and the high-field (C-9a/C-10a: - = 116.5, 104.0 ppm)
chemical shift of the adjacent quaternary carbon atoms,
and is confirmed by the 3Jcj coupling between 1-H and
the carbonyl carbon atom and the *Jcj; coupling between
8-H and the carbonyl carbon atom. The substitution
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Figure 1. Structures of chaetocyclinone A (1), B (2) and C (5) as well as related compounds, known from literature.

pattern of ring C, methoxy group at C-7 and ester function
at C-9, follows from calculation of '3C NMR data of the
alternatives by ACD/CNMR Predictor,” which show a sig-
nificant deviation for C-9a (Adc = 11.8 ppm) for the alter-
native. Unambiguously, the structure can be assigned by
following the biosynthetic pathway of 1 (Scheme 1) and the
similarity of the '*C NMR data compared with those of
chaetocyclinone C (5). Chaetocyclinone A (1) exhibits no
optical rotation and the CD spectrum is inconspicuous.
Thus, we suggest 1 to be a racemate. This can be visualized
by chiral analytical HPLC, resulting in a double peak.

Table 1. 'H and '>C NMR signals of chaetocyclinone A (1) in
CDCls, specific incorporation after feeding with [1-'*Clacetate (I,
signals of labelled carbon atoms are printed in bold) and 'Jec
coupling constants after feeding with [1,2-'3C,]acetate (II).

Atom ou [ppm] oc [ppm] I II [Hz]
1 6.35 (s, 1 H) 97.6 9.3 59
3 164.1 12.7 50
4 5.97 (s, 1 H) 94.6 0.1 65
4a 159.6 13.8 65
Sa 143.6 53 83
6 134.7 0.0 83
7 148.8 6.6 70
8 6.92 (s, 1 H) 107.3 0.0 70
9 124.2 10.7 79
9a 116.5 0.3 60
10 10.40 (s, 1 H, OH) 172.8 16.3 60
10a 104.0 0.2 59
1-OMe 3.60 (s, 3 H) 55.7 0.2 -
3-Me 2.16 (s, 3 H) 20.8 0.2 50
7-OMe 4.02 (s, 3 H) 56.7 0.4 -
9-COOMe 169.9 0.4 79
9-COOMe 4.00 (s, 3 H) 53.0 0.4 -

The molecular formula of chaetocyclinone B (2) was de-
termined by HR-EI-MS to be C;H407 (m/z = 318 [M]"),
indicating the loss of one methoxy group compared with 1.
In fact the 'H and '3C NMR spectroscopic data revealed 2
to be the 1-demethoxy derivative of chaetocyclinone A (1).
2192
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Figure 2. HMBC (—) and 'H-'H COSY («<—) correlations of
chaetocyclinone A (1).

Structurally related to chaetocyclinone A (1) and B (2)
are the metabolites SB23856911 (3) and anhydrofulvic
acid™ (4), respectively. Compound 3 was first isolated in
2002 from Chaetomium funicola and showed inhibition ac-
tivity against bacterial B-lactamase.l®) Compound 4 was first
mentioned in 1957 as a derivative of fulvic acid, which is
known from Penicillium griseofulvum since 1935;5! 4 exhib-
its an antifungal activity,[® binds the glycoprotein CD4 and
inhibits collagenase and protein kinase C.["]

The molecular formula of chaetocyclinone C (5) was de-
termined by HR-ESI-MS to be C3,H,,04 (m/z = 633 [M
+ HJ*). The IR spectrum displays characteristic absorption
bands typical for a,B-unsaturated ketones (1650 cm™") and
ester groups (1730 cm!) as in the case of 1 and 2. The 'H
NMR spectrum of 5 shows the presence of ten singlets. In
the range of dy = 2.6-4.0 ppm six signals, each with an
intensity for 3 H, are visible. In the aromatic area four non-
coupling 'H signals can be found. The '3C NMR spectrum
exhibits signals for 32 carbon atoms; conspicuous is the
doubled character of most of the signals and the similarity
of the chemical shifts compared with 1, indicating a similar
skeletal structure. In analogy to chaetocyclinone A (1) and
B (2), the analysis of the two-dimensional NMR experi-
ments ('H-'"H COSY, HSQC, HMBC) established the con-
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Scheme 1. Putative biosynthetic pathway for the heptaketides chaetocyclinone A (1) and B (2), considering the established labelling pattern

of 1.

stitution of 5 with some uncertainty concerning the substi-
tution pattern of the central aromatic ring. This could be
clarified by an X-ray analysis of crystallized 5 (Figure 3).
The two heptaketide moieties are not in the same plane (®
= 117.1°), but no biphenyl chirality could be observed for
chaetocyclinone C (5). It exhibits no optical rotation and
its CD spectrum is inconspicuous. Even if the rotation be-
tween C-9 and C-11 were sterically hindered as in other
similar compounds,® no atropisomerism could be detected.
Structurally related to chaetocyclinone C (5) is vinaxan-
thonel® (6), first isolated in 1991 by Aoki et al. from Penicil-

Figure 3. ORTEP plot of chaetocyclinone C (5).
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lium vinaceum as a phospholipase C inhibitor.’) Addition-
ally, 6 exhibits a potent CD4-binding activity,!”! touching
the Achilles’” heel of HIV.

Biosynthetic Studies

Feeding of sodium [1-'3C]acetate resulted in a signal en-
hancement for seven carbon atoms (C-1, C-3, C-4a, C-5a,
C-7, C-9, C-10) in chaetocyclinone A (1) as shown in
Table 1. As expected, the feeding of [1,2-13C,Jacetate re-
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vealed the incorporation of seven labelled acetate units and
completed the carbon skeleton (Table 1). According to
these results, we assume a one-chain heptaketide with an F-
folding, typical for fungal polyketides.''] The first interme-
diate after condensation and oxygenation should be a hy-
droxynaphthoquinone, which is processed by hydroxylation
and oxidative ring cleavage (Scheme 1). The resulting ben-
zoic acid derivative 7a is condensed after rotation of the
aromatic ring system (7b) to give the chromone intermedi-
ate 8, whose terminal polyketide carboxy group is reduced
to aldehyde 9. This system cyclizes after enolisation and is
methylated to give chaetocyclinone A (1). Further re-
duction of 9 or its cyclization product before methylation
results in chaetocyclinone B (2). Biosynthetic studiest!?! on
the structurally related fulvic acid, the precursor of anhyd-
rofulvic acid (4), show a similar heptaketide folding and
agree with our feeding experiments. Only the hydroxylation
pattern of 1 and the degree of methylation differ from that
of 4.

For the biosynthesis of the dimer species chaetocycli-
none C (5), we propose a condensation between the precur-
sors 9 and 11, which emerge from intermediate 7b which is
involved in the Dbiosynthesis of chaetocyclinone A
(Scheme 2). Compound 7b is converted via 8 to the chro-
mone aldehyde 9. Rotation of the side chain of 7b and re-
duction without cyclization resulted in the aldehyde 10,
which cyclized to give chromone 11 (Scheme 2). Both inter-
mediates 9 and 11 are highly reactive; thus, the central aro-
matic ring C of chaetocyclinone C (5) is built up by a two-
fold aldol condensation. The resulting dicarboxylic acid 12
is then methylated to give 5.

Following this putative biosynthetic pathway, feeding of
[1-13Clacetate should label the carbon atoms displayed in

Th B —— 8

TR

l+2H

HOOC e} o}

+2H
- H0

H CHO
HO 0 07w,
OH
10

OH 11

the intermediate 12 before methylation (Scheme 2). We tried
the feeding experiment several times with various feeding
periods, but the production of 5 decreased (< 0.8 mg) in
the presence of acetate. In one experiment the feeding of [1-
13Clacetate between cultivation hours 104 and 144 resulted
in 6.4 mg of isolated chaetocyclinone C (5), which shows a
significant enrichment at the central carbon atoms of rings
B, C and D as expected (13; Scheme 2). The peripheral
rings A and E exhibit specific incorporation rates < 1.00.
Thus, the optimal feeding period concerning incorporation
of labelled acetate in 5 was not assignable and the yield
of 5 decreased while feeding acetate and was at least not
reproducible; therefore, we refrained from further efforts.
The question arises, whether the dimerization resulting in
chaetocyclinone C comes to pass non-enzymatically be-
tween two activated intermediates or not. In terms of this,
5 is the result of “chemistry in the fermentor” and should
be assigned more likely as shunt product.

Conclusions

The chaetocyclinones A (1), B (2) and C (5) are new
polycyclic polyketides produced by an endosymbiotic Chae-
tomium sp. Their structures were determined by a combina-
tion of spectroscopic techniques, and in case of 5 were veri-
fied by an X-ray analysis. Biosynthetically, the assembly of
such skeletons is achieved in a step-wise sequence.l'3! After
folding of the poly-B-keto ester chain and aldol reactions,
oxidative and reductive steps occur. The biosynthesis of
chaetocyclinone A along the polyketide pathway was dem-
onstrated with labelled acetate. Following these experi-
ments, the biosynthesis of the heptaketides chaetocyclin-

H,C—~CO0"

—

Scheme 2. Putative biosynthetic pathway for chaetocyclinone C (5). Incorporation scheme of [1-'3CJacetate (solid triangles) in the chaeto-

cyclinone C core (13).

2194

WWW.eurjoc.org

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Eur. J. Org. Chem. 2007, 2191-2196



Structure and Biosynthesis of Chaetocyclinones

FULL PAPER

one A (1) and B (2) should proceed by a complex mecha-
nism!'?! shown in Scheme 1. For the biosynthesis of chaeto-
cyclinone C, we propose a twofold aldol condensation be-
tween highly reactive compounds (9, 11), which are derived
intermediates (7b, 8) of the chaetocyclinone A pathway
(Scheme 2). As a result, the central aromatic ring C is
formed, thus a chromone (ring D/E) and a xanthone system
(rings A to C) are directly connected. The difficulties to
determine and control the production of 5 in order to label
it completely with [1-!3CJacetate and the lack of axial chi-
rality of 5 can be seen as a hint that the dimerization reac-
tion is performed non-enzymatically. Thus, 5 and the litera-
ture-known vinaxanthone (6) and xanthofulvin!'¥! (14; Fig-
ure 4) are more likely artefacts, differing in the regiochemis-
try of the condensation step.

Figure 4. Structure of xanthofulvin (14).

Concerning the biological activitiy of the new polyket-
ides, chaetocyclinone A (1) exhibits an antifungal activity
up to 31 ppm against Phytophthora infestans (inhibition
concentration, 90% of growth inhibition in micro tests per-
formed by BASF AG), analogous to the related anhydro-
fulvic acid (4).[] The other new compounds show neither
antibacterial nor antifungal activity in our standard agar
plate diffusion assay. No cytotoxic properties against the
tumor cell lines HMO02 (stomach), HepG2 (liver) and
MCFT7 (breast) tested could be observed up to a concentra-
tion of 10 pg/mL.!!

Even as a well-known terrestrial fungus, the genus Chae-
tomium is able to produce a remarkable variety of chemical
diverse metabolites, e.g. chaetomin,!'®! chaetoglobosins,!'”!
chaetoquadrins,['® oxaspirodion,!'”! chaetospiron*®! and
the orsellides.?!! Thus, Chaetomium sp. can be seen as a rich
source for isolating new secondary metabolites.

Experimental Section

General Remarks: 'H, '3C and 2-D NMR spectra: Varian Inova
500 (500 MHz), Varian Inova (600 MHz). Chemical shifts are ex-
pressed in 6 values (ppm) with the solvent siganl as internal refer-
ence. The mass spectra were taken with a Varian MAT 731 (EI-
MS) at 70 eV and a Finnigan LCQ (ESI-MS). IR spectra were re-
corded with a Perkin—Elmer FT IR-1600 instrument as KBr pellets.
UV spectra were obtained in methanol with a Varian Cary 3E spec-
trophotometer. Optical rotations: Perkin—Elmer 241. R; values were
determined on 20 X 20 cm plates; the evaluation length was 10 cm.
Column chromatography was performed on silica gel 60 (0.04—
0.063 mm, Macherey—Nagel), Sephadex LH-20 (Pharmacia), Lo-
bar RP-18 (Merck). A Chiralcel OD-R, DAICEL Cellulose RP col-
umn (Chiral Technologies Europe) 10 pm, 250 X 4.6 mm was used

Eur. J. Org. Chem. 2007, 2191-2196

© 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

for the detection of the racemic nature of 1. TLC was carried out
on silica gel 60 F,s4 plates (Merck, 0.2 mm). Compounds were de-
tected under a UV lamp at 254 nm. Staining reagents: anisal-
dehyde/sulfuric acid: 1.0 mL of anisaldehyde in 85 mL of methanol
+ 5 mL of concd. sulfuric acid and 10 mL of acetic acid. Fermenta-
tion was done in a Bioengineering AG 10 L airlift-fermentor.

Nutrient Solutions: Medium A: malt extract 20 g/L, glucose 10 g/
L, yeast extract 2 g/L, (NH,4),HPO,4 0.5 mg/L, pH = 6.0 prior to
sterilisation. Additional 20 g/L agar for agar plates.

Labelled Precursors: Sodium [1-'*Clacetate (99% '*C): Chemo-
trade; sodium [1,2-13C,Jacetate (99% '3C): Chemotrade.

Fermentation: Strain G6 100/2 (Chaetomium sp.) was grown on agar
plates of medium A at 25 °C for 7 d. A 1 cm? piece of agar from 7 d
old cultures was used to inoculate 100 mL of medium A in 250 mL
Erlenmeyer flasks with three indentations. These cultures were in-
cubated on a rotary shaker (180 rpm, 28 °C) for 96 h. During the
fermentation the pH decreased from 6.0 to 3.5 and then remained
constant. The cultivation in the 10 L airlift fermentor was per-
formed in medium A, which was inoculated with 7% by volume
with 24 h old shaking cultures at 5 bar overpressure and 28 °C for
52 h.

Feeding Experiments: Feeding experiments were carried out in
shaking cultures as described above. In general, precursors were
administered to the fermentation as sterile aqueous solutions ad-
justed to pH = 5.0. The labelled precursors were added in five equal
aliquots following the pulse feeding method 72, 74, 76, 78 and 80 h
after incubation for chaetocyclinone A (1), for chaetocyclinone C
(5) in six equal aliquots starting 104 hours after incubation over
32 h. Specific incorporation rates were normalized in case of 1 to
the peak of the C-8 signal, according to Scott et al.l*?l and are
summarized in Table 1 (colum I) as well as the direct coupling con-
stants of the incorporation of [1,2-13C,]acetate (column II). Weak
statistic couplings are observable, but were left out for reasons of
clearness.

Isolation and Purification: Similar procedures were applied for 1, 2
and 5. The culture broth of strain G6 100/2 was separated from the
mycelium by filtration. The mycelium was discarded. The pH value
of the solution was raised with sodium hydroxide up to pH = 5.0
and extracted three times with equal volumes of ethyl acetate. The
combined organic layers were concentrated to dryness. Evaporation
of the solvent yielded crude extracts (approx. 230 mg/L). For the
isolation of 1, 2 and 5, the crude material was chromatographed
on silica gel (column: 40X 1.5 cm; CH,Cl,/MeOH, 9:1) and the
main fractions (detection by TLC) were further purified on Se-
phadex LH-20 (column: 60 X 1.0 cm; MeOH) and on RP-18 (col-
umn: 20 X 0.5 cm; acetone/water, 6:4) to yield 8-10 mg/L of 1, 4—
6 mg/L of 2, 1-2 mg/L of 5.

Chaetocyclinone A (Methyl 6-Hydroxy-1,7-dimethoxy-3-methyl-10-
oxo-1H,10H-pyrano|4,3-b|chromen-9-carboxylate) (1): Yellow solid.
Ry = 0.84 (CH,Cl,/MeOH, 9:1). IR (KBr): v = 3420, 1734, 1720,
1686 (sh), 1655, 1597, 1570 cm™". [a]® = 0 (¢ = 0.1, MeOH). UV
(MeOH): Ay (log &) = 205 (3.97), 220 (3.83), 264 (4.07), 315 (sh),
329 (3.71) nm. 'H (600 MHz, CDCls) and *C (150.8 MHz, CDCl3)
NMR: see Table 1. ESI-MS: positive mode: m/z (%) = 371 (25) [M
+ Na]*, 719 (100) [2 M + Na]*; negative mode: m/z (%) = 347 (100)
[M - H]". HR-ESI-MS: m/z = 371.07374 [M + Na]" (calcd. for
C,7Hs0gNa [M + Na]*: m/z = 371.07374).

Chaetocyclinone B (Methyl 6-Hydroxy-7-methoxy-3-methyl-10-oxo-
1H,10H-pyrano|4,3-b]chromen-9-carboxylate) (2): Yellow solid. Ry
=0.76 (CH,Cly/MeOH, 9:1). IR (KBr): ¥ = 3418, 2946, 1725, 1654,
1603, 1582, 1561 cm™'. UV (MeOH): /.y (log &) = 206 (4.22), 229
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(4.22), 255 (4.18), 324 (4.14) nm. '"H NMR (600 MHz, CDCL): &
=227(d, J = 1.0Hz, 3 H, CH;), 3.90 (s, 3 H, 9-COOCH3), 3.96
(s, 3 H, 7-OCHj), 5.20 (s, 2 H, 1-H.,), 6.20 (d, J = 1.0 Hz, 1 H, 4-
H), 6.90 (s, 1 H, 8-H) ppm. '*C NMR (150.8 MHz, CDCl;): 6 =
19.6 (CHs), 52.5 (9-COOCH3), 56.4 (7-OCHs), 63.0 (C-1), 106.9
(C-8), 109.2 (C-9a), 113.5 (C-10a), 114.0 (C-4), 121.0 (C-9), 136.4
(C-6), 145.2 (C-5a), 149.5 (C-7), 155.1 (C-4a), 164.6 (C-3), 168.1
(9-COOCHS3), 1762 (C-10) ppm. EI-MS: m/z (%) = 318 (100)
[M]*, 284 (20), 275 (70). HR-EI-MS: m/z = 318.0740 (calcd. for
C16H .40, [M]: m/z = 318.0740).

Chaetocyclinone C (5): White solid. Ry = 0.75 (CH,Cl,/Me¢OH, 9:1).
IR (KBr): v = 3430, 2950, 1734, 1704, 1653, 1597 cm™". [a]¥ = 0
(¢ = 0.1, MeOH). UV (MeOH): /.« (log &) = 209 (4.22), 254
(4.34), 262 (4.30), 297 (sh) nm. '"H NMR (600 MHz, [Dg]DMSO):
0=2.56(d, J=1.0Hz, 3 H, 8-COCH,;), 2.65 (d, J = 1.0 Hz, 3 H,
10-COCHy3), 3.73 (s, 3 H, 5-COOCH3), 3.88 (s, 3 H, 17-COOCH3),
3.95 (s, 3 H, 15-OCH3), 3.99 (s, 3 H, 3-OCHs), 7.21 (s, 1 H, 16-H),
7.25 (s, 1 H, 4-H), 8.29 (d, / = 1.0Hz, 1 H, 12-H), 8.56 (d, J =
1.0 Hz, 1 H, 7-H) ppm. 3C NMR (150.8 MHz, [Dg]DMSO) [spe-
cific incorporation after feeding of [1-'*Clacetate]: § = 29.2 (8-
COCH;) [1.07], 32.1 (10-COCH3) [0.93], 52.4 (5-COOCH3) [0.33],
52.6 (17-COOCH;) [0.16], 56.9 (15-OCH3) [0.43], 57.0 (3-OCH;)
[0.52], 108.8 (C-4) [0.61], 109.7 (C-16) [0.53], 112.8 (C-5a) [0.16],
114.8 (C-17a), 120.1 (C-6a) [0.75], 121.5 (C-11)[0.38], 123.0 (C-17),
124.0 (C-5), 127.0 (C-7) [2.63], 133.5(C-9) [2.29], 133.6 (C-10)
[0.78], 136.0 (C-14), 136.2 (C-2), 136.4 (C-8) [0.62], 145.0 (C-1a)
[0.67], 145.7 (C-13a) [0.69], 151.0 (C-15) [1.44], 152.4 (C-3) [-0.24],
152.8 (C-10a) [2.57], 153.5 (C-12) [2.60], 168.9 (17-COOCH;)
[0.23], 169.0 (5-COOCH3) [0.50], 173.8 (C-6) [2.27], 173.9 (C-18)
[2.38], 199.3 (8-COCH;) [2.95], 200.9 (10-COCHj3) [3.66] [specific
incorporation rates are normalized to C-17a; the signals of C-2, C-
5, C-14 and C-17 are broadened, thus the values are not usable].
ESI-MS: positive mode: m/z (%) = 655 (10) [M + Na]*, 1287 (100)
[2 M + Na]*; negative mode: m/z (%) = 631 (25) [M — H]". HR-
ESI-MS: m/z = 633.12388 [M + H]* (calcd. for C3,Hy504 [M +
H]*: m/z = 633.12388).

X-ray  Crystallographic ~ Study: = Compound  5-1.5acetone
(C3oH54014°C4 sHoO1 5, M, = 719.63) was crystallized by the dif-
fusion method. A flask of a saturated solution of 8§ mg of 5 in
acetone remained in another flask with 5 mL of hexane for about
1 week. Crystal size 0.15X0.10X0.03 mm, triclinic, space group
PI, a =9.604(2), b = 11.587(2), ¢ = 15.124(2) A, o = 84.88(2), i =
81.40(2), y = 87.60(2)°, V = 1656.8(5) A3, Z = 2, Deyeq. = 1.443
Mg/m3, u = 0.968 mm'. The crystal was measured with a Bruker
three-circle diffractometer utilising a SMART 6000 area detector
with mirror-monochromated Cu-K, radiation (1 = 1.54178 A),
100 K, ® range = 2.97-58.86°, 14242 reflections measured, 4574
unique. The structure was solved by direct methods using
SHELXS-971?% and refined against F> on all data by full-matrix
least squares with SHELXL-97.24 A riding model with idealised
geometry was employed for all hydrogen atoms except for hydrogen
atoms connected to oxygen atoms which were located by difference
Fourier synthesis and refined freely. Anisotropic refinement of all
non-hydrogen atoms converged at R, [I > 2a(/)] = 0.0359 and wR,
(all data) = 0.1059 for all reflections. The half acetone molecule in
the asymmetric unit lies disordered on an inversion center. It is
refined with distance restraints and restraints for the anisotropic
displacement parameters. CCDC-628365 contains the supplemen-
tary crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data
Centre via www.ccde.cam.ac.uk/data_request/cif.
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