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Abstract—Three new benzodiazepines have been isolated from an unusual chemotype of Aspergillus novofumigatus: epi-aszonalenins
A, B, and C. The structures were elucidated by use of one- and two-dimensional NMR spectroscopic techniques and HR ESI MS.
The relative configuration was established on the basis of a single crystal X-ray diffraction study of epi-aszonalenin A and the abso-
lute configuration was determined by optical rotation comparison with the literature data. The absolute configurations of epi-aszo-
nalenins B and C were determined by circular dichroism comparison to epi-aszonalenin A.

© 2006 Elsevier Ltd. All rights reserved.

As part of our research on industrial or otherwise
important human related filamentous fungi, we have
been involved in the description of the new Aspergillus
sp. named Aspergillus novofumigatus.! Despite being
closely related to A. fumigatus, three of the major
metabolites from A. novofumigatus turned out to be
three new variants of the known fungal metabolite aszo-
nalenin.?~> The metabolites were found by the combina-
tion of the knowledge of similar compounds and the
intelligent X-hitting strategy based on UV-data devel-
oped in our group.®’ The analysis strongly indicated
that the three new compounds had a benzodiazepine-
like structural motif. This was intriguing as benzodiaze-
pines are often found to have psychoactive properties
and several members of this compound class are cur-
rently in use as psychoactive drugs.®

epi-Aszonalenins A (1), B (2), and C (3) (Fig. 1) were
isolated from an organic extract of A. novofumigatus
grown on yeast extract sucrose (YES) agar. The extract
was fractionated using C-18 reverse phase (RP) vacuum
liquid chromatography and the fractions containing
target molecules were selected from analytical HPLC
on the basis of UV spectra, and then fractionated by
preparative RP-HPLC-DAD chromatography.
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Figure 1. Structures of epi-aszonalenins A (1), B (2), and C (3) from
Aspergillus novofumigatus.

A. novofumigatus (IBT16806) was cultured on 200 plates
of YES agar at 25°C for 14 days, and then extracted
with ethyl acetate. The agar plate extract (16.2 g) was
chromatographed on a Phenomenex C-18, 50 um flash
RP column using a sharp, stepped gradient from water
to methanol in 10% steps. The fraction that eluted with
60% MeOH (0.66 g) was purified on a Waters HPLC
column (300 x 19 mm, 15 pm, C-18), using 30 mL/min
H,0O-CH;CN (starting at 62:38, increasing to 24:76 over
60 min) as the mobile phase to yield a mixture of 1 and 2
(180 mg combined weight).

Compounds 1 and 2 were separated on a Phenomenex
Luna C-18 column (250 x 10 mm, 5 pm, C-18) using
5mL/min H,O-CH3;CN (isocratic at 59:41 over
20 min) as the mobile phase to yield 1 (60 mg) and 2
(70 mg). Compound 3 was found in the fraction that
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eluted with 70% MeOH (1.38 g) and was further concen-
trated by fractionating through Sephadex LH-20 using
MeOH as the eluent. A 50 mg portion of this extract
was purified on a Phenomenex Luna C-18 column
(250 x 10 mm, 5 pm, C-18) using 5mL/min H,O-
CH;CN (starting at 60:40, increasing to 45:55 over
15 min) as the mobile phase to yield 3 (9.5 mg).

epi-Aszonalenin A (1) was isolated as a white solid. The
structure was elucidated by a combination of NMR
spectroscopy and HR ESI mass spectrometry. The HR
MS?® of 1 was consistent with a molecular formula of
CasHasN30s.

The NMR data used for the structure elucidation of 1
were first acquired in DMSO-dj as the solvent. The 'H
NMR spectrum confirmed a benzodiazepine-like struc-
ture, as predicted by the X-hitting strategy. NMR-data
of the compound in CDCl; were also obtained for epi-
aszonalenin A to allow for comparison with the litera-
ture data.>* The NMR-data obtained in CDCl; was less
resolved than the NMR-data acquired in DMSO-dg.
The data for compounds 1 and 3 were almost the same
as reported for acyl aszonalenin (acetyl substituent) and
aszonalenin in 1982.3 Furthermore gHMBC correlations
confirmed connectivities in 1 as presented in Figure 2.

The proton shift values for H10a, H10b, and H11 in 1
however, were not the same as seen for acyl aszonalenin
and more noteworthy, completely different Jyy cou-
plings were observed between the two H10’s and H11
protons when compared to the literature data. Both
the NMR-data from DMSO-ds and CDCIl; supported
these findings with almost identical values. Contrary to
the two couplings of the known acyl aszonalenin, the
H11 and one of the H10’s of 1 show only one coupling:
the doublet-H10 (designated H10a) had a coupling con-
stant close to 13.3 Hz—a value typical of a geminal cou-
pling. H10b is a doublet of doublets with a geminal
coupling to H10a and a coupling to H11 of 9.5 Hz.

According to the Karplus equation,'® the dihedral angle
between H11 and H10a must approach ninety to mini-
mize the J coupling constant, making the orbital overlap
between C-H10a and C-H11 minimal. The H11 proton
of aszonalenins has the opposite configuration at the
bridgeheads C3 and C2 to the known aszonalenins.?>
Since the relative stereo geometry of the isoprene unit
dictates that of C2, then H2 has to be on the same side
of the two fused five-membered rings as the isoprene
unit, the only variable was the configuration around
Cl11. H11 had to point in the same direction as the

Figure 2. Important gHMBC correlations observed for compound 1.

isoprene unit. Figure 3 presents this difference in a
Newman projection.

A series of NOE experiments were conducted in DMSO-
dg to establish the stereo geometry of C11. Expected cor-
relations between HI11 and H2 were vaguely observed
with mixing times above 400 ms, but this could originate
from spin diffusion through H10b and the two methyl
groups of the isoprene unit (C25 and C26).

X-ray crystallography supported the argument for 1 by
providing a conformation for epi-aszonalenin A that
was in agreement with the documented '"H NMR cou-
pling constants and hence different from acyl aszonale-
nin. The X-ray structure showed disorder around the
C3-C22 bond, so that two different orientations of the
isoprenoid moiety were present. Figure 4 presents one
of these conformations.

epi-Aszonalenin B (2) was found to be a white solid and
its HR MS!? was consistent with a molecular formula of
C,4H53N305. NMR data revealed that the structure
only varied at the substituent on N1. It contained a
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Figure 3. Newman projections of (a) C11-C10 of acyl aszonalenin and
(b) C11-C10 of epi-aszonalenin A. (a) is a simplification of a MM2
model and (b) is based on the X-ray structure. In (a) the geometry of
the protons on the two carbons will give rise to coupling between H11
and both of the H10’s. The geometry presented in (b) will contrary to
(a) give only one large coupling for H11-H10b (ideally), since in this
configuration H10a is orthogonal to HI1. The measured dihedral
angles from X-ray analysis were: HI1-H10a: 105.7° and H11-H10b:
—9.9°.

Figure 4. X-ray structure of epi-aszonalenin A."!
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Table 1. NMR data of epi-aszonalenins A (1),* B (2),° and C (3)°

epi-Aszonalenin A (1)

epi-Aszonalenin B (2)

epi-Aszonalenin C (3)

oy multiplicity (J in Hz) Oc oy multiplicity (J in Hz) dc op multiplicity (J in Hz) dc
1 — — — — 6.35br s —
2 6.05s 80.9 6.27 s 78.5 5.55s 78.9
3 — 60.6 — 60.3 — 60.4
4 — 132.9 — 133.2 — 1294
5 7.45 br d (7.8) 127.3 7.47 br d (7.6) 126.5 7.12d (7.6) 1253
6 7.09 dt (7.8, 1.0) 123.3 7.13 dt (7.6, 1.0) 123.6 6.60 t (7.6) 116.6
7 7.19 dt (7.8, 1.0) 127.8 7.22 dt (7.6, 1.0) 127.9 6.93 t (7.6) 127.3
8 7.65 br d (7.8) 117.9 7.69 br d (7.6) 115.2 6.48 d (7.6) 108.2
9 — 141.5 — 139.3 — 149.2
10a 2.99 d (13.2) 28.9 2.96 d (13.3) 29.7 2.89 dd (13.5, 1.4) 31.1
10b 2.56 dd (13.2, 9.5) 2.58 dd (13.3, 9.4) 2.53dd (13.5, 9.7)
11 426 d (9.5) 56.7 436 d (9.4) 56.5 423d (9.7, 1.4 56.2
12 — 170.6 — 170.1 — 170.2
13 10.10 s — 10.14 s — 10.10 s —
14 — 137.0 — 137.0 — 136.6
15 6.97 br d (7.9) 120.9 7.02 br d (7.9) 120.9 7.03 br d (7.8) 120.7
16 7.49 dt (7.9, 1.4) 132.7 7.51 dt (7.9, 1.4) 132.7 7.49 dt (7.8; 1.3) 132.1
17 7.20 br t (7.9) 123.6 7.23 dt (7.9, 1.0) 123.4 7.21 br t (7.8) 123.2
18 7.86 dd (7.9, 1.4) 130.8 7.85dd (7.9, 1.4) 130.0 7.83 dd (7.8, 1.3) 130.0
19 — 124.6 — 124.6 — 125.4
20 — 166.3 — 166.1 — 165.1
22 — 40.2 — 40.9 — 41.1
23 5.91 dd (17.4, 10.7) 143.9 6.02 dd (17.3, 10.8) 143.3 6.08 dd (17.4, 10.5) 144.0
24 5.11d (17.4) 113.9 5.09 dd (17.3, 0.8) 114.3 5.06 dd (17.4, 1.0) 113.3

5.08 d (10.7) 5.11 dd (10.8, 0.8) 5.10 dd (10.5, 1.0)

25 0.87 s 22.8 0.92s 22.3 091s 22.2
26 1.11s 22.1 1.07 s 21.6 1.06 s 22.0
C=0 — 169.5 9.02s 161.9
CH; 2.61s 234

2 Acquired in DMSO-ds at 499.87 MHz ('H) and 125.71 MHz ('*C), respectively.
® Acquired in DMSO-dg at 799.63 MHz (*H) and 201.01 MHz ('3C), respectively. Both spectrometers were Varian Unity Inova. Spectra were
referenced according to solvent resonances at oy = 2.50 and d¢ = 39.43 ppm, respectively. A line broadening of 0.3 Hz was applied to the '"H NMR

spectra.

formyl-substituent that was previously unknown for
aszonalenins. Besides the change in Nl-substituent, 2
had similar J couplings, and CD spectroscopic compar-
ison with 1 showed almost identical data.

epi-Aszonalenin C (3) was also found to be a white solid
and HR MS!" indicated a molecular formula of
C3H»3N30,, equivalent to the loss of CO compared to
2. This was further supported by a simplification of the
fine structure in the UV-spectrum for 3 when compared
to the almost identical UV-spectra of 1 and 2. NMR data
again mostly varied around the N1-position and in this
case there was no substituent. HI1 of compound 3
showed an additional small coupling constant of
1.4 Hz, but this does not change the key point of the
argument for the dihedral angles as shown in Figure 3.

It is plausible to expect that loss of the N1-substituent
would give a larger change in the overall conformation,
so the 90° dihedral angle between H11 and H10a was
sufficiently obscured to give a small coupling. The
changes in chemical shift values for both carbon and
protons are also most noticeable in 3 compared to 1
and 2. A comparison between the data of 3 to the data
obtained by Bhat and Harrison in 1986 on (+)-dihydro-
aszonalenin (which is equal to 3 except for the satura-
tion of the terpeniod double-bond) showed excellent

coherence. The (+)-dihydroaszonalenin NMR data and
optical rotation were almost identical to that of 3 and
definitely different from (—)-dihydroaszonalenin and
aszonalenin. CD spectroscopic comparison of 1, 2,
and 3 confirmed that the overall stereochemistry was
retained between the three.

Aszonalenins have themselves been shown to be sub-
stance P inhibitors for the human neurokinin-1 recep-
tor'* and one may expect a similar response for the
epi-aszonalenin variants.

Apparently the aszonalenins are not produced by A.
Sfumigatus or any of the other closely related species in
section Fumigati, however, this is something that we will
look further into, including the fully genome sequenced
strain Af293.13
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Supplementary data

"H NMR of 1, 2, and 3 has been supplied. Supple-

mentary data associated with this article can be found,
in the online version, at doi:10.1016/j.tetlet.2006.06.086.
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