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Abstract

Flavanone (1) and 6-hydroxyflavanone (2) were subjected to transformation by means of Aspergillus niger strains (one wild and three UV
mutants). For both substrates the biotransformation resulted in reduction of the carbonyl group (products 5 and 7) and dehydrogenation at C-2 and
C-3 (3 and 8). Additionally, for flavanone (1) reduction of C-4 together with hydroxylation at C-7 (6) and dehydrogenation at C-2, C-3 along with

hydroxylation at C-3 (4) were observed.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Flavonoids, which are the object of our research, are com-
monly found in plants [1,2]. There are great differences in both
chemical structures and biological activity within this group
[3.4].

Many of them have been accepted worldwide as medicines
inhibiting permeability of capillaries, improving peripheral cir-
culation, and having anti-inflammatory, antiatherogenic, anti-
spasmodic, antiallergic and antihepatotoxic activity [5,6]. They
display a wide spectrum of pharmacological activities of
flavonoids, which strongly depend on the chemical structures.
Especially important are hydroxyl groups—their presence and
location [7,8]. Biotransformations of flavonoids by means of
microorganisms that lead to modification of the substrate struc-
ture may be the source of valuable information about their
metabolism in mammals [9-11].

Biotransformations of flavonoids by fungi have already been
investigated. Ibrahim and Abul-Hajj reported the results of
microbial transformation of flavanone by Aspergillus niger,
among other microorganisms. Two hydroxylated dihydrochal-
cones, the product of dehydrogenation at C-2 and C-3 and the
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product of dehydrogenation at C-2, C-3 along with hydrox-
ylation at C-3 were obtained [12]. In this paper, we wish
to extend these studies by transforming flavanone (1) and 6-
hydroxyflavanone (2) with various A. niger strains.

2. Materials and methods
2.1. Analysis

The course of microbial transformation was monitored
by TLC (SiO,, DC, Alufolien Kieselgel 60 F»s4, Merck).
Chromatograms were developed using the following develop-
ing systems—hexane:ethyl acetate 7:3, dichloromethane:ethyl
acetate 1:1, toluene:diethyl ether 4:1. Column chromatography
(5103, Kieselgel 60, 230-400 mesh, 40-63 pm, Merck, Darm-
stadt) was performed using the same eluents.

'H NMR and '3C NMR spectra were recorded on a
Bruker Avance DRX 300 spectrometer. IR spectra were deter-
mined on a Specord M-80 infrared spectrophotometer (Carl
Zeiss, Jena, Germany). Optical rotations were measured on
an Autopol IV automatic polarymeter (Rudolph). HPLC anal-
ysis was performed on a Waters 2690 instrument with a
Waters 996 Photodiode Array Detector, equipped with a ODS
2 column (4.6 mm x 250 mm, Waters) and a Guard-Pak Inserts
wBondapak C18. precolumn.
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Separation conditions: gradient elution using 80% of acetoni-
trile in 4.5% formic acid solution (eluent A) and 4.5% formic
acid (eluent B); flow 1 ml/min; detection at 280 nm.

Crystallographic measurements were performed at 100 K
using an Oxford Cryosystem device on a Kuma KM4CCD
k-axis diffractometer with a graphite-monochromated Mo Ka
radiation (A=0.71073 A). The data were corrected for Lorentz
and polarization effects. No absorption correction was applied.
Data reduction and analysis were carried out with the CrysAlis
CCD and CrysAlis Red programs [13]. Structures were solved
by direct methods (program SHELXS97) and refined by the
full matrix least-squares method on all F?> data using the
SHELXL97 programs [14]. Non-hydrogen atoms were refined
with anisotropic displacement parameters; hydrogen atoms were
placed in calculated positions or found in Ap maps. Before the
last cycle of refinement all H atoms were fixed and were allowed
to ride on their parent atoms. The Friedel pairs were merged
before the final refinement.

Crystallographic data for crystal 5 in this paper, have been
deposited with the Cambridge Crystallographic Data Centre as
supplementary publication CCDC 275151. Copies of the data
can be obtained, free of charge, on application to CCDC, 12
Union Road, Cambridge CB2 1EZ, UK (Fax: +44 1223 336033
or e-mail: deposit@ccdc.cam.ac.uk).

2.2. Materials

Racemic substrates for biotransformation — flavanone (1) and
6-hydroxyflavanone (2) — were purchased from Aldrich.

Peptobac used for the preparation of the growing media was
bought in BTL (Poland), glucose was purchased from Chempur
(Poland).

2.3. Microorganisms

For our research we used the wild strain of A. niger KB and
three UV mutants of A. niger (13/5, IBR 6/2, SBP). The KB strain
comes from culture collection of the Department of Biotechnol-
ogy and Food Microbiology Agricultural University of Wroclaw
(Poland), the 13/5 strain was obtained from the Agricultural Uni-
versity of Lublin (Poland) and the strains /BR 6/2 and SBP come
from Wroctaw University of Economics (Poland).

Microorganisms were maintained on potato slants at 5 °C.

3. Biotransformations
3.1. Screening procedure

Cultivation media consisted of 3% glucose and 1% pepto-
bac in water. The microorganisms were transferred from the
slants to 250 ml Erlenmayer flasks, each containing 100 ml of
the medium. Pre-incubation was performed at 25 °C for 24—48 h,
until the proper growth of the microorganisms was achieved.
Then portions of 1 ml of the culture solution were transferred to
inoculate 250 ml flasks, each containing 100 ml of the medium.
After cultivation at 25°C for 48h on a rotary shaker, 10 mg
of a substrate, dissolved in 0.5ml of acetone, was added to

the grown culture. Control cultivation with no substrate was
also performed. After 3, 6 and 12 days of incubation under the
above conditions, portions of 5ml of the transformation mix-
ture were taken out and extracted with ethyl acetate (3 x 3 ml).
The extracts were dried over MgSQy, concentrated in vacuo
and analyzed by TLC. Quantitative analysis of the mixtures was
performed by means of HPLC, using calibration curve with an
internal standard.

3.2. Preparative biotransformation

Portions of 1 ml of the pre-incubation culture solution were
used to inoculate three 2000 ml flasks, each containing 500 ml
of the cultivation medium. The cultures were incubated at 25 °C
for 48h on a rotary shaker. Then, 50 mg of a substrate dis-
solved in 2.5ml of acetone was added to each flask (100 mg
of the substrate per 1l of the cultivation mixture). After 12
days of incubation the mixtures were extracted with ethyl
acetate (3 x 200 ml), dried (MgSO4) and concentrated in vacuo.
The transformation products were separated by column chro-
matography. Pure products were identified by means of spectral
analyses (TLC, I NMR, 3H NMR, IR) and optical rotation
measurements.

Physical and spectral data of the products obtained are pre-
sented below.

3.2.1. Flavone (3)

Melting point 96-97 °C, lit. mp 95-96 °C [12]; '"H NMR see
Table 1; 13C NMR see Table 3; IR (KBr, vmax, cm™1): 1646,
1569, 1493, 1375, 1130, 768.

3.2.2. 3-Hydroxyflavone (4)

Melting point 170 °C, lit. mp 169-170°C [12,15]; '"H NMR
see Table 1; 13C NMR see Table 3; IR (KBr, vmax, cm~1): 3214,
1630, 1562, 1353, 1130, 759.

3.2.3. Flavan-4-ol (5)

Melting point 99 °C, lit. mp 98-99 °C [15]; [] 3}, = 0, (c=1,
CH30H); 'H NMR see Table 1; 13C NMR see Table 3; IR (KBr,
Vmax, cm~1): 3301, 1650, 1607, 1344, 1064, 758, 702.

Crystal data for (5): C15H 1402, My, =226.26, colourless nee-
dle, crystal size 0.20mm x 0.05 mm x 0.05 mm, monoclinic,
space group Cc,a=30.176(4), b=8.7016(11),c=9.0773(13) A,
B=98.725(11), V=2355.9(5) A3, z=8, D.=1.276 Mgm™3,
T=100(2) K, R=0.052, wR=0.063 (for 1421 with I>20(I))
for 307 variables. CCDC No. 275151.

3.2.4. 7-Hydroxyflavan-4-ol (6)

Oily liquid; [e]3s =0, (c=1, CH30H); 'H NMR see
Table 1; 13C NMR see Table 3; IR (CH,Cl, viax, cm™—1): 3220,
1621, 1598.

3.2.5. 6-Hydroxyflavan-4-ol (7)

Melting point 259-260°C; [a]23 = 0, (c=1, CH30H); 'H
NMR see Table 2; 13C NMR see Table 3; IR (KBr, vmax, cm ™)
3250, 1635, 1600, 1404, 1352, 752.
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Table 1
"H NMR chemical shifts (8) of compounds 1, 3,4, 5, 6

Proton ~ Compound

0 la | | 32

0 0 HO 'O
QT s LT e

7\

2

94
=

o ¢} o OH OH
H-2 5.50(dd) (J=13.2; 3.0) 5.17(dd) (J2,3ax = 11.6, J2 3¢q = 1.8) 5.15(dd) (J23ax = 11.4, J23¢q = 1.8)
H-3 H-3. 3.11(dd) (J=16.9; 13.2)  6.82(s) H-3.x 2.13(ddd) (J3ax,3eq = 13.1, J3ax,2 = 11.6, J3ax,4 =10.6)  H-3ax 2.09(ddd) (J3ax 3eq = 13.2, J3ax2 = 11.1, J32x,4 =9.8)
H-3¢4 2.91(dd) (J=16.9; 3.0) H-3¢q 2.51(ddd) (J3eq3ax = 13.2, J3eq 4 = 6.3, J3eq2 =2.0) H-3¢q 2.49(ddd) (J3eq3ax = 13.2, J3eq.4 = 6.2, J3eq2 =2.0)
H-4 5.08 (broad m) 5.0(dd) (J43ax =9.7, J43eq =6.2)
H-5 7.95(d) (J=8.1) 8.22(dd) (J=1.7;8.0) 8.24(d) (/=9.8) 7.51(d) (J=8.1)
H-6 7.47(m) 7.41(t) 7.47(m) 7.2(t) 6.47(dd) (Jo,5=8.4, Jeg=2.4)
H-7 7.47(m) 7.69(t) 7.64(t) 6.98(t)
H-8 7.47(m) 7.53(m) 7.47(m) 6.88(d) (J=8.2) 6.36(d) (Jg6=2.4)
H-2 7.07(m) 7.92(m) 8.24(d) (J=9.8)  7.39(m) 7.30-7.43(m)
H-3 7.47(m) 7.53(m) 7.47(m) 7.39(m) 7.30-7.43(m)
H-4 7.47(m) 7.53(m) 7.47(m) 7.39(m) 7.30-7.43(m)
H-5 7.47(m) 7.53(m) 7.47(m) 7.39(m) 7.30-7.43(m)
H-6' 7.07(m) 7.92(m) 8.24(d) (J=9.8)  7.39(m) 7.30-7.43(m)

2 Solvent. CDCl3.
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Table 2
'H NMR chemical shifts (3) of compounds 2, 7, 8
Proton Compound
o Za RS oD
HO HO HO S
o OH o

H-2 5.51(dd) (/=2.8; 13.0) 5.09(d) (J=11.9)
H-3 H-3, 3.13(dd) (J=13.0; 16.9) H-3, 1.98(q) 6.92(s)

H-3q 2.75(dd) (J=16.9; 2.9) H-3¢q 2.35(ddd) (J3eq3ax = 12.9, J3eq 4 =6.3, J3eq2 = 1.6)
H-4 4.98(dd) (J4,3ax = 10.8, J4 30 =6.4)
H-5 7.09(d) (J=2.9) 6.93(d) (J=2.5) 7.30(d) (J=2.9)
H-7 7.00(dd) (J/=8.8; 3.0) 6.62(m) 7.22(dd) (J=9.0; 3.0)
H-8 6.92(d) (J=8.8) 6.62(m) 7.61(d) (J=9.0)
H-2 7.49(d) 7.35(m) 8.03(m)
H-3’ 7.36(m) 7.35(m) 7.54(m)
H-4 7.36(m) 7.35(m) 7.54(m)
H-5 7.36(m) 7.35(m) 7.54(m)
H-6/ 7.49(d) 7.35(m) 8.03(m)

& Solvent: CDCl3.

b Solvent: DMSO-dg.

¢ Solvent: CD30D.

tests showed that the amount of flavan-4-ol (5) was constantly
increasing in time. After 12 days of incubation flavan-4-ol (5)
was isolated in 61% yield (91.5mg per 150 mg of the sub-
strate), and the substrate was fully consumed (Table 4). The
product was identified by means of 'H NMR and '*C NMR.
In the '"H NMR spectrum there is a broad signal of 4-H at
8=5.08 ppm, which indicates reduction of the carbonyl group.
In the 'C NMR spectra the C-4 signal of flavanone (1) at
191.9 ppm was replaced by the signal at 65.9 ppm in the spec-
trum of product 5. The final confirmation of a hydroxyl group
presence is the absorption band at 3301 cm ™! in the IR spectrum.
X-ray analysis of product 5 proved the structure of 2,4-cis-
flavan-4-ol as a racemic mixture of isomers (2R, 4R) and (28,

4S) (Fig. 1). Two crystallographically unrelated enantiomers
of 5, presented in Fig. la and b, indicate pseudo-equatorial
orientation of the phenyl groups and pseudo-axial position of
2-H atoms. This is confirmed by the torsion angles values:
H-2-C-2-C-3-H3A (67.11), H-2-C-2-C-3-H3B (—174.21),
H2A-C2A-C3A-H3D (—67.80) and H2A-C2A-C3A-H3C
(73.04) (Fig. 1), which are consistent with the respective cou-
pling constants: J 3¢q = 1.83 Hz and J>_3ax = 11.62 Hz (Table 5).
In both molecules 4-OH groups are pseudo-equatorial, whereas
4-H are pseudo-axial. This is proved by the coupling con-
stants: J4 3eq=6.27Hz and J4_3,x =10.59 Hz, and also by the
torsion angles values: H-4-C-4-C-3-H3A (—46.61), H-4-C-
4-C-3-H3B (—165.28), H4A-C4A-C3A-H3D (47.18) and

Table 3
13C NMR chemical shifts () of compounds 1-8
Carbon Compound

12 2b 32 42 52 6 7¢ 8b
C-2 79.6 79.2 163.4 144.9 77.0 71.0 78.2 162.8
C-3 44.7 442 1155 138.4 40.1 40.3 41.4 108.1
C-4 191.9 192.2 178.5 173.4 65.9 65.7 66.5 177.6
C-5 127.1 110.4 107.4 1254 128.7 128.3 109.6 106.5
C-6 121.6 152.1 119.8 124.5 121.0 108.8 149.2 150.0
C-7 136.2 124.9 125.2 133.6 130.0 156.3 122.9 124.9
C-8 118.2 119.5 118.0 118.2 117.5 103.0 114.1 120.4
C-9 161.6 154.9 156.2 1554 154.5 155.4 165.7 155.5
C-10 121.0 121.4 123.8 120.6 126.1 118.7 117.9 123.7
C-v 138.8 139.7 131.6 131.0 140.6 140.4 138.0 132.0
c2 126.2 127.0 126.2 127.7 126.2 126.0 127.1 126.8
c-3 128.9 129.0 128.9 128.6 128.2 128.7 130.2 129.7
c-4 128.8 128.9 133.8 130.2 127.0 128.3 128.9 132.2
c-5 128.9 129.0 129.4 128.6 128.2 128.7 130.2 129.7
Cc-¢/ 126.2 127.0 126.2 127.7 126.2 126.0 127.1 126.8

2 Solvent: CDCl3.

b Solvent: DMSO-ds.

¢ Solvent: CD30D.
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Table 4

Yield of biotransformation products determined by HPLC (with an internal standard)

Substrate Microorganism

Time of incubation (days)

Biotransformation products (%) Unreacted substrate (%)

3 4 5 6 7 8

3
o O Aspergillus niger KB 6

12
o

Flavanone 3
Aspergillus niger 13/5 6
12
. . 3

Aspergillus niger IBR
6
6/2 12
3
Aspergillus niger SBP 6
12
3
o O Aspergillus niger KB 6
3 :
HO 3
o Aspergillus niger 13/5 6
6-Hydroxyflavanone 12
Aspergillus niger IBR 6/2 12
Aspergillus niger SBP 12

- - 31 - - - 51
- - @ - - - 2
- - 4 - - - 0

14 - 0 0 - - 64

31 - > 6 - - 12

33 - 15 25 - - 0
- 39 - - - - 53
- 7 - - - - 9
- 75 - - - - 0

12 0 7 0 - - 62

26 0 34 11 - - 13

25 9 27 13 - - 0
- - - - 0 - 97
- - - - 13 - 70
- - - - 59 - 11
- - - - - 5 91
- - - - - 3R 59
- - - - - 7 0
- - - - - - 100
- - - - - - 100

Fig. 1. Two crystallographically independent isomers of flavan-4-ol (5); (a)
(2R4R) and (b) (25.,4S5).

H4A-C4A-C3A-H3C (166.34). Flavan-4-ol (5), which is the
product of flavanone (1) reduction, was also identified as one of
the products of the biotransformation by means of A. niger 13/5
and A. niger SBP, however in much smaller yields (Table 4).
Transformation of 6-hydroxyflavanone (2) by means of A.
niger KB (Scheme 2) proceeds in a similar way to flavanone (1).
After 12 days of the biotransformation the only product observed
was 6-hydroxyflavan-4-ol (7), isolated in 57% yield (85.5 mg)
along with 12% of the unreacted starting material. In the 'H
NMR spectrum reduction of the carbonyl group is visible by the
presence of a new, characteristic signal—doublet of doublets
at §=4.98 ppm, which is ascribed to 4-H. In the '3C NMR the
chemical shift of C-4 moved from 192.2 ppm in the spectrum of
substrate 2 to 66.5 ppm in the spectrum of 6-hydroxyflavan-4-ol
(7). The stereochemistry of product 7 was established by means
of NMR analysis. Comparison of the chemical shifts of 2-H, 4-
H, 3-Hax and 3-Heq and the respective coupling constants in the
spectra of flavan-4-ol (§) and compound 7 (Table 5) confirms the
structure of 2,4-cis-6-hydroxyflavan-4-ol as the product, formed
in a stereospecific reduction of the carbonyl group.
Transformation of 6-hydroxyflavanone (2) in the culture
of A. niger 13/5 gave 6-hydroxyflavone (8), isolated in high
yield (114 mg, 76%). The substrate was fully consumed. The

Table 5
Selected "H NMR data of flavan-4-ol (5), 7-hydroxyflavan-4-ol (6) and 6-hydroxyflavan-4-ol (7)

§2-H 64-H 8 3ax'H 8 3eq'H J3ax—3eq JZ—}ax «]2—3€q J4—3ax j4—3eq
5) 5.17 5.08 2.13 2.51 13.06 11.62 1.83 10.59 6.27
(6) 5.15 5.00 2.09 249 13.19 11.39 1.75 9.72 6.22
(@) 5.09 4.98 1.98 2.35 12.90 11.86 1.90 10.77 6.36
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structure of 6-hydroxyflavone (8), which was the only prod-
uct of the transformation of 6-hydroxyflavanone (2), was con-
firmed by 'H NMR. In the spectrum of 2 the signal of 2-H
appears at §=5.51 ppm as a doublet of doublets (coupling con-
stants J=2.79 and 12.95Hz), the signal of 3-Hyx is found
at §=3.13ppm (dd, J=12.98 and 16.86Hz) and 3-Heq at
6=2.75ppm (dd, J=16.87 and 2.93 Hz). There are no such sig-
nals in the 'H NMR of 6-hydroxyflavone (8). Instead, there is a
singlet of one proton at §=6.92 ppm, which has been ascribed
to 3-H. These unequivocally indicate the presence of a double
bond between C-2 and C-3 in the C ring of 8.

Transformations of flavanone (1) by means of A. niger 13/5
led to three products. The major one was flavone (3), which
was formed independently, and there were also flavan-4-ol (5)
and 7-hydroxyflavan-4-ol (6), the contents of which were cor-
related to each other. It was observed that in the 12th day of
the biotransformation a significant increase in the amount of
7-hydroxyflavan-4-ol (6) occurred, along with a drop in the
flavan-4-ol (5) yield. These indicate that reduction of the car-
bonyl group occurs prior to hydroxylation at C-7 (Table 4).

In the 'H NMR spectrum of flavone (3), which is the product
of dehydrogenation of 1, there is no signal at § =5.5 ppm, anal-
ogous to 2-H in the spectrum of 1 (dd, J=13.18 and 2.95 Hz).
Also, there is a signal of a single proton at C-3, observed at
8 =06.82 ppm. These changes in the spectra suggest the presence
of a double bond between C-2 and C-3 in the molecule of flavone
3).

In the '"H NMR spectrum of 7-hydroxyflavan-4-ol (6)
there is a doublet of doublets at §=5.0 ppm (J43ax =9.72 Hz,
J43eq=6.22Hz). In the 13C NMR spectrum the signal of C-4
moved from 6 =191.9 ppm for flavanone (1) to § =65.7 ppm for
7-hydroxyflavan-4-ol (6), whereas the signal of C-7 was shifted
from §=136.2 to 156.3 ppm.

7-Hydroxyflavan-4-ol (6), similarly to 6-hydroxyflavan-4-ol
(7) and flavan-4-ol (§), was racemic compound. Being an oily
liquid, compound 6 was not suitable for X-ray analysis and the
assignment of the structure was based on the spectral analysis.
Comparison of the chemical shifts and coupling constants of 2-
H, 4-H, 3-Hax and 3-Heq with the respective data in the spectra
of flavan-4-ol (§) and 6-hydroxyflavan-4-ol (7) (Table 5) suggest
a 2,4-cis configuration of product 6.

Transformations of flavanone (1) may proceed in many dif-
ferent ways, leading to diversity of products. A good example
of that is biotransformation of 1 by A. niger SBP (Scheme 1),
which gave four products: flavone (3), 3-hydroxyflavone (4),
flavan-4-ol (5) and 7-hydroxyflavan-4-ol (6).

The course of the reaction was monitored by TLC and
HPLC. When the transformation was carried out for longer
time the ratio of products changed (Table 4). The amount of 3-
hydroxyflavone (4) and 7-hydroxyflavan-4-ol (6) significantly
increased, whereas the yields of flavone (3) and flavan-4-ol (5)
dropped. These suggest that the dehydrogenation at C-2, C-3
occurs prior to the hydroxylation at C-3, and that the reduction
of the carbonyl group is followed by the hydroxylation at C-7
(Table 4). 6-Hydroxyflavanone (2) was not transformed by the
strain A. niger SBP.

Transformation of flavanone (1) by A. niger IBR gave 3-
hydroxyflavone (4) as a single product in 72% yield (108 mg).
Analysis of the spectral data (1H NMR, 3H NMR, IR) led to the
conclusion that the dehydrogenation of C-2 and C-3 took place
along with the hydroxylation at C-3.

In the '"H NMR spectrum of 3-hydroxyflavone (4) there are
no signals at §=2.91 and 3.11 ppm, which are observed in the
spectrum of flavanone (1) due to 3-Heq and 3-H, presence. Also,
the signal of 2-H at § =5.50 ppm (dd) disappeared. Instead, new
singlet at § = 7.02 ppm appears, which comes from the OH group
of 3-hydroxyflavone (4). The IR absorption band at 3214 cm™!
also confirms the presence of a hydroxyl group. In the '*C NMR
spectra the signal of C-3 moves from § =44.7 ppm for flavanone
(1) to 5 =138.4 ppm for 3-hydroxyflavone (4).

The strain A. niger IBR did not promote transformation of
6-hydroxyflavanone (2).

5. Conclusions

1. Molds belonging to A. niger species are effective biocata-
lysts for transformations of flavanone, which is proved by
the diversity of the transformation products.

2. Stereospecific reduction of the carbonyl groups of flavanone
and 6-hydroxyflavanone by means of A. niger strain was
observed. The racemic products were isolated in good yields.

3. Transformation of 6-hydroxyflavanone using enzymatic sys-
tem of A. niger 13/5 resulted in the selective dehydrogenation
at C-2 and C-3, leading to 6-hydroxyflavone (8) as a single
product.

4. In the case of flavanone (1) the strain A. niger 6/2 promoted
dehydrogenation at C-2 and C-3 along with simultaneous
hydroxylation at C-3.

5. The hydroxyl group of 6-hydroxyflavanone (2) probably hin-
ders the entrance of 2 in the active centers of A. niger IBR
6/2 and A. niger SBP enzymes.
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