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Abstract: Hydroxylation of monoterpenes with a fenchane unit
by Aspergillus niger ATCC 10549 was investigated. Biotrans-
formation of several monoterpenes, (+)-(1S)-fenchone, (-)-(1R)-
fenchone, (+)-(1R)-fenchol and (-)-(1S)-fenchol was carried out
by the aforementioned microorganism. In this bioconversion ster-
ile α-medium (consisting of 20.0 g glucose, 5.0 g yeast extract,
5.0 g peptone, 5.0 g NaCl, 5.0 g Na2HPO4 per liter distilled wa-
ter adjusted to pH 7.0) was used. (-)-(1R)-Fenchone was trans-
formed to one new terpenoid (-)-(1R)-7-hydoxyfenchone, (+)-
(1S)-fenchone was transformed to one know terpenoid (+)-(1S)-
5-hydroxyfenchone, (+)-(1R)-fenchol was transformed to one
new terpenoid (+)-(1R)-7-hydroxyfenchol and (-)-(1S)-fenchol,
in this case biotransformation failed.

1. Introduction

Biocatalysis has become an increasingly valuable tool for synthetic chemistry. The de-
velopment of novel biocatalytic methods is a continuously growing area of chemistry,
microbiology. Biotransformation reactions are regio-, chemo-, and stereoselective, pro-
ducing a wide variety of intermediates for the production of drugs (Laumen, 2002),
food ingredients and agrochemical intermediates (Garcia-Granados, 2004). Com-
pounds are modified by transforming functional groups. These intermediates can
be used as building blocks for fine chemicals, including pharmaceuticals, flavors and
fragrances. As a result of these modifications novel and useful products are formed
that are difficult or impossible to obtain through conventional chemical methods. Bio-
catalysis represents an effective and sometimes preferable alternative to the standard
synthesis of fine chemicals in their optically active form.

Monoterpenes are natural substances that present a small carbon pool with high
turnover rate in the annual global carbon cycle (Foebe, 1997). Terpenoids are known
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as not only raw materials for flavor and fragrance but also biologically active sub-
stances. Terpenoids are produced as secondary metabolites of plants.

Fenchone and fenchol are one of the oldest known organic compounds. These
monoterpenoids can be found in essential oil from fennel (Foeniculum vulgare) or
white cedar (Thuja occidentals). Fenchone and fenchol are used as a food flavor
and in perfumes (Harborne, 1993). Low price and simple structure of monoterpenes
makes them ideal substrates for microorganisms. Therefore, biotransformation of
plant derived metabolites by microorganisms could increase the likelihood of obtain-
ing novel natural product derivatives. Many compounds produced by bioconversion
may be considered as natural products (de Carvalho, 2006). Microorganisms selected
through screening and adaptation often transform or degrade the added terpenoid
into a variety of metabolites which might be useless or difficult to separate (Werf,
1997). Microorganisms have been used for a long time in households and industry,
where they play an indispensable role. Their application extends from food process-
ing to catalyzing complicated chemical reactions. There are undisputed advantages
of the catalytic use of whole cells of microorganisms such are: their broad substrate
specificity, possibility to act under mild conditions, and the fact that they do not
require regeneration of cofactors comparing to isolated enzymes. Application of mi-
croorganisms is more economical than the use of enzymes but does not always result is
similarly high enantioselectivity of the catalyzed reaction (Nakamura, 2002; Beloqui,
2008).

The aim of our research was to obtain new derivatives with the fenchane unit.
Therefore, we added ATCC10549: (-)-(1R)-fenchone 1, (+)-(1S )-fenchone 2, (-)-(1S )-
fenchol 3 and (+)-(1R)-fenchol 4 to biotransformations by Aspergillus niger.

Fig. 1. Selected monoterpenes with the fenchane unit.

2. Experimental design

Hydroxylation of monoterpenes with a fenchane unit by Aspergillus niger ATCC
10549 was investigated. Biotransformation of several monoterpenes, (+)-(1S )-fenchone,
(-)-(1R)-fenchone, (+)-(1R)-fenchol and (-)-(1S )-fenchol was carried out by the afore-
mentioned microorganism.

2.1. Strain of Aspergillus niger ATCC 10549

Aspergillus niger ATCC 10549 used in this study was obtained from the collection of
Professor Fatih Demirci of the Department of Pharmacognosy, Faculty of Pharmacy,
Anadolu University in Eskisehir, Turkey.
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2.2. Substrates

(-)-(1R)-Fenchone (> 98 %) was obtained from Fluka, while (+)-(1S)-fenchone (>98
%) was obtained from Aldrich.

2.3. General methodology

The course of all the reactions, composition of the products, and their purities were
checked by thin-layer chromatography (TLC) and gas chromatography (GC). The
diastereoisomeric excess was determined by gas chromatography (GC) or chiral gas
chromatography (CGC). TLC was carried out on silica gel 60 F254 0.2 mm (Merck).
Plates were developed in a mixture of hexane and ethyl acetate in various ratios and
visualized with 20 % methanolic H2SO4, containing 0.1 % of anisaldehyde. Prepar-
ative column chromatography was carried out on silica gel (230 – 400 mesh, Merck)
with a mixture of n- hexane and ethyl acetate (various ratios) as eluents. Analytical
GC was performed on Saturn 2000 VarianChrompack, with a column TRACE TR-5
(5 % phenyl methylpolysiloxane) 30 m × 0.53 mm ID × 1.0 µm film. Analyses were
carried out using helium as carrier gas at a flow rate of 1.0 ml/min in a split ratio
of 1:20 and the following program: (a) 80 ◦C for 0 min; (b) rate of 5.0 ◦C/min from
80 to 200 ◦C; (c) rate of 25 ◦C/min from 200 to 280 ◦C and hold for 5 min. Injector
and detector were held at 200 and 300◦C, respectively. The separation was achieved
using CP CHIRASIL-DEX column, 25 m × 0.25 mm ID × 0.25 film. Analyses were
carried out using hydrogen as carrier gas, with program: (a) 90 ◦C for 0 min; (b)
rate of 5 ◦C/min min from 90 to 150 ◦C; (c) rate of 20 ◦C/min from 150 to 200 ◦C
and hold for 5 min. Melting points were determined on a Boetius apparatus and were
uncorrected. IR spectra were taken from liquid films or in KBr on a Perkin-Elmer
621 spectrometer. 1H and 13C NMR spectra were recorded in CDCl3 with TMS as
an internal standard on a Bruker AvanceTM DRX 300 or Bruker AvanceTM DRX
600 instrument. Chemical shifts (δ) are reported in ppm and coupling constants (J)
and given in Hz. 13C – 1H substitution was determined with DEPT-135 experiments.
Optical rotation measurements were obtained on a PolAAr-31 automatic polarimeter
(Optical Activity Ltd).

2.4. Reduction of (-)-(1R)- and (+)-(1S)-fenchone

1.20 g (31.5 mmol) of LiAlH4 and 60 ml of anhydrous diethyl ether were added to
a three-necked round-bottomed flask of 250 ml equipped with a magnetic stirrer,
thermometer and funnel. With vigorous stirring, 3.42 g (22.4 mmol) of ketone 1 or 2
dissolved in 50 ml of anhydrous diethyl ether was slowly added dropwise, The reaction
mixture was cooled in an ice water bath with constant temperature of about -10◦C.
The reaction was monitored by TLC (eluent hexane:ethyl acetate, 2:1). When after
one hour the substrate completely reacted (TLC monitoring showed no ketone) a few
drops of distilled water were carefully added to decompose the excess LiAlH4.Gas
evolution and a white precipitate were observed. When more water did not cause
further evolution of gas, the solution was decanted from the solid. After drying over
anhydrous MgSO4 and evaporation of the solvent crude alcohol 3 or 4 was obtained,
which was purified by column chromatography (eluent hexane: ethyl acetate, 5:1).
As a result, 2.29 g (14.6 mmol) of pure alcohol 3 or 4 (GC, 96.0%) with a yield of
67.0% was obtained.
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2.5. Biotransformation of compounds with fenchane unit

Microorganisms were cultivated on a rotatory platform (160 rpm) at 28 ◦C for 24 –
48 h in a 250 ml Erlenmeyer flask containing 150 ml sterile α-medium (consisting of
20.0 g glucose, 5.0 g yeast extract, 5.0 g peptone, 5.0 g NaCl, 5.0 g Na2HPO4 per
liter of distilled water adjusted to pH 7.0) for Aspergillus niger. After full growth
of microorganisms 50 mg of (-)-(1S )-fenchol 3/(+)-(1R)-fenchol 4 or 50 µL of (+)-
(1S )-fenchone 2/ (-)-(1R)-fenchone 1 was added, and the culture was incubated for
7 days under the same conditions. Products of biotransformations were screened
by liquid-liquid extraction of the culture broth (2 ml) which was extracted exhaus-
tively by ethyl acetate, and then concentrated and evaluated by TLC and GC/MS
analysis. Biotransformation controls consisted of fermentation blanks in which the
microorganisms were grown under identical conditions but without the addition of the
substrate. Other controls containing medium and substrate were prepared to investi-
gate potential autoxidation. After the incubation period, controls were also harvested
and analyzed by TLC. Routine analyses were performed on pre-coated silicagel G-25
UV254 plates using n-hexane: EtOAc (1:1) as the solvent system. The concentrated
ethyl acetate extract was applied on silica gel chromatography column for isolation
of the metabolites where the eluent was hexane: ethyl acetate in different ratio.

(-)-(1R)-7-hydroxyfenchone 5

Colorless oil: GC-MS: m/z=168.1339 (M+); [α]20D = 3.5◦ (c=0,5; CHCl3); IR (film,
cm−1): 3454.83 (w), 2965.04 (s), 1733 (vs); 1H NMR (CDCl3, δ, ppm): 0.94 (s, 3H
at C-10), 1.03 (s, 3H at C-8); 1.09 (s, 3H at C-9); 1.62 (d, 2H at C-5, J=1.43 Hz);
2.19-2.22 (m,1H at C-4); 2.37 (dd, 1H at C-6, J=13.87; 2.17 Hz); 3.60 (m, 1H, -OH);
4.08 (q, 1H at C-7, J=9.01 Hz); 13C NMR (CDCl3, δ, ppm): 10.54 C-10); 21.24 (C-9);
23.66 (C-8); 71.97 (C-7); 37.28 (C-6); 37.32 (C-5); 44.02 (C-4); 46.90 (C-3); 221.05
(C-2); 60.16 (C-1).

(+)-(1R)-7-hydroxyfenchol 7

Colorless crystals: GC-MS: m/z=170.1357 (M+); [α]20D = 2.1◦ (c=0.5; CHCl3); IR
(film, cm−1): 3446.92 (vs), 2954.79 (vs), 1729.00 (s); 1H NMR (CDCl3, δ, 300 MHz):
0.84 (s, 3H at C-10); 1.02 (s, 3H at C-8); 1.11 (s, 3H at C-9); 1.56 (d, 1H at C-5,
J=10.64 Hz); 1.69 (s, 2H at C-4); 2.18 (dd, 2H at C-6, J=13.79; 2.1 Hz), 3.22 (s, 1H
at C-2); 3.69 (m, 2H, -OH); 4.14 (d, 1H at C-7, J=6.67 Hz); 13C NMR (CDCl3, δ, 75
MHz): 15.20 (C-10); 18.90 (C-9); 19.55 (C-8); 36.58 (C-5); 38.18 (C-6); 45.32 (C-3);
55.68 (C-4); 59.80 (C-1); 71.57 (C-7); 83.53 (C-2).

3. Results and discussion

In scientific literature there are a few reports of biotransformations on fenchone or
fenchol. The first steps in our study were biotransformations (-)-(1R)- and (+)-
(1S )-fenchone. Biotransformations were carried out by six different microorganisms:
Aspergillus niger, Candida magnoliae, Yarrowia lipolityca, Saccharomyces cerevisae,
Fusarium oxysporum and Fusarium culmorum. The best results were observed when
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the first microorganisms were used as biocatalysts. The following metabolite was iden-
tified after biotransformations of (-)-(1R)-fenchone 1 by Aspergillus niger, (-)-(1R)-
7-hydroxyfenchone 5, compound not described previously in the literature (Scheme
1). In this biotransformation the yield was very low, only 7 %. While biotrans-
formation of (+)-(1S )-fenchone 2 gave a new compound (+)-(1S)-5-hydroxyfenchone
6 (Fig. 3).Other key compounds, bicyclic alcohols 3 and 4, were synthesized in a
one-step reaction. It was reduction with lithium aluminium hydrate (Scheme 1).
Next, (+)-(1R)- and (-)-(1S )-fenchol were biotransformed by Aspergillus niger. In
the biotransformation of (+)-(1R)-fenchol 4 we obtained a new compound, (+)-(1R)-
7-hydroxyfenchol 7 (Fig. 2). The yield of this process as well as of the previous one
was also very low, only 6,79%. These low values may be due to the low degree of
conversion of substrates by A. niger, or a large loss of the product during its isolation
and purification. Biotransformation of (-)-(1S )-fenchol 3 failed. The stereochemistry
of these products was determined by 1H NMR, 13C NMR spectra and HMQC cor-
relation. Furthermore, enantiomeric excess (e.e %) was identified by GC with chiral
column for all out metabolites. The result indicates that these are enantiomerically
pure compounds (e.e 92%).

Fig. 2. Biotransformation of (-)-(1R)-fenchone and (+)-(1R)-fenchol.

The structures of the following substances were confirmed by assignment of the
NMR spectra using two-dimensional techniques.

The IR spectrum of compound 5 had a new hydroxyl band at 3454.83 cm−1. In
the 1H- and 13C NMR spectra were assigned by comparison with substrate 1 and
the previous paper (Schmidt, 1966; Pfunder, 1969). In the COSY spectrum some
correlation cross-peaks were observed between H-4 (2.19-2.22 ppm) and H-7 (4.08
ppm), H-7 (4.08 ppm) and –OH (3.60 ppm). In the characteristic HMQC spectrum,
some correlation cross-peaks were observed for two methyl groups (23.66 ppm C-8
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and 21.24 ppm C-9) with the other quaternary carbon (46.90 ppm C-3), C-7 (71.97
ppm) with the methyl group (10.54 ppm C-10).

The IR spectrum of compound 7 contained a new hydroxyl band at 3446.92 cm
−1. In the 1H- and 13C NMR spectra were assigned by comparison with substrate
2 and the previous paper (Goryaev, 1967). In the COSY spectrum some correlation
cross-peaks were observed between C-9 (1.11 ppm) and –OH at C-2 (3.69 ppm), C-10
(0.84 ppm) and –OH at C-2 (3.69 ppm), C-7 (4.14 ppm) and –OH at C-7 (3.69 ppm).

4. Conclusion

In scientific literature there are many reports stating that the Aspergillus niger strain
is widely used in biosynthesis. In our study, it turned out that this microorganism
is appropriate to carry out quite complex syntheses. Our results show hydroxylation
properties of Aspergillus niger ATCC 10549. We also saw that these strains pre-
ferred carrying out biotransformation of (R)-isomers. This is due to the fact that
in these cases there is no spherical hindrance. The present study is the first report
on obtaining a (-)-(1R)-7-hydroxyfenchone 5 and (+)-(1R)-7-hydroxyfenchol 7 from
(-)-(1R)-fenchone 1 and (+)-(1R)-fenchol 4 as biotransformation products.
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Fig. 3. Biotransformation of (+)-(1S )-fenchone and (-)-(1S )-fenchol.
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