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Abstract
In this present study, the microbial biotransformation of the volatile carene derivative 6,6-dimethylbicyclo[3.1.0]hex-2-en-2-ylethanone (C10H14) was investigated using 8 different yeast and fungi. Chromatographic and spectroscopic analyses suggested 4 new
metabolites.
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Introduction
The bicyclic monoterpene (+)-3-carene {3,7,7-trimethylbicyclo[4.1.0]hept-3-ene} (1), which naturally occurs
as a component of allspice (Pimenta dioica (L.) Merr.), of one of the major constituent of resinous extract
from Scotch pine (Pinus sylvestris L.) is used due to its sweet pungent odour as a flavouring agent (Yannai,
2004).
Microbial transformation is an effective tool for the structural modification of bioactive natural and synthetic
compounds. Its application in asymmetric synthesis is increasing due to its versatility and ease.
Biotransformation of terpenes and terpenoids is a popular route for derivatisation (De Carvalho and da
Fonseca, 2006; Paduch et al., 2016; Jivishov et al., 2016).
In our previous reports we presented (Kuriata et al., 2008; Kuriata-Adamusiak et al., 2011; Strub et al., 2014)
the bioconversion to the acetate, propionate and butyrate from the mixture of diasteroisomers secondary
bicyclo[3.1.0]hexane alcohol (4) obtained in three step synthesis from the monoterpene bicyclic hydrocarbon
(+)-3-carene (1) as seen in Scheme 1.
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Scheme 1. The conversion of 3-carene (1) to the 6,6-dimethylbicyclo[3.1.0]hex-2-en-2-ylethanone (3)
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Continuing our studies on the biotransformation of terpenes, the microbial transformation of 6,6dimethylbicyclo[3.1.0]- hex-2-en-2-ylethanone (3) was carried out by 8 microorganisms, to the best of our
knowledge for the first time.

Materials and Methods
All microorganisms were cultivated rotatory (200 rpm) at 28 °C for 24-48 hours in 250 mL Erlenmeyer flasks.
After the full growth of microorganisms the ethanone (3) was added (50 μL) after inclusion to β–cyclodextrin
and incubated for 12 days under the same conditions. The biotransformation progress and products were
screened by liquid-liquid extraction of the withdrawn broth, which was extracted exhaustively by ethyl
acetate, concentrated and evaluated by TLC and GC/MS analyses, respectively. Substrate controls were
composed of sterile medium, which the substrate (50 μL) was added and incubated without microorganisms.
Culture controls consisted of fermentation blanks, in which the microorganisms were grown under identical
conditions but without the addition of substrate. After the incubation period, controls were also harvested
and analyzed by TLC. Routine analyses were performed on pre-coated silica gel G-25 UV254 plates using nhexane: EtOAc (2:1) as solvent system. Visualization was under UV (254/366 nm) and/or by spraying with
anisaldehyde/H2SO4 spray reagent (Kuriata-Adamusiak et al, 2011; Jivishov et al., 2016).

Gas chromatography-mass spectrometry analysis conditions
The biotransformation samples were analysed by GC/MS using a Hewlett-Packard GC/MSD system. An
Innowax FSC column (60 m x 0.25 mm Ø with 0.25 m film thickness) was used with Helium as a carrier gas.
GC oven temperature was kept at 60 ˚C for 10 min and programmed to 220˚C at a rate of 4˚C/min and then
kept constant at 220˚C for 10 min and to 240 ˚C at a rate of 1˚C/min. Split ratio was adjusted at 50:1 with 1
mL/min flow rate. The injector temperature was 250˚C. MS were taken at 70 eV. Mass range was from m/z
35 to 425. Relative percentage amounts of the separated compounds were calculated from Total Ion
Chromatograms by the computerized integrator.
Identification of the metabolites were carried out by comparison of their relative retention times with those
of authentic samples or by comparison of their relative retention index (RRI) to series of n-alkanes. Computer
matching against commercial (Wiley GC/MS Library, MassFinder 3 Library) (McLafferty & Stauffer, 1989;
König, Joulain, & Hochmuth, 2004) and in-house “Başer Library of Essential Oil Constituents” built up by
genuine compounds and components of known oils, as well as MS literature data (Joulain & König, 1998; ESO
2000, 1999), was used for the identification.
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Results and Discussion
The key-compound, bicyclic enone (3) was synthesized in two step procedure. The ozonolysis of compound
1 followed by intramolecular aldol condensation ketoaldehyde (2) afforded desired ketone (3), which was
distilled under reduced pressure and then purified by means of column chromatography on silica gel
(Walkowicz et al., 1981). 6,6-Dimethylbicyclo[3.1.0]hex-2-en-2-ylethanone (3) was then subjected to the
biotransformation using microorganisms such as Aspergillus parasiticus, Botrytis cinerea, Absidia
blakesleeana, Saccharomyces cerevisiae, Aspergillus niger, Penicillium expansum, Penicillium odoratum, and
Penicillium adametzii.
The following metabolites were identified both by GC and GC/MS; 1-(6,6-dimethylbicyclo[3.1.0]hex-2-en-2yl)ethanol (4), 1-(6,6-dimethylbicyclo[3.1.0]hexan-2-yl)ethanol 5, 1-(6,6-dimethylbicyclo[3.1.0]hexan-3-ol-2yl)ethanol (6), 6,6-dimethylbicyclo[3.1.0]hexan-2-ylethanone (7).
Scheme 2. The biotransformation of the enon (3) by fungi
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Study concerning determination the newly obtained products in stereo aspects and biological activities are
still in progress.
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