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Mycelia of Aspergillus flavus MTCC- 9606 as a catalyst for
ster eoselective hydroxylations of ethylbenzene and propylbenzene
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ABSTRACT

The biotransformation of ethylbenzene to (R)-1-phenylethanol in 97%
enantiomeric excess and 67% yield using fungal mycelia of Aspergillus
flavus MTCC-9609 has been reported. The mycelia also transform
propylbenzeneto (R)-1-phenylpropanol in 100% enantiomeric excess and
100% yield. Methylbenzene is converted to benzylal cohol in 97% yield.
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Thus the mycelia of A. flavus MTCC-9606 hydroxylate atleast
methylbenzene, ethylbenzene and propylbenzene at the benzylic positions
hydroxylation of which are not convenient by chemical routes.
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INTRODUCTION

Enantiomericaly pured coholsare particularly useful
asbuildingblocksfor the synthesisof chiral medicines
and arewidely used in the preparation of hormones,
flavors, flagrances, liquid crystasand chird auxillaries®
31, B-amino alcohols have been used for the synthesis of
1-phenyl-2-[ (2-phenyl-1-akylethyl)amino] ethanol
derivatives, a new important class of antidiabetic
agents4. A large genus of mushroom flies have been
reported to beattracted towards 1-phenylethanol infidd
testd®. Thus secondary alcohols act as pheromones
as0. Thechemicd methodsfor their synthesisare not
convenient and enantiomeric excessesare generaly
low!®, Onetheotherhand, biocatdytic methodsare con-
venient and enantiomericexcessarehigh.

Several biocatalytic methods to synthesize
enantiopure secondary a cohol shave been devel oped
during therecent past dueto theincreasing demands of
theseva uable compounds®. Stereosd ectivereduction

of ketones™ and enantiosel ective oxidation of racemic
secondary al cohol§¥ have been studiesfor the prepa-
ration of pureenantiomeric secondary dcohols. Though
the hydroxylation of non activated centresin hydrocar-
bonsisoneof themost useful biotransformation, sofar
it has been studied mainly for thehydroxylation of ste-
roids and terpeniods®?. The biotransformations of
ethylbenzeneto 1-phenylethanol haverardy been sud-
ied**1, The conversion of ethylbenzene and anumber
of itspara-substituted derivativesto the corresponding
optically active 1-phenylethanol swith enantiomericex-
cess vaying between 5 to 40 % using the fungus
mortierellaisabdlinahave beenreported®®. Thefungi
Cunninghamella echinulate varelegans and
Heminthosporium were also capable of performing
someof thesetransformations*®. Thehydroxylation of
ethylbenzenea most exclusively at the secondary car-
bon atom giving 1-phenylethanolsintheratio 2: 1 of the
R and Sisomersusing cytochrome P450camp hasbeen
reported*! Seventeenfungi and two yeest Specieswhich
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could hydroxylate ethyl benzene and propylbenzeneto
1-phenylethanol and 1-phenylpropanol respectively
have been reported*?. One potent strain Fusarium
moniliforme oxidizesethyl benzene and propyl benzene
to the corresponding benzylic alcohols with an
ennatiomeric excessof 98%inthe (R) (+) form*2. The
involvement of cytochromeP450in thistransformation
has been demonstrated™®. Szaleniec et d.,* havere-
ported the oxidation of ethylbenzene to (S)-(-)-1-
phenylethanol by the denitrifying bacterium Azoarcus
peciesstiran EbN1. A nobel Mo-Fe-Senzyme anaero-
bi c ethyl benzene dehydrogenase has been isolated and
characterized®, Keepinginview therarestudiesre-
ported on the biotransformation of ethylbenzeneto op-
tically pureisomersof 1-phenylethanol, we haveini-
tiated studieson search of thefungd strainswhich could
do these useful transformations. Inthisarticle, were-
port another fungd strain AspergillusflavousM TCC-
9606 which transforms ethylbenzene to (R)-1-
phenylethanol in 97% enantiomeric excess and
propylbenzeneto (R)-1-phenyl propanol in 100% enan-
tiomericexcess.

MATERIALSAND METHODS

Chemicals

Methylbenzene, ethylbenzene, propylbenzene,
ethylmethylketone, racemic (+)-1-phenylethanol, (R)-
1-phenylethanol, racemic (+) 1-phenylpropanol and
(R)-1-phenylpropanol were purchased from Sigma-
Aldrich ChemicalsPrivatelimited, New Delhi, India
All other chemicals were purchased either from E.
Merck (India) Ltd., Mumbai, Indiaor s.d. fine-chem
Ltd., Mumbai (India) or from Qualigens Chemicals,
Mumbai (India) and were used without further purifi-
caions.

Preparation of mycelia

Thefungd strain A. Flvous M TCC-9606 wasiso-
lated in our laboratory, was got identified and depos-
ited at the Microbial Type Culture Collection Centre
and Gene Bank, Institute of Microbia Technology,
Chandigarh (India). It wasmaintained on Bennett’s agar
medium™? which aconsisted of 1.5% (w/v) glucose,
0.5% peptone, 0.2% yeast extract, 0.2% Ehlrich’s beef
extract and 1.5% agar intapwater. Themicroorganism
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wascultivated in 100 ml of BM | (Basal medium) con-
taining ungterilized ethyl methylketone Iml (v/v) in per
100 ml of solutionina250 ml Erlenmeyer flask at 30
°C onarotary shaker at 150 rotationsper minutes (rpm)
for three days. The culture medium BM | contained
10g of NaNO,, 2g of NH,Cl, 2g of KH,PO,, 3g of
K,HPO,, 2g of NaCl, 0.2gof MgSO,.7H,0, 0.5 g of
yeast extract and 2 ml of metal solution havingpH 7.0
inoneliter of delonised water. Themetal ssol ution con-
sisted of 400 mg of MnCl..2H,0, 350 mg of
FeCl..4H,0, 200 mg of ZnCl,, 20 mg of CoCl,, 20
mg of CuCl..H,0, 10 mg of Na,M00,.2H,O, 10mg
of Na,B,0,.10H,0, and 2 ml of concentrated HCl in
100 ml of deionised water. Themyceliawerecollected
by filtration on ordinary filter paper, washed twicewith
30ml of 25 mM potassium phosphate buffer (KPB)
pH 7.0 and were used fresh.

Biotransfor mation reaction

Thebiotransformation reaction was performed us-
ing the reported method*?. Wet mycdlia0.1g was sus-
pended in 2 ml of 25 mM potass um phosphate buffer
pH 7.0inatest—tube of size 17mm diameter and 150mm
height and 200 umol of ethylbenzene (21ul), was added.
Thetest tubewas closed with astopper and incubated
at 30 °C on areciprocal shaker at 200 rpm. After 24
hrs, the reaction sol ution was acidified by addition of
0.2ml of 6N HCI. The productsformedinthereaction
solution were extracted thrice using 2ml of n-hexane
each time. The extract was analyzed for 1-
phenylethanol, 1-phenyl propanol and benzyla cohol by
WatersHPLC Model 600E using spherisorb C ,5UV,
4.5mm x 250 mm column. The eluent phase was metha-
nol water mixtureinratio 1:1 (v/v) a 1 ml/min. Then-
hexane extract of the product (20ul) was injected and
the detection was made using Waters UV detector
model 2487 at 254 nm. For the biotransformations of
methyl benzeneand propylbenzene, smilar procedures
were adopted. Theidentifications of the biotransfor-
mation products were determined by IR, *H and *C
NMR and GC-MS. The enantiomeric excesswas de-
termined using chiralcel OD column (4.6 x 250 mm)
manufactured by Daicel Chiral TechnologiesPvt Ltd
(Japan) using 90: 10 (v/v) mixture of n-hexane and
isopropyla cohol asthe euent phase at theflow rate of
0.5ml/min.
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RESULTSAND DISCUSSIONS

Theresultsof HPLC analysisof the starting mate-
ria ethylbenzene, biotransformation products of
ethylbenzene and standard sample of (R)-1-
phenylethanol areshowninFigure 1(a), (b) and (c) re-
Spectively. Thegstartingmateria ethylbenzenewasd uted
with retention time 3.4 minutes [Figure 1(a)] and no
peak corresponding tothisretentiontimeispresentin
the chromatogram of the biotransformation products
[Fgure1(b)] indicatingthat dl theethylbenzene hasbeen
converted to the products. The chromatogram of the
biotransformation products[Fgure1(b)] contained two
peaks: onedueto 1-phenylethanol withretentiontime
6.0 minuteswith peak are a67% and the other dueto
phenylacetonewithretentiontime 7.5 minuteswith pesk
area33%. Thechromatogram of the biotransformation
products[Figure 1(b)] wassimilar to the chromato-
gram of the standard sampl e of (R)-1-phenylethanol
[Figure1(c)] inwhich 1-phenyl ethanol wasd uted with
retention time 6.0 minutes with peak area 71% and
phenylacetonewasd uted with retention time 7.9 min-
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Figurel: HPL C analysisof (a) ethylbenzene, (b) bioconver -
sion product 1-phenylethanal (c) standar d sampleof (R)-1-
phenylethanol
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uteswith peak area29%. Since even the pure (R)-1-
phenylethanol contains 29% phenylacetone, the
bi otransformation product was 1-phenylethanol some
of which got converted to phenylacetone.

Theresults of *H NMR, *C NMR, IR and GC-
M S analyses of the biotransformation product clearly
confirmed the presence of 1-phenylethanal.

'"H NMR (300 MHz, CDCI.,)

0="7.36—7.25ppm (m, 5SH, H arom), 4.1ppm (q,
1H, J=6.4Hz, CHOH), 2.1ppm (br S, 1H, OH),
1.40ppm (d, 3H, J=6.6 Hz, CH,)).

C NMR (500MHz, CDCI,)

0= 145.8ppm, 128.9ppm, 127.8ppm, 125.5ppm,
77.0ppm, 25.3ppm.

IR (KBr)

3440, 2968, 2936, 2880, 1639, 1150, 675 cm™.
GC-MS

Showed the characteristic fragments of 1-
phenylethanol withm/zvauesof 107 and 79, 77 dong
with themolecular ion peak of 122 (M*) asshownin
figure2.
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Figure2: GC-M Sspectra of fragmentation of bioconversion
products1-phenylethanol and 1-phenylproanol
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Theresultsof the determination of theenantiomeric
excess of the biotransformation productsusing chiral
cd OD columnareshowninfigure3. Figure 3(a) isthe
chromatogram of the racemic (+)-1- phenylethanol
which containstwo peskswith retentiontimes 13.3 and
15.5 minutes having peak areain theratio 50:50. Fig-
ure 3(a) isthe chromatogram of the standard (R)-1-

Au Tudian Yournal



OCAIJ, 10(1) 2014

Saroj Yadav et al.

35

phenylethanol which hasretentiontimeof 13.4 minutes
with percentage areaof 98%. Figure 3(c) isthechro-
matogram of thebiotransformation productswhich has
apesk withretentiontime 13.5 minutesand having pesk
areaof 97%. Theseresultsclearly show that the prod-
uct 1-phenylethanol has been formedin 97% (R)-enan-
tiomericexcess.
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Figure 3 : HPLC analysis of enantiomeric excess of (a)
recemic (+) mixture of 1-phenylethanol (b) standard sample
of (R)-1- phenylethanol and (c) bioconversion product 1-
phenylethanol
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Thebiotransformation product of propylbenzene
gave 100% of 1-phenyl propanol. The HPLC chromato-
gramresult of standard sample of propylbenzene, stan-
dard sampleof 1-phenylpropanol and the biotransfor-
mation product are shown infigure 4(a), (b) and (c)
respectively. The retention time of standard
propylbeneze was 3.3 minuteswith 100% areashown
infigure4(a). The chromatogram of the biotransforma:
tion product contained one peak with retention time
2.6 minuteswith peak area100% in shownfigure4(b).
The HPLC chromatogram of the biotransformation
productswassimilar to the standard sampleof (R)-1-
phenylpropanol inwhich 1-phenyl propanol wase uted
at retention time 2.6 minutes with peak area 100%
showninfigure4(c). Theseresultsshowed that other
propylbenzene was converted to 1-phenyl propanol.
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The spectral anaysisgiven bellow confirmedthe

identity of 1-phenylpropanal.
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Figure4: HPLC analysisof (a) propylbenzene, (b) biocon-
ver son product 1-phenylpropanol (c) sandard sampleof (R)-
1- phenylpropanol

'H-NMR (300 MHz, CDCI, Me,Si)
6=7.21-7.30ppm (m, 5H, H arom), 6=4.6ppm (t,
1H, CH-OH J=6.6 Hz), 6=3.5ppm (S, OH) 6=1.91-
1.69 (m, 2H), 0.92 (t, 3H, J=7.5Hz).
C NMR (500MHz, CDCI,)
0=146.7ppm, 6=129.2ppm, 6=127.8ppm,
0=126.5ppm, 06=70.0ppm, 6=26.3ppm and
6=15.3ppm.
IR (KBr.)

3360 cm* for stretching of -OH cm?, 2963 cm,
1492 cm?, 1377 cm™,1200 cm't, 1097 cmt, 974 cmy
1 670cm™.

GC-MS

Theresultsof GC-M Sandysisof thebiotransform
product 1-phenylpropanol gave peaks corresponding
to fragmentswithm/z valuesof 107 and 79, 77 along
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with molecular ion peaksm/z=136 [M*] showninfig-
ure2.

Theresultsof thedetermination of theenantiomeric
excess of biotransformation product (R)-1-
phenylpropanol areshowninfigure5. Thefigure5 (a)
isthechromatogram of racemic (+) -1- phenylpropanol
obtained using chiralcel OD column (4.6 x 250 mm)
indicating clearly 50:50 percent peak areasof (R) and
(S) formsof theracemic mixture (+) 1-phenylpropanol
withretentiontime 13.3 minutesand 14.3 minutes. Fig-
ure5(b) showsthechromatogram of the tandard sample
of (R)-1-phenyl propanol having 100% enantiomeric
excessof the(R) formwithretetiontime 13.3 minutes.
The chromatogram of the biotransformation product 1-
phenylpropanol asshown infigure 5(c) containsone
peak at 13.5 minutes which corresponds to (R)-1-
phenylpropanol. The enantiomeric excess of the
bi otransformation product was 100%.

Thebiotransformation of methylbenzenegave 97%
benzylal cohol and 3% benzoic acid (resultsnot shown
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Figure 5 : HPLC analysis of enantiomeric excess of (a)
r ecemic (+) mixture of 1-phenylpropanol (b) standard sample
of (R)-1- phenylpropanol and (c) bioconversion product 1-
phenylpropanol
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here). Though we have not attempted to identify the
enzymewhichisresponsiblefor theabovetransforma:
tions, cytogrome P450 monooxygenase is the most
likely enzymeinvolved inthesetransformations. There
are reportsi*t3 also that cytochrome P450
monooxygenaseisinvolvedinsuch conversions. Itis
worth mentioning that dueto inherent problemg62
associ ated with working with pure oxygenases, whole
cell systemsarethe preferred biocataystsfor applica
tionsin biotransformatinsin organic syntheses.

CONCLUSIONS

Thusmyceliaof A. flavusM TCC-9606 transform
ethylbenzene to (R)-1-phenylethanol in 97%
enantiomeic excess and propylbenzene to (R)-1-
phenylpropanol in 100% enantiomeric excess. The
samefunga myceliaa so transform methylbenzeneto
96% benzyla cohol and henceisagood biocatayst for
these biotransformations. By using increased amounts
of mycdliawehaveachieved (R)-1-phenylethanol and
(R)-1-phenylpropanol upto 1ml scales.
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