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ABSTRACT

A variety of yeast cultures from NCIM (National Collection of Industrial
Microorganisms), NCL, Pune, India were screened for oxime reductases
activity using 4-methyl-2-pentanone oxime as model substrate. Yeast cells
were grown on MGY P medium separated from the broth and used as bio-
catalyst. The selectivity of the yeast in the presence of other reducible
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groups was aso studied; thus diacetyl monoxime, which had a reducible
keto group, demonstrated that the reaction was chemoselective and dim-
ethyl glyoxime, having two oxime groups, though toxic for most yeast showed
the reaction was regioselective. The reaction on acetophenone oxime and
benzoin oxime exhibited that in general aromatic groupstended to facilitate
the reduction reaction. A sample product analysis for each substrate indi-

cated the product was optically active.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Chiral aminesareimportant compoundsinorganic
synthesis, asthey form key intermediatesin drugsand
agrochemicals. New methods of synthesis of
enantiomericaly pureaminesareaconstant cha lenge.
Commonly used biochemical method for preparing
enantiopure amines involves resolution of racemic
amidesby hydrolysis, transesterifiction reactionsby li-
pases®3. A number of inorganic reagents have been
used for chemical reduction of oximesto their corre-
sponding amines*®, Traditionally thesereactionsare
carried out by hydrogenation using Pd/C catalysts™.
Chemica methodsusing inorganic reagentsgeneraly

involvehazardous conditionsof hightemperatures, pres-
suresetc. and are not salective, other functional groups
susceptibleto reduction such as ketones and double
bondsarereduced. Abirg and Gowda(2003) reported
aZinc/ammonium formate system for selectivereduc-
tion of oxime to amine at reflux temperatures®.
Biocatalytic routes are steadily being preferred dueto
themild reaction conditionsand being environmental ly
safe, region, chemo and enantiosdl ective.

Bakers’ yeasts have been widely used for there-
duction of carbonyl compoundsfor preparation of im-
portant chiral alcoholg°%. Reports on reduction of
compounds with N-O bonds such as nitro alkenes,
nitroarenes, nitrosoarenes? and N-oxides*® are
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Figurel: Bioreduction of 4-methyl-2-pentanone oximeto 1, 3-dimethylbutylamine

alsotobefoundin literature. Reduction of prochiral
oximesto enantiomerically pureaminesisoftenanim-
portant reaction step in multistep synthesisof drugs,
agrochemicalsand chiral auxiliaries, where carbonyl
derivativesaretransformed to aminesviaoximes. Ex-
cept for report on Bakers’ yeast by Gibbs & Barnes™,
thisareaof research hasremained vastly unexplored 4.
Theam of thisproject wasto screen culturesfrom dif-
ferent yeast genusfor asymmetric reduction of oxime
to amine. A compound often containsother functiona
groupsthat could interferewith sdlectivity of thereac-
tive group; hence bes desthe enantiosdl ectivity of the
catalyst, we investigated the chemoselective and
regiosel ective nature of thereaction, theeffect of aro-
mati c and e ectron withdrawing substituents.

EXPERIMENTAL

Cultures

Forty-eight different yeast cultureswere obtained
fromNCIM, NCL, Pune, India, afew representatives
from different yeast familieswere chosenfor their re-
ductive potential. Baker’syeast was purchased from
AB Mauri IndiaPvt. Ltd.

Chemicals

4-methyl-2-pentanone oxime and acetophenone
oximewas prepared chemically, by condesation of the
ketonewith hydroxylaminein sodium hydroxide®>, The
other chemicals were obtained as follows- benzoin
oxime-LobaChemie, Mumbai, diacetyl monoxime-
Thomas baker, dimethyl glyoxime- Merck Indiaand
standard 1, 3-dimethyl butylamine-Acros Organics,
Belgium. Standard aminesof benzoin oximeand dim-
ethyl glyoximewere prepared chemically inthelabora-

toryfl,
Biocatalyst
Thecdlsweregrownin medium compositiong L

of malt extract 3g, glucose 10g, yeast extract 3g, pep-
tone 5g at 220 rpm and 28°C for 24 h. Thecellswere
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separated from fermentation broth by centrifugation
washed with potassium phosphate (0.1mM, pH 5.5)
buffer. Thewhole cell preparation was used as bio-
catalyst inreduction reaction.

Bioreduction

Inatypical bioreduction reaction, 5mL phosphate
buffer pH 5.5, 1g wet weight cells were mixed and
500mg glucose, 0.1gL*MgSO, 35mM substratewas
added (acetophenone oximeand benzoin oximewhich
wereinsolubleinwater weredissolvedinminima etha-
nol beforeaddition to reaction mixture); ablank (with-
out substrate) was a so prepared. Thereaction mixture
wasincubated at 220 rpm and 28°C for 24 h. Initialy
forty-eight yeast cultureswere screened for bioreduction
of agmpleoximei.e. 4-methyl-2-pentanoneoxime. Se-
lected cultureswere used further for bioreduction of
other oximeshaving varied substituents (Figure 1). A
larger scalereaction at 100mL scalecarried out using
Bakers’ yeast, for each oxime; the product was used
for recording optical rotation and IR spectra.

Product isolation

To separatethe unreacted oximefromtheamine,
thereaction mixturewasacidified to pH 2with 3N HCL
and the cdlls centrifuged off. Theunreacted oximewas
extracted twicewith equa volumeof ethyl acetate, dried
with Na,SO, and solvent removed on rotavapor. The
aminesaltin agueous part was precipitated by satura-
tion with NaCl and MeOH and keeping in the cold
overnight. The precipitate was collected by repeated
washingwithMeOH. Theopticd rotationsof thesesdts
weredetermined. For IR spectraaminewasmadefree,
by basifying with 3N NaOH and extracting in hexane.

Analysis

Initial screening of culturewasdoneusing 4-me-
thyl-2-pentanone oxime, as substrate and thereaction
monitored by TLC, solvent system pet. ether - ethyl
acetate (8:2). Assay of product was done by Spectro-
photometric method!*®l. Optical rotations[a] , of all
aminesin its hydrochloride salt form weretaken on
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Figure?2: Bioreduction of oximesby yeast

JASCO P1020 polarimeter. IR spectra of the prod-
ucts (discussedin resultsand discuss on section) were
carried out on Perkin Elmer Spectrum One, FT-IR

spectrometer.

RESULTSAND DISCUSSION

Thereduction of prochira oximeto chiral amine
arecarried out under mild conditionswith fermenting
yeasts, asthey are dependent on nicotinamide cofac-
tors (e.g. NADPH). Leeds & Kirst (1988) have re-
ported amild single step reduction of oximeto amine
using TiCl, as catalyst and NaBH.CN as hydride
source™. However, the method besides not being
enantioseectiveisgpplicableonly for substrateswherein
theintermediateimineisstabletowardshydrolysisto
corresponding ketones. No reversiblereaction of oxime
to ketone was observed when yeast wasthe catalyst.
Chemosd ectivereduction of oximeto amineby Zinc/
ammonium formate system hasa so been investigated®
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Figure3: Substrate specificity profileof different cultures:
Column heading indicates. Entry number of culturesasin
TABLE 2,entryno. 2,3,6,&12; BNO: 5,7,8,10; MPO: 1, 4,
11; CyHO: 2,3,9; DAMO: 12,9,10; DMG: 12,7, 4

but the product formedisnot opticaly active.

A literaturesurvey indicated asinglereport on asym-
metric reduction of oximesby abiocatayst, Bakers’
yeast!* for reducing 2-butanoneoximeand itsderiva
tivestoitscorresponding amine. Theinvestigatorsre-
stricted their sudy to Ssmple oximes, used high concen-
tration 7.5g of catalyst for conversion of 3mM sub-
strate, and report achemicd yield 17 %. In our experi-
ments, we have used just 1g wet yeast cellsin 5mL
phosphate buffer and substrate concentration of 35mM
and achieved considerably better conversionsin most
cases. Compounds having multiplefunctional groups
can oftenjeopardizethe sdectivity of cataysts, wethere-
foregpplied thereaction to oximeshaving varying sub-
dtituents(Figure2). Thus, diacetyl monoximeand dim-
ethyl glyoximewereused to study chemosel ectiveand
regiosel ective properties of the catalyst respectively.
While acetophenone oxime and benzoin oximewere
studied for effect of aromatic substituentson thereac-
tion.

APO

BNO

Screening of yeast genus

Forty-eight yeasts of different species were
screened for reductase activity (TABLE 1) onthere-
action of 4-methyl-2-pentanone oximeto 1,3-dim-
ethyl butyl amine (Figure 1), asitwassmpleaiphatic
compound. Eleven of these yeast culturesincluding
Bakers’ yeast gave positive results and these were
used study other oximes.

Candida genusis prominent yeast which haswith
awidevariety of cultures, thusamaximum of twenty
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TABLE 1: Screening of yeast genusfor reduction 4-methyl-
2-pentanoneoximesto 1, 3-dimethylbutylamine

TABLE 2: % Conversion different oximesto corresponding
amineshby selected yeast

ENY Cuures Vot reung  E'Y cuures NCIM_Alphaticoimes "ot
) screened  cultures MPO DAM DMG APO BNO
1 Arthroascusjavanensis 1 +1 1 A javanensis 3435 49.30 7.72 32.59 28.41
2 Candida sp. 20 +5 2 C. apicola 3367 25.34 10.64 45.26 44.60
3 Klyuveromyces marxianus 2 +1 3 C. bombi 3531 1324 11.54 - 3520 26.81
4  Metchnikowia sp. 3 - 4 C. brumptii 3402 30.44 406 985 4.19 7.79
5 Pachyosolan tannophilus 2 +1 5 C.catenula 3337 48.55 34.16 59.04
6 Pichiasp. 3 +1 6 C.lambica 3532 5.06 - 38.65 33.20
7 Rhodotorula sp. 3 - 7 K.marxianus 3232 10.98 9.10 22.65 27.63
8 Saccharomyces cerevisiae 9 +2 8 P.farinose 3461 30.02 8.67 20.09 37.43
9 Saccharomycesfibulogera 1 9 P.tannophilus 3445 6.97 15.40 5.80 15.88
10 Schizosaccharomyces pombe 1 10 S cerevidae 3494 2252 12.42 46.86 52.12
11 Sporobolomyces salmonicola 1 11 Scerevisae 3570 33.96 6.98 22.08 21.44
12 Yerrowia lipolytica 1 12 Baker 'syeast 33.44 23.71 18.62 61.73 18.19
13 Zygosachharomyces rouxii 1 (TABLE?3).
14 Bakersyead * Aliphaticoximes
Total 48 11

yeadts(Entry 2) fromthisfamily weresd ected; of which
only five cultures namely C. apicola, C. bombi, C.
brumptii, C. catenula and C. lambica showed oxime
reductase activity. Saccharomyces (Entry 8), thefirst
yeast genusto beidentified, isroutingly used in chemi-
cd and foodindustry but of theninestrainsstudied only
two along with Bakersyeast gavepositivereaction.

Some of yeasts, having lesser variety of strains,
which successfully catalyzed these reactions were,
Arthroascus javanensis, Klyuveromyces mar xianus,
Pachyosolan tannophilus and Pichia farinosa, [ En-
tries1, 3,5, 6].

Application of selected yeast to different oximes

The eleven yeast cultures, which reduced 4-me-
thyl-2-pentanone oximeto 1, 3- dimethyl butylamine
(Figure 1), weretested for reduction of oximehaving
different substituentsas stated earlier. Figure 2 depicts
the oximes studied and the results obtai ned by each of
the sel ected yeast are summarized in Table 2. The per-
centage conversion of oximeto amine, werecalculated
from the standard graph of aminesasdescribed in ear-
lier work!*¢l, Thebiotransformation for al oximeswas
below 50 % this could be attributed to sel ective reac-
tion of only oneisomer of the E-Z mixture of theoxime,
Thereaction with Bakers’ yeast showed asymmetric
reduction towards the (R) enantiomer in all cases

4-methyl-2-pentanoneoxime

Thiscompound had only oximeasfunctiona group;
it wastherefore used for screening yeast cultures. The
product 1, 3-methylbutylaminewastested at first by
Riminis’ test for primary aming®*!, The characteriza-
tion was confirmed by comparing the IR spectraof sub-
strate and product (NIST Chem. WebBook). In the
product, broad OH stretching band disappears and
minor -NH,- wasobserved, bandsat 1378, 1464 and
1652 cmr*wereas per the standard spectrum. The[o] ,
of the compound was determinedto be(+) 5.41in0.5
% MeOH (TABLE 3, entry 1). Thereported [a] ,for
theneat S- enantiomer being (-) 11.21%,

Diacetyl monoxime

Though the compound had another reducibleC =
O group, the C = N-OH group was sdlectively reduced
to the corresponding amine. Kreuz et a.™ report
enanti osel ective bioreduction of (E)-1-phenyl-1,2-
akanedione 2-(o-methyloxime), wheretheketo group
wasreduced in preferenceto oxime group!*®. Our con-
clusion wascorroborated by the IR spectrumsof the
substrate and product. The expected stretching
bands** keto C = O (1725-1705cm'*) and the oxime
C = N (1660-1590cm?) in the substrate merged to
show abroad band at 1648 cm™. In the product, 2-
amino-3-butanone amineonly asingle sharp band at
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TABLE 3: Optical rotation of aminesobtained from Baker s’ yeast catalyzed reactions

Observed [a]®, %

No. Reaction: Oxime - Amine.HCI in MeOH Reported [a]p Conc.  Ref.
1 4-methyl-2-pentanoneoxime—1,3-dimethylbutylamine ~ +5.41° 0.5 -11.2° neat [18]
2 Diacetyl monoxime — 2- amino-3-butanone +4.19° 0.5 "N.F -
3  Dimethyl glyoxime — 2-amino-3-butanone oxime +5.60° 0.3 "N.F - -
4 Acetophenone oxime — R (+) methyl benzyl- amine +10.19° 0.9 +38° neat [19]
5 Benzoin oxime — 2 amino-1,2-dipheny- ethanal +7.17° 0.7 +7.7° 0.6% EtOH  [20]

N.F.: not found

1735cmdueto keto group was observed. However
the electron withdrawing effect of the C = O group
apparently hasdetrimental effect onthereductase ac-
tivity (TABLE 2). Thekey factor being that the reac-
tionischemosdlectivein nature. The[ o] , of the prod-
uct was determined to be (+)5.41 in 0.5% MeOH
(TABLE 3, entry 2).

Dimethyl glyoxime

The compound had two oximegroups; it wasthere-
fore selected to study the regiosel ectivity of the cata-
lyst; only oneoximegroup wasreduced. Thiswasagan
concluded from the IR spectra of the substrate and
product. Thetwo C = N stretching bands dueto the
two oxime in the substrate, are not observed at al
(SDBS—NO =495), this could be attributed to some
hindrance of the groups; but in the product the pres-
enceof asingleC = N stretching band at 1648cmtis
clearly visble. Thecompound wastoxicfor dl cultures,
only low activities were observed for Candida
brumptii, Kluyveromyces marxianus, and Bakers’
yeast (TABLE 2, entries 4, 7 & 12). The[a] , was
determined to be +5.60 in 0.3% MeOH (TABLE 3,
entry 4). Theimportance of the study wasreactionis
regio and enantio salectivein nature. Effortstoincrease
yield areongoing.

Aromatic oximes
Acetophenoneoxime

Thearomaticring of the compound seemstofacili-
tate thereduction astheyields were enhanced by al-
most all yeast (TABLE 2). Gibbset a.™ intheir ex-
perimentsdid not succeed in thereduction of acetophe-
none oximeand itsderivativesby Bakers’ yeast; they
attributed thisto theinsolubility of the substrate4. We
dissolved the compound in minima amount of ethanol
and added it to the reaction mixture; all the selected

yeastsachieved positiveresults. The[a] was(+) 10.19
in0.9 % MeOH (TABLE 3, entry 4) the rotation for
neat R- (+) methyl benzyl- amineis(+) 389,

Benzoin oxime

All the sel ected yeastswere @bl eto reducethecom-
poundtoitsamine. Theproduct, 2-amino-1, 2-dipheny-
ethanol wasopticdly pure, the[a] ;= (+) 7.17 (TABLE
3, entry 5) was comparableto theonein literature?.
Theeffect of different substituentsonreactionisde-
picted infigure3, profilesof yeasts showing best con-
versonfor thesubstrates examined. Substrateshaving
phenyl group acetophenone oximeand benzoin oxime
inthemolecule enhanced thereduction reaction, whilst
el ectron-withdrawing substituents had detrimental ef-
fect onthereaction, ascomparedtothesmplediphatic
oxime4-methyl-2-pentanone oxime.

ABBREVIATIONS

APO- acetophenoneoxime
BNO-benzoinoxime
CyHO—cyclohexanoneoxime
DAM-diacetylmonooxime

DM G-dimethylglyoxime

M PO- 4-methyl -2-pentanone oxime
NIST-Nationa Ingtitute of Standard Technology
SDBS- Standard Data Base System
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