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ABSTRACT

The reduction of acetophenone derivatives using Spirulina platensis and
Nostoc minutum was investigated. It was found that acetophenone
derivatives 1a-10 were reduced with good enantiosel ectivity. Thereduction
followed Prelog’s rule, giving the (S)-alcoholsin al cases.
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INTRODUCTION

Opticaly active compoundsareimportant building
blocksfor thesynthesisof pharmaceuticals, pesticides,
pheromones, flavors, fragrancesand advanced materi-
as. Itisknownthat the synthesisof chiral acoholscan
be achieved from the corresponding prochiral ketones
by asymmetric reduction. Recently, many biocatalytic
reductions of ketones have been reportedi?®9, Ac-
etophenonederivativesarevery interesting model com-
poundsasforeign substratesfor biotransformation, be-
cause either enantiomer may beformed, whichmay be
determined easily. Reduction of the carbonyl groupis
performed using various biocatal ysts such as cultured
cellgY and fresh-cut vegetables”.

Nakamura et a.[ reported that Synechococcus
elongatus PCC 7942, acyanobacterium asabiocata-
lyst reducearyl methyl ketonesinto the corresponding
(9-acoholswith excellent enantiosdlectivitiesunder il-
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lumination. Moreover, S € ongatus PCC 7942 reduced
both the endocyclic C=C of s-trans enones and the
exocyclic C=C of s-cis enones with high
enantiosdectivity to afford optically active (9-o-sub-
stituted ketones®. Recently, wereported that there-
duction of acetophenonederivativesand steroidal ke-
tonesusing red a gae (Cyanidioschyzon merolae 10D
and Cyanidium caldarium) wasinvestigated™. It is
known that this method convertsfrom CO, to O, by
thedirect use of light energy using photosynthetic mi-
crobe. Therefore, algae are an environment friendly
caaydt.

Yazdi et a.[™ reported that hydrocortisone was
converted inthe culture of the cyanobacterium Nostoc
muscorum PTCC 1636 into some androstane and
pregnane derivatives. Morerecently, we reported that
biotransformation of a-bromo and o, o’-dibromo
alkanones were investigated with alga of Spirulina
platensis®l. Biotransformation of a-bromoketonewith
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S platensisgavethe corresponding a-hydroxyketone
in good yields (80-95%). However, no literature re-
port hasbeen found in acetopheonederivativeshiotrans-
formation by Soirulina platens sand Nostoc minutum.
Here, wereport amethod for the asymmetric re-
duction with photosynthetic microorganism (S.
platensis NIES-39 and N.minutum NIES-29)

MATERIALAND METHODS

Analytical and algae

GC-MS: Shimadzu GCM S-QP5050 (EI-MS 70
€V)usngDB1 (0.25mm x 30m, 0.25um) capillary col-
umn GC; GC: GC-17A.*H -NMR: Jeol GSX 400 spec-
trometer. CDCI3 with tetramethylslaneastheinterna
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standared was used. S platensis NIES-39 and N.
minutum NIES-29 were obtained from the National
Ingtitutefor Environmental Studies(NIES-Collection).

Cultivation

S platensswasgrown in SOT medium (pH 10.0)
and N. minutumwasgrownin MDM medium (pH 8)
under continuousillumination provided by fluorescent
lamps (2000 Ix) with air-bubbling at 25°C.

General reaction conditions

Substrate (20 mg) was added to suspended cul-
ture of S platensis (0.8 g/L as dry weight) or N.
minutum (0.7 g/L asdry weight) in medium (100 ml).
Themixturewastreated with ashaker (120rpm) at 25
°Cinthelight (20001x). The end of thereaction, algae
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Figurel: Timecourseof reduction of p-chlor oacetophenoneusing N. minutum. Reaction time: 1, 3, 5and 7 days. Substrate
and product: A 4-chlor oacetophenone, ¢ (S)-1-(4-chlor ophenyl)ethanol, ®(R)-1-(4-chlorophenyl)ethanal, x ee.
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Figure?2: Timecour seof reduction of p-chlor oacetophenoneusing S. platensis. Reactiontime: 1, 3, 5and 7 days. Substrate
and product: A 4-chlor oacetophenone, ¢ (S)-1-(4-chlorophenyl)ethanol, ® (R)-1-(4-chlor ophenyl)ethanal, x ee.
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TABLE 1: Reduction of acetophenonederivativesby Spirulinaplatensisand Nostoc minutum

o) OH
Nostoc minutum H
X, Spirulina platensis X
X X
la-o 2a-0
« S. platensis? N. mintum®
Entry  Substrate Product  —igd (%) ee(%) Config. Yidd (%) €8(%) Config
1 1a o-F 2a 58 >99 S 26 98 s
2 1b mF 2b 51 99 S 6 83 S
3 1c p-F 2c 16 o1 S 6 34 S
4 1d o-Cl 2d 30 93 S 338 95 s
5 1le m-Cl 2e 62 99 S 24 % S
6 1f p-Cl 2f 56 94 S 30 9% S
7 19 0-Br 29 32 >99 S 13 >99 S
8 1h mBr 2h 48 93 S 14 87 S
9 1i p-Br 2i 48 97 S a1 %5 s
10 1j 0-OCHj 2i 32 89 S 6 74 S
11 1k m-OCH, 2k 33 90 S 10 78 S
12 1l p-OCHj 2] 4 89 S 1 89 S
13 1m 0-CHj 2m 2 >99 S 8 >99 S
14 1n M-CHj 2n 15 72 S 1 80 S
15 10 p-CHj 20 6 >99 S 4 %4 S

Reaction conditions: @) Substrate (20 mg), S. platensis (dry weight 0.8g/L) and SOT medium (100 ml) were employed at 25 °C for
7 days (pH 10.0 and 1000L x); b) Substrate (20 mg), N. minutum (dry weight 0.7g/L) and M DM medium (100 ml) were employed at
25°C for 7 days (pH 8.0 and 1000L x)

wasfiltered, and resulting mixturewasextracted with  g), NaCl (1 g), MgSO,-7H,O (0.2 g), CaCl -2H.,0
Et,O. All the productswere determined by *H NMR,  (0.04 g), FeSO, - 7H,0 (0.01 g), Na,EDTA (0.08 g)
GC and GC-M Sanalyses. andASsolution (I ml) indistilled H,O (1L).
A5 solutionwasH,BO, (286 mg), MnSO,-7H,0
(250 mg), ZnSO,-7H,0 (22.2 mg), CuSO,-5H,0 (7.9
SOT medium was prepared by mixing NaHCO, - mg) and Na,M00,-2H,0 (2.1 mg) dissolved in dis-
(16.8 ), K,HPO, (0.59), NaNO, (2.59), K,SO, (1  tilled H,O (100ml).
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MDM mediumwasprepared by mixingkKNO, (1.0
g), MgSO,-7H,0 (0.25 g), K, HPO, (0.25 g), NaCl
(0.19), CaCl -2H,0 (0.01 g), A5 solution (1 ml) and
Fesolution (1 ml) indistilledH,0 (1L). Themedium
was adjusted to pH 8.0.

Fe solution was FeSO,-7H,O (200 mg) and
concH_SO,,(0.026 ml) dissolvedindistilled H,O (100
ml).

RESULTSAND DISCUSSION

Reduction of p-chlor oacetophenone (1f)

Firdt, wescreened two dgaefor their activitieswith
the reduction of 4-chloroacetophenone (1f). Figure 1
and 2 show the time course of reduction of 1f by S
platensis and N. minutum. These algae gave high
enantioselectivity. S platenssafforded (9-1f in 56 %
yield and 94 % eefor 7 days. On the other hand, the
biotransformation using N. minutum afforded 30 %
yield and 95 % eefor 7 days.

Reduction of acetophenonederivatives
Biotransformation using S. platensis and N.
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minutumweretargeted for various acetophenone de-
rivatives. Theresultssummarizedin TABLE 1. Ortho-,
meta- and para-substituted fluoro, chloro, bromo,
methyl and methoxy acetophenones 1a-o werereduced
to the corresponding (S)-alcoholsinall cases. Thed-
cohol productshad the (S)-configuration, whichiscon-
sstent with Prelog’s rule. Reduction of fluoro, chloro,
bromo, methyl, methoxy acetophenonesprovided good
enantiosdl ectivity (72-99 %) using S platensis. Onthe
other hand, biotransformation using N. minutum af-
forded good enantiosel ectivity (74-99 %) except p-
fluoroacetophenone (1c, 34 %). Theseresultsindicate
that the enantioselectivity of S. platensis and N.
minutum are higher than other algae (C. merolae 10D
and C.caldarium). However, reduction of acetophe-
nonederivaiveswasobservedinlow tomoderaeyidds
(1-62 %).

Thereduction of several aromatic ketoneshaving
akyl chainsof different lengthusing S platenssand N.
minutumindicatesin TABLE 2. It wasfound that com-
pound 3awasreduced after 7 daysincubationinhigh
enantiosel ectivities, whilelonger a kanones, 3b-3g,
could not bereduced. Thisresult isapparently dueto

TABLE 2: Reduction of acetophenonederivativesby N. minutum and S. platensis

o] OH
Nostoc minutum -
R X Spirulina platensis R
P
3a-g 4a-g
N. minutum? S. platensis?)
R Product :

Entry Substrate Yield (%) ee(%) Config. Yield (%) ee(%)  Config.
1 3a CH3 da 4 90 S 13 96 S
2 3b CH,CH, 4b - -

3 3c (CH3)2CH 4c - -
4 3d CH3(CH2)3 4d - -
5 3e CH3(CH2)4 4e - -
6 3f CH;(CHy)5 4f - -
7 39 CH3(CH2)s 49 - -

Reaction conditions: a) Substrate (20 mg), N. minutum (dry weight 0.7g/L) and M DM medium (100 ml) wer e employed at 25°C (pH
8.0 and 1000L x); b) Substrate (20 mg), S. platensis (dry weight 0.8g/L) and SOT medium (100 ml) were employed at 25 °C (pH 10.0

and 1000L x)
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theszeof theakyl sdechainsandtheir lower solubility
inthereaction medium.

CONCLUSION

Reduction of acetophenone derivativesusing S
platensisand N. minutumgavethe corresponding (S)-
alcoholswith good enantiosel ectivity (72-99 %) ex-
cept p-fluoroacetophenone (1c, 34 %). Theseresults
indicatethat the enantioselectivity of S platensisand
N. minutum are higher than other algae (C. merolae
10D and C.caldarium). Thea cohol productshad the
(9-configuration, whichisconsstent with Prelog’s rule.
We have established aconvenient and environmentaly
benign enantiosel ectiviereduction syssememploying S
platensis and N. minutum.
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