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Abstract

A series of novel organoseleno acetophenoflasf] have been synthesized. The microbial reduction of the seleno ket®)neas(been
evaluated using whole cells &hizopus oryza€CT 4964 ,Aspergillus terreusCCT 3320,A. terreusCCT 4083 ancEmericella nidulans
CCT 3119. These microorganisms showed Prelog and anti-Prelog stereoselectivity, leading to the arylselenoalcohols in moderate to high
enantiomeric excesses. The organoselenium compounds were compatible with the biocatalytic conditions employed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction In this paper, we combine our longstanding interest in
the chemistry of selenium compoun@$ with our biotrans-

In recent years chiral organoselenium compounds haveformation program, with the aim of synthesizing selenium
been prepared and some of them were applied in asymmetriccontaining chiral building blocks, which could be used to
synthesigl]. This subject constitutes a new trend in this field assembly more complex chiral compounds by means of the
of organoelemental chemistry. In this way, the search for ef- well known selenium organic chemistg].
ficient methods to prepare organoselenium compounds with  |n this way, the present study was aimed at the synthesis
high enantiomeric purities is an important goal in this area of several organoseleno acetophenoasfj and screening
of chemistry. In this context, biocatalysis has attracted much for microorganisms that provide their microbial reduction
attention for being an important method in the preparation of into the corresponding chiral arylselenoalcoh&steme L
optically active compounds with high stereoselectivity under The main purpose of this study is to determine the behavior

environmentally friendly conditionf2,3]. Notwithstanding  of the selenium containing molecules towards biocatalytic
the intense activity in the field of organoselenium chemistry conditions.

along the last three decades, to our knowledge, few synthetic
studies on the application of the biocatalysis to prepare enan-
tiopure selenium compounds were published to dajé 2. Experimental
Recently, we and others have explored new microorganism

strains native from the Brazilian rain forest for several syn- 2-1. General methods
thetic purposes, for instance in the oxidation of sulfifds
hydrolysis of epoxidef6], reduction of fluoroacetophenones
and deracemization of fluorophenylethandlg

The microorganism$Rhizopus oryzae€CCT 4094, As-
pergillus terreusCCT 3320A. terreusCCT 4083 andEmeri-
cella nidulansCCT 3119 were purchased from the culture
- collection of the André Tosello Foundation (Brazi)0].2

* Corresponding author. Tel+55-11-30912287; Lipase B fromCandida antarcticaNovozym 435, was a gift
fax: +55-11-38155579.

E-mail addressleandroh@iq.usp.br (L.H. Andrade). _

1 The attempted preparation of chiral selenoxides by fungal oxidation 2 Address: Rua Latino Coelho 1301—13087-010, CCT Colegéo
of selenides was reported. However, the chiral selenoxides were notde Cultura Tropical, Campinas, SP, Brazil. Fax55-19-3242-7827;
obtained[4b]. atosello@fat.org.br.
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Scheme 1.

from Novozymes A/S, and was employed without any previ- 2.2.2. Synthesis of the methylseleno acetophen@aes)(
ous treatment. All chemical reactions were carried outunder To a solution of the ketaR (0.726g, 3mmol) in dry
dry nitrogen atmosphere. Solvents were purified by standardTHF (30 ml) under nitrogen atmosphere, cooled-{66°C,
procedures. All other reagents are commercially available t-BuLi (6.34 ml of a 0.52 M solution in pentane, 3.3 mmol)
and were used without further purification. Melting points was slowly added. After warming up and stirring for 30 min
were determined on a Biichi B-540 melting point apparatus at 0°C, selenium powder (0.260g, 3.3 mmol) was added.
and are uncorrected. Thin-layer chromatography (TLC) was The reaction mixture was allowed to warm up to room tem-
performed using precoated plates (aluminum foil, silica gel perature and stirred for an additional 3 h, then methyl io-
60 F54 Merck, 0.25mm). Merck 60 silica gel (230-400 dide (0.468 g, 3.3 mmol) was added. After further 15 min,
mesh) was used for flash chromatography. GC analyses wereghe work-up was done with saturated aqueous solution of
performed in a Shimadzu GC-17A instrument with a FID de- NH4Cl (20ml) and the aqueous layer was extracted with
tector, using hydrogen as a carrier gas (100 kPa). Mass specethyl acetate (% 30 ml). The organic phases were combined
tra were recorded on a Shimadzu GC-MS P5050A (70eV) and the solvent was removed in vacuum. The residue was
spectrometer. The fused silica capillary columns used weredissolved in acetone (20 ml) and the hydrolysis of the ketal
either a J&W Scientific DB-5 (30 nx 0.25mm) or a chiral group was carried out with an aqueous solution of 1N hy-
column Chirasil-Dex CB3-cyclodextrin (25 mx 0.25 mm) drochloric acid (15 ml) under reflux for 2 h. The mixture was
for determination of the enantiomeric excesses. Optical extracted with ethyl acetate {350 ml). The organic phases
rotations were determined on a JASCO DIP-378 polarime- were combined and dried over MgeOhe solvent was re-
ter. Infrared spectra were recorded on a Perkin-Elmer moved in vacuum and the residue was purified by silica gel
1750-FT-IR spectrometer. NMR spectra were recorded on column chromatography eluting with a mixture of hexane
Bruker DPX 500 or DPX 300 instrument. FéH (instru- and ethyl acetate (9:1) to afford the desired methylseleno
ment operating at 500.13 or 300 MH&)values are refer-  acetophenone8a—).
enced to MgSi (0 ppm) and for3C (instrument operating 1-(2-Methylseleno-phenyl)-ethanonga) [12]. Yield:
at 125.77 or 75.5 MHz} values are referenced to CRClI  30%. Oil: IR (film) cnm1: 3050, 2995, 1654, 1582, 1553,
(77.0 ppm). Chemical shifts are given in ppm and coupling 1458, 1429, 1360, 1289, 1260, 1025, 959, 762, 599.
constants are given in Hertz. Microanalyses were performedNMR (300 MHz) §: 7.97 (d,J = 7.57Hz, 1H), 7.47 (d,
by Central Andiica, Instituto de Qimica, USP, Brazil. J = 3.9Hz, 1H), 7.31-7.24 (m, 2H), 2.66 (s, 3H), 2.23
(s, 3H).1°C NMR (75MHz)s: 198.8, 139.3, 134.8, 132.7,
2.2. General procedure for the preparation of organoseleno 132.1, 127.7, 124.3, 27.3, 6.54. M&/z (relative intensity)

acetophenones [1-(organylseleno-phenyl)-ethanones 214 M*, 31), 212 (15), 199 (100), 169 (5), 156 (9), 130

(3a1)] (3), 117 (6), 91 (94), 77 (15), 63 (12), 43 (74).
1-(3-Methylseleno-phenyl)-ethanon@b). Yield: 30%.

2.2.1. Synthesis of the ketala{c) Oil: IR (film) cm~1: 3057, 3003, 2928, 1684, 1567, 1470,

The preparation of these ketals from bromo-acetophenoned 416, 1356, 1252, 1070, 961, 907, 787, 686, 3$1lNMR
was carried out according to the usual metfibd]. (500 MHz): 7.99 (dt,J = 1.7 and 0.3 Hz, 1H), 7.76 (ddd,
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J = 77,17 and 1.1Hz, 1H), 7.60 (ddd, = 7.7, 1.7
1.1Hz, 1H), 7.35 (dtJ = 7.7, 0.4Hz, 1H), 2.61 (s, 3H),
2.40 (s, 3H).13C NMR (125MHz)$: 197.6, 137.7, 134.6,
132.8, 129.7, 129.1, 126.1, 26.6, 7.2. M@z (relative
intensity) 214 M, 98), 212 (49), 210 (18), 201 (18), 199
(92), 197 (46), 195 (18), 184 (11), 171 (34), 169 (28), 156
(18), 153 (5), 130 (5), 117 (8), 91 (99), 76 (20), 63 (18), 50
(30), 43 (100).

1-(4-Methylseleno-phenyl)-ethanon@c). Yield: 27%.
mp = 71°C. IR (KBr) cm 1 2996, 2959, 2922, 1669,

49

1-(3-Phenylseleno-phenyl)-ethanoifde). Yield: 55%.
Oil: IR (film) cm~1: 3056, 3003, 2961, 1686, 1570, 1474,
1435, 1413, 1356, 1252, 1066, 997, 765, 739, 689, 590, 451.
'H NMR (500 MHz)é: 8.03 (t,J = 1.7 Hz, 1H), 7.82 (ddd,
J=177,17 and 1.1Hz, 1H), 7.59 (ddd,= 7.7, 1.7 and
1.1Hz, 1H); 751—7.47 (m, 2H), 7.34, (tJ = 7.7 Hz, 1H),
7.32 — 7.27 (m, 3H), 2.54 (s, 3H)13C NMR (125 MHz)
8: 197.4, 137.9, 136.8, 133.5, 132.4, 132.1, 130.0, 129.5,
129.4, 127.8, 126.9, 26.5. M#/z (relative intensity) 276
(M*, 69), 274 (34), 261 (26), 91 (61), 76 (13), 63 (13), 43

1564, 1424, 1394, 1356, 1273, 1184, 1081, 955, 911, 812,(50). (Found: C, 61.36; H, 4.72. Calculated fois81,0Se:

745, 589.'H NMR (300 MHz) &: 7.85 (d, /] = 8.5Hz,
2H), 7.45 (d,J = 8.5Hz, 2H), 2.59 (s, 3H), 2.43 (s, 3H).
13C NMR (75MHz) §: 197.3, 140.8, 134.4, 128.6, 128.5,
26.4, 6.7. MS:m/z (relative intensity) 214N+, 74), 212
(37), 199 (100), 184 (21), 171 (15), 156 (14), 130 (3),
117 (6), 91 (61), 76 (13), 63 (13), 43 (50). (Found: C,
50.75; H, 4.58. Calculated for gEl100Se: C, 50.72; H,
4.73.)

2.2.3. Synthesis of the phenylseleno acetophen@de§) (

To a solution of the ketal2 (0.726g, 3mmol) in
dry THF (9ml) under nitrogen atmosphere, cooled to
—76°C, t-BuLi (6.34ml of a 0.52M solution in pen-
tane, 3.3mmol) was slowly added. After warming up and
stirring for 30min at 0C, a solution of diphenyl dise-
lenide (1.03g, 3.3mmol) in THF (2ml) was added. The
reaction mixture was allowed to warm up to room tem-
perature and then it was stirred for an additional period

(3h). The work-up was done with saturated aqueous solu-

C, 61.10; H, 4.39.)

1-(4-Phenylseleno-phenyl)-ethanon@f) [13]. Yield:
66%. mp= 57°C (lit. [13], 61°C). IR (KBr) cm1: 3055,
2995, 1677, 1580, 1468, 1433, 1392, 1268, 1057, 1004,
955, 819, 747, 691, 599, 473H NMR (500 MHz) &:
7.80 — 7.76 (m, 2H), 759 — 7.56 (m, 2H), 740 — 7.32
(m, 5H), 2.54 (s, 3H).13C NMR (125MHz) §: 197.3,
140.2, 135.1, 135.0, 130.2, 129.6, 128.8, 128.5, 128.4,
26.4. MS: m/z (relative intensity) 276 NI™, 100), 274
(46), 261 (77), 259 (38), 196 (1), 181 (68), 154 (19),
153 (23), 129 (20), 115 (7), 102 (4), 77 (46), 63 (10),
43 (81).

2.3. General procedure for the preparation of the
stereoisomeric mixtures of organoselemonethylbenzyl
alcohols [(R,S)-1-(organylseleno-phenyl)-ethandis—)]

To a solution of organoseleno acetophenoriga—)
(I mmol) in ethanol (5ml) was added NaBH1.1 mmol,

tion of NH4CI (4 ml) and the aqueous layer was extracted 42mg), and the mixture was stirred at room temperature
with ethyl acetate (3< 30ml). The organic phases were for 4h. After work-up with saturated aqueous solution of
combined and the solvent was removed in vacuum. The NH4ClI (4 ml), the aqueous layer was extracted with methy-
residue was dissolved in acetone (20 ml) and the hydrol- lene dichloride (3x 20 ml). The organic phases were com-

ysis of the ketal group was carried out with an aqueous bined and dried over MgSQO The solvent was removed in

solution of 1IN hydrochloric acid (15ml) under reflux vacuum and the residue was purified by silica gel column
for 2h. The mixture was extracted with ethyl acetate chromatography eluting with a mixture of hexane and ethyl

(3 x 50 ml). The organic phases were combined and dried acetate (4:1) to afford compound®,§)-4a—f.

over MgSQ. The solvent was removed in vacuum and
the residue was purified by silica gel column chromatog-
raphy eluting with a mixture of hexane and ethyl acetate

(R)9-1-(2-methylseleno-phenyl)-ethanol(4a). Yield:
92%. Oil: IR (film) cn1: 3380, 3059, 2971, 2926, 1587,
1568, 1464, 1432, 1369, 1290, 1197, 1129, 1088, 1006,

(9:1) to afford the desired phenylseleno acetophenones900, 785, 4581H NMR (300 MHz) §: 7.51 (dd,J = 1.9

(3d-).
1-(2-Phenylseleno-phenyl)-ethanorfgd). Yield: 56%.
mp = 60°C. IR (KBr) cm~1: 3058, 3002, 2964, 1664, 1582,

and 5.5Hz, 1H), 7.39 (dd/ = 1.9 and 5.7Hz, 1H),
7.26 — 7.11 (m, 2H), 5.23 (quart.] = 6.3Hz, 1H), 2.78
(s, 1H), 2.33 (s, 3H), 1.48 (d] = 6.6 Hz, 3H).13C NMR

1556, 1456, 1432, 1358, 1297, 1250, 1137, 1026, 957, 747,(75MHz) §: 145.6, 130.0, 129.9, 127.8, 126.5, 125.2, 68.6,

695, 598, 473'H NMR (500 MHz)5: 7.96— 7.93 (m, 1H),
7.71—7.67 (m, 2H); 747 — 7.37 (m, 3H), 723— 7.17 (m,
2H), 6.99—6.95 (m, 1H), 2.67 (s, 3H!:3C NMR (125 MHz)

23.8, 7.4. MS:m/z (relative intensity) 216 NI+, 40), 214
(19), 210 (21), 199 (14), 183 (32), 157 (19), 117 (4), 105
(100), 91 (34), 77(52), 65 (10), 51 (28), 43 (77). (Found:

8. 198.7, 140.4, 137.3, 133.8, 132.4, 131.5, 129.6, 129.5,C, 50.51; H, 5.56. Calculated forg8120Se: C, 50.24; H,

129.4, 128.9, 124.6, 27.2. M®/z (relative intensity) 276
(M*, 100), 274 (46), 272 (18), 261 (39), 259 (20), 232 (37),
230 (21), 201 (13), 199 (69), 197 (35), 181 (14), 152 (52),
126 (4), 115 (6), 102 (6), 91 (27), 77 (37), 63 (10). (Found:
C, 61.14; H, 4.66. Calculated forigH;,0Se: C, 61.10;
H, 4.39.)

5.62.)

(R,9-1-(3-methylseleno-phenyl)-ethanol(4b). Yield:
95%. QOil. IR (film) cnTt: 3375, 3054, 2972, 2926, 2872,
1590, 1571, 1474, 1420, 1368, 1333, 1273, 1202, 1110,
1072, 1011, 905, 785, 700, 442 NMR (500 MHz) é:
7.46 — 7.42 (m, 1H), 7.31 (dtJ = 7.6 and 1.5Hz, 1H),
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7.26—7.21 (m, 1H), 719—7.16 (m, 1H), 4.85 (quart] = (77), 65 (10), 51 (56), 43 (100). (Found: C, 60.49; H, 5.37.
6.5Hz, 1H), 2.35 (s, 3H) 1.88 (s, 1H), 1.48 (fi= 6.5 Hz, Calculated for G4H140Se: C, 60.66; H, 5.09.)
3H). 13C NMR (75MHz) &: 146.7, 132.1, 129.3, 129.1,
127.3, 123.2, 70.1, 25.1, 7.1. M®/z (relative intensity)
216 M*, 49), 201 (20), 199 (12), 184 (2), 173 (17), 157
(40), 155 (20), 121 (3), 99 (11), 91 (26), 78 (43), 77 (34),
65 (8), 51 (21), 43 (100).
(R,S-1-(4-methylseleno-phenyl)-ethanol(4c).  Yield:
95%. Oil: IR (film) cnm!: 3362, 2971, 2927, 2871, 1721,
1595, 1493, 1419, 1368, 1273, 1113, 1087, 900, 791
581. 1H NMR (500 MHz) &: 7.40 (d,J = 8.3Hz, 2H),
7.26 (d,J = 8.0Hz, 2H), 4.85 (quart.] = 6.3Hz, 1H),
2.34 (s, 3H), 1.47 (dJ = 6.3Hz, 3H), 1.30 (s, 1H)13C
NMR (125 MHz)s: 143.9, 130.5, 130.4, 126.1, 70.0, 25.1,

7.3. MS:m/z (relative intensity) 216NI™, 57), 214 (29), The biotransformation was performed by re-suspending
201 (71), 183 (5), 173 (10), 157 (44), 153 (10), 121 (4), e et cells of the appropriate fungi (4g) in a phosphate

100 (20), 91 (28), 78 (56), 51 (22), 43 (100). (Found:  ser solution (50ml, pH 7.0, 0.1M) in a 125ml Erlen-

C, 50.51; H, 5.86. Calculated foroB120Se: C, 50.24;  aver flask. To these cell suspensions, solutions of the se-
H, 5.62.) leno ketones3a—f) (20 mg) in ethanol (0.5 ml) were added

(OR,S)-_1.-(2—phlenylseI??.o-phenyl)-ethanol(4d). Yield: and the mixtures were incubated in a orbital shaker (170 rpm)
96%. Oil: IR (film) cnm=: 3374, 3059, 2971, 2923, 1576, at 32°C for the times indicated iffable 1 The progress of
1468, 1438, 1368, 1337, 1291, 1196, 1081, 1010, 898, 739'the biotransformation was monitored by GC

691, 476.'H NMR (500 MHz), §: 7.58 (dd,J = 7.7 and
1.5Hz, 1H), 740 — 7.35 (m, 3H), 7.33 (dtJ = 6.9 and
1.3Hz, 1H), 727 — 7.22 (m, 3H), 7.14 (dtJ = 7.6 and
1.5Hz, 1H), 5.33 (quart.] = 6.4Hz, 1H), 1.89 (s, 1H),
1.44 (d,J = 6.4Hz, 3H).13C NMR (125 MHz)s5: 147.08,

2.4. General procedures for cultures and biotransformation

The fungi from slants were cultivated in 100 ml of malt
extract medium (ME; 20g/L) in 250 ml Erlenmeyer flasks
at 32°C on a orbital shaker (170rpm) for 96 h. The fungal
cells were harvested by filtration and used in the bioreduc-

' tion reaction. Sterile material was used to perform the ex-
periments and the microorganisms were manipulated in a
laminar flow cabinet.

2.4.1. Small scale reactions

2.4.2. Preparative-scale reduction reaction

The reactions using 100 mg of ketor8 (ere performed
in 500 ml Erlenmeyer flasks containing whole cells Rf
oryzae(15g) in 200 ml of a phosphate buffer solution (pH
134.85, 132.52, 131.32, 129.42, 129.14, 128.47, 128.25,7_0, 0.1M) at 32C on a orbital shaker (170 rpm). After

127.25Lr 125.94, 69.32, 24.17. M8z (relative intensity) the appropriate conversion tim&ple 3, the mixture was
278 M™, 37), 245 (11), 200 (9), 185 (21), 157 (21), 105 filtered and the biomass was washed with brine (100 ml)

(100), 91 (13), 77 (67), 65 (8), 51 (30), 43 (75). (Found: and ethyl acetate (100ml). The aqueous phase was ex-

C, 60.72; H, 5.07. Calculated fori¢H140Se: C, 60.66; H, 15010 with ethyl acetate (4 100 ml). The organic phases
5.09.) were combined and dried over Mg®OThe solvent was

(OR,S)—_1—(3-ph_eny|se|e?.o—phenyl)-ethanol(4e). Yield: removed in vacuum and the residue was purified by silica
95%. Oil. IR (film) en1: 3354, 3055, 2972, 2925, 2871, gel column chromatography using a mixture of hexane
1573, 1473, 1440, 1416, 1370, 1298, 1200, 1069, 1015’and ethyl acetate (4:1) as eluent to afford compouhds

901, 789, 738, 695, 472H NMR (500 MHz)4: 7.50—7.44 Organoselene-methylbenzyl alcohol= 4b: olil, yield =
(m, 3H), 7.34 (dt,] =72and 1.6 HZ, 1H), 29-7.22 (m, 55%, b]%Z —30.4 (C 105’ CHC&), ee — 94%' Ac: OI|,
5H), 4.84 (quart.il3 = 6.4Hz, 1H), 2.85? (s, 1H), 1.46 (d, yield = 50%, Mzoz _56.8 (c 0.47, CHC), ee. — 96%:
J = 6.4Hz, 3H).~°C NMR (125 MHz)$§: 146.99, 133.06, 4e: oil vield = 27% 122 —21.8 (c 0.27. CHC _
131.87, 131.38, 130.38, 129.88, 129.44, 129.34, 127.40,%¢ Oll. yield = 27%, ]y —21§ (¢ 0.27, CHCY), ee. =
124.39, 70.06, 25.17. MWz (relative intensity) 278NIT, 87%; 4f: oil, yield = 25%, fe]g” —34.1" (¢ 0.41, CHC),
70), 263 (9), 245 (2), 232 (6), 185 (18), 157 (74), 130 (28), && = 71%.
115 (4), 105 (27), 91 (9), 77 (72), 65 (9), 51 (53), 43 (100).
(Found: C, 60.41; H, 5.10. Calculated for4El140Se: C, 2.5. GC analysis for determination of the enantiomeric
60.66; H, 5.09.) excess (e.e.)

(R,S-1-(4-phenylseleno-phenyl)-ethanol(4f).  Yield:
97%. Oil: IR (film) cnm1: 3355, 3064, 2972, 2925, 2874, The reaction progress was monitored every 24 h by col-
1576, 1478, 1439, 1401, 1370, 1296, 1201, 1084, 1069, lecting 2 ml samples. These samples were extracted by stir-
1013, 898, 825, 737, 691, 544H NMR (500 MHz) é: ring with ethyl acetate (0.5 ml) followed by centrifugation
7.47 — 7.43 (m, 4H), 729 — 7.24 (m, 5H), 4.87 (quart.,  (6000rpm, 5min). The organic phase was analyzed by GC
J = 6.4Hz, 1H), 1.57 (s, 1H), 1.48 (d] = 6.4 Hz, 3H). (1wl in a fused silica chiral capillary column. The prod-
13C NMR (125MHz) §: 145.10, 133.21, 132.87, 131.16, ucts of the biocatalyzed reactions were compared with a
129.94, 129.31, 127.31, 126.43, 70.02, 25.15. M3z racemic mixture previously obtained from chemical reduc-
(relative intensity) 278 \It, 71), 263 (61), 232 (7), 185 tion (see Section 2.3). GC conditions: compou#dasc: in-
(27), 157 (79), 130 (15), 121 (5), 105 (13), 91 (8), 77 jector 220°C; detector 220C; 150°C 30 min hold, C/min
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Table 1
Asymmetric bioreduction of seleno keton&a{f) using whole fungal cells
Entry Substrate Whole fungal cells Time (days) ¢ (%) Product4 e.e? (%)
configuratiof
1 3a R. oryzaeCCT 4964 7 n.c. -
2 3b R. oryzaeCCT 4964 2 99 949
3 3c R. oryzaeCCT 4964 2 91 969
4 3d R. oryzaeCCT 4964 7 n.c. -
5 3e R. oryzaeCCT 4964 7 90 879
6 3f R. oryzaeCCT 4964 7 85 719
7 3a A. terreusCCT 4083 7 n.c. -
8 3b A. terreusCCT 4083 2 76 909
9 3c A. terreusCCT 4083 2 86 55R)
10 3d A. terreusCCT 4083 7 n.c. -
11 3e A. terreusCCT 4083 9 21 479
12 3f A. terreusCCT 4083 9 12 459
13 3a A. terreusCCT 3320 7 n.c. -
14 3b A. terreusCCT 3320 2 75 869
15 3c A. terreusCCT 3320 10 75 95R)
16 3d A. terreusCCT 3320 7 n.c. -
17 3e A. terreusCCT 3320 7 41 999
18 3f A. terreusCCT 3320 7 n.c. -
19 3a E. nidulansCCT 3119 7 n.c. -
20 3b E. nidulansCCT 3119 3 9 679
21 3c E. nidulansCCT 3119 5 99 99R)
22 3d E. nidulansCCT 3119 7 n.c. -
23 3e E. nidulansCCT 3119 10 n.c. -
24 3f E. nidulansCCT 3119 7 n.c. -

c: conversion determined by GC; n.c.: no conversion.
a8 Compoundsta—f: determined by GC analysis using a chiral column (Chirasil-Dex@=8/clodextrin 25 mx 0.25 mm).
b SeeSection 2

(until 180°C) retention time fora (enantiomers= 10.8 min (9-3-bromoea-methylbenzyl alcohol(9)-5a]: reaction
and 12.4min)4b (R = 11.0min; § = 11.4min) and4c time = 3h, yield: 56%. e. = 79%. ]3? —19.3 (c 2.0,
(R = 124 min; S = 13.3 min). Compoundgd-f: injector EtOH) (lit. [14] [«]2® —28.6 (c 1.78, EtOH).

220°C; detector 220C; 150°C 2°C/min (until 18C°C) re- (S)-4-bromoe-methylbenzyl alcoho[(S)-5b]: reaction
tention time for4d (enantiomers= 21.2 and 22.9 min)4e time = 1h, yield: 40%. ee. = 98%. [(1]%2 —45.7 (¢ 5.2,
(R = 259 min; S = 26.4min) and4f (R = 324 min; § = CHCl) (lit. [14] [a]Z® —37.9 (c 1.13, CHCH).
33.4min).

2.6.2. Synthesis of (S)-1-(3-methylseleno-phenyl)-ethanol
2.6. Determination of the absolute configurations: (4b) and (S)-1-(4-methylseleno-phenyl)-ethardd) from
general procedure (S)-3- and (S)-4-brome-methylbenzy! alcohols [(Ba

and (S)5b], respectively
2.6.1. Synthesis of (S)-3- and (S)-4- brommethylbenzyl To a solution of the9)-3- or (9-4-bromoe-methylbenzyl
alcohol [(S)ba and (S)5b] alcohol [©-5a or (9-5b] (0.200g, 1 mmol) in dry THF

(R9-3- and R9-4-bromoe-methylbenzyl alcohol  (5ml) under nitrogen atmosphere, cooled486°C, t-BuLi
(5a,b) were obtained by standard reduction of the corre- (6.34ml of a 0.52M solution in pentane, 3.3 mmol) was
sponding commercially available ketones. slowly added. After warming up and stirring for 30 min at

To a solution of the appropriate alcohol (1g; 5mmol) 0°C, selenium powder (0.087 g, 1.1 mmol) was added. The
in tert-butyl methyl ether (15 ml), vinyl acetate (0.25ml) reaction mixture was allowed to warm up to room tem-
and Novozym 435 (Lipase B fror@. antarctica 250 mg) perature and stirred for additional 3 h, then methyl iodide
were added. The resulting mixture was magnetically stirred (0.156 g, 1.1 mmol) was added. After further 15min, the
at room temperature. The reaction progress was monitoredwork-up was done with saturated aqueous solution ofGIH
by GC analysis. The enzyme was removed by filtration (4 ml) and the aqueous layer was extracted with ethyl ac-
and washed with ethyl acetate. The solvent was removedetate (3x 30 ml). The organic phases were combined and
in vacuum and the residue was purified by silica gel col- dried over MgSQ. The solvent was removed in vacuum and
umn chromatography using a mixture of hexane and ethyl a pale yellow oil was obtained, which was used without fur-
acetate (9:1) as eluent to afford compoun®-3- and ther purification as a standard for chiral GC analyses (GC
(9-4-bromoe-methylbenzyl alcohol, respectively. conditions: injector 220C; detector 220C; 150°C 30 min
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hold, 14#C/min until 180°C). tr (min): (§-4b, 11.4 and
(9-4c, 13.3.

2.6.3. Synthesis of (S)-1-(3-phenylseleno-phenyl)-ethanol
(4e) and (S)-1-(4-phenylseleno-phenyl)-ethant) from
(S)-3- and (S)-4- broma-methylbenzyl alcohols [(Sa
and (S)bb], respectively

To a solution of the §-3- or 4- bromoe--methylbenzyl
alcohol [§-5a or (9-5b] (0.200g, 1 mmol) in dry THF
(5 ml) under nitrogen atmosphere, cooledt66°C, t-BulLi
(6.34ml of a 0.52M solution in pentane, 3.3 mmol) was
slowly added. After warming up and stirring for 30 min at
0°C, a solution of diphenyl diselenide (0.343 g, 1.1 mmol)
in THF (2 ml) was added. The reaction mixture was allowed
to warm up to room temperature and stirred for an addi-
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der according to Wirth’'s protocqll5] in the case of com-
pounds3a—c. After the insertion reaction was completed, as
indicated by consumption of the gray selenium powder, with
the formation of a clear yellow solution, the lithium arylse-
lenolate was alkylated with methyl iodide. Finally, hydroly-
sis of the ketal with an aqueous solution of 1N hydrochloric
acid gave the desired methylseleno acetophenaoBe<)(

in 27-30% overall yield. The phenylseleno acetophenones
(3d-f) were similarly prepared3cheme 2 In this case, af-
ter the bromo-lithium exchange step, a solution of diphenyl
diselenide in THF was added to the aryllithium solution. Hy-
drolysis of the ketal group with aqueous solution of 1N hy-
drochloric acid gave the phenylseleno acetophendskg)

in 55-60% overall yield.

tional 3h. The work-up was done with saturated aqueous 3.2. Bioreduction of the organoseleno acetophenones

solution of NH,Cl (4 ml) and the aqueous layer was ex-
tracted with ethyl acetate (8 30 ml). The organic phases
were combined and dried over Mg he solvent was re-
moved in vacuum and a pale yellow oil was obtained, which
was used without further purification as a standard for chi-
ral GC analyses (GC conditions: injector 220 detector
220°C; 150°C and 22C/min until 180°C). tg (min): (S)-4e,
26.4 and §)-4f, 33.4.

3. Results and discussion
3.1. Synthesis of the organoseleno acetophen®@es)(

The organoseleno acetophenone3a—{) were pre-
pared from commercially availablertho-, meta- and
para-bromoacetophenonetsc) as described iScheme 2

Initially, the ketone carbonyl group was protected accord-
ing to the usual methdd 1]. Ketals @a—) in THF were then
treated witht-BuLi followed by addition of selenium pow-

(0]
@

Br

1a,2a = ortho-Br
1b, 2b = meta-Br
1c, 2¢ = para-Br

2a-c

(i)
(vi, v)

PhSe
3d-f

(3a-f)

With the organoseleno acetophenores-{) in hand, we
screened for microorganisms which are able to perform the
bioreduction of the carbonyl grougdble 1. The strains of
microorganisms were selected according to our previous as-
says with fluoroacetophenongg. The microbial reduction
was performed by re-suspending the wet cells of the appro-
priate fungi in a phosphate buffer solution. To these cells
suspension, solutions of the ketongssf in ethanol were
added and the mixtures were incubated in rotary shaker at
32°C. The progress of the reaction was monitored by GC
analysis. The results are summarizedable 1

As can be observed, two of the six seleno ketones
(3), namely ortho-methylseleno acetophenon&a) and
orthophenylseleno acetophenorgsl), were unreactive to-
wards the four fungi investigated under the bioreduction
conditions employed. The reaction was stopped after 7 days
and no conversion was observed. It is worth mentioning
that these fungi under identical conditions performed the

/)

o

(iii)
(iii, iv, v)
CH;Se
3a-c

Scheme 2. Reagents and conditions: gHg, p-TsOH, ethylene glycol, reflux, 4 h; (ityBuLi, THF, —76°C, 30 min; (iii) selenium powder-76°C — r.t.
3h; (iv) Mel, r.t. 15min; (v) acetone/aq. 1N HCI, reflux, 2 h; (vi) PhSeSePh, THFG°C — r.t. 2h.
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o OH
R. oryzae CCT 4964
2 days, 99% conv., 94% e.e. -
SeMe SeMe
3b (S)-4b

OH

R. oryzae CCT 4964

o >
2 days, 91% conv., 99% e.e.
MeSe
i S-de o
MeS i
3¢

E. nidulans CCT 3119

5 days, 99% conv., 99% e.e. o
MeSe

(R)-4¢

Scheme 3.

reduction of ortho-fluoroacetophenongz]. This different cesses through the bioreduction of the corresponding
behavior of theortho-organoseleno acetophenones could methylseleno-acetophenones. In the case gbdnaisomer,

be attributed to steric constraint due to intramolecular non- both enantiomers can be obtained with high e.e. by
bonded Se--Y (Y = carbonyl oxygen) interactions pro- using different fungi. This method to prepare chiral
ducing a pseudo-high-valent selenium spe¢ies, which organoselene-methylbenzyl alcohol complements the
could lead to a rigid array hindering the formation of the ortho-metalation method developed to prepare chiral sele-
enzyme-substrate complex. This assumption is supportednium compound$18].

by the reduction of thenetamethylseleno acetophenone

(3b) by the four fungi employed (entries 2, 8, 14 and 20, 3.3. Determination of the absolute configurations

Table 1), R. oryzaeCCT 4964 being the most effective, lead-

ing to themetamethylselenax-methylbenzyl alcohol4b) The absolute configurations were attributed by chiral
in good conversion (99%) and enantiomeric excess (94%) GC correlation with standard§)t4b—(S)-4f prepared from
Similar reactivity was presented bparaimethylseleno  (9-3- to (S-4-bromoe-methylbenzyl alcohoba and 5b,
acetophenone 3¢) towards the fungi tested (entries respectively (see details iBection 2. (S-5a and §)-5b

3, 9, 15 and 21,Table ) which was reduced to the were obtained by enzymatic kinetic resolution of the ap-
para-methylselenax-methylbenzyl alcohol 4c) with propriate mixture ofmeta or para-bromo«-methylbenzyl
good conversion rates and enantiomeric excebse alcohol [R,9-5a or (R,9-5b] mediated by Novozym 435
paraphenylseleno acetophenor@f)(gave low conversion  (CAL-B) in tert-butyl methyl ether as the solvent and vinyl
rates and e.e. with all fungi tested, except wRhoryzae acetate as the acetyl don@oheme %

CCT 4964 which transforme8f into 4f in 85% conversion (9-5aand §)-5b were separated fronRj-6a to (R)-6b by

and 71% e.e. When the reduction of the seleno ketonessilica gel column chromatography. Witl$)¢(5a and ©)-5b

(3) were carried out with cells dR. oryzaeCCT 4964 the in hands, compoundsf-4b—(9-4f were prepared by treat-
alcohols obtained showed the same absolute configurationment of the aromatic bromides withBuLi (three equiva-
independently from the organoseleno substituent on thelents) at—78°C and then with selenium powder at room
phenyl ring. In all these cases, the enantioselectivity is in temperature followed by alkylation with methyl iodide to
accordance with Prelog’s ru[&7]. Interestingly, the reduc-

tion of 3c using cells ofA. terreusCCT 4083,A. terreus

CCT 3320 ancE. nidulansCCT 3119 (entries 9, 15 and OH OH OAc
21, respectively,Table 1) showed the anti-Prelog stereos- ) .
electivity. Scheme 3summarizes the best results obtained - * @A
in this study Gcheme R Work is in progress to scale-up BY BY BY

the reactions according to the described methods which are  (z,s)-sa =mea-Bromoz (S)-5a:ce.=79% (R)-5a:ee.=99%
used for this purposp]. (R,S8)-5b = para-Bromo (S)-5b:ee.=98% (R)-5b:ee.=99%

As can be observed in this schemegta and para- Scheme 4. Reagents and condition®R$-5a or (R,S-5b (5mmol),

methwse'en@'methylbenzyl §|00h0|54b and. 4c are tert-butyl methyl ether (15ml), CAL-B (250 mg), vinyl acetate (0.25 ml).
obtained with good conversion and enantiomeric ex- Reaction time: 3 and 1h, respectively.
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OH OH (c) T. Wirth, Angew. Chem. Int. Ed. 39 (2000) 3740.
[2] (@) K. Faber, Biotransformations in Organic Chemistry, 4th ed.,
[1] @, ii, iii) Springer-Verlag, Berlin, 2000;
~—nd > (b) A. Liese, K. Seelbach, C. Wandrey, Industrial Biotransformations,

121 G, ii) Wiley/VCH, Verlag GmbH, New York, Weinheim, 2000;
Br RSe (c) S.M. Roberts, Biocatalysts for Fine Chemical Synthesis, Wiley,
(8)-5a =meta-Bromo (S)-4b; (S)-4c; (S)-de; (S)-4f New York, 1999;
(8)-5b =para-Bromo (d) J. Halgas, Biocatalysts in Organic Synthesis, Studies in Organic

Chemistry, vol. 46, Elsevier, Amsterdam, 1992;
(e) K. Nakamura, R. Yamanaka, T. Matsuda, T. Harada, Tetrahedron:
Asymmetry 14 (2003) 2659.

Scheme 5. Reagents and conditiofs: (i) (§-5a or (9-5b (1 mmol),
t-BuLi (3mmol), Np, THF, —76°C, (ii) 0°C, 30min, then selenium

powder, r.t. 3h, (i) Mel, r.t. 15min{2] (i) (9-5a or (9-5b (1 mmol), [3] (a) B.G. Davis, V. Boyer, Natl. Prod. Rep. 18 (2001) 618;

t-BuLi (3mmol), N;, THF, —76°C, (ii) PhSeSePh, THF-76°C — r.t. (b) J.D. Rozzell, Bioorg. Med. Chem. 7 (1999) 2253;

3h. (c) M.G. Wubbolts, B. Schulze, Curr. Opin. Biotech. 10 (1999) 609;
(d) A. Zaks, Curr. Opin. Chem. Biol. 5 (2001) 130;

obtain compoundgb and4c, or with diphenyl diselenide to (e) A. Margolin, Enzyme Microb. Technol. 15 (1993) 266;

obtain compoundée and4f (Scheme ’3 (f) R.N. Patel, Enzyme Microb. Technol. 31 (2002) 804.

[4] (a) P. Ferraboschi, P. Grisenti, E. Santaniello, Synletters (1990) 545;
(b) H.I. Holland, I.M. Carter, Bioorg. Chem. 12 (1983) 1;
. (c) J.A. Latham, B.P. Branchaud, Y.C.J. Chen, C. Walsh, J. Chem.
4. Conclusion Soc., Chem. Commun. 7 (1986) 528;
(d) B.P. Branchaud, C.T. Walsh, J. Am. Chem. Soc. 107 (1985) 2153.
In conclusion, we have successfully synthesized several [5] A.L.M. Porto, F. Cassiola, S.LP. Dias, L. Joekes, Y. Gushikem,
organoseleno acetophenones and a number of these ketones J.A.R. Rodrigues, P.J.S. Moran, G.P. Manfio, A.J. Marsailoi, J. Mol.

. .. Catal B: Enzym. 1-8 (2002) 810.
was reduced with whole fungal cells originated from the [6] J.R. Cagnon, A.L.M. Porto, G.P. Manfio, S.Y. Eguchi, A.J. Marsaioli,

Brazilian rain forest, affording the corresponding chiral Chemosphere 38 (1999) 2237.
arylselenoalcohols. The organoselenium compounds were [7] J.V. Comasseto, A.T. Omori, L.H. Andrade, A.L.M. Porto, Tetrahe-
compatible with the biocatalytic conditions employed. To dron: Asymmetry 14 (2003) 711.

- - . ; [8] (a) J.V. Comasseto, J. Organomet. Chem. (1983) 131,
the best of our knowledge, this is the first biotransformation (b) J.V. Comasseto, L.W. Ling, N. Petragnani, H.A. Stefani, Synthesis

of selenium ketones for synthetic purposes. Further studies (1997) 373;

with new fungal strains and the synthetic application of the (c) L.H. Andrade, A.L. Braga, E.F. Alves, C.C. Silveira, Tetrahedron

chiral arylselenoalcohols are in progress in our research  Lett. 41 (2000) 161;

group. (d) L.H. Andrade, M.l. Marchi, A.L. Braga, C.C. Silveira, Synth.
Commun. 30 (2000) 407;
(e) L.H. Andrade, A.L. Braga, G. Zeni, C.C. Silveira, H.A. Stefani,
Synthesis 1 (1998) 39;
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