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Abstract

Biotransformation of a-bromo and a,a’-dibromo alkanones were investigated with alga of Spirulina platensis. Biotransformation of a-bromo
ketone with S. platensis gave the corresponding a-hydroxyketone in good yields (80-95%). It was found that «,a’-dibromo ketone biotransforms
into a-diketone and then converts a-hydroxy ketone. However, in the case of diosphenol, it seems that alkyl group at the a-position of carbonyl
group prevents reduction into a-hydroxy ketone. We compared to five algae (Cyanidioschyzon merolae, Cyanidium caldarium, Synechoccus
elongatus PCC 7942, Synechosystis sp. PCC 6803 and S. platensis) for the biotransformation of 2-bromo cyclohaxanone (2). Among the algae,
S. platensis gave the corresponding 2-hydroxycyclohexanone (2a) in best result (89% yield) for short reaction time (24 h). This reaction affords a

new, eco-friendly and convenient method for a-hydroxyketones.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

In the synthesis of various natural products and pharmaco-
logically active compounds, a-hydroxycarbonyl compounds are
potential valuable synthethic intermediates for preparation of a
range of compounds of biological products, such as substituted
2-amino-1-aryletanols [1].

a-Hydroxyketones are usually prepared by one of the fol-
lowing methods: a-hydroxylation by treatment of their enolate
forms with a molybdenum peroxide reagent in THF-hexane
at —70°C [2], transformation of the enamine derivatives of
ketones to a-hydroxy derivatives by molecular oxygen [3], and
a-hydroxylation of silyl enol ethers with m-chloroperbenzoic
acid [4], or with certain other oxidizing agents [5].

It is known that there has been considerable interest in
the development of direct methods for the synthesis of o-
hydroxyketones using nontoxic hypervalent iodine reagents,
which involve the following methods: reaction of ketone with
iodobenzene diacetate in the presence of potassium hydrox-
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ide in methanol and then hydrolysis of the dimethylacetals
[6]; oxidation of enol silyl ether of acetophenone using
the system iodosobenzene/boron trifluoride etherate/water in
methylene chloride at —40 °C [7] and reaction of ketones with
[bis(trifluoroacetoxy)] iodobenzene and trifluoroacetic acid in
acetonitrile-water under acidic conditions [8].

We have been investigating the organic synthesis from the
viewpoint of green chemistry. In our previous paper, we found
that a novel reaction of a-halo ketone (a-bromo and a-chloro
ketone) with irradiation under microwave gives the correspond-
ing a-hydroxyketone and pyrazine derivative in good yields
[9]. And in the case of a,a’-dibromo ketone, a-diketone was
obtained. These methods are sometimes said to result from
the viewpoint of “green chemistry” as synthesis. However, we
tried much more synthetic method as compared with microwave
method. We have been reported that biotransformation of a syn-
thetic substance into a more useful substance by plant cultured-
cells is an important reaction in synthetic chemistry [10-13].
Plant cultured-cells have the ability of regio- and stereoselective
hydroxylation, oxidation, reduction, hydrogenation, glycosyla-
tion and hydrolysis for various organic compounds [14].

Furthermore, many biocatalytic enantio- and regioselective
reduction of a-diketone have reported as methods using baker’s
yeast [15-17] and some fungi [18,19].
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More recently, we reported that the reduction of acetophe-
none derivatives, (+)- and (—)-camphorquinones and steroidal
ketones using red algae (Cyanidioshyzon merolae 10D and
Cyanidium caldarium) [20]. Moreover, (+)-camphorquinone
was reduced to high stereoselectivity by cyanobacteria (Syne-
chococcus elogatus PCC 7942 and Synechosystis sp. PCC 6803)
to provide (—)-3S-exo-hydroxycamphor (94%) [21].

There is only very little information on the biotransforma-
tion of a-bromo and a,a’- dibromo ketones. Here, we report
on convenient and simple procedure for the preparation of o-
hydroxyketones from a-bromo and «,a’-dibromo alkanone with
Spirulina platensis under mild conditions.

2. Experimental
2.1. Analytical and substrates

GC-MS: Shimadzu GCMS-QP5050 (EI-MS 70eV) using
DB1 (0.25mm x 30m, 0.25 um) capillary column GC; GC:
GC-17A. "H NMR: Jeol GSX 400 spectrometer. CDCl3 with
tetramethylsilane as the internal standared was used. The IR
spectra were measured on Jasco FT-IR 230. S. platensis NIES-
39 was obtained from the National Institute for Environmental
Studies (NIES-Collection).

2.2. Cultivation

S. platensis was grown in SOT medium (pH 10.0) under con-
tinuous illumination provided by fluorescent lamps (2000 Ix)
with air-bubbling at 25 °C.

2.3. General reaction conditions

Substrates (100 mg) were added to suspended culture of S.
platensis (adjusted pH 7.0, 1 g/L as dry weight) in SOT medium
(100 ml). The mixture was treated with a shaker (120 rpm) at
25 °C in the light (2000 1x). The end of the reaction, S. platensis
was filtered from algae, and the resulting mixture was extracted
with EtOAc-Et;O (1:1). All the products were determined by
IR, 'H NMR and GC-MS analyses.

2.4. Synthesis of a-bromo alkanone [22]

Alkanone (1 mmol), dioxane-dibromide [23] (1.1 mmol) and
silica gel (60 mesh, 3 g) were taken in round flask (100 ml). The
round flask was introduced in the domestic microwave oven
National NE-S330F (170 W) for 2 min. After irradiation, the
contents were cooled to room temperature and extracted ethyl
acetate (50 ml). The resulting residue was applied to a silica gel
column and eluted with n-hexane-Et;O (1:1).

2.5. Synthesis of a,o - dibromo alkanone [24]

In 30 ml of anhydrous ether, alkanone (61 mmol) was bromi-
nated at —10 °C by adding bromine (122 mmol) dropwise under
stirring. The reaction mixture was washed with saturated aque-
ous NaCl, then twice with saturated aqueous NaHCOs3, and

finally with saturated aqueous NaCl. The organic layer was dried
over NapSQy and ether was evaporated to give a,a’- dibromo
alkanone.

2.6. Preparation of microbial culture

SOT medium was prepared by mixing NaHCO3 (16.8 g),
K;HPO4 (0.5g), NaNO3 (2.5g), KxSO4 (1g), NaCl (1g),
MgSO4-7TH,0 (0.2g), CaCly-2H>O (0.04g), FeSO4-7H>0
(0.01 g), Na,EDTA (0.08 g) and A5 solution (1 ml) in distilled
H,O (1L).

A5 solution was H3BOsz (286mg), MnSO4-7H,O
(250 mg), ZnSO4-7H0O (22.2mg), CuSO4-5H,0 (7.9 mg)
and NapMoO4-2H,0 (2.1 mg) dissolved in distilled H,O
(100 m1).

2.6.1. Compound 2a: 2-hydroxycyclohexanone [25a]

Colorless oil; IR (NaCl)=3473 cm~! (O—H) and 1714 cm™!
(C=0); '"HNMR (CDCl3) 8 (ppm)=4.15 (ddd, 1H, J=1.6, 4.6,
8.8 Hz), 3.66 (brs, 1H), 2.30-2.50 (m, 2H) and 1.50-2.15 (m,
6H); 3C NMR (CDCl3) § (ppm)=211.4,75.3,39.5, 36.7, 27.5
and 23.4; MS (ED) m/z 114 (M*), 96 ((IM—H,01"), 85, 70, 57
and 44.

2.6.2. Compound 3a: 2-hydroxycycloheptanone [25b]

Pale-yellow oil; IR (NaCl)=3469 ecm™!' (O-H) and
1699 cm™! (C=0); "H NMR (CDCl3) § (ppm)=4.29 (dt, 1H,
J=6.2,2.1Hz), 3.86 (brd, 1H), 2.72 (dddd, 1H, J=0.9,2.2,4.8,
7.1Hz), 2.47 (ddd, 1H, J=3.8, 11.3, 18.2Hz), 2.01-2.09 (m,
1H), 1.74-1.93 (m, 3H), 1.54-1.73 (m, 3H) and 1.29-1.40 (m,
1H); 3C NMR (CDCl3) 8§ (ppm) =213.2, 77.2, 40.0, 33.6, 29.4,
26.5 and 23.2; MS (EI) m/z 128 (M™*), 110 ((M—H,0]%), 99, 81,
57 and 44.

2.6.3. Compound 4a: 2-hydroxycyclooctanone [25b]
Pale-yellow oil; IR (NaCl)=3475 cm~! (O-H) and
1701 cm~! (C=0); '"H NMR (CDCl3) & (ppm)=4.19 (dd, 1H,
J=1.9, 43Hz), 3.79 (brs, 1H), 2.71 (dt, 1H, J=2.6, 8.5 Hz),
2.30-2.45 (m, 2H), 1.91-2.08 (m, 2H), 1.62-1.87 (m, 4H)
1.32-1.45 (m, 2H) and 0.85-0.97 (m, 1H); '*C NMR (CDCl5)
8 (ppm)=217.6,76.1,37.4,29.2,28.3,25.7,24.8 and 22.1; MS
(ED) m/z 142 (M™), 124 ((M—H,01%), 113, 98, 81, 57 and 41.

2.6.4. Compound 5a: 2-hydroxyacetophenone [25c]

Pale-yellow needles; mp 85-86°C; IR (KBr)=3428 cm™!
(O—H) and 1687 cm~! (C=0); 'H NMR (CDCl3) § (ppm) = 7.92
(d, 2H, J=7.6Hz), 7.61 (t, 1H, J=7.4Hz),7.49 (t, 2H,
J=17.7Hz), 4.88 (s, 2H) and 3.54 (brs, 1H); 13C NMR (CDCl3)
8 (ppm)=198.4, 134.2, 133.3, 128.9, 127.6 and 65.4; MS (EI)
m/z 136 (M*), 105, 77 and 51.

2.6.5. Compound 6a: 4'-methyl-2-hydroxyacetophenone
[25d]

Pale-yellow needles; mp 82-83 °C; IR (KBr)=3428 cm™!
(O—H)and 1681 cm~! (C=0); 'H NMR (CDCl3) § (ppm) = 7.82
(m, 2H), 7.27 (m, 2H), 4.85 (s, 2H) and 3.59 (brs, 1H), 2.48 (s,
3H); 13C NMR (CDCl3) § (ppm)=197.9, 145.3, 130.8, 129.6,
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127.7, 65.2 and 21.8; MS (EI) m/z 150 (M™), 119, 105, 91, 77,
65 and 51.

2.6.6. Compound 7a: 4'-fluoro-2-hydroxyacetophenone
[25¢]

Pale-yellow needles; mp 109-110 °C, IR (KBr) =3429 cm™!
(O—H) and 1684 cm™~! (C=0); "H NMR (CDCl3) § (ppm) = 7.96
(dd, 2H, J=5.5, 8.8 Hz), 7.19 (t, 2H, J=8.8 Hz), 4.86 (s, 2H)
and 3.60 (brs, 1H); 13C NMR (CDCl3) § (ppm) = 196.8, 167.6,
129.8, 116.4 and 65.3; MS (EI) m/z 154 (M*), 123, 95, 75 and
50.

2.6.7. Compound 8a: 4'-chloro-2-hydroxyacetophenone
[25d]

Pale-yellow needles; mp 115116 °C, IR (KBr) =3423 cm ™!
(O—H)and 1681 cm™~! (C=0); '"H NMR (CDCl3) § (ppm) = 7.85
(d,2H,J=8.4Hz),7.48 (d,2H, J=8.4 Hz), 4.85 (s, 2H) and 3.42
(brs, 1H); '3C NMR (CDCl3) § (ppm)=197.2, 140.8, 131.6,
129.4, 129.0 and 65.3; MS (EI) m/z 172 (M*), 170, 141, 139,
113, 111, 75 and 50.

2.6.8. Compound 9a: 4'-bromo-2-hydroxyacetophenone
[25d]

Pale-yellow needles; mp 133-134 °C, IR (KBr)=3411cm™!
(O—H)and 1681 cm™! (C=0); '"H NMR (CDCl3) § (ppm) =7.78
(d,2H,J=8.8Hz),7.65 (d, 2H, J=8.8 Hz), 4.85 (s,2H) and 3.48
(brs, 1H); '3C NMR (CDCl3) 8§ (ppm)=197.5, 132.4, 132.0,
129.6, 129.1 and 65.4; MS (EI) m/z 216 (M*), 214, 185, 183,
157, 155, 135, 104, 75 and 50.

2.6.9. Compound 10a: 3-hydroxy-4-heptanone [25a]
Colorless oil; IR (NaCl)=3473cm™! (O—H) and 1710 cm™!
(C=0); 'H NMR (CDCl3) § (ppm)=4.16 (dd, 1H, J=5.6,
8.1Hz), 2.45 (t, 2H, J=7.60 Hz), 2.05 (brs, 1H), 1.86-1.96 (m,
2H), 1.56-1.72 (m, 2H) and 0.94 (t, 6H, J=7.20 Hz); 13C NMR
(CDCl3) 8 (ppm)=212.3, 60.4, 39.7, 26.7, 17.0, 13.6 and 8.80;
MS (ED) m/z 216 (M*), 214, 185, 183, 157, 155, 135, 104, 75
and 50; MS (EI) m/z 130 (M*), 113, 101, 88, 71, 59 and 43.

3. Results and discussion
3.1. Biotransformation of a-bromo alkanone

Simple cyclic, aromatic and aliphatic a-bromo ketones were
targeted for biotransformation using S. platensis in SOT medium
(adjusted pH 7.0). The biotransformation of a-bromo cycloalka-
nones (1-4) by S. platensis gave a-hydroxycycloalkanones
(1a—4a) with in 88-95 yields. These results are summarized
in Table 1, and are shown in Fig. 1.

The versatility of S. platensis hydroxylation system is fur-
ther exemplified by a-bromo aromatic ketone as substrates.
2-Bromo acetophenone (5) gave 2-hydroxyacetophenone with in
55% yield. However, 2-bromo-4’-methylacetophenone (6) gave
2-hydroxy-4’-methylacetophenone (6a) with in 35% yield. Fur-
thermore, biotransformation of 2-bromo-4’-chloroacetophenone
(8) and 2-bromo-4'-bromoacetophenone (9) gave the cor-
responding a-hydroxy compounds in 11 and 6% yield,

Table 1
Biotransformation of a-bromo cycloalkanones by Spirulina platensis
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10: R;, R,=Me OH

11: R, Ry=Et
Run Substrate Day Product Yield (%)*
1 1 1 la 92
2 2 1 2a 89
3 3 1 3a 95
4 4 5 4a 88
5 5 3 Sa 55
6 6 3 6a 35
7 7 3 7a 80
8 8 3 8a 11
9 9 3 9a 6
10 10 1 10a 91
11 11 3 11a 60

Reaction conditions: substrate (100 mg), algae (dry weight 1 g/L) and medium
(100 ml) were employed.
? Yields were determined by GLC.

respectively. Biotransformation of simple aliphatic ketones, 3-
bromo-4-heptanone (10) and 4-bromo-5-nonanone (11) with S.
platensis gave the corresponding a-hydroxy compound in 91%
and 60% yield, respectively. On the basis of these results, it
was found that the biotransformation of 1-11 occurs biocatalytic
hydrolysis of a-bromo ketones, which gave a-hydroxy ketone
from the viewpoint of “green chemistry”.

100
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i Y —
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< 60
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Fig. 1. Biotransformation of 2-bromo cycloheptanone by Spirulina platensis:
(A), 2-bromo cycloheptanone; (l), 2-hydroxycycloheptanone.
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The cultivation of photosynthetic microorganisms can be an
advantage process for the production of high biological value
protein for human and animal [26]. S. platensis is blue-green
photoautotrophic and unicellular microalga inhabiting in alka-
line (pH 10). This alga has been used as human food in Mexico
and Africa. Approximately 70% of S. platensis biomass is con-
stituted of proteins and all the amino acids. The amino acids
are contained in S. platensis recommended by FAO (Food and
Agriculture Organization), except for methionine [27,28]. This
microorganism is considered as important material from the
medical [29,30]. Furthermore, S. platensis contains a high per-
centage of vitamins, especially By, and several pigments like
carotenoids, xantophylls, phycobiliproteins and chlorophyll a
[31].

3.2. Biotransformation of a,o-dibromo cycloalkanones

There is only very little information on the reaction of
a,a’-dibromo ketones using biocatalyst. Recently, we have
reported that a novel reaction of a,a’-dibromo ketone with
irradiation under microwave gives the corresponding diketone
in good yields [9]. So, we tried biotransformation of a,o’-
dibromo cycloalkanones by S. platensis. These results are shown
in Table 2. 2,6-Dibromo cyclohexanone (2’) and 2,7-dibromo
cyclohepanone (3') gave the corresponding a-diketone and a-
hydroxy compounds. In order to investigate the time course of
the reactions, 2,7-dibromo cycloheptanone (3') using S. platen-
sis was examined. In the case of a,a’-dibromo cycloheptanone
(3), substrate disappeared after 120 h incubation (Fig. 2). 2,7-
Dibromo cycloheptanone (3') by S. platensis was transformed to
a-diketone 3b after 24 h incubation. After 5 days, it was found
that 3’ and 3b were converted into 2-hydroxycycloheptanone

Table 2
Biotransformation of a,a’-dibromo cycloalkanones by Spirulina platemis
(@)
Br Br Spn ulina platensis
n 2" n=1
3@ n=2
2'-3 2a-3a 2b-3b
Spirulina platensis OH 0 o
+ +
0 (0] O
OH
12 12a 12b 12¢
Run Substrate Day Yield (%)*
1 2 3 2a (92) 2b (3)
2 3 5 3a (42) 3b (1)
3 12 3 12a (4) 12b (58) 12¢ (15)

Reaction conditions: substrate (100 mg), algae (dry weight 1 g/L) and medium
(100 ml) were employed.
 Yields were determined by GLC.
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Fig. 2. Biotransformation of 2,7-dibromo cycloheptanone by Spirulina platen-
sis: (@), 2,/7-dibromo cycloheptanone; (M), 1,2-cycloheptanedione; (A),
2-hydroxycycloheptanone.

(3a). From these results, it was found that only hydroxy ketones
were ultimately obtained not diols.

It was found that the biotransformation of a-bromo and
a,a’-dibromo cycloalkanone using S. platensis can be obtained
a-hydroxy ketone efficiently. Example, 1,2-cyclohexanedione
as intermediates was converted the corresponding a-hydroxy
compound (Fig. 3).

Moreover, 2,6-dibromo menthone (12) was transformed
to diosphenol (12b) and 6-hydroxy-3-methyl-6-isopropylcy-
clohexane-1,2-dione (12¢) after 3 days incubation. The biotrans-
formation of diosphenol (12b) with S. platensis resulted in the
recovery of the starting material.

On the basis of these results, it was found that first o,
dibromo ketone biotransforms into a-diketone and then converts
a-hydroxy ketone. However, in the case of diosphenol, it seems
that alkyl group at the a-position of carbonyl group prevents
reduction into a-hydroxy ketone.

3.3. Comparison with other algae

In order to discuss biotransformation of a-bromo ketone (2)
for algae, we tried to carry out the following experiment for
five algae. C. merolae and C. caldarium have a simple cellular
structure, with each cell having one plastid and one nucleus plus
other organelles, such as Golgi bodies, endoplasmic reticulum
and microbodies. These red algae (C. merolae and C. caldar-
ium) are extremely characteristic algae inhabiting sulfate-rich
hot springs (pH 2.5). On the other hand, cyanobacteria (Syne-
choccus elongatus PCC 7942 and Synechosystis sp. PCC 6803)
are microbe categories. In other words, they are plant-like pho-
tosynthetic bacteria. It is known that aryl methyl ketones are
reduced to the corresponding S-alcohols by S. elongatus PCC
7942 with high enatioselectivity [32].
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Fig. 3. Biotransformation of 1,2-cyclohexanedione by Spirulina platensis: (&),
1,2-cyclohexanedione; (M), 2-hydroxycyclohexanone.
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Table 3
Biotransformation of 2-bromo cyclohexanone by various algae

0]

Br algae OH
—_— n

2 2a 2¢
Run Algae Product®
1 Cyanidioschyzon merolae 2a (19) 2¢ (22)
2 Cyanidium caldarium 2a (21) 2¢ (20)
3 Synechococcus elongatus PCC 7942 2a (48) 2¢ (25)
4 Synechosystis sp. PCC 6803 2a (52) 2¢ (25)
5 Spirulina platensis® 2a (89) 2¢ (8)

Reaction conditions: substrate (100 mg), algae and medium (100 ml) were
employed for 3 days.

? Yields were determined by GLC.

b Reaction time: 24 h.

Biotransformation of 2-bromo cyclohexanone (2) using var-
ious algae gave corresponding a-hydroxy compound. These
results are summarized in Table 3. S. elongatus PCC 7942 and
S. sp. PCC 6803 afforded 2a in moderate yield (48% and 52%).
However, C. merolae and C. caldarium afforded 2a in low yield.
These red algae proceed to cyclohexanone (2¢) for by-product
material. On the other hand, S. platensis gave the best result
(89% yield) for short reaction time (24 h).

Among the microbes, S. platensis gave the best result (89%
yield). This result indicated that S. platensis is efficient biocat-
alyst for synthesis of a-hydroxy ketones from a-bromo ketons.

4. Conclusion

This is the first time that the bioreaction of a-bromo and
a,a’-dibromo ketone using S. platensis has been successfully
accomplished. Although enatioselective a-hydroxy ketone can
not be obtained, it was found that the hydroxyl biotransformation
of a-bromo and «,a’-dibromo ketone using S. platensis affords
a new synthetic method, which is more convenient, cleaner, and
low energy than the chemical method used heretofore. Biotrans-
formation for a-hydroxy ketone from a-bromo ketone is no
doubt attributable to the special properties of S. platensis system.
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