Chemo-enzymatic preparation of hydroxymethyl ketones
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A series of hydroxymethyl ketones 4a—g were obtained from the corresponding halogenomethyl ketones 2a-g via
their transformation into acetoxymethyl ketones 3a—g by 18-crown-6 catalysed substitution with NaOAc followed
by Novozyme 435™ catalysed ethanolysis. This convenient chemo-enzymatic route provides a mild, heavy-metal-free

alternative to the direct a-hydroxylations of methyl ketones 1a—g.

Introduction

The two main reasons for which organic chemists use enzymatic
methods are selectivity and mild reaction conditions. We have
previously investigated the stereoselective reductions with
baker’s yeast of l-aryloxypropan-2-ones' and 3-O-protected
dihydroxyacetone derivatives. In order to explore the scope of
these mild and effective stereoselective bioreductions, we set out
to develop a mild, efficient and generally applicable method for
the preparation of similar hydroxymethyl ketones and their
acetates.

The known examples for enantiotope selective reduction
of hydroxymethyl ketones®*?® or acetoxymethyl ketones®*”®
with baker’s yeast showed that ketones with a relatively small
and hydrophilic hydroxymethyl group were all attacked from
the same face, although as a result of the sequence rules, the
products may have different configuration labels. On the other
hand, acetoxymethyl ketones were reduced with the opposite

preference.
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This inversion in the sense of enantiomeric preference was
demonstrated by baker’s yeast reductions of phenacyl alcohols
and their acetates®'!' or of 3-O-protected dihydroxyacetone
derivatives.> A similar reduction of hydroxymethyl ketones and
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their acetates by Geotrichum sp., however, proceeded without
inversion of the sense of the enantiotope selectivity.'

Several systems were developed for the direct oxidation of
enolizable ketones. For example, oxidations with several
reagents based on iodosylbenzene derivatives were reported
such as iodosylbenzene, NaOH in MeOH;" PhI(OAc),~
CF,CO,H in MeCN-H,0;"* polymer supported PhI(OAc),~
CF;CO,H system." PhI(OCOCF;), was also applied for direct
oxidation of aromatic,'® aliphatic'” or heteroaromatic'” methyl
ketones.

Another approach is the base mediated conversion of the
ketone into an enolate followed by oxidation. This way,
hydroxylation of a methyl ketone was performed with LDA in
THF and subsequent treatment with dimethyldioxirane.'®
Methods based on oxidation of silylated enols have also been
reported. The LDA-TMSCI or KH-TMSCI silylation of
enolizable precursors followed by NMO-—cat. OsO, oxidation "’
or the LDA-TMSCI treatment and subsequent oxidation with
MCPBA? resulted in the formation of the corresponding
hydroxy derivatives.

Oxidations with 4-nitrobenzenesulfonic acid-TI(OAc); in
refluxing MeCN followed by treatment with DMSO-H,0?! or
with Mn(OAc), in refluxing benzene > were also reported.

Although these direct oxidations of the enolizable methyl
ketones are well established methods, they suffer often from
several drawbacks (i.e. expensive, toxic reagents, over-oxidized
by-products and low yield).

In this paper we report a convenient, three-step chemo-
enzymatic sequence (Table 1, Scheme 1) for indirect conversion
of methyl ketones la-g into hydroxymethyl ketones 4a-g
via acetates 3a—g obtained by 18-crown-6 catalyzed substitution
of the corresponding halogenomethyl ketones 2a-g with
NaOAc, followed, as the final step, by a mild and efficient
lipase-catalyzed ethanolysis.

To evaluate the scope and limitations of our method, two
aromatic, three heteroaromatic and two aliphatic methyl
ketones were chosen as test compounds (Scheme 1).

Halogenation, especially bromination at the a-position of
the methyl ketones — the first step of this sequence — is a well
established process. For this purpose, Br, in various solvents
such as AcOH? or Et,0,* tetrabutylammonium tribromide in
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Table 1 Preparation of hydroxymethyl ketones 4a—g

1-4 Halogen in 2a-g 3a-g Yield (%) 4a-g Yield (%)
a Br 93 92

b Br 95 95

c Br 92 91

d Br 88 93

e Br 91 89

f Cl 92 60

g Br 89 75

“ Calculated yield. Based on the '"H-NMR spectrum of the reaction
mixture in MeOH-d,.

0 R 0
© a=Ph
)J\ a— )J\/OH
R b= p-Br-CeH, R
1a-g c= benzofuran-2-yl 4a-g

d= 5-bromobenzofuran-2-yl
e= 5-nitrobenzofuran-2-yl

f= Me Novozyme 435
g= Bu( EtOH
(0] (o}
NaOAc
)k/ Hig JK/OAC
R cat. 18-c-6 R
2a-g (Hig: Br,Cl) THF 3a-g

Scheme 1 Preparation of hydroxymethyl ketones 4a-g.

CH,Cl,-MeOH,* polymer-supported pyridinium bromide
perbromide in toluene,?® 5,5-dibromobarbituric acid in Et,0%
or 2-pyrrolidinone hydrotribromide in 2-pyrrolidinone® have
been successfully applied. By using CuBr,, side chain bromin-
ation can be performed even in the presence of an electron rich
aromatic ring.” Halogenomethyl ketones 2a,b.f,g are com-
mercially available, 2¢* and 2d*' are also known compounds.
Because the halogenation is a well established process and
only the 2-bromo-1-(5-nitrobenzofuran-2-yl)ethanone (2e) was
newly synthesized, we did not refine this step.

Substitution of the halogen by an acetoxy group — the second
step — has also been reported many times. Substitution of brom-
ine has been carried out with AcOH in the presence of a base
such as Na,CO; in refluxing EtOH-H,0,* Et;N* or KHCO,*
in acetone; or with AcOH and KF in DMF.*® Salts of acetic
acid such as NaOAc in AcOH,3 KOAc—KI in acetone—AcOH ¥’
can also be applied. Interestingly, only one example of phase
transfer catalysis by 18-crown-6 for acceleration of the AcOH—
0.1 M KOH reaction in acetonitrile was found.*® Although
some of these methods — such as the fluoride promoted sub-
stitution of bromomethyl ketones with AcOH in DMF ** — gave
excellent yields, we have developed another efficient method in
a lower temperature boiling solvent. Thus, halides 2a-g were
transformed into acetates 3a—g in good yields by solid-liquid
phase-transfer catalysis with NaOAc—18-crown-6 in dry THF.

Although the last step — transformation of the acetates 3a-g
into hydroxymethyl ketones 4a-g — seems to be easy, this
reaction is not trivial because the simple a-keto alcohols are
known to be unstable due to the formation of enols, hemi-
acetals, cyclic dimers or to other isomerization—disproportion
processes. Accordingly, only a single example describing the
liberation of the hydroxymethyl ketone from its acetate by
solvolysis in refluxing MeOH?* has been found. It is worth
mentioning that all of our efforts failed for efficient chemical
deacetylation of 1-acetoxy-3-aryloxypropan-2-ones." To over-
come this problem, an enzymatic method was developed for
mild and effective conversion of the acetates 3a-g into
the parent alcohols 4a—g. Screening of a dozen commercially
available lipases using 2-acetoxy-1-phenylethanone (3a) as a
substrate in ethanol revealed that Novozyme 435™ is par-
ticularly convenient in the last step. Deacetylation of further

substrates 3a—g (Scheme 1, Table 1) confirmed the general
applicability of this enzyme for the liberation of alcohols 4a-g
by mild alcoholysis in EtOH or MeOH.

In conclusion, a novel, generally applicable three-step
conversion of methyl ketones 1a—g into hydroxymethyl ketones
4a-g has been elaborated. The key step in this sequence is a
clean and mild lipase catalyzed alcoholysis of the acetoxy-
methyl ketone intermediates 3a—g.

Experimental

NMR spectra were recorded on a Bruker DRX-500 spec-
trometer (500 MHz for 'H and 125 MHz for 1*C; CDCl,;; TMS).
IR spectra were taken on a Specord 2000 spectrometer.

Halogenomethyl ketones, 2a—g

The halogenomethyl ketones 2a,b.f,g were products of Fluka.
The bromomethyl ketones 2¢*® and 2d*! were prepared accord-
ing to the published procedures.

2-Bromo-1-(5-nitrobenzofuran-2-yl)ethanone, 2e

Br, (19.4 mmol, 3.11 g, 1 ml) dissolved in CH,Cl, (10 ml) was
added dropwise to a solution of 1-(5-nitrobenzofuran-
2-yl)ethanone (le, 19.4 mmol) in CH,Cl, (30 ml) at room
temperature over 30 min. After the reaction was complete
(about 20 min, checked by TLC), the mixture was washed with
10% NaHCO; solution (2 X 25 ml) and brine (25 ml). The
organic layer was dried over anhydrous MgSO, and concen-
trated in vacuo. The residue was recrystallized from ethanol
yielding 2e (73%) as white crystals (Found: C, 42.18; H, 2.18;
Br, 28.18; N, 4.88. Calc. for C,(H,BrNO,: C, 42.28; H, 2.13; Br,
28.13; N, 4.93%); mp 126-127 °C (from EtOH); v, (KBr)/cm ™
1688, 1624, 1552, 1520, 1344, 1144, 1012, 820, 752, 680; oy 4.46
(2H,s), 7.73 (1H, d), 7.92 (1H, s), 8.43 (1H, dd), 8.70 (1H, d); ¢
29.97, 113.45, 114.90, 120.35, 124.18, 127.33, 145.23, 152.82,
158.16, 182.10.

Acetoxymethyl ketones, 3a—g

To the corresponding halogenomethyl ketone (2a—g, 5 mmol)
dissolved in anhydrous THF (10 ml), NaOAc (10 mmol, 0.85 g)
and 18-crown-6 (0.19 mmol, 50 mg) were added and the
mixture was stirred under reflux for 2 h. After cooling, the
reaction mixture was filtered and the solvent was distilled off
from the filtrate in vacuo. The crude product was extracted from
the residue with CH,Cl,~acetone (1 : 1,,, 50 ml), the organic
extract dried and evaporated under reduced pressure. The
residue was purified by column chromatography on silica using
CH,Cl,~acetone 10 : 1,,, as eluent to give 3a—e as white crystals
or 3f,g as colorless oils in the yields shown in Table 1.

All data of the known compounds [3a (mp, IR, 'H NMR and
13C NMR);* 3b mp,*' IR* and 'H NMR;"! 3¢ mp;* 3f (IR, 'H
NMR and ®C NMR);* 3g (IR, '"H NMR and *C NMR)*]
agreed with the published results.

Additional spectral data for known compounds: 3b: 6 20.93,
66.23, 129.54, 129.65, 132.63, 133.32, 170.75, 191.73; 3c:
Vmax(KBr)/em ™! 1748, 1704, 1560, 1384, 1272, 1228, 1180, 1160,
1136, 1112, 1080, 1008, 832, 752; dy4 2.24 (3H, s), 5.31 (2H, s),
7.33 (1H, t), 7.50 (1H, m), 7.58 (2H, s), 7.71 (1H, d); o 20.50,
65.79, 112.44, 113.35, 123.47, 124.19, 126.66, 128.70, 150.37,
155.60, 170.29, 183.72.

Data for new compounds: 3d (Found: C, 48.62; H, 3.08; Br,
25.71. Calc. for C;,H,BrO,: C, 48.51; H, 3.05; Br, 26.89%); mp
81 °C; vpax(KBr)/em ™" 1744, 1696, 1584, 1224, 1072, 1000, 968,
816; oy 2.23 (3H, s), 5.28 (2H, s), 7.62-7.64 (2H, d), 7.76-7.79
(2H, d); ¢ 20.69, 66.00, 129.30, 129.42, 132.41, 133.11, 140.02,
144.54, 145.10, 151.29, 170.53, 191.51. 3e (Found: C, 54.22; H,
3.38; N, 5.38. Calc. for C,,HoNOq: C, 54.76; H, 3.45; N, 5.32%);
mp 108 °C; v, (KBr)/em™' 1744, 1700, 1520, 1352, 1244, 1072,
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1008; 0, 2.25 (3H, ), 5.32 (2H, s), 7.70 (1H, m), 7.72 (1H, s),
8.41 (1H, dd), 8.69 (1H, d); dc 20.61, 65.98, 83.64, 113.36,
113.58, 120.32, 120.62, 124.05, 127.16, 145.23, 153.03, 157.98,
170.41, 183.62.

Hydroxymethyl ketones, 4a—g

(a) Into a solution of 2-acetoxymethyl ketones (3a-e,g,
5 mmol) in ethanol (5 ml), Novozyme 435™ (50 mg) was added.
The reaction mixture was shaken (250 rpm) at room temper-
ature (1.5 h for 3a-d, and 32 h for 3g). The enzyme was filtered
off from the reaction mixture and washed with acetone (2 X
5 ml). The combined filtrates were evaporated, and the residue
was purified by column chromatography (silica gel, CH,Cl,—
acetone 9 : 1,,) giving 4a—e as white solids or 4g as a colorless
oil in the yields shown in Table 1. (b) Into a solution of
l-acetoxypropan-2-one (3f, 1 mmol) in MeOH-d, (1 ml),
Novozyme 435™ (10 mg) was added. The reaction mixture was
shaken (250 rpm) at room temperature for 24 h. After removing
the enzyme by filtration, the residue was analyzed by NMR as
such.

All data of the known hydroxymethyl ketones [4a (mp, IR,
'H NMR and “C NMR);* 4b mp,” (IR and 'H NMR);*
4c (mp and '"H NMR);* 4f ("H NMR and *C NMR);* 4g (IR,
'"H NMR and *C NMR) '] agreed with the published results.

Additional spectral data for known compounds: 4b: 6 65.83,
129.53,129.94, 132.52, 132.76, 197.93; dc: v, (KBr)/cm ™! 3424,
1676, 1552, 1288, 1172, 1104, 1008; oc 65.79, 112.44, 113.35,
123.47, 124.19, 126.66, 128.70, 150.37, 155.60, 183.72.

Data for new compounds: 4d (Found: C, 47.12; H, 2.67; Br,
31.44. Calc. for C,,H,BrO;: C, 47.09; H, 2.77; Br, 31.33%); mp
156 °C; vpa(KBr)lem™ 3432, 1680, 1544, 1440, 1292, 1168,
1112, 1008; o (DMSO-d¢) 4.71 (2H, d), 5.43 (1H, t, OH), 7.64
(1H, dd), 7.69 (1H, d), 7.84 (1H, s), 8.04 (1H, d); 6 (DMSO-d,)
65.33, 113.00, 114.36, 116.24, 125.98, 128.86, 131.00, 151.22,
153.52, 190.18. 4e: (Found: C, 54.25; H, 3.18; N, 6.36. Calc. for
C,o)H,NOs: C, 54.31; H, 3.19; N, 6.33%); mp 160 °C; v, (KBr)/
cm™' 3424, 3104, 1680, 1624, 1528, 1440, 1344, 1264, 1176,
1072, 1008, 832; oy (MeOH-d,) 4.74 (2H, s), 7.97 (1H, d), 8.07
(1H, s), 8.38 (1H, d), 8.81 (1H; s); 6 (MeOH-d,) 65.41, 113.36,
114.27, 120.41, 123.44, 127.23, 144.34, 152.64, 157.22, 190.12.
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