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An efficient and green method for the a-hydroxylation of substituded ketones has been developed. This method includes

the in situ conversion of various ketones into the corresponding silyl enol ethers and their oxidation to the corresponding

DOI: 10.1039/x0xx00000x

a-hydroxy ketones. Two protocols have been established leading either to protected a-hydroxy carbonyls or free a-
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Introduction

The a-hydroxy ketone subunit is an important motif found in a
diverse range of biologically relevant molecules and constitutes a
valuable synthetic target. It is also a flexible intermediate in the
synthesis of many pharmaceuticals,l’2 as well as for the synthesis of
depsipeptides and natural products of biological importance.3 The
construction of the C-O bond is crucial not only because its
biological functions, but also because this architecture is useful for
directing further stereoselective elaboration. The classical method
for the preparation of a-hydroxy carbonyl compounds involves
substitution of a-amino or a-halo carbonyls with hydroxides. In
literature, the synthesis of o-hydroxy ketones can also be
performed by the reduction of diketones” or via enolisation of a-
methylene carbonyl compounds and reaction with an electrophilic
oxygen source like organic peracids,5 singlet oxygen,6 osmium
tetroxide,” and ozonolysis.8 Among several synthetic protocols, the
Rubbotom oxidation, which involves the epoxidation of silyl enol
ethers to generate silyl-protected a-hydroxy ketones, has been one

5a,9

of the most widely used methods.”™” a-Hydroxy ketones can also

prepared by the oxidation of epoxides and aziridines.™ Direct
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hydroxy ketones. Both procedures are easy to follow and lead to good to high yields for a variety of ketones.

methods for the preparation of a-hydroxy ketones involve iodine

12a 12b

reagents11 and metal-based procedures utilizing Pd,”™ Sn™"" and

12c,d
Ru.™

Finally, a number of a-hydroxylation procedures of carbonyl
compounds have been developed in organocatalysis.13

In recent years, our interest lies on developing novel
organocatalytic methodologies that can lead to useful organic
intermediates. Along these lines, we have developed an
organocatalytic a-amination of branched aldehydes.14 More
recently, we turned our attention on the organocatalytic activation
of hydrogen peroxide. Since hydrogen peroxide by itself is a poor
oxidant for organic oxidations, it has to be coupled with a catalyst
or a reagent to create a reactive intermediate that will carry out the
oxidation. A couple of years ago, we have introduced 2,2,2-
trifluoroacetophenone, among a number of activated ketones, as
an efficient organocatalyst for the oxidation of silanes to silanols,**®
tertiary amines and azines to N-Oxides™™ and alkenes to
epoxides.15C Also, the same protocol was extended in the oxidation
of N-allyl tertiary amines, followed by a Meisenheimer
rearrangement leading to O-allyl hydroxyl amines.”® In general, this
oxidation protocol is environmentally friendly, as the only
byproduct is water.

Herein, our design plan involves the successful employment of
this organocatalytic oxidative protocol on enol ethers to afford a-
hydroxy ketones. Our final target would be the synthesis of the silyl
enol ethers from the corresponding ketone and the in situ oxidation

of the enolate to the corresponding a-hydroxy ketones.
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Results and discussion

Our initial concern whether the TBDMS-enol ether of acetophenone
could be oxidized under our previously-developed oxidative
reaction conditions were readily answered by preparing the silyl
enol ether and subjecting it in the oxidative reaction conditions,
leading to a quantitative conversion of TBDMS-protected alcohol
3a. We then turned our attention in developing an in situ protocol.
Indeed, it is possible to perform both the silyl enol ether formation
and the Rubottom-type oxidation in a single operation leading to
70% yield of protected alcohol 3a (Scheme 1). Filtration through a
Florisil plug and evaporation of THF before the oxidation was
proven to be necessary in order to maintain the yield of the
reaction. Among a variety of protecting groups that were tested
(TES, TMS, TIPS etc), TBDMS led to the best isolated yields of
products. Finally, the optimum reaction conditions were studied
and identified. A variety of substituted ketones were then tested,
leading to a number of TBDMS-protected a-hydroxy ketones

(Scheme 1). Alkyl-substituted aryl methyl ketones were used
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Scheme 1 Organocatalytic synthesis of TBDMS-protected a-hydroxy ketones
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successfully leading to good to high yields 1@3}5 [ﬁ%@%é@

substituents were also well tolerated either at para- or ortho-
position, leaving room for further synthetic manipulations on the
aromatic ring (3e-h). Substrates bearing free hydroxyl groups on the
aromatic ring can also be employed leading to a double protection
(3i). Electron rich aromatic rings and heterocyclic aromatic methyl
ketones led also to good to high yields (3j-m). Substrates with larger
stereochemical hindrance led to slightly lower yields, but even
tertiary alcohol are possible to be formed by this method (3n, 30).
In these cases, the corresponding products were obtained after
silica treatment, as the corresponding epoxides were more stable.
In an attempt to further extend this protocol, our focus turned
on one-pot deprotection of the silyl-group (Scheme 2). This was
found to be possible just by addition of p-toluenesulfonic acid in the
reaction mixture for 1 h. Starting from acetophenone, the a-

hydroxy ketone 4a was isolated in 76% yield. Alkyl-substituted
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Scheme 2 Organocatalytic synthesis of a-hydroxy ketones
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aromatic methyl ketones were also employed succefully (4b-d).
Halogen-containing aromatics led to slightly lower yields, while
ortho-substituted aromatics were well tolerated (4e-h). It has to be
noted that selective deprotection of the alcohol in the presence of
the phenol was also possible (4i). In this case, electron rich aromatic
methyl ketones afforded the highest yields (4j, 4k), while ketones
bearing heterocyclic aromatic moieties led also to the desired
product in good yield (4l, 4m). Substrates with further substitution
on the alkyl side chain led again to slightly worse yields (4n, 40).
Again, it has to be highlighted that tertiary alcohols were

successfully generated with this protocol.

Conclusions

In conclusion, a highly versatile and green protocol was developed
for the conversion of ketones into protected a-hydroxy ketones
using H,0; as the oxidant. This method was further extended in the
synthesis of free a-hydroxy ketones. This method provides an
effective entry for the installation of a-hydroxy moieties into
ketones, a non-trivial task as appeared in literature. A variety of
substituted aromatic ketones, heteroaromatic ketones were
employed successfully leading to high to excellent yields in both
cases. When the alkyl chain was changed from methyl to higher
members of alkyl substituents, the protocol led to lower yields, but
it was still successful. Thus, these protocols can be extended in the

synthesis of both secondary and tertiary a-hydroxy ketones.

Experimental

General methods

Chromatographic purification of products was accomplished using
forced-flow chromatography on Merck Kieselgel 60 F254 230-400
mesh. Thin-layer chromatography (TLC) was performed on
aluminum backed silica plates (0.2 mm, 60 F254). Visualization of
the developed chromatogram was performed by fluorescence
quenching using phosphomolybdic acid, anisaldehyde or potassium
permanganate stains. Melting points were determined on a Buchi
530 hot stage apparatus and are uncorrected. Mass spectra (ESI)
were recorded on a Finningan Surveyor MSQ LC-MS spectrometer.
HRMS spectra were recorded on Bruker Maxis Impact QTOF
spectrometer. 1H, B¢ and °F NMR spectra were recorded on Varian
Mercury (200 MHz, 50 MHz and 188 MHz respectively), and are

internally referenced to residual solvent signals. Data for 'H NMR

This journal is © The Royal Society of Chemistry 20xx
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are reported as follows: chemical shiftD(géﬁ 189&)\;‘%’“5%@5%%%%

multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m =
multiplet, b s = broad signal, b s m = broad signal multiplet),
coupling constant and assignment. Data for B¢ and °F NMR are
reported in terms of chemical shift (6 ppm). Mass spectra and
conversions of the reactions were recorded on a Shimadzu GCMS-
QP2010 Plus Gas Chromatograph Mass Spectrometer utilizing a
MEGA column (MEGA-5, F.T: 0.25um, I.D.: 0.25mm, L: 30m, Tmax:
350 °C, Column ID 11475).

Representative procedure for 3a-3b, 3e, 3g-3i

Substituted acetophenone (1.00 mmol) and tert-
butylchlorodimethylsilane (196 mg, 1.30 mmol) were placed in an
oven-dried round bottom flask sealed with a septum, under Ar
atmosphere, and dissolved in dry THF (4.0 mL). The solution was
cooled down to -78 °C and NaH (60% in oil, 160 mg, 4.00 mmol) was
added. The reaction mixture was stirred for 2 hours at room
temperature, filtered using florisil and the solvent removed under
vacuum. ‘BuOH (0.5 mL), 2,2,2-trifluoro-1-phenylethanone (17.4
mg, 0.10 mmol), aqueous buffer solution (0.5 mL, 0.6M K,CO; -
4x10°M EDTA tetrasodium salt), acetonitrile (0.15 mL, 3.00 mmol)
and 30% aqueous H,0, (0.36 mL, 3.00 mmol) were added
consecutively. After the addition, stirring was continued for another
1 hour at room temperature. The crude product was purified using

flash column chromatography (Pet. Ether) to afford the desired

product.
Representative procedure for 3c-3d, 3f, 3j-30

Substituted ketone (1.00 mmol) and tert-butylchlorodimethylsilane
(196 mg, 1.30 mmol) were placed in an oven-dried round bottom
flask sealed with a septum, under Ar atmosphere, and dissolved in
dry THF (4.0 mL). The solution was cooled down to -78 °C and NaH
(60% in oil, 160 mg, 4.00 mmol) was added. The reaction mixture
was stirred for 30 minutes at room temperature, heated under
reflux for 2 hours at 85 °C, filtered using florisil and the solvent
removed under vacuum. ‘BuOH (0.5 mL), 2,2,2-trifluoro-1-
phenylethanone (17.4 mg, 0.10 mmol), aqueous buffer solution (0.5
mL, 0.6M K,COs - 4x10”°M EDTA tetrasodium salt), acetonitrile (0.15
mL, 3.00 mmol) and 30% aqueous H,0, (0.36 mL, 3.00 mmol) were
added consecutively. After the addition, stirring was continued for

another 1 hour at room temperature. The crude product was

J. Name., 2013, 00, 1-3 | 3
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purified using flash column chromatography (Pet. Ether) to afford

the desired product.

2-((tert-Butyldimethylsilyl)oxy)-1-phenylethanone (3a).16 Colorless
oil. 70% yield; *H NMR (CDCl5) &: 7.90 (2H, dt, J = 6.9 and 1.8 Hz,
ArH), 7.58-7.35 (3H, m, ArH), 4.91 (2H, s, OCH,), 0.92 (9H, s, 3 x
CHs), 0.11 (6H, s, 2 x CH3); >C NMR (CDCl5) &: 197.2, 134.7, 133.2,
128.5,127.7, 67.3, 25.7, 18.4, -5.4; MS (ESI) 251 (M+H", 67%).

2-((tert-Butyldimethylsilyl)oxy)-1-(p-tolyl)ethanone (3b). White
solid. Mp 39-41 °C; 74% vield; 'H NMR (CDCl5) &: 7.81 (2H, d, J = 8.1
Hz, ArH), 7.22 (2H, d, J = 8.1 Hz, ArH), 4.86 (2H, s, OCH,), 2.37 (3H, s,
CHs), 0.92 (9H, s, 3 x CH3), 0.11 (6H, s, 2 x CH3); **C NMR (CDCl5) 6t
196.9, 144.0, 132.2, 129.2, 127.9, 67.3, 25.7, 21.6, 18.4, -5.4; HRMS
calcd for C;5H,4Na0,Si [M+Na]® 287.1438; found: 287.1443.

1-([1,1'-Biphenyl]-4-yl)-2-((tert-butyldimethylsilyl)oxy)ethanone
(3¢). White solid. Mp 89-91 °C; 64% yield; "H NMR (CDCl;) &: 8.01
(2H, d, J = 8.3 Hz, ArH), 7.75-7.56 (4H, m, ArH), 7.51-7.37 (3H, m,
ArH), 4.96 (2H, s, OCH,), 0.95 (9H, s, 3 x CH3), 0.15 (6H, s, 2 x CH3);
3C NMR (CDCl3) &: 197.0, 145.9, 139.8, 133.5, 128.9, 128.4, 128.2,
127.2, 127.2, 67.5, 25.8, 18.5, -5.3; HRMS calcd for C,oH,6NaO,Si
[M+Na]" 349.1594; found: 349.1603.

2-((tert-Butyldimethylsilyl)oxy)-1-(naphthalen-2-yl)ethanone
(3d)." Colorless oil. 73% yield; "H NMR (CDCl3) &: 8.47 (1H, s, ArH),
8.12-7.79 (4H, m, ArH), 7.70-7.47 (2H, m, ArH), 5.05 (2H, s, OCH,),
0.96 (9H, s, 3 x CH3), 0.16 (6H, s, 2 x CHs); *C NMR (CDCl,) 6: 197.4,
135.6, 132.3, 132.0, 129.5, 129.4, 128.4, 127.7, 126.8, 123.6, 67.6,
25.8, 18.5, -5.3 ; MS (ESI) 301 (M+H", 82%).

2-((tert-Butyldimethylsilyl)oxy)-1-(4-fluorophenyl)ethanone (3e).17
White solid. Mp 37-39 °C; 66% yield; "H NMR (CDCl;) &: 8.09-7.91
(2H, m, ArH), 7.19-7.05 (2H, m, ArH), 4.86 (2H, s, OCH,), 0.92 (9H, s,
3 x CH;), 0.11 (6H, s, 2 x CH3); *C NMR (CDCl3) 6: 196.2, 166.2 (d, Jer
= 255.2 Hz), 132.8 (d, Jor = 9.6 Hz), 130.6 (d, Jor = 3.9 Hz), 115.7 (d,
Jer = 22.1 Hz), 67.4, 25.6, 18.4, -5.4; "°F NMR (CDCl;) &: -24.7; MS
(ESI) 269 (M+H", 75%).

2-((tert-Butyldimethylsilyl)oxy)-1-(4-

(trifluoromethyl)phenyl)ethanone (3f).17 Yellow solid. Mp 40-42 °C;
44% vyield; 4 NMR (CDCls) 6: 8.04 (2H, d, J = 8.4 Hz, ArH), 7.72 (2H,

4| J. Name., 2012, 00, 1-3

d, J = 8.4 Hz, ArH), 4.90 (2H, 5, OCH,), 0.92 (9H, io%%g'%%% j%g@épg
s, 2 x CHs); *C NMR (CDCl5) &: 196.8, 137.5, 134.5 (q, J = 32.8 Haz),

128.4, 125.6 (q, J = 3.6 Hz), 123.5 (g, J = 272.7 Hz), 67.7, 25.7, 18.4, -
5.4; "*F NMR (CDCl) &: 16.2; MS (ESI) 319 (M+H", 61%).

1-(4-Bromophenyl)-2-((tert-butyldimethylsilyl)oxy)ethanone
(3g)."® White viscous oil. 62% yield; "H NMR (CDCl;) &: 7.81 (2H, d, J
= 8.4 Hz, ArH), 7.59 (2H, d, J = 8.4 Hz, ArH), 4.85 (2H, s, OCH,), 0.91
(9H, s, 3 x CH3), 0.11 (6H, s, 2 x CHs); >C NMR (CDCls) 6: 196.7,
133.5, 131.9, 129.6, 128.1, 67.3, 25.7, 18.4, -5.4; MS (ESI) 330
(M+H", 55%).

1-(2-Bromophenyl)-2-((tert-butyldimethylsilyl)oxy)ethanone (3h).
Yellow oil. 62% yield; 'H NMR (CDCl;) &: 7.60-7.51 (1H, m, ArH),
7.44-7.35 (1H, m, ArH), 7.33-7.28 (2H, m, ArH), 4.69 (2H, s, OCH,),
0.85 (9H, s, 3 x CH3), 0.09 (6H, s, 2 x CHs); >C NMR (CDCl5) 6: 202.4,
139.3, 133.2, 131.5, 128.5, 127.1, 118.7, 68.8, 25.6, 18.2, -5.5;
HRMS caled for CyjuH,;BrNaO,Si [M+Na]® 351.0386; found:
351.0390.

2-((tert-Butyldimethylsilyl)oxy)-1-(2-((tert-
butyldimethylsilyl)oxy)phenyl)ethanone (3i). Yellow oil. 51% vyield;
2.6 equiv. TBDMSCI were added; "H NMR (CDCl3) 6: 7.81-7.66 (1H,
m, ArH), 7.41-7.29 (1H, m, ArH), 7.07-6.80 (2H, m, ArH), 4.84 (2H, s,
OCH,), 1.00 (9H, s, 3 x CH3), 0.92 (9H, s, 3 x CH3), 0.31 (6H, s, 2 x
CH,) 0.11 (6H, s, 2 x CHs); *C NMR (CDCl) &: 199.9, 154.9, 133.1,
130.5, 128.3, 121.2, 119.6, 70.7, 29.7, 25.8, 22.7, 18.6, -3.8, -5.3;
HRMS calcd for C,oH3Na03Si [M+Na]* 403.2095; found: 403.2101.

2-((tert-Butyldimethylsilyl)oxy)-1-(4-methoxyphenyl)ethanone
(3i).*° Colorless oil. 89% yield; "H NMR (CDCl;) &: 7.90 (2H, d, J = 9.0
Hz, ArH), 6.90 (2H, d, J = 9.0 Hz, ArH), 4.85 (2H, s, OCH,), 3.83 (3H, s,
OCH;), 0.91 (9H, s, 3 x CH), 0.10 (6H, s, 2 x CH3); **C NMR (CDCl3) &:
195.9, 163.4, 130.1, 127.7, 113.6, 67.2, 55.3, 25.7, 18.4, -5.4; MS
(ESI) 281 (M+H", 72%).

2-((tert-Butyldimethylsilyl)oxy)-1-(2,4-dimethoxyphenyl)ethanone
(3k). Yellow viscous oil. 52% yield; 'H NMR (CDCl3) 6: 7.93 (1H, d, J =
8.7 Hz, ArH), 6.54 (1H, dd, J = 8.7 and 1.9 Hz, ArH), 6.43 (1H, d, J =
1.9 Hz, ArH), 4.81 (2H, s, OCH,), 3.87 (3H, s, OCHs), 3.84 (3H, s,
OCH,), 0.93 (9H, s, 3 x CH3), 0.11 (6H, s, 2 x CH3); **C NMR (CDCl3) &:

This journal is © The Royal Society of Chemistry 20xx
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197.0, 164.6, 160.9, 132.8, 118.4, 105.4, 98.0, 71.0, 55.5, 55.4, 25.9,
18.6, -5.3; HRMS calcd for CigH,6Na0,Si [M+Na]® 333.1494; found:
333.1499.

2-((tert-Butyldimethylsilyl)oxy)-1-(furan-2-yl)ethanone (3I).19
Colorless oil. 46% yield; '"H NMR (CDCl5) 6: 7.61-7.54 (1H, m, ArH),
7.36-7.29 (1H, m, ArH), 6.54-6.51 (1H, m, ArH), 4.73 (2H, s, OCH,),
0.91 (9H, s, 3 x CH3), 0.10 (6H, s, 2 x CHs); *C NMR (CDCl5) &: 187.0,
150.8, 146.3, 118.0, 112.1, 67.1, 25.8, 18.5, -5.4; MS (ESI) 241
(M+H", 77%).

2-((tert-butyldimethylsilyl)oxy)-1-(thiophen-2-yl)ethanone  (3m).
Yellow oil. 63% yield; *H NMR (CDCl5) &: 7.90-7.85 (1H, m, ArH),
7.65-7.62 (1H, m, ArH), 7.14-7.09 (1H, m, ArH), 4.72 (2H, s, OCH,),
0.93 (9H, s, 3 x CH3), 0.12 (6H, s, 2 x CHs); *C NMR (CDCl3) &: 191.1,
140.5, 133.8, 132.5, 127.8, 68.0, 25.8, 18.4, -5.4; HRMS calcd for
C1,H2Na0,SSi [M+Na]* 279.0845; found: 279.0851.

2-((tert-Butyldimethylsilyl)oxy)-1-phenylbutan-1-one (3n).
Colorless oil. After the oxidation, silica (250 mg, 70-230 mesh) was
added and the reaction mixture was left stirring for 1 hour at room
temperature; 52% vyield; 'H NMR (CDCl3) 6: 8.05 (2H, d, J = 6.9 Hz,
ArH), 7.59-7.36 (3H, m, ArH), 4.67 (1H, dd, J = 7.4 and 5.6 Hz, OCH),
1.91-1.67 (2H, m, CH,), 1.00 (3H, t, J = 7.4 Hz, CH5), 0.87 (9H, s, 3 x
CH,), 0.04 (3H, s, CHs), -0.03 (3H, s, CHs); *C NMR (CDCl5) &: 201.6,
135.0, 132.9, 129.2, 128.3, 79.3, 29.1, 25.7, 18.6, 10.2, -5.2; HRMS
caled for CiH,6Na0,Si [M+Na]* 301.1594; found: 301.1599.

2-((tert-Butyldimethylsilyl)oxy)-2-methyl-1-phenylpropan-1-one
(30). Yellow oil. After the oxidation, silica (250 mg, 70-230 mesh)
was added and the reaction mixture was left stirring for 1 hour at
room temperature; 42% vyield; "H NMR (CDCl3) 6: 8.17-8.01 (2H, m,
ArH), 7.56-7.28 (3H, m, ArH), 1.58 (6H, s, 2 x CH3), 0.80 (9H, s, 3 x
CH,), 0.05 (3H, s, 2 x CHs); **C NMR (CDCl5) &: 203.9, 132.1, 130.2,
128.3, 127.7, 80.4, 29.0, 25.8, 18.1, -2.2; HRMS calcd for
Ca6H,6Na0,Si [M+Na]" 301.1594; found: 301.1601.

Representative procedure for 4a-4b, 4e, 4g-4i

Substituted ketone (1.00 mmol) and tert-butylchlorodimethylsilane
(196 mg, 1.30 mmol) were placed in an oven-dried round bottom

flask sealed with a septum, under Ar atmosphere, and dissolved in
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dry THF (4.0 mL). The solution was cooled B%WTOF?O%Z?&%%%%@%%@

(60% in oil, 160 mg, 4.00 mmol) was added. The reaction mixture
was stirred for 2 hours at room temperature, filtered using florisil
and the solvent removed under vacuum. ‘BuOH (0.5 mL), 2,2,2-
trifluoro-1-phenylethanone (17.4 mg, 0.10 mmol), aqueous buffer
solution (0.5 mL, 0.6M K,CO; - 4x10°M EDTA tetrasodium salt),
acetonitrile (0.15 mL, 3.00 mmol) and 30% aqueous H,0, (0.36 mL,
3.00 mmol) were added consecutively. After the addition, stirring
was continued for another 1 hour at room temperature.
Subsequently, p-toluenesulfonic acid (350 mg, 2.00 mmol) was
added and the reaction mixture was left stirring for 1 hour at room
temperature. The crude product was purified using flash column
chromatography (10% EtOAc in Pet. Ether) to afford the desired

product.

Representative procedure for 4c-4d, 4f, 4j-40

Substituted ketone (1.00 mmol) and tert-butylchlorodimethylsilane
(196 mg, 1.30 mmol) were placed in an oven-dried round bottom
flask sealed with a septum, under Ar atmosphere, and dissolved in
dry THF (4.0 mL). The solution was cooled down to -78 °C and NaH
(60% in oil, 160 mg, 4.00 mmol) was added. The reaction mixture
was stirred for 30 minutes at room temperature, heated under
reflux for 2 hours at 85 °C, filtered using florisil and the solvent
removed under vacuum. ‘BuOH (0.5 mL), 2,2,2-trifluoro-1-
phenylethanone (17.4 mg, 0.10 mmol), aqueous buffer solution (0.5
mL, 0.6M K,COs - 4x10°°M EDTA tetrasodium salt), acetonitrile (0.15
mL, 3.00 mmol) and 30% aqueous H,0, (0.36 mL, 3.00 mmol) were
added consecutively. After the addition, stirring was continued for 1
hour at room temperature. Subsequently, p-toluenesulfonic acid
(350 mg, 2.00 mmol) was added and the reaction mixture was left
stirring for 1 hour at room temperature. The crude product was
purified using flash column chromatography (10% EtOAc in Pet.

Ether) to afford the desired product.

2-Hydroxy-1-phenylethanone (4a).” White solid. Mp 86-89 °C, 76%
yield; *H NMR (CDCl3) 8: 7.92 (2H, d, J = 7.1 Hz, ArH), 7.64 (1H, t, J =
7.1 Hz, ArH), 7.51 (2H, t, J = 7.1 Hz, ArH), 4.88 (2H, s, OCH,), 3.38
(1H, br s, OH); *C NMR (CDCl,) 6: 198.3, 134.1, 133.2, 128.8, 127.5,
65.3; MS (ESI) 137 (M+H", 81%).
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2-Hydroxy-1-(p-tolyl)ethanone (4b).21 White solid. Mp 72-74 °C,
61% yield; "H NMR (CDCl5) &: 7.78 (2H, d, J = 8.2 Hz, ArH), 7.26 (2H,
d, J = 8.2 Hz, ArH), 4.82 (2H, s, OCH,), 3.67 (1H, br s, OH), 2.39 (3H,
s, CH3); 3¢ NMR (CDCl3) 6: 197.8, 145.2, 130.7, 129.5, 127.6, 65.2,
21.7; MS (ESI) 151 (M+H", 69%).

1-([1,1'-Biphenyl]-4-yl)-2-hydroxyethanone (4c).22 White solid. Mp
125-127 °C, 71% vield; 'H NMR (CDCls) &: 7.97 (2H, d, J = 8.4 Hz,
ArH), 7.69 (2H, d, J = 8.4 Hz, ArH), 7.61 (2H, dd, J = 8.0 and 1.5 Hz,
ArH), 7.52-7.38 (3H, m, ArH), 4.89 (2H, s, OCH,), 3.63 (1H, br s, OH);
Bc NMR (CDCl3) 6: 197.8, 146.8, 139.4, 131.9, 128.9, 128.4, 128.2,
127.4,127.2, 65.2; MS (ESI) 213 (M+H", 72%).

2-Hydroxy-1-(naphthalen-2-yl)ethanone (4d).23 White solid. Mp
108-110 °C, 64% yield; "H NMR (CDCl;) &: 8.28 (1H, s, ArH), 7.92-
7.65 (4H, m, ArH), 7.59-7.38 (2H, m, ArH), 4.96 (2H, s, OCH,); C
NMR (CDCl;) &: 196.3, 135.8, 132.0, 130.2, 129.4, 129.4, 128.8,
128.6, 127.6, 126.8, 122.7, 65.3; MS (ESI) 187 (M+H", 57%).

1-(4-Fluorophenyl)-2-hydroxyethanone (4e).21 White solid. Mp
109-111 °C, 57% yield; "H NMR (CDCls) &: 8.03-7.86 (2H, m, ArH),
7.16 (2H, t, J = 8.6 Hz, ArH), 4.84 (2H, s, OCH,), 3.65 (1H, br s, OH);
B3C NMR (CDCl5) 6: 196.8, 166.1 (d, Jor = 254.8 Hz), 132.7 (d, Jr = 9.5
Hz), 129.7 (d, Jo = 3.7 Hz), 115.6 (d, Jer = 22.0 Hz), 65.2; MS (ESI) 155
(M+H", 67%).

2-Hydroxy-1-(4-(trifluoromethyl)phenyl)ethanone (4f).24 Yellow
solid. Mp 110-112 °C, 42% vield; ‘"H NMR (CDCl:CD;0D 4:1) 6: 7.99
(2H, d, J = 8.2 Hz, ArH), 7.72 (2H, d, J = 8.2 Hz, ArH), 4.87 (2H, s,
OCH,), 3.35 (1H, br s, OH); *C NMR (CDCl;:CD;0D 4:1) &: 197.7,
136.0, 128.0, 127.6 (q, J = 29.9 Hz), 125.9 (q, J = 3.7 Hz), 123.0 (g, J =
248.2 Hz), 65.6; *°F NMR (CDCl3) &: 15.6; MS (ESI) 205 (M+H", 71%).

1-(4-Bromophenyl)-2-hydroxyethanone (4g).25 Colorless solid. Mp
103-104 °C, 65% yield; '"H NMR (DMSO) &: 7.81 (2H, d, J = 8.5 Hz,
ArH), 7.68 (2H, d, J = 8.5 Hz, ArH), 4.74 (2H, s, OCH,), 3.36 (1H, brs,
OH); *C NMR (DMSO) &: 198.5, 133.5, 131.8, 129.6, 127.4, 65.3; “°F
NMR (CDCl3) 6: -23.1; MS (ESI) 216 (M+H", 48%).

1-(2-Bromophenyl)-2-hydroxyethanone (4h).21 White low melting
solid. 57% vyield; *H NMR (CDCls) &: 7.69-7.56 (1H, m, ArH), 7.55-
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7.43 (1H, m, ArH), 7.42-7.27 (2H, m, ArH), 6‘0?%(8%'355}?%@%%%@29

(1H, br s, OH); 3C NMR (CDCl,) &: 201.4, 136.6, 134.2, 132.8, 129.2,
127.4,119.6, 67.7; MS (ESI) 216 (M+H", 45%).

1-(2-((tert-Butyldimethylsilyl)oxy)phenyl)-2-hydroxyethanone (4i).
Yellow oil. 2.6 equiv. of TBDMSCI were added; 50% vyield; 4 NMR
(CDCl3) &: 7.92 (1H, dd, J = 7.9 and 1.9 Hz, ArH), 7.41 (1H, ddd, J =
8.3, 7.9 and 1.9 Hz, ArH), 7.10-6.83 (2H, m, ArH), 4.81 (1H, d, J =
16.8 Hz, OCHH), 4.68 (1H, d, J = 16.8 Hz, OCHH), 0.99 (9H, s, 3 x
CH,), 0.34 (6H, s, 2 x CH3); >C NMR (CDCl5) &: 199.5, 156.4, 134.6,
130.8, 125.4, 121.2, 119.8, 69.5, 25.9, 18.7, -3.4; HRMS calcd for
Ca4H,Na0sSi [M+Na]* 289.1230; found: 289.1236.

2-Hydroxy-1-(4-methoxyphenyl)ethanone (4j).22 Pale yellow solid.
Mp 104-107 °C, 82% vield; *H NMR (CDCl5) 6: 7.83 (2H, d, J = 9.0 Hz,
ArH), 6.90 (2H, d, J = 9.0 Hz, ArH), 4.77 (2H, s, OCH,), 3.82 (3H, s,
OCH,); *C NMR (CDCl5) &: 196.6, 164.1, 129.8, 126.1, 113.9, 64.8,
55.4; MS (ESI) 167 (M+H", 77%).
1-(2,4-Dimethoxyphenyl)-2-hydroxyethanone (4k). Yellow solid.
Mp 127-129 °C, 84% vield; *H NMR (CDCl5) 6: 7.99 (1H, d, J = 8.8 Hz,
ArH), 6.51 (1H, d, J = 8.8 Hz, ArH), 6.39 (1H, s, ArH), 4.65 (2H, s,
OCH,), 3.85 (3H, s, OCHj), 3.82 (3H, s, OCHs); *C NMR (CDCl3)
6:197.1, 165.7, 162.1, 132.8, 116.0, 105.9, 97.7, 69.2, 55.5, 55.3;
HRMS calcd for C1H1,NaO, [M+Na]* 219.0628; found: 219.0637.

1-(Furan-2-yl)-2-hydroxyethanone (4I).26 Yellow solid. Mp 83-85 °C,
67% yield; "H NMR (CDCls) &: 7.65-7.57 (1H, m, ArH), 7.29-7.25 (1H,
m, ArH), 6.60-6.54 (1H, m, ArH), 4.71 (2H, s, OCH,), 3.38 (1H, br s,
OH); 3¢ NMR (CDCl3) 6:187.6, 149.9, 147.0, 117.9, 112.5, 65.0; MS

(ESI) 127 (M+H", 65%).

2-Hydroxy-1-(thiophen-2-yl)ethanone (4m).”’ Brown oil. 78% yield;
'H NMR (CDCl5:CD50D 4:1) 6: 7.76-7.67 (2H, m, ArH), 7.14-7.06 (1H,
m, ArH), 4.74 (2H, s, OCH,); *C NMR (CDCl5:CDs0D 4:1) &: 191.7,
139.6, 134.8, 132.4, 128.7, 65.6; MS (ESI) 143 (M+H", 59%).

2-Hydroxy-1-phenylbutan-1-one (4n).28 Colorless oil. 50% vyield;
After the oxidation silica (250 mg, 70-230 mesh) was added and the
reaction mixture was left stirring for 1 hour at room temperature;

'H NMR (CDCl5) 6: 7.90 (2H, d, J = 7.1 Hz, ArH), 7.59 (1H, d, J = 7.1
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Hz, ArH), 7.49 (2H, d, J = 7.1 Hz, ArH), 5.05 (1H, dd, J= 6.8 and 3.9
Hz, OCH), 3.79 (1H, br s, OH), 2.06-1.81 (1H, m, CHH), 1.70-1.49 (1H,
m, CHH), 0.92 (3H, t, J = 7.4 Hz, CHs); >C NMR (CDCl5) &: 202.0,
133.8, 133.7, 128.7, 128.4, 73.8, 28.7, 8.7; MS (ESI) 165 (M+H",
76%).

2-Hydroxy-2-methyl-1-phenylpropan-1-one (40).29 Colorless oil.
50% yield; After the oxidation silica (250 mg, 70-230 mesh) was
added and the reaction mixture was left stirring for 1 hour at room
temperature; 4 NMR (CDCl3) 6: 8.17-7.92 (2H, m, ArH), 7.63-7.35
(3H, m, ArH), 4.08 (1H, br s, OH), 1.62 (6H, s, 2 x CH3); *C NMR
(CDCl3) 6: 204.6, 133.5, 133.0, 130.1, 128.4, 60.4, 28.3; MS (ESI) 165
(M+H", 81%).

Acknowledgements

The authors would like to thank Dr. Maroula Kokotou for her

assistance in acquiring HRMS data.

Notes and references

1 B. Raduchel, Synthesis, 1980, 292.

2 For selected examples, see: a) F. A. Davis, B.-C. Chen, Chem.
Rev. 1992, 92, 919; b) J. C. Lee, Y. S. lJin, J. H. Choi, Chem.
Commun. 2001, 956; c) T. Hashiyama, K. Morikawa, K. B.
Sharpless, J. Org. Chem. 1992, 57, 5067; d) D. Enders, K.
Breuer, J. H. Teles, Helv. Chim. Acta 1996, 79, 1217; e) R. L.
Knight, F. J. Leeper, J. Chem. Soc., Perkin Trans. 1 1998, 1891;
f) T. Koike, K. Murata, T. Ikariya, Org. Lett. 2000, 2, 3833.

3 For a book, see: a) D. W. Roberts, Microbial Control of Pests
and Plan Diseases 1970-1980, Ed., H. D. Burgess, Academic
Press: New York, 1981, 441-464; for selected examples, see: b)
A. B. Mauger, Top. Antiobiot. Chem. 1980, 5, 223; c) K. L.
Rinehart, Med. Res. Rev. 2000, 20, 1; d) O. B. Wallace, D. W.
Smith, M. S. Deshpande, C. Polson, K. M. Felsenstein, Bioorg.
Med. Chem. Lett. 2003, 13, 1203.

4 K. Nakamura, S.-I. Kondo, Y. Kawai, K. Hida, K. Kitano, A. Ohno,
Tetrahedron: Asymmetry 1996, 7, 409.

5 a) G. M. Rubottom, M. A. Vazquez, D. R. Pelegrina,
Tetrahedron Lett. 1974, 15, 4319; b) L. A. Paquette, H. S. Lin, J.
C. Gallucci, Tetrahedron Lett. 1987, 28, 1363.

This journal is © The Royal Society of Chemistry 20xx

Organic-& Biomolecular, Chemistry

6 a) G. M. Rubottom, M. I. L. Nieves, Tetrg@g%q&%@eggggé?é%

2423; b) E. Friedrich, W. Lutz, Angew. Chem., Int. Ed. Engl.
1977, 16, 413; c) C. W. Jefford, C. G. Rimbaut, J. Am. Chem.
Soc., 1978, 100, 6515.

7 J. P. Mc Cormick, W. Tamasik, M. W. Johnson, Tetrahedron
Lett. 1981, 22, 607.

8 a) R. D. Clark, C. H. Heathcock, Tetrahedron Lett. 1974, 15,
2027; b) W. S. Zhou, B. Jiang, X.-F. Pan, J. Chem. Soc., Chem.
Commun. 1988, 791.

9 G. M. Rubottom, J. M. Gruber, J. Org. Chem. 1978, 43, 1599.

10 a) K. Surendra, N. S. Krishnaveni, K. R. Rao, Tetrahedron Lett.
2005, 46, 4111; b) K. Surendra, N. S. Krishnaveni, M. A. Reddy,
Y. V. D. Nageswar, K. R. Rao, J. Org. Chem. 2003, 68, 9119; c) S.
Gravil, H. Veschambre, R. Chénevert, J. Bolte, Tetrahedron
Lett. 2006, 47, 6153.

11 a) R. M. Moriarty, M. P. Duncan, O. Prakash, J. Chem. Soc.,
Perkin Trans. 1 1987, 1781; b) J. H. Boyer, A. Natesh, Synthesis
1988, 980; c) R. M. Moriarty, B. A. Berglund, R. Penmasta,
Tetrahedron Lett. 1992, 33, 6065; d) S. V. Ley, A. W. Thomas,
H. Finch, J. Chem. Soc., Perkin Trans. 1 1999, 669; e) Y.
Siddaraju, K. R. Prabhu, Org. Biomol. Chem. 2015, 13, 6749.

12 a) A. K. El-Qisairi, H. A. Qaseer, J. Organomet. Chem. 2002,

659, 50; b) N. Momiyama, H. Yamamoto, J. Am. Chem. Soc.
2004, 126, 5360; c) B. Plietker, J. Org. Chem. 2004, 69, 8287;
d) V. S. Thirunavukkarasu, L. Ackermann, Org. Lett. 2012, 14,
6206.

13 For selected examples, see: a) G. F. Zhong, Angew. Chem. Int.

Ed. 2003, 42, 4247; b) S. P. Brown, M. P. Brochu, C. J. Sinz, D.
W. C. MacMillan, J. Am. Chem. Soc. 2003, 125, 10808; c) A.
Bogevig, H. Sunden, A. Cordova, Angew. Chem. Int. Ed. 2004,
43, 1109; d) Y. Hayashi, J. Yamaguchi, T. Sumiya, M. Shoji,
Angew. Chem. Int. Ed. 2004, 43, 1112; e) M. R. Acocella, O. G.
Marcheno, M. Bella, K. A. Jorgensen, J. Org. Chem. 2004, 69,
8165; f) T. Kano, H. Mii, K. Maruoka, J. Am. Chem. Soc. 2009,
131, 3450; g) N. Demoulin, O. Lifchits, B. List, Tetrahedron
2012, 68, 7568.

14 A. Theodorou, G. N. Papadopoulos, C. G. Kokotos, Tetrahedron

2013, 69, 5438.

15 a) D. Limnios, C. G. Kokotos, ACS Catal. 2013, 3, 2239; b) D.

Limnios, C. G. Kokotos, Chem. Eur. J. 2014, 20, 559; c) D.
Limnios, C. G. Kokotos, J. Org. Chem. 2014, 79, 4270; d) A.

J. Name., 2013, 00, 1-3 | 7


http://dx.doi.org/10.1039/c6ob00036c

Published on 08 February 2016. Downloaded by Gazi Universitesi on 08/02/2016 17:11:14.

lecutar Chemi

ARTICLE Journal Name

Theodorou, D. Limnios, C. G. Kokotos, Chem. Eur. J. 2015, 21, DO 1010350 60B000560
5238.

16 Y. Tachi, W.-M. Dai, K. Tanabe, S. Nishimoto, Bioorg. Med.
Chem. 2006, 14, 3199.

17 X. Pan, L. Jia, X. Liu, H. Ma, W. Yang, J. B. Schwargz,
Tetrahedron: Asymmetry 2011, 22, 329.

18 H. Lebel, D. Guay, V. Paquet, K. Huard, Org. Lett. 2004, 6, 3047.

19 B. M. Trost, J. Xu, M. Reichle, J. Am. Chem. Soc. 2007, 129, 282.

20 E. A. Mercier, C. D. Smith, M. Parvez, T. G. Back, J. Org. Chem.
2012, 77, 3508.

21 M. Mclaughlin, K. M. Belyk, G. Qian, R. A. Reamer, C. Chen, J.
Org. Chem. 2012, 77, 5144.

22 C. Chen, X. Feng, G. Zhang, Q. Zhao, G. Huang, Synthesis 2008,
20, 3205.

23 R. Moumne, V. Larue, B. Seijo, T. Lecourt, L. Micouin, C. Tisne,
Org. Biomol. Chem. 2010, 8, 1154.

24 X. Wu, Q. Gao, M. Lian, S. Liu, A. Wu, RSC Adv., 2014, 4, 51180.

25 D. I. Perez, V. Palomo, C. Perez, C. Gil, P. D. Dans, F. J. Luque, S.
Conde, A. Martinez, J. Med. Chem. 2011, 54, 4042.

26 N. Kuhl, F. Glorius, Chem. Commun. 2011, 47, 573.

27 Z. Zhang, X. Jiang, Org. Lett. 2014, 16, 4400.

28 Y.-F. Liang, K. Wu, S. Song, X. Li, X. Huang, N. Jiao, Org. Lett.
2015, 17, 876.

29 Y.-F. Liang, N. Jiao, Angew. Chem. Int. Ed. 2014, 53, 548.

8 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins



http://dx.doi.org/10.1039/c6ob00036c

