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Mediated by active metallic indium generated in situ from metallic samarium and InCl;.4H,0, phenacyl bromide and
aldehydes smoothly underwent intermolecular aldol type reaction in aqueous media affording B-hydroxy ketones in

good yields and under mild conditions.
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Aldol type reactions have attracted considerable attention in the
areaof organic synthesis.! Thisisdue partly to thefact that alarge
number of important natura products contain the -hydroxy
carbonyl unit. Several procedures for the preparation of
[B-hydroxy ketones have appeared in the literature, among which,
the intermolecular reaction of a-halogeno ketones with carbonyl
compounds is the more commonly used. For example, a cross-
adal reaction based on the generation of an aluminium enolate
by the coupling of Et,AIC1 and metallic zinc was reported by
Nozaki and co-workers.2 This group also developed the
Bu;SnAlEt,- or BusPbAIEt,-mediated reactions of a-halogeno
ketones with carbonyl compounds. In another example, reaction
of metallic tin with a-halogeno ketones gave the tin(l1) enolates,
which when trested with carbonyl compounds gave -hydroxy
ketonesin good yields.# Samarium diiodide has also been used to
promote the inter- or intramolecular adol type reactions of
a-halogeno ketones with carbonyl compounds® While these
methods mentioned above afford the desired [3-hydroxy ketones
with good yields, almost all of them have to be carried out under
strictly anhydrous conditions.

During the last two decades, there has been considerable
interest in performing organometallic reactions in aqueous
media® A number of potential advantages have been cited,
including: (1) the ease of reactions obviating the need for
inflammabl e anhydrous organic solvents and inert atmosphere;
(2) protection of “reactive” hydroxyl functional group is no
longer required and (3) compounds (e.g. carbohydrates) which
are insoluble in organic solvents, can react directly. On the
other hand, the choice of metals in organometallic reactionsin
aqueous media is restricted. The reactive alkai and akaine
earth metals cannot be used because of their vigorous reactions
with water itself. Metals, which readily form oxides that are
insoluble in water, are aso unlikely candidates. Recently,
indium has been found to be a metal of choice in place of the
metallic zinc and tin.” Moreover indium is turning out to be
more effective than zinc and tin in that indium mediated
reactions require no activation and produce only few side
products. As aresult, metallic indium mediated carbon—carbon
bond-forming reactions have commanded considerable
attention in organic synthesis.

Recently, we have begun a program directed toward the
application of active metallic indium generated in situ from
metallic samarium and InCl;.4H,0O in mediating organic
reactions in aqueous media.® We would now like to report our
new resultsthat may provide anew method for the preparation
of B-hydroxy ketones. The reaction is shown in Scheme 1.
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Scheme 1

Table 1 Active metallic indium mediated preparation of
B-hydroxy ketones

Entry R Reaction Product Yield/%?

time/min

1 CeHs 5 (120b) 3a (oP)85
2 4-CH5CgH, 5 3b 83

3 4-CH30CgH, 5 3c 79

4 3-BrCgH, 5 3e 86

5 4-CICgH, 5 3f 93

6 2-CICgH, 5 3g 83

7 2-furyl 5 3h 78

8 CgHsCH=CH 5 3i 82

9 n-C4Hg 12 3j 81

alsolated yield of B-hydroxy ketones. PIn the presence of Sm
powder or indium trichloride alone.

In a typica experimental procedure, indium(lll) chloride
suspended in THFH,O (8/1) mixture was treated with
metallic samarium. A vigorus reaction took place and a light
black species appeared after several minutes which indicated
that active metallic indium was readily prepared. At this stage,
a mixture of phenacyl bromide and aldehydes was added.
Several minutes|ater, the aldol type reaction was completed as
shown by TLC and the desired B-hydroxy ketones were
obtained with good yields. The results are listed in Table 1.

A widerange of structurally varied aryl-substituted aldehydes
(Table 1, entries 1-7) or akyl-substituted adehydes (Table 1,
entries 8-9) underwent equaly efficient aldol-type reaction
with phenacyl bromide by this procedure to provide the
corresponding, B-hydroxy ketones in good results. Severa
sensitive functional groups such as Cl, Br, OMe remained intact
under the present reaction condition. No side products arising
from the reduction and/or pinacol coupling of the carbonyl
compound were found. When unsaturated a dehyde was used,
no conjugate addition occurred and only |,2-addition product
was obtained (Table 1, entry 8). In addition, it should be noted
that no reaction took place with either meta samarium or
indium trichloride alone (Table 1, entry 1), although it has been
reported that indium trichloride is an effcient catalyst in
Mukaiyama type reactions of silyl enol ethers and aldehydes.®



In conclusion, the present procedure may provide a novel,
efficient methodology for the preparation of B-hydroxy
ketones. To the best of our knowledge, this is the first report
of active metallic indium promoted aldol type reaction of
phenacyl bromide and aldehydes to afford [3-hydroxy ketones,
and certainly it may broaden the scope of indium-mediated
carbon—carbon bond formation reactions. The advantages of
this method include mild conditions which tolerate several
sensitive functional groups, high yields, and environmentally
benign reaction conditions. Further studies to develop other
new reactions using active metallic indium are in progress.

Experimental

General experimental details: Melting points were uncorrected.
IH NMR spectra were recorded on a Bruker AC 300 instrument.
All samples were measured in CDC1l; using TMS as internal
standard, IR spectra were determined on a Bruker-EQUINOX55
spectrometer. The reactions were performed in the open air.

General procedure for the preparation of [3-hydroxy ketones (3):
In a 25 ml three-necked flask were placed InCl;.4H,0 (1 mmol),
metallic samarium (1 mmol), THF (4 ml), then to the mixture was
slowly added H,O (0.5 ml). Drastic reaction took place, and a kind of
light black species appeared in 3 min which indicated that active
metallic indium was readily prepared. Then a mixture of phenacyl
bromide (1 mmol) and aldehyde (1 mmol) was added to the flask. After
stirring for the time given in Table 1, the mixture was quenched with
diluted HCI (0.1 M, 2 ml) and extracted with ether (3 x 20 ml). The
combined extract was washed with saturated brine (15 ml) and dried
over anhydrous Na,SO,. After evaporating the solvent under reduced
pressure, the resulting crude product was purified by preparative TLC
on silicagel using ethyl acetate-cyclohexane (1:8) as eluent.

3-Phenyl-3-hydroxy-1-phenylpropan-1-one (3a): m.p. 45-46°C
(lit.10 4446°C); IR 3449, 3062, 2930, 1681 cml; H NMR & 7.97
(d, J= 7.8 Hz, 2H), 7.58-7.63 (m, 1H), 7.29-7.51 (m, 7H), 5.37
(t, J= 6.0 Hz, 1H), 3.58 (br s, 1H), 3.39 (d, J= 6.0 Hz, 2H).

3-(4-Methyphenyl)-3-hydroxy-1-phenylpropan-1-one (3b): m.p.
47-49°C (1it.10 47-48°C); IR 3448, 3061, 2921, 1685 cm'L; 1H NMR
5 7.96 (d, J= 7.8 Hz, 2H), 7.57-7.62 (m, 1H), 7.45-7.50 (m, 2H),
7.28-7.36 (M, 2H), 7.20 (d, J= 7.9 Hz, 2H), 5.33 (t, J= 6.0 Hz, 1H),
3.61 (br s, 1H), 3.37-3.39 (m, 2H), 2.37 (s, 3H).

3-(4-Methoxyphenyl)-3-hydroxy-1-phenyl propan-1-one (3c): oil
(lit.19); IR 3399, 3061, 2935, 1681 cmr!; IH NMR & 7.98 (d, J= 7.2 Hz,
2H), 7.58-7.62 (m, 1H), 7.37-7.51 (m, 4H), 6.91-6.96 (m, 2H), 5.32
(t, J= 6.1 Hz, 1H), 3.83 (s, 3H), 3.58 (br s, 1H), 3.37-3.40 (m, 2H).

3-(3-Bromophenyl)-3-hydroxy-1-phenyl propan-1-one (3¢): il (lit.1%);
IR 3437, 3062, 2903, 1680 cm'}; H NMR 5 7.96 (d, J= 7.8 Hz, 2H),
7.59-7.63 (m, 2H), 7.36-7.51 (m, 3H), 7.25-7.27 (m, 2H), 5.31-5.35
(m, 1H), 3.60 (br s, 1H), 3.35-3.37 (M, 2H).

3-(4-Chlorophenyl)-3-hydroxy-1-phenylpropan-1-one (3f): m.p.
95-96°C (1it.1096-96.5°C); IR 3466, 3058, 2947, 1667 cmrL; ITH NMR
57.94-7.97 (m, 2H), 7.58-7.64 (m, 1H), 7.46-7.51 (m, 2H), 7.34-7.41
(m, 4H), 5.32-5.36 (m, 1H), 3.58 (br s, 1H), 3.34-3.37 (m, 2H).

3-(2-Chlorophenyl)-3-hydroxy-1-phenyl propan-1-one (3g): m.p.
78-81°C (lit.52 80-81°C); IR 3528, 3063, 2907, 1669 cmrl; 1H NMR
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3 7.99 (d, J= 7.8 Hz, 2H), 7.59-7.75 (m, 2H), 7.34-7.51 (m, 4H),
7.25-7.27 (m, 1H), 5.69-5.73 (m, 1H), 3.75 (br s, 1H), 3.56-3.62
(m, 1H), 3.13-3.22 (m, 1H).

3-Furyl-3-hydroxy-1-phenylpropan-1-one  (3h): oil (lit.12);
IR 3449, 3062, 2914, 1683 cml; IH NMR & 8.01 (d, J= 7.5 Hz, 2H),
7.59-7.65 (m, 1H), 7.41~7.53 (m, 3H), 6.35-6.38 (M, 2H), 5.37-5.41
(m, 1H), 3.51-3.66 (M, 2H), 3.36 (br s, 1H).

1,5-Diphenyl-3-hydroxy-4-penten-1-one (3i): m.p. 51-52°C (lit.2
51-53°C); IR 3373, 3061, 2979, 1680 cm; IH NMR 8 7.98 (d, J=7.5
Hz, 2H), 7.30-7.63 (m, 8H), 6.72 (d, J= 15.9 Hz, 1H), 6.33 (dd, J= 15.9,
6.0 Hz, 1H), 4.95-5.01 (m, 1H), 3.31-3.42 (m, 2H), 3.10 (br s, 1H).

3-n-Buty1-3-hydroxy-1-phenylpropan-1-one (3j): oil(lit.13); IR 3440,
2980, 1705, 1620 cml; IH NMR & 7.35-7.75 (m, 5H), 3.85-4.10
(m, 1H), 2.95 (br s, 1H), 2.40 (d, J=6.0Hz,2H),0.80-1.40(m, 9H).
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