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Abstract: The treatment of aryl acyloin (a-hydroxyketone) O-alkyl and O-phenyl
derivatives with 2—3 equiv of Zn and 1-2 equiv of NH,4ClI in ethanol, refluxing for
20-120 min, gave the corresponding ketones with excellent yields. Further,
a,3-epoxy ketones can be efficiently transformed to [-hydroxy ketones, and
2,2-dialkoxy-1-phenyl ketone also can be dealkoxylated to 1-phenyl ketone.

Keywords: aryl acyloin O-derivatives, deoxygenation, 2,2-dialkoxy-1-phenyl
ethanone, a,3-epoxy ketones

INTRODUCTION

The reductive transformation of acyloins and acyloin O-acyl derivatives to
ketones is one of the important processes in the synthesis of natural
products.!'! Reactions utilizing various reagents for this kind of transformation
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Scheme 1. Transformation of aryl acyloin O-derivatives to ketones with Zn/NH,CI.

have been reported.'”~>! However, not only are the reported reagents complex
and difficult to prepare, but also the yields of reaction are not ideal. Therefore,
several methods have been devised to try to improve the reaction.' First,
Yanagita et al."”! reported that acyloin O-acyl derivatives can be transformed
to ketones with Zn in glacial acetic acid after refluxing for 24 h with a yield of
50%, and then Ibuka et al.”®! reported and optimized the transformation of
acyloin O-acyl and O-mesyl derivatives to ketones with a yield of 99%.
However, the reagents reported for the transformation of acyloin O-alkyl
and O-phenyl derivatives to the corresponding ketones are limited."!

In the present communication, we used Zn/NH,Cl as the reagent for this
transformation and good to excellent yields were reached (Scheme 1). The
application of this reagent is summarized in Table 1. The aryl acyloin
O-phenyl was synthesized by the reaction of the corresponding 2-bromo-1-
aryl-ethanones with phenol in the presence of potassium carbonate at reflux
in good yields.""” All the aryl acyloin O-alkyl derivatives were purchased
from Aldrich.

RESULTS AND DISCUSSION

Using phenyl acyloin O-phenyl (1a) as a model compound, we optimized the
reaction conditions by testing several parameters, such as reaction solvent,
different amounts of Zn and NH4Cl, and reaction time. The results are
summarized in Table 2. We compared the reaction yields using ethanol and
CH,Cl, as reaction solvents during the synthesis of compound 2a. The
result indicated that the reaction is more efficient when taking ethanol as
solvent (99%, 30 min) than when taking CH,Cl, as solvent (27%, 18 h).
Compound 1a was separately dephenoxylated with 0.1, 1.5, and 2.5 equiv
of Zn and 1.5 equiv of NH4CI in ethanol at reflux and different reaction
times. After 30 min, the conversion rate of 1a achieved 100% (yield 99%)
using 2.5 equiv of Zn (Entry 6). When using 2.5 equiv of Zn without
NH4CI, nearly no depheoxylation was produced (Entry 7), and with 0.5,
1.0, and 1.5 equiv of NH4CI, the yields increased with the amounts of
NH,4CIL. With 1.5 equiv of NH4CI, the reaction completed (yield 99%).
After 2 h, the reactions with the lower amount of 1.5 equiv of Zn were
incomplete with a corresponding conversion rate of 80% (yield 75%). This
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Table 1. Examples of transformation from aryl acyloin O-alkyl and O-phenyl
derivatives to ketones with Zn/NH,Cl

Time Yield
Compound Substrate Compound Product (min) (%)
la PhCOCH,OPh 2a PhCOMe 30 99
1b PhCOCH,OMe 2a PhCOMe 30 93
1c PhCOCH,0Ac 2a PhCOMe 20 99
1d PhCOCH,OCH,(Me), 2a PhCOMe 30 99
le 2,3-(OCH,CH,0)- 2e 2,3-(0OCH,CH,0)- 30 90
PhCOCH,OMe PhCOMe
1f 2,3-(OCH,CH,0)- 2e 2,3-(0OCH,CH,0)- 30 96
PhCOCH,0OPh PhCOMe
1g 2,3-(OCH,CH,0)-Ph 2e 2,3-(OCH,CH,0)- 30 93
COCH,OCH(Me), PhCOMe
1h 4-MeOPhCOCH,0OPh 2h 4-MeOPhCOMe 30 99
1i 2,5-(MeO),Ph 2i 2,5-(MeO), 30 99
COCH,OPh PhCOMe
1j 4-CIPhCOCH,OPh 2j 4-CIPhCOMe 30 97
1k 4-CF3;PhCOCH,OPh 2k 4-CF;PhCOMe 30 74
11 4-FPhCOCH,OPh 21 4-FPhCOMe 30 90
1m PhCOCH(Ph)OMe 2m PhCOCH,Ph 120 93
In PhCOCH(Ph)OPh 2m PhCOCH,Ph 120 99
1o PhCOCH(Ph) 2m PhCOCH,Ph 120 96
OCH(CHs),
1p PhCH,CH,OPh No reaction 30 0
1q 3-PhOPhCOOH No reaction 30 0

“Isolated yields.

Table 2. Comparison of dephenoxylation methods for compound 1a

Zn NH,4CI Time Product

Entry (equiv) (equiv) (min) (yield, %)

1¢ 2.5 1.5 30 0

2¢ 2.5 1.5 18 h 27

3 0.1 1.5 30 10

4 1.5 1.5 30 57

5 1.5 1.5 2h 75

6 2.5 1.5 30 99

7" 25 0.0 30 0

8 2.5 0.5 30 55

9 2.5 1.0 30 70
10 2.5 1.5 60 99

“The solvent is dry CH,Cl,.
The reaction was refluxing in absolute EtOH under N,.
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indicates that the optimization of the dephenoxylation conditions by increas-
ing the amount of Zn may be more useful than extending the reaction time.
The optimum results were usually obtained when 5 mM of the starting
material was allowed to react with 2-3 equiv of Zn and 1-2 equiv of
NH,4CI turning in 5—-10 mL of ethanol at reflux for 20—120 min. The
products were obtained by column chromatography with silica gel.

The reactions of dealkoxylation and dephenoxylation of aryl acyloin
O-derivatives under the optimized conditions are summarized in Table 1.
The results indicate that O-phenyl derivatives (compounds la and 1f, in
Table 1) are easy to reductively cleave by Zn/NH4Cl, but the O-methyl
group is relatively stable under the same condition (compounds 1b and 1e).
No obvious change has been seen for the yields of dealkoxylate and dephenox-
ylate when the phenyl of phenyl acyloin (compounds 1a—1d) was changed to
1,4-benzodioxane (compounds 1le—1g). Moreover, compounds with electron-
donating groups such as p-MeO- and 2,5-MeO- (compounds 1h, 1i) are much
easily dephenoxylated, whereas compounds with strong electron-withdrawing
groups such as p-CFs- or p-F- (compounds 1Kk, 11) gave lower product yields.
At last, introduction of a phenyl to the C, atoms for the compounds 1m-10
prolonged the reaction time. All of the C,-phenyl substituted aryl acyloin
O-derivatives need ~2h to finish the reaction, and yields are excellent
(Table 1).

To determine whether the reagent had an effect on the dephenoxylation
of aryl ether without carbonyl, we mixed benzyl phenyl ether (compound
1p) and 3-phenoxybenzoic acid (compound 1q) with Zn/NH,Cl. No
product was determined after 30 min for these two reactions, indicating that
the adjacent carbonyl is necessary in the substrates to be dephenoxylated by
Zn/NH,CL.

Yamakawa and Nishitanit' ! has reported using zinc in acetic acid to open
the a,B-epoxy ketones to get the [B-hydroxy ketones in only 53% yield,
together with enone as a side product, and then Hasegawa et al. used an
effective photoinduced reagent of 1,3-dimethyl-2-phenylbenzimidazoline
(DMPBI) acetic acid"* to optimize the transformation. All of the conversions
are 100% (yield >80%) after 1 h. However, the side products of this reaction
could not be isolated completely. Here, we applied our reagent to this trans-
formation by taking trans-1,3-diphenyl-2,3-epxoypropane-1-one (3, in
Scheme 2) as the substrate; the yield of the S-hydroxy ketone (4) is 93%
after 30 min in CH,Cl, at reflux. In the whole process, no a-hydroxy

f@% Zn / NH4CI M
Ph Ph r.f. 30min Ph Ph
3 4
93%

Scheme 2. Transformation of «,B-epoxy ketones to B-hydroxy ketones.
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ketone and enone were generated, and the B-hydroxy ketone is the exclusive
product. Our method may be an efficient and clean approach for the transform-
ation of «,B-epoxy ketones to B-hydroxy ketones.

To date, most of the reports on the 2,2-dialkoxy-1-phenyl ethanone,
which can be easily transformed from the oxo-phenylacetaldehyde!?! (5),
are about their deprotections to give the corresponding 1,2-dione!"!
(Scheme 3). We tried to apply our reagent to the 2,2-diethoxy-1-phenyl
ethanone (6) by using 2—3 equiv of Zn and 1-2 equiv of NH4CI in ethanol
at reflux; after 30 min, the yields of 2-ethoxyl-1-phenyl-ethanone (7) and
I-phenyl ethanone (2a) are 36% and 56%, respectively, whereas with
additional 2-3 equiv of Zn and 1-2 equiv of NH4Cl and expanding the
time to 4 h, 1-phenyl ethanone was the exclusive product (yield 99%), as
shown in Scheme 3. The results indicate that Zn/NH4Cl may provide a
novel method for transforming 1,2-dione to ketone. Remarkably, the dealkox-
ylation and dephenoxylation of aryl acyloin O-alkyl and O-phenyl derivatives
with Zn/NH4CI can be carried out in an aqueous medium with very mild
conditions.

We propose a reaction mechanism (Scheme 4) for the transformation.
Initially, a zinc atom coordinates with the ketone and C,-oxygen atoms,
forming a five-membered cyclic transition state (8). This complexation
forces a flat conformation, facilitating the donation of a pair of electrons
from the zinc to the ketone oxygen and then promoting the release of the
anion of the O-alkyl or O-phenyl to form a zinc enolate (9), which is the
same as the intermediate depicted by Fiirstner in which the metal was Ti.””!
Afterward, the final ketone will be produced through neutralization and tauto-
merization. The experiment of deuteration of the intermediacy of zinc enolate
9 using D,O instead of NH,Cl was done. After one night, the conversion rate
of 2-methoxy-1-phenyl-ethanone (1b) to 2-deuterio-1-phenyl-ethanone is
nearly 100%.

In summary, a convenient and efficient method for dealkoxylation and
dephenoxylation of aryl acyloin O-alkyl and O-phenyl derivatives with Zn/
NH4CI in EtOH is described, and its mechanism is proposed. This method
can also be efficient for the transformation of «,B-epoxy ketones
to B-hydroxy ketones. We also reported, for the first time, a direct way of
transforming 2,2-dialkoxy-1-phenyl ethanone to 1-phenyl ethanone.

(o} (o}
protectlon @»K(OV ZnINH4CI 3/1\/0\/ @)J\
deproctlon EtOH,requx H = *

7 2a

Scheme 3. Transformation of 2,2-diethoxy-1-phenyl ethanone with Zn/NH4CI: (a)
2-3 equiv of Zn and 1-2 equiv of NH,4Cl, 30 min, 7: 36%, 2a: 56%; (b) 4—6 equiv
of Zn and 2—-4 equiv of NH4Cl, 4 h, 7: 0%, 2a: 99%.
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Scheme 4. Proposed mechanism for the dealkoxylation and dephenoxylation of aryl
acyloin O-alkyl and O-phenyl derivatives by Zn/NH,CI.

EXPERIMENTAL

IR spectra were measured with a Perkin-Elmer 598B spectrometer using KBr
pellets. NMR spectra were determined on a Bruker AMX-400 instrument in
CDCl;. MS spectra were recorded on a MAT-95 spectrometer. Products are
characterized by comparison of their spectral data ("H NMR, IR) to those
reported in the literature.

A typical procedure is as follow: 5 mmol each of aryl O-derivatives were
dissolved in 5 mL of EtOH, and a certain amount of Zn and NH4Cl were
added. Then the mixture was stirred for a period of time at reflux. Zn was
filtered off, and EtOH was removed under vacuum. Then 5 mL of H,O was
added to the remains and the system was extracted with CH,Cl, three
times. On evaporation of the solvent, pure ketones were obtained by
column chromatography with silica gel.

1-(2,3-Dihydro-1,4-benzodioxin-6-yl)-ethanone.''> '"H NMR (400 MHz,
CDCl;): 6 2.58 (s, 3H), 4.24 (m, 2H), 4.26 (m, 2H), 690 (d, 1H,
J=28.8Hz), 7.48 (d, 1H, J = 8.8 Hz), 7.50 (s, 1H).

3-Hydroxy-1,3-diphenyl-1-propanone.''® '"H NMR (400 MHz, CDCl;): &
3.38 (d, 2H, J = 6.4 Hz), 3.60 (s, 1H, OH), 5.35 (t, 1H, J = 6.4 Hz), 7.32
(t, 1H, J =17.2), 7.38 (t, 2H, J = 7.2), 7.46 (m, 4H), 7.59 (t, 1H, J = 7.2),
7.96 (d, 2H, J = 7.2).

2-Ethoxy-1-phenyl-ethanone."”! "H NMR (400 MHz, CDCl5): 62.20 (t, 3H,
J=17.0),4.25 (q, 2H, J = 7.0), 5.22 (s, 2H), 7.30 (t, 1H, J = 7.2), 7.38 (t, 2H,
J=17.2),7.90 (d, 2H, J = 7.2).
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