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ABSTRACT

a-Bromoacetals of ketones were prepared from various secondary alcohols with 1,3-

dibromo-5,5-dimethylhydantoin (DBDMH) and ethylene glycol through oxidation, bromination
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and acetalization in one pot without the use of other catalysts under mild conditions. The effects
of DBDMH, the solvent and N-bromosuccinimide (NBS) on the reaction were investigated. Under

the optimal conditions, most a-bromoacetals of ketones were obtain in 90-98% yields.
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An easy and mild method was reported that could directly prepare a-hromoacetal of ketones from vanous secondary alcohols with 1.3-dibromo-5.5-
denethylbydastois (DBDMH) and cthylenc glveol through oxadation, bromination and acetalization in cac-pot without any other catalyst

An easy and mild method was reported that could directly prepare a-bromoacetal of ketones
from various secondary alcohols with 1,3-dibromo-5,5-dimethylhydantoin (DBDMH) and
ethylene glycol through oxidation, bromination and acetalization in one-pot without any other

catalyst.

KEYWORDS: 1,3-dibromo-5,5-dimethylhydantoin (DBDMH), one pot, oxybromoacetalization,

secondary alcohol, a-bromoacetals of ketones

Introduction

The development of facile and efficient methods for the preparation of valuable
intermediates from readily available reagents is a challenge in organic synthesis.[* The conversion

of a-bromoacetals of ketones is an important transformation in synthetic organic chemistry
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because the resulting products are very useful as intermediates in the synthesis of biologically
active compounds specially for triazole fungicides (propiconazole and difenoconazole)®?, o,p-
unsaturated ketonest], and enol etherst®!, for pharmaceuticals and agrochemicals. Several methods
have been described for the preparation of a-bromoacetals. Additionally, the conversion of ketones
to a-bromoacetals of ketones can operate via two pathways to reach the target molecules, i.e.,
bromination and acetalization, employing a catalyst, such as liquid brominet, copper(Il)
bromide!®, poly(diallyldimethylammonium chloride)®, iodobenzene dichloride!™, an N-bromo
reagent’® and an expensive metallic or strong protic acid.[ Recently, many reports have focused
on the one-pot formation of a-bromoacetals from various acetophenones. However, few reports
have focused on the direct selective synthesis of a-bromoacetals (through ketones) from alcohols
using the same reagents due to the challenges accompanying oxidation and bromoacetalization,

such as using hazardous reagents*®% strong oxidation conditionst**! and excessive bromination.

N-Bromo reagents represent a larger group of substances that have been widely used in
organic synthesis and the chemical manipulations of natural compounds.[*? 1,3-Dibromo-5,5-
dimethylhydantoin (DBDMH), as an N-bromo reagent, is stable, commercially available and low
cost and thus has attracted much attention. The application of DBDMH in the bromination of
ketones to prepare a-bromoketones has been investigated under various reaction conditions(*®l,
including some methods described by our group!*3€l. The latest research further indicated that

DBDMH is also a mild, highly selective and environmentally friendly oxidation reagent!**l in the
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oxidation of alcohols to ketones!*®! aldehydes*“®16l and esters!*®l under suitable reaction
conditions to substitute high-valent metal salts and metal oxides. Herein, we developed and
optimized a one-pot method for the synthesis of a-bromoacetals (through ketones) from secondary
alcohols and  1,3-dibromo-5,5-dimethylhydantoin  (DBDMH) in  ethylene  glycol

(oxybromoacetalization).

Results and Discussion

In the preliminary experiments, 1-phenylethanol (1a), as the simplest secondary aromatic
alcohol, was chosen as a model for the one-pot preparation of a-bromoacetal (through
acetophenone). Upon treating compound 1la with 1.0 equiv (2 mmol) of DBDMH in 6 mL of
ethylene glycol without another catalyst under room temperature, 2-bromomethyl-2-phenyl-1,3-
dioxolane (2a) was obtained as a white precipitate in 96% yield (entry 2, Table 1). In addition, the
effect of the molar ratio of DBDMH to la was investigated (Table 1), and the results are
summarized in Table 1. Upon adding 1.0 mmol (0.5 equiv) of DBDMH to the reaction system,
the yield of 2a was only 35% (entry 1, Table 1), and acetophenone and 2-methyl-2-phenyl-1,3-
dioxolane were the main byproducts determined by gas chromatography (GC). Increasing the
amount of DBDMH to 2.4 mmol (1.2 equiv) resulted in an increased yield up to 98% (entry 3,

Table 1). However, a larger amount of DBDMH did not further facilitate the reaction.

The effect of the amount of ethylene glycol on the oxybromoacetalization of 1a was also

investigated (Table 2). A lower amount of ethylene glycol (1 mL) resulted in a low yield of 2a
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(83%) (entry 1, Table 2). When the volume of ethylene glycol was increased to 4 mL, the yield
increased to 98% (entry 4, Table 2). This result may be attributed to the ketone-ketal chemical
equilibrium diluting the amount of ethylene glycol in water that formed during the oxidation and
acetalization processes. Upon further increasing the amount of ethylene glycol, the product yield
was nearly unchanged (entry 5, and 6, Table 2). However, when the reaction was performed with
1 mmol (0.5 equiv) of DBDMH in methanol under the same conditions, the reaction mainly
proceeded through oxidation, and acetophenone was isolated in 78% yield (entry 7, Table 2). Upon
increasing the amount of DBDMH to 2.4 mmol (1.2 equiv), 2-bromo-1-phenylethanone was
isolated as the oxybromination product in 80% vyield (entry 8, Table 2). Therefore, 4 mL of

ethylene glycol (4 mL) was initially chosen for the acetalization.

The optimal reaction conditions to obtain the highest yield required 2 mmol of la, 2.4
mmol of DBDMH, 4 mL of ethylene glycol at room temperature for 24 h. To further examine the
scope of this protocol, the optimized conditions were then applied to the synthesis of a variety of
a-bromoacetal of substituted ketones from secondary aromatic alcohols and aliphatic alcohols. The
results are listed in Table 3. When 1b, 1c, 1d and 1e with a halogen atom (-X) or a trifluoromethyl
group (-CF3) on the para-position of the benzene ring were selected, the corresponding yields of
2b, 2c, 2d, and 2e were 99%, 96%, 94%, and 84% (entries 2, 3, 4, and 5, Table 3), respectively.
When 3-bromoacetophenone (1f) and 3,4-dichloroacetophenone (1g) were tested as substrates,

high yields of 92% and 90% (entries 6, and 7, Table 3), respectively, were also obtained. However,
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when 1h and 1i were used, yields of only 19% and 9% (entry 8, and 9 Table 3), respectively, were
achieved, which could be attributed to the steric effect of the ortho-chlorine atom. Under the same
conditions, 2g and 2h, which contain a nitro group on the benzene ring, were obtained in low yields
(entry 10, and 11, Table 3). When 1l and 1m with bulky groups on the benzene ring were tested,
the yields of 2| and 2m reached 96% and 94% (entries 12 and 13, Table 3), respectively. Product
2n with a methyl group on the benzene ring was isolated in 92% vyield (entry 14, Table 3).
Substrates with a strong electron-donating group (-OCHs), such as 1o furnished 2-bromomethyl-
2-(3-bromo-4-methoxyphenyl)-1,3-dioxolane (20) as the target product in only 36% yield (entry
15, Table 3). Cyclohexanone (1p), 3-pentanone (1q), and 2-pentanone (1r), as aliphatic ketones,
were selected as test substrates, and the yields of 2p, 2q, and 2r were 99%, 86%, and 70% (entry
16, 17 and 18, Table 3), respectively. Product 2r was a 3:2 mixture of 2-(bromomethyl)-2-propyl-
1,3-dioxolane and 2-(1-bromopropyl)-2-methyl-1,3-dioxolane, as determined by H NMR
spectroscopy. 1,2-Propanediol produced the two isomers of 2-bromomethyl-4-methyl-2-phenyl-
1,3-dioxolane in 96% vyield (entry 19, Table 3) in a 3:2 ratio, as determined by H NMR

spectroscopy.

N-Bromosuccinimide (NBS), an analogue of DBDMH, has been studied widely in
bromination under various reaction conditions. The effect of NBS on the oxybromoacetalization
of 1a was further investigated as a reference (Table 4). When 2.0 mmol (1.0 equiv) of NBS was

added to the reaction system, 2a was isolated in only 52% yield (entry 1, Table 3). Increasing the
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amount of NBS to 4.6 mmol (2.3 equiv) resulted in an increased yield of 97% (entry 4, Table 3).
Then, various secondary alcohols were also tested for oxybromoacetalization with 4.6 mmol of
NBS in 4 mL of ethylene glycol at room temperature, showing similar results to those of the
DBDMH reactions, as summarized in Table 4. Compared to NBS, DBDMH is a widely used
industrial product and is much cheaper. For example, in 2017, the price of DBDMH was
approximately two times lower than that of NBS, according to the Alfa Aesar product catalogue

(China). The bromine content of DBDMH is also higher than NBS.

Chen et al. developed a mechanism of the keto-enol tautomerism in the chlorination of
acetophenones using DCDMH.*"! Analogously, we propose the following oxybromoacetalization
mechanism: the oxidation of 1-phenylethanol to the ketone generates HBr in situ, which catalyses

the bromo ketal formation (Scheme 1).

In summary, we developed a simple, effective, mild and one-pot method to directly
synthesize a-bromoacetals of ketones from various secondary alcohols by the application of
DBDMH in glycols as a reaction reagent and solvent without the use of other catalysts. The major
advantages of the present protocol include a wide range of tolerable substrates, mild reaction
conditions, ease and safety of operation, and high yields, which provided a novel route to a-

bromoacetals of ketones, furthering the developments of organic synthesis.

Experimental Section
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Representative procedure for the preparation of a-bromoacetals of ketones from

secondary alcohols

A mixture of 2 mmol of the substrate and 4 mL of ethylene glycol was stirred for 5 min,
and then, 2.4 mmol of DBDMH or 4.6 mmol of NBS was added in 5 additions over one hour. The
mixture was stirred 24 h at room temperature. Afterward, the mixture was extracted with ether (10
mL x 3). The combined organic layer was washed twice with water (20 mL) and was dried over
anhydrous Na>SO4. After filtration, the solvent was removed under reduced pressure, and the
residue was treated with alumina chromatography (petroleum ether/AcOEt = 20/1, v/v) to generate
the product. 2-Bromomethyl-2-phenyl-1,3-dioxolane (2a): Yield: 98%, white solid. M.p.: 56-58
° C.H NMR (500 MHz, CDCls): 6 3.66 (s, 2H, CH2Br), 3.88-3.91 (m, 2H, OCH,CH0), 4.17-
4.20 (m, 2H, OCH,CH:0), 7.32-7.38 (m, 3H, ArH), 7.52 (d, 2H, J = 7.5 Hz, ArH). 13C NMR (125
MHz, CDCls): ¢ 38.2, 65.8, 107.3, 126.0, 128.3, 128.7, 139.8. IR (KBr, cm™): 3011, 2885, 1627,

1485, 1470, 1447, 1220, 1169, 1039, 1029, 997.
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Table 1. Effect of DBDMH on oxybromoacetalization of 1a with ethylene glycol®.

Entry DBDMH (mmol) Yield® (%)
1 1.0(0.5 equiv) 35
2 2.0(1.0 equiv) 96
3 2.4(1.2 equiv) 98
4 3.0(1.5 equiv) 98
5 4.0(2.0 equiv) 97

@The reaction was performed with 2 mmol of 1-Phenylethanol (1a), and 6 mL of ethylene glycol at room temperature for 24 h;

bThe a-bromoacetal of acetophenone (2a) was filtrated directly from the reaction system as a white solid.

10
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Table 2. Effect of solvents on the oxybromoacetalization of 1a with DBDMH?,

Entry Solvent Volume (mL) Yield (%)
1 ethylene glycol 1 83°
2 ethylene glycol 2 95
3 ethylene glycol 3 96
4 ethylene glycol 4 98
5 ethylene glycol 5 98
6 ethylene glycol 7 98
7 methanol 5 0(78)
8 methanol 5 0(80°%

The reaction was performed with 2 mmol of 1-Phenylethano I(1a), 2.4 mmol of DBDMH(1.2 equiv), at room temperature for 24

h; The reaction was performed with 1.0 mmol of DBDMH (0.5 equiv) for 1 h, and then acetophenone was obtained with 78%

yield; ¢The reaction was performed with 2.4 mmol of DBDMH (1.2 equiv) for 3 h, and then 2-bromo-1-phenylethanone was

obtained with 80% yield.

11
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Table 3. Oxybromoacetalization of various secondary alcohols with DBDMH/NBS in ethylene

glycol®.
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aThe reaction was performed with 2 mmol of ketone, 2.4 mmol (1.2 equiv) of DBDMH or 4.6 mmol (2.3 equiv) of NBS, and 4

mL of ethylene glycol at room temperature for 24 h; Pisolated yield; ®2-bromomethyl-2-(3-bromo-4-methoxyphenyl)-1,3-

14
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dioxolane(20) was isolated as the main product; %a mixture of 2-(oromomethyl)-2-propyl-1,3-dioxolane and 2-(1-bromopropyl)-

2-methyl-1,3-dioxolane was obtained, and the ratio determined by *H NMR was 3: 2.

15
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Table 4. Effect of NBS on the oxybromoacetalization of 1a with ethylene glycol?®.

Entry NBS (mmol) Yield of 2a (%)
1 2 52
2 3 78
3 4 92
4 4.6 97
5 5 91
6 6 90

4The reaction was performed with 2 mmol of acetophenone (1a), and 6 mL of ethylene glycol at room temperature for 24 h.

16
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Scheme 1. Possible mechanism for one-pot oxybromoacetalization of 1a with DBDMH in
ethylene glycol.

OH 0

+Elr ©)\ ©/U\+H5r

Br OH

“‘%

Br’

@Lm O‘;i
o “ﬂm—h@%

17



