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A highly efficient and selective rearrangement reaction of bromohydrins to aldehydes mediated by
CF3C0O,ZnEt was described. The secondary and tertiary aldehydes were prepared under mild conditions
in good to excellent yields (85-99%). The scope and limitations of this rearrangement process were also

© 2011 Elsevier Ltd. All rights reserved.

Halohydrins have attracted considerable attention and emerged
as powerful substrates in modern organic synthesis due to their
high reactivity? and easy availability through a variety of meth-
ods.>* Rearrangement of halohydrins to corresponding carbonyl
compounds is one of the useful synthetic methods.> An efficient
ring-expansive rearrangement of bromohydrins mediated by Grig-
nard reagent was reported by Sisti.” Reactions of 1-(ai-bromoben-
zyl)-1-cycloalkanols with isopropyl magnesium bromide in
benzene under reflux conditions gave rise to the corresponding
ring-expansive o-phenyl ketones in good yields.”® Recently, Pushp-
ito found that iodohydrins could be converted into ketones or alde-
hydes through acid activation of bromate/bromide couple.®

In our previous work, we reported an efficient procedure to syn-
thesize ketone carbonyl compounds from bromohydrins using
ZnEt, under mild conditions.® The tertiary p-bromo alcohols, which
the hydroxyl group was attached on the tertiary carbon atom, were
treated with 0.6 equiv of Et,Zn at room temperature to give the
regioselective a-aryl ketones with high yields. As for secondary
B-bromo alcohols 1, a mixture of aldehydes and ketones were
obtained and the ratio of 2 and 3 was dependent on the substitute
on benzene ring (Scheme 1). The aldehyde group is one of the most
versatile functional groups, which can be converted to a variety of
valuable chemicals, such as amines, imines, alcohols, and acids.
However, development of simple, highly selective and efficient
synthetic approaches for aldehyde remains a challenging work.
Our interest in the reactivity of organozinc reagents (XZnEt)
enhanced by X group prompted us to verify the possibility of reg-
ioselective preparation of aldehydes from secondary B-bromo
alcohols.

Initially, 2-bromo-1-phenylpentan-1-ol 1a was used as a model
substrate to develop appropriate reaction conditions (Scheme 2,
Table 1). The organozinc reagents (XZnEt) were formed from the
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reaction of diethylzinc with alcohols or acids (HX). Reaction of 1a
with 0.6 equiv of i-C3H;0ZnEt at room temperature for 4 h pro-
vided a mixture of 2-phenylbutanal 2a and 1-phenyl-1-pentanone
3a in 88% yield. Gratifyingly, 2a as the major isomer was formed
and the ratio of the two isomers 2a and 3a was 10:1 which was
determined by 'H NMR spectroscopic analysis. When alcohols
were replaced by acetic acid and methanesulfonic acid, the ratios
of 2a and 3a increased to 42:1 and 40:1, respectively. But their
yields became a little lower. It was found that the rearrangement
mediated by 0.6 equiv of CF3CO,ZnEt gave aldehyde 2a with excel-
lent regioselectivity (>99:1) in 94% yield. Further increasing the
amount of CF3CO,ZnEt did not increase the yield, whereas reducing
the amount of CF3CO,ZnEt to 0.3 equiv led to a lower yield and a
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Scheme 1. Rearrangement of p-bromo alcohols mediated by Et,Zn.
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Scheme 2. Rearrangement of bromohydrin 1a mediated by organozinc species.
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Table 1

Reaction of 2-bromo-1-phenylpentan-1-ol 1a with organozinc species
Entry Organozinc species Yield (%)* A:KP
1 i-C3H,0ZnEt (0.6 equiv) 88 10:1
2 t-C4HoOZnEt (0.6 equiv) 92 6:1
3 C,Hs0ZnEt (0.6 equiv) 92 9:1
4 CH3CO,ZnEt (0.6 equiv) 76 42:1
5 CH5SO5ZnEt (0.6 equiv) 59 40:1
6 CF3C0O,ZnEt (0.6 equiv) 94 >99:1
7¢ CF3C0,ZnEt (0.6 equiv) 75 73:1
8 CF3C0,ZnEt (0.3 equiv) 75 44:1
9 CF3C0,ZnEt (0.8 equiv) 90 >99:1

2 Isolated yield after flash chromatography.

b Ratio of aldehyde and ketone was determined by 'H NMR spectra, the two
isomers were not separated.

¢ Reaction was performed at 0 °C.
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Scheme 3. CF3CO,ZnEt-promoted rearrangement of bromohydrins to form o,p-
unsaturated aldehydes.

Table 2
CF3C0,ZnEt-promoted rearrangement of bromohydrins to form aldehydes

lower regioselectivity of the desired product 2a. The yield and
selectivity decreased as well when the reaction was stirred at 0 °C.

Under the optimized reaction conditions, we explored the feasi-
bility of the reaction with a variety of secondary bromohydrins.!?
The results are summarized in Table 2. The rearrangement reaction
could afford the corresponding aldehydes in high yields and excel-
lent selectivity regardless of the different substitutions on the aro-
matic ring. For example, when substrates contained an electron-
withdrawing group, such as fluoro, bromo, and chloro on para po-
sition of the phenyl ring, the desired aldehydes 5c—e were obtained
with excellent selectivity. The chloro and bromo group on ortho po-
sition of its phenyl ring has no effect on the selectivity. The sub-
strate with an electron-donating group, such as methyl and
methoxy, on the aromatic ring gave a better selectivity than that
of an electron-withdrawing group on the aromatic ring. The naph-
thyl substrate 4i also reacted smoothly with CF;CO,ZnEt to give
the desired product 5i in 98% yield. However, treatment of 2-bro-
mo-1,2-diphenylethanol 4k under the same condition afforded
many byproducts. When the amount of CF;CO,ZnEt increased to
1.2 equiv, a yield of 99% was obtained at 0 °C for 10 min, but with
a little low regioselectivity (24:1).

To further evaluate the scope of this reaction, several tertiary
halides 41-q that bromo atom was attached to the tertiary carbon
position were employed to the rearrangement reaction. The steric
hindrance had obvious effect on the regioselectivity of products.
The selectivity to aldehyde decreased with the increasing hindrance
of groups. For example, treatment of 2-bromo-2-methyl-1-phenyl-
propan-1-ol 41 with 0.6 equiv of CF;CO,ZnEt at room temperature
for 1 h gave the desired tertiary aldehyde 51 and ketone in a ratio
of 19:1 with a combined yield of 92%. The ratio of aldehyde to ke-
tone decreased to 5:1 when a more bulky substrate 4n was applied
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Table 2 (continued)
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Entry Substrate Time (h) Product Yield (%) (A:K)®
Br OH BrO H
CsHy
CgzH
7 Br 16 3Hy 85 (100)
4
g 5q
H;cO  OH Os_H
CaH7 H3;CO
8 C3H7 ( )
8 r 0.5 99 (100
H
sCO H,CO
Br Br
4h 5h
OH (0]
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9 O Br 4 OO 98 (100)
4i
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OH (@) H
CHj
10 Br 4 CHs 89 (99:1)
4
) 5i
OH O (@) H
c H .
11 O Br 10 min 99 (24:1)
4k
5k
OH (0] H
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4] 51
OH OxH
13 ©)B><\ 05 & 94 (12:1)
4m 5m
OH (0] H
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OH O _H
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H,C HsC
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OH (¢] H
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16 2 99 (100)
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Br 4p H,CO 5p
OH (@) H
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Br 4 B
q r 5q

@ Isolated yield after flash chromatography.
> Determined by 'H NMR spectra.
¢ Reaction was performed with 1.2 equiv of CF3CO,ZnEt at 0 °C.

to the reaction. The substrates 40 and 4p with electron-donating
group, such as methyl and methoxy, on the aromatic ring gave high
yields and excellent selectivity of the corresponding aldehydes.
However, the substrate 4q with a bromo group on ortho position
of its phenyl ring afforded a mixture of aldehyde and ketone with
aratio of 7:1.

It is noted that the rearrangement of primary halide 6a med-
iated by CF;CO,ZnEt occurred and gave a product of o,B-unsatu-
rated aldehyde 7a in 54% yield (Scheme 3). The primary halide
does not rearrange unless a good migrating group is invol-
ved.'%®® The rearrangement reaction of 6a in the presence of
0.6 equiv of EtyZn or EtZnCH,l did not work in our previous
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Scheme 4. A possible mechanism for the rearrangement reaction.

report.” When 2-bromo-1-(4-methoxyphenyl)ethanol 6b was
submitted to the reaction, 60% yield of 7b was obtained under
similar conditions. The reaction process involves an initial rear-
rangement of bromohydrin to arylacetaldehyde, followed by self
aldol condensation to form o,p-unsaturated aldehyde.!!

A possible mechanism for this pinacol-type rearrangement
mediated by CF3C0O,ZnEt is shown in Scheme 4. CF;CO,ZnEt reacts
with bromohydrin to afford zinc complex 8, followed by the migra-
tion of aryl group to form the desired aldehyde and an elimination
of CF3C0O,ZnBr. Hydrogen migration in intermediate 8 will give ke-
tone isomer.>'? The aryl group containing electron-donating sub-
stitutions on the aromatic ring is beneficial to generate aldehyde.
On the other hand, the steric feature of groups R! and R? has effect
on the regioselectivity. Bulky R! and R? obstruct the aryl migration
and prefer the formation of ketone.

In summary, we have described a highly efficient and selective
rearrangement reaction of bromohydrins to aldehydes. The reac-
tion mediated by 0.6 equiv of CF3CO,ZnEt under mild conditions
gave the secondary and tertiary aldehydes in high yields (85-
99%) and with good to excellent regioselectivity. The electron-
donating substitutions on the aromatic ring are beneficial to gener-
ate aldehyde. The presented procedure leads to building of useful
aldehydes for organic chemicals.
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