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Abstract—An efficient one-pot reaction for the synthesis of chiral a-bromo-f-alkyl ketones was developed. The final products were
obtained with excellent enantiomeric excess and good isolated yields. The synthetic potential was illustrated by the radical cycliza-

tion of the a-brominated ketone.
© 2005 Elsevier Ltd. All rights reserved.

o-Brominated carbonyl compounds are important and
useful organic intermediates.! Several methods such as
the bromination of carbonyl compounds using bromine?
and NBS? were applied to synthesize this type of com-
pounds. However, to the best of our knowledge, no effi-
cient approach has been reported so far for the
preparation of o-bromo-B-alkyl ketones with two
stereocontrolled chiral centres and highly enantiomeric
purities. Recently we found that the bromination of zinc
enolate, formed through the conjugate addition of
diethyl zinc to o,f-unsaturated ketones in the presence
of copper/chiral phosphoramidites ligands, proceeded
cleanly and efficiently producing the chiral a-bromo-p-
alkylketones with excellent enantioselectivity and good
isolated yields. We present herein, our initial results of
this one-pot reaction.

The copper catalyzed 1,4-addition* was successfully per-
formed under the normal conditions developed in our
lab, which afforded the zinc enolate with quantitative
conversion in 2.5h. The bromination was then con-
ducted by directly adding molecular bromine to the zinc
enolate, which cleanly afforded the corresponding a-bro-
mo ketone in less than 15 min (Scheme 1).

First of all, we used a series of structurally different o, 3-
unsaturated ketones in the presence of Cu(OTf), and
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simple chiral phosphoramidite ligand (L.1). The results
are presented in Table 1.

We found that all the substrates were converted to the
desired product with moderate to good isolated yields
except for 2-cyclopenten-1-one (entry 1). We did not
get the corresponding pure product due to too many
impurities during the reaction. In all the cases, the prod-
ucts were formed as a mixture of two diastereomers with
various ratios that depended on the substrate structure.
The one-pot reaction of cyclohexenone (entry 2) affor-
ded the corresponding product with moderate ratio
(42:58), which could be equilibrated (DBU, MeOH, rt,
44 h) to 74:26. A slight improvement of the ratio was
observed when 2-cyclohepten-1-one (entry 3) and 2-
cyclopenten-1-one (entry 1) were used. The best ratio
(27:73) was achieved using 2-cyclopentadecen-1-one (en-
try 4) as substrate. As expected, good enantioselectivities
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Table 1. Conjugate addition-bromination of o,fB-unsaturated ketones
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Entry Sub. Conv.? (yield, %)° dr® Product eel
0 o)
Br
1 é >99 31:69 %j: ND
Et
e} (0]
2 ij >99 (86) 42:58 (74:26)° ij/Br 90
=
o)
Q Br
3 >99 (65) 68:32 (23:77)° @ 86
=
o) 0
Br
4 \ >99 (72) 27:73¢ ND
o O Et
5 >99 (60 64:36¢ )J\'/\ 58
A=, (60) Ph
Br
o O Et
6 >99 (82 70:30 J\'A 40
phA=——pr, ) Ph Ph
Br
o) O Et
7 )J\/\R >99 (84) 48:52 )J\('\R 75
R= (CH2)3—CEC—Ph Br

# GC-MS analysis.

®Isolated yields.

¢ Determined by GC-MS analysis.

4 Determined by NMR.

¢ Equilibrated using DBU, in MeOH, rt.

"Determined by Chiral GCa or SFC in the first step (separation condition, see Note 6).

were obtained for these cyclic o,B-unsaturated ketones.
For the linear o,B-unsaturated ketones (entries 5-7) also
moderate diastereomeric ratios and enantiomeric
excesses were obtained. trans-Chalcone was found to
be the good substrate to get better ratio although the
enantiomeric excess (40%) was not very high (entry 6).

On the other hand, some of the substrates mentioned
above were tested in the presence of other bulky steric
chiral ligands (L2-L5) (Fig. 1) and copper salt to get
better enantiomeric excess. The results are summarized
in Table 2.

O-5-0

R
R

Figure 1.
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From the results in Table 2, we did not find any obvious
change for the diastereomeric ratio, which implies that
ligands have no influence on the diastereomeric ratio.
The enantioselectivity, however, was remarkably
improved for all the substrates. The conjugate addi-
tion-bromination of cyclohexenone catalyzed by L2/
Cu(OTf), and L2/CuTC, for example, gave 97% (entry
1) and 96% (entry 2) enantiomeric excess, respectively.
For the larger ring substrate like 2-cyclohepten-1-one
the ee value was increased to 98% in the presence of
L3/CuTC (entry 3). The enantioselectivities for the other
three linear o,B-unsaturated ketones (entries 4-6) were
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Table 2. Results of the one-pot reaction in the presence of copper/L2-L4

Entry Sub. Ligand/Cu Product dr* ee%C (yield, %)
0 0
1 ij L2/Cu(OT), ij/Br 39:61 97 (86)
it
fo) o
2 ij L2/CuTC ij/Br 41:59 96 (80)
Ut
% 0 Br
3 L3/CuTC 68:32 98 (71)
@ @“"Et
° o Et
4 I L2/CuTC J\érﬁph 67:33 90 (68)
o o Et
5 on M\Ph L5/Cu(OTf), Ph J\'/\ph 70:30° 71 (87)
Br
o o Et
6 )K/\R L5/Cu(OTf), MR 49:51 80 (81)
R=(CHy,);—C=C~Ph Br
fo) (0]
7° ij L4/Cu(OT), é:Br 50:50 98
Et
fo) o
§f ij L4/Cu(OTf), &C' 47:53 (62:38)¢ 97
Et
o) (0]
9h ij L4/Cu(OTf), itEl 74:26 98 (68)
Et

4 Determined by GC-MS.
® Determined by NMR.

¢ Determined by Chiral GC or SFC in the first step (separation conditions, see Note 6).

d1solated yield.

¢ NBS used, 77% conv. after 16 h.
fNCS used, 100% conv. after 15 min.
€ Equilibrated with DBU in MeOH.
"1, used, 90% Conv. after 1 h.

much better than those obtained from the simple chiral
ligand (Table 1, entries 5-7).

On the other hand, the reaction also worked using N-
bromosuccinimide (NBS) as bromination reagent in
the presence of L4/Cu(OTTf), (entry 7). Compared with
bromine, it was found to be time consuming although
NBS is relatively mild and easier to handle. Only 77%
conversion resulted in the second step after 16 h at room
temperature and the corresponding product was formed
with a 50:50 diastereomeric ratio and with 98% ee. The
chlorination of the zinc enolate using N-chlorosuccin-
imide (NCS) under the same conditions exhibited higher
activity, which gave 100% conversion after 15 min (entry
8). The ratio of 47:53 was obtained, which could be
equilibrated to 62:38 after DBU isomerization. Iodin-

ation of the zinc enolate using iodine efficiently gave
the corresponding product with 74:26 diastereomeric
ratio and 98% ee (entry 9).

In order to illustrate the synthetic potential of this trans-
formation, we carried out a radical cyclization of the
brominated product (Scheme 2). The cyclic product

O Et AIBN
— pn Bu3SnH
Benzene/reflux
Br 65%
Scheme 2.
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was successfully obtained as a mixture of four isomers
with a ratio of 9:47:8:36 and 65% isolated yield. No
obvious change of the ratio was observed after isomeri-
zation using DBU in MeOH.

In conclusion, we disclosed a highly efficient one-pot
reaction to prepare o-bromo-f-alkylketones with excel-
lent enantioselectivity and good chemical yields. This
reaction also provided a possible pathway for the con-
struction of more elaborate cyclic compounds through
radical reactions of the brominated products. This work
is still in progress and further results will be reported in
due course.
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. Typical procedure: To a mixture of Cu(OTf), (0.02 mmol)

and ligand (0.04 mmol) was added 2 ml of dry diethyl ether
under nitrogen. The solution was allowed to stir at room
temperature for 30 min and then cooled to —30 °C. Diethyl
zinc (1.5 ml, 1 M in hexane) was added dropwise in order
that the temperature did not rise over —30 °C. The solution
was stirred for 5 min, and the substrate (1 mmol) in 0.5 ml
diethyl ether was added dropwise. The reaction mixture was
stirred at —30 to —20 °C until all the starting material was
consumed (~2.5h). And then, neat bromine (3.5 mmol)
was added dropwise below —30°C. After the addition,
stirring was continued for 15 min. To get full conversion,
additional 15 min stirring is recommended. The solution
was diluted with 20 ml ether and successively washed with
saturated sodium thiosulfate solution and brine. The
organic layer was dried over sodium sulfate. The pure
product was obtained after chromatography on silica gel
using cyclohexane/ethyl acetate as eluant.

. Chiral GC separation conditions: temperature programs

are described as follows: initial temperature (°C)-initial
time (min)-temperature gradient (°C/min)-final tempera-
ture (°C)-final time (min).

For (3R)-2-bromo-3-ethylcyclohexanone Lipodex E
50cms”!, 60-45-20-170-5, tgr = 22.26 min (major), tr =
26.67 min (minor).

For (3R)-2-bromo-3-ethylcycloheptanone Lipodex E
45cm s !, 60-45-20-170-5, tr = 46.52 min (major), tg =
46.99 min (minor). For (4R)-3-bromo-4-phenylhexan-2-one
Lipodex E 40cm s~ 70-60-15-170-5, tr = 63.01 min
(major) tg = 63.38 min (minor).

For (4S)-3-bromo-4-ethyl-9-phenylnon-8-yn-2-one Hydro-
dex-B-6-TBDM, 50 cm s, 160-40-1-170-10 tr = 50.80 min
(major), tg = 51.24 min (minor).

For (3R)-2-bromo-1,3-diphenylpentan-1-one Chiral OD-H,
2%-6-1-15%, tr =10.87 min (minor), tg = 11.82 min
(major).
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