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Summary: Organotrifluoroborates are rapidly converted
into organic bromides under mild conditions, using
sodium bromide in the presence of chloramine-T. The
reactions are highly regioselective, are stereospecific, and
proceed in excellent yields.

Organic bromides are valuable intermediates in a
variety of organic syntheses,! including palladium-
catalyzed coupling reactions? and free-radical chemis-
try.® They are also important in pharmaceutical re-
search* and in the preparation of biocidal agents.®
Organometallic reagents are convenient precursors for
preparing organic bromides, but their use is somewhat
restricted due to their high reactivity and toxic proper-
ties.f Organoboronic acids and esters can be brominated
under conditions that tolerate a wide variety of func-
tional groups, using sodium bromide and an oxidizing
agent, but the reactions generally require the addition
of base or acid.”

Potassium organotrifluoroborates are more nucleo-
philic than the corresponding boronic acids. They are
also air and moisture stable and can be readily synthe-
sized from boronic acids by addition of KHF,.8 Recent
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studies indicate that trifluoroborate salts are vers-
atile synthetic intermediates.® We recently reported
that potassium organotrifluoborates are rapidly con-
verted to organic iodides under mild conditions using
sodium iodide in the presence of chloramine-T.1° We
now wish to report that organotrifluoroborates can
be brominated under similar conditions in excellent
yields.11.12

Potassium aryl-, alkenyl-, and alkynyltrifluoroborates
are readily brominated. The method tolerates a wide
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(11) General procedure: to a solution of potassium organotrifluo-
roborate (1.0 mmol) in 50% aqueous tetrahydrofuran (5 mL), contained
in a round-bottomed flask, was added chloramine-T (1.2 mmol),
followed by sodium bromide (1.2 mmol). The resulting solution was
stirred at room temperature for the required length of time (Tables
1-3). The mixture was extracted into ethyl acetate (3 x 25 mL), and
the combined organic extracts were washed with water (20 mL) and
brine (20 mL), dried over anhydrous sodium sulfate, and concentrated
under reduced pressure. The product was purified by column chroma-
tography over silica gel using petroleum ether/ethyl acetate (98/2). The
products were identified by comparison of physical and spectral
properties with literature values. (Note that 0.03 mmol of trifluoro-
acetic acid was added for entries 5 and 6 (Table 1) and entries 1-5
(Table 2).)
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Table 1. Synthesis of Aryl Bromides from Potassium Aryltrifluoroboratesa?

Entry Substrate Product Time (min)  Yield (%)
.- BFsK N
1 & [ 10 76
N N
2 10 87
CH30
3 | 10 72
CH;
I
4 ﬂ A 15 83
5 15 78°
1
~._ _DBr
6 [ ] 15 79°
Br~ ~
Eir
7 IR 10 86
[
’Br
8 N 10 65
N

a Reaction conditions: trifluoroborate (1.0 mmol), sodium bromide (1.20 mmol), and chloramine-T (1.2 mmol) in aqueous THF (50%).
b All products were identified by *H and 13C NMR spectroscopy and by comparison to authentic samples. ¢ Isolated yields. 9 Trifluoroacetic

acid (0.03 mmol) was added.

Table 2. Synthesis of Alkenyl Bromides from Potassium Alkenyltrifluoroboratesab

Entry Substrate Product Time (min) Yield (%)
1 N B 10 92
2 | ek D 10 89
\;‘.‘/ _Br

3 10 90

cr

. Br

4 10 94

CH;~
5 C7H15/‘\\~:/ BF3K Cotlys X Br 10 72

a Reaction conditions: trifluoroborate (1.0 mmol), trifluoroacetic acid (0.03 mmol), sodium bromide (1.2 mmol) and chloramine-T (1.2
mmol) in aqueous THF (50%). ® All products were identified by *H and 3C NMR spectroscopy and by comparison to authentic samples.

¢ Isolated yields.

variety of functional groups and affords the products
in excellent yields (Scheme 1). Tables 1—3 contain the

(12) Example of large-scale procedure: to a solution of potassium
naphthyltrifluoroborate (25.0 mmol, 5.89 g) in 50% aqueous tetrahy-
drofuran (100 mL), contained in a round-bottomed flask, was added
chloramine-T (30.0 mmol, 8.50 g) followed by sodium bromide (30.0
mmol, 3.10 g). The resultant solution was stirred at room temperature
for 10 min, and then the mixture was extracted into toluene (3 x 50
mL). The combined abstracts were washed with water (20 mL)
and brine (20 mL), dried over anhydrous sodium sulfate, and concen-
trated under reduced pressure to yield essentially pure 1-bromonaph-
thylene. Vacuum distillation produced 4.34 g (84%) of analytically pure
product.

results of this study. Sterically hindered potassium
aryltrifluoroborates such as (1-methylphenyl)- and (2,6-
dimethylphenyl)trifluoroborate readily react at room
temperature. Reagents containing electron-withdrawing
groups also react at room temperature but require a
catalytic amount of trifluoroacetic acid. It is interesting
to note that thienyltrifluoroborate also readily partici-
pates in the reaction.

Alkenyltrifluoroborates are rapidly converted to alk-
enyl bromides with retention of stereochemistry in the
presence of a catalytic amount of trifluoroacetic acid,
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Table 3. Synthesis of 1-Bromoalkynes from Potassium Alkynyltrifluoroborates2b

Entry Substrate Product Time (min) Yield (%)
__BFK Br
1 /\\\f// B 20 87
P ()
= N
_BF;K B
NP =
2 B [ 2 8
cHy” CH
__BEK  Br
3 _ ’\\j//{?/ [“\T/ 20 78
__BF:K B
4 Cla / Cl\\/\\/ == 20 79
BF;K Br
5 03 T 20 79

=
CsHin -~

e
==
CsHyp -~

a Reaction conditions: trifluoroborate (1.0 mmol), sodium bromide (1.2 mmol), and chloramine-T (1.2 mmol) in aqueous THF (50%).
b All products were identified by H and 13C NMR spectroscopy and by comparison to authentic samples. ¢ Isolated yields.

providing ready access to either (E)- or (Z)-alkenyl
bromides. The reaction is also suitable for preparing
1-bromoalkynes. To our knowledge, this is the first
report of an alkynylboron derivative being used as a
precursor to bromoalkynes.

In conclusion, we report a convenient procedure for
preparing aryl, alkenyl, and alkynyl bromides from
potassium organotrifluoroborates.
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