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catalyzed conjugate additiohand allylations of aldehydésnd
N-toluenesulfonylimineg.Moreover, potassium organotrifluo-

roborate salts are easily prepared by the addition of inexpensive

KHF; to various organoboron intermediafeand they are air-

and moisture-stable crystalline solids that are readily isofeted.
Metalation of organotrifluoroborates would give rise to useful
Aryl bromides bearing a potassium trifluoroborate moiety bimetallic linchpins capable of sequential functionalization at
were subjected to lithiumhalogen exchange at low tem- each of the two metal centers (Scheme 1), thus increasing
perature using a variety of alkyllithium reagents. A number molecular complexity in a convergent manner. In this Note we
of different electrophiles were evaluated in their reactions report the realization of these bimetallic linchpin reagents using
with the aryllithiums produced therein. Under carefully the lithium—halogen exchange of potassium bromophenyl
optimized conditions, potassium bromopheny! trifluorobo- trifluoroborates. o

rates afforded good to excellent yields of the corresponding  Initial studies focused on the lithiufthalogen exchange of
alcohols (64-94% isolated yield) when aldehydes or ketones Potassiunp-bromophenyl trifluoroboratelj. While methanol,

were used as the electophilic partner. Esters were umcorm_acetonitrile, and acetone are known to be excellent solvents for
nately found to be unreactive ' a wide array of potassium organotrifluoroboratesl of these

commonly employed solvents are far too acidic to remain inert
under the strongly basic conditions of the metahlogen
Metalhalogen exchange reactions have had a rich history €xchange reaction. Out of necessity, it was discovered that THF
in synthetic organic chemistry, specifically with respect to the also serves as an excellent solvent for a number of potassium
formation of G-C bondst However, the tendency of boronate organotrifluoroborates. Because of its ease of workup and known

esters and boranes to act as a Lewis acid toward alkyllithiums Spectral properties, potassium phenyl trifluoroborajé frade
and Grignard reagents has prevented the functionalization ofa logical target to probe the lithiurhalogen exchange reaction

boron-containing compounds via a methklogen exchange
route. To date, there exists only one report in which a metal
halogen exchange, specifically a magnesitralogen exchange,

of 1. Unfortunately, early attempts at the reactionlofvith 1
equiv of n-BuLi in THF at —78 °C, followed by a variety of

aqueous quenches (Scheme 2), met with little success. Although

was used in the presence of a boron-containing functional the oils isolated from these early reactions were shown to contain

group? That method employed expensive iodoaryl pinacol

boronates as substrates. Concurrent to that development, our

continuing interest in the chemistry of potassium organotrif-
luoroborates led us to speculate on their use in métalogen

“ate” complexes of boron b¥B NMR, standard precipitation
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TABLE 1. Variation of the Duration of Lithium —Halogen TABLE 2. Optimized Lithium —Halogen Exchange Reactions of
Exchange p-Bromophenyl! Trifluoroborate (1)
; BF3K 1. n-BuLi, THF
; 1. n-BuLi BFK  -78°C, 1h BFK
> 6 N
2. octanal (5) /©/ ] /©/
3. KHF, Br 2.E*,-78°Ctort E
OH 6 45 min
3. satd KHF(aq)
time with RLi prior to . 1, 10 min .
RCHO addition (min) % yield entry E product % yield
(isolated)
5 70 on
30 78 o]
60 87 O)kH O)\Q\
120 76 1
3 84
240 78 4 BFK
0 OH

in diethyl ether did not yield a white crystalline solid, even » (:)\LH d\@ 87
though both'H and 13C spectra of the crude oils were also BFK
consistent witl2. Changing the workup protocol improved the
situation to some degree. Thus, an aqueous quench with
saturated aqueous KHHAed to a modest yield of KPhBF ©)LH O O 62
(~30%). Undaunted by these disappointing initial results, we 3 7 8
proceeded to investigate the quenching of the presumed orga-
nolithium intermediate with carbon electrophiles. In fact, o) o
utilization of cyclohexanecarboxaldehyd® és the electrophile 4 \);\H \%o\@ 93
o]
A

led to the isolation of a white crystalline solid whose spectra
were entirely consistent with the desired produtti6 79%

yield (Scheme 2). 5 A X o4
Careful optimization studies were carried out on the prepara- TR 12

tion of alcohol6 (Table 1). Variation of solvents (DME or THF) o OH BF3K

and molarity revealed that the best results were consistently 6 \)J\ \>1\©\ 83

obtained at 0.1 M in THF (85% yield). Though additives that 13 e 14

decrease the aggregation statendBuli have been shown to o BF3K

increase the rates of lithiumhalogen exchange reactiols, OH

addition of 1 equiv of TMEDA gavés in only 30% isolated 7 é M\@ 65

yield. Variation of lithium sources showed thatBuLi was 16 BE.K

preferable tos-BuLi (40% yield) andt-BuLi (22% vyield). 15 _l °

Experiments to determine the time required for lithinhalogen 9 TMSCI /2\@\ o7

exchange are summarized in Table 1. Remarkably, it was found 17 BF.K

that the best yields were obtained when the introduction of the |
electrophile was delayed as muchXh following the addition 10 I \©\ 64
of n-BuLi at —78 °C (87% yield). Longer delays led to only

small decreases in isolated yield. Last, but not least, it was found 1 20 Bk
while optimizing the reaction d3to 24 (eq 1) that the aqueous NCO @\ o
KHF, quench proceeded very rapidly, with times longer than 1 ©/ HJ\©\ 68
10 min leading to diminished yields of the product. BF.K
In general, lithium-halogen exchanges followed by addition 21 22 ¢

to aliphatic or aromatic aldehydes gave good to excellent yields
of the secondary alcohols (Table 2, entries4}. As for o.,(-
unsaturated aldehydes, reaction of acroléit) provided solely smooth conversion to tertiary alcohdld and16, respectively.
the 1,2-addition productl@). Ketones13 and 15 underwent Esters, however, proved unreactive under the standard reaction
conditions. Other classes of electrophiles also proved suitable
(10) Korneev, S. M.; Kaufmann, D. Bynthesi2002 491-496. to the method. Silylation with TMSCI1{7) provided silyl
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trifluoroborate 18 in good yield. lodination using 2l (19)
proceeded as expected to provigéedophenyl trifluoroborate
(20). Finally, phenylisocyanate?() reacted to give the amide-
containing trifluoroborate22).

Less general were the reactiongétasubstituted potassium
bromoaryl trifluoroborates and various heteroaryl bromides.
TMSCI (17) was found to react with the aryllithium arising from
23 to give 24 in good yield whent-BuLi was used as the

JOCNote

Experimental Section

General Experimental Procedure for the Lithium—Halogen
Exchange of Potassium Bromoaryl Trifluoroborates. Prepara-
tion of Potassium 4-(1-Hydroxypropyl)phenyl Trifluoroborate
(10). To an oven-dried round-bottom flask (50 mL) was added
p-bromophenyl trifluoroborate (262 mg, 1.0 mmol). The flask was
evacuated and back-filled with,three times before adding freshly
distilled THF (10 mL). A dry ice-acetone bath was then used to
cool the reaction to-78 °C, andn-BuLi (1.0 mmol) was added

metallating agent (eq 1). As a rule, however, the use of other gropwise. The reaction was then left to stir-a¥8 °C for 1 h,

BF;K 1. +-BuLi, THF BF3K
-78 °C, 10 min
7 E (T,
2.17,-78 °Ctort Si
Br 3. satd KHF »(aq) N
23 24

81% isolated yield

electrophiles was hindered by the low crystallinity of the
products, which were frequently oils that could not be further

purified. In these cases, direct conversion of the crude potassium

trifluoroborate to the tetrabutylammonium trifluoroborate was
possible but did not effect a satisfactory purification of the
productst! Various heteroaryl bromides were explored but were
found to give results analogous to those usdg

In summary, a new entry into functionalized boron com-
pounds has been developed via the lithitinalogen exchange

reaction of potassium organotrifluoroborates. The method is

less expensive and simpler than existing protoédiore-

during which time an insoluble salt precipitated. Next, neat
propionaldehyde (58 mg, 1.0 mmol) was added dropwise, and
stirring was continued for an additional 10 min-a78 °C. After
warming to room temperature, the reaction was stirred at room
temperature for 30 min, then saturated aqueous K@AFL mL,

5.0 mmol) was added, and the reaction was stirred at room
temperature for 10 min. Evaporation of the solvents in vacuo was
followed by drying at 0.05 Torr for a minimum of 6 h. Acetone
extraction (3x 20 mL) and filtration of the solids gave a solution
of the product trifluoroborate in acetone. Reduction of the solvent
followed by dropwise addition of ED led to precipitation of the
product. The product was then filtered, collected, and dried
overnight at 0.05 Torr to afford potassium 4-(1-hydroxypropyl)-
phenyl trifluoroborate (212 mg, 88%). Mp 250 °C. *H NMR
(500 MHz, DMSO¢): 7.26 (d,J = 7.8 Hz, 2H), 7.0 (dJ = 7.8

Hz, 2H), 4.82 (m, 1H), 4.31 (m, 1H), 1.58 (m, 2H), 0.80J& 7

Hz, 3H).13C NMR (125.8 MHz, DMSOdg): 142.3, 130.9, 123.9,
74.2, 32.1, 10.3°F NMR (471 MHz, DMSOss): —139.2.11B
NMR (128.37 MHz, DMSOdg): 3.37. IR (KBr): 3403, 2964 cri.
HRMS (ESI): calcd for @H;;0BF; (M) 203.0855, found
203.0845.
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