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and facilep-hydride elimination (eq 2) are two likely causes for ligands might also be useful in couplings of alkyl halides. As a
this comparative lack of success. Indeed, to date most palladium-test reaction, we chose to examine the unprecedented Suzuki
catalyzed couplings of alkyl electrophiles have involved substrates cross-coupling of an alkyl bromide that contafhbydrogens (1-
that are activated toward oxidative addition and that Igck  bromododecane) with an alkylborang-i-octyl-9-BBN).
hydrogens (e.g., benzyl halides). For the Suzuki reaction in  \We were pleased to discover that Pd(OARLYs, in the
particular, among alkyl halides/triflates, Only iodides have been presence of KPOrH,0, serves as an efficient Cata|yst for this
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J., Eds.; Wiley-VCH: New York, 1998. 123 2719-2724.
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Table 2. Room-Temperature Suzuki Cross-Coupling of Alkyl
Bromides (eq 3): Reaction Scope

entry R—(9-BBN)? Raky—Br  vield (%)°
1 n-Hex—(9-BBN) n-Dodec—Br 93
9-BBN
n-Dodec—Br 78°¢
MeoN
3 @\/\ n-Dodec—Br 85
9-BBN
(¢]
4 /\/\Q.BBN J\f’)/\/Br 58
=
n-Bu Eto 3
Me Br
5  TESO” " ""e.BBN 72
Me
9-BBN
6 n-Hex—Br 80
MeQ
(o]
7 " NC Br 81
MeO 12 BBN \f’):\/
8 TESO” ""T9BBN ¢l Br 81
\M;\/
9 ©\A n-Dodec—Br 66
= ~9-BBN

aPrepared by hydroboration with 9-BBN of the corresponding
alkene/alkyne and used without purificatidrisolated yield, average
of two runs.© 1.05 equiv of R-(9-BBN) was used.

example, more hindered tPBu); (entry 10; cone angle: 18},
less hindered R(Bu)s (entry 11; cone angle: 13p and bidentate
dcpe (entry 12) afford little or none of the desired product. In
fact, among the other trialkylphosphines that we have examined,
only P(-Pr)y furnishes a significant amount of the target
compound (entry 13; cone angle: %0

We have established that Pd(OAB)CY/KsPOy-H,O catalyzes
the room-temperature Suzuki cross-coupling of an array of
p-hydrogen-bearing alkyl bromides with alkyl- and vinylboranes
(Table 2)?°The mildness of these conditions for coupling alkyl
bromides contrasts with the higher temperatures employed in
Suzuki's reactions of alkyl iodides (6C).52 As shown in entry
1, Pd(OACc)/PCy; cross-couples unfunctionalized partners in
excellent yield (93%). The process tolerates a wide range of

(8) (a) For a compilation of cone angles, see: Rahman, M. M.; Liu, H.-
Y.; Eriks, K.; Prock, A.; Giering, W. POrganometallics1989 8, 1-7. (b)
Tolman, C. A.Chem. Re. 1977, 77, 313-348.

(9) General procedure: In air, Pd(OA¢®.0 mg, 0.040 mmol), PG\22.4
mg, 0.080 mmol), and ¥#0Os-H,0 (276 mg, 1.20 mmol) are added to a reaction
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functional groups, including amines, alkenes, esters, alkynes,
ethers, and nitriles (entries—Z). Furthermore, alkyl bromides
can be coupled selectively in the presence of alkyl chlorides (entry
8), and vinylboranes can serve as coupling partners (entry 9).

As is the case for Suzuki reactions ofgyybridized halides/
triflates, our cross-couplings of alkyl bromides are not highly
moisture-sensitive. In fact, water (from sRO;H,O) is an
important component of the reaction systeessentially no
coupling occurs when anhydrousOy, rather than KPO,-H,0,
is employed. By adding 1 equiv of water to reactions with
anhydrous KPO,, we obtain the reactivity afforded by;ROy-
HZO.“

By B NMR spectroscopy, we have investigated the role of
water in our Suzuki cross-coupling system. When we introduce
anhydrous KPO, into a THF solution oB-n-hexyl-9-BBN, the
1B NMR spectrum does not changé 78). On the other hand,
when we mix B-n-hexyl-9-BBN with KzPO,-H,O (1:1), the
resonance ai 78 is replaced by a signal a4, which corresponds
to the hydroxyl-bound “ate” comple®:*® For Suzuki reactions,
such four-coordinate boron adducts are believed to play a key
role in transmetalation (RPdL,—X + R%B(OH)™ — R—PdL,—
RY).414

In summary, we have developed the first method for achieving
Suzuki cross-couplings of alkyl bromides that contdihydro-
gens, under surprisingly mild conditions (room temperature). This
work represents a significant expansion in the scope of the Suzuki
reaction. We are currently exploring other palladium-catalyzed
couplings of alkyl halides and triflates.
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(10) Notes: (a) Dioxane and DME can also be employed as solvents. (b)
Carbonates may be used as the base. (c) A 1:1 ratio of Pglp@Gyides
comparable results. (d) Pd(OAECys), (Neilan, J. P.; Laine, R. M.; Cortese,

N.; Heck, R. F.J. Org. Chem.1976 41, 3455-3460) and commercially
available, air-sensitive Pd(Pgyare comparable in effectiveness to Pd(GAc)
PCys. We chose to focus our study on Pd(OAPCy; because both
components are commercially available and easily handled in air. (e) Under
these conditions, boronic acids, secondary alkyl bromides, and secondary alkyl-
9-BBN reagents are not suitable coupling partners.

(11) With <1 equiv of water, decreased activity is observed. With 1, 4, 7,
and 10 equiv of water, essentially identical results are obtained.

vessel equipped with a stir bar. The vessel is sealed with a septum and purged (12) (a) Matos, K.; Soderquist, J. A. Org. Chem1998 63, 461-470.

with argon for 15 min. The trialkylborane (1.2 mmol; 0.50 M solution in
THF) and then the alkyl bromide (1.0 mmol) are added by syringe. The
resulting heterogeneous reaction mixture is stirred vigorously at room
temperature for 1624 h. At the conclusion of the reaction, the mixture is
diluted with EtO, filtered through silica gel with copious washings A&,
concentrated, and then purified by flash column chromatography.

(b) Koster, R.; Seidel, G.; Wrackmeyer, Bhem. Ber1992 125 617-625.

(13) As expected, we have determined that KOH can be employed as the
base in alkyt-alkyl Suzuki cross-coupling reactions (e.g., 1-bromododecane
couples withB-n-hexyl-9-BBN in 92% yield).

(14) According to®'P NMR, during the course of the cross-coupling
reaction, Pd(PGy, (6 40) is the predominant phosphorus-containing species.



