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Sterically demanding, water-soluble alkylphosphines have been found to give highly active catalysts for Suzuki coupling of aryl bromides in
aqueous solvents. A variety of aryl bromides and boronic acids were coupled in excellent yield. Turnover numbers up to 734 000 mmol/mmol
Pd have been achieved under mild conditions.

Aqueous-phase, palladium-catalyzed coupling reactions arearyl bromides, but the activity of these systems remains too
of interest as environmentally benign synthetic methods thatlow to be industrially viable. Water-soluble catalysts with
would decrease the use of volatile organic solvents andincreased activity toward aryl bromides and chlorides are
simplify catalyst recovery Water-soluble phosphines, such necessary for wider application of aqueous-phase catalyst
as tris(3-sulfanotophenyl)phosphine (TPPTISFigure 1), systems. It has recently been shown that sterically demanding
alkylphosphines, such as teft-butylphosphineZ), provide

high activity catalysts for a range of palladium-catalyzed
coupling reactions in organic solvents. Catalysts derived from
SO3Na these ligands have allowed the first general couplings of aryl

+ + . ;
P@) +BUSP ,_BUZP/\/'\é':{'es RZP_CNMGQ bromides at room temperature and of unactivated aryl
3
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Table 1. Ligand Optimization in Aqueous-Phase Suzuki
Couplingt

Me©—sr + PhB(OH) ;
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H,O/CH 3CN

(1:1) 6

L=2345

entry ligand L:Pd yield® of 6 (%)

1 2 2:1¢ 2
2 3 1:1 98
3 3 2:1 73
4 4 1:1 99
5 4 2:1 32
6 5 1:1 46
7 5 2:1 2

aReactions run on 0.2 mmol scale with 0.5 mol % Pd at room
temperature® GC yield after 1 h. Mass balance was within 592.5 mol
% Pd, 4 h.

chlorides under moderate conditich§o date, there have
been no examples of the application of sterically demanding,

water-soluble alkylphosphines to aqueous-phase coupling
reactions. Therefore, we have prepared a series of water-
soluble phosphines modeled on the steric and electronic

properties oft-BusP (3—5, Figure 1). Ligands3 and 4
provided highly active catalysts for the Suzuki coupling of
aryl bromides at room temperature in aqueous solvents.

Table 2. Low Catalyst Loading Coupling Reacticns

T time yield?of6
entry ligand mol%Pd (°C) (h) (%) TON¢®
1 3 9.92 x 10% 23 24 99 9980
2 4 9.80 x 10% 23 24 >99 10 100
3 3 1.03 x 1073 80 4 >99 95 600
4 4 1.01 x 1073 80 4 >99 97 800
5 4 9.95 x 1075 80 4 73 734 000

a See Supporting Information for the experimental procedeierage
GC yield =2 runs) by comparison to mesitylene using response factors
from authentic samples. Mass balances were within 6. mmol product/
mmol Pd.

Ligands3 and4 were prepared in analogy to the previously
reported synthesis & and were isolated as water-soluble,
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modestly air-sensitive solids. With ligan8s-5 in hand, their
ability to promote aqueous-phase Suzuki couplings was
compared to that of TPPTS under previously reported
conditions (Table 1, eq ¥} At room temperature, TPPTS/
Pd(OAc) gave low conversion in the coupling of 4-bromo-
toluene and phenylboronic acid (entry 1). In contrast, ligands
3 and4 gave nearly quantitative yields of 4-methylbiphenyl
at room temperature with 0.5 mol % Pd affieh (entries 2
and 4). Ligands gave a less active catalyst than ligargls

or 4 (entry 6). For each of the ligands prepared in this study,
a 1:1 ratio of ligand:Pd gave higher activity than a 2:1 ratio.
These results are consistent with those recently reported for
the t-BusP/Pd catalyst systefi9 Catalysts derived frong,

4, or 5/Pd(OAc) partitioned predominately in the organic

Table 3. Scope of Suzuki Couplings witB or 4/Pd(OAc)?

Pd(OAc), (2 mol %)
3or4(2mol %)
Na,CO
H,O/CHLCN (1:1)
room temperature

ArX + ArB(OH) A—Ar (2)

ntry  Aryl Halide Boronic Acid Ligand  Yield®

Ar-Ar'
MeOOBr PhB(OH) 3 94 %
: 4 9% %
H3C4©~Br PhB(OH), 93 %
3 O}—@-Br OB(OH)z 4 88 %
Q,
4 >—< >*Br MeO—-< )—BIOH); 3 95 %
4 91 %
CHy
5 @—Br MeO—< >—B(0H)2 3 95 %
4 93 %
CHs
6 MeO—@—Br <i>-a(om2 4 94 %
CHy CHy
7 @»Br @B(OH)z 4 92 %
CHy
< :> <:> 3 90 %
Br MeO B(OH),
8 ° 4 94 %
CHs
CHg CHs
9 Q‘Br @B(OH)z 4 67 %°
CH,
10 HO—Q-B' PhB(OH), 4 87 %
CHs
11 Ho.c—(_ e @mowz 4 95 %
12 NC—< :}—CI PhB(OH) 3 64 %%
: 4 92 %"°

a2 mol % Pd, 1:1 L:Pd, at room temperature. See Supporting Information
for complete reaction conditions. Reactions were complete-ip i in all
cases? Average yield of two runs that agreed within 5%Determined by
IH NMR of isolated material. Product was contaminated by-@igeth-
ylbiphenyl (30% yield based oo-tolylboronic acid).?4 mol % Pd, 2:1
L:Pd, 80°C. ®¢GC yield after 6 h.
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phase of the reaction mixture, although addition of ether 1—4). The catalyst system also tolerated sterically demanding
drove the catalyst into the aqueous phase. Water-misciblearyl bromides and boronic acids (entries& to give mono-
cosolvents that give homogeneous reaction mixtures, suchand diortho-substituted biphenyl products in excellent yield
as methanol and DMF, could be used in place of acetonitrile with no change in the reaction time. Preparation of,8;2
with no change in reaction yield or rate. Reactions carried trimethylbiphenyl occurred in modest yield (67%), however,
out in water alone occurred more slowly than when a along with a significant amount of aryl halide reduction to
cosolvent was used, however. m-xylene and boronic acid homocoupling to 2¢2methyl-

Catalysts derived frorB and4/Pd(OAc) are highly active biphenyl (entry 9). Water-soluble aryl bromides also gave
catalysts for Suzuki couplings of aryl bromides (Table 2). high yields of biphenyl products (entries 10 and 11) with
The coupling of 4-bromotoluene and phenylboronic acid in this system. Coupling of activated aryl chlorides with ligand
a 2:1 mixture of water and acetonitrile was used as a model4 required high catalyst loading (4 mol %) and temperature
reaction. An increased ratio of water was used to avoid (80 °C) to achieve high yield (92%), whil&/Pd(OAc) gave
precipitation of salts, which appeared to limit activity at only 64% yield (66% conversion) under the same conditions
higher reaction concentrations. At room temperature, quan- (entry 10). Bott3 and4 gave low conversions{(30%) with
titative yields were obtained with as little as 0.01 mol3%  4-chlorotoluene and 4-chloroanisole under these conditions.
or 4/Pd(OAc) after 24 h (entries 1 and 2), which is  |n conclusion, we have shown that sterically demanding,
comparable to the best turnover numbers reported for room-water-soluble alkylphosphines give highly active catalysts
temperature Suzuki couplings of aryl bromides in organic for Suzuki couplings of aryl bromides in aqueous solvents.
solvent§° and is unprecedented for aqueous-phase sysfems. Ligands3 and4 have provided the first room-temperature
At 80 °C, quantitative yields were obtained afteh using  aqueous-phase Suzuki couplings. Catalysts derived 8om
1 x 10"*mol % 3 or 4/Pd(OAc}. No significant difference  and4 both showed high activity toward aryl bromides, while
was observed in the turnover number or frequency of the more sterically demanding ligaddgave catalysts with
catalysts derived fron3 or 4. At ppm catalyst loadings of  activity toward aryl chlorides higher than that®fThe more
4/Pd(OAc), 734 000 turnovers were achieved affeh at  facile synthesis oB makes it the preferred ligand for aryl
80°C (entry 5), but longer reaction times did not give further bromide couplings, however. These aqueous-phase catalysts
conversion.The aerage turneer frequency (TOF) was may prove useful in applications such as solution-phase
184 000 h'. This level of productivity is 2 orders of  combinatorial library synthesis and modification of water-
magnitude higher than the most active aqueous-phase catalysfoluble biomolecules, as well as in environmentally benign
system previously reported for the Suzuki coupling of aryl synthesis. Preparation of ligands with improved water
bromides (TON= 9 000 mmol/mmol Pd; TOF= 5400  solubility and activity, particularly toward aryl chlorides, are
mmol/h)? currently being pursued.

Catalysts derived fror and4 were used to couple a range
of aryl halides and boronic acids (eq 2, Table 3). Upon  Acknowledgment. The authors acknowledge The Uni-
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Excellent yields ¢ 88%) were obtained with electron-rich,

-neutral, and -poor aryl bromides and boronic acids (entries  Supporting Information Available: Experimental pro-
cedures and NMR spectra for ligan@sand 4 and the
products in Table 3. This material is available free of charge
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