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Pd-catalyzed SuzukiMiyaura cross-coupling reaction of aryl
tosylates with potassium aryl trifluoroborate in the presence
of bulky and electron-rich phosphine ligand is described. In
addition, a useful chemoselective coupling of an aryl chloride
in the presence of a tosyloxy group was demonstrated.

Over the past several decades, the mild and selective Stizuki
Miyaural coupling of arylboronic acids with aryl halides has
become the method of choice for biaryl synthesis in laboratory
and industrial applications. Largely due to the efforts of
Molander, Buchwald, and othe?8,using trifluoroborates or

boronate esters as alternatives to boronic acids in transition

metal-catalyzed SuzukiMiyaura cross-coupling reactions has

acids, such as the structural ambiguity (the formation of the
trimeric anhydride-boroxine). Although boronic acids could
theoretically be purified to afford higher purity via recrystalli-
zation from water, a mixture of boronic acid and the corre-
sponding boroxine was usually generated upon removal of the
water. Thus, an excess amount of boronic acid has to be utilized
in the reaction in order to obtain a respectable yield. However,
the preparation of boronate esters and trifluoroborates can also
be easily accomplished via a variety of different transforma-
tions? Although couplings of tetrabutylammonium aryl trifluo-
roborates or potassium aryl trifluoroborates with aryl/vinyl
halides, triflates, or alkenyl tosylates have been repdrted,

our surprise, there are no reports for the couplings of trifluo-
roborates with aryl arenesulfonates.

On the other hand, as important alternatives to aryl/vinyl
triflates and halides in transition metal catalyzed cross-coupling
reactions, arenesulfonates are often more stable and easier to
handle than the corresponding triflates both in the solid state
and in solution. Among these, aryl tosylates are more attractive
since they have several advantages compared with aryl triflates,
which include easier preparation, increased stability, and less
expense. Moreover, their reactivities are considered less active
than that of aryl halides and triflates, which remains to be a
challenge for organic chemists. Therefore, aryl arenesulfonates
are becoming prominent substrates in cross-coupling reaétfons,
and it is of significant interest to develop general protocols to
employ aryl tosylates in transition metal catalyzed Suzuki
Miyaura cross-coupling reactions of potassium aryl trifluorobo-
rates.

Thus, we started to investigate the possibility of this
transformation. Initial studies were performed by treatment of
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aryl tosylatela and potassium phenyl trifluoroboraga in
methanol in the presence of Pd(OA¢R mol %), phosphine
ligand, and base, and the results are shown in Table 1. Inferior
results were observed when PCPPh, DPPP, or DPPF were
employed in the reaction (Table 1, entries4). 15% of desired
product3a was generated when ligarRlL was utilized in the
presence of KCO; as base (Table 1, entry 5).

MeO
R

O PRZ PCyz
OMe
P1: R=tBu P3:R'=H
P2: R=Cy P4: R' = OMe

However, only a trace amount of product was detected when
ligand P2 was added in the reaction (Table 1, entry 6). Using
more bulky and electron-rich phosphines, suchP&sor P4,
improved the yield dramaticallyP@: 51% vyield, entry 7;P4:
67% vyield, entry 8). These two electron-rich and bulky
phosphines developed by BuchwiéP were speculated to
promote oxidative addition and tight binding to the metal, which
prevents Pd black formation. Moreover, the steric bulk of the
ligands also promoted reductive elimination. Further studies
revealed that KOH was the best choice of base, and the yield
of product3a could be increased to 98% (Table 1, entry 16).

Decreasing the temperature retarded the reaction. No reaction

occurred in the absence of phosphine ligand (Table 1, entry
23). A slightly lower yield was observed when 1.0 equiv of
potassium phenyl trifluoroborat@a was employed in the
reaction (84% vyield, Table 1, entry 17). In the presence of 0.5
mol % of palladium catalyst, a prolonged reaction time was
necessary for completion of the reaction with 68% yield (Table
1, entry 18).

The scope of this reaction was then investigated under
optimized conditions [Pd(OAg)2 mol %),P4 (4 mol %), KOH
(3.0 equiv), 60°C], and the results are summarized in Table 2.
From Table 2, it was found that, for most cases, aryl tosylate
reacted with potassium aryltrifluoroborates leading to the
corresponding product8 in good to excellent yields. Better
results were observed for the reaction of 4-methoxyphenyl
4-methylbenzenesulfonat@awith potassium aryltrifluoroborate
with an electron-donating group attached on the aromatic ring.
For instance, reaction of 4-methoxyphenyl 4-methylbenzene-
sulfonatela with potassium 4-methylphenyltrifluoroborazé
proceeded smoothly to afford the desired prodiletin 97%
yield (Table 2, entry 2), while 76% or 37% yield of prodct
or 3d was obtained when potassium 4-fluorophenyltrifluorobo-

(6) For examples of Sonogashira coupling, see: (a) Fu, X.; Zhang, S.;
Yin, J.; Schumacher, D. Pletrahedron Lett2002 43, 6673. (b) Wu, J.;
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Thiruvengadam, T. K.; Zhang, Fetrahedron Lett2002 43, 573. Kumada
coupling: (d) Roy, A. H.; Hartwig, J. FJ. Am. Chem. SoQ003 125
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2001, 66, 3642. (j) Zhou, J.; Fu, G. . Am. Chem. So2003 125 12527.
For direct cross-coupling of 4-mesylcoumarins with aryl or vinyl halides,
see: (k) Lei, J.-G.; Xu, M.-H.; Lin, G.-QSynlett2004 2364.

JOCNote

TABLE 1. Conditions Screening for Reaction of Aryl
Arenesulfonate 1la with Potassium Phenyltrifluoroborate 2a

OMe

BF3K OMe
Pd(OAc),/L
+ ———————————eeeeeeeeeee
base, methanol
60 °C
OTs Ph
1a 2a 3a
entry ligand base yield (%)

1 PCy K2COs trace

2 PPh K2COs NR

3 DPPP KCOs trace

4 DOOF KCOs3 trace

5 P1 K2COs 15

6 P2 K2COs trace

7 P3 K,CO3 51

8 P4 K2COs 67

9 P4 NaCO3 trace
10 P4 CsCOs 88
11 P4 KH.PO, trace
12 P4 K2HOP,3H,0 28
13 P4 K3POy 43
14 P4 LiIOH-H,0 49
15 P4 NaOH 53
16 P4 KOH 98
17 P4 KOH 84°
18 P4 KOH 69
19 P4 CsOAc trace
20 P4 CsF trace
21 P4 KF+2H,0 trace
22 P4 NaHCGO; 32
23 - KOH NR

aReaction conditions: aryl tosylate (0.30 mmol), PhBEK (1.1 equiv),
Pd(OAc} (2.0 mol %), ligand (4.0 mol %), base (3.0 equiv), methanol
(2.0 mL), 60°C, 24 h.PIsolated yield based on aryl tosylate. ¢1.0 equiv
of PhBRK was used in the reactiofin the presence of 0.5 mol % of
Pd(OAc) and 1.0 mol % ofP4.

rate2c or potassium 4-trifluoromethylphenyltrifluorobore2d
was employed in the reaction (Table 2, entries 3 an®#ho-
substituted aryltrifluoroborat@e was also a good partner for
this kind of transformation (Table 2, entry 5). However, only a
32% vyield of producBn was generated when highly hindered
tosylatelj was utilized as substrate in the reaction (Table 2,
entry 14). Although good results were displayed for the reactions
of aryl tosylates with an electron-donating group attached on
the aromatic ring, only a trace amount of prod®dd was
detected for the reaction of 4-formylphenyl 4-methylbenzene-
sulfonatelk with potassium phenyl trifluoroborat2a (Table
2, entry 15). Meanwhile, a small amount of phenol from tosylate
was observed, which was similar to that of Buchwald’s report.
This result prompted us to re-examine the reaction conditions
for this kind of substrate. After rescreening various solvents,
bases, and temperatures, to our delight, we found that the
corresponding produ&o could be generated in 86% yield when
the reaction was performed in EtOH, in the presence of
triethylamine (3.0 equiv) as the base at 80. With this
promising result in hand, we started to examine the reactions
of aryl tosylates with electron-withdrawing groups attached on
the aromatic ring. The results were shown in Table 3.

The conditions shown in Table 3 have proven to be useful
for coupling a range of aryl tosylates with electron-withdrawing

(7) Anderson, K. W.; Ikawa, T.; Tundel, R. E.; Buchwald, SJLAm.
Chem. Soc2006 128 10694.
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TABLE 2. Reaction of Aryl Tosylate 1 with Potassium TABLE 3. Reaction of Aryl Tosylate 1 with Potassium
Aryltrifluoroborate 2 Catalyzed by Pd(OAc) , (2 mol %)/P4 (4 mol Aryltrifluoroborate 2 Catalyzed by Pd(OAc) , (2 mol %)/P4
%)2 (4 mol %)2
OTs BF3K Pd(OAc), (2 mol %) ) OTs BF3K Pd(OAc); (2 mol %) N s
P4 (4 mol %) TR P4 (4 mol %) R
10N+ gefi 10N+ o NN
R _J R _J KOH(30equiv) R R _J R ) EtN@EOequiv) Ry
MeOH, 60 °C EtOH, 80 °C &
1 2 3 1 3
entry  aryl tosylate 1 R’ product yielg entry  aryl tosylate 1 R* product  yield
(%) (%)’
1 H2a 3a 98 1 H2a 3o 86
MeOOOTs OHCOOTS
la 1k
2 4-CHs2b 3b 97 2 H2 3 99
MeO—@—OTs ’ EtOzc—Q—OTs ! P
la
11
3 4-F 2¢ 3c 76
3 H2a 3q 81
1m
4 4-CF;2d 3d 37
MeO oT: ' 4 H2a 3r 55
© < > ® in OZNOOTS
5 2-0CH:2¢  3e 53 In
MeO—@—OTs 5 0 H2a 3s 77
1a >—@—OTS
6 H2a 3f 90 1o
< > ors 6 H2a 3t 93
NC OTs
7 H2a 3g 75 1p
7 4-CH;2b  3u 98
; <:> ors NCOOTS
8 H2a 3h 85 1p
oTs 8 4F2c 3 89
NCOOTS
Ip
1d 9 4-CF;2d 3w 47
9 OTs H2a 3i 85 NCOOTB
.
le 10 MeO oT H2a 3a 42
10 H2a 3j 82 © ® ia
as Y
1f
11 H2a 3k 80 a8 Reaction conditions: aryl tosylate(0.30 mmol), potassium aryltrif-
OTs luoroborate2 (1.1 equiv), Pd(OAG)(2.0 mol %),P4 (4 mol %), EtN (3.0
equiv), EtOH (2.0 mL), 80°C, 0.5-6 h. bisolated yield based on aryl
g tosylatel.
12 H2a 31 94
O-on
1h . .
13 7\ 4-CH:2b  3m 88 SCHEME 1. Reactions Using Heteroaryl Tosylate or
o] N—Q Heteroaryl Trifluoroborate as Substrate
OTs yj I BF3K
14 4-CH;2b  3n 32 Y . " Pd(OAc), P4~ |
oT =N EtsN, ethanol Sy
s 4 2b 80 3(7:%5 h 5
1j
15 OHCOOT H2a 30 trace QTs OMe
s
1k O Pd(OAc),/P4
KOH, methanol ¢~
S7 BRI TNGseC 5h s
aReaction conditions: aryl tosylate(0.30 mmol), potassium aryltrif- OMe 27%
luoroborate? (1.1 equiv), Pd(OAg)(2.0 mol %),P4 (4 mol %), KOH (3.0 1a 6 7
equiv), MeOH (2.0 mL), 6(°C, 0.5-6 h. PIsolated yield based on aryl
tosylatel. applied to the reaction of aryl tosylat@ and potassium phenyl

trifluoroborate2a, only a moderate yield (Table 3, entry 10)

groups attached on the aromatic ring. For example, an almostwas afforded compared with the result shown in Table 2
quantitative yield of producBo was furnished in the reaction  (entry 1).

of ethyl 4-(tosyloxy)benzoatgl with potassium phenyl trifluo- Heteroaryl tosylate4 or heteroaryl trifluoroboratet as
roborate2a (Table 3, entry 2). A whole range of substitutions substrate was examined in the coupling reactions, which was
in aryl tosylates were well tolerated in these conditions, although shown in Scheme 1. The yield was not as high as others
potassium aryl trifluoroborat2 with an electron-donating group  described in Tables 2 and 3, which was possibly due to the
gave much better results. However, when these conditions werecatalyst deactivation by heteroatoms. We also tried the pal-
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SCHEME 2. Chemoselective Cross-Coupling Reaction of
Aryl Tosylate/Chloride with Potassium Aryltrifluoroborate

cl Ph Ph
PhBF3K 4-MeCgH,4BF3K
Pd(OAc),/P4 Pd(OAc),/P4
Et3N, ethanol KOH, methanol
80°C,6h 60 °C, 2h
OTs 84% OTs 64% CeHap-Me
1q 1r 8
OTs O 1.1 equiv OTs O 2.5 equiv Ph O
PhBF3K PhBF3K
Pd(OAc),/P4 Pd(OAc),/P4 .
Et3N, ethanol Et3N, ethanol
80°C, 8h 80 °C, 18 h
Ph 71% Cl Ph 36% 38%
1t 1s 9

ladium-catalyzed reaction of 4-chlorophenyl 4-methylbenzene-
sulfonatelq with potassium aryl trifluoroborate (Scheme 2).
As expected, the tosyloxy group in compoutwgiwas retained
during the transformation and the proddetwas afforded in
84% yield. From this reaction, it was found that an aryl chloride
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of electron-rich aryl tosylatel (0.30 mmol), potassium aryl-
trifluoroborate2 (1.1 equiv), Pd(OAg) (2 mol %), P4 (4 mol %),

and KOH (3.0 equiv) in MeOH (2.0 mL) was stirred at 8C

for a period of time. After completion of the reaction as indi-
cated by TLC, the reaction mixture was cooled to room temperature.
The solvent was removed under reduced pressure, and the res-
idue was diluted with EtOAc (5.0 mL) and washed with water
(5.0 mL). Evaporation of the solvent followed by purification on
silica gel afforded the corresponding prod@ctData of selected
example: 4-phenylanisol8a,2™ 98% vyield. 'H NMR (400M

Hz, CDCk): 6 (ppm) 3.85 (s, 3H), 6.98 (d,= 8.7 Hz, 2H), 7.29-

7.42 (m, 3H), 7.527.57 (m, 4H).13C NMR (100M Hz): o
(ppm) 159.2, 140.9, 133.9, 128.8, 128.3, 126.8 (4), 126.7 (5), 114.3,
55.4.

General Procedure for the Pd-Catalyzed Cross-Coupling
Reactions of Electron-Deficient Aryl Tosylates with Potassium
Aryltrifluoroborates: Under a nitrogen atmosphere, a mixture of
electron-deficient aryl tosylaté (0.30 mmol), potassium aryltrif-
luoroborate? (1.1 equiv), Pd(OAg)(2 mol %),P4 (4 mol %), and
Et;N (3.0 equiv) in EtOH (2.0 mL) was stirred at 8C for a period
of time. After completion of the reaction as indicated by TLC, the
reaction mixture was cooled to room temperature. The solvent was

is more active than an aryl tosylate under the conditions shown removed under reduced pressure, and the residue was diluted with

in Table 3. Compoundr could be further elaborated to furnish
the triaryl compound. Similarly, in the presence of 1.1 equiv
of potassium phenyl trifluoroborate, reaction of compousd
proceeded smoothly to furnish the corresponding tosyllaie
71% yield. When the amount of potassium phenyl trifluoroborate
was increased to 2.5 equiv, compou@ictould be generated

and the carbonyl group was tolerated during the transformations.

In summary, the palladium-catalyzed SuzuMiyaura cross-
coupling reactions of aryl tosylates with potassium aryl trifluo-

EtOAc (5.0 mL) and washed with water (5.0 mL). Evaporation of
the solvent followed by purification on silica gel afforded the
corresponding producB. Data of selected example: 4-(4-
formylphenyl)anisole 302 86% vyield. '"H NMR (400M Hz,
CDCly): 6 (ppm) 7.41 (t,J = 7.3 Hz, 1H), 7.48 (tJ = 7.6 Hz,
2H), 7.64 (d,J = 7.8 Hz, 2H), 7.75 (dJ = 8.3 Hz, 2H), 7.95 (d,

J = 7.8 Hz, 2H), 10.06 (s, 1H)}:3C NMR (100M Hz): 6 (ppm)
192.0, 147.3, 139.8, 135.3, 130.4, 129.1, 128.6, 127.8, 127.5.
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Experiment Section
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Aryltrifluoroborates: Under a nitrogen atmosphere, a mixture

Supporting Information Available: Experimental procedures,
characterization data, copies’f and'3C NMR spectra of product.
This material is available free of charge via the Internet at
http://pubs.acs.org.

JO7019064

(8) Glegola, K.; Framery, E.; Pietrusiewicz, K. M.; Sinou,Alv. Synth.
Catal. 2006 348 1728.

J. Org. ChemVol. 72, No. 24, 2007 9349



