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A highly efficient Pd(OAcYguanidine aqueous system for the room temperature Suzuki cross-coupling
reaction has been developed. The new water-soluble and air-stable catalyst Re@@Adjom Pd-
(OAc), and 1,1,3,3-tetramethyl-@-butylguanidine {f) was synthesized and characterized by X-ray
crystallography. In the presence of Pd(OA()f),, coupling of arylboronic acids with a wide range of

aryl halides, including aryl iodides, aryl bromides, even activated aryl chlorides, was carried out smoothly
in aqueous solvent to afford the cross-coupling products in good to excellent yields and high turnover
numbers (TONs) (TONs up to 850 000 for the reaction of 1-iodo-4-nitrobenzene and phenylboronic acid).
Furthermore, this mild protocol could tolerate a broad range of functional groups.

Introduction few phosphine-freeN-based ligands, such ds-heterocyclic
] ] . ~_ carbene8N,O-orN,N-bidentate ligand&aryloximes> arylimines®
The palladium-catalyzed Suzuki cross-coupling reaction is a N-acylamidineg, and simple amineshave been used in the
very favorable and versatile method for forming carboarbon  gyzuki cross-coupling reaction. Most of these reactions were
bonds between aryls and has found widespread use in organigyerformed in traditional organic solvents and resulted in
synthesis. Many research groups have focused their interest onsiderable environmental pollution. Due to environmental,
on the development of efficient and active catalytic systems in gconomical, and safety concerns, many research groups have

the past years. Generally, phosphine ligénai® required 0 focused on the use of water as a solvent for the Suzuki reation.
stabilize the active palladium species in the palladium-catalyzed
Suzuki cross-coupling reaction. However, many of the phos-  (2) For recent applications of phosphine ligands in the cross-coupling

; ; i ; i, reactions, see: (a) Littke, A. F.; Fu, G. 8ngew. Chem.nt. Ed. 2002
ph|_ne ligands are sensitive t_o air, and t_hey are also expensive,;;” 176 (b) Littke, A. .. Dai, C.: Fu, G. Q. Am. Chem. S0€000 122
toxic, and unrecoverable, which results in significant limitations  4020. (c) Yin, J.; Rainka, M. P.; Zhang, X.; Buchwald, SJLAm. Chem.

on their synthetic application. Therefore, the development of a Soc 2002 124 1162. (d) Adjabeng, G.; Brenstrum, T.; Wilson, J.; Frampton,

ine- ; ; ; C.; Robertson, A.; Hillhouse, J.; McNulty, J.; Capretta,Gkg. Lett.2003
phosphine-free Pd catalyst is a topic of enormous interest. As, 953. () Wolfe, J. P Singer. R. A.: Yang. B. H.: Buchwald. SILAm.

Chem. Soc1999 121, 9550. (f) Wolfe, J. P.; Buchwald, S. BAngew. Chem.

* Author to whom correspondence should be addressed. Fe86-431- Int. Ed. 1999 38, 2413. (g) Hu, Q.-S.; Lu, Y.; Tang, Z.-Y.; Yu, H.-B.
85262117. Phone:86-431-85262118. Am. Chem. So@003 125 2856. (h) Navarro, O.; Kelly, R. A,, Ill; Nolan,
T Changchun Institute of Applied Chemistry. S. P.J. Am. Chem. So2003 125, 16194. (i) Anderson, J. C.; Namli, H.;
#Jilin University. Roberts, C. ATetrahedron1997, 53, 15123. (j) Uenishi, J.-i.; Beau, J.-
(1) () Suzuki, A. InMetal-Catalyzed Cross-Coupling ReactipBseder- M.; Armstrong, R. W.; Kishi, Y.J. Am. Chem. S0d.987, 109, 4756. (k)

ich, F., Stang, P. J., Eds.; Wiley-VCH: Weinheim, Germany, 1998; pp Bumagin, N. A.; Bykov, V. V.Tetrahedronl997, 53, 14437. (I) Kamatani,
49-97. (b) Miyaura, N.; Suzuki, AChem. Re. 1995 95, 2457. (c) Suzuki, A.; Overman, L. EJ. Org. Chem1999 64, 8743. (m) Uozumi, Y.; Danjo,
A. J. Organomet. Cheni999 576 147. (d) Kotha, S.; Lahiri, K.; Kashinath, H.; Hayashi, TJ. Org. Chem1999 64, 3384. (n) Bussolari, J. C.; Rehborn,

D. Tetrahedron2002 58, 9633. (e) Bo, Z.-S.; Schiar, A. D. Chem. Eur. D. C. Org. Lett.1999 1, 965. (0) Colacot, T. J.; Gore, E. S.; Kuber, A.
J. 200Q 6, 3235. (f) Miyaura, N.; Yanagi, T.; Suzuki, Aynth. Commun. Organometallics2002 21, 3301. (p) Ryu, J.-H.; Jang, C.-J.; Yoo, Y.-S;
1981 11, 513. Lim, S.-G.; Lee, M.J. Org. Chem2005 70, 8956.
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There are problems associated with the use of an aqueouscoupling reactions. We are especially interested in the possibility
solvent. These include solubility of substrates and stability of of using these types of ligands for room temperature Suzuki
the metal catalysts in water. Although the application of phase- cross-coupling reactions in aqueous solvent under air conditions.

transfer catalyst&8eand water-soluble phosphine ligattisas

been developed, most of these systems require harsh conditionsg o5\,its and Discussion

Also, fewer catalytic systems could perform the cross-coupling
reaction of aryl bromides or aryl chlorides at room temperature.

In previous studie¥ we found that tetramethylguanidine
(TMG) was a highly efficient ligand for the palladium-catalyzed

Screening of the Ligands. The synthesis of tetraalkyl-
guanidines (TAGs) and pentaalkylguanidines (PAGs) was
according to literature method%,and the structure of TAGs

Heck reaction. Its use resulted in high turnover numbers (TONs) and PAGs is outlined in Figure 1. The chemical structure and
(up to 16 TONSs for the reaction of iodobenzene and butyl elemental composition of the guanidines were confirmed by

acrylate). Furthermore, the Brgnsted guanidine-abke ionic

elemental analysis antH NMR spectroscopies (see the Sup-

liquids could act as ligand, base, and solvent in the Heck porting Information). To examine the efficiency of Pd(OAlc)
reaction. This offered the advantages of high activities and guanidine as a catalyst in the Suzuki cross-coupling reaction, a
reusability in this environmentally benign process (eq 1). model coupling reaction of 4-bromoanisole with phenylboronic

PACl, / TMG X R

= X |
+ —_—_—
Q/ /\R' NaOAc (3 equiv) Az
R 0 R
DMA, 140 °C
TONSs up to 108
U\© €]
|NH OAc

e

| A NXR ()

o
RS

PdCl,
No ligand
No base

acid was initially tested. The results are summarized in Table
1. These data show that these guanidines are effective ligands
for the palladium-catalyzed Suzuki reaction. In the absence of
ligands, only a 42% yield of the cross-coupling product was
isolated in the presence of 1.5 mol % of Pd(OCAahd 3 equiv

of Ko,COzin CH3CN at 80°C (entry 1). The yield of the product
increased sharply upon addition of guanidine (entried@).
Among the guanidines investigated, TAGs showed moderate
efficiency, which gave the coupling product in-783% yield
(entries 2-6). PAGs were found to be the best ligands, which
gave the coupling product in nearly quantitative yield (entries
7—10). To further evaluate the influence of the steric bulk of
the guanidine ligands, the coupling reaction of the less active

Although there are high activities obtained in the guanidine/ chlorobenzene with phenylboronic acid, in the presence of 2.0
Pd-catalyzed Heck reaction, a high reaction temperature (140mol % of Pd(OAc) and 3 equiv of KCOz in CHsCN at 80°C,

°C) was still required to afford high yield of the product. From

was also tested. The results are summarized in Table 2. 1,1,3,3-

these promising results, we endeavored to examine the efficiencyT etramethylguanidinel@) displayed less efficiency, giving the
of these types of ligands on palladium-catalyzed Suzuki cross- coupling product in 12% yield. The more bulky PAGs were

(3) For recent applications on N-heterocyclic carbepalladium cata-
lysts, see: (a) Herrmann, W. Angew. Chem.nt. Ed. 2002 41, 1290.
(b) Shi, M.; Qian, H.-X.Tetrahedron2005 61, 4949. (c) Wang, A.-E.;
Zhong, J.; Xie, J.-H.; Li, K.; Zhou, Q.-LAdv. Synth. Catal2004 346,
595. (d) Zeng, F.-L.; Yu, Z.-KJ. Org. Chem2006 71, 5274. (e) Kim,
J.-W.; Kim, J.-H.; Lee, D.-H.; Lee, Y.-Setrahedron Lett2006 47, 4745.
(f) Grasa, G. A.; Viciu, M. S.; Huang, J.; Zhang, C.; Trudell, M. L.; Nolan,
S. P.Organometallics2002 21, 2866. (g) Altenhoff, G.; Goddard, R.;
Lehmann, C. W.; Glorius, FAngew. Chem.nt. Ed. 2003 42, 3690. (h)
Zhang, C.; Huang, J.; Trudell, M. L.; Nolan, S.P.Org. Chem1999 64,
3804. (i) Herrmann, W. A.; Reisinger, C.-P.; Spiegler, M.Organomet.
Chem.1998 557, 93. (j) Kang, T.-R.; Feng, Q.; Luo, M.-MBynlett2005
2305. (k) Kim, J. H.; Kim, J. W.; Shokouhimehr, M.; Lee, Y. &.0rg.
Chem.2005 70, 6714. (I) Navarro, O.; Marion, N.; Oonishi, Y.; Kelly, R.
A.; Nolan, S. PJ. Org. Chem200§ 71, 685. (m) Moncada, A. |.; Manne,
S.; Tanski, J. M.; Slaughter, L. MOrganometallics2006 25, 491. (n)
Gstdtmayr, C. W. K.; Béyim, V. P. W.; Herdtweck, E.; Grosche, M.;
Herrmann, W. AAngew. Chem.nt. Ed. 2002 41, 1363.

(4) (@) Phan, N. T. S.; Van Der Sluys, M.; Jones, C. Mdv. Synth.
Catal. 2006 348 609. (b) Lai, Y.-C.; Chen, H.-Y.; Hung, W.-C.; Lin, C.-
C.; Hong, F.-E.Tetrahedron2005 61, 9484. (c) Domin, D.; Benito-
Garagorri, D.; Mereiter, K.; Fidich, J.; Kirchner, KOrganometallic2005
24, 3957. (d) Mino, T.; Shirae, Y.; Sakamoto, M.; Fujita,JI.Org. Chem
2005 70, 2191. (e) Weng, Z.; Teo, S.; Koh, L. L.; Hor, T. S. A.
Organometallic2004 23, 3603. (f) Najera, C.; Gil-Molto, J.; Karlstrom,
S.; Falvello, L. R.Org. Lett. 2003 5, 1451. (g) Mazet, C.; Gade, L. H.
Organometallics2001, 20, 4144. (h) Wu, W-Y.; Chen, S-N.; Tsai, F-Y.
Tetrahedron Lett2006 47, 9267.

(5) (a) Alonso, D. A.; Najera, C.; Pacheco, M. Org. Lett 200Q 2,
1823. (b) Botella, L.; Najera, CAngew Chem, Int. Ed. 2002 41, 179.

(6) (a) Bedford, R. B.; Cazin, C. S. J.; Hursthouse, M. B.; Light, M. E.;
Pike, K. J.; Wimperis, S.J. Organomet. Chem2001, 633 173. (b)
Weissman, H.; Milstein, DChem Commun 1999 1901. (c) Bedford, R.
B.; Cazin, C. S. JChem Commun2001 1540. (d) Rocaboy, C.; Gladysz,
J. A.New J. Chem2003 27, 39.

(7) Eberhardt, J. K.; Fidich, R.; Wirthwein, E.-U.J. Org. Chem2003
68, 6690.

4068 J. Org. Chem.Vol. 72, No. 11, 2007

found to be better ligands. 1,1,3,3-Tetramethyi-Butylguani-
dine (1f) afforded the product in 31% yield. The more bulky
1,1,3,3-tetramethyl-8ecbutylguanidine {g) was found to be
the best ligand, giving the product in 45% vyield in 10 h.
However, the more bulky guanidine, 1,1,3,3-tetramethjg2-
butylguanidine 1h), furnished the product in a lower yield

(8) For recent representative papers on amipedladium catalysts, see:
(a) Tao, B.; Boykin, D. WTetrahedron Lett2003 44, 7993. (b) Tao, B.;
Boykin, D. W.J. Org. Chem2004 69, 4330. (c) Li, J.-H.; Liu, W.-JOrg.
Lett. 2004 6, 2809. (d) Li, J.-H.; Liu, W.-J.; Xie, Y.-XJ. Org. Chem.
2005 70, 5409. (e) Li, J.-H.; Hu, X.-C.; Liang, Y.; Xie, Y.-XTetrahedron
2006 62, 31.

(9) (a) Arvela, R. K.; Leadbeater, N. E.; Sangi, M. S.; Williams, V. A.;
Granados, P.; Singer, R. D. Org. Chem2005 70, 161. (b) Gil-Moltqg J.;
Karlstram, S.; Ngera, C.Tetrahedror2005 61, 12168. (c) Leadbeater, N.
E.; Marco, M.J. Org. Chem2003 68, 888. (d) Blettner, C. G.; Konig, W.
A.; Stenzel, W.; Schotten, T.. Org. Chem1999 64, 3885. (e) Korolev,
D. N.; Bumagin, N. ATetrahedron Lett2005 46, 5751. (f) Shaughnessy,
K. H.; Booth, R. SOrg. Lett.2001, 3, 2757. (g) Genet, J. P.; Linquist, A.;
Blart, E.; Mouries, V.; Savignac, M.; Vaultier, MTetrahedron Lett1995
36,1443. (h) Molander, G. A.; Biolatto, Bl. Org. Chem2003 68, 4302.

(10) (a) Badone, D.; Baroni, M.; Cardamone, R.; lelmini, A.; Guzzi, U.
J. Org. Chem.1997 62, 7170. (b) Bumagin, N. A.; Bykov, V. V,;
Beletskaya, I. PBull. Acad. Sci. USSRDiv. Chem. Sci(Engl. Transl)
1989 38, 2206.

(11) (a) Gefig J.-P.; Savignac, Ml. Organomet. Chen1999 576, 305.
(b) Dibowski, H.; Schmidtchen, F. Pletrahedron1995 51, 2325. (c)
Paetzold, E.; Oehme, G. Mol. Catal. A Chem.200Q 152, 69. (d) Moore,

L. R.; Shaughnessy, K. HOrg. Lett.2004 6, 225.

(12) (a) Li, S.-H.; Xie, H.-B.; Zhang, S.-B.; Lin, Y.-J.; Xu, J.-N.; Cao,
J.-G. Synlett2005 12, 1885. (b) Li, S.-H.; Lin, Y.-J.; Xie, H.-B.; Zhang,
S.-B.; Xu, J.-N.Org. Lett.2006 8, 391.

(13) (a) Li, S.-H.; Lin, Y.-J.; Cao, J.-G.; Duan, H.-F.; Cai, W-J.; Xu,
J.-N. Chem. Res. Chin. Uni 2005 21, 158. (b) Schotte, H. U.S. Patent
1795738, 1931.
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NH NH NH of the palladium center. This is in contrast to our previous
\NJ\,\rR \NJ\N SNTON finding that four molecules of TMG could coordinate simulta-
IR | Q | O neously to a Pd(Il) centéf2 The structural difference between
1a: ReMe y ‘o _PAGs/Pd and TMG/Pd may help to explain the different activity
1b: R=Et in these catalytic systems.
1e: R=Bu Fu2® and Buchwalé® have reported that bulky phosphines
& B”\lN are more efficient ligands in the palladium-catalyzed@bond
|N 1f. R=Bu \N)\N/ or C—N bond formation reactions, respectively. The active
\N)\N/ 135 E:fBeS-BU s catalyst involved in these coupling reactions is generally
F ' 1i believed to be the monophosphine species LPd(0). This is
S derived from the dissociation of a phosphine ligand pfPd-
FIGURE 1. Structures of guanidine ligands. (0). They found that both the size and the electron-rich character
TABLE 1. Screening of the Ligands on the Suzuki Reaction of of P-ligands played a key role in facilitating the formation of
4-Bromoanisole with Phenylboronic Acidt the species involved in the catalytic cycle. As shown in Table
Br Ligand 1, more bulky PAGs are more efficient ligands than TAGs in
/©/ + @ _ O the Suzuki cross-coupling reaction. These results suggest steric
MeO (HO)B 80°C, CH,CN O bulk is important to the activity of the catalyst, as has been
MeO reported for phosphine ligands. If the active catalyst was LPd-
entry ligand  vyield(%)  entry ligand  yield (%) (0) (L = G), the unusual cross-coupling activity furnished by
PAGs might therefore be attributed to both its size and electron
1 none 42 6 le 80 . . . -
2 1a 74 7 1f 99 richness: the steric bulk and the electron-donating ability of
3 1b 78 8 19 100 PAGs favored dissociation (relative to less bulky TAGs) to a
g 18 g% 13 11? 18g monoligand complex more easily. Another proposed active

species in the Suzuki cross-coupling reactionJBd(0), where
aReaction conditions: 1.5 mol % of Pd(OA¢3.0-6.0 mol % of ligand, L is the ligand triphenylphosphiriélf L ,Pd(0) (L= TMGs or
1.0 mmol of 4-bromoanisole, 1.2 mmol of phenylboronic acid, 3.0 mmol : . _
of KoCOs, 3.0 mL of CHCN. 80°C, 2 h." Isolated yield. PAGs) was preser_1t in the catalytic cygle, tth_ﬁ(O) (L=
PAGSs) was the active catalyst, but the dissociation of the TAG

TABLE 2. Evaluation of the Steric Bulk Effect of the Ligands on from |74Pd(x)2 was _requ"ed fc_)r catalyst aCtiV"_mon' This
the Suzuki Reaction of Chlorobenzene with Phenylboronic Acidl activation process might result in a slower reaction rate than
that of PAGs ligands. It is unclear whether the guanidine played
()/C' . (j Pd(OAc), /Ligand O a role similar to phosphine in the Suzuki coupling reaction
(HO),B 80 °C, CHsCN O reported herein, and further mechanistic studies are in progress
2! .
in our laboratory.
entries 19 Optimization of Reaction Conditions. Preliminary studies
1 2 3 4 5 6 7 8 9 showed that PAGs were the best ligands for palladium-catalyzed

ligand 1a 1b 1c 1d 1e 1f 1g 1h 4 Suzuki cross-coupling reaction. Other reaction conditions, such
yield (%P 12 15 18 16 17 31 45 30 34 as solvents, bases, and reaction temperature, have also been
0,
aReaction conditions: 2.0 mol % of Pd(OAc#.0-8.0 mol % of ligand, tested. In the presence of 1.5 mol % of Pd(OAQ))z, the

1.0 mmol of chlorobenzene, 1.2 mmol of phenylboronic acid, 3.0 mmol of Cross-coupling reaction of bromobenzene with phenylboronic
K2COs, 3.0 mL of CHCN, 80°C, 10 h.?Isolated yield. acid was investigated in commonly used solvents in air (Table

3). When the reaction was tested at room temperature, the
(30%). These results suggested steric bulk was important to thenonpolar solvent toluene gave a low yield. The polar aprotic
activity of the catalyst as has been previously reported for solvents, such as DMF, DMSO, dioxane, and acetone, also
phosphine ligand® These results also suggested that other afforded low yields of the coupling product. On the other hand,
factors than steric bulk might be involved in the observed the polar protic solvents such as methanol, ethanol, and poly-
activity of these guanidine ligands. For instante afforded a  (ethylene glycol)-400 furnished the coupling product in good
lower yield of the coupling product thahg despite the fact  to excellent yields. Although a low yield was obtained when
that the former is more bulky than the latter. H,O was used as solvent, the high yield was still acquired when

To evaluate the difference in the catalytic activities between 5 gyitable amount of EtOH. as cosolvent. was added (Table 3
TAGs and PAGs ligands, two kinds of PAGs/Pd(Il) complexes gy 12). The influence of cosolvent on the Suzuki cross-

were synthesized from PAGs and Pd(OA@r PdCh) (eq 2). coupling reaction has previously been reported in the literafure.

CH,Cl, Herein, the high efficiency of the EtOH cosolvent may be due
PdX, + PAG - PAd(X)2(PAG),  (2) to both the increased solubility of the reagents and the fast
X = OAc, PAG = 1f Pd(OAC)> (1f);
X=Cl, PAG=1i PdCl-(1i), (14) The catalyst could be stable in the air for two months, without loss

of catalyst activity.
These catalysts are water soluble and stable under air condi- (15) Strieter, E. R.; Blackmond, D. G.; Buchwald, S.1.Am. Chem.
; 14 ; ; - _S0c.2003 125, 13978.
tions!4 Their structures were conflrme(_j by X-ray _crystal (16) (@) Liu. LF.; Zhang, Y.-H.: Xin, B.-WJ. Org. Chem2006 71
lography (see Figure 2 and the S_'Upport"j‘g |nf0rmat'9n)- _The 3994, (b) Li, Y.; Hong, X. M.; Collard, D. M.; El-Sayed, M. AOrg. Lett.
X-ray data show that two PAGs ligands lie on opposite sides 200q 2, 2385.
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FIGURE 2. ORTEP plot of Pd(OAG)(1f), (left) and PdGH(Li), (right).

TABLE 3. Solvent and Temperature Effects on the Suzuki TABLE 4. Effect of Base on the Suzuki Coupling of
Coupling of Bromobenzene with Phenylboronic Acid Bromobenzene with Phenylboronic Acid

Br Pd(OAc)(1f); O Br PA(OAC),-(1f), O
+ - - RS
©/ /© RT or 80 °C, ©/ + /© Base
(HO).B (HO),B

K,CO3, Solvent H,O/EtOH
yield (%) yield (%) entry base yield (98) entry base yield (%)
entry solvent rt 80C entry solvent rt 80C 1 KoCOs 90 6 KaPOy 86
1 DMF 193 966 7 EtOH 986 100 2 CsCOs 99 7 NaOH 90
. 3 NaCO3 46 8 KOH 92
2 DMA 20.1 954 8 i-PrOH 96.5 100 2 NaOA. 40 9 LiOH 86
3 acetone 9.8 96.8 9  MeOH 949 99 : Kl";‘ C 75 10 N'aHCQ 12
4 H,O 32.1 83.2 10 CECN 13.2 100
5 toluene 101 78 11  PEG-400 953 99 aReaction conditions: 1.0 mmol of bromobenzene, 1.2 mmol of boronic
6 DMSO 145 85 12 HO/EtOH 95 100 acid, 3.0 mmol of base, 1.5 mol % of Pd(OA€Lf),, 3.0 mL of HO/

aReaction conditions: 1.0 mmol of bromobenzene, 1.2 mmol of EOH (3:2), reaction time 0.5 h, isolated yield.

phenylboronic acid, 3.0 mmol of 03, 1.5 mol % of Pd(OAG} (1f),, 3.0

mL of solvent, reaction time 1 K.Isolated yield.¢ H;O/EtOH = 3:2 mL. phenylboronic acid could be performed smoothly, even though
the catalyst loadings were decreased to 0.0001 mol %. In the
) . . presence of 0.0001 mol % of Pd(OAdLf),, 1-iodo-4-
reduction of P&" to Pd(0):” While the reactions were performed  hitrohenzene was coupled with phenylboronic acid efficiently
at high temperature (80C), all solvents displayed high 5 give an 85% yield of the corresponding product. The TONs
efﬂmency and the coupling product was obtained in a high 5chieved could be up to 850 000 (entry 3). For the coupling of
yields. The observed solvent and temperature effects wereyeactivated 4-iodoanisole with phenylboronic acid, a 72% yield

similar to those for bulky amine-based ligands, which were qf the coupling product was also isolated after prolonging the
reported in the literaturé but the solvent effects described reaction time to 30 h (entry 2). However, for the coupling of

displayed a different trend from that involving phosphine-based aryl bromides, lower yields of the coupling product were

ligands, where nonpolar solvents generally facilitated the 5piqined in the presence of 0.001 mol % of Pd(QAdY),
reaction?>< (entry 4). Good yields of the products could be obtained for

While the reactions proceed with various bases (Table 4), the coupling of 4-bromoanisole with phenylboronic acid when
the best results were obtained with cesium carbonate as the basg,q catalyst loading was increased to 1.0 mol % (entry 6).

in H,O/EtOH solvent at room temperature;80z, KsPOs, and ¢ js worth mentioning that the system was effective for
other hydroxide bases all furnished the coupling products in ¢ pling of activated aryl chlorides. In the presence of 2.0 mol
good_ylelds. A similar beneficial effect of strong bases on o4 o Pd(OAc)+(1f),, moderate yields were obtained for the
coupling reactlgns was also observed for other P-based  rgaction of phenylboronic acid with 1-chloro-4-nitrobenzene
ligand systems? o _ (entry 9). The results showed that tetrabutylammonium bromide
With the_ optimized condmo_ns in hand, we screened a (TBAB)8419was required to improve the Suzuki cross-coupling
representative range of aryl halides for the reaction. The results g action of aryl chlorides. An attempt to couple chlorobenzene
are summarized in Table 5. The Pd(OAQ)2/K.COs system yith phenylboronic acid was not successful at room temperature.
was effective for the coupling of various aryl halides with  ps reaction afforded 34% yield of the corresponding coupled
arylboronic acids in HD/EtOH media at room temperature. The product after adding 0.1 equiv of TBAB (entry 11). In the
coupling reaction of activated or deactivated aryl iodide with ;psence of TBAB only a 33% yield of the coupled product
was isolated from the reaction of chlorobenzene with phenyl-

(17) (a) Kim, S.-W.; Park, J.-N.; Jang, Y.-J.; Chung, Y.-H.; Hwang, S.- ; . 0 . .
J.; Hyeon, TNano Lett.2003 3, 1289. (b) Artuso, F.; D'Archivio, A. A.- boronic acid at 8C°C after 48 h. A 66% yield was obtained

Lora, S.; Jerabek, K.; Kiik, M.; Corain, B.Chem. Eur. J2003 9, 5292.

(c) Teranishi, T.; Miyake, MChem. Mater1998 10, 594. (19) For the representative papers on TBAB-promoted cross coupling
(18) (a) Wallow, T. I.; Novak. B. MJ. Org. Chem1994 59, 5034. (b) reactions, see: (a) Selvakumar, K.; Zapf, A.; Beller,®Ofg. Lett.2002 4,

Miyaura, N.; Ishiyama, T.; Sasaki, H.; Ishikawa, M.; Sato, M.; Suzuki, A. 3031. (b) Yang, D.; Chen, Y.-C.; Zhu, N.-Yrg. Lett.2004 6, 1557 and

J. Am. Chem. S0d.989 111, 314. references cited therein.
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TABLE 5. Palladium-Catalyzed Suzuki Coupling of Aryl Halides after 10 h when 0.1 equiv of TBAB was added at the same

with Arylboronic Acids in Aqueous Solution 2

reaction temperature (entries 12 and 13). The coupling reaction
of chlorobenzene with phenylboronic acid usibg as ligand

VA Pd(OAC) (1f), 7 N N\ o .
R@'X * R|@B(°H)2 KZTZRTZ' = X, was also tested. The results indicated that the yield of the
2 s HZO,,;{OH 4 coupling product was increased from 33% to 56% when the
X=1,Br,Cl ligand 1g was used in place of the ligarif (entry 14). The
entry AIX ArB(OH), Pd (mol %) time _yield yield of the cou_pling produ_ct was also increased from 66% to
I 1¢C) @) 73% when adding 0.1 equiv of TBAB (entry 15).
It was also demonstrated that the catalytic systems have great
1 ), ()BOH) 0.00I/RT 20 994 . " ;
(22) (3a) T “ tolerance to a wide range of sensitive functional groups, such
2 meo{) (2b) (rBOHL 3, O00URT 30 72(4c) as CHO, NQ@, OMe, CFk, and COMe on both substrates (entries
16—25) at room temperature. Furthermore, some meta-
3N (D (D8O, 0000IRT 20 854d) substituted or ortho-substituted aryl bromides or arylboronic
4 Oreg (rBOH: 5, 000IRT 30 35(4a) acids could be formed easily in these catalytic systems. Moderate
to good yields of the products were obtained when the catalyst
5 Br B(OH), 0.1/RT 2 88(4a) X .
% (2) s (3) ‘ loading was 0.5 mol % (Table 5, entries-280).
6 Meo@*‘”m) @*(O'ﬂz(gﬁ) LORT 1 98(4c) To the best of our knowledge, there are relatively few
examples of Suzuki cross-couplings of aryl bromides or aryl
MeO— )—Br < >—B(OH)2 X 0\ . :
7o (2e) (G ORT 2 e chlorides that proceed at room temperature and under phosphine-
8 ON{ By () BOM 3 OURT 5 81(4d) free ligand conditiong™820 Although Boykin et aP® have
9 °2NOC'(zg) ()-8, Gy 2ORT 10 674d) reported that bulky dicyclohexylamine could act as an efficient
ligand for the Suzuki cross-coupling reactions of aryl bromides
10 {cl oy (Ureotzgz,  20RT 20 0O4a) at room temperature in EtOH, the catalyst loading, however,
1 {1 oy ()rBOHe 5, 20RT 20 34(4a) was higher (2.0 mol %) than in our procedures {1001 mol
%), and their catalytic systems were not suitable for the coupling
2 (o (2h) (som, (a) 2080 48 33(4a) of aryl chlorides. Therefore, this protocol has furnished a new
- phosphine-free catalyst system and provided mild conditions
13 {00 gy oo, 2080 10 66(4a) for the coupling of aryl bromides or activated aryl chlorides in
. good to excellent yields. Moreover, these reactions can be
14 cl B(OH), 2.0/80 48 56(4 A o .
Ol sy, @ performed in air conditioning and without the need for any
154 o o -s0m, Ga 2080 10 73(4a) special experimental precautions, rendering this method highly
attractive for small- and large-scale synthesis.
16 Moo )8r p {)BOM2 iz, LORT 5 >99de)
Conclusions
17 meoc—<_ )-&r @ e~ )-B(OH), Gb) LORT 5 >99(4f) _ o o
In summary, a highly efficient Pd(OAgyuanidine aqueous
18 OB’(M) ME_O_B(OH)Z(%) LORT 20 >99(4b) system for the Suzuki cross-coupling reaction has been devel-
oped (TONs up to 850000 for the reaction of 1-iodo-4-
19 Mool jer,y Mo )0y LORT 20 974y nitrobenzene and phenylboronic acid). Results from these studies
20 °2N©*’(2f) FsCOBwH)z@C) 0.1/20 { 100(4h) indicated t_hataW|de range of_ aryl halides, mcl_udlng aryl iodides,
aryl bromides, and even activated aryl chlorides, could couple
21 ozN@—Br Me—QB(OH)z L.O/RT 1 91(4i) with arylboronic acids smoothly by using this water-soluble
(26 (3b) .
catalyst Pd(OAg)(1f), at room temperature under aerial
2 Meo@ﬂf(w Fio)BOHR 3 LORT 10 96(4j) conditions. Furthermore, this catalytic system could tolerate a
broad range of functional groups under mild reaction conditions.
23 OZNOCI(zg) or)r8OM2 39 2.0/80 20 100(4k) g grotip
24 Meo< )Br 20 e )-B(oH), (3¢ LORT 20 95l Experimental Section
e e Synthesis of Pd(OAc)(1f),. Under a nitrogen atmosphere,
ol r 2 3 ..
»ooe O3 OVRT 4 99(4m) 1,1,3,3-tetramethyl-2-butylguanidine {f, 0.684 g, 4.0 mmol) was
added dropwise into a solution of Pd(OA¢D.449 g, 2.0 mmol)
Oer B(OH), o :
26 d) Q G OORT 10 95Gn) in dichloromethane (100 mL) at room temperature. The mixture
Qﬂr oH was stirred fo 3 h and the solvent was removed by distillation.
27 2%) ()8OM3,)  OSRT 10 864o) Crystallization from dichloromethane/hexane gave Pd(QAL)..
) Yield 0.96 g (85%)H NMR (300 MHz, CDC}) 6 3.18 (t, 4H,J
s ° @ (Or8OMeg,  OSRT 10 74(4n) = 8.0 Hz), 3.03 (s, 12H), 2.90 (s, 12H), 1.98 (s, 6H), 1.65 (m, 4H,
o, J=7.6 Hz), 1.34 (m, 4H,) = 7.2 Hz), 0.92 (t, 6H,) = 8.0 Hz).
29 (e g Q;Me ap OSRT 10 s4ep Anal. Calcd for G;HagNsO,Pd: C 46.60, H 8.53, N 14.82. Found:
) s C 46.96, H 8.31, N 14.38. Single crystals of Pd(OAJ)), suitable
30 Q ° @ Q O e OIRT 10 83(4q) for X-ray diffraction were obtained by slow diffusion of hexane

into a dichloromethane solution of Pd(OAG)Lf),.

aReaction conditions: 1.0 mmol of aryl halide, 1.2 mmol of boronic
acid, 3.0 mmol of base, 3.0 mL of,B/EtOH (3:2).° Isolated yield ¢ TBAB
(0.1 equiv) as the additivé.The ligandlgwas used in place of the ligarid.

(20) (a) Marion, N.; Navarro, O.; Mei, J.-G.; Stevens, E. D.; Scott, N.
M.; Nolan, S. P.J. Am. Chem. So2006 128 4101. (b) Zim, D.; Gruber,
A. S.; Ebeling, G.; Dupont, J.; Monteiro, A. |Org. Lett.200Q 2, 2881.
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Pd(OAc)-(1f), (8.5 mg, 0.015 mmol) was dissolved in a solvent
(3 mL), followed by the addition of aryl halid@ (1.0 mmol),
arylboronic acid3 (1.2 mmol), and KCOs; (3 equiv). The mixture Supporting Information Available: Analytical data and spectra
was stirred at room temperature for the desired time until complete (2H NMR) for all the products, as well as X-ray crystallographic
consumption of starting material as judged by TLC. After the data for Pd(OAG)(1f), (CIF). This material is available free of
mixture was extracted and evaporated, the residue was purified bycharge via the Internet at http://pubs.acs.org.
flash column chromatography (hexane/ethyl acetate) to afford the
final product. JO0626257
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