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ABSTRACT
self-
c;c-? = assembly
L]
metal species hub ligand

(PdCl3(CH3CN)y)
metal-network complex

Suzuki-Miyaura coupling
* recyclable catalyst
* in water, under air

R = O(CH3)sOCsHsPPh;
A novel solid-phase 3D metal —organic coordination network catalyst was prepared via self-assembly from PdCl 2(CH3CN), and a trisphosphine
hub with three flexible alkyl-chain linkers. This insoluble network complex efficiently catalyzed the Suzuki —Miyaura reaction under atmospheric

conditions in water. This catalyst was reused without loss of catalytic activity.

The development of metabrganic 3D coordination network  work in this field? we believe that the development of novel
complexes is an important topic for supramolecular chem- 3D network catalyst systems with high activity and re-
istry. Their use in storage, channels, and catalysts alreadyusability still remains a major challenge. Having previously
has attracted much attentibidowever, the construction of  developed metal-cross-linked polymeric complexes via self-
recyclable catalytic systems using insoluble metal—organic assembly of metal species with non-cross-linked polymer
3D coordination network complexes has yet to be addréssed. ligands (Scheme 1, top) that catalyze various organic
Although complexes with a rigid linkage between metals and transformations with high activity and reusability under
nonflexible organic ligands have been applied to heteroge- heterogeneous conditiofiswe then envisioned a self-
neous catalysis and have been acknowledged as pioneeringssembling strategy for the preparation of metal-cross-linked
polymeric complexes that could be applied to the construc-
tion of novel 3D coordination metainetwork complexes

TY.M.A.Y. sincerely dedicates this manuscript to Prof. K. C. Nicolaou
on the occasion of his 60th birthday.

(1) For reviews, see: (a) Rowsell, J. L. C.; Yaghi, O.Ahgew. Chem.,
Int. Ed. 2005,44, 4670. (b) Kitagawa, S.; Kitaura, R.; Noro, SAngew.
Chem., Int. Ed.2004, 43, 2334. (c) Rosseinsky, M. Microporous
Mesoporous MaterR004 73, 15. (d) Yaghi, O. M.; O’Keeffe, M.; Ockwig,
N. W.; Chae, H. K.; Eddaoudi, M.; Kim, Nature 2003, 423, 705. (e)

(3) (a) Bianchini, C.; Farnetti, E.; Graziani, M.; Kaspar, J.; Vizza) F.
Am. Chem. S0d.993,115, 1753. (b) Fujita, M.; Kwon, Y. J.; Washizu, S.;
Ogura, K.J. Am. Chem. S0d 994,116, 1151. (c) Aoyama, T.; Dewa, T.;
Aoyama, Y.J. Am. Chem. S04998,120, 8539. (d) Seo, J. S.; Whang, D.;
Lee, H.; Jun, S. I.; Oh, J.; Jeon, Y. J.; Kim, Kature2000,404, 982. (e)

Fujita, M.; Umemoto, K.; Yoshizawa, Y.; Fujita, N.; Kusukawa, T.; Biradha,
K. Chem. Commur2001, 509. (f) Batten, S. R.; Robson,Agew. Chem.,
Int. Ed.1998,37, 1460. (g) Lehn, J.-MSupramolecular Chemistry; VCH:
Weinheim, 1995.

(2) For reviews, see: (a) Dai, L.-Angew. Chem., Int. EQ2004,43,
5726. (b) Janiak, CDalton Trans.2003, 2781.

10.1021/0l0615026 CCC: $33.50
Published on Web 08/17/2006

© 2006 American Chemical Society

Xing, B.; Choi, M.-F.; Xu, B.Chem.—Eur. J2002,8, 5028. (f) Takizawa,
S.; Somei, H.; Jayaprakash, D.; SasaiAdgew. Chem., Int. E@003,42,
4711. (g) Wang, X.; Shi, L.; Li, M.; Ding, KAngew. Chem., Int. ER005

44, 2. (h) Arai, T.; Takasugi, H.; Sato, T.; Noguchi, H.; Kanoh, H.; Kaneko,
K.; Yanagisawa, A.Chem. Lett.2005 34, 1590. (i) Harada, T.; Naka-
tsugawa, M.Synlett2006, 321.



Scheme 1

previous work (ref. 4)

metal species

polymer ligand
(non-crosslinked)

metal-crosslink complex

present work

self-

#‘{\Tﬂ’ ity |

. metal-network complex
hub ligand

e
L] *
=

metal species

Although this type of flexible alkyl-chain tether has not been
used for the preparation of insoluble 3D metaktwork
complexes, hydrophobic alkyl-chain tethers would be critical
in forming a pliable network to capture organic substrates
efficiently in the matrix of a 3D palladium complex promot-
ing a given catalytic reaction. In this communication, we
would like to present the successful preparation of a 3D
coordination metal—network complex of palladium, which
showed high catalytic activity and recyclability in the
Suzuki—Miyaura reaction in water under heterogeneous
conditions9:57In the catalytic system, both the reaction
and the workup were carried out only with water in the
absence of organic solvents.

A novel 3D palladium-network compleXA was obtained
by self-assembly of the PdCindCs-trisphosphinet, which
was prepared from the commercially available 2,4,6-tris-
(bromomethyl)mesitylenel] in four steps (Scheme 2). Thus,
etherification of the tribromidd with THPO(CH)sOH, a

using a metal species and a multicoordinating ligand component of the alkyl-chain tether, followed by removal
monomer as the connecter and the hub of the molecularof the tetrahydropyranyl groups gave the tridl After

network, respectively. With catalytic utility in mind, we
designed a metalnetwork complex of &Cs-trisphosphine
with flexible alkyl-chain tethers and a palladium species
through Pd-P coordination (Schemes 1 (bottom) and 2),

Scheme 2
HO.
\(])a
Br- 1) THPO(CHg)gOH  O._
NaH, THF
reflux, 10 h MsCl
S e
Br 2)cat. p-TsOH-H,0 O OH EtaN
MeOH, 25 °C, 6 h e CH,Cl
Br 64% (2 steps) , ,.O 0-25°C,12h
1 s~ 2 79%
OH
Ms
O%‘i)s
O
oo
| B . L
| (i
0, ., OMs  KyCOs | ) ;
[ e 18 crown-6 Y P00y
( r}éo . 2-butanone 8;50 ~#>pph,
OMs reflux, 14 h 'I'IQT
59% o oA

4 *'P NMR (CDClg): 5 -7.1

PACl,(CHCN),
(PIPd = 2/1)

toluene, 100 °C
24 h

complex A

0.4 mm

Pd-network complex A ([PdCla-4g571)

where a palladium species serves as a connecter @ghe
trisphosphine hub and as a catalytically active cehter.

4260

mesylation of the trioR, the triarylphosphine groups were
introduced by etherification of the resulting trimesyl&e
with 4-(diphenylphosphino)phenol to give th&-triphos-
phine 4 in 30% overall yield (four steps from). A 3D
coordination palladiumnetwork complex was prepared by
mixing PACL(CH3;CN), and 0.67 mol equiv o4 (2 mol equiv

of phosphine) in toluene at 1@ for 24 h, during which
complexA formed as a yellow gel from the reaction mixture.
Complex A is insoluble in dichloromethane, chloroform,
toluene, methanol, and water. To elucidate the structure of
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complexA, several micro- and spectroscopic measurementswith 0.05 mol % of Pd of compleA in an aqueous solution
were carried out. The morphology & was evaluated by  of NaCOs (3 mol equiv) at 100C for 3 h under atmospheric
optical- and scanning electron-microscopic (SEM) observa- conditions to give the 4-methyl biphen@dA) in quantitative
tions, which confirmedA to be blocklike and 56500 um yield. After the first reaction, the recovered catalyst was
wide (Figure 1A). An energy dispersive spectrum (EDS) successively subjected to a second, third, and fourth series
of the reaction under similar conditions to afford 91%, 95%,
and 90% vyield of8aA, respectively. In the fourth run, the
product was isolated using hot water without use of organic
solvents'®® Thus, after completion of the reaction, the
reaction mixture was filtered with boiling water to recover
the insoluble compleXA. The aqueous filtrate was cooled
to 25°C to give8aA as colorless crystals (Scheme 3).

Scheme 3
complex A
(0.05 mol % Pd)
@—l + (H%B@— - .
Na,CO3 (3 mol equiv)
100 °C, 3 h,in H,0O
5a atmospheric condiions

7A: (1.5 molequiv)
(10 mmol}

1st use: >99% (GC yield)
- 2nd use: 91% (GC yield)
3rd use: 95% (GC yield)

8aA 4th use: 90% (isolated yield*)

(*purified only with hot water)

With a practical and green catalytic protocol for the
Suzuki—Miyaura reaction in hand, we next examined the
coupling of a variety of aryl halides and arylboronic acids
in water (Scheme 4 and Table 1). Twenty-seven combina-

Figure 1. Microscopic and spectroscopic data of complexA)

SEM Images (B R P (O B e |

Scheme 4
collected in the SEM exhibited the presence of Pd, Cl, and R complex A R
. . 1 (0.05 mol % Pd) =
P in the complex (Figure 1C). In the gel-ph&4¥q{1H} MAS @4 + (HO),B—Ar ;
NMR study of compleXA, the narrow singlet ai —7.1 ppm } Na,COs (3 mol equiv) \_7
observed for the starting triphosphifelisappeared and was 2:2. &; g,) (15 ;f,‘{univ) al,ﬂﬂs,?};;i';'c'gni?&ns 8aA-cF
replaced by a new resonancedat+20 ppm (Figure 1B). (2 mmol)
The remarkable low-field shift demonstrates that the tri- 5a, 6a, 8aA-F:R=H 7A, 8a-cA: Ar = 4-CH;CqHy
. . ) . . 5h, 6b,8bA-F: R=4-CF; 7B, 8a-cB: Ar = 3-CH;CgH,

arylphosphino unit oft coordinates to the palladium forming 5¢, 6¢, BCA-F: R = 4-CH,Q  7C, 8a-cC: Ar = 2-CHyCeHs
a PAC}(PArs), complex (connecterhub complex) in the gel 7D, 8a-cD: Ar =4-CH;0CqH,

. 7E, 8a-cE: Ar = 4-CF 5CgH,
matrix. 7F, 8a-cF: Ar = 1-naphthyl

To explore the catalytic potential of the palladitim
network complexA, we elected to study the Suzuliliyaura
reaction, the palladium-catalyzed cross-coupling of aryl tjons of six varieties of aromatic halides and six varieties of
halides with arylboronic acids, which is recognl.zed as one 4rylhoronic acids were subjected to the coupling in aqueous
of the most powerful carbencarbon bond-forming reac- Na,CO; at 100°C for 3 h using 0.05 mol % of palladium of
1 8 1 - .
tions® We were pleased to find that the network complex complexA. Electron-deficient as well as electron-rich aryl
catalyzed the coupling reaction under atmospheric conditionspjides readily coupled with arylboron reagents bearing
in water without organic solvents to achieve a high level of para-, meta-andortho-EWG and EDG substituents to give

chemical greenness. The reaction of iodobenz&ag With the corresponding biaryls in 86 99% yields.
p-tolylboronic acid {A) (1.5 mol equiv) took place smoothly
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A.; Brown, H. C. Organic Synthesis via BoraneSuzuki Coupling was rinsed with hot water. The filtrate was cooled to°25to precipitate
Aldrich: Milwaukee, 2003; Vol. 3. (c) Frisch, A. C.; Beller, Mingew. colorless crystals d3aA at the top of the water phase. They were collected
Chem., Int. Ed2005,44, 674. (d) Barder, T. E.; Walker, S. D.; Martinelli, by filtration, washed with water, and dried in vacuo.

J. R.,; Buchwald, S. LJ. Am. Chem. So@005,127, 4685. (e) Gonzalez- (10) These products were isolated via chromatographic purification of
Bobes, F.; Fu, G. CJ. Am. Chem. So@006,128, 5360. the samples that were used for GC analysis.
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Table 1. Suzuki—Miyaura Reaction of Aryl Halides with
Arylboronic Acids Catalyzed by CompleX in Watep

yield yield
entry 50or6 7 8 (%P entry 50r6 7 8 (%P
1 5a T7A 8aA >99 15 5¢ 7D 8cD 92
2 5a 7B 8aB 91 16 5¢ 7E 8cE 85
3 5a 7C 8aC 99¢ 17 5¢ 7F 8cF 98
4 5a 7D 8aD 99¢ 18 6a T7A 8aA 80
5 5a T7E 8aE 91 19 6a 7B 8aB 92
6 5a 7F 8aF 92 20 6a 7C 8aC 98
7 5b T7A 8bA 94 21 6a 7D 8aD 92
8 5b 7B 8bB 99¢ 22 6b T7A 8bA 85
9 5b 7C 8bC 95 23 6b 7B 8bB 94
10 5b 7D 8bD 96¢ 24 6b 7C 8bC 96
11 5b 7E 8bE >99 25 6b 7D 8bD 83
12 5b 7F 8cF 91 26 6b 7E 8bE 99
13 5¢ 7B 8cB 82 27 6¢ 7C 8cC 84
14 5¢ 7C 8cC 91

aAll the reactions were carried out in the presence of 0.05 mol % of
palladium of the catalyst and NaOs (3 mol equiv) in water (1 mmol of
5/2 mL of H,0) at 100°C for 3 h under atmospheric conditiorssor 6/7
= 1.0/1.5.» GC yield, unless otherwise notetlsolated yield?

In conclusion, a novel 3D coordination metaletwork
complexA of the PdC} connector with &Cs-trisphosphine
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hub ligand was developed as an aqua-catalytic insoluble
composite. The SuzukiMiyaura reaction of a variety of aryl
halides with arylboronic acids took place with the insoluble
network complexA to afford the desired products in high
yields. The catalysA promoted the reaction under atmo-
spheric conditions in water with recyclability. Applications
of the metal-network complexation with other metal species
for various catalytic reaction systems are currently under
study in our labs.
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