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Instantaneous catalytic molecular transformation is an important Table 1. Suzuki—Miyaura Coupling Using the Microchannel
. . . . . 1 1 a
goal in chemical synthesis. Recently, microreactor systems offering Réactor Having a Catalytic Membrane.

many fundamental as well as practical advantages have been Arl + Ar-B(OH), Ar-Ar'
considered as innovative devices for chemical experimentétion.

Molecular transformations with catalyst-immobilized microflow entry Ar Ar yield (%) of Ar—Ar
ree_lc_tors are rep_resentatlv_e examples of these sys_tems, in which the S CoHis 4-MeOGH, v

efficiency of various reactions has been found to increase because 5 3-MeGHa 96

of the vast interfacial area and the close distance of the molecular 3 2-MeGH4 99

diffusion path in the narrow space of the microreactérs/ore 4 3-EtOCOGH, 4-MeOGsH4 99

recently, Kobayashi et al. developed a microchannel reactor bearing > 3-ClCeHq 88

a palladium catalyst immobilized on the wall to realize highly 6 A4-CRCea il

efficient hydrogenation under triphase (solid (catabyéifjuid a Aryl iodide (6.3 mM in CHCO,CoHs/i-CsHOH (2/5); flow rate: 2.5
(substrate solutior)gas (molecular hydrogen)) conditioh€on- uL/min), arylboronic acids (9.4 mM in 18.3 mM aq B&Os; flow rate:

sidering that the majority of chemical reactions are carried out by 5.0 uL/min), 50 °C, residence time= 4 s.° Aryl iodide (12.5 mM in
mixing two unique solutions of reactants, it is not surprising that ';ngéor'r"l)’dag\y{gglog}czig'ﬂZ,ﬁlgﬁhn;'\(/:'o'SpﬁZ;pTO'\guaC? ffé?i)s'ol;gd': by
the catalyst-immobilized microreactor for liquigolid—liquid use of 1 microreactor.
triphase reaction systems would be an eagerly awaited device. If a
catalyst were installed as a membranous composite at the center of
the microchannel, two reactants could be oppositely charged into charged the ethyl acetate solution of PRAP (5.0 mM; solution
and flow through the divided channel all the while in contact with A) and the aqueous solution of (NJ4PdCl; (1.7 mM; solution B)
the vast interfacial surface of the catalytic membrane from both oppositely into the microchannel at 2& for 10 min with a flow
front and back sides, thereby realizing an instantaneous chemicalrate of 5.0uL/min. Two-phase parallel laminar flow was formed
reaction. This concept is shown schematically in Figure 1, where under the flowing conditions and a polymer membrane was
a catalytic cross-coupling reaction is depicted as a typical example. precipitated at the interface between the two parallel flows. Parts
We report here the introduction of the polymer membrane of a C and D of Figure 2 show the microscopic images of the membrane
palladium complex inside a microchannel reactor via a self- of PA—TAP—Pd from the top and cross sections, respectively.
assembling complexation of a polymeric phosphine ligand and a  To explore the utility of the microchannel bearing the-PPAP—
palladium species at the interface of two parallel laminar layers Pd membrane in catalytic organic transformations, we preliminarily
flowing through the microchannel. Its use in the palladium-catalyzed elected to study the palladium-catalyzed cross-coupling of aryl
carbonr-carbon bond forming reactions of aryl halides and aryl- halides with arylboronic acids (the so-called Suztiiyaura
boronic acids under microflow conditions, where the instantaneous reaction)!! Representative results are shown in Table 1. We were
production of biaryl compounds was achieved quantitatively very pleased to find that the coupling reaction proceeded smoothly
within 4 s ofresidence time in the defined channel region, is also in the channel and was completed within yrt s to give a
discussed. quantitative yield of the desired biaryl product. Thus, a solution of
Polymer deposition at the laminar interface was originally aryliodide in EtOAc/2-PrOH (6.3 mM; solution C)) and an aqueous
reported by Whitesides et al. for the aeidase reaction of a  ggjution arylboronic acid with N&€O; (9.4 mM; solution D) were
polymeric sulfonate salt and a polymeric ammonium 5aitf, to oppositely introduced into the membrane-divided channels at 50
the best of our knowledge, nothing has appeared so far on theec with a flow rate of 2.5:L/min (for solution C) and 5.@.L/min
interfacial deposition of transition-metal complexes with the view (for solution D), respectively, and two parallel laminar layers flowed
of using them as catalytic membranes. The formation of the (g pass through the channel in 4%The resulting organic/agueous
palladium-complex membrane, poly(acrylamidé)arylphosphine- microstream was collected from the outlet of the channel to afford
palladium (PA-TAP—Pd) (Figure 2aj, was carried out with a 5 quantitative yield of the corresponding biaryls (Table 1). The
microchannel reactBihaving a channel pattern of 160n width, chemical yield and structure of the products were determined by
40 um depth, 140 mm length, and a Y-junction (Figure 2 B). We 513 andtH NMR. Electron-deficient as well as electron-tich aryl

halides readily coupled with arylboron reagents bearing, paeta
TInstitute for Molecular Science (IMS) and the Graduate University for and ortho EWG- and EDG-substituents to give the corresponding
Advanced Studies. . . . . . . .
* Department of Applied Chemistry. biaryls in 88-99% vyield. This coupling reaction includes two
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Figure 1. Concept of a microchannel-flow reaction system divided by a catalytic membrane.
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Figure 2. Formation of catalytic membrane inside a microchannel: (A) metallo-cross-linking formation-eTRR—Pd polymer; (B) reaction apparatus;
(C) microscopic view of the membrane formation (top view); (D) microscopic (SEM) view of the membrane inside the channel (cross section).

intermolecular reaction stepgi) oxidative addition forming the
arylpalladium intermediate on the membrane and (ii) reaction of
the arylboronic acid with the resulting arylpalladium intermediate
to give the biaryl produeteach of which has a unique reaction
rate. By using this catalytic membrane-divided microchannel
reactor, the fine optimization of the reaction conditions was made
possible easily by changing the concentration of each reactant
solution as well as the individual parallel laminar flow rates.
Compared to the conventional flask reaction system, this method
of performing a catalytic reaction involving multiple intermolecular
steps offers a great advantage.

The microchannel reactor equipped with a catalytic membrane
of a polymeric palladium complex should promote other palladium-
catalyzed reactions. Furthermore, self-assembling formation of
polymeric metal complexes is rapidly becoming an important
protocol to provide polymeric catalysté>The formation and use
of a catalytic membrane inside a microchannel reactor should find
widespread utility in a variety of catalytic organic transformations.
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