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This feature article highlights our recent work on oligoarene-type catalysts. We developed a

synthetic method for multifunctionalized oligoarenes using a repetitive two-step strategy. The

method was then applied to the preparation of oligoarene-type phosphines, which were used for

palladium-catalyzed cross-coupling of halobenzenes with Grignard reagents.

Introduction

Oligoarenes, which are oligomers composed of aromatic rings

such as benzene rings connected through a single bond (Fig. 1),

constitute an important class of organic compounds.1 They are

widely used as molecular backbones in various research areas

such as molecular electronics,2 self-assembling molecules,3

biologically active compounds,4 and enzyme mimics.5

We have been interested in the use of functionalized oligoar-

enes as catalysts, because oligoarenes are attractive candidates

for molecular backbones of bifunctional or multifunctional

catalysts.6 To create catalysts based on oligoarene structures, it

is crucial to develop facile synthetic methods which can be

applied to the synthesis of various types of multifunctionalized

oligoarenes. In this feature article, we describe reported exam-

ples of synthetic methods for functionalized oligoarenes and

our recent work on applications of oligoarene-type catalysts to

selective synthetic reactions.

Concept of oligoarene-type catalysts

Before describing the synthetic methods for oligoarenes, we

will first discuss the concept of oligoarene-type catalysts in this

section.

Catalysis is a powerful tool in organic synthesis, and many

efficient and practical catalysts have been created. Recently,

the development of bifunctional or multifunctional catalysts

has been an emerging and important field of synthetic chem-

istry.7 These types of catalysts enable rate acceleration via

multiple activation of substrate molecules or via substrate

binding into a binding site. High chemo-, site-, and stereo-

selectivities can also be achieved. In designing such bifunc-

tional catalysts it is essential to use molecular backbones that

allow for precise positioning of various functional groups. In

addition, creation of structural diversity is also a key aspect in

the design of catalysts that are applicable to various types of

reactions and substrates.

Peptides are promising candidates as molecular backbones

for such catalysts.8 The presence of intramolecular hydrogen

bonding enables relatively easy prediction of conformation,

and various combinations of amino acid monomer units easily

generate structural diversity. Although there are many suc-

cessful examples of peptide catalysts, peptide backbones

themselves have certain limitations in terms of their usefulness

as catalysts for various types of synthetic reactions. For

Fig. 1 Oligoarene.
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example, amide N–H groups in the peptide backbone are

incompatible with strong bases due to their acidic nature,

and the amide C–N bond is susceptible to cleavage. Lewis

basicity of carbonyl groups may interfere with Lewis acid

catalysis. Because of these drawbacks, we considered alter-

native molecular systems for catalyst backbones.

Oligoarenes are an attractive candidate. They have several

features that meet the requirements for the catalyst backbone

(Fig. 2): (1) oligoarenes are composed of interconnected

monomer units such as substituted benzene rings, and varia-

tion of the monomer units and the combination order leads to

structural and functional diversity; (2) various aromatics,

including heteroaromatics and fused aromatics, can be used

as the monomer components, providing further diversity; (3)

several functional groups can be introduced in a single mono-

mer unit, and branching of the oligomeric chain is also

possible; (4) the molecular skeleton contains no protic groups

such as an amide N–H, which is found in peptides; (5) the C–C

single bonds that connect two aromatic rings are strong and

remain stable under various conditions; (6) the monomer

skeleton consists of rigid aromatic rings, which makes it easier

to design and predict the three-dimensional structures of the

molecules, while rotation around the single bonds still gives

some flexibility to the molecule; (7) oligomeric chains can be

prepared via stepwise repetitive synthesis, which easily creates

molecular diversity and generates molecules large enough to

install many functional groups.9

Based on the ideas mentioned above, we began research on

developing oligoarene-type catalysts. In order to use the

oligoarene structure as a molecular backbone for catalysts,

the development of an efficient synthetic procedure for multi-

functionalized oligoarenes is crucial. While the synthetic pro-

cedure has yet to be established, several interesting methods

have been reported to date. In the next section, we summarize

the methods of oligoarene synthesis reported by other groups

and ours.

Synthesis of oligoarenes

The most reliable and efficient method to synthesize multi-

functionalized oligoarenes should be stepwise elongation of

oligoarene chains by repetitive addition of each monomer unit.

Merely by changing the order of addition of each monomer

unit, various oligoarenes could be easily prepared. The method

is similar to the established method of polypeptide synthesis in

which a coupling (amide bond formation with N-protected

amino acids)–deprotection sequence is repeated. The C–C

bond between two aromatics in oligoarenes is expected to be

constructed by cross-coupling, which is one of the most

extensively investigated reactions catalyzed by transition me-

tals.10 In fact, multiple cross-coupling plays a key role in the

synthesis of polyarenes, which are mixtures of polymers with

different molecular weights.1b,c For example, the Pd-catalyzed

reaction of 4-bromophenylboronic acid produced polyarenes

with up to 100 repeat units.11 To synthesize monodisperse

oligoarenes with high structural homogeneity and with various

functional groups on specific aromatic rings, however, it is

necessary to suppress polymerization in each cross-coupling

step. In the literature there are some examples of stepwise

elongation of oligoarene chains by repeating cross-coupling

reactions that ensure the formation of only one C–C bond in

each cross-coupling step, producing pure oligoarenes with

high efficiency. The common feature of these examples is

shown in Scheme 1. Although some of the previous examples

were applied to oligoarenes with alkyl substituents only, some

other methods, including ours, can be applied to multifunc-

tionalized oligoarenes.

In this section, we focus on synthetic methods for oligoar-

enes with benzene rings as monomer units. Representative

examples are shown below. Although there are several exam-

ples of repetitive synthesis of oligothiophenes,12 they are not

described here. It should also be noted that stepwise, repetitive

methods have been successfully used in the synthesis of

oligo(phenylene ethynylene)s.1a,13

A repetitive method was reported by Cheng and Snieckus

for oligoarene synthesis using Suzuki–Miyaura coupling14 as

the C–C bond-forming step (Scheme 2).15 The use of directed

ortho-metalation is a key aspect in preparing boronic acids in

this synthetic sequence. The resulting boronic acid can be used

for the next cross-coupling step to elongate the oligoarene

chain. Thus, a repetitive sequence of Suzuki–Miyaura cou-

pling and boronic acid formation produces oligoarenes.

Directing groups such as –OMOM (MOM = methoxy-

methyl), –OCONEt2, and –CONEt2 are required for directed

ortho-metalation.

Galda and Rehahn also reported oligoarene synthesis based

on repetitive Suzuki–Miyaura coupling.16 A Br–Li exchange

reaction, rather than directed ortho-metalation, was used in

Fig. 2 Features of oligoarenes.

Scheme 1 Stepwise, repetitive synthesis of oligoarenes. X and Y are
functional groups needed for cross-coupling, while X0 is untouched in
the cross-coupling step.
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the boronic acid formation step (Scheme 3). Using this

method, they obtained para-connected oligoarenes with up

to 15 benzene rings. A drawback of this method was that a

large excess of dibromoarene was required in the Suzuki–

Miyaura coupling step to obtain the desired products in high

yield. Simpkins et al. also reported a similar method for

oligoarene synthesis.17

Hensel and Schlüter et al. used bromo-iodoarenes in their

oligoarene synthesis based on iterative Suzuki–Miyaura cou-

pling (Scheme 4).18 The use of a large excess of dibromoarene

as in the example of Scheme 3 can be avoided by employing

the bromo-iodoarenes, in which the iodo group reacts prefer-

entially in the cross-coupling step. Furthermore, the iodo

group was readily prepared from a trimethylsilyl group by

the action of iodine monochloride. Thus, the common inter-

mediate bromo-trimethylsilylarene could be converted to both

the corresponding boronic acid and the bromo-iodoarene, and

these were coupled in the Suzuki–Miyaura coupling step. This

efficient method for chain elongation is known as the iterative

divergent–convergent approach.1a,13

Strongin et al. reported another iterative divergent–conver-

gent method (Scheme 5).19 The amino group in this substrate

could be converted to an iodo group, and the bromo group to

a boryl group by Pd-catalyzed borylation, which avoids the

need for a strong nucleophile such as butyllithium.

Suginome et al. reported a boron-masking strategy for

repetitive Suzuki–Miyaura coupling to synthesize oligoarenes

(Scheme 6).20 They used bromoarylboronic acids in which the

boronic acid moiety was deactivated with 1,8-diamino-

naphthalene. These ‘‘masked’’ bromoarylboronic acids were

used for Suzuki–Miyaura coupling with another ‘‘unmasked’’

boronic acid. The masked boryl group was then unmasked by

acid treatment to liberate the boryl group [B(OH)2] which was

Scheme 3 Repetitive synthesis of oligoarenes (Galda and Rehahn).16

Scheme 4 Iterative divergent–convergent approach for oligoarene
synthesis (Hensel and Schlüter et al.).18

Scheme 5 Iterative divergent–convergent approach for oligoarene synth-
esis (Strongin et al.).19 DPPF = 1,10-bis(diphenylphosphino)ferrocene.

Scheme 2 Repetitive synthesis of oligoarene (Cheng and Snieckus).15

Scheme 6 Boron-masking strategy for repetitive Suzuki–Miyaura
coupling (Suginome et al.).20
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used in the next cross-coupling step. The masked boronic acids

were stable and purified by recrystallization or even by silica

gel chromatography. For the unmasking process, 2 N aq.

H2SO4 or 5 N aq. HCl was required. Another boron-masking

strategy was reported by Gillis and Burke.21 In their method,

N-methyliminodiacetic acid was used to mask the boryl group,

and unmasking was carried out under basic conditions.

Nakao and Hiyama et al. reported an approach to oligoar-

enes by repetitive Hiyama coupling (Scheme 7).22 This method

is based on their finding of facile cross-coupling of organo[(2-

hydroxymethyl)phenyl]dimethylsilanes under mild basic con-

ditions in the presence of a Pd catalyst. When the hydroxy

group is protected, the silyl moiety is unreactive under the

cross-coupling conditions. Thus, the cross-coupling–deprotec-

tion sequence enables stepwise oligoarene synthesis as shown

in Scheme 7. As the protecting group, not only THP (tetra-

hydropyranyl) but also an acetyl group can be used. Thus, the

deprotection step can be either acidic (for THP) or basic (for

acetyl).

In their synthesis of substituted para-terphenyl derivatives,

Hamilton et al. used the repetitive Suzuki–Miyaura coupling

approach using methoxyphenylboronic acids as precursors of

the monomer units (Scheme 8).4b After Suzuki–Miyaura cou-

pling of the boronic acid with an aryl trifluoromethanesulfo-

nate (triflate), the methoxy group was converted to a hydroxy

group by the action of boron tribromide, and the hydroxy

group was then converted to the corresponding triflate with

triflic anhydride. Hamilton’s group also developed a synthetic

method based on Negishi coupling using a methoxyphenylzinc

species.4a This three step sequence of cross coupling–

demethylation–triflation is applicable to the synthesis of

longer oligoarenes.

In the course of our investigations on oligoarene-type

catalysts, we also developed a synthetic method for multi-

functionalized oligoarenes. At the outset of our synthetic

work, our aim was to find a synthetic procedure having the

following two features: (1) mild reaction conditions compati-

ble with various functional groups; (2) quantitative yields for

all steps in the synthetic sequence. In order to meet these

criteria, we planned the synthetic scheme shown in Scheme 9.

The synthetic sequence is composed of two steps, Suzuki–

Miyaura coupling of hydroxyphenylboronic acids23 (or their

derivatives) and subsequent triflation of the hydroxy group.

Triflation of hydroxy groups generally proceeds at room tempera-

ture or below in high yield under mild reaction conditions.24

Therefore, we expected that repetition of these two steps would

efficiently produce oligoarenes. Although this scheme is similar to

the one shown in Scheme 8, the demethylation step is not required

in our case.

We first optimized the reaction conditions of the Suzuki–

Miyaura coupling of aryl triflates with hydroxyphenylboronic

acids.25 After screening various Pd sources, ligands, and sol-

vents, we found that the reaction proceeded well at room

temperature in a mixed solvent of THF and water in the

presence of potassium fluoride, palladium acetate, and biphenyl-

phosphine 1 or 2, developed by Buchwald et al.26 These condi-

tions were then applied to oligoarene synthesis.25 An example is

shown in Scheme 10. 2-Hydroxyphenylboronic anhydride,23

which generates the corresponding boronic acid in the presence

of water, was used as the precursor of the monomer units. Each

step proceeded almost quantitatively, giving an ortho-connected

pentamer in high yield.

Scheme 7 Oligoarene synthesis based on repetitive Hiyama coupling
(Nakao and Hiyama et al.).22 RuPhos represents 2-dicyclohexylphos-
phino-20,60-diisopropoxybiphenyl.

Scheme 8 Repetitive synthesis of terphenyls (Hamilton et al.)4b

Scheme 9 Repetitive two-step strategy for oligoarene synthesis using
hydroxyphenylboronic acids.
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While oligoarene chains can be readily elongated by the

method mentioned above, a problem still exists in this method,

i.e., difficulty in purification and characterization of the starting

hydroxyphenylboronic acids, especially when a functional group

is introduced on the benzene ring. On the other hand, boronic

acid pinacol esters, which have also been used as coupling

partners in Suzuki–Miyaura coupling, can usually be prepared,

purified, and characterized without difficulty.27 Thus, we next

turned our attention to the use of the pinacol esters of hydroxy-

phenylboronic acids in the Suzuki–Miyaura coupling steps.28

After optimization of the reaction conditions, the Suzuki–

Miyaura coupling of the pinacol esters of hydroxyphenylboronic

acids was found to proceed well at room temperature in the

presence of lithium hydroxide, palladium acetate, and biphenyl-

phosphine 3.29 These cross-coupling conditions were successfully

applied to the synthesis of a multifunctionalized oligoarene

as shown in Scheme 11.28 The simple combination of cross-

coupling and subsequent triflation of the hydroxy group

easily produced oligoarenes with various functional groups in

high yield.

We also developed a similar method for oligoarene synthesis

using Negishi coupling30 of organozinc species as the key C–C

bond-forming step.31 This Negishi coupling strategy for oli-

goarene synthesis is complementary to the method based on

Suzuki–Miyaura coupling.

Application: oligoarene-type phosphines

As an application of oligoarene structures to catalytic mole-

cules, we designed hydroxylated oligoarene-type phosphines

(HOPs, Fig. 3a)32,33 as ligands for transition metals, based on

Scheme 10 Oligoarene synthesis using 2-hydroxyphenylboronic anhy-
dride. Conditions: (a) Pd(OAc)2 (2 mol%), 1 (2.4 mol%), KF,
THF–H2O (4 : 1), rt; (b) Tf2O, pyridine, CH2Cl2, 0 1C; (c) Pd(OAc)2
(2 mol%), 2 (2.4 mol%), KF, THF–H2O (4 : 1), rt.

Scheme 11 Oligoarene synthesis using hydroxyphenylboronic acid pi-
nacol esters. Conditions: (a) Pd(OAc)2 (2 mol%), 3 (2.4 mol%), LiOH�
H2O, THF–H2O (4 : 1), rt; (b) Tf2O, pyridine, CH2Cl2, 0 1C or rt.
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biphenylphosphines developed by Buchwald et al.26,29a It was

expected that a library of HOPs would be prepared by our

repetitive two-step method for oligoarene synthesis, and that

HOPs would work as bifunctional ligands: the phosphino

group coordinates to a soft transition metal and the hydroxy

group, as the anionic oxide form, coordinates to a hard metal.

If the metal oxido group (M2–O in Fig. 3b) can bind a

substrate through a functional group (Y), this binding would

place the reactive group (Z1) close to the catalytic transition

metal (M1) coordinated by the phosphino group, leading to

rate acceleration of the catalytic reaction. In addition, when

the substrate has more than one reactive position (Z1, Z2, etc.),

site-selectivity would be realized by placing only one of the

reactive groups in the vicinity of the catalytic metal. Optimiz-

ing length and substitution pattern (ortho-, meta-, para-) of the

linker moiety would give suitable HOPs for specific reactions

and also enable high substrate specificity and reaction selec-

tivity. Thus, we initiated the synthetic study of HOPs with

various lengths and substitution patterns using the stepwise,

repetitive method mentioned in the previous section.

Fig. 3 (a) Hydroxylated oligoarene-type phosphine (HOP). (b)

Proposed intermediate in the reaction using a HOP–metal complex

as a catalyst.

Scheme 12 Synthetic scheme of HOPs 5–13. Red arrow: Suzuki–Miyaura coupling with a hydroxyphenylboronic acid. Blue arrow: triflation of the
hydroxy group. Green arrow: reduction of the phosphinyl group with HSiCl3 and Et3N, and subsequent salt formation with HBF4.
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Synthesis of hydroxylated oligoarene-type phosphines

On the basis of the method using hydroxyphenylboronic acids,

we readily synthesized a library of HOPs (5–13) as shown in

Scheme 12.34 Since the HOPs have the common 2-dicyclohexyl-

phosphinobiphenyl core structure, we started the synthesis

from the phosphinophenyl side of the oligoarene chain, using

phosphine oxide 4 as the starting key compound, which was

easily prepared from 2-bromoiodobenzene. Because the PCy2
group is gradually oxidized in air, the group was protected as

the corresponding oxide form throughout the synthesis. This

protection also facilitates the triflation step, because the triflat-

ing agent, Tf2O, reacts with the PCy2 group to afford undesired

products. The phosphine oxides were finally reduced with

trichlorosilane to give the phosphines, which were purified

and stored in the form of the HBF4 salts.
35

Application to site-specific cross-coupling

We next used the HOPs as precursors of oligoarene-type

catalysts.34 We chose Pd-catalyzed cross-coupling of haloar-

enes with Grignard reagents for the reaction. Transition metal-

catalyzed cross-coupling with Grignard reagents is a widely

used method for C–C bond formation,36 especially in biaryl

synthesis. Considering the high catalytic activity of Pd com-

plexes formed with biphenylphosphines such as 1–3,26,29 the

HOPs were also expected to be active when complexed with

Pd. We envisaged that rate acceleration of the oxidative

addition step would be realized through the reaction inter-

mediate shown in Fig. 3b (M1 = Pd, M2 = Mg, Z1 =

halogen). In addition, if the position of Z1 is more susceptible

to reaction than that of Z2, a site-selective reaction in which Z1

reacts with the Pd atom preferentially over Z2 would be

realized (Z1 and Z2 = the same halogen). In this proposed

structure, the proper position and orientation of Z1 relative to

M1, which are crucial factors for rate acceleration, are gov-

erned by the correct selection of the linker moiety of the

HOPs. We hoped that screening of the HOP library in the

cross-coupling would lead to finding a HOP with a proper

structure. Thus, we tested HOPs 5–13 and many other refer-

ence ligands for the Pd-catalyzed cross-coupling with

Grignard reagents.

We chose bromophenols as substrates for the Pd-catalyzed

cross-coupling, because the phenolic oxygen atom was expected

to act as the interacting group (Y in Fig. 3b) after being

deprotonated by a Grignard reagent present in excess. Phenyl-

magnesium bromide was used as the Grignard reagent. In the

ligand screening experiments, the three isomers of bromophenol,

o-, m-, and p-bromophenol (o-, m-, and p-14), were separately

subjected to the catalytic conditions with each ligand. The results

are summarized in Fig. 4. For HOPs 5–13, the HBF4 salts were

used directly, because the corresponding free phosphines were

liberated in the presence of the Grignard reagent. The results of

commercially available biphenylphosphines 1 and 3 are also

shown. The yields of the coupling products (o-, m-, and p-15)

were significantly affected by the ligands. From the experiments

at 50 1C, it was found that m-14 was generally more reactive

than the other isomers for each ligand, except when ligands 5

and 9 were used. In particular, hydroxylated terphenyl phos-

phine 9 showed unusually high activity for o-14, and the yield

was higher even with a shorter reaction time (1 h). The

preference of ligand 9 for o-14 over m- and p-14 was further

demonstrated at 25 1C where the yield of o-15 was significantly

higher than the yields of m- and p-15. This result indicates that

the complex of ligand 9 with Pd specifically accelerates the

reaction of the ortho-isomer.

In general, oxidative addition of Pd to a C–X bond is slow

at more electron-rich carbons compared with oxidative addi-

tion at less electron-rich carbons.37 Since bromophenols 14

have an electron-donating hydroxy group, which is converted

to the more electron-donating oxido group under the reaction

conditions, it is expected that oxidative addition to the C–Br

bond of the ortho- and para-isomers is slower. If the rate-

determining step is the oxidative addition step,38 the meta-

isomer should be the most reactive isomer. In fact, most of the

ligands shown in Fig. 4 exhibited higher activity for m-14. It is

surprising, therefore, that ligand 9 showed the strong prefer-

ence for o-14. Furthermore, this high activity for o-14 was

observed only for ligand 9. This suggests that the phosphino

group and the hydroxy group of 9 are properly arranged to

accelerate the reaction of o-14.

To confirm the need for the hydroxy group of ligand 9,

reference ligand 16 was used for the cross-coupling (Scheme

13). The much lower activity using 16 than 9 indicates that the

hydroxy group of 9 plays a significant role in rate acceleration.

Fig. 4 Screening of ligands in Pd-catalyzed cross-coupling of

bromophenols with PhMgBr. dba = dibenzylideneacetone.

Scheme 13 Ligand 9 vs. ligand 16.
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We assume that the reaction proceeds via an intermediate

similar to Fig. 3b, in which the Mg oxido group of the ligand

holds the C–Br bond ortho to the oxido group of bromophen-

oxide close to the Pd atom coordinated by the phosphine.

Application to site-selective cross-coupling of dihalophenols and

dihaloanilines

Site-selectivity is an important issue in the cross-coupling of

halogenated arenes when the arene molecules have more than

one substituent of the same halogen atom. If one of the halogen

atoms is site-selectively converted to another group, this type of

selective cross-coupling can be a powerful tool to synthesize

multiply substituted arenes. For multiply halogenated hetero-

arenes such as dihalothiophenes and dihalopyridines, many

examples of site-selective cross-coupling have been reported.39

In contrast, only a few examples have been reported for

dihalogenated benzene derivatives.37,40 The cross-coupling of

these substrates mainly occurs at less electron-rich carbons, i.e.,

at more electron-poor carbons. For example, Singh and Just

reported a selective cross-coupling in which dibromoanilines

underwent coupling preferentially at the position meta to the

electron-donating amino group over the ortho- or para-posi-

tions.37 On the other hand, electron-withdrawing groups such as

nitro and carbonyl groups are known to promote cross-coupling

at the ortho- or para-positions over the meta-position.37,40 Thus,

it is generally difficult to achieve site-selective cross-coupling that

occurs preferentially at more electron-rich carbons. If the car-

bons are at more sterically hindered positions, the reactions are

even more difficult to achieve.

The results of the site-specific cross-coupling using ligand 9

prompted us to investigate site-selective cross-coupling of diha-

lophenols with Grignard reagents.41 We chose 2,4-dibromo-

phenol (17) as the substrate and studied the effects of ligands on

the site-selectivity in the cross-coupling with 4-methoxyphenyl

Grignard reagent. The results are summarized in Table 1. PPh3,

PCy3, 1, and 3 gave products o-18 and p-18 with low selectivity

in low yields (entries 1, 2, 5, and 6). For t-Bu3P�HBF4 and

DPPF the reactions occurred site-selectively at the position para

to the hydroxy group to afford p-18 as the major product

(entries 3 and 4). In contrast, ligand 9 reversed the site-

selectivity and preferentially afforded o-18 in good yield (entry

7). While a small amount of diarylated compound 19 was still

obtained, the yield of p-18 was 0%! In addition, ligand 9 greatly

shortened the reaction time to 2 h. It is also noteworthy that

reference ligand 16 did not show any site-selectivity (entry 8),

indicating the importance of the hydroxy group of 9. We further

examined the effects of the phosphino group and found that

another hydroxylated terphenyl phosphine, 20, which has a

PPh2 group instead of PCy2, suppressed the formation of 19

and improved the yield of o-18 up to 89% (entry 9).

The site-selective cross-coupling was applied to other sub-

strates, and representative examples are shown in Scheme 14.

High ortho-selectivity was induced by 9 or 20 not only for

dibromophenols but also for dibromoanilines. The results of

2,5-dibromophenol and 2,5-dibromoaniline are worth men-

tioning because the cross-coupling occurred preferentially at

more electronically negative and more sterically hindered

carbons. In all cases, the yields of the corresponding isomeric

products were less than 0.5%.

We also performed the reaction with 4-bromo-2-chlorophe-

nol (21).42 In normal cross-coupling, bromo groups are more

reactive than chloro groups. However, when ligand 20 was

used, the chloro group at the ortho-position reacted preferen-

tially over the bromo group at the para-position (Scheme 15).

This unusual selectivity was not observed in the reaction with

Table 1 Effect of ligands on site-selective cross-coupling of 17

Entry Ligand Reaction time/h

Yield (%)

o-18 p-18 19

1 PPh3 24 22 16 14
2 PCy3 24 21 14 38
3 t-Bu3P�HBF4 24 0 40 25
4 DPPF 24 1 77 1
5 1 24 5 5 1
6 3 24 8 12 3
7 9 2 71 0 16
8 16 24 13 18 7
9 20

a 2 89 0 4

a
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PCy3. This result further emphasizes the effects of the hydro-

xylated terphenyl phosphines on the rate acceleration at the

position ortho to hydroxy and amino groups.

Conclusions

We described here a strategy to create new catalysts. Oligoar-

enes can be regarded as useful molecular backbones to con-

struct catalytic molecules. We and others have developed

synthetic methods for multifunctionalized oligoarenes, based

on stepwise, repetitive cross-coupling. Our method was suc-

cessfully applied to the synthesis of a library of hydroxylated

oligoarene-type phosphines. One of the linker structures of the

phosphines was found to be suitable for the ligand to Pd in

site-specific and site-selective cross-coupling. The ortho-accel-

eration observed in the reactions of dihalophenols and diha-

loanilines with Grignard reagents is outstanding. Although we

have developed only a single example of catalyst by the

oligoarene strategy, we hope that use of oligoarene structures

as molecular backbones of catalysts can provide a promising

strategy to develop new types of catalysts.
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