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Repetitive Two-step Method for Oligoarene Synthesis through Rapid Cross-coupling
of Hydroxyphenylboronic Acids and Anhydrides
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A two-step Suzuki-Miyaura coupling—triflation procedure,
which features the use of hydroxyphenylboronic acids or anhy-
drides in the palladium-catalyzed cross-coupling step, has been
developed for the synthesis of oligoarenes.

Oligo- and polyarenes, which are composed of aromatic
rings such as benzene rings connected through a single bond,
constitute an important class of compounds in various research
areas.! Although several synthetic methods have been devel-
oped, the efficient construction of highly functionalized oligo-
arenes (Figure la), which have a great potential as functional
molecules, remains a challenging task. This type of oligoarenes
can be compared to biopolymers such as polypeptides with
various amino acid residues. For polypeptides, repetition of
coupling—deprotection steps, using N-protected amino acids for
example, has allowed efficient synthetic methods including
solid-phase synthesis? and automation. Similarly, a stepwise,
repetitive two-step cross-coupling—activation procedure® may
prove to be an efficient synthetic methodology of functionalized
oligoarenes (Figure 1b). Such scheme will require: 1) mild reac-
tion conditions that are compatible with the various functional
groups, 2) avoidance of high or low (e.g., —78 °C) temperatures
for experimental simplicity, and 3) steps that proceed rapidly and
almost quantitatively.

Cross-coupling of arylboronic acids with aryl halides or sul-
fonates such as triflates (Suzuki-Miyaura coupling) is one of the
best synthetic methods to afford biaryls with various functional
groups.* Accordingly, we envisaged the cross-coupling of hy-
droxyphenylboronic acids and subsequent triflation of the hy-
droxy group as an effective strategy for oligoarene synthesis
(Figure 1c).” Herein, we describe a novel repetitive two-step pro-
cedure for oligoarene synthesis under reaction conditions that
satisfy the criteria mentioned above. Repetition of the sequence
afforded unfunctionalized oligoarene backbones in excellent
yields. This method will be applied to the synthesis of oligo-
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Figure 1. (a) Functionalized oligoarene. (b) Cross-coupling—acti-
vation procedure. (c¢) Use of hydroxyphenylboronic acid in the
cross-coupling—triflation procedure.

arenes with various functional groups.

The three isomers of hydroxyphenylboronic acids (2-, 3-,
and 4-hydroxyphenylboronic acids or anhydrides) are known
in the literature.® Among them, pure 2- and 3-hydroxyphenylbor-
onic acids can be obtained as their anhydride forms by recrystal-
lization. Therefore, we first tested 2-hydroxyphenylboronic an-
hydride (1a) to determine the optimal conditions for the cross-
coupling with p-tolyl triflate as the model substrate. The use
of Pd(OAc),, PCys, and KF in THF’ afforded 2a in unsatisfac-
tory yield (Table 1, Entry 1). However, significantly improved
reaction rate and yield were obtained with the use of aqueous
DMF (Entry 3), in which the optimal DMF/H,O ratio was 4/1
(Entries 4-6).%° In contrast, the use of aqueous THF was less ef-
fective (Entry 7).

In the next set of reactions, ligands 3'° and 4,'! developed by
Buchwald et al., were employed as ligands. Interestingly, in
terms of the reaction solvents, results for these ligands were op-
posite to those for PCy;—aqueous THF was found to be signifi-
cantly better than aqueous DMF (Entry 10 vs 11, and 16 vs 17).
Under aqueous THF conditions, the reaction proceeded rapidly
and was complete in 2h, yielding 2a quantitatively. As for
amounts of 1a, 1.1 equiv. was deemed sufficient (Entry 12). Al-
though the reaction time was longer, 0.1 mol % Pd(OAc); result-
ed in a high yield of 2a (Entry 13). The use of K3PO4+-H,0 in
dry THF! resulted in low yield (Entry 18). It is noted that the
effect (albeit small) of added water was also observed for 4-hy-

Table 1. Cross-coupling of 2-hydroxyphenylboronic anhydride or
4-hydroxyphenylboronic acid

OoTf ¢ or Ol
o J
OB (HO),B'

Pd(0AC), (2 mol %) Y
ligand (2.4 mol %) O

KF (3.3 equiv)
solvent O X

r

la (1.3 equiv) 1b (1.3 equiv) 2a:X=OH,Y=H
- - — 2b: X=H,Y =0H
Entry 1 Ligand Solvent Time/h  Yield®/%
1 la PCy; THF 25 61
2 1la PCys DMF 25 87
3 1la PCy;  DMF/H,0(4/1) 5 100
4 1la PCy;  DMF/H,0 (4/1) 2 84
5 la PCy;  DMF/MH,0(1/1) 2 62
6 1la PCy; DMF/H,0 (10/1) 2 59
7 1la PCy;  THF/H,0 (4/1) 2 45
8 la 3 DMF 25 31
9 la 3 THF 25 85 O PCy,
10 1la 3 DMF/H,0 (4/1) 2 8 pr pr
1 1la 3 THF/H,0 (4/1) 2 100 O
12° 1a 3 THF/H,0 (4/1) 2 96
139 1a 3 THF/H,0 (4/1) 70 93 Pr
14 1la 4 DMF 25 19 8
15 1la 4 THF 25 73
16 1la 4 DMF/H,O (4/1) 2 10 O
17 1la 4 THF/H,0 (4/1) 2 99 PCy,
18° 1la 4 THF 2 27 MeO. OMe
19 1b 4 THF 2 83 O
20 1b 4 THF/H,0 (4/1) 2 95 4

?The anhydride form of 2-hydroxyphenylboronic acid.
bIsolated yield. °1a (1.1 equiv.). “Pd(OAc); (0.1 mol %), li-
gand (0.12 mol %). °K3PO,4+H,0 was used in place of KF.
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Scheme 1. Synthesis of an oligoarene with ortho-connection. Con-
ditions: (a) 1a (1.3 equiv.), Pd(OAc), (2 mol %), 3 (2.4 mol %), KF
(3.3 equiv.), THF/H,O (4/1), 1t. (b) Tf,0O (1.2 equiv.), pyridine (1.5
equiv.), CH,Cl;, 0°C, 20min. (c) 1la (1.6 equiv.), Pd(OAc),
(2mol %), 4 (2.4 mol %), KF (3.3 equiv.), THF/H,O (4/1), rt.

6h 6h h

6
100% 100% 100%
13: X =0OH b
14: X = OTf
98% 96%

L, .
6h
99%

15:X=0H 3 17

16: X = OTf 96%

11:X=0OH b
12: X = OTf

!OH

Scheme 2. Synthesis of an oligoarene with meta-connection.
Conditions: (a) 3-hydroxyphenylboronic anhydride (1.3 equiv.),
Pd(OAc), (2mol %), 3 (2.4mol %), KF (3.3 equiv.), THF/H,O
(4/1), rt. (b) TH,O (1.2 equiv.), pyridine (1.5 equiv.), CH,Cl,,
0°C, 20 min.

droxyphenylboronic acid (1b) (Entry 19 vs 20). To summarize,
whereas PCy3 in aqueous DMF may be economically preferable,
ligand 3 or 4 in aqueous THF is the ligand of choice in the cross-
coupling of hydroxyphenylboronic acids or anhydrides.

As shown in Scheme 1, the cross-coupling conditions were
applied to the synthesis of oligoarene backbones, in which a pen-
tamer 10, with benzene rings connected at ortho-position, was
readily synthesized through the rapid cross-coupling—triflation
procedure. Note that, despite the presence of a bulky oligoarene
chain at the ortho-position, the yield of each cross-coupling step
was nearly quantitative, while longer reaction times and larger
amounts of 1a were required as the oligoarene chain increased.
An oligoarene 17 that was connected through the meta-position
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Scheme 3. Synthesis of a branched oligoarene. Conditions: (a) 4-
hydroxy-3-methoxyphenylboronic acid (1.3 equiv.), Pd(OAc),
(2mol %), 4 (2.4mol %), KF (3.3 equiv.), THF/H,O (4/1), rt.
(b) Tf,0 (1.2 equiv.), pyridine (1.5 equiv.), CH,Cl,, 0°C, 20 min.
(c) Phenylboronic acid (1.3 equiv.), Pd(OAc), (2mol %), 3 (2.4
mol %), KF (3.3 equiv.), THF/H,0 (4/1), rt. (d) BBr; (2.0 equiv.),
CH,Cl,, 0°C to 1t, 2h. (e) 1b (1.3 equiv.), Pd(OAc), (2 mol %), 4
(2.4 mol %), KF (3.3 equiv.), THF/H,0 (4/1), rt.
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was also synthesized in excellent yield (Scheme 2). In this case,
the use of ligand 3 rather than 4 gave better results in the cross-
coupling step.

As shown in Scheme 3, the “branching” of an oligoarene
chain was realized using a mono-protected dihydroxyphenylbor-
onic acid. First, 4-hydroxy-3-methoxyphenylboronic acid was
employed in the cross-coupling step to generate a “branch” point
(step a). Next, the main chain was elongated (steps b and c). The
methyl ether was then cleaved to give the OH group (step d) that
can be elongated (steps b and e). Using this methodology, the
“branch” and main chains can be independently extended.

We thank MEXT (Grant-in-Aid for Scientific Research)
for financial support.

References and Notes

1 a)J. M. Tour, Chem. Rev. 1996, 96, 537. b) A.J. Berresheim, M.
Miiller, K. Miillen, Chem. Rev. 1999, 99, 1747. ¢) D. J. Hill,
M. J. Mio, R. B. Prince, T. S. Hughes, J. S. Moore, Chem. Rev.
2001, 701, 3893. d) F. J. M. Hoeben, P. Jonkheijm, E. W. Meijer,
A. P. H. J. Schenning, Chem. Rev. 2005, 105, 1491. e) J.-M.
Lehn, Supramolecular Chemistry: Concepts and Perspectives,
VCH, Weinheim, 1995, Chap. 9. f) N. Sakai, J. Mareda, S.
Matile, Acc. Chem. Res. 2005, 38, 79.

2 R. B. Merrifield, J. Am. Chem. Soc. 1963, 85, 2149.

3 Examples of repetitive oligoarene synthesis: a) W. Cheng, V.
Snieckus, Tetrahedron Lett. 1987, 28, 5097. b) P. Liess, V.
Hensel, A. D. Schliiter, Liebigs Ann. 1996, 1037. c) A. J. Blake,
P. A. Cooke, K. J. Doyle, S. Gair, N. S. Simpkins, Tetrahedron
Lert. 1998, 39, 9093. d) P. R. L. Malenfant, L. Groenendaal,
J. M. J. Fréchet, J. Am. Chem. Soc. 1998, 120, 10990. e) T.
Kirschbaum, R. Azumi, E. Mena-Osteritz, P. Béiuerle, New J.
Chem. 1999, 241. f) M. W. Read, J. O. Escobedo, D. M. Willis,
P. A. Beck, R. M. Strongin, Org. Lett. 2000, 2, 3201. g) B. P.
Orner, J. T. Ernst, A. D. Hamilton, J. Am. Chem. Soc. 2001,
123, 5382. h) J. T. Ernst, O. Kutzki, A. K. Debnath, S. Jiang,
H. Lu, A. D. Hamilton, Angew. Chem., Int. Ed. 2002, 41, 278.
i) Y.-S. Yoo, J.-H. Choi, J.-H. Song, N.-K. Oh, W.-C. Zin, S.
Park, T. Chang, M. Lee, J. Am. Chem. Soc. 2004, 126, 6294. j)
A. L. Kanibolotsky, R. Berridge, P. J. Skabara, 1. F. Perepichka,
D. D. C. Bradley, M. Koeberg, J. Am. Chem. Soc. 2004, 126,
13695.

4 a) N. Miyaura, T. Yanagi, A. Suzuki, Synth. Commun. 1981, 11,
513. b) N. Miyaura, A. Suzuki, Chem. Rev. 1995, 95, 2457. c) A.
Suzuki, H. C. Brown, Organic Synthesis via Boranes, Vol. 3,
Suzuki Coupling, Aldrich Chemical Company, Milwaukee, 2003.

5 Hamilton et al. have reported a repetitive three-step strategy
(deprotection—cross-coupling—triflation) using methoxyphenyl-
boronic acids to synthesize substituted p-terphenyls,® although
the cross-coupling step required high temperature.

6 H. Gilman, L. Santucci, D. R. Swayampati, R. O. Ranck, J. Am.
Chem. Soc. 1957, 79, 3077. The real aggregation states of the
boronic anhydrides are unclear because of the complexity associ-
ated with the phenolic hydroxy groups.

7 A.F.Littke, C. Dai, G. C. Fu, J. Am. Chem. Soc. 2000, 122, 4020.

8 Use of aqueous solvents with fluoride anion: S. W. Wright, D. L.
Hageman, L. D. McClure, J. Org. Chem. 1994, 59, 6095.

9 In the reaction in DMF/H,0 (10/1), the amount of H,O was 3.9
equiv to 1a.

10 H. N. Nguyen, X. Huang, S. L. Buchwald, J. Am. Chem. Soc.
2003, 125, 11818.

11 a) S. D. Walker, T. E. Barder, J. R. Martinelli, S. L. Buchwald,
Angew. Chem., Int. Ed. 2004, 43, 1871. b) T. E. Barder, S. D.
Walker, J. R. Martinelli, S. L. Buchwald, J. Am. Chem. Soc.
2005, 127, 4685.

Published on the web (Advance View) December 27, 2005; DOI 10.1246/c1.2006.164



