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The direct sequential arylation reaction at the C3 and C1
positions of imidazo[1,5-a]pyridines with a variety of aryl
iodides catalyzed by [Pd(phen)2](PF6)2 is described. The
reaction of unsubstituted imidazo[1,5-a]pyridine with various
aryl iodides proceeded selectively at the C3 position to
exclusively give the corresponding C3-arylated products. The
one-pot double-arylation reaction at the C3 and C1 positions of
unsubstituted imidazo[1,5-a]pyridine with different aryl groups
was also achieved.

Imidazo[1,5-a]pyridines are an attractive class of com-
pounds due to their potential for application in electronic- and
photofunctional materials such as organic thin-layer field effect
transistors (FETs)1 and organic light-emitting diodes (OLEDs),2

and as precursors of N-heterocyclic carbenes (NHCs).3 In
addition, due to their bioactive properties, imidazo[1,5-a]pyri-
dines have been used in pharmaceuticals such as HIV-protease
inhibitors,4 cardiotonic agents,5 aromatase inhibitors in estrogen-
dependent diseases,6 and thromboxane A2 synthetase inhibi-
tors.7 Hence, synthesis of imidazo[1,5-a]pyridine derivatives has
recently attracted increasing attention. Several methods for the
synthesis of substituted imidazo[1,5-a]pyridines, where the
imidazo[1,5-a]pyridine ring is constructed via the condensa-
tioncyclization of 2-pyridylmethylamine, have been report-
ed.810 However, these reactions require stoichiometric amounts
of metal salts and/or oxidants that are not incorporated into the
products. Therefore, more straightforward methods that lead to
substituted imidazo[1,5-a]pyridines are still needed. In addition,
from the perspective of green chemistry, new reactions with
by-products that pose less of an environmental burden are
desired.

ð1Þ

Recently, direct CH arylation has emerged as an alternative
to cross-coupling reactions of organometallic reagents and aryl
halides since it does not require the preparation of these
substrates.11 In this context, we have also reported that Pd
phenanthroline complexes such as [Pd(phen)2](PF6)2 (phen:
1,10-phenanthroline) catalyzed multiple arylation reactions of
imid-, ox-, and thiazoles.12 We then speculated on the ap-
plicability of this direct CH arylation to unsubstituted imidazo-
[1,5-a]pyridine (1), which is prepared by phosphoryl trichloride-
mediated condensationcyclization of N-formyl-2-pyridyl-
methylamine. However, 1 possesses several CH bonds, which
can participate in direct arylation reactions. We report herein
the selective C3 arylation reaction of 1 catalyzed by
[Pd(phen)2](PF6)2 (eq 1). The one-pot double-arylation reaction
of 1 with different aryl groups is also described.

First, the efficiency and selectivity of the [Pd(phen)2](PF6)2-
catalyzed reaction between 1 and 4-iodo(trifluoromethyl)ben-
zene (2a) were examined (Table 1). The reaction in 1M solution
gave 3a and 4a in respective yields of 86% and 10% (Entry 1).
Products derived from the cleavage of other CH bonds in 1
were not observed. These results clearly indicated that the
arylation that was accompanied by CH bond cleavage takes
place initially at the C3 position, and then at the C1 position of
C3-arylated imidazo[1,5-a]pyridine 3a. To improve the selec-
tivity of the reaction, the use of bromide and/or a diluted
solution was examined. Finally, C3 arylation took place
exclusively with 2aI under low-concentration conditions to give
3a in 98% yield (Entry 4).

With the optimum reaction conditions in hand, the direct
arylation reaction of 1 and a variety of aryl halides was
examined. The results are summarized in Table 2. When
[Pd(phen)2](PF6)2 was used as a catalyst, the desired arylated
products 3 were obtained in moderate to high yields regardless
of the aryl iodides 2. The reaction proceeded smoothly with both
electron-rich (Entries 35) and -poor (Entries 1 and 68) aryl
iodides 2 to give the monoarylated products 3 in good to high
yields. In the reactions with 4-nitro- (2g) and 4-ethoxycarbon-
ylphenyl iodide (2h) as coupling partners, K2CO3 worked as a
suitable base (Entries 7 and 8). The reactions of 1 with sterically
hindered 2-iodotoluene (2i) and 1-iodo-2,4-dimethylbenzene
(2k) also took place to give the corresponding products 3i and
3k in good yields, whereas those with 2-iodoanisole (2j) gave
3j in a lower yield (Entries 911). 2-Iodopyridine (2l) was a
sluggish substrate, and the reaction afforded the product 3l
in only moderate yield (Entry 12). The reaction with diiodo-
fluorene 2m gave the bis(imidazopyridine) 3m in 90% yield
(Entry 13). Finally, the use of m-diiodobenzene (2n) as a
coupling partner led to 1,3-bis(3-imidazopyridyl)benzene 3n,

Table 1. Pd-Catalyzed C3 arylation of imidazo[1,5-a]pyridine:
Screening of the reaction conditionsa

Entry X Conc./M 3a/%b 4a/%b

1 I 1 86 10
2 Br 1 74 10
3 Br 0.5 59 3
4 I 0.5 98 trace

aReactions were carried out using imidazo[1,5-a]pyridine (1)
(0.5mmol) and aryl iodide (1.1 equiv) in the presence of
[Pd(phen)2](PF6)2 (5mol%) and Cs2CO3 (1.1 equiv) in DMA at
150 °C for 20 h. bIsolated yield.
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which may be useful as an NCN pincer ligand, in 82% yield
(Entry 14).

Previously, we reported the direct C1 arylation of
3-arylimidazo[1,5-a]pyridines under similar conditions.13 There-
fore, we considered that we could achieve the one-pot sequential
C3 and C1 diarylation reaction of unsubstituted imidazopyridine
1 with two different aryl iodides. After an initial screening of the
reaction conditions, the use of 10mol% of [Pd(phen)2](PF6)2
and 3 equiv of Cs2CO3 as initial quantities was found to be
effective for the sequential reactions, and no additional catalyst
or base was necessary in the second reaction under the reaction
conditions. In fact, the reaction of unsubstituted imidazopyridine
1 and 1.1 equiv of p-iodoanisole (2c) at 150 °C was complete
within 20 h and selectively gave the C3-monoarylated product
3c based on the results of a TLC analysis. The second arylation
was achieved by the simple addition of 4-iodo(trifluoromethyl)-
benzene (2a) (2 equiv) to the mixture at 150 °C to give the target
diarylated imidazopyridine 4g in 61% yield after 20 h (eq 2).

4g

ð2Þ

In conclusion, we have demonstrated the Pdphenanthro-
line-complex-catalyzed selective C3-arylation of unsubstituted
imidazo[1,5-a]pyridine (1) with aryl iodides. The one-pot
sequential arylation reaction of unsubstituted imidazopyridine
was further achieved under this catalytic system for the first

time. These reactions provide an attractive method for synthesiz-
ing various disubstituted imidazopyridines and a library of
1,3-diarylimidazopyridines with high efficiency. Further inves-
tigations of the direct one-pot sequential arylation reaction
of simple heteroarenes with a Pdphenanthroline catalyst are
underway in our laboratory.

This research was supported by Grant-in-Aids for Scientific
Research from the MEXT and JSPS and Research Foundation
for Electrotechnology of Chubu.

This paper is in celebration of the 2010 Nobel Prize
awarded to Professors Richard F. Heck, Akira Suzuki, and
Ei-ichi Negishi.

References and Notes
1 For an example of an organic thin-layer field effect transistor (FET),

see: H. Nakamura, H. Yamamoto, PCT Int, Appl. WO 2005043630; H.
Nakamura, H. Yamamoto, Chem. Abstr. 2005, 142, 44027.

2 For examples of organic light-emitting diodes (OLED), see: a) M.
Nakatsuka, T. Shimamura, Jpn. Kokai Tokkyo Koho JP 2001035664;
M. Nakatsuka, T. Shimamura, Chem. Abstr. 2001, 134, 170632. b) L.
Salassa, C. Garino, A. Albertino, G. Volpi, C. Nervi, R. Gobetto, K. I.
Hardcastle, Organometallics 2008, 27, 1427.

3 For examples of N-heterocyclic carbene precursors, see: a) M.
Alcarazo, S. J. Roseblade, A. R. Cowley, R. Fernández, J. M.
Brown, J. M. Lassaletta, J. Am. Chem. Soc. 2005, 127, 3290. b) C.
Burstein, C. W. Lehmann, F. Glorius, Tetrahedron 2005, 61, 6207. c)
F. E. Hahn, Angew. Chem., Int. Ed. 2006, 45, 1348.

4 D. Kim, L. Wang, J. J. Hale, C. L. Lynch, R. J. Budhu, M. MacCoss,
S. G. Mills, L. Malkowitz, S. L. Gould, J. A. DeMartino, M. S.
Springer, D. Hazuda, M. Miller, J. Kessler, R. C. Hrin, G. Carver, A.
Carella, K. Henry, J. Lineberger, W. A. Schleif, E. A. Emini, Bioorg.
Med. Chem. Lett. 2005, 15, 2129.

5 D. Davey, P. W. Erhardt, W. C. Lumma, J. Wiggins, M. Sullivan, D.
Pang, E. Cantor, J. Med. Chem. 1987, 30, 1337.

6 L. J. Browne, C. Gude, H. Rodriguez, R. E. Steele, A. Bhatnager,
J. Med. Chem. 1991, 34, 725.

7 N. F. Ford, L. J. Browne, T. Campbell, C. Gemenden, R. Goldstein, C.
Gude, J. W. F. Wasley, J. Med. Chem. 1985, 28, 164.

8 J. D. Bower, G. R. Ramage, J. Chem. Soc. 1955, 2834.
9 For recent advances in the synthesis of imidazo[1,5-a]pyridines via an

oxidative pathway, see: a) M. E. Bluhm, M. Ciesielski, H. Görls, M.
Döring, Angew. Chem., Int. Ed. 2002, 41, 2962. b) M. E. Bluhm, C.
Folli, D. Pufky, M. Kröger, O. Walter, M. Döring, Organometallics
2005, 24, 4139. c) F. Shibahara, A. Kitagawa, E. Yamaguchi, T. Murai,
Org. Lett. 2006, 8, 5621. d) M. Ostermeier, C. Limberg, B. Ziemer,
V. Karunakaran, Angew. Chem., Int. Ed. 2007, 46, 5329. e) V. S.
Arvapalli, G. Chen, S. Kosarev, M. E. Tan, D. Xie, L. Yet, Tetrahedron
Lett. 2010, 51, 284. f) O. Niyomura, Y. Yamaguchi, S. Tamura, M.
Minoura, Y. Okamoto, Chem. Lett. 2011, 40, 449.

10 For recent advances in the synthesis of imidazo[1,5-a]pyridines via an
acid-mediated condensation pathway, see: a) J. Wang, R. Mason, D.
VanDerveer, K. Feng, X. R. Bu, J. Org. Chem. 2003, 68, 5415. b) J.
Wang, L. Dyers, Jr., R. Mason, Jr., P. Amoyaw, X. R. Bu, J. Org.
Chem. 2005, 70, 2353. c) S. A. Siddiqui, T. M. Potewar, R. J. Lahoti,
K. V. Srinivasan, Synthesis 2006, 2849. d) J. M. Crawforth, M.
Paoletti, Tetrahedron Lett. 2009, 50, 4916.

11 For recent reviews of the CH arylation reaction, see: a) X. Chen,
K. M. Engle, D.-H. Wang, J.-Q. Yu, Angew. Chem., Int. Ed. 2009, 48,
5094. b) O. Daugulis, H.-Q. Do, D. Shabashov, Acc. Chem. Res. 2009,
42, 1074. c) T. W. Lyons, M. S. Sanford, Chem. Rev. 2010, 110, 1147.
d) K. Hirano, M. Miura, Synlett 2011, 294.

12 a) F. Shibahara, E. Yamaguchi, T. Murai, Chem. Commun. 2010, 46,
2471. b) F. Shibahara, E. Yamaguchi, T. Murai, J. Org. Chem. 2011,
76, 2680.

13 For further details on the direct C1 arylation reaction of 3-aryl-
imidazopyridines, Supporting Information is available electronically
on the CSJ-Journal Web site, http://www.csj.jp/journals/chem-lett/
index.html. Also see ref. 12a.

Table 2. Direct C1 arylation reaction of imidazopyridine 1

Entry

1
2
3
4
5
6
7
8
9

10

11

12

13

14

X = CF3: 2a
X = H: 2b
X = OMe: 2c 
X = Me: 2d
X = NMe2: 2e
X = F: 2f 
X = NO2: 2g
X = COOEt: 2h
X = Me: 2i 
X = OMe: 2j 

2k

2l

2m

2n

I–Ar (2)

3a: 98
3b: 86
3c: 68
3d: 74 
3e: 98
3f: 74
3g: 73b

3h: 63b

3i: 73 
3j: 50 

70 

49 

90c

82c,d

Yield/%a

3k:

3l:

3m:

3n:

aIsolated yield. bK2CO3 was used instead of Cs2CO3. cThe
reaction was carried out with 2.5 equiv of 1. dThe reaction was
performed for 40 h.
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