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4(5)-Aryl-1H-imidazoles can be efficiently and selectively
prepared by Pd@ldppf)-catalyzed SuzukiMiyaura reaction
of commercially available 4(5)-broma-timidazole with

arylboronic acids under phase-transfer conditions. On the

other hand, N-unprotected 4(5)-ary#dmidazoles can
undergo highly selective Pd(OAsgatalyzed and Cul-
mediated direct C-2-arylation with a variety of aryl bromides

and iodides under base-free and ligandless conditions to

produce 2,4(5)-diaryll-imidazoles in modest to good
yields. No N-arylation byproducts are observed under the
experimental conditions used to prepare 2,4(5)-diakH-1
imidazoles.

Imidazoles aryl-substituted in the 4(5)-position are central
structures of many compounds that elicit important biological
and pharmacological responses. 4(5)-Arid-imidazolesl, for
example, include compounds which display good in vitro
antifungal activity! are potentS-glucosidase inhibitor3,or
exhibit activin receptor-like kinase 5 (ALK5) inhibitory activity,
and several 4(5)-aryl-2-heteroary#dmidazoles show NPY5
receptor antagonist activityOn the other hand, 2-alkyl-4(5)-
aryl-1H-imidazoles include potent Nachannel blocker8,and
several 4(5)-aryl-5(4)-(4-fluorophenyl}-Htimidazole derivatives
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are p38 MAP kinase inhibitofs.As a consequence, much
attention has been paid to the development of efficient methods
for preparation of 4(5)-aryl-substituted imidazole derivaties®
Nevertheless, there are relatively few methods for the synthesis
of imidazolesl and 2,4(5)-diaryl-H-imidazoles2. Moreover,
these synthetic protocols suffer from being multistep syntheses,
providing modest yields and/or requiring commercially unavail-
able and/or expensive reagents. In particular, compoiihdse
been synthesized in modest yields via base-induced cycload-
dition of tosylmethyl isocyanide td\-(dimethylsulfamoyl)-
aldimines orN-tosylaldimine8 or via Pd-catalyzed reaction of
aryl halides or triflates with 1-tritylimidazol-4-yltin and -zinc
reagents prepared from 1-trityl-4-iodoimidazole by Grignard
formation followed by transmetalatidfl.
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More recently, 4(5)-(3-thienyl)H-imidazole @) has been
prepared in 85% yield by Suzuki reaction of 3-thiopheneboronic
acid with N-unprotected 4(5)-ioda-timidazole g8).!* However,
3is commercially unavailable and can be prepared in 70% yield
via polyiodination of imidazole followed by partial deiodination
with N&pS,03.12 On the other hand, imidazol@$have been often
synthesized by condensatiogbromoketones with amidin&s
or formamidel* but these reactions were not always successful
and sometimes gave low yield Compounds have been also
prepared in 1342% overall yields via a three-step sequence
involving the Suzuki reaction of 5-iodo-1-methoxymethyl-2-
phenyl-H-imidazole 6) or via a five-step process in which a
key step is the Suzuki reaction of 2,4,5-tribromo-1-SENH1
imidazole 6).1° Finally, 2,4(5)-diaryl-H-imidazoles2 have been
very recently synthesized by treatment of arylglyoxals with
arylaldehydes and ammonium acetate in methanol at room
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temperaturé® However, the potential of this method is limited TABLE 1. Synthesis of 4(5)-Aryl-H-imidazoles 1 via
by the fact that arylglyoxals, save phenylglyoxal hydrate, are Zd'lcbata'y_zeg %eaggon of 4(5)-Bromo-B-imidazole (7) with
commercially unavailable; moreover, this approach involves the 2PN ACAs

formation of significant amounts of byproducts consisting of Ar’-B(OH), Product
2-aroyl-4(5)-aryl-H-imidazoles!® reaction yield®
entry 8 Al time (h) 1 (%)

N Bra N Br__N 1 8a CeHs 91 la 66

)I H—Ph I S—ar \[ > Af-BOH), 2  8b 4-CICsH, 139 1b 62

i~ ~N Br” N N 3  8a CeHs 65 la 66

MOM SEM H 4 8b 4-CICsH4 48 1b 82

5 6 7 8 5 8c 4-MeOGH, 66 1c 91

6 8d 4-AcCsHg 72 1d 83

In our continuing studies of the synthesis of arylazole 7 8e 2-naphthy! 72 le 90
derivatives” we were interested in the development of concise 8 8f 2,5-(MeO)CsHs 72 1f 76
- . . 9 89  benzofi][1,3]-dioxol-5-yI 72 19 86

and efficient novel approaches for preparation of monosubsti- 5 gp 2-(CHO)GHa 79 1h 0

tuted 4(5)-aryl-H-imidazolesl and disubstituted 2,4(5)-diaryl- aunl therwi ed. th i ih 1 mmal. o
F H ; ; niess otherwise noted, the reactions were run wi mmai,
1H-imidazoles2 from cheap, commercially available starting mmol of8, 5 mol % of PAC(dppf), 5 mol % of BAEINCI. and 3 equiv of

materials. Herein, we report an efficient and general entry t0 csr in 14 mL of a 1:1 mixture of toluene and water at FE(oil bath
imidazolesl, which utilizes a Pd-catalyzed SuzukVliiyaura- temperature)? Isolated yields¢ This reaction was run with 5 mol % of

type reaction between commercially available 4(5)-brorfie-1 ~ PdCh(PPh)..
imidazole ¢) and arylboronic acid$88 under phase-transfer

conditionsi®® Moreover, we describe the successful use of phenylboronic acidga), which was performed according to a
activated and unactivated aryl bromides and iodides in the procedure previously employed to prepdrom iodide3 and
synthesis of 2,4(5)-diarylH-imidazoles2 by Pd-catalyzed and  3-thienylboronic acid, that is, in DMF at 8@ for 24 h in the
Cu-mediated direct C-2-arylation of N-unprotected compounds presence of 5 mol % of Pd(PPhand 2 equiv of aqueous ha
1 under base-free and ligandless conditions. It should be notedco, 11 afforded only traces of the required 4(5)-phenii-1
that we had previously employed similar reaction conditions jmidazole (a). With this in mind, we thought it right to try a
for the efficient and highly regioselective direct C-2-arylation - syzuki-type coupling under phase-transfer conditions according
of a large variety of azoles, which included l-arfil o 4 procedure similar to that we previously employed for the
imidazoles, 1-methyl- and 1-benzyHiimidazole, thiazole,  selective C-4-arylation of 3,4-dichloro-2¢§-furanone with
oxazole, benzothiazole, and free (NH)-imidazole, -benzimida- arylhoronic acid¢®awe were then pleased to find that, whn
zole, and -indolé’ac:20 was reacted with 2 equiv of phenylboronic actin a 1:1

Our initial investigations were focused to the preparation of mixture of toluene and water for 91 h at 110 in the presence
imidazolesl by direct C-5-arylation of free (NH)-imidazole with  of 5 mol % of PAC}(PPh),, 5 mol % of benzyltriethylammo-
aryl iodides in DMF at 140C in the presence of 2 equiv of & njum chloride, and 3 equiv of CsF, the required 4(5)-phenyl-
base such as @80; or KOAc and a catalyst system consisting  1H.imidazolelawas obtained in 66% yield (entry 1, Table 1).
of 5 mol % of Pd(OAc) and 10 mol % of tris(2-furyl)phosphine  Moreover, a very similar reaction Gfwith 4-chlorophenylbo-
or 20 mol % of PPY but, to our disappointment, no expected ronic acid 8b) for 139 h at 110C gavelb in 62% yield (entry
arylation product was obtained. 2, Table 1). Unfortunately, this protocol proved to be ac-

Searching for an alternative synthetic route, we speculated companied by an undesirable side reaction due to the-aryl
thatimidazoled might be conveniently prepared by a Suztki  ary| interchange between palladium- and phosphine-bound

Miyaura reaction between N-unprotected bromoimidaZaed phenyl groupg! which, in the case of the synthesis 1, led
arylboronic acids8. However, a model reaction of with to small amounts of the phenyl coupling prodaet Neverthe-
— . — : . less, this side reaction did not occur when Rgdppf) was used
(16) Zuliani, V.; Cocconcelli, G.; Fantini, M.; Ghiron, C.; Rivara, . as the catalyst precursor in place of P4EPh),. Furthermore,

Org. Chem 2007, 72, 4551. :
(17) (a) Bellina, F.; Calandri, C.; Cauteruccio, S.; Rossi] &rahedron the use of PdG(dppf) for the preparation afaand1b caused

2007 63, 1970. (b) Bellina, F.; Calandri, C.; Cauteruccio, S.; Rossi, R. higher yields and a significant reduction in the reaction time

Eur. J. Org. Chem2007, 2147. (c) Bellina, F.; Cauteruccio, S. Rossi, R.  (compare entries 3 and 4 with entries 1 and 2, respectively,
Eur. J. Org. Chem2006 1379. (d) Bellina, F.; Cauteruccio, S.; Mannina, Table 1)

L.; Rossi, R.; Viel, SEur. J. Org. Chem2006 693. (e) Bellina, F.; Rossi, = -

R. Tetrahedron2006 62, 7213. (f) Bellina, F.; Cauteruccio, S.; Mannina, Having successfully demonstrated the viability of the ReCl
L.; Rossi, R.; Viel, SJ. Org. Chem2005 70, 3997. (dppf)-catalyzed arylation of with boronic acids3a and 8b,

(18) For recent reviews on the Suzuliliyaura reactions, see: (a) imitati i i
Beliina, F.: Carpita, A.: Rossi, FSynthesi€004 2419. (b) Miyaura, N. In we then tested the scope and limitation of this reaction by

Metal-Catalyzed Cross-Coupling Reactipisederich, F., de Meijere, A., applying the re_aCtion conditions of entries 3 and 4 of Tab|e 1
Eds.; Wiley-VCH: New York, 2004; Chapter 2. (c) Miyaura,Tep. Curr. to the synthesis of compoundsfrom 7 and commercially
Chem.2002 219, 11. available boronic acid8c—h. The reactions involvingdc—g

(19) For examples of Pd-catalyzed Suztkiyaura reactions performed . .
under phase-transfer conditions, see: (a) Bellina, F.; Anselmi, C.; Martina, proved to be clean and, as shown in Table 1, gave the required

F.; Rossi, REur. J. Org. Chem2003 2290. (b) Zhang, J.; Blazecka, P.  imidazole derivatives in high yields (entries-8). Nevertheless,
G.; Belmont, D.; Davidson, J. GDrg. Lett.2002 4, 4559. the Pd-catalyzed reaction @fwith 2-formylboronic acid &h)

(20) For selected examples of Pd-catalyzed C-arylations of free (NH)- 4; ; .
azoles with aryl halides, see: (a) Akita, Y.; Itagaki, Y.; Takizawa, S.; Ohta, did not produce the required imidazdle. On the contrary, a

A. Chem. Pharm. Bull1989 37, 1477 (indole). (b) Rieth, R. D.; Mankad,

N. P.; Calimano, E.; Sadighi, J. Prg. Lett.2004 6, 3981 (pyrrole). (c) (21) (a) Morita, D. K.; Stille, J. K.; Norton, J. RI. Am. Chem. Soc.
Ref 17a (imidazole, benzimidazole, indole). (d) Ref 17c (imidazole, 1995 117, 8576. (b) O’'Keefe, D. F.; Dannock, M. C.; Marcuccio, S. M.
benzimidazole, indole). (d) Wang, X.; Gribkov, D. V.; Sames,JDOrg. Tetrahedron Lett1992 33, 6679. (c) Kong, K.-C.; Cheng, C.-H. Am.
Chem.2007, 72, 1476 (indole derivatives, pyrrole). Chem. Soc199], 113 6313.
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TABLE 2. Pd-Catalyzed and Cu-Mediated C-2-Arylation of 4(5)-Aryl-1H-imidazoles 1 with Aryl Halides 9

Reagents Product
reaction yieldP
entry? 1 Art 9 Ar? X time (h) 2 (%)
1 la CsHs 9a 4-MeOGH4 | 72 2a 47
2 la CsHs 9b 4-MeOGH4 Br 144 2a 30
3 la C6H5 9c 4-CF3C5H4 | 68 2b 73
4 la CsHs 9d 4-NO,CeHa Br 48 2c 78
5 la CsHs 9e 3,4,5-(MeO)CgH> | 72 2d 57
6 la CeHs of 2-naphthyl Br 66 2e 62
7 le 2-naphthyl 99 4-EtOOCGH4 Br 66 2f 40
8 1c 4-MeOGH4 9c 4-CRCeHs | 66 29 42
9 1b 4-CICeH4 9c 4-CRCeHa | 88 2h 48

aThe reactions were run with 1 mmol &f 2 mmol of9, 5 mol % of Pd(OAc), and 2 mmol of Cul in DMF at 140C (oil bath temperature) for X=

I or in DMA at 160 °C (oil bath temperature) for X Br. P Isolated yields.

large amount of benzaldehyde, derived from protodeboronation limiting step26 is most facile for aryl iodidé< and, thus, it

of 8h, was present in the final reaction mixture. In our opinion,

requires milder experimental conditions. Remarkably, these

this result could be explained taking into account that (i) usually arylation reactions proved to be clean and occurred with

electron-deficient arylboronic acids such 8k tend to be
difficult coupling partners as they are poorly nucleophilic and

complete C-2 selectivity. In fact, no product of N-arylation or
diarylation of 4(5)-aryl-H-imidazoles1 was observed under

undergo transmetalation at a slower rate than electron-rich orthe experimental conditions used to prepare 2,4(5)-diayl-1

-neutral arylboronic acid® and (ii) transmetalation processes
are very sensitive to steric factots.

Having secured good access to compouhdsge then turned
our attention to their conversion into 2,4(5)-diary#-imidazoles
2 by direct C-2-arylation.

In particular, we explored the synthesis of compoudbsy
Pd(OAc)-catalyzed and Cul-mediated direct arylation of imi-
dazolesl with aryl bromides and iodides under base-free and
ligandless condition¥’2In this context, it appeared particularly

interesting to attempt the use of activated and unactivated aryl

imidazoles2.

As shown in Table 2, aryl bromides with electron-withdraw-
ing and electron-donating groups were compatible, and the C-2-
arylation reactions furnished imidazol@sin modest to good
yields. It should also be noted that the reaction betwiessmnd
activated aryl bromid®g (entry 7, Table 2) gave the required
imidazole2f in a yield (40%) unexpectedly lower than that of
the reaction ofla with unactivated aryl bromid®f in which
imidazole2e was obtained in 62% yield (entry 6, Table 2).

In conclusion, we have established an efficient and selective

bromides as electrophiles since these compounds are cheapegrotocol for the one-step synthesis of 4(5)-aril-itmidazoles
than the corresponding iodides. Despite progress that has beefrom commercially available 4(5)-bromd-timidazole. We

made in Pd-catalyzed direct arylation of azoles with aryl
bromidest’aef23 evidence would suggest that these halides
would work in Pd-catalyzed direct arylation of free (NH)-
imidazole and -benzimidazoté Table 2 summarizes represen-
tative results for the C-2-arylation of 4(5)-aryHiimidazoles

1 with unactivated and activated aryl bromides and iodi@les

It should be noted that the reactions involving aryl bromides
(entries 2, 4, 6, and 7, Table 2) were performed in DMA at 160
°C, but those involving aryl iodides (entries 1, 3, 5, 8, and 9,
Table 2) were run in DMF at 140C. In fact, it is well-
precedented that oxidative addition into aX bond, which

have also found that 4(5)-aryHtimidazoles are able to undergo
highly selective Pd-catalyzed and Cu-mediated direct C-2-
arylation with unactivated and activated aryl iodides and
bromides to give the required 2,4(5)-dianiHimidazoles in
modest to good yields. In our opinion, these simple, convenient,
and reliable procedures will enable efficient access to a variety
of pharmacologically significant imidazole derivatives.

Investigations to elucidate the mechanism of the Pd-catalyzed
and Cu-mediated direct C-2-arylation of azoles including
imidazoles with aryl halides are in progress.

represents a key step of the mechanism of the Pd-catalyzed direcgyxperimental Section

arylation reactior® and is commonly assumed as the turnover-

(22) Barder, T. E.; Walker, S. D.; Martinelli, J. R.; Buchwald, S.JL.
Am. Chem. So2005 127, 4685.

General Procedure for the Synthesis of 4(5)-Aryl-H-imida-
zoles la-g. A deaerated mixture of 4(5)-bromddiimidazole {)
(0.147 g, 1.0 mmol), an arylboronic ad@d2.0 mmol), CsF (0.456

(23) For selected examples, see: (a) Pvisa-Art, S.; Satoh, T.; Kawamura,g, 3.0 mmol), PdG{dppf) (0.041 g, 0.05 mmol), and BryNCI

M.; Miura, M.; Nomura, M.Bull. Chem. Soc. JprL998 71, 467. (b) Li,

(0.011 g, 0.05 mmol) in toluene (7 mL) and water (7 mL) was

W.; Nelson, D. P.; Jensen, M. S.; Hoerrner, R. S.; Javadi, G. J; Cai, D.; refluxed under argon for the period of time reported in Table 1.

Larsen, D. DOrg. Lett.2003 5, 4835. (c) Park, C. H.; Ryabova, V.; Seregin,
1. V.; Sromek, A. W.; Gevorgyan, VOrg. Lett.2004 6, 1159. (d) Lane,
B. S.; Brown, M. A.; Sames, DJ. Am. Chem. So@005 127, 8050. (e)
Zhuralev, F. A Tetrahedron Lett2006 47, 2929. (f) Toufe B. B.; Lane,
B. S.; Sames, DOrg. Lett.2006 8, 1979. (g) Chuprakov, S.; Chedrnyak,
N.; Dudnik, A. S.; Gevorgyan, VOrg. Lett.2007, 9, 2333.

(24) For reviews on the transition-metal-catalyzed direct arylation of
heteroarenes, see: (a) Miura, M.; Nomura,Tdp. Curr. Chem2002 219,
211. (b) Alberico, D.; Scott, M. E.; Lautens, NChem. Re. 2007, 107,
174. (c) Campeau, L.-C.; Stuart, D. R.; FagnouAkdrichimica Acta2007,
40, 35. (d) Seregin, I. V.; Gevorgyan, \CLhem. Soc. Re 2007, 1173. (e)
Satoh, T.; Miura, M.Chem. Lett2007, 36, 200.

(25) Garcia-Cuadrado, D.; de Mendoza, P.; Braga, A. A. C.; Maseras,

F.; Echavarren, A. MJ. Am. Chem. So@007, 129, 6880.

After completion of the reaction (4872 h), the mixture was cooled

to room temperature and partitioned between water and AcOEt,
and the organic extract was dried and concentrated under reduced
pressure. The residue was purified by MPLC on silica gel to provide
the desired product. This procedure was used to prepare compounds
1a 1b, 1c, 1d, 1e 1f, and1gin 66, 82, 91, 83, 90, 76, and 86%

(26) Amatore, C.; Jutand, Al. Organomet. Chen1999 576, 254.

(27) For a discussion, see: (a) Grushin, V. V.; Alper,Ghem. Re.
1994 94, 1047. (b) Grushin, V. V.; Alper, HActivation of Unreactie
Bonds and Organic Synthesidurai, S., Ed.; Springer: Berlin, 1999; pp
193-226.
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yield, respectively. Imidazoléf is representative of those prepared poured into a saturated aqueous JJH solution. The resulting
using this procedure. mixture was basified with a few drops of aqueous O, stirred
4(5)-(2,5-Dimethoxyphenyl)- H-imidazole (1f). The crude reac- in the open air for 0.5 h, and then extracted with AcOEt. The
tion product obtained in entry 8 of Table 1 by Pd-catalyzed Suzuki  organic extract was washed with water, dried, and concentrated
Miyaura reaction of7 and 2,5-dimethoxyphenylboronic acififf under reduced pressure, and the residue was purified by MPLC on
was purified by MPLC on silica gel with a mixture of Gél, and silica gel. The chromatographic fractions containing the required
methanol (93:7) as eluent to gixté (0.155 g, 76%) as a red solid:  compound were collected and concentrated. This procedure was
mp 97-100°C; 'H NMR (200 MHz, CD¥OD) 6 7.71 (s, 1H), 7.55 employed to prepare 2,4(5)-diaryHiimidazoles2a, 2b, 2¢, 2d,
(s, 1H), 7.45 (dJ = 3.0 Hz, 1H), 6.95 (dJ = 9.0 Hz, 1H), 6.77  2¢ 2f, 2g, and2h in 47, 73, 78, 57, 62, 40, 42, and 48% yield,
(dd,J=9.0 and 3.0 Hz, 1H), 3.86 (s, 3H), 3.79 (s, 31 NMR respectively. 4(5)-Phenyl-2-[(4-trifluoromethyl)phenydmida-
(50.3 MHz, COD) 6 155.3, 151.6, 136.9, 136.1, 123.1, 121.3, zole @b) is representative of those prepared using this procedure.
113.8, 1136, 113.3, 56.4, 56.1, EI-M8Z 205 (13), 204 (100), 45 phenyl-2-[(4-trifluoromethyl)phenyl]-1H-imidazole (2b).
203 (17), 189 (34), 169 (97). Anal. Calcd for812N;0,: C, 64.69; The crude product obtained in entry 3 of Table 2 from the Pd-
H, 5.92; N, 13.72. Found: C, 64.61; H, 5.84; N, 13.58. GLC - : :
' C ) ’ . o catalyzed and Cu-mediated reaction betwéarand 4-iodoben-

analysis showed thdif had chemical purity higher than 98%. ot - . o . .
i otrifluoride @c) was purified by MPLC on silica gel with a mixture
General Procedure for the Palladium-Catalyzed and Copper- of toluene aﬁd) AcOEt (80:293’0.1% EN) as e?uent 10 giveh

Mediated Synthesis of 2,4(5)-Diaryl-H-imidazoles 2a-h. A (0.210 g, 73%) as colorless solid: mp 17476°C: 1H NMR (200

compoundl (1.0 mmol), Pd(OAg) (11.2 mg, 0.05 mmol), Cul
, MHz, CDCl) 4 10.22 (br s, 1H), 7.85 (m, 2H), 7.70 (m, 2H), 7.46
(0.38 g, 2.0 mmol), and an aryl hali®(2.0 mmol) were placed m, 2H), 7.32 (m, 4H)23C NMR (50.3 MHz, CDCY) 6 145.8,

in the reaction vessel under a stream of argon. The reaction vessegsgl 132.8, 131.8, 130.8, 130.1, 128.9 (2C), 127.6, 125.8 (2C),

s Soeance o oo i e e enort25.7 (20). 1262 (20). 1183, Ef Mz 289 (18) 268 (100)
! 87 (7), 90 (10), 89 (10). Anal. Calcd for§::F3N2: C, 66.66;

invol ! iodi DMF (5 mL h
involved an aryl iodide, deaerated (5 mL) was then added ", get (020" £ ond: C, 66.57: H, 3.79: N, 9.64. GLC analysis

by syringe under a stream of argon at room temperature, and the ) L
resulting mixture was stirred at 14€ under argon for the period ~ Showed thagb had chemical purity higher than 98%.

of time reported in entries 1, 3, 5, 8, and 9 of Table 2. However,

when the reaction involved an aryl bromide, DMA (5 mL) was Acknowledgment. This work was supported by the Uni-
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