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Direct C—H functionalization has emerged over the past few Scheme 1. Working Hypothesis: Highly Activated Palladium(ll)
years as an attractive strategy to enhance molecular complexity. SPecies for C—H Arylation

However, in spite of major advances in this field, the important  pyg), pry —— Spal i P ——
aryl—aryl bond formation is still almost exclusively carried out by | slow M - Pd(0)
traditional cross-coupling reactions, which require a differential pathd | agocon path 2 -
prefunctionalization of both aryl coupling partnéisideed, the few rﬁﬁ‘fﬁfﬁu ~Agl -RCOH fast
currently available methods for direct—G1 arylation suffer

from the need for drastic conditions, elevated temperatures (125 to t‘;pd:gém —— [t‘;pd:‘:’ (?COR

150°C), and long reaction times (24 to 48 h) which significantly m
limit their scope and functional group tolerance. Recently an elegant

methodology for the C-2 arylation of indoles based on &"Pd Table 1. Optimization of the Room Temperature Coupling

cycle that allows the use of lower temperatures (room temperature between N-Methylindole (1) and Phl (2)?

to 80 °C) has been reportédHowever, this oxidative approach 5 mol % Pd(OAG),,

suffers the limitation of requiring noneasily accessible iodine(lll) @ . '\© base, RCO,H O A O
arylating reagents. Therefore, a milder methodology able to carry N DMF, 25 °C, 18 h N

out the direct arylation abom temperaturevith the extensive pool 1™ 2 3 Me
of commercially available aryl iodides would be highly desirable. entry base acid conv (%) °

highly electrophilic

e

Since indoles are ubiquitous among biologically active natural 1 K,COs none <5
products and pharmaceutical compounds, their arylation reactions 2 AgOAc none 53
are of considerable importange. The limiting step in the arylation 3 Ag20 none 12
of indoles in a P8l catalytic cycle is believed to be the electrophilic 5 AGO oMeO—CeHa—COM 13
palladation of the electron-rich palladium(ll) speciegpath a, 6 Ag:0 0-Me—CgHs—COH 51
Scheme 1¥9 Silver(l) salts are commonly employed to abstract 7 Ag.0 0-Ph—CeHs—COH 95
halide anions from transition metal complexes thus rendering them 8 Ag20 P-O2N—CgHs—COH 81

Qc Agzo 0-O,N—CgHs4—COH >99

more electrophilié. Therefore, we reasoned that by using an
appropriate S'lver(l). sallt to rem_OVG the 'Qd'de from the palladium- @ Unless otherwise noted, all reactions were carried out using 5 mol %
(Il) complex!, a cationic palladium specieb/(), which would be Pd(OAc), 1.5 equiv (entries +2) or 0.75 equiv (entries-39) of base, 1.5
more electrophilic toward the indole unit (AH), could be ﬁqlil\zlgfgcbl(é 1.0 equiv of and 2-3 sqlé\éOfZ ina0.5 ':/l SO'rtl?n,dj‘gfmleB

H : : al °C. onversion measure y using an internal stan
ge_r?erated., thus increasing the rate of the palladatlon step (path b)reaction Was carried for 7 h.
Initially, silver-mediated ligand metathesis &f would afford

complexlil . The crucial choice of a relatively poorly coordinating yields are obtained in the reaction ifmethylindole with several
carboxylate as the counterion should allow the dissociation to the aryl iodides. Both, electron-withdrawing (entries 2 and 3) and
cationic speciesV in catalytically useful amountSAt the same  glectron-donating substitutents (entries' 9} are suitable. The
time, the carboxylate would act as a base in the electrophilic reaction conditions are compatible with nitriles, ethers and, remark-
palladation stef.We report here a methodology based on this aply, even with bromides and unprotected benzylic alcohols (entries
reasoning which allows the direct arylation of indoles at room 2 and 7) that could be easily substituted or oxidized under harsher
temperature under very mild conditions. conditions. Even the more acidic phenol group (entry 4) was also
As a starting point, we analyzed the coupling betwéén found to be compatible with the reaction conditions. It is noteworthy
methylindole () and iodobenzene2( Table 1). In order to easily  that most of the substrates afford quantitative conversion to products
test several silver(l) carboxylates, a procedure to generateithem greatly facilitating the purification process. In addition, no C-3
situfrom AgO (0.75 equiv) and the corresponding carboxylic acid arylation was observed in any of the examléss expected, the
(1.5 equiv) was employed (compare entries 2 and 4). The substitu-more hinderedbrtho- substituted aryl iodides react considerably
tion on the carboxylic acid had a dramatic effect on the efficiency more slowly than themeta- and para- counterparts and afford
of the reaction, showing an inverse correlation with ks fentries slightly lower yields (entries 810). Notably, the highly reactive
5-9). ortho-Nitrobenzoic acid was found to be the best carboxylic - 2-(o-methoxyphenylN-methylindole is obtained in moderate yields
acid, affording the C-2 arylation addugtvith complete conversion under these mild conditions (entry 9).
and a remarkable 92% isolated yield affeh atroom temperature We next examined the substitution in the heteroarene moiety
(entry 9). (see Table 3). Gratifyingly, the methyl group in the nitrogen of the
We next examined the scope of the reaction with a variety of indole can be replaced for a benzyl group without affecting the
differently substituted aryl iodides. As shown in Table 2, excellent yield (entry 1). Interestingly, free NH-indoles are less reactive
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Table 2. Scope of C-2 Arylation of N-Methylindole was found? This would be explained in terms of an easier
5mol % Pd(OAc),, 0.75 equiv Ag;0, R formation of cationic specie/ .13
@ .| | 3R 15equlv 0-ON-CeH,-COOH Was In conclusion, we have developed a new methodology that allows
N Z DMF, 25°C, 15 h N \_/ for the first time the direct C-2 arylation of indoles with aryl iodides
Me 2.0 equiv _ Me at room temperature without the presence of phosphines or other
entry product yield _entry product — yield ligands These mild conditions permit a broad set of functionalities
1 o | 6 929% both in the indole and in the aryl iodide units, and a variety of
Me N novel compounds have been prepared in excellent yields. Mecha-
e . . . . .
OH nistic studies toward the understanding of the catalytic cycle are
» OO oo | 7 87% under way
NM (1] N 0 .
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