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ABSTRACT

Exposure of aromatic carboxamides 1e-1m, heteroaromatic carboxamides 1n-1p, and r,�-unsaturated carboxamides 1q-1s to 1,1-
dimethylallene in the presence of the a cationic iridium complex derived from [Ir(cod)2]BArF

4 and rac-BINAP results in direct C-H prenylation
to furnish adducts 2e-2m, 2n-2p, and 2q-2s, respectively, in good isolated yields as single isomers.

Enzymatic prenyl transfers are heavily trafficked biosynthetic
pathways,1 yet synthetic catalysts for C-H prenylation are
unknown.2-4 Having recently developed protocols for cata-
lytic carbonyl prenylation employing 1,1-dimethylallene as
the prenyl donor,5 catalytic ortho-C-H insertion of 1,1-
dimethylallene was viewed as a potential strategy for the
direct prenylation of aryl C-H bonds. Due largely to the

pioneering efforts of Murai,6 Lewis base-directed catalytic
C-H activation initiated olefin insertions, and alkyne inser-
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ReV. 1998, 98, 1263. (d) Liang, P.-H.; Ko, T.-P.; Wang, A. H. J. Eur.
J. Biochem. 2002, 269, 3339.
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tions are well developed. To our knowledge, analogous C-H
actiVation-initiated insertions of allenes remain unex-
plored.2-4,6,7 Here, we report that cationic iridium complexes
catalyze the coupling of 1,1-dimethylallene to aromatic
carboxamides, heteroaromatic carboxamides, and R,�-
unsaturated carboxamides to furnish the products of C-H
prenylation in good isolated yield as single isomers.8

To avoid potential overprenylation, initial studies focused
on amides derived from ortho-methoxybenzoic acid. To our
delight, the cationic iridium complex assembled from
[Ir(cod)2]BArF

4 and rac-BINAP8f was found to catalyze the
coupling of N-benzyl amide 1a and 1,1-dimethylallene in
THF solvent at 120 °C in 78% isolated yield. Neutral iridium
complexes did not promote coupling. One complication,
however, is that N-benzyl amide 1a delivers a 3:1 mixture
of olefin regioisomers 2a and 3a, respectively (Table 1, entry

1). On the basis of the notion that isomerization occurs by
way of amide-directed allylic C-H insertion of 2a, it was
reasoned that tertiary amides may suppress isomerization by
twisting out of plane upon introduction of the prenyl moiety,
which should attenuate the amides directing influence.
Consistent with this hypothesis, primary amides provide good
yields of prenylation product, but as mixtures of olefin
regioisomers 2a and 3a, whereas tertiary amides, such the
dibenzyl amide 1b and amide 1d derived from morpholine,
do not participate in the coupling (Table 1, entries 2 and 3).
Presumably, amides 1b and 1d are too large, and nonbonded
interactions twist the amide out of plane and prohibit
coupling. It was postulated that amide 1e derived from
pyrrolidine should be smaller and more Lewis basic,
potentially providing an ideal combination of steric and
electronic features. Indeed, upon exposure of amide 1e to

1,1-dimethylallene under the aforementioned conditions, the
desired product of C-H prenylation 2a was obtained in 70%
isolated yield as a single isomer (Table 1, entry 5).

To evaluate the scope of this process, these conditions were
applied to aromatic carboxamides 1e-1m. In each case, good
to excellent yields of the desired aryl C-H prenylation
products were obtained. Remarkably, ortho-substituted aryl
carboxamides are not required to suppress isomerization or
overprenylation (Figure 1, adducts 2g, 2i, 2j-m). Indeed,

the parent benzamide 1m is monoprenylated under these
conditions in 84% isolated yield. Only in the case of the
meta-methoxy derivative 1f was a mixture of isomeric
adducts obtained, yet the corresponding meta-nitro derivative
1k undergoes prenylation to furnish a single isomeric product
2k.9 Additionally, the naphthoic amide 1l prenylates at the

(7) For reviews of metal-catalyzed reactions of allenes, see: (a) Zimmer,
R.; Dinesh, C. U.; Nandanan, E.; Khan, F. A. Chem. ReV. 2000, 100, 3067.
(b) Hashmi, A. S. K. Angew. Chem., Int. Ed. 2000, 39, 3590. (c) Ma, S.
Chem. ReV. 2005, 105, 2829. (d) Ma, S. Aldrichimica Acta 2007, 40, 91.

Table 1. Selected Examples Revealing the Influence of the
Amide Directing Group in Iridium-Catalyzed Aryl C-H
Prenylationa

entry 1a-1e R1 R2 yield 2a:3a

1 1a benzyl H 78% (3:1)
2 1b benzyl benzyl recovered 1a
3 1c cyclohexyl H 80% (2.4:1)
4 1d morpholinyl --- recovered 1a
5 1e pyrrolidinyl --- 70% (>20:1)
a In all cases, cited yields are of isolated material. See Supporting

Information for detailed experimental procedures.

Figure 1. Iridium-catalyzed C-H prenylation of aryl carboxamides
1e-1m. In all cases, cited yields are of isolated material and
represent the average of two or more runs. See Supporting
Information for detailed experimental procedures. bA 5:1 ratio of
2f to iso-2f was obtained. For iso-2f, prenylation occurs at the
alternate ortho-position.
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more hindered position. These data suggest electronic
features of the substrate strongly influence regioselectivity.

To further evaluate the scope of this process, catalytic aryl
C-H prenylation of heterocyclic aromatic carboxamides
1n-1p was attempted.10 In each case, the prenylated adducts
2n-2p are obtained in good isolated yields as single isomers.
The conversion of indole 3-carboxamide 1p to the 2-prenyl
derivative 2p is significant given the abundance of prenylated
indoles in Nature (Figure 2).11 R,�-Unsaturated carboxamides

1q-1s also were examined.12 The desired adducts 2q-2s
were generated in good isolated yields as single isomers
(Figure 3).

To corroborate the catalytic mechanism, deuterio-1m was
subjected to standard conditions for C-H prenylation. As
anticipated, deuterium was transferred to the vinylic position
of the adduct deuterio-2m (Scheme 1). This result is
consistent with a catalytic mechanism involving ortho-C-H

oxidative addition followed by allene hydrometalation to
furnish an aryl-allyl iridium complex, which upon C-C
reductive elimination from the primary σ-allyliridium hap-
tomer delivers the product of prenylation with regeneration
of cationic iridium(I). Incomplete levels of deuterium
incorporation may arise Via �-hydride elimination from the
tertiary σ-allyliridium haptomer of the aryl-allyl iridium
intermediate (Scheme 1).

In summary, we report the first catalytic C-H activation
initiated C-C coupling of allenes, as demonstrated by the
direct C-H prenylation of aromatic, heteroaromatic, and R,�-
unsaturated carboxamides. Future studies will focus on the
development of related transformations that promote C-C
bond formation in the absence of premetalated reagents and,
consequently, in the absence of stoichiometric metallic
byproducts.
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(8) For iridium-catalyzed C-C bond formation via O-directed ortho-
C-H activation initiated p-bond insertion, see: (a) Lin, Y.; Ma, D.; Lu, X.
Tetrahedron Lett. 1987, 28, 3249. (b) Aufdenblatten, R.; Diezi, S.; Togni,
A. Monatsh. Chem. 2000, 131, 1345. (c) Nishinaka, Y.; Satoh, T.; Miura,
M.; Morisaka, H.; Nomura, M.; Matsui, H.; Yamaguchi, C. Bull. Chem.
Soc. Jpn. 2001, 74, 1727. (d) Dorta, R.; Togni, A. Chem. Commun. 2003,
760. (e) DeBoef, B.; Pastine, S. J.; Sames, D. J. Am. Chem. Soc. 2004,
126, 6556. (f) Tsuchikama, K.; Kasagawa, M.; Hashimoto, Y.-K.; Endo,
K.; Shibata, T. J. Organomet. Chem. 2008, 693, 3939. (g) Tsuchikama, K.;
Kasagawa, M.; Endo, K.; Shibata, T. Org. Lett. 2009, 11, 1821. (h) Join,
B.; Yamamoto, T.; Itami, K. Angew. Chem., Int. Ed. 2009, 48, 3644.

(9) Stoichiometric ortho-cyclometallation of iridium centers onto m-
nitrobenzoate occurs at the para-position with respect to the nitro moiety:
(a) Kisenyi, J. M.; Sunley, G. J.; Cabeza, J. A.; Smith, A. J.; Adams, H.;
Salt, N. J.; Maitlis, P. M. J. Chem. Soc., Dalton Trans. 1987, 2459. (b)
Kim, I. S.; Ngai, M.-Y.; Krische, M. J. J. Am. Chem. Soc. 2008, 130, 14891.
(c) Han, S. B.; Kim, I.-S.; Han, H.; Krische, M. J. J. Am. Chem. Soc. 2009,
131, 6916, and ref 5c.

(10) See ref 2i and literature cited therein.
(11) For selected syntheses of prenylated indoles, see: (a) Takase, S.;

Kawai, Y.; Uchida, I.; Tanaka, H.; Aoki, H. Tetrahedron 1985, 41, 3037.
(b) Zhao, S.; Gan, T.; Yu, P.; Cook, J. M. Tetrahedron Lett. 1998, 39,
7009. (c) Schkeryantz, J. M.; Woo, J. C. G.; Siliphaivanh, P.; Depew, K. M.;
Danishefsky, S. J. J. Am. Chem. Soc. 1999, 121, 11964. (d) Caballero, E.;
Avendaño, C.; Menéndez, J. C. J. Org. Chem. 2003, 68, 6944. (e) Tan,
G. H.; Zhu, X.; Ganesan, A. Org. Lett. 2003, 5, 1801. (f) Kimura, M.;
Futamata, M.; Mukai, R.; Tamaru, Y. J. Am. Chem. Soc. 2005, 127, 4592.
(g) López-Alvarado, P.; Caballero, E.; Avendaño, C.; Menéndez, J. C. Org.
Lett. 2006, 8, 4303. (h) Xiong, X.; Pirrung, M. C. J. Org. Chem. 2007, 72,
5832.

(12) Trost, B. M.; Imi, K.; Davies, I. W. J. Am. Chem. Soc. 1995, 117,
5371.

Figure 2. Iridium-catalyzed C-H prenylation of heterocyclic
aromatic carboxamides 1n-1p. As described in Figure 1 footnotes.
bTwo equivalents of 1,4-cyclooctadiene was added to suppress olefin
isomerization.

Figure 3. Iridium-catalyzed C-H prenylation of R,�-unsaturated
carboxamides 1q-1s. As described in Figure 1 footnotes.

Scheme 1. Iridium-Catalyzed C-H Prenylation of deuterio-2ma

a As described in Figure 1 footnotes.
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