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Abstract—General catalytic Cu(OAc)2/TEMPO in air or Cu(OAc)2/O2 systems for the C�N and C�O cross-coupling reactions
with arylboronic acid have been discovered. N- and O-vinylation have also been demonstrated. © 2001 Published by Elsevier
Science Ltd.

Copper-promoted carbon�nitrogen (C�N) and car-
bon�oxygen (C�O) bond cross-coupling reactions of
NH- and OH-containing substrates with arylmetalloids
have emerged as powerful synthetic methods since the
initial reports by Chan, Evans and Lam.1,2 This novel
methodology is an important addition to the general
transition-metal promoted C�N and C�O bond cross-
coupling reactions1–7 useful for the synthesis of aryl-
amines, N-arylheterocycles and biarylethers in phar-
maceuticals, crop-protection chemicals and material
sciences. The advantage of the copper-promoted
methodology, as compared to the well-known palla-
dium-catalyzed methodology,7a,b is the diverse substrate
scope1,2 and mild reaction conditions—room tempera-
ture, weak base and in air. The mild conditions are
comparable to the classical amide C�N bond condensa-
tion reactions and should be tolerant to many sensitive
functional groups. Many extensions and applications of
this new methodology have been recently reported.3–6

In addition to arylboronic acids, the cupric acetate
(Cu(OAc)2) methodology has been expanded to include
other organometalloids such as hypervalent aryl silox-
anes,2 hypervalent diaryliodonium salts5 and arylstan-
nanes.1a The copper-promoted method employing
commercially widely-available arylboronic acids, how-
ever, suffers from the drawback that it requires the use
of stoichiometric amount of Cu(OAc)2. Herein, we
report several catalytic Cu(OAc)2 systems that are
applicable to a wide range of substrates containing NH
and OH functional groups.

Recently, Collman6 reported an efficient catalytic cop-
per/O2 system to carry out the N-arylation of imida-
zoles with arylboronic acids.1b The copper catalyst
employed is [Cu(OH)·TMEDA]2Cl2, which was previ-
ously developed8 for C�C bond oxidative homo-cou-
pling of naphthols or alkynes. However, the Collman
conditions, although catalytic, work only for a limited

Scheme 1. Oxidant screening.

* Corresponding author. E-mail: patrick.y.lam@dupontpharma.com
† Present address: Lilly Research Laboratories, Lilly Corporate Center, Drop Code 0548, Indianapolis, IN 46285, USA.

0040-4039/01/$ - see front matter © 2001 Published by Elsevier Science Ltd.
PII: S0040 -4039 (01 )00510 -X



B(OH)2
NHN

O

NN

O
Cu(OAc)2 (catalytic) / 1.1 eq Pyridine N-oxide

2 eq

+  2 eq TEA / Air / CH2Cl2 / 4 Å MS / RT

1 2 3

P. Y. S. Lam et al. / Tetrahedron Letters 42 (2001) 3415–34183416

Table 1. Catalyst loading

Equivalent of Cu(OAc)2Entry Isolated yield (%)

0.011 14
410.052

0.13 69
4 700.2

Table 2. Copper catalyzed cross-coupling of p-tolyl boronic acid and NH- or OH-containing substrates
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number of substrates. For example, we found that the
conditions are not suitable for important NH- and
OH-containing substrates such as anilines, amines and
phenols (vide infra).

It has been observed that the presence of oxygen is
required for the copper-promoted N- or O-arylation
reactions. The molecular oxygen in the copper-pro-
moted C�N or C�O bond cross-coupling has been
hypothesized to facilitate the oxidation of the Cu(II)
complex to the Cu(III) complex.1a,c The Cu(III) com-
plex,9 being at a higher oxidation state, can undergo
more facile reductive-elimination to form C�N or C�O
cross-coupled product than the Cu(II) complex. We
reasoned that addition of a mild oxidizing agent may be
more efficient for the conversion of the Cu(II) complex
to the Cu(III) complex than the molecular oxygen and
may enable us to use Cu(OAc)2 in a catalytic amount.
At the outset we recognized that the optimal oxidizing
agent should be able to competitively oxidize the Cu(II)
complex to the Cu(III) complex without oxidizing
boronic acid to phenol. Indeed, we found that the
cross-coupling of p-toluylboronic acid with N-ethylben-
zimidazolinone 1 furnished N-arylated 3 in 69% yield in
the presence of 1.1 equiv. of pyridine N-oxide (PNO)
and a catalytic amount (0.1 equiv.) of Cu(OAc)2

(Scheme 1). The success with PNO prompted us to
investigate the use of other oxidants such 2,2,6,6-tetra-
methyl-1-piperidinyloxy (TEMPO), N-methylmorpho-
line N-oxide, di-t-butylnitroxide, (1R)-(10-
camphorsulfonyl)oxaziridine, sodium perborate, potas-
sium ferricyanide and m-chloroperbenzoic acid (Scheme
1). Oxidants other than PNO and TEMPO appear to be
less effective as the competing oxidation of p-toluyl-
boronic acid to p-toluylphenol becomes significant. The
resulting p-toluylphenol can undergo further O-aryla-

tion to give bis-p-toluylether as a side product. PNO
and TEMPO were further investigated to test the gener-
ality of the substrates as well as the catalyst loading
(Table 1). We found that 0.1 equiv. is the minimum
amount Cu(OAc)2 required for the optimum yield
(69%) of 3.

We investigated N-arylation of a diverse set of NH-
and OH-containing substrates under four different con-
ditions (Table 2): (A) catalytic Cu(OAc)2/ O2; (B) cata-
lytic Cu(OAc)2/TEMPO in air; (C) catalytic
Cu(OAc)2/PNO in air; (D) catalytic [Cu(OH)·TM-
EDA]2Cl2/O2 (Collman conditions6).

For benzimidazolinone 1 (entry 1), catalytic Cu(OAc)2/
PNO (69%) and catalytic Cu(OAc)2/TEMPO (64%) are
better than catalytic Cu(OAc)2/O2 (57%). Catalytic
[Cu(OH).TMEDA]2Cl2/O2, on the other hand, surpris-
ingly gave no product. Similarly for isatine 4 (entry 2),
catalytic Cu(OAc)2/PNO (70%) and Cu(OAc)2/TEMPO
(68%) work best. For phthalimide 6 (entry 3), pipe-
ridine 8 (entry 4) and indazole 10 (entry 5), catalytic
Cu(OAc)2/TEMPO is the superior system (77, 55, 87%,
respectively). For aniline 12 (entry 6) catalytic
Cu(OAc)2/O2 (84%) emerges to be as efficient as cata-
lytic Cu(OAc)2/TEMPO (82%).10 Indeed, for pyridone
14 (entry 7), sulfonamide 16 (entry 8) and acylsulfon-
amide 18 (entry 9), simple catalytic Cu(OAc)2/O2 (100,
84 and 90%, respectively) is the best system. For benz-
imidazole 20 (entry 10), we found that the reported
catalytic [Cu(OH)·TMEDA]2Cl2/O2 (97%) is indeed the
best system.11 It occurs at room temperature, whereas
the other three catalytic systems require heating at
65°C. We have also investigated the O-arylation of
phenol 22 (entry 11) and found that catalytic
Cu(OAc)2/O2 gave the best yield (79%).

Table 3. C�N and C�O bond cross-coupling of vinyl boronic acid and NH- or OH-containing substrates
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In the course of our investigation, we became interested
in the application of the copper-promoted reaction for
vinylation of NH- or OH-containing substrates. The
preliminary result shows that, analogous to arylboronic
acid 2, vinylboronic acid 24 is also capable of undergo-
ing a Cu(OAc)2-promoted cross-coupling reaction
(Table 3, condition E) with benzimidazolinone 1, benz-
imidazole 20 and phenol 22. While the coupling of
vinylboronic acid with benzimidazolinone, and benzim-
idazole proceeds under the catalytic conditions, the
coupling with phenol requires stoichiometric amount of
Cu(OAc)2. The scope of these novel and useful N- and
O-vinylations12 is currently under further investigation.

In summary, we have explored four catalytic copper
systems for C�N and C�O bond cross-coupling of
arylboronic acid with a diverse set of NH- and OH-
containing substrates. This report serves as a practical
guide for carrying out copper-catalyzed C�N and C�O
cross-coupling reactions. No single general catalytic
copper system works for all the substrates. This is
perhaps not surprising since the N�H functional group
constitute the single most diverse functional group in
organic chemistry.13 Nevertheless, in general catalytic
Cu(OAc)2/TEMPO in air and catalytic Cu(OAc)2/O2

systems appear to work for the majority of the sub-
strates. Preliminarily, we have also demonstrated that
N- and O-vinylation is possible with vinylboronic acid.
We are continuing our study to understand the scope
and mechanism of this synthetically very valuable cop-
per-promoted C-heteroatom cross-coupling reaction.

Acknowledgements

We thank Dr. Paul S. Anderson and Dr. Ruth R.
Wexler for their support of this research and Dr.
Dominic M. T. Chan for helpful discussions.

References

1. (a) Lam, P. Y. S.; Clark, C. G.; Saubern, S.; Adams, J.;
Averill, K.; Chan, D. M. T.; Combs, A. P. Synlett 2000,
674–676; (b) Lam, P. Y. S.; Clark, C. G.; Saubern, S.;
Adams, J.; Winters, M. P.; Chan, D. M. T.; Combs, A.
Tetrahedron Lett. 1998, 39, 2941–2944; (c) Evans, D. A.;
Katz, J. L.; West, T. R. Tetrahedron Lett. 1998, 39,
2937–2940; (d) Chan, D. M. T.; Monaco, K. L.; Wang,
R.-P.; Winters, M. P. Tetrahedron Lett. 1998, 39, 2933–
2936.

2. (a) Lam, P. Y. S.; Deudon, S.; Hauptman, E.; Clark, C.
G. Tetrahedron Lett. 2001, 42, 2427–2429; (b) Lam, P. Y.
S.; Deudon, S.; Kristin, M. A.; Li, R.; He, M.; DeShong,
P.; Clark, C. G. J. Am. Chem. Soc. 2000, 22, 7600–7601.

3. For a solid-phase version of N-arylation, see: (a) Combs,
A. P.; Rafalski, M. J. Comb. Chem. 2000, 2, 29–32. (b)
Combs, A. P.; Saubern, S.; Rafalski, M.; Lam, P. Y. S.
Tetrahedron Lett. 1999, 40, 1623–1626.

4. For S-arylation, see: (a) Herradura, P. S.; Pendola, K.
A.; Guy, R. K. Org. Lett. 2000, 2, 2019–2022. For

O-arylation, see: (b) Decicco, C. P.; Song, Y.; Evans, D.
A. Org. Lett. 2001, 3, 1029–1032. (c) Simon, J.; Salz-
brunn, S.; Prakash, G. K. S.; Petasis, N. A.; Olah, G. A.
J. Org. Chem. 2001, 66, 633–634. (d) Petrassi, H. M.;
Sharpless, K. B.; Kelly, J. W. Org. Lett. 2001, 3, 139–142.
(e) Jung, M. E.; Lazarova, T. I. J. Org. Chem. 1999, 64,
2976–2977. For N-arylation, see: (f) Collot, V.; Bovy, P.
R.; Rault, S. Tetrahedron Lett. 2000, 41, 9053–9057. (g)
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