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Abstract

An efficient copper-catalyzed amination of nitrogen-containing heterocycles with various aryl halides has been developed. Commercially
available and inexpensive hippuric acid is a novel ligand to afford the coupling products in moderate to excellent yields.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

Transition metal catalyzed formation of C—N bonds via
cross-coupling reactions represents one of the powerful means
for the preparation of numerous important products in pharma-
ceutical industry and material science.' In the past decades,
much attention has been attracted on palladium-catalyzed aryla-
tion of amines.? However, the drawbacks of Pd-catalyst systems,
such as high cost and toxicity, limit their massive applications
for industrial scales. Thus, the use of a cheaper metal instead
of Pd provides an attractive alternative. Copper-based C—N
coupling reactions are particularly attractive, due to the low
price and environmental friendliness.” Recently, various
ligands, such as 1,10-phenanthroline,* 8-hydroxyquinoline,’
trans-1,2-cyclohexadiamine,® ethylene glycol,” aminoarene-
thiolate,® amino acids,” mono- or bidentate phosphines,'® and
other ligands'' have been developed for the mild copper-cata-
lyzed aminations of N-containing heterocycles. Differently,
we'? and other group'® have developed copper-catalyzed
N-arylations using readily available rac-BINOL as a ligand.
However, relative little progress'*'> has been made for the cou-
pling of imidazoles, which are an important class of compounds
in medical, biological, and N-heterocyclic carbene chemistry.'®
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Furthermore, majority of these coupling reactions that has been
published are limited to aryl iodides till now.**'” There are two
factors that hamper applications including the cost and the avail-
ability of the catalysts, particularly the ligand, which is often
prepared by tedious synthetic methods. Therefore, to find
more efficient and readily available ligands for C—N coupling
with broad variety of the substrates is still desirable. In this
paper, we wish to report our findings in which the low-cost
and air-stable hippuric acid together with air-stable
Cu(OAc),-H,0 is an efficient catalyst for the C—N coupling
reaction of imidazoles and other heterocycles with aryl iodides,
bromides, and chlorides.

2. Results and discussion

In order to explore copper catalysts for the C—N coupling re-
actions, the coupling of iodobenzene with morpholine was cho-
sen as the model reaction to study the efficiency of a series of
readily available ligands (A—E), 1,8-diazabicyclo[5,4,0]-un-
dec-7-ene (DBU) (A), urotropine (B), hexamethylphosphorous
triamide (HMPT) (C), 2,2-(diacetamido)propionic acid (D), and
hippuric acid (E). As shown in Figure 1, E gave the best result
(31% yield). Encouraged by this finding, the optimal catalytic
conditions were screened. The results are listed in Table 1.
The control experiment showed that the coupling reaction per-
formed in the air gave no product (Table 1, entry 2).
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Figure 1. Copper-catalyzed arylation of morpholine promoted by ligands (A—E).

Table 1

Screening conditions for copper-catalyzed N-arylation of morpholine®

Entry Ligand  Cat. Base Additive Yield®
(%)

1 E (20%) Cul (10%) Cs,CO;  — 31

2¢ E (20%) Cul (10%) Cs,CO; — Trace

3 E (20%) Cul (10%) K,CO; — 2

4 E (20%) Cul (10%) K3POy — Trace

5 E (20%) Cul (10%) KOH — 2

6 E (20%) Cul (10%) KF — 2

7 E (20%) Cul (10%) Pyridine — Trace

8 E (20%) Cu powder (10%) Cs,CO;  — Trace

9 E (20%) Cu(OAc),-H,0 (10%) Cs,CO; — 39

10  E(20%) Cu(OAc),-H,0 (10%) Cs,COs
11 E (20%) Cu(OAc),-H,0 (10%) Cs,CO;
12 E(20%) Cu(OAc),-H,0 (10%) Cs,CO;5

TBAC (10%) 31
TBAB (10%) 27
CTAB (10%) 31

13 E (30%) Cu(OAc),-H,O (20%) Cs,CO3 — 47
14 E (30%) Cu(OAc),-H,O (10%) Cs,CO; — Trace
15 E (20%) Cu(OAc),-H,O (20%) Cs,CO3 — 58
16 E (10%) Cu(OAc),-H,O (10%) Cs,CO3; — 12
17 E (30%) Cu(OAc),-H,O (30%) Cs,CO3; — 52
18 E (40%) Cu(OAc),-H,O (40%) Cs,CO3; — 46
19¢ E (20%) Cu(OAc),-H,O (20%) Cs,CO3 — 34
20° E (20%) Cu(OAc),-H,0 (20%) Cs,CO3; — 37

21 E (20%) Cu(OTf), (20%) Cs,CO;  — 16

# Reaction conditions: iodobenzene 1.0 mmol; morpholine 1.2 mmol; cop-
per source 0.1 mmol; ligand 0.2 mmol; solvent—DMF 2 mL; base 3 mmol;
temperature 140 °C; 20 h.

" Isolated yield.

¢ In air.

4 The catalytic reaction was performed in NMP instead of DMF.

¢ I, (20 mol %) as additive.

Furthermore, various widely used inorganic bases such as
Cs,CO3, K,CO3, K5PO4, KOH, and KF had remarkable effect
on the coupling reactions (entries 1—6), and Cs,CO3 was
the best among the bases. In addition, organic base such as
pyridine was also employed, but gave no corresponding prod-
uct (entry 7). Subsequently, several readily available copper
compounds, such as copper powder and Cu(OAc), H,O,
were investigated for the Ullmann coupling reaction (entries
8—9). To our delight, the air-stable and inexpensive
Cu(OAc),-H,0 gave the best result. At the same time, the
experimental results suggested that DMF was the best solvent
among the screened ones, such as DMSO, THF, and Toluene.
Various phase transfer catalysts (PTC) including TBAC (tet-
rabutyl ammonium chloride), TBAB (tetrabutyl ammonium
bromide), and CTAB (cetyl trimethyl ammonium bromide)
were employed as additives for the coupling reaction. How-
ever, additives have no positive effect on the catalytic reac-
tions (entries 10—12). The effect of the amount of copper
salt and the ligand was also studied (entries 13—18). No
desired coupling products were obtained in the absence of
the ligand (E), which showed that the addition of the ligand
could promote the C—N coupling reactions. Further experi-
ments indicated that the catalyst system containing
20 mol % of Cu(OAc),-H,O and 20 mol % of ligand was
the optimal choice (entry 15). In addition, replacement of
DMF with NMP as solvent did not give enhanced result (en-
try 19). As molecular iodine could be an effective catalyst or
additive in some organic reactions,'® iodine (20 mol %) was
added into the catalytic system but did not improve the result
(entry 20). Another experiment showed that Cu(OTf),, in-
stead of Cu(OAc),-H,O, gave lower result (entry 21).
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Table 2 (continued)

Entry ArX Amine Product Time (h) Yield (%)°
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# Reaction conditions: iodobenzene 1.0 mmol; N-hetereocycle 1.2 mmol; Cu(OAc),-H,0 20 mol %; ligand 20 mol %; solvent—DMF 2 mL; Cs,CO3 3 mmol;

temperature 140 °C; in argon atmosphere.
® Isolated yield.

As the development of an effective catalytic system for the
coupling of imidazole is still far from being satisfactory, the
optimized condition was employed in this reaction. The results
are summarized in Table 2. We were delighted to find that the
N-arylation of imidazole with a variety of aryl iodides pro-
ceeded smoothly to give the corresponding products in good
to excellent yields (87—99%) (Table 2, entries 1—3). Subse-
quently, other similar N-hetereocycles, such as pyrrole and
indole, were also tested as the substrates. The reactions also
appeared to work well (entries 4—7). Furthermore, aliphatic
amines including benzylamine, (R)-1-phenylethanamine, and
(1R,28)-cis-1-aminoindan-2-ol, were accessible using this
protocol (entries 8—10). The isolated yields of the
products varied from 43% to 60%. In addition, the coupling
reactions of imidazole with aryl bromides or chlorides were
carried out and the target products were obtained in moderate
to good yields (entries 11—19). To our surprise, when the
4-nitrochlorobenzene was employed as arylating reagent,
the yields appeared to be better than that of 4-
nirobromobenzene.

In order to extend the application of our methodology, we
attempted to apply the Cu(OAc), - H,O/hippruric acid catalytic
system to other coupling reactions, such as Sonogashira cross-
coupling reaction. As shown in Scheme 1, under the non-opti-
mized condition, the corresponding product was obtained in
43% yield. It was encouraging to reveal that our catalytic

Cu(OAc),.H20, Hippuric acid

system could be efficient in other coupling reactions. The
further work is underway in our laboratory.

3. Conclusion

In summary, an inexpensive and efficient Cu(OAc),-H,O/
hippruric acid system has been developed for the C—N cou-
pling reactions of imidazoles or other heterocycles with aryl
iodides, bromides, or chlorides, providing the corresponding
products with moderate to excellent yields. In comparison to
other transition-metal catalyst systems, such as palladium-
catalyzed arylamination, this protocol is simple and avoids
the use of air-sensitive and expensive catalysts or additives.
Further work is in progress in this laboratory to apply this
catalytic system to other processes and to study the mecha-
nism of this copper-catalyzed C—N coupling reaction.

4. Experimental
4.1. General

All reactions were carried out under an argon atmosphere
condition. Solvents were dried and degassed by standard
methods and all nitrogen-containing heterocycles and aryl
halides were purchased from Aldrich and Alfa. Flash column
chromatography was performed using silica gel (300—400

®{+©—|

DMF, Cs,CO3, 120 °C, 20h

43% yield

Scheme 1. Sonogashira cross-coupling reaction catalyzed by Cu(OAc),-H,O/hippruric acid system.
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mesh). Analytical thin layer chromatography was performed
using glass plates pre-coated with 200—400 mesh silica gel
impregnated with a fluorescent indicator (254 nm). NMR
spectra were measured in CDCl; on a Varian Inova-400
NMR spectrometer (400 or 300 MHz) with TMS as an internal
reference. Products were characterized by comparison of 'H
and '*C NMR data with that in the literatures.

4.2. General procedure for C—N coupling reactions of
aryl halide and heterocycle

Cu(OAc),-H,0 (0.2 equiv), cesium carbonate (3.0 equiv),
and hippuric acid (0.2 equiv) were added to a screw-capped
test tube. The tube was then evacuated and backfilled with
argon (three cycles). DMF (2 ml), heterocycles (1.2 equiv)
(if liquid), and aryl halide (if liquid) were added by syringe
at room temperature. The tube was again evacuated and back-
filled with argon (three cycles). The mixture was heated to
120—140 °C and stirred for 20—30 h. After cooling to room
temperature, the mixture was diluted with water, and the com-
bined aqueous phases were extracted three times with ethyl ac-
etate. The organic layers were combined, dried over Na,SOy,
and concentrated to yield the crude product, which was further
purified by silica gel chromatography, using petroleum ether
and ethyl acetate as eluents to provide the desired product.

Acknowledgements

The authors would like to thank the Natural Science
Foundation of Education Committee of Jiangsu Province
(06KJB 150099, 05KJB150116), Natural Science Foundation
of Jiangsu Province (BK2006048), Natural Science Founda-
tion of China (20472062, 20672079), China Postdoctoral Sci-
ence Foundation, and Key Laboratory of Organic Synthesis of
Jiangsu Province for financial support.

Supplementary data

Supplementary data associated with this article can be
found in the online version, at doi:10.1016/j.tet.2007.11.054.

References and notes

1. Negwer, M. Organic-Chemical Drugs and their Synonyms: An Interna-
tional Survey, Tth ed.; Akademie: Berlin, 1994.

2. (a) Wolfe, J. P;; Wagaw, S.; Marcoux, J.-F.; Buchwald, S. L. Acc. Chem. Res.
1998, 31, 805—818; (b) Hartwig, J. F. Angew. Chem., Int. Ed. 1998, 37,
2046—2067; (c) Schlummer, B.; Scholz, U. Adv. Synth. Catal. 2004, 346,
1599—1626; (d) Tewari, A.; Hein, M.; Zapf, A.; Beller, M. Tetrahedron
2005, 61, 9705—9709; (e) Charles, M. D.; Schultz, P.; Buchwald, S. L.
Org. Lett. 2005, 7, 3965—3968; (f) Nicolaou, K. C.; Bulger, P. G.; Sarlah,
D. Angew. Chem., Int. Ed. 2005, 44, 4442—4489; (g) Shen, Q.; Shekhar, S.;
Stambuli, J. P; Hartwig, J. E. Angew. Chem., Int. Ed. 2005, 44, 1371—1375.

3. For reviews see: (a) Lindley, J. Tetrahedron 1984, 40, 1433—1456; (b)
Hassan, J.; Sevignon, M.; Gozzi, C.; Schulz, E.; Lemaire, M. Chem.
Rev. 2002, 102, 1359—1470; (c) Ley, S. V.; Thomas, A. W. Angew.
Chem., Int. Ed. 2003, 42, 5400—5449; (d) Kunz, K.; Scholz, U.; Ganzer,
D. Synlett 2003, 2428—2439.

4. Gujadhur, R. K.; Bates, C. G.; Venkataraman, D. Org. Lett. 2001, 3,
4315—4317.

5. Liu, L.; Frohn, M.; Xi, N.; Dominguez, C.; Hungate, R.; Reider, P. J.
J. Org. Chem. 2005, 70, 10135—10138.

6. (a) Klapars, A.; Antilla, J. C.; Huang, X.; Buchwald, S. L. J. Am. Chem.
Soc. 2001, 123, 7727—7729; (b) Klapars, A.; Huang, X.; Buchwald, S. L.
J. Am. Chem. Soc. 2002, 124, 7421—7428; (c) Antilla, J. C.; Klapars, A.;
Buchwald, S. L. J. Am. Chem. Soc. 2002, 124, 11684—11688.

7. (a) Kwong, F. Y.; Klapars, A.; Buchwald, S. L. Org. Lett. 2002, 4, 581—
584; (b) Enguehard, C.; Allouchi, H.; Gueiffier, A.; Buchwald, S. L.
J. Org. Chem. 2003, 68, 4367—4370.

8. Jerphagnon, T.; van Klink, G. P. M.; de Vries, J. G.; van Koten, G. Org.
Lett. 2005, 7, 5241—5244.

9. (a) Ma, D.; Zhang, Y.; Yao, J.; Wu, S.; Tao, F. J. Am. Chem. Soc.
1998, 120, 12459—12467; (b) Ma, D.; Cai, Q.; Zhang, H. Org. Lett.
2003, 5, 2453—2455; (c) Ma, D.; Cai, Q. Org. Lett. 2003, 5, 3799—
3802.

10. (a) Patil, M. M.; Keelkar, A. A.; Nabi, Z.; Chaudhari, R. V. Chem. Com-
mun. 2003, 2460—2461; (b) Xu, L.; Zhu, D.; Wu, F.; Wang, R.; Wan, B.
Tetrahedron 2005, 61, 6553—6568; (c) Rao, H.; Jin, Y.; Fu, H.; Jiang, Y.;
Zhao, Y. Chem.—Eur. J. 2006, 12, 3636—3646; (d) Zhang, Z.; Mao, J.;
Zhu, D.; Wu, F.; Chen, H.; Wan, B. Catal. Commun. 2005, 6, 784—787,
(e) Gajare, A. S.; Toyota, K.; Yoshifuji, M.; Yoshifuji, F. Chem. Commun.
2004, 1994—1995; (f) Rao, H.; Fu, H.; Jiang, Y.; Zhao, Y. J. Org. Chem.
2005, 70, 8107—8109.

11. (a) Xie, Y.-X.; Pi, S.-F.; Wang, J.; Yin, D.-L.; Li, J.-H. J. Org. Chem. 2006,
71, 8324—8327; (b) Cristau, H. J.; Cellier, P. P.; Spindler, J. F.; Taillefer,
M. Chem.—Eur. J. 2004, 10, 5607—5622; (c) Kelkar, A. A.; Patil, N. M;
Chaudhari, R. V. Tetrahedron Lett. 2002, 43, 7143—7146; (d) Shafir, S.;
Buchwald, S. L. J. Am. Chem. Soc. 2006, 128, 8742—8743; (e) Lv, X.;
Bao, W. J. Org. Chem. 2007, 72, 3863—3867; (f) Zhu, L.; Cheng, L.;
Zhang, Y.; Xie, R.; You, J. J. Org. Chem. 2007, 72, 2737—2743.

12. Zhu, D.; Wang, R.; Mao, J.; Xu, L.; Wu, F; Wan, B. J. Mol. Catal. A:
Chem. 2006, 256, 256—260.

13. Jiang, D.; Fu, H.; Jiang, Y.; Zhao, Y. J. Org. Chem. 2007, 72, 672—674.

14. Zhang, Z.; Mao, J.; Zhu, D.; Wu, F.; Chen, H.; Wan, B. Tetrahedron 2006,
62, 4435—4443,

15. (a) Cristau, H. J.; Cellier, P. P.; Spindler, J. F.; Taillefer, M. Chem.—Eur. J.
2004, /0, 5607—5622; (b) Zhang, H.; Cai, Q.; Ma, D. J. Org. Chem. 2005,
70, 5164—5173; (c) Lv, X.; Wang, Z.; Bao, W. Tetrahedron 2006, 62,
4756—4761; (d) Rao, H.; Jin, Y.; Fu, H.; Jiang, Y.; Zhao, Y. Chem.—Eur.
J. 2006, 12, 3636—3646; (e) Kantam, M. L.; Venkanna, G. T.; Scridhar,
C.; Sreedhar, B.; Choudary, B. M. J. Org. Chem. 2006, 71, 9522—9524;
(f) Liu, L.; Frohn, M.; Xi, N.; Dominguez, C.; Hungate, R.; Reider,
P.J.J. Org. Chem. 2005, 70, 10135—10138; (g) Altman, R. A.; Buchwald,
S. L. Org. Lett. 2006, 8, 2779—2782; (h) Rout, L.; Jammi, S.; Punniya-
murthy, T. Org. Lett. 2007, 9, 3397—3399; (i) Taillefer, M.; Xia, N.; Quali,
A. Angew. Chem., Int. Ed. 2007, 46, 934—936.

16. (a) Liu, L.; Forhn, M.; Xi, N.; Dominguez, C.; Hungate, R.; Reider, P. J.
J. Org. Chem. 2005, 70, 10135—10138; (b) For a recent account, see:
Herrmann, W. A. Angew. Chem., Int. Ed. 2002, 41, 1290—1309.

17. (a) Verma, A. K.; Singh, J.; Sankar, V. K.; Chaudhary, R.; Chandra, R.
Tetrahedron Lett. 2007, 48, 4207—4210; (b) Antilla, J. C.; Baskin,
J. M.; Barder, T. E.; Buchwald, S. L. J. Org. Chem. 2004, 69, 5578—
5587; (c) Ma, D.; Cai, Q. Synlett 2004, 128—130; (d) Alcalde, E.; Dinares,
L.; Rodriguez, S.; de Miguel, C. G. Eur. J. Org. Chem. 2005, 1637—1643.

18. Togo, H.; lido, S. Synlett 2006, 2159—2175.


http://dx.doi.org/doi:10.1016/j.tet.2007.11.054

	Copper-catalyzed amination of aryl halides with nitrogen-containing heterocycle using hippuric acid as the new ligand
	Introduction
	Results and discussion
	Conclusion
	Experimental
	General
	General procedure for C-N coupling reactions of aryl halide and heterocycle

	Acknowledgements
	Supplementary data
	References and notes


