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Amino-Directed Rh™-Catalyzed C—H Activation Leading to One-Pot
Synthesis of N—H Carbazoles
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Carbazole derivatives are prominent structural motifs of
many bioactive natural products, pharmaceuticals and mate-
rials,"? and intense efforts have focused on the develop-
ment of effective methods to synthesize these compounds.”!
Recently, intramolecular amination strategies®®*”! have
been reported, as shown in Scheme 1. These have included
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Scheme 1. Intramolecular amination for carbazole synthesis."!

transition-metal-catalyzed C—N formation with halide-func-
tionalized arenes;*! metal-catalyzed or organocatalytic intra-
molecular C—H amination to form N-substituted carbazo-
les;Ps>7 aryl azides as substrates for N—H carbazoles via
metal carbeneoid insertion,® thermal cyclization (550°C),""
or Pt—C-catalyzed C—H activation (>250°C) of 2-aminobi-
phenyl.’> To use these strategies either pre-activated sub-
strates,*® high loadings of palladium catalysts (5-
20%),°#*7 or very high temperatures® are needed. Addi-
tionally, aryl azides are not safe for a large-scale synthesis,
and are usually prepared from 2-aminobiaryl compounds.
Despite these successes, the direct use of non-protected 2-
aminobiaryl compounds for non-protected carbazole synthe-
sis has given only low yields (<34 %) under mild conditions
with the existing catalytic system,® suggesting that for this
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type of substrates a single-component metal catalyst may
not efficiently facilitate the cleavage of both C—H and N—H
bonds. Thus, there is a clear need to develop a new strategy
for efficient and straightforward preparation of N—H carba-
zoles from non-protected 2-aminobiaryl substrates without
halogenation or azidation, tedious protection and deprotec-
tion processes, or the use of harsh reaction conditions.

The construction of C—N bonds from amines and organo-
boron reagents, assisted by Cu" species, has been explor-
ed®™1% and, in particular, the metal-mediated C—H activa-
tion of arenes!'"'? and subsequent borylation™*!¥ has been
achieved. These examples offer the possibility of forming a
C—N bond from a C—B bond. In the case of 2-aminobiaryl
substrates, the free-amino-directed ortho C—H activation
and subsequent C—B formation might occur. The amino
group might also be sufficiently reactive to lead to intramo-
lecular cyclization by C—N formation via a C—B bond.
Herein, we report that N—H carbazoles can be directly ob-
tained from non-protected 2-aminobiaryl starting com-
pounds through the use of tandem [Cp*Rh(OTf),]/Cu-
(OAc), (Cp* =pentamethylcyclopentadienyl) mediation in a
one-pot reaction via a reactive C—H borylated intermediate.

Initially, the borylation of 2-aminobiaryl derivatives was
studied because this type ofreaction has not been previously
reported. The well-established [Ir(OMe)(cod)]/dtbpy cata-
lytic system!™® was chosen (COD =1,5-cyclooctadiene,
dtbpy =4,4'-di-tert-butyl-2,2"-bipyridine), and bis(pinacola-
to)diboron (B,pin,) was used as a boron source to form a
C—B bond (Table 1). Unexpectedly, the desired compound
(2a) was isolated in very poor yield (Table 1, entry 1). Fur-
ther reaction attempts with other Ir or Rh catalysts showed
little improvement (Table 1, entries 2-4, SI-Table 1 in the
Supporting Information), demonstrating that the C—H acti-
vation of such a substrate is difficult under the conditions
that were ideal for the reaction of other arenes.™ Addi-
tion of an oxidant, such as PhI(OAc), or Cu(OAc),, in-
creased the yields (Table 1, entries 5 and 6, and SI-Table 2 in
the Supporting Information), although the presence of di-
oxygen led to no product (Table 1, entry 7). However, when
K,CO; was added, 2a was no longer isolated and instead,
the N—H carbazole product 3a was isolated in moderate
yields (Table 1, entries 8 and 9, and SI-Table 4 in the Sup-
porting Information). The reaction of 2a with Cu(OAc),/
K,CO; was found to proceed rapidly and quantitatively to
form 3a (less than 1 hr, see SI-Table 3 in the Supporting In-
formation), as occurred with other borylated species.”™!"!
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Table 1. Selected screening conditions for the synthesis of 2a and 3a.
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electronic and steric factors may result in lower
yields of 3t and 3u. This catalytic system is likely to
be suitable for a broad range of substituted 2-ami-
nobiaryls.

O O catalyst Cu(OAc), Q O

B—pin> O W To understand the role of each compound in the
NH, o NH, Ze N formation of the N—H carbazole products, control
1a 2a 3a experiments were performed (see SI-1, 2, 4, and 7
| catalyst, Byping, Cu(OAC) K2COs * in the Supporting Information). The reaction of 1a
one-pot reaction and B,pin, mediated only by [Cp*Rh(OTTf),] led to
Catalyst Oxidant/base T Solvent  2a(la)  3a the isolation of the borylated species 2a, demon-
(0.5 mol %) Ko [%] [%]¥ strating that the Rh™ species acts as a catalyst to
1 [Ir(OMe)(cod)]  — 80 THF 5(>90) - drive C—H activation and C-B formation. When
2 [Rh(OMe)(cod)] - 80  THF 3(>9) - Cu(OAc), was added to this reaction, the yield of
3 [Cp*Rh(OTH)] - 80  THF 10 (81) - 2a was increased to 30% from 15% (Table 1, en-
4 [CP*Rh(OTh),] -~ 110 toluene 15(75) - tries 4 and 6). The further addition of K,COj; led to
stal [Cp*Rh(OTY),] PhI(OAc), 110 toluene 21 (68) - f . f 2a. but i d 3a i ield of
6 [Cp*RR(OTN),]  Cu(OAc), 110 toluene 30(s9) - 0o formation of 2a, but instead 3a in a yield o
78 [Cp*Rh(OT),] 0, or air 110 toluene 0 (100) _ 55% (Table 1, entry 8), indicating that the addition
glvl [Cp*Rh(OT),] Cu(OAc),/K,CO; 110  toluene 0(32) 55 of base assisted the conversion of 2a to 3a. Remov-
9Pl [Cp*Ir(OTH),] » Cu(OAc),/K,CO; 110 toluene 0.(45) 43 al of the Rh™, Cu", boron reagent, or base from

10 [Cp*Rh(OTE),]!  Cu(OAc)/K,CO, 110 toluene  0(28) 62 . ; .
1P [Cp*Rh(OTH),] Cu(OAC)K.CO, 130 oxylene  0(9) 20 the rea.ctlon mixture as shown in Table 2 led to no
128 [Cp*Ir(OT),] Cu(OAC),/K,CO; 130  o-xylene 0 (38) 5 formation of 3a. Cu(OAc), played a dual role both
138 [Ir(OMe)(cod)]  Cu(OAc),/K,CO; 130 o-xylene 0(51) 38 as an oxidant to convert Rh' back to Rh™, and as
14°7 [Rh(OMe)(cod)]  Cu(OAc),/K,CO; 130  o-xylene  0(46) 42 the catalyst for C—N formation. Experimentally,

Reaction condtions: B,pin, (1.0 equiv), dtbpy (1.0 mol %; appliable for Ir' and Rh'),
80°C (THF), 110°C (toluene), or 130°C (o-xylene), 24 h, Ar. [a] Oxidant (2.2 equiv)
or O, (1 atm) or air; [b] Cu(OAc), (2.2 equiv) and K,CO; (2.5 equiv); [c] catalyst

(1.0%); [d] Yield of isolated product.

These findings suggest that the C—B formation for 2a,
rather than the C—N formation for 3a, is the rate-determin-
ing step in the one-pot reaction under the catalytic condi-
tions used. The use of polar solvents, such as dimethylforma-
mide (DMF) or DMSO, and other boron sources led to sim-
ilar yields (SI-Table 4 in the Supporting Information). An
increased loading of the Rh™ catalyst had no significant im-
provement on the yield (Table 1, entry 10). Upon elevating
the temperature to 130°C, however, the yields were remark-
ably increased (Table 1, entry 11 and SI-Table 4 in the Sup-
porting Information). The use of Ir' or Rh' instead of Rh™
catalysts gave lower yields (Table 1, entries 13 and 14).

Next, the effects of electronic and steric factors of 2-ami-
nobiaryl substrates were studied. Following a procedure for
Suzuki coupling, the substituted derivatives of 1a were pre-
pared by using the appropriate boronic acids and 2-iodoani-
lines or 2-bromoanilines (see SI-5 in the Supporting Infor-
mation). The resulting 2-aminobiaryl derivatives with either
an electron-donating or an electron-withdrawing group (e.g.,
Ph, OMe, COCH;, Cl, F, CF;) on the aryl rings gave rise to
the corresponding N—H carbazole products (3a-3w,
Table 2) in yields of 63-93%. In general, a substrate that
contained an electron-donating group in both rings A and B
(see Table 2 for labeling) led to a higher yield (e.g. 3b, 3¢
vs. 3h, 3i, and 3p; 3v, 3w vs. 3t, 3u), but the yields were
lower for products containing an ortho substituent in ring A,
probably due to steric hindrance (e.g., 3b vs. 3d; 3e vs. 3g).
The introduction of a fluorine unit in ring B of 1k-1s did
not significantly alter yields of the products 3k-3s. Both
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2 equivalents of the Cu species gave the highest
yield of 3a (SI-Table 4 int eh Supporting Informa-
tion). The presence of a base was required to de-
protonate N—H to promote the final C—N forma-
tion. The boron reagent B,pin, was used for C—H
borylation and was consumed in the reaction, as detected by
"B NMR spectroscopy. Replacement of B,pin, by different
concentrations of BF;-Et,0O gave no 3a, further confirming
that C—B formation played a vital role in the formation of
3a.

On the basis of experimental observations and previous,
related mechanistic studies,*'¥ a plausible mechanism for
the formation of N—H carbazoles is proposed in Scheme 2.

AcO-Bpin

Q=L o

HoN—Rh
Cp* NoAc

HOAc

HoN—Rh
Il . Bpin
Cp

1a '/\3\/ Cp*Rh! NH, Bpin
2Cu(OAc), 2a

2CuOAc

Cu(OAc),
K,CO3

el

3a

fast

Scheme 2. Proposed mechanism for the formation of N—H carbazoles (by
using 3a as an example).

The initial amino-directed C—H activation by Rh™ is as-
sumed to lead to an arylrhodium intermediate (I), analogous
to the extensively reported, related metal-induced C—H acti-
vation of arenes.'"'? Then, transmetalation with the diboron
reagent occurs to give rise to II (similar examples are

Chem. Eur. J. 0000, 00, 0-0
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One-Pot Synthesis of N—H Carbazoles

Table 2. One-pot synthesis of N—H carbazoles.

R4 R, R Ry
| | 0.5 mol% [RhCp*(OTf),] | |
=7 1.0 equiv Bopin, 78\ -"
(8 )—Qn) 7 CBI\Ay
NH 2.2 equiv Cu(OAc), N
2 2.5 equiv K,CO3 H
1a - 1w 3a-3w

130 °C, Ar, 24h

OCHs

3a, 80% 3b, 93% 3c, 85% 3d, 78%

Ph

3e, 86/u 3f, 75A> 39, 74"/ 3h, 71%
F.
ﬂN ”ONO
H

3i, 70% 3j, 84% 3k, 78% 31, 88%
Ph

3m, 84% 3n, 74% 3o, 68% 3p 73%
F E Hs OCH,PhCF3
oc ﬂo sl epe

H
3q, 84% 3r, 71% 3s 85% 3t, 74%

3u, 63% 3v, 84% 3w(3c) 85%

known['%132%1) “followed by reductive elimination to release
the borylated species 2a, which had been isolated in the ab-
sence of either base or Cu", or of both. The resulting Rh'
species is re-oxidized to Rh™ by Cu" to complete the cata-
lytic cycle. The subsequent intramolecular cyclization of 2a
proceeds via C—B and N—H cleavage, mediated by Cu-
(OAc), and K,CO;, to give rise to the N—H carbazole prod-
uct 3a, in a similar manner to the C—N formation from
amines and organoboron reagents.*™1”

In this study, the low yields of the stepwise borylation to
2a (Table 1, entries 1-6 and SI-Table 1 in the Supporting In-
formation) might be attributed to the excess distribution of
the NH, groups of the 2-aminobiaryl substrates around the
catalyst preventing the metal from efficiently activating the
C—H bond. However, in a one-pot reaction, the facile con-
version of 2a to 3a releases the catalyst from the accumula-
tion of 2a and thus drives the overall reaction forwards. The
boron reagent might not serve as an efficient Lewis acid in
this reaction system because the interaction between B,pin,
and 2-aminobiphenyl is trivial, as indicated by 'H and
"B NMR data. It is worth mentioning that amine-group-di-
rected C(sp*)—H oxidative activation from alkylamines!">
and arylamide!"**< has been reported, but free aryl-amino-
directed C—H activation remains more elusive.®®
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This catalytic system could potentially be used for the syn-
thesis of biologically active natural products. Girinim-
bines,'” Mahanimbines!"® and Murrayamines! have been
reported to show potent biological activity and the total syn-
theses of these natural carbazole alkaloids®** requires 2-
hydroxy-3-methylcarbazole (3x) as a key precursor. With
the catalytic reaction developed in this study, 3x can be ob-
tained in two steps with a good yield (Scheme 3, SI-5 and 6
in the Supporting Information), in contrast to existing syn-
thetic routes that require multiple steps and give overall
yields of around 35 % .

Bfﬁ

O O on_Rer 1i¢ Ref. [18]

3x (72%

eyl
NH, boron reagent
base
B(OH),

1 x (93%)

Mahanimbine Girinimbine

Murrayamine

Scheme 3. Synthesis of 3x.

In summary, we have developed a synthesis of N—H car-
bazole products by free amino-directed, Rh™-catalyzed C—
H borylation and Cu"-mediated ring closure of the resulting
borylated anilines. This has led to the first efficient dehydro-
genative cyclization of non-protected 2-aminobiaryl deriva-
tives for the construction of non-protected carbazoles in a
simple one-pot reaction with good to excellent yields. The
free amine unit serves as both a directing group and a reac-
tive group. This direct C—H amination is suitable for a
broad range of substrates and has advantages over previous-
ly reported examples”®*” by using a low loading of noble
metal catalyst (Rh<0.5%) and inexpensive Cu(OAc),; thus
it could prove potentially useful for the synthesis of medical-
ly important compounds.

Experimental Section

General procedure: A mixture of 2-aminobiaryl (0.5 mmol), [Cp*Rh-
(OTf),] (1.4mg, 2.5 pumol), Cu(OAc), (199.1 mg, 1.1 mmol), B,pin,
(127.0 mg, 0.5 mmol), and K,COj; (172.4 mg, 1.25 mmol) in ortho-xylene
(15 mL) was stirred at 130°C under an Ar atmosphere for 24 h. After
cooling, saturated, aqueous NH,Cl (100 mL) and EtOAc (20 mL) were
added. The aqueous phase was extracted with additional EtOAc (2x
10 mL). The combined organic phases were dried over Na,SO, and then
concentrated to give a brown oil. Further separation by column chroma-
tography on silica gel gave the corresponding product.

www.chemeurj.org

These are not the final page numbers! 77


www.chemeurj.org

CHEMISTRY

H. Chen, H. Yan et al.

A EUROPEAN JOURNAL

The

Acknowledgements

support from the National Basic Research Program of China

(2013CB922101 and 2010CB923303), the Natural Science Foundation of
China (20925104, 21271102 and 21021062) and the Natural Science Foun-
dation of JiangSu Province (BK2010052 and BK2010358) is greatly ac-
knowledged.

Keywords: amino-directed - boranes - C—H activation - C—
N formation - homogeneous catalysis - rhodium

(1

2

[

[3

[

[4

=

[5

[

[6

—_

(7]

a) J.J.; Neumann, S. Rakshit, F. Glorius, Angew. Chem. 2009, 121,
7024 Liu, R. Horst, V. Katritch, R. C. Stevens, K. Wiithrich, Science
2012, 335, 1106; b) D. M. Rosenbaum, V. Cherezov, M. A. Hanson,
S. G. FE. Rasmussen, F. S. Thian, T. S. Kobilka, H. Choi, X. Yao, W. .
Weis, R.C. Stevens, B. K. Kobilka, Science 2007, 318, 1266; c) T.
Takeuchi, S. Oishi, T. Watanabe, H. Ohno, J.-I. Sawada, K. Matsuno,
A. Asai, N. Asada, K. Kitaura, N. Fujii, /. Med. Chem. 2011, 54,
4839; d) S. Oishi, T. Watanabe, J.-i. Sawada, A. Asai, H. Ohno, N.
Fujii, /. Med. Chem. 2010, 53, 5054; e)J. Cheng, K. Kamiya, I.
Kodama, Cardiovasc. Drug Rev. 2001, 19, 152; f) C. Sanchez, C.
Mendez, J. Salas, Nat. Prod. Rep. 2006, 23, 1007.

a) Z. M. Hudson, Z.-H. Lu, S. Wang, Adv. Mater. 2012, 24, 2922;
b) D. Kim, V. Coropceanu, J.-L. Brédas, J. Am. Chem. Soc. 2011,
133, 17895; c) A. D. Finke, D. E. Gross, A. Han, J. S. Moore, J. Am.
Chem. Soc. 2011, 133, 14063; d) F. A. Lemasson, W. Wenzel, M. M.
Kappes, M. Mayor, J. Am. Chem. Soc. 2011, 133, 652; ¢) K. Al-
brecht, K. Yamamoto, J. Am. Chem. Soc. 2009, 131, 2244; f) N.
Blouin, A. Michaud, D. Gendron, D. Wakim, B. Blair, R. Neagu-
Plesu, M. Belletete, G. Durocher, Y. Tao, M. Leclerc, J. Am. Chem.
Soc. 2008, 130, 732.

a) A. W. Schmidt, K. R. Reddy, H. J. Knolker, Chem. Rev. 2012, 112,
3193, and the references therein; b) J. F. Hartwig, Angew. Chem.
1998, 110, 2154; Angew. Chem. Int. Ed. 1998, 37, 2046; c) T. Ogata,
J. E. Hartwig, J. Am. Chem. Soc. 2008, 130, 13848; d) L. Ackermann,
A. Althammer, Angew. Chem. 2007, 119, 1652; Angew. Chem. Int.
Ed. 2007, 46, 1627; ¢) T. Tsuchimoto, H. Matsubayashi, M. Kaneko,
Y. Nagase, T. Miyamura, E. Shirakawa, J. Am. Chem. Soc. 2008,
130, 15823; f) Z. Shi, S. Ding, Y. Cui, N. Jiao, Angew. Chem. 2009,
121, 8035; Angew. Chem. Int. Ed. 2009, 48, 7895; g) A.P. Anton-
chick, R. Samanta, K. Kulikov, J. Lategahn, Angew. Chem. 2011,
123, 8764; Angew. Chem. Int. Ed. 2011, 50, 8605; h) S. V. Ley, A. W.
Thomas, Angew. Chem. 2003, 115, 5558; Angew. Chem. Int. Ed.
2003, 42, 5400.

a) Metal-Catalyzed Cross-Coupling Reactions (Eds.: F. Dieterich,
P.J. Stang), Wiley-VCH, Weinheim, 1998; b) M. Leblanc, K.
Fagnou, Org. Lett. 2005, 7, 2849; c) L.-C. Campeau, M. Parisien, A.
Jean, K. Fagnou, J. Am. Chem. Soc. 2006, 128, 518; d) M. Parisien,
D. Valette, K. Fagnou, J. Org. Chem. 2005, 70, 7578.

a)D.S. Surry, S.L. Buchwald, Angew. Chem. 2008, 120, 6438;
Angew. Chem. Int. Ed. 2008, 47, 6338; b) J. Garcia-Fortanet, F. Kess-
ler, S. L. Buchwald, J. Am. Chem. Soc. 2009, 131, 6676; c) W. C. P.
Tsang, R. H. Munday, B. Gordon, N. Zheng, S. L. Buchwald, J. Org.
Chem. 2008, 73, 7603; d) W. C. P. Tsang, N. Zheng, S. L. Buchwald,
J. Am. Chem. Soc. 2005, 127, 14560.

J. A. Jordan-Hore, C. C. C. Johansson, M. Gulias, E. M. Beck, M. J.
Gaunt, J. Am. Chem. Soc. 2008, 130, 16184.

a) J.J.; Neumann, S. Rakshit, F. Glorius, Angew. Chem. 2009, 121,
7024; Angew. Chem. Int. Ed. 2009, 48, 6892; b) B.-J. Li, S.-L. Tian, F.
Zhao, Z.-J. Shi, Angew. Chem. 2008, 120, 1131; Angew. Chem. Int.
Ed. 2008, 47, 1115; c¢) S. W. Youn, J. H. Bihn, B.S. Kim, Org. Lett.
2011, 13, 3738; d) R. Bautista, P. Bernal, L. E. Montiel, F. Delgado,
J. Tamariz, Synthesis 2011, 929; ¢) S. H. Cho, J. Yoon, S. Chang, J.
Am. Chem. Soc. 2011, 133, 5996; f) J.-H. Chu, P-S. Lin, M.-J. Wu,
Chem. Eur. J. 2011, 17, 13613; g) D. Kajiyama, K. Inoue, Y. Ishika-

www.chemeurj.org

SR These are not the final page numbers!

8

-

[9

—

(10]

(11]

(12]

(13]

(14]

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

wa, S. Nishiyama, Tetrahedron 2010, 66, 9779; h) R. Samanta, K. Ku-
likov, C. Strohmann, A. P. Antonchick, Synthesis 2012, 2325.

a) B.J. Stokes, K. J. Richert, T. G. Driver, J. Org. Chem. 2009, 74,
6442; b) B.J. Stokes, H. Dong, K.J. Richert, R.D. Riell, T.G.
Driver, J. Org. Chem. 2009, 74, 3225; ¢) W. G. Shou, J. Li, T. Guo, Z.
Lin, G. Jia, Organometallics 2009, 28, 6847.

a) T. Horaguchi, T. J. Oyanagi, Heterocycl. Chem. 2004, 41, 1; b) S.
Matsubara, K. Asano, Y. Kajita, M. Yamamoto, Synthesis 2007,
2055; ¢) M. Yamamoto, S. Matsubara, Chem. Lett. 2007, 36, 172.

a) H.-X. Dai, J.-Q. Yu, J. Am. Chem. Soc. 2012, 134, 134; b) C. C.
Tzschucke, J. M. Murphy, J. F. Hartwig, Org. Lett. 2007, 9, 761; c) F.
Bellina, R. Rossi, Adv. Synth. Catal. 2010, 352, 1223; d) P. Y. S. Lam,
C. G. Clark, Tetrahedron Lett. 1998, 39, 2941; e) T. D. Quach, R. A.
Batey, Org. Lett. 2003, 5, 4397; f) D. M. T. Chan, K. L. Monaco, R.-
P. Wang, M. P. Winters, Tetrahedron Lett. 1998, 39, 2933; ¢) S. Chen,
H. Huang, X. Liu, J. Shen, H. Jiang, H. Liu, J. Comb. Chem. 2008,
10, 358; h) B. Kaboudin, Y. Abedi, T. Yokomatsu, Eur. J. Org.
Chem. 2011, 6656.

For reviews of arene C—H activation by metal, see a) D. A. Colby,
A.S. Tsai, R. G. Bergman, J. A. Ellman, Acc. Chem. Res. 2012, 45,
814; b) D. A. Colby, R. G. Bergman, J. A. Ellman, Chem. Rev. 2010,
110, 624; c) P. B. Arockiam, C. Bruneau, P. H. Dixneuf, Chem. Rev.
2012, 712, 5879; d) J. Wencel-Delord, F. Glorius, Chem. Soc. Rev.
2011, 40, 4740; e) T. Briickl, R. D. Baxter, Y. Ishihara, P. S. Baran,
Acc. Chem. Res. 2012, 45, 826; f) B.-J. Li, Z.-J. Shi, Chem. Soc. Rev.
2012, 41, 5588; g) S. R. Neufeldt, M. S. Sanford, Acc. Chem. Res.
2012, 45, 936; h)J. C. Lewis, R. G. Bergman, J. A. Ellman, Acc.
Chem. Res. 2008, 41, 1013; i) C. Jia, T. Kitamura, Y. Fujiwara, Acc.
Chem. Res. 2001, 34, 633; j) M. S. Sigman, E. W. A. Werner, Acc.
Chem. Res. 2012, 45, 874; k) M. M. Diaz-Requejo, P. J. Pérez, Chem.
Rev. 2008, 108, 3379; 1) R. H. Crabtree, Chem. Rev. 2012, 112, 1536;
m) K. M. Engle, T. Mei, M. Wasa, J.-Q. Yu, Acc. Chem. Res. 2012,
45,788; n) S. H. Cho, J. Y. Kim, J. Kwak, S. Chang, Chem. Soc. Rev.
2011, 40, 5068; o) C. Liu, H. Zhang, W. Shi, A. Lei, Chem. Rev.
2011, 711, 1780; p) C.-J. Li, Acc. Chem. Res. 2009, 42, 335; q) C.-L.
Sun, Z.-J. Shi, Chem. Rev. 2011, 111, 1293; r) G. Song, F. Wang, X.
Li, Chem. Soc. Rev. 2012, 41, 3651.

For examples of arene C—H activation by metal, see: a) E. Ferrer
Flegeau, C. Bruneau, P. H. Dixneuf, A. Jutand, J. Am. Chem. Soc.
2011, /33, 10161; b) D. Leow, G. Li, T. S. Mei, J.-Q. Yu, Nature 2012,
486, 518; ¢) L. Li, W. D. Jones, J. Am. Chem. Soc. 2008, 130, 12414;
d) L. Li, W. D. Jones, J. Am. Chem. Soc. 2007, 129, 10707; ) T. New-
house, P.S. Baran, Angew. Chem. 2011, 123, 3422; Angew. Chem.
Int. Ed. 2011, 50, 3362; f) N. Schroder, F. Glorius, J. Am. Chem. Soc.
2012, 134, 8298; g) J. Wencel-Delord, C. Nimphius, F. W. Patureau,
F. Glorius, Angew. Chem. 2012, 124, 2290; Angew. Chem. Int. Ed.
2012, 51, 2247; h) H. Wang, F. Glorius, Angew. Chem. 2012, 124,
7430; i) B.-J. Li, H.-Y. Wang, Q.-L. Zhu, Z.-J. Shi, Angew. Chem.
2012, 124, 4014; Angew. Chem. Int. Ed. 2012, 51, 3948; j) H. Du, B.
Zhao, Y. Shi, J. Am. Chem. Soc. 2008, 130, 8590; k) B. Wang, H. Du,
Y. Shi, Angew. Chem. 2008, 120, 8348; Angew. Chem. Int. Ed. 2008,
47, 8224; 1) K. Muralirajan, K. Parthasarathy, C. H. Cheng, Angew.
Chem. 2011, 123, 4255; Angew. Chem. Int. Ed. 2011, 50, 4169; m) N.
Guimond, S.I. Gorelsky, K. Fagnou, J. Am. Chem. Soc. 2011, 133,
6449; n) D.R. Stuart, P. Alsabeh, M. Kuhn, K. Fagnou, J. Am.
Chem. Soc. 2010, 132, 18326.

a) I. A. Mkhalid, J. H. Barnard, T. B. Marder, J. M. Murphy, J. F.
Hartwig, Chem. Rev. 2010, 110, 890 and the references therein;
b) J. F. Hartwig, Acc. Chem. Res. 2012, 45, 864; c) H. Chen, S.
Schlecht, T.C. Semple, J.F. Hartwig, Science 2000, 287, 1995;
d) C.N. Iverson, M. R. Smith IIL., J. Am. Chem. Soc. 1999, 121,
7696; ¢) J.-Y. Cho, M. K. Tse, D. Holmes, R. E., Jr. Maleczka, M. R.
Smith II1., Science 2002, 295, 305; f) J.-Y. Cho, C. N. Iverson, M. R.
Smith IIL., J. Am. Chem. Soc. 2000, 122, 12868; g) P. C. Roosen,
V. A. Kallepalli, B. Chattopadhyay, D. A. Singleton, R. E., Jr. Male-
czka, M. R. Smith IIL., J. Am. Chem. Soc. 2012, 134, 11350.

a) S. Shimada, A.S. Batsanov, J. A.K. Howard, T.B. Marder,
Angew. Chem. 2001, 113, 2226; Angew. Chem. Int. Ed. 2001, 40,
2168; b) S. Kawamorita, H. Ohmiya, K. Hara, A. Fukuoka, M. Sa-

Chem. Eur. J. 0000, 00, 0-0


http://dx.doi.org/10.1002/ange.200903035
http://dx.doi.org/10.1002/ange.200903035
http://dx.doi.org/10.1126/science.1215802
http://dx.doi.org/10.1126/science.1215802
http://dx.doi.org/10.1126/science.1150609
http://dx.doi.org/10.1021/jm200448n
http://dx.doi.org/10.1021/jm200448n
http://dx.doi.org/10.1021/jm100476d
http://dx.doi.org/10.1002/adma.201200927
http://dx.doi.org/10.1021/ja207554h
http://dx.doi.org/10.1021/ja207554h
http://dx.doi.org/10.1021/ja204795q
http://dx.doi.org/10.1021/ja204795q
http://dx.doi.org/10.1021/ja105722u
http://dx.doi.org/10.1021/ja807312e
http://dx.doi.org/10.1021/ja0771989
http://dx.doi.org/10.1021/ja0771989
http://dx.doi.org/10.1021/cr200447s
http://dx.doi.org/10.1021/cr200447s
http://dx.doi.org/10.1002/(SICI)1521-3757(19980803)110:15%3C2154::AID-ANGE2154%3E3.0.CO;2-C
http://dx.doi.org/10.1002/(SICI)1521-3757(19980803)110:15%3C2154::AID-ANGE2154%3E3.0.CO;2-C
http://dx.doi.org/10.1021/ja805810p
http://dx.doi.org/10.1002/ange.200603833
http://dx.doi.org/10.1002/anie.200603833
http://dx.doi.org/10.1002/anie.200603833
http://dx.doi.org/10.1021/ja803954e
http://dx.doi.org/10.1021/ja803954e
http://dx.doi.org/10.1002/ange.200903975
http://dx.doi.org/10.1002/ange.200903975
http://dx.doi.org/10.1002/anie.200903975
http://dx.doi.org/10.1002/ange.201102984
http://dx.doi.org/10.1002/ange.201102984
http://dx.doi.org/10.1002/anie.201102984
http://dx.doi.org/10.1002/ange.200300594
http://dx.doi.org/10.1002/anie.200300594
http://dx.doi.org/10.1002/anie.200300594
http://dx.doi.org/10.1021/ol0505959
http://dx.doi.org/10.1021/jo051039v
http://dx.doi.org/10.1002/ange.200800497
http://dx.doi.org/10.1002/anie.200800497
http://dx.doi.org/10.1021/jo801273q
http://dx.doi.org/10.1021/jo801273q
http://dx.doi.org/10.1021/ja055353i
http://dx.doi.org/10.1021/ja806543s
http://dx.doi.org/10.1002/anie.200903035
http://dx.doi.org/10.1002/ange.200704092
http://dx.doi.org/10.1002/anie.200704092
http://dx.doi.org/10.1002/anie.200704092
http://dx.doi.org/10.1021/ol201416u
http://dx.doi.org/10.1021/ol201416u
http://dx.doi.org/10.1021/ja111652v
http://dx.doi.org/10.1021/ja111652v
http://dx.doi.org/10.1002/chem.201101528
http://dx.doi.org/10.1016/j.tet.2010.11.015
http://dx.doi.org/10.1021/jo901224k
http://dx.doi.org/10.1021/jo901224k
http://dx.doi.org/10.1021/jo9002536
http://dx.doi.org/10.1021/om900275j
http://dx.doi.org/10.1002/jhet.5570410101
http://dx.doi.org/10.1246/cl.2007.172
http://dx.doi.org/10.1021/ja2097095
http://dx.doi.org/10.1021/ol062902w
http://dx.doi.org/10.1002/adsc.201000144
http://dx.doi.org/10.1016/S0040-4039(98)00504-8
http://dx.doi.org/10.1021/ol035681s
http://dx.doi.org/10.1016/S0040-4039(98)00503-6
http://dx.doi.org/10.1021/cc8000053
http://dx.doi.org/10.1021/cc8000053
http://dx.doi.org/10.1002/ejoc.201100994
http://dx.doi.org/10.1002/ejoc.201100994
http://dx.doi.org/10.1021/ar200190g
http://dx.doi.org/10.1021/ar200190g
http://dx.doi.org/10.1021/cr900005n
http://dx.doi.org/10.1021/cr900005n
http://dx.doi.org/10.1021/cr300153j
http://dx.doi.org/10.1021/cr300153j
http://dx.doi.org/10.1039/c1cs15083a
http://dx.doi.org/10.1039/c1cs15083a
http://dx.doi.org/10.1039/c2cs35096c
http://dx.doi.org/10.1039/c2cs35096c
http://dx.doi.org/10.1021/ar300014f
http://dx.doi.org/10.1021/ar300014f
http://dx.doi.org/10.1021/ar800042p
http://dx.doi.org/10.1021/ar800042p
http://dx.doi.org/10.1021/ar000209h
http://dx.doi.org/10.1021/ar000209h
http://dx.doi.org/10.1021/ar200236v
http://dx.doi.org/10.1021/ar200236v
http://dx.doi.org/10.1021/cr2002905
http://dx.doi.org/10.1021/ar200185g
http://dx.doi.org/10.1021/ar200185g
http://dx.doi.org/10.1039/c1cs15082k
http://dx.doi.org/10.1039/c1cs15082k
http://dx.doi.org/10.1021/cr100379j
http://dx.doi.org/10.1021/cr100379j
http://dx.doi.org/10.1021/ar800164n
http://dx.doi.org/10.1021/cr100198w
http://dx.doi.org/10.1021/ja201462n
http://dx.doi.org/10.1021/ja201462n
http://dx.doi.org/10.1038/nature11158
http://dx.doi.org/10.1038/nature11158
http://dx.doi.org/10.1021/ja802415h
http://dx.doi.org/10.1021/ja070551q
http://dx.doi.org/10.1002/ange.201006368
http://dx.doi.org/10.1002/anie.201006368
http://dx.doi.org/10.1002/anie.201006368
http://dx.doi.org/10.1021/ja302631j
http://dx.doi.org/10.1021/ja302631j
http://dx.doi.org/10.1002/ange.201107842
http://dx.doi.org/10.1002/anie.201107842
http://dx.doi.org/10.1002/anie.201107842
http://dx.doi.org/10.1002/ange.201201273
http://dx.doi.org/10.1002/ange.201201273
http://dx.doi.org/10.1002/ange.201200271
http://dx.doi.org/10.1002/ange.201200271
http://dx.doi.org/10.1002/anie.201200271
http://dx.doi.org/10.1021/ja8027394
http://dx.doi.org/10.1002/ange.200803184
http://dx.doi.org/10.1002/anie.200803184
http://dx.doi.org/10.1002/anie.200803184
http://dx.doi.org/10.1002/ange.201100229
http://dx.doi.org/10.1002/ange.201100229
http://dx.doi.org/10.1002/anie.201100229
http://dx.doi.org/10.1021/ja201143v
http://dx.doi.org/10.1021/ja201143v
http://dx.doi.org/10.1021/ja1082624
http://dx.doi.org/10.1021/ja1082624
http://dx.doi.org/10.1021/cr900206p
http://dx.doi.org/10.1021/ar200206a
http://dx.doi.org/10.1126/science.287.5460.1995
http://dx.doi.org/10.1021/ja991258w
http://dx.doi.org/10.1021/ja991258w
http://dx.doi.org/10.1126/science.1067074
http://dx.doi.org/10.1021/ja0013069
http://dx.doi.org/10.1021/ja303443m
http://dx.doi.org/10.1002/1521-3757(20010601)113:11%3C2226::AID-ANGE2226%3E3.0.CO;2-Q
http://dx.doi.org/10.1002/1521-3773(20010601)40:11%3C2168::AID-ANIE2168%3E3.0.CO;2-0
http://dx.doi.org/10.1002/1521-3773(20010601)40:11%3C2168::AID-ANIE2168%3E3.0.CO;2-0
www.chemeurj.org

One-Pot Synthesis of N—H Carbazoles

(15]

Chem. Eur. J. 2013, 00, 0-0

wamura, J. Am. Chem. Soc. 2009, 131, 5058; c) T. Ishiyama, H. Isou,
T. Kikuchi, N. Miyaura, Chem. Commun. 2010, 46, 159; d) K. Yama-
zaki, S. Kawamorita, H. Ohmiya, M. Sawamura, Org. Lett. 2010, 12,
3978; e) H. Itoh, T. Kikuchi, T. Ishiyama, N. Miyaura, Chem. Lett.
2011, 40, 1007; f) A. Ros, B. Estepa, R. Lopez-Rodriguez, E. Alvar-
ez, R. Ferndndez, J. M. Lassaletta, Angew. Chem. 2011, 123, 11928;
Angew. Chem. Int. Ed. 2011, 50, 11724; g) S. Kawamorita, T. Miya-
zaki, H. Ohmiya, T. Iwai, M. Sawamura, J. Am. Chem. Soc. 2011,
133, 19310; h) N. Selander, B. Willy, K.J. Szabo, Angew. Chem.
2010, 122, 4145; Angew. Chem. Int. Ed. 2010, 49, 4051; i) M. Tobisu,
H. Kinuta, N. Chatani, J. Am. Chem. Soc. 2012, 134, 115.

For selected examples, see: a) K. Morimoto, M. Itoh, K. Hirano, T.
Satoh, M. Miura, Angew. Chem. 2012, 124, 5455; Angew. Chem. Int.
Ed. 2012, 51, 5359; b) D.-D. Li, T.-T. Yuan, G.-W. Wang, J. Org.
Chem. 2012, 77, 3341; c) F. Patureau, T. Besset, F. Glorius, Angew.
Chem. 2011, 123, 1096; Angew. Chem. Int. Ed. 2011, 50, 1064.

COMMUNICATION

[16] a) Z. Liang, L. Ju, Y.-J. Xie, L.-H. Huang, Y.-H. Zhang, Chem. Eur.
J. 2012, 18, 15816; b) K.-Y. Ye, H. He, W.-B. Liu, L.-X. Dai, G.
Helmchen, S.-L. You, J. Am. Chem. Soc. 2011, 133, 19006; c) H. He,
W.-B. Liu, L.-X. Dai, S.-L. You, J. Am. Chem. Soc. 2009, 131, 8346.

[17] Y. Y. Kok, L. Y. Mooi, A. M. Ali, Molecules 2012, 17, 4651.

[18] a) T. Nagappan, C.S. Vairappan, Molecules 2011, 16, 9651; b) S.
Pandit, P. K. Mukherjee, Biomed. Chromatogr. 2011, 25, 959.

[19] T.-S. Wu, Y.-Y. Chan, M.-J. Liou, F.-W. Lin, L.-S. Shi, K.-T. Chen,
Phytother. Res. 1998, 12, S80.

[20] a) H.-J. Knolker, K. R. Reddy, Chem. Rev. 2002, 102, 4303; b) R.
Forker, M. P. Krahl, F. Dabritz, A. Jdger, H.-J. Knolker, Synlett
2008, 1870.

Received: October 29, 2012
Published online: [l 11, 0000

© 2013 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemeurj.org

These are not the final page numbers! 77


http://dx.doi.org/10.1021/ja9008419
http://dx.doi.org/10.1039/b910298a
http://dx.doi.org/10.1021/ol101493m
http://dx.doi.org/10.1021/ol101493m
http://dx.doi.org/10.1246/cl.2011.1007
http://dx.doi.org/10.1246/cl.2011.1007
http://dx.doi.org/10.1002/ange.201104544
http://dx.doi.org/10.1002/anie.201104544
http://dx.doi.org/10.1021/ja208364a
http://dx.doi.org/10.1021/ja208364a
http://dx.doi.org/10.1002/ange.201000690
http://dx.doi.org/10.1002/ange.201000690
http://dx.doi.org/10.1002/anie.201000690
http://dx.doi.org/10.1021/ja2095975
http://dx.doi.org/10.1002/ange.201201526
http://dx.doi.org/10.1002/anie.201201526
http://dx.doi.org/10.1002/anie.201201526
http://dx.doi.org/10.1021/jo300126n
http://dx.doi.org/10.1021/jo300126n
http://dx.doi.org/10.1002/ange.201006222
http://dx.doi.org/10.1002/ange.201006222
http://dx.doi.org/10.1002/anie.201006222
http://dx.doi.org/10.1002/chem.201202672
http://dx.doi.org/10.1002/chem.201202672
http://dx.doi.org/10.1021/ja2092954
http://dx.doi.org/10.1021/ja901384j
http://dx.doi.org/10.3390/molecules17044651
http://dx.doi.org/10.3390/molecules16119651
http://dx.doi.org/10.1002/bmc.1561
http://dx.doi.org/10.1002/(SICI)1099-1573(1998)12:1+%3CS80::AID-PTR257%3E3.0.CO;2-%23
http://dx.doi.org/10.1021/cr020059j
www.chemeurj.org

CHEMISTRY

H. Chen, H. Yan et al.

A EUROPEAN JOURNAL

Carbazoles

Q. Jiang, D. Duan-Mu, W. Zhong,
H. Chen,*H. Yan*.............. -1

Amino-Directed Rh™-Catalyzed C—H

Activation Leading to One-Pot
Synthesis of N—H Carbazoles

B R [ C-H activation and N-H cleavage J R R,
1
| _|_ [RhCp*(OTf),] (0.5 mol%) Vi l A —|—
7N B,pin,, Cu(O \ 7
_ \ / ,pin,, Cu(OAc),, K,CO4 s

NH, - N

Ry, R, = EDG or EWG

One-pot synthesis: An efficient amino-
directed one-pot synthesis of N—H car-
bazoles from unprotected 2-amino-

biaryl compounds is reported. The free

130 °C, Ar, 24h

Yield: 63-93%

amino unit acts as both a directing
group for ortho C—H activation and a
functional group for construction of an
N-heterocyclic ring (see scheme).
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