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ABSTRACT

Cul, CsOAc R
7\ R No Ligand 7\
| + HN & N,
X . —
X \= R' DMSO or DMF X R'
-90 °C

R, R'=H, alkyl aryl, Ns

A mild intermolecular copper-mediated amination of aryl iodides has been developed. The reaction takes place at room temperature or heating
at 90 °C and tolerates halogens attached to the aromatic ring. Its synthetic applications include a synthetic protocol for unsymmetrical N,N'-
dialkylated phenylenediamines and both a stepwise and a general synthetic method for N-aryl secondary amines via Ns-anilides (readily

obtained by reaction of the Ns-amide).

The copper-catalyzed UllmantGoldberg coupling, a well-
known reaction for the introduction of amine functionality

ligand, N-arylation can be performed at room temperature.
More recently, mild Ullmann-type N-arylations have been

using aromatic halides, proceeds under severe reactioninvestigated, in which a variety of nitrogen substrates,
conditions such as heating at high temperatures without aincluding anilines, amides® imidazoles’ nitrogen hetero-

solvent! While milder reactions using transmetallating agents
such as triarylbismuth,aryllead triacetate,arylboronic
acids? and hypervalent aryl siloxanesave been developed,
the utility of these variants is limited since the preparation

cyclest® hydrazides! and a- or S-amino acid¥ could be
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amination of aryl halides appear to be greatly superior in
terms of practical utility and mild reaction conditioh&or
instance, with the right choice of an efficient phosphine
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arylated under mild conditions. In addition, copper-catalyzed ||| [ lGTGTGTNGNG

aminations using easily prepared, efficient ligands have beenTable 1. Amination of Monosubstituted Aryl lodides with

reportedt3 Butylaming

During the course of our synthetic studies on indole HN -~ (2.0 equiv)

alkaloids, we have discovered an exceptionally mild copper- | Cul (1.0 equiv) H

mediated intramolecular amination of aryl halides, which was M CeQfc@Beam _(j N

effected by a combination of copper iodide and cesium Z 33"%0105.22"5

acetate without ligandd. Use of this reaction allowed ’

asymmetric total syntheses of the duocarmycins to be entry product yield(%) — entry product yield (%)

achieved® The unusually facile amination might be at- “\/\/ “\/\/

tributed to the use of soluble CuOAc, generated in situ, and /©/

appropriate solvents without using ligands. To examine the X ©/

generality of this reaction, we turned our attention to its X

application to an intermolecular process. In this paper, we 1 X=H (1a) 70° 11 X=0OMe (19) 80

describe a copper-mediated intermolecular amination of aryl 2 93 12 Me (1h) 77

iodides. In addition, we report its application to a general 3 96%4 13 (1)  esbe

protocol for the synthesis of secondadxyarylalkylamines, 4 g7ce H

exploitingo-nitrobenzenesulfonamide (Ns-amide) chemistry. 5 g0l N~
First, n-butylamine and iodobenzene were chosen as the 6  OMe (ib) 85 @X

test substrates and subjected to the conditions previously 7 Me (e 76 14 X—OMe (1) 30"

established?!® namely, 1.0 equiv of Cul and 2.5 equiv of

CsOAc in degassed DMS®.Unfortunately, the reaction 8 NO; (1) 89 1 Me (1K 20'0

9 B (le) 77%9 16  NO, () &

afforded only a minute amount of the desired prodde (
After extensive optimization, we found that a relatively high 001 af 74be 7 F  (im) 20°
concentration (ca. 1.0 M) in DMSO or DMF was essential _ L o .
f btaining satisfactory vields. Thus. the reaction at room Reaction conditions: 0.50 mmol of aryl iodide, 1.0 mmol of butylamine,
or obtaining Yy . , 0.50 mmol of Cul, 1.25 mmol of CsOAc, degassed DMF (0.50 mL), under
temperature for 18 h afforded 70% yield Wfbutylaniline Ar. bﬁogml Eirgpera_turgéDo/NISO_W;\T lésebd asasoggesﬁﬂodogegzer}e (18

: ; ; mmol), Cul (1.0 equiv, % purityf: lodobenzene (9.8 mmol), butylamine
(Table 1’_entry 1), which was improved to 93% by elevating (1.2 equiv).f lodobenzene (6.9 mmol), Cul (20 mol %), 48%inseparable
the reaction temperature to 9Q (entry 2). In the case of a  butyl-(4-iodo-phenyl)amine (4%) was observed B{ NMR.N2,2-
large-scale reaction with several grams of substrate, use of2imethoxy-1,1-biphenyl (26%; homocoupling product) was obtaine#|2-
. . . ! Dinitro-1,2'-biphenyl (25%; homocoupling product) was obtained.
inexpensive lower grade Cul (95% purity) and nondegassed
DMSO providedla at the same level of yield, indicating
the practical utility of this condition (entry 3}.Furthermore,
a limited amount (1.2 equiv) of amine and a substoichio-
metric amount (20 mol %) of Cul provided acceptable results
(entries 4, 5).

Having established the optimal conditions, we then
investigated the substitution effects of aryl iodides (Table
1). All of the para-substituted compounds, including those
bearing electron-donating and electron-withdrawing substit-
uents, gave good to excellent yields of the products (entries
2, 6-10). One advantage over palladium-mediated reacfions
was that a selective monoamination took place in the case_
of the 4-bromoiodobenzene and 1,4-diiodobenzene, and th

4-bromo or 4-iodo substituent was mostly retained after the  Scheme 1. Successive Amination of 1,3-Diiodobenzene

place. On the other hand, the reaction was strongly hampered
by ortho-substituents, and ortho-substituted iodobenzenes
afforded the desired compounds (entries-1%) in only
modest yields. Steric rather than electronic effects may be
the principal factor for these low yields.

Taking advantage of the selective monoamination that
occurs when using diiodobenzenes, we then applied this
process to successive diamination to construct unsymmetrical
N,N’'-dialkylated phenylenediamines (Scheme 1). Following

reaction. The amination reaction of the meta-substituted HN_~_~ (2.0 equiv) "
iodobenzenes also gave the corresponding secondary amines ! CESLQ('S g%mv) N~
in good vyields (entries 1113)!® As observed in para- ©/ pow Q
substituted diiodobenzene, selective monoamination took i ' 23h |
63% 1i
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the preparation ofN-butyl-3-iodoaniline 1 by selective Although we have established the conditions in which to
monoamination, the second amination was carried outintroduce amines to the aromatic ring, amines, especially
smoothly to give the phenylenediamine derivatdia good functionalized amines, are not always commercially avail-
yield. This protocol could be quite useful since, to the best able. The most widely used preparations of amines include
of our knowledge, the synthesis of unsymmetrical N,N the Gabriel methdd or reduction of alkyl azide%, both of
dialkylated phenylenediamines has not been well-establishedwhich are easily accessible from halides or alcohols. In
For example, an approach starting with phenylenediaminesaddition to these conventional methods, we have reported a
would have difficulty in discriminating the two amines, and method for the synthesis of primdhand secondary aminis
starting with the corresponding nitroanilines would require using 2-nitrobenzenesulfonamides (NsilHVe thought that
a lengthy synthesis involving protection and deprotection of a combination of the amination reported here and Ns
the nitrogens. chemistry could lead to a general protocol for the synthesis
The substrates in our amination reaction are not limited of aromatic amines. Thus, a nitrogen function would be
to primary alkylamines (Table 2). Cyclic secondary amines, introduced into the aromatic ring by the amination of NsNH
with aromatic iodides to afford Ns-anilides, to which various

_ residues would be introduced by the Ns protocol to provide

Table 2. Amination of Functionalized Aryl Halides with a range of functionalized anilines.
Various Amine3 First, we examined the intermolecular amination of aryl
Cul (1.0 equiv) iodides with NsNH using our reaction conditions (Table 3).
CsOAc (2.5 equiv)
Al + RRNH ANRR'
90 °C, 18-24 h ) )
Table 3. Selection of Bases on Introduction of an Ns Group
entry product entry product
Cul (1.0 equiv) H
/3 H ©/| base (2.5 equiv) @N‘Ns
N N + NsNH
LT L
OuN OuN (20equiv) (1.0equivy  90°C.18h a
3a 89%” -
3d 40% entry base yield® (%) recovered NsNH; (%)
' H\/O\Q 1 CsOAC 30 69
2 /©/ 5 /@/ 2 KsPO4 53 45
O,N ON 3 K>CO3 26 72
b 4 Cs,CO3 70 25
3b 78% 3e 37% 5 Cs,CO3 91¢ none
a8 Reaction conditions: 1.0 mmol of iodobenzene, 0.50 mmol of NsNH
H H 0.50 mmol of Cul, 1.25 mmol of a base, degassed DMSO (0.50 mL), under
3 N 6 NN~ Ar. P Yields are based on NsNH¢ Performed with 1.0 mmol of Cul and
U 2.5 mmol of CsCOs.
%° 3f 80% . o . .
% g;éod ° The conventional conditions using CsOAc provided the

desired Ns-anilide4) in only 30% yield with a recovery of

2 Reaction conditions: 0.50 mmol of aryl iodide, 1.0 mmol of amine, 69% of NSNH (entry 1). To address this problem, we briefly
2‘5‘% L”g:gr%éé”\',\’litlhzg gnrwﬁlo?foﬁggﬁ;iﬂggraisfgoljo'\cﬂi({)Eolrgézbtfnder screened bases and found thas@3; was the best choice
(entry 4). Finally, the yield o#f was improved to 91% by
use of 2-fold amounts of Cul and §€&30; (entry 5).
and even an indole nitrogen, could be introduced to the Then, an alkyl side chain could be efficiently introduced
aromatic ring in good yields (entries 1, 2). However, less either by alkylation with alkyl halides or by the Mitsunobu
reactive amines, e.g., aniline and allylamine, provided the reaction?? After amination with Ns-amide, we conducted a
amination product in moderate yields (entries 3, 4). In one-pot N-alkylation and deprotection. The Ns-anille
addition to the iodobenzene derivatives, 2-iodopyridine is derived from methyl 4-iodobenzoate, was treated with
amenable to amination, and the 2-amino pyridine derivative phenylpropyl bromide in the presence ok®0O; and a
was obtained in 80% yield (entry 6). catalytic amount of ByNI in DMF, followed by addition of
PhSH, to furnish methyl 4-(3-phenylpropylamino)benzoate
(6) in 85% vyield over two steps (Scheme 2).

(18) Typical ProcedureAn oven-dried Pyrex screw-tube was charged
with CsOAc (2.02 g, 10.5 mmol, 2.5 equiv), Cul (801 mg, 4.21 mmol, 1.0
equiv), and ca. 0.3 mL of dried benzene. The tube was evacuated and back
filled with argon. To the mixture was added degassed DMF (4.2 mL), 1,3- (19) Gibson, H. S.; Bradshaw, R. \Khgew. Chem., Int. Ed. Endl968

diiodobenzene (1.39 g, 4.21 mmol, 1.0 equiv), arslitylamine (0.82 mL, 7, 919.

8.4 mmol, 2.0 equiv). After stirring at room temperature for 23 h, the mixture (20) Boyer, J. HJ. Am. Chem. Sod.951, 73, 5865.

was partitioned between EtOAc and 5% NaCl in 10%8H. The aqueous (21) For a review on Ns-chemistry, see: Kan, T.; Fukuyamd, Synth.
layer was extracted with EtOAc three times. The combined organic extracts Org. Chem., Jpn2001, 59, 779.

were dried over Ng8Qy, filtered, and concentrated to give a crude material. (22) (a) Fukuyama, T.; Cheung, M.; Kan, Bynlett1999 1301. (b)
Purification by flash column chromatography on silica geH80% CHCl, Kurosama, W.; Kan, T.; Fukuyama, Drg. Synth.2002 79, 186.

in hexanes, gradient) gave 3-iotibbutylaniline (730 mg, 2.65 mmol, 63%). (23) Mitsunobu, OSynthesisl981, 1.
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Scheme 2. Synthesis of alN-Aryl Secondary Amine

Scheme 3. Synthesis of a Chirgb-Diamine

NsNH, (1.0 equiv) H Ph DEAD (2.0 equiv)
| Cul (1.0 equiv) H N.y PPh; (2.0 equiv)
Cs,CO03 (2.5 equiv) “Ns ©/ S + KKNHBOC
OH toluene
MeO,C DMSO MeO,C 4 80°C,2h
i 90°C, 18h 5 1.0 equiv 2.0 equiv
(2.0 equiv) ( quiv) ( quiv) 95%
82% on
Ph Ph
Ph(CHo)3Br PhSH (2.0 equiv)
A (e GOy Toan (e
2’ 3 8 ——
BugNi (0.1 equiv) PhSH (2.5 equiv) NH ©/N‘Ns CH4CN ©/ NH
DMF DMF MeO.C 7 50°C,2h 8
80°C,6h m,2h 2 6 85%

85% (2 steps)

ditions and the chemoselectivity, we believe that this reac-

In another approach utilizing the Ns strategy, N-alkylation tion will be useful for the synthesis of a variety of
by the Mitsunobu reaction was performed (Scheme 3). The N-arylamines.
Mitsunobu reaction of the relatively less reactive Ns-anilide
(4) with N-Boc-(R)-phenylglycinol took place on heating, Acknowledgment. We thank Dr. K. Yamada and Mr.
and the subsequent deprotection of the Ns group gave theT. Kubo for their valuable discussions and some pre-
chiral g-diamine derivative §) in high yield. This method liminary experiments. This work was supported in part by
is applicable to the general synthesis of chixaaryl-1,2- the Ministry of Education, Science, Sports, and Culture,
diamines since various chiral amino alcohols are easily Japan, and PRESTO, the Japan Science and Technology
accessible by reduction ef-amino acids. Corporation.

In summary, we have developed a copper-mediated
intermolecular amination. Furthermore, Ns-anilides, which  Supporting Information Available: Experimental de-
were obtained by amination using Ns-amides, have proventails, characterization data details, synthetic procedures, and
to be particularly useful for the stepwise synthesis of characterization of products. This material is available free
functionalizedN-aryl secondary amines. Finally, we devel- of charge via the Internet at http://pubs.acs.org.
oped a synthetic protocol for unsymmetrical phenylene-
diamine derivatives. Because of the mild reaction con- OL035942Y
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