ORGANIC
LETTERS

Mild Method for Ullmann Coupling 2003

. . . Vol. 5, No. 14
Reaction of Amines and Aryl Halides 2453-2455

Dawei Ma,*! Qian Cai," and Hui Zhang*

State Key Laboratory of Bioorganic and Natural Products Chemistry,
Shanghai Institute of Organic Chemistry, 354 Fenglin Lu, Shanghai 200032, China,
and Department of Chemistry, Fudan Waisity, Shanghai 200433, China

madw@pub.sioc.ac.cn

Received April 18, 2003

ABSTRACT

X R‘N R’

A R Cul/K,CO3/DMSO N
Y—b + HN - - i
= . L-proline or N-methyl glycine Y —— P
40-90 °C

R

X =1, Br; Ror R =H, alkyl, aryl

Ullmann-type aryl amination of aryl iodides and aryl bromides in DMSO at 40-90 °C gave the corresponding N-arylamines or N,N-diarylamines
in good to excellent yields by using either N-methylglycine or L-proline as the ligand.

Since it was discovered 100 years addllmann-type aryl We have found that the structurescefands-amino acids
amination has witnessed a number of industrial-scale ap-could induce acceleration of Ullmann-type aryl amination,
plications because its products are important in the pharma-which led to the coupling reaction of aryl halides withor
ceutical and materials worfiThe synthetic scope of this $-amino acids at relatively low temperatufeSoon after
reaction, however, is greatly limited by its high reaction these reports, Buchwald reported that using ethylene glycol
temperaturé. This shortcoming stimulated considerable as the ligand afforded the Cul-catalyzed coupling of alkyl-
efforts to develop Pd-catalyzed aryl amination methodofogy. amines and aryl iodides at 8C.52Prior to that, other milder
Some exciting achievements have already appeared in thisJlimann-type methodologies for N-arylation of several
field. For instance, the aryl amination of either aryl iodides nitrogen-containing substrates based on employing several
or aryl bromides can be carried out at room temperature if specific ligands were disclosed by the same groiery
certain phosphines are used as the liganttowever, recently, they also reported that Ullmann-type aryl amination
industrial employment of this methodology is limited in many of aryl bromide was carried out at 9C using diethylsali-
cases due to the air and moisture sensitivity, as well as thecylamide as the liganét Stimulated by these results, we

higher costs of Pd and the relative ligands. realized that the amino acids might be suitable ligands for
promoting the typical Ullmann-type aryl amination. Thus, a
 Shanghai Institute of Organic Chemistry. competitive experiment in which 1 equiv of benzylamine
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and 1 equiv ofL-valine were reacted with 1 equiv of

under the Catalysis of Cul and Amino Acfds
Culfligand, K,CO3

iodobenzene (Scheme 1) was undertaken and it was foundrapie 2. Coupling Reaction of Aryl Halides with Benzylamine

ArX + BnNH, DMSO ArNHBn
Scheme 1
NH entry ArX ligand® temp. time yield
I 2 () (h) (%)°
© I 10 mol% Cul, K,CO, 1 |©—| A 40 13 82
+ +
DMSO, 60 °C
N COH 2 A 40 12 9
leq 1eq 1eq Q'
CO,H
3 A 40 23 80
NHBn HN” ~CO,H QI
+ O,N
4 C A 40 13 64°
Me |
33% 67%
5 D A 40 13 64
MeO |
that, in this case, not onli{-phenyl valine (67% yield) but 6 Me@| A 60 20 66
alsoN-benzyl aniline (33% yield) were isolated. This result
o . . ) B 60 16 85
clearly indicated that the-amino acid had an accelerating Me@l
effect on the coupling of iodobenzene and benzylamine. 8 B 60 13 84
Encouraged by this result, we examined several amino Meo‘@"
acids as the ligands using the coupling reaction of iodoben- 9 | C | B 60 14 89
zene and benzylamine as a model. It is obvious that some
amino acids could couple with iodobenzene during the 10 Br©—| B 60 12 &
reaction, thereby reducing the activity of the catalytic system.
We decided to solve this problem by choosing some less " Q. B 60 14 80
reactive N-substituted or N,N-disubstituted amino acids as
our ligands. To compare the efficacy of each ligand, the 12 F A 40 11 53
reaction was carried out at £4C and quenched after 12 h. Ph@Bf
13 B 70 20 82
| e
Table 1. Coupling Reaction of lodobenzene with Benzylamine 14 CIOBr B 70 20 6
under the Catalysis of Cul and Amino Acids
Entry Amino acid Yield of N-benzyl aniine 15 phO_Br B 70 28 68
(%)
A~ T
! MeHN™ "COH 2 a8 Reaction conditions: Cul (0.5 mmol), amino acid (1 mmol), aryl iodide
2 MeoN /\002H 68 (5 mmol), benzylamine (7.5 Tmol), DMSO (3 mIYA: N-methylglycine.
B: L-proline.¢Isolated yield.? N-(4-Methylphenyl)N-methylglycine was
3 BnHN " ~CO,H 62 isolated in about 5% yield.
4 BnoN” > CO,H 52
5 MeHN~~C02H 63
6 ~_COH 55 The conversion for each reaction was examined through its
. MezN COH 57 isolated yield of the corresponding arylamine. As shown in
BHN "2 Table 1, it was found that all amino acids we chose could
8 COLH 46 prompt the coupling reaction at this condition. Tde@mino
ﬂ acids gave better conversion in comparison withtanino
9° MeHN"">CO,H 56' acids (compare entries 1 and 5, as well as entries 2 and 6),
109 MeHN" CO,H 72 while the N-substituted amino acids were superior to the
11° MeHN"~COH 879 N,N-disubstituted amino acids (compare entries 1 and 2, as
2

a2 Reaction conditions:

Cul (0.5 mmol), amino acid (0.5 mmol),
iodobenzene (5 mmol), benzylamine (5 mmol), DMSO (3 mL);,@012

h. b Isolated yield.c Cul (0.25 mmol), amino acid (0.25 mmoR Cul (0.25
mmol), amino acid (0.5 mmol}f Cul (0.5 mmol), amino acid (1 mmol).
fLess than 3%N-phenylN-methylglycine was observeélLess than 5%
N-phenylN-methylglycine was observed.
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well as entries 5 and 6). Usingrmethylglycine as the ligand,
we found that the best ratio between Cul and the ligand was
1:2 (compare entries 1 and 11, as well as entries 9 and 10).
In the case of using 10 mmol % Cul and 20 mol %
N-methylglycine, the reaction was near completion and gave
N-benzyl aniline in excellent yield (entry 11). Although
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Table 3. Coupling Reaction of Aryl Halides with Amines
under the Catalysis of Cul andProline®

| R“N’Rl
R 0, 0, H
Y—:\ + HN 10 mol% Cul, 20 mol% L-proline N
= ‘R' K2003/DMSO Y_./
1 2 3
1a:Y=H;1b: Y =4-MeO; 1c: Y =1 Z
—Ph
HoNT "N HNTN N HQN/_
2a 2b 2c 2d
HN/_\O
SN arrazr
2e 2f 2g 2h
entry 2 product temp. time yiekg
() hy (%)
1 2a @_N 60 14 87
e
3a
2 2b @_N/\/ 60 14 80
H 3p
3 2c @N 60 14 70
3cH
4 2d H 60 18 75
O 0
H
3d
5 2 QN/_\O 80 26 73
-/
3e
6 2f @7"( > 80 26 61
3f
7 2g @N@ 90 27 66
3gH
8 2h @ O 90 36 82
N OMe
H3n
9 2a @_ 60 24 79
MeO N
)
3i
10 2c Meo_@_NO 80 26 80
H
3j
11  2h HN_@_OMe 90 27 81
Az
MeO
12 2a | () N 60 9 86
H

3m

aReaction conditions: Cul (0.5 mmol);proline(1 mmol), aryl iodide

(5 mmol), amine (7.5 mmol), DMSO (3 mL). Amineta for entries 18,
1b for entries 9-11, andic for entry 12.P Isolated yield.

L-proline appeared to be less effective tismethylglycine

many cases described later because it was found to be less
reactive toward coupling with aryl halides th&hmethyl-
glycine.

For aryl iodides bearing an electron-withdrawing group,
N-methylglycine was also a good ligand that led to complete
the reaction even at 4@ (Table 2, entries-13). However,
for aryl iodides carrying an electron-donating group, the
conversion was not satisfactory even at 8D using N-
methylglycine (entries 46). We reasoned that this problem
might result from the coupling df-methylglycine with aryl
iodides that consumed the ligand (entry 4). Indeed, when
proline (less reactive) was used as the ligand, good yields
were observed for both electron-rich and electron-deficient
aryl iodides at 60C (entries 711). Similarly, aryl bromide
gave only moderate yields under the action of Cul and
N-methylglycine at 40C (entry 12), while good yields were
obtained by switching the ligand to proline and carrying out
the reaction at higher temperature (entries-18).

Using L-proline as the ligand, we tested the coupling
reaction using a number of aryl iodides and amines. The
results are summarized in Table 3. It was found that all
primary amines worked well, affording the corresponding
coupling product in good yields (entries-4, 9, 10, and 12),
while secondary amines gave slightly lower yields (entries
5 and 6). Furthermore, the present catalytic system also
worked well for the coupling of arylamines with aryl iodides
even at 90C, leading to diarylamines (entries 7, 8, and 11).

In conclusion, we have discovered a new catalytic system
to make Ullmann-type aryl amination work at the lowest
temperature reported to date. The key was using a suitable
amino acid as the ligand. Although in some cases the
complete conversion was restricted by coupling of the ligands
with aryl halides, the lower reaction temperature used here
and the convenient availability of the ligands are still
attractive for arylamine preparation in many ca%es.
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