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A variety of aryl and heteroaryl bromides were cross-coupled
with ammonia in good to high yields in the presence of a copper-
NHC catalyst.

Ammonia (NH3) is an inexpensive commodity chemical that is
manufactured world-wide on a multi-ton basis annually.'
Consequently, it would be highly desirable for downstream
amines to be directly synthesized from NHj;. In particular,
aromatic amines are highly useful and valuable compounds
that have numerous applications in the pharmaceutical, agro-
chemical and polymer industries.> Thus, any new method-
ology that could allow for rapid access to a variety of aromatic
amines from simple precursors would be an attractive develop-
ment.

During the course of an ongoing program into carbon—
nitrogen bond formations,> we observed a cross-coupling
between an aryl bromide (1) and NHj3 in the presence of
copper complex 2, which had been introduced into the reac-
tion to accomplish an unrelated transformation (eqn (1)).
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Cu salts and complexes have been extensively utilized as
catalysts for the cross-coupling reaction between aryl halides
and 1°/2° amines (the Ullmann condensation).* In contrast,
scant attention has been applied to their use in similar cross-
couplings with ammonia.® As such, we sought to expand on
the initial discovery shown in eqn (1) to develop a new Cu-
based catalyst for the cross-coupling of aryl halides and
ammonia. Cu-N-heterocyclic carbene (Cu-NHC) complexes
have previously been demonstrated to be efficient catalysts for
a range of other organic transformations.”” In addition, it
should be noted that unrelated Pd-based catalysts are also
effective for the reaction shown in eqn (1).'%!!
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We initiated optimization studies by studying the reaction
between 4-bromoanisole (1a) and ammonia in the presence of
several Cu-NHC complexes (2) (Table 1).'> A variety of other
parameters were varied including the catalyst loading, stoi-
chiometry, base, solvent, temperature and reaction time, the
full details of which are included in the electronic supplemen-
tary information (ESIf). The results from Table 1 show that
both Cu-NHC complexes 2a (see Fig. 1 for X-ray struc-
ture'>!%) and 2b were the catalysts of choice (entries 1, 3),
although a minimum of 5 mol% of the catalyst was required in
order to achieve satisfactory isolated yield of the product
(entry 2). In addition, a 1 : 1 mixture of MeOH/NMP (entries
1, 7, 8) and K,CO; were determined to be optimal solvent and
base respectively (see ESIt), while elevated reaction tempera-
tures (entries 1, 5, 6) and an excess of ammonia (see ESIt) were
also crucial for a successful outcome.'

We next sought to investigate the substrate scope of the Cu-
NHC catalyzed cross-coupling by examining aryl bromides
under the following optimized reaction conditions: 1 (0.2 M)
in MeOH/NMP (1 : 1) saturated with NH;, 2a (5 mol%),
K,COj5 (2 equiv), 90 °C, 24 h (Table 2). The results indicate
that electron-rich aromatic substrates (entries 1-3) generally

Table 1 Optimization studies on the cross-coupling of 4-bromoani-
sole (1a) and ammonia in the presence of Cu-NHC catalysts (2)

2a: Ar = 2,6-diisopropylphenyl,

Ar' = mesityl
2b: Ar = Ar' = 2,6-diisoproylphenyl
2¢: Ar = mesityl

Ar"N N"“Ar'
NH
B 2 o, (cat) 2
|
Cl
NHj; (excess)
KsCOg3 (2 equiv)
OMe solvent, A, 24 h OMe
1a 3a
2 Temperature/ Yield of
Entry Cu-NHC (mol%) °C Solvent? 3a (%)’
1 2a 5 90 MeOH/NMP 79
2 2a 1 90 MeOH/NMP 24
3 2a 0 90 MeOH/NMP 0
4 2b S 90 MeOH/NMP 79
5 2c 5 90 MeOH/NMP 63
6 2a 5 20 MeOH/NMP <5
7 2a 5 40 MeOH/NMP 19
8 2a 5 90 MeOH 66
9 2a 5 90 NMP 60
“MeOH/NMP = 1 : | mixture of NMP/MeOH; 0.2 M in 1a.

b Isolated yield (average of two runs).
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Fig. 1 X-Ray crystal structure of 2a.'*

reacted more sluggishly and afforded the aniline derivative 3 in
lower yields. In contrast, excellent yields of 3 were obtained
when the more reactive electron deficient aryl bromides
(entries 7-12) were utilized in the aforementioned reaction. The
reaction conditions were also tolerant of functional groups
such as the nitro (entry 10), cyano (entry 11), trifluoromethyl
(entry 12), amide (entries 3, 9) and ketone (entries 7, 8). A
significant limitation of the current methodology is that
sterically hindered aryl bromides 1 consistently afforded very
low isolated yields of 3 (entry 13). It should also be noted that
aryl chlorides did not react under the standard conditions as
highlighted by the reaction shown in eqn (2).

Br NH,

2a (5 mol%)

NH; (excess) (2)
K>CO3 (2 equiv)
Cl MeOH/NMP, 90 °C, 24 h Cl
72%
1in 3n

We did manage to further expand the substrate scope of the
methodology to include heteroaromatic bromides as listed in
Table 3.§ The data show that thiophene (entries 1, 2), quino-
line (entry 3), and benzothioazole (entry 4) bromides success-
fully reacted to afford the corresponding primary amine 3 in
good to high yields.

Table 2 Cu-NHC catalyzed cross-coupling of aryl bromides and
ammonia

2a (5 mol%)

Ar—Br Ar—NH,
NH; (excess)
K>COs3 (2 equiv) 3
MeOH/NMP, 90 °C, 24 h
Entry Ar Yield (%)¢
1 4-MeOC¢Hy (1a) 79 (3a)
2 2,4-(MeO),C¢H3 (1b) 66 (3b)
3 2-CH3;C(O)NHC4H4 (1¢) 73 (3¢)
4 2-MeCgHy (1d) 80 (3d)
5 2-PhC¢Hy (1e) 81 (3e)
6 2-Naphthyl (1f) 75 (3f)
7 4-CH;C(O)C¢H4 (1g) 97 (3g)
8 2-CH;C(O)CgHy (1h) 92 (3h)
9 4-H,NC(O)CgHy4 (1i) 93 (3i)
10 3-NO,Ce¢Hy (1)) 91 (3))
11 4-CNCgHy4 (1K) 93 (3k)
12 4-CF;CgH4 (11) 95 (3
13 2,6-(CH3),C¢H3 (1m) 7 (3m)”

“ Isolated yield (average of two runs). > Run at 120 °C for 48 h
(10 mmol scale).

Table 3 Cross-coupling of heteroaryl bromides and ammonia cata-
lyzed by Cu-NHC catalyst 2a

2a (5 mol%)
R—Br

R—NH,
NHj5 (excess)
1 K,COj3 (2 equiv) 3
MeOH/NMP, 90 °C, 24 h

Entry R Yield (%)¢
1 88 (30)
-
S
(10)
2 84 (3p)
! \§
S
(1p)
3 80 (3q)
AN
Ly
N
(1q)
4 . 73 (3r)
Cro-
N
(Ir)

“ Isolated yield (average of two runs).

In conclusion, we have demonstrated that copper-/N-hetero-
cyclic carbene complexes are effective catalysts for the cross-
coupling reaction between aryl and heteroaryl bromides and
ammonia. The resulting aromatic primary amines were ob-
tained in good to excellent yields. The substrate scope of the
methodology is broad and a variety of functional groups are
tolerated. The low cost of ammonia makes the current meth-
odology an attractive addition to the repertoire of strategies
for the synthesis of aniline derivatives.

Funding from NSERC of Canada and Kanata Chemical
Technologies is gratefully acknowledged.

Notes and references

§ General experimental procedure for the cross-coupling of aryl and
heteroaryl bromides with ammonia in the presence of Cu-NHC
catalyst (2a): CAUTION: The procedure described below is conducted
in closed reaction apparatus that is under pressure. The reaction
apparatus should be placed behind a blast shield in a well-ventilated

Sfume hood.

To a solution of MeOH/NMP (1 : 1,4 mL) saturated with ammonia in
a Parr®™ reactor that was previously purged with argon was added the
aryl/heteroaryl bromide (1 mmol) and K,CO; (276 mg,
2.00 mmol). A solution of the Cu-NHC catalyst 2a (22.5 mg, 0.05 mmol)
in MeOH/NMP (1 : 1, 1 mL) was subsequently added. The Parr®
reactor was connected to a cylinder of ammonia, purged extensively
with ammonia, and heated to 90 °C for 24 h while still connected to the
ammonia cylinder. The ultimate pressure generated in the reactor was
ca. 100 psi. The Parr®™ reactor was then cooled to rt and immersed in a
dry-ice acetone bath. The ammonia cylinder was disconnected from
the reactor and excess ammonia was carefully vented into the fume
hood while the reactor was allowed to warm to rt. The contents of the
bomb were transferred to a round bottom flask and all volatiles were
removed in vacuo. The residue was then chromatographed on silica gel
(hexanes/EtOAc, 0.5% Et3N) to afford primary aromatic amine 3.
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Control experiments (omission of catalyst 2a under otherwise
identical conditions) were performed for all the substrates exam-
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Crystal data, 2a: CoyH3CyCuN,, M = 447.51, triclinic, space
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Z =2,T = 2232) K, u(Mo-Ko) = 1.05 mm™"', 13374 reflections
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The ultimate pressure generated in the Parr®™ reactor was ca.
100 psi.
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