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Abstract

A facile nickel-catalyzed method to achieve the amination of synthetically useful aryl sulfamates
and carbamates is reported. Contrary to most Ni-catalyzed amination reactions, this user-friendly
approach relies on an air-stable Ni(II) precatalyst, which, when employed with a mild reducing
agent, efficiently delivers aminated products in good to excellent yields. The scope of the method
is broad with respect to both coupling partners and includes heterocyclic substrates.

Nickel-catalyzed cross-couplings of phenol-based electrophiles have received considerable
attention in recent years.1 Attractive aspects of such processes include the low cost of Ni and
the many benefits that pertain to utilizing phenol derivatives. Of the substrates widely
explored, aryl carbamates and sulfamates are particularly attractive because of their
pronounced stability and capacity to direct the installation of functional groups onto an
aromatic ring through directed ortho-metallation1,2,3 or electrophilic aromatic substitution
processes.2d Although carbon–carbon bond forming reactions using aryl sulfamates and
carbamates have been most widely studied,4,5 several reports of carbon–nitrogen bond
formation are available.6,7,8,9 Aminations of aryl sulfamates and carbamates are facile and
proceed in synthetically useful yields; however, the air-sensitivity of the nickel precatalyst
employed in all cases (i.e., Ni(cod)2

10) limits the widespread use of these C–N bond forming
processes.

We report the development of sulfamate and carbamate aminations using an inexpensive air-
stable nickel(II) precatalyst (Figure 1). When used in combination with phenylboronic acid
pinacol ester (Ph–B(pin)) as a mild reducing agent, this procedure provides an efficient and
user friendly means to achieve amination reactions across a range of aryl substrates and
amine coupling partners.

A key challenge in developing the desired amination reaction using a Ni(II) precatalyst is
the difficulty in reducing Ni(II) to Ni(0). Although Pd(II) precatalysts readily undergo in situ
reduction with amines or phosphines in Pd-catalyzed Buchwald–Hartwig couplings, the
corresponding reduction of Ni(II) is less facile. Ni-catalyzed amination methodologies that
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use Ni(II) precatalysts are only available for aryl halides, and typically use Zn, silanes, or
hydrides as reducing agents.11

We selected phenylcarbamate 1 and phenylsulfamate 2 as substrates for the desired
amination, and then surveyed Ni(II) complexes in the presence of the NHC ligand SIPr•HCl
(3)12 and various reducing agents. Key results are summarized in Table 1, where piperidine
was employed as the amine coupling partner. Reaction conditions utilizing Zn dust proved
ineffective (entries 1 and 2), while the use of triethylsilane gave either poor or modest
results (entries 3 and 4). Inspired by Suzuki–Miyaura coupling methodologies of sulfamates
and carbamates, where boronic acids serve to reduce Ni(II) to Ni(0) in situ,4 we tested the
use of Ph–B(OH)2 in the amination reaction. Gratifyingly, good to excellent yields could be
obtained (entries 5 and 6), and NiCl2(DME) complex13 was identified as the optimal Ni
precatalyst (entry 6). Although these results were promising, we found that the
corresponding coupling of sulfamate 2 gave inconsistent results (entry 7). Nonetheless, it
was observed that boronic esters could be used in place of Ph–B(OH)2 or boroxines to give
more consistent results (entries 8 and 9). By using Ph–B(pin) as reducing agent with
NiCl2(DME) as precatalyst, a 94% yield of the desired aminated product 4 was obtained.
These conditions were also found to be useful for the coupling of carbamate 1 (entry 10).

Having identified optimal reaction conditions,14 we examined the scope of aryl sulfamates
and carbamates, using morpholine as the amine coupling partner (Figure 2). Fused arenes
were tolerated, as demonstrated by the smooth formation of 5 and 6. The ability to form 7–
12 in good yields shows the methodology’s tolerance to non-fused arenes with a variety of
substituent patterns. It should also be noted that ortho-substituted substrates, which are
readily accessible by ortho-functionalization of phenyl sulfamates or carbamates,2,3

underwent the desired coupling to give 12–15. Heterocycles such as indoles and pyridines
were also tolerated, as revealed by the formation of products 16–18. In many cases,
sulfamates and carbamates perform equally well in this amination methodology.

The scope with respect to the amine coupling partner is provided in Figure 3. In addition to
morpholine, the cyclic amines piperidine and pyrrolidine underwent the desired coupling to
furnish 4 and 19. Acyclic secondary amines and anilines were also tolerated, as shown by
the formation of 20–23. Finally, amines with appended heterocycles were also tolerated,
thus giving rise to 24–25.

Given that most Ni-catalyzed amination reactions employ Ni(0) precatalysts, we tested the
generality of our optimal reaction conditions on other electrophilic substrate classes using
morpholine as the coupling partner (Table 2). Although modest results were obtained using
phenyl-t-Bu-carbonate and phenyl pivalate (entries 1 and 2), the use of phenyl tosylate was
more promising, giving a 63% yield of product (entry 3). Phenyl triflate was not a suitable
coupling partner (entry 4), and low yields were observed using iodobenzene or
bromobenzene as substrate (entries 5 and 6). On the other hand, chlorobenzene coupled
smoothly under our reaction conditions to furnish the desired aminated product in 98% yield
(entry 7).

In summary, we have developed a facile nickel-catalyzed method to achieve the amination
of synthetically useful aryl sulfamates and carbamates. Our user-friendy approach employs
NiCl2(DME) as a bench-stable Ni(II) precatalyst, in addition to the mild reducing agent Ph–
B(pin), to furnish aminated products in good to excellent yields. Given the attractive features
of aryl sulfamates and carbamates, coupled with the transformation’s broad scope, this
Ni(II)-based methodology is expected to find use in various applications that require C–N
bond construction.
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Figure 1.
Amination of aryl carbamates and sulfamates using Ni(II) precatalyst.
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Figure 2.
Amination of aryl sulfamates and carbamates using morpholine. Reaction conditions:
NiCl2(DME) (5–20 mol %), 3 (10–40 mol %), sulfamate/carbamate substrate (1 equiv),
morpholine (1.2–2.4 equiv), Ph–B(pin) (0.15–1.4 equiv), NaOtBu (1.4–3.75 equiv), 3 h.
Unless otherwise noted, yields reflect those of isolated product. aYield determined by 1H
NMR analysis with hexamethylbenzene as internal standard.
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Figure 3.
Amination of various amines. Reaction conditions: NiCl2(DME) (5–20 mol %), 3 (10–40
mol %), sulfamate/carbamate substrate (1 equiv), amine (1.2–2.4 equiv), Ph–B(pin) (0.15–
1.05 equiv), NaOtBu (1.4–3.75 equiv), 3 h. Unless otherwise noted, yields reflect those of
isolated product.
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Table 1

Optimization of amination using Ni(II) precatalysta

entry substrate Ni source reducing agent yieldb

1 1 Ni(acac)2 Zn dustc 0%

2 1 NiCl2(DME) Zn dustc 0%

3 1 Ni(acac)2 H–SiEt3c 0%

4 1 NiCl2(DME) H–SiEt3c 51%

5 1 Ni(acac)2 Ph–B(OH)2 57%

6 1 NiCl2(DME) Ph–B(OH)2 98%

7 2 NiCl2(DME) Ph–B(OH)2 variable

8 2 NiCl2(DME) (Ph–BO)3 58%

9 2 NiCl2(DME) Ph–B(pin) 94%

10 1 NiCl2(DME) Ph–B(pin) 92%

a
Conditions: Ni(II) complex (5 mol %), 3 (10 mol %), sulfamate/carbamate substrate (1 equiv), piperidine (1.2 equiv), reducing agent (0.55 equiv),

NaOtBu (1.85 equiv), hexamethylbenzene (0.1 equiv), 3 h.

b
Yield determined by 1H NMR analysis of the crude reaction mixtures using hexamethylbenzene as an internal standard.

c
Reducing agent (0.8 equiv) and NaOtBu (1.4 equiv).
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Table 2

Survey of Halide and Pseudohalide Substratesa

entry X yieldb

1 OCO2tBu 15%

2 OPiv 44%

3 OTs 63%

4 OTf 4%

5 I 25%

6 Br 33%

7 Cl 98%

a
Conditions: NiCl2(DME) (5 mol %), 3 (10 mol %), substrate (1 equiv), morpholine (1.8 equiv), Ph–B(pin) (0.35 equiv), NaOtBu (2.25 equiv),

hexamethylbenzene (0.1 equiv), 3 h.

b
Yield determined by 1H NMR analysis with hexamethylbenzene as internal standard.
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