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ABSTRACT: 2-(Alkylamino)benzonitriles were synthesized
via a rhodium-catalyzed cyanation on the aryl C−H bond and
subsequent denitrosation of N-nitrosoarylamines using a
removable nitroso as the directing group, in which N-cyano-
N-phenyl-p-methylbenzenesulfonamide (NCTS) was used as
the “CN” source. Various substituents on the aryl ring and amino group of N-nitrosoarylamines tolerated the reaction, and the
corresponding products were achieved in moderate to good yields.

Benzonitriles are versatile and important structural motifs in
organic synthesis as well as in agrochemicals, pharmaceut-

icals, and natural products.1 For example, 2-aminobenzonitrile
derivatives have favorable anti-inflammatory effects.2 Cyano
group can be converted into a variety of useful functional
groups, such as carboxyl, carbamoyl, aminomethyl, carbonyl,
and heterocycles.3 The transition-metal-catalyzed cleavage of
C−CN bond can also form various other important chemical
bonds.4 Thus, efficient and selective synthesis of benzonitriles is
highly desirable in both organic and medicinal chemistry. There
are numerous ways to be developed for the preparation of
benzonitriles, e.g., by the Rosenmund−von Braun reaction
from aryl halides5 or by the diazotization of anilines and a
subsequent Sandmeyer reaction.6 In recent years, transition-
metal-catalyzed cyanation of aryl halides provided an effective
approach for the synthesis of these compounds.3b,7 Signifi-
cantly, in past decade, the direct C−CN bond formation via
transition-metal-catalyzed C−H bond activation brought about
a new insight, which provided a straightforward and economical
sequences to prepare benzonitriles from nonprehalogenated
arenes. By using nitromethane, K3[Fe(CN)6], DMF, CuCN,
AIBN, N-cyanosuccinimide, and N-cyano-N-phenyl-p-methyl-
benzenesulfonamide (NCTS) as the “CN” source, a series of
regioselective cyanation of aromatic or alkenyl C(sp2)−H bond
was developed, in which pyridyl,8 carbamyl,9 azo,10 O-methyl
oxime11 were employed as the directing groups. Other reports
referred to transition-metal-catalyzed cyanation of activated
arenes and heteroarenes without coordinating directing
groups.12 Considering the importance of the benzonitrile
derivatives in many fields, putting the direct cyanation strategy
into more kinds of arene derivatives is still an urgent need and a
challenge. Because of the moderate coordination effect of
nitroso to transition metals,13 the application of this group as a
favorable directing group to carry out the functionalization of
inert C−H bond has aroused much attention.14 In our previous

works, a palladium-catalyzed direct ortho-alkoxylation of N-
alkyl-N-nitrosoarylamines was developed, and a series of o-
alkoxy-N-alkylanilines were finally obtained.15 In continuation
of our longstanding interest in the directed C−H functionaliza-
tion, herein we want to describe a RhIII-catalyzed ortho-C(sp2)−
H bond cyanation of N-alkyl-N-nitrosoarylamines directed by
nitroso group to form 2-(alkylamino)benzonitriles.
An easily accessible and user-friendly reagent NCTS was

selected as the “CN” source in our investigations. We initially
studied the cyanation conditions by employing N-methyl-N-
phenylnitrous amide (1a) as the reactant (Table 1). Without
catalyst, the reaction could not take place at all (entry 1). Thus,
a series of transition-metal catalysts, such as palladium,
ruthenium, and rhodium, were tested. Unfortunately, they did
not show catalytic activity to this transformation (entries 2−4).
However, to our delight, in the presence of [RhCp*Cl2]2
combined with an additive AgSbF6, the cyanation took place
successfully. Surprisingly, the denitrosation occurred at the
same time, and the product 2-(methylamino)benzonitrile (2a)
was obtained in 54% yield (entry 5). Subsequently, we
agreeably found out that the presence of 2 equiv water
promoted the reaction efficiently and improved the yield to
77% (entry 6). Nevertheless, when 10 equiv water was added, a
lower yield of 35% was obtained. Furthermore, some acids or
bases could completely inhibit the reaction (entries 8−11).
Solvent was then screened. In trifluorotoluene, the reaction also
proceeded smoothly and gave a good yield as that in acetone
(entries 6, 12). In toluene, however, only a lower yield of 22%
was obtained (entry 13). If the reaction was carried out in
DMF, acetonitrile, dioxane, or DCE, almost no desired product
was found (entries 14−17). Considering economic reasons, in
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our following research, acetone was used as the solvent. The
appropriate reaction temperature was 120 °C. A lower
temperature of 100 °C brought a measurable decrease of the
yield (entry 18).
With the optimized reaction conditions in hand, we then

explored the substrate scope of this cyanation and subsequent
denitrosation reaction. The results are summarized in Table 2.
N-Alkyl-N-nitrosophenylamines with several different alkyls
substituted on amino group were first examined. For N-methyl,
ethyl, propyl, and isopropyl-substituted derivatives, the reaction
proceeded smoothly and afforded the cyanated products in
good yields (2a−2d). Larger alkyl such as butyl, isobutyl, or
cyclohexyl on amino group affected the reaction and led to the
decrease of the yields (2e−2g), which was obviously due to the
steric hindrance of these groups. Specially, N-aromatic group
seemed unfavorable to this process. For these cases, the
products with lower yields were obtained, and the cyanation
strictly occurred on the electron-rich side (2h−2j).
N-Alkyl-N-nitrosoarylamines with a series of substituent

groups on benzene ring were then employed for this cyanation/
denitrosation reaction. The electron-donating groups seemed

favorable for this transformation. For the substrates with alkyl,
aryl, as well as alkoxy, the reaction gave the corresponding
cyanated and denitrosated products in good yields (2k−2r). It
is interesting that for most of the reactants with a meta-
substituent, the cyanation selectively took place on the side
with smaller steric hindrance (2l, 2p, 2t, 2y). But when the m-
methoxy-substituted substrate N-propyl-N-nitroso-3-methoxya-
niline was used, a mixture of 2r and 2r′ was obtained with a
ratio of 2.3/1, and the exact reason was not clear. The electron-
withdrawing groups such as chloro, bromo, and ester were also
tolerated in this process, and the reaction afforded the desired
products in moderate yields (2t−2w). However, the fluor-
substituted substrate only gave a yield of 22% (2s). The
presence of the strong electron-withdrawing group nitro
restrained the reaction evidently, and only a trace product
was found (2x). From the disubstituted arylamine derivative
N,4-dimethyl-3-(trifluoromethyl)aniline, a yield of 38% was
obtained (2y).
Dissolving the cyanated product 2-(methylamino)-

benzonitrile (2a) in methol, in the presence of H2SO4, 2a
could be transformed into methyl 2-(methylamino)benzoate
(3a) after heating the mixture for 24 h. And also, 2a could be
conveniently reduced to 2-(aminomethyl)-N-methylaniline
(4a) by LiAlH4 (Scheme 1). Both 3a and 4a are important
compounds in pharmaceutical synthesis.16

The isotope effect was investigated by using an equimolar
mixture of N-methyl-N-phenylnitrous amide (1a) and N-
methyl-N-(phenyl-d5)nitrous amide (1a-d5) to produce the
reaction (Scheme 2, eq a). From this reaction system, a mixture
of 2a and 2a-d4 was obtained with a ratio of 3.1 after a reaction
time of 3 h, which indicated that the rhodium-catalyzed C−H
bond cleavage of benzene ring might occur in the rate-
determining step. And also, when N-methyl-N-(phenyl-d5)-
nitrous amide (1a-d5) was used as the reactant, in the absence
of NCTS, about 16% of ortho-deuterium in 1a-d5 was
substituted by hydrogen under the standard reaction conditions
(Scheme 2, eq b). This result showed that the ortho-C(sp2)−H
bond activation was a reversible process.
Based on our present experimental results and the related

reports,8f,10,11,14a we proposed a possible mechanism for this
direct cyanation of the aryl C−H bond and denitrosation
reaction (Scheme 3). First, treatment of [RhCp*Cl2]2 with
AgSbF6 generated the active cationic rhodium(III) species A,
which reacted with N-alkyl-N-phenylnitrous amide (1) to afford
the cyclic rhodium species B. Then insertion of the CN group
of NCTS into the C−Rh bond of B occurred and provided
intermediate C. The electron-deficient nitrogen atom of nitroso
in the intermediate C was attacked by a nucleophile H2O, the
N−N bond in the intermediate C was cleaved, a new
intermediate D was formed, and the nitrous acid was released
as well. Finally, the rearrangement of D led to the producing of
cyanated product (2) along with the regeneration of active
rhodium species A to carry on the next catalytic cycle. 4-
Methyl-N-phenylbenzenesulfonamide was also separated from
the reaction mixture.
In summary, we have successfully developed an efficient and

mild rhodium-catalyzed cyanation/denitrosation of N-nitro-
soarylamines, using a removable nitroso as the directing group,
to obtain 2-(alkylamino)benzonitriles. A range of correspond-
ing products were synthesized by this strategy with moderate to
good yields. Various active functional groups were compatible
in this catalytic system. The result presented here should be of

Table 1. Optimization of Reaction Conditionsa

entry catalyst (mol %) additive (equiv) solvent
yield
(%)

1 − − acetone 0
2 Pd(OAc)2 (5) − acetone 0
3 [RuCl2(p-

cymene)]2 (2.5)
− acetone 0

4 [RhCp*Cl2]2
(2.5)

− acetone 0

5 [RhCp*Cl2]2
(2.5)

AgSbF6 (0.15) acetone 54

6 [RhCp*Cl2]2
(2.5)

AgSbF6 (0.15)/
H2O (2)

acetone 77

7 [RhCp*Cl2]2
(2.5)

AgSbF6 (0.15)/
H2O (10)

acetone 35

8 [RhCp*Cl2]2
(2.5)

AgSbF6 (0.15)/
PivOH (2)

acetone 0

9 [RhCp*Cl2]2
(2.5)

AgSbF6 (0.15)/
AcOH (2)

acetone 0

10 [RhCp*Cl2]2
(2.5)

AgSbF6 (0.15)/
PivONa (2)

acetone 0

11 [RhCp*Cl2]2
(2.5)

AgSbF6 (0.15)/
NaOAc (2)

acetone 0

12 [RhCp*Cl2]2
(2.5)

AgSbF6 (0.15)/
H2O (2)

trifluorotoluene 79

13 [RhCp*Cl2]2
(2.5)

AgSbF6 (0.15)/
H2O (2)

toluene 22

14 [RhCp*Cl2]2
(2.5)

AgSbF6 (0.15)/
H2O (2)

CH3CN trace

15 [RhCp*Cl2]2
(2.5)

AgSbF6 (0.15)/
H2O (2)

dioxane 0

16 [RhCp*Cl2]2
(2.5)

AgSbF6 (0.15)/
H2O (2)

DMF 0

17 [RhCp*Cl2]2
(2.5)

AgSbF6 (0.15)/
H2O (2)

DCE 0

18b [RhCp*Cl2]2
(2.5)

AgSbF6 (0.15)/
H2O (2)

acetone 62

a1a (0.3 mmol), NCTS (1.5 equiv), catalyst, AgSbF6 (15 mol %),
additive, and solvent (2 mL) at 120 °C under N2 atmosphere for 24 h.
All yields are isolated ones. bAt 100 °C.
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considerable interest for constructing valuable synthetic
building blocks in organic synthesis.

■ EXPERIMENTAL SECTION
General. All reactions were run in a sealed tube with a Teflon-lined

cap under nitrogen atmosphere. N-Alkyl-N-nitrosoarylamines were
prepared according to the literature;17 other reagents were
commercially available and were used without purification. NMR

spectra were recorded at 400 MHz (1H) and 100 MHz (13C) using
TMS as an internal standard. Chemical shifts are given relative to
CDCl3 (7.28 ppm for 1H NMR, 77.16 ppm for 13C NMR). The
following abbreviations were used to explain the multiplicities: s =
singlet, d = doublet, dd = doublet of doublet, t = triplet, q = quartet, m
= multiplet, brs = broad, dt = doublet of triplet, ddd = doublet of
doublet of doublet, td = triplet of doublet, dq = doublet of quartet,
dhept = doublet of heptet, tdt = triplet of doublet of triplet, sepd =

Table 2. Cyanation and Subsequent Denitrosation of N-Nitroso Arylaminesa

aThe reaction was carried out with 1 (0.3 mmol), NCTS (1.5 equiv), [RhCp*Cl2]2 (2.5 mol %), AgSbF6 (15 mol %), and H2O (2.0 equiv) in
acetone (2 mL) at 120 °C under N2 atmosphere for 24 h. All yields are isolated ones.
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septet of doublet, sept = septet of triplet. Melting points are
uncorrected. For the HRMS measurements, Q-TOF was used.
General Procedures for the Rhodium-Catalyzed Cyanation

and Subsequent Denitrosation of N-nitroso arylamines. N-
Alkyl-N-nitrosoarylamine (0.3 mmol), NCTS (122 mg, 0.45 mmol),
[RhCp*Cl2]2 (4.6 mg, 2.5 mol %), AgSbF6 (15.5 mg, 15 mol %), H2O
(0.01 mL, 2.0 equiv), and acetone (2 mL) were added in a 25 mL
sealed tube with a Teflon-lined cap. The mixture was stirred at 120 °C
(oil bath temperature) under N2 for 24 h. After the reaction finished,
the mixture was cooled to room temperature, diluted with dichloro-
methane, then washed with water, and dried. The solution was

concentrated by vacuum and separated in a silica gel column using
hexane/EtOAc (10:1, v/v) as eluent to give the corresponding pure 2-
(alkylamino)benzonitrile products. For the solid products, the melting
points were obtained after further recrystallization from hexane.

Preparation of Methyl 2-(methylamino)benzoate (3a). To a
solution of 2-(methylamino)benzonitrile (2a, 66.1 mg, 0.5 mmol) in
MeOH (4 mL) in a sealed tube was added H2O (4 drops) and H2SO4
(conc., 1.5 mL). The reaction mixture was heated at 90 °C for 24 h.
After cooling to room temperature, the reaction mixture was slowly
quenched with saturated aqueous NaHCO3 to pH 8 and extracted
with DCM (10 mL × 3). The combined organic phases were washed
with brine (15 mL), dried over anhydrous Na2SO4, and concentrated
in vacuo. The residue was purified by silica gel chromatography using
hexane/ethyl acetate eluent (8:1) to afford the pure product 3a.

Preparation of 2-(Aminomethyl)-N-methylaniline (4a). To a
solution of 2-(methylamino)benzonitrile (2a, 66.1 mg, 0.5 mmol) in
dry THF (2.5 mL) was added lithium aluminum hydride (56.9 mg, 1.5
mmol) under ice-cooling in an argon gas atmosphere. The solution
was then heated and refluxed with stirring for 8 h. After cooling to
room temperature, the reaction mixture was quenched with water until
foaming ceased and diluted with DCM. Thereafter, the insolubles were
filtered off, and the filtrate was concentrated to give 2-(aminomethyl)-
N-methylaniline (4a).

2-(Methylamino)benzonitrile (2a).18 Brown solid (30.5 mg, 77%
yield). Mp: 69−70 °C. 1H NMR (400 MHz, CDCl3) δ 7.46−7.36 (m,
2H), 6.72−6.63 (m, 2H), 4.68 (brs, 1H), 2.93 (d, J = 2.7 Hz, 3H); 13C
NMR (100 MHz, CDCl3) δ 151.2, 134.3, 132.6, 118.0, 116.3, 110.1,
95.5, 30.0.

2-(Ethylamino)benzonitrile (2b).19 Brown oil (34.6 mg, 79%
yield). 1H NMR (400 MHz, CDCl3) δ 7.43−7.36 (m, 2H), 6.71−
6.64 (m, 2H), 4.49 (brs, 1H), 3.26 (q, J = 7.1 Hz, 2H), 1.33 (t, J = 7.2
Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 150.3, 134.3, 132.7, 118.0,
116.3, 110.5, 95.5, 37.9, 14.5.

2-(Propylamino)benzonitrile (2c).20 Yellow oil (38.4 mg, 80%
yield). 1H NMR (400 MHz, CDCl3) δ 7.42−7.36 (m, 2H), 6.70−6.64
(m, 2H), 4.57 (brs, 1H), 3.19 (td, J = 10.8, 7.1 Hz, 2H), 1.76−1.65
(m, 2H), 1.04 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ
150.4, 134.2, 132.7, 118.0, 116.2, 110.6, 95.5, 45.1, 22.4, 11.5.

2-(Isopropylamino)benzonitrile (2d).21 Yellow oil (33.6 mg, 70%
yield). 1H NMR (400 MHz, CDCl3) δ 7.42−7.35 (m, 2H), 6.71−6.62
(m, 2H), 4.38 (brs, 1H), 3.74 (sepd, J = 12.6, 6.4 Hz, 1H), 1.29 (d, J =
6.3 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 149.5, 134.2, 132.9,
118.1, 116.0, 111.0, 95.6, 44.1, 22.7.

2-(Butylamino)benzonitrile (2e). Yellow oil (32.9 mg, 63% yield).
1H NMR (400 MHz, CDCl3) δ 7.47−7.35 (m, 2H), 6.75−6.61 (m,
2H), 4.54 (brs, 1H), 3.21 (t, J = 7.1 Hz, 2H), 1.75−1.58 (m, 2H), 1.47
(qt, J = 14.5, 7.3 Hz, 2H), 0.99 (t, J = 7.3 Hz, 3H); 13C NMR (100
MHz, CDCl3) δ 150.4, 134.2, 132.7, 118.0, 116.2, 110.5, 95.4, 43.0,
31.2, 20.2, 13.8; HRMS-ESI (m/z): calcd for C11H14N2Na [M + Na]+

197.1050, found 197.1055.
2-(Isobutylamino)benzonitrile (2f).22 Yellow oil (30.8 mg, 59%

yield). 1H NMR (400 MHz, CDCl3) δ 7.44−7.34 (m, 2H), 6.71−6.61
(m, 2H), 4.64 (brs, 1H), 3.03 (d, J = 6.8 Hz, 2H), 1.95 (sept, J = 13.4,
6.7 Hz, 1H), 1.03 (d, J = 6.7 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ
150.5, 134.2, 132.7, 118.0, 116.2, 110.6, 95.5, 51.0, 28.0, 20.3.

2-(Cyclohexylamino)benzonitrile (2g).23 Yellow oil (25.2 mg, 42%
yield). 1H NMR (400 MHz, CDCl3) δ 7.35 (dd, J = 12.4, 4.6 Hz, 2H),
6.74−6.58 (m, 2H), 4.46 (br, 1H), 3.36 (tdt, J = 11.1, 7.6, 3.7 Hz, 1H),
2.04 (dd, J = 8.5, 4.2 Hz, 2H), 1.85−1.76 (m, 2H), 1.72−1.63 (m,
1H), 1.45−1.34 (m, 2H), 1.33−1.20 (m, 3H); 13C NMR (100 MHz,
CDCl3) δ 149.5, 134.1, 132.9, 118.1, 115.9, 111.0, 95.5, 51.4, 32.9,
25.6, 24.8.

2-(Phenylamino)benzonitrile (2h).24 White solid (18.1 mg, 31%
yield). Mp: 50−51 °C. 1H NMR (400 MHz, CDCl3) δ 7.52 (dd, J =
7.8, 1.3 Hz, 1H), 7.43−7.35 (m, 3H), 7.27−7.19 (m, 3H), 7.19−7.12
(m, 1H), 6.86 (td, J = 7.8, 0.9 Hz, 1H), 6.42 (brs, 1H); 13C NMR (100
MHz, CDCl3) δ 147.4, 139.9, 133.9, 133.1, 129.6, 124.2, 121.7, 119.2,
117.6, 114.2, 98.5.

2-(4-Fluorophenylamino)benzonitrile (2i).24 White solid (24.2 mg,
38% yield). Mp: 104−105 °C. 1H NMR (400 MHz, CDCl3) δ 7.53−

Scheme 1. Transformation of Cyanated Product

Scheme 2. Kinetic Isotope Effect

Scheme 3. Plausible Reaction Mechanism
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7.47 (m, 1H), 7.40−7.33 (m, 1H), 7.23−7.16 (m, 2H), 7.12−6.99 (m,
3H), 6.83 (td, J = 7.8, 0.9 Hz, 1H), 6.43 (brs, 1H); 13C NMR (100
MHz, CDCl3) δ 159.8 (d, J = 244.9 Hz), 148.1, 135.8 (d, J = 2.8 Hz),
134.0, 133.1, 124.6 (d, J = 8.2 Hz), 119.0, 117.7, 116.4 (d, J = 22.7
Hz), 113.5, 97.9.
2-(4-Chlorophenylamino)benzonitrile (2j).24 White solid (20.6

mg, 30% yield). Mp: 128−129 °C. 1H NMR (400 MHz, CDCl3) δ
7.56−7.50 (m, 1H), 7.41 (ddd, J = 8.8, 7.4, 1.6 Hz, 1H), 7.36−7.30
(m, 2H), 7.20−7.10 (m, 3H), 6.89 (td, J = 7.8, 1.0 Hz, 1H), 6.38 (brs,
1H); 13C NMR (100 MHz, CDCl3) δ 146.9, 138.6, 134.0, 133.2,
129.7, 129.1, 122.8, 119.7, 117.4, 114.3, 98.9.
5-Methyl-2-(methylamino)benzonitrile (2k). Brown solid (37.7

mg, 86% yield). Mp: 121−122 °C. 1H NMR (400 MHz, CDCl3) δ
7.24 (dd, J = 8.5, 2.1 Hz, 1H), 7.20 (dd, J = 1.5, 0.6 Hz, 1H), 6.59 (d, J
= 8.5 Hz, 1H), 4.49 (brs, 1H), 2.92 (s, 3H), 2.24 (s, 3H); 13C NMR
(100 MHz, CDCl3) δ 149.3, 135.3, 132.4, 125.7, 118.1, 110.3, 95.4,
30.2, 19.9; HRMS-ESI (m/z): calcd for C9H10N2Na [M + Na]+

169.0736, found 169.0739.
4-Methyl-2-(methylamino)benzonitrile (2l). Brown solid (39.0 mg,

89% yield). Mp: 69−70 °C. 1H NMR (400 MHz, CDCl3) δ 7.28 (d, J
= 7.9 Hz, 1H), 6.54−6.49 (m, 1H), 6.47 (s, 1H), 4.59 (brs, 1H), 2.93
(d, J = 4.6 Hz, 3H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3) δ
151.2, 145.3, 132.4, 118.3, 117.7, 110.6, 92.8, 30.0, 22.4; HRMS-ESI
(m/z): calcd for C9H10N2Na [M + Na]+ 169.0736, found 169.0738.
5-Ethyl-2-(methylamino)benzonitrile (2m). Brown oil (41.8 mg,

87% yield). 1H NMR (400 MHz, CDCl3) δ 7.28 (dd, J = 8.2, 2.5 Hz,
1H), 7.23 (dd, J = 2.1, 0.4 Hz, 1H), 6.62 (d, J = 8.6 Hz, 1H), 4.51 (brs,
1H), 2.93 (d, J = 4.9 Hz, 3H), 2.55 (q, J = 7.6 Hz, 2H), 1.20 (t, J = 7.6
Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 149.5, 134.2, 132.3, 131.3,
118.2, 110.3, 95.4, 30.2, 27.4, 15.6; HRMS-ESI (m/z): calcd for
C10H12N2Na [M + Na]+ 183.0893, found 183.0898.
5-tButyl-2-(propylamino)benzonitrile (2n). Yellow oil (51.9 mg,

80% yield). 1H NMR (400 MHz, CDCl3) δ 7.44 (dd, J = 8.9, 2.4 Hz,
1H), 7.39 (d, J = 2.3 Hz, 1H), 6.64 (d, J = 8.9 Hz, 1H), 4.45 (brs, 1H),
3.17 (td, J = 7.1, 5.6 Hz, 2H), 1.74−1.65 (m, 2H), 1.28 (s, 9H), 1.03
(t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 148.4, 139.2,
131.8, 129.1, 118.5, 110.6, 95.0, 45.2, 33.8, 31.2, 22.5, 11.5; HRMS-ESI
(m/z): calcd for C14H20N2Na [M + Na]+ 239.1519, found 239.1516.
4-(Methylamino)-[1,1′-biphenyl]-3-carbonitrile (2o). Brown solid

(43.1 mg, 69% yield). Mp: 155−156 °C. 1H NMR (400 MHz, CDCl3)
δ 7.69 (dd, J = 8.7, 2.3 Hz, 1H), 7.65 (d, J = 2.2 Hz, 1H), 7.54−7.49
(m, 2H), 7.47−7.41 (m, 2H), 7.33 (t, J = 7.3 Hz, 1H), 6.76 (d, J = 8.7
Hz, 1H), 4.73 (brs, 1H), 3.00 (s, 3H); 13C NMR (100 MHz, CDCl3) δ
150.4, 139.3, 133.1, 130.8, 129.7, 128.9, 127.0, 126.2, 117.9, 110.6,
96.0, 30.2; HRMS-ESI (m/z): calcd for C14H12N2Na [M + Na]+

231.0893, found 231.0895.
3-(Methylamino)-[1,1′-biphenyl]-4-carbonitrile (2p). Yellow solid

(56.2 mg, 90% yield). Mp: 115−116 °C. 1H NMR (400 MHz, CDCl3)
δ 7.63−7.58 (m, 2H), 7.52−7.45 (m, 3H), 7.45−7.40 (m, 1H), 6.92
(dd, J = 8.0, 1.6 Hz, 1H), 6.84 (d, J = 1.5 Hz, 1H), 4.74 (brs, 1H), 3.01
(d, J = 1.9 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 151.4, 147.4,
140.4, 133.0, 128.9, 128.4, 127.2, 115.7, 108.7, 94.4, 30.1; HRMS-ESI
(m/z): calcd for C14H12N2Na [M + Na]+ 231.0893, found 231.0891.
5-Methoxy-2-(methylamino)benzonitrile (2q).25 Brown oil (35.5

mg, 73% yield). 1H NMR (400 MHz, CDCl3) δ 7.08 (dd, J = 9.1, 3.0
Hz, 1H), 6.93 (d, J = 3.0 Hz, 1H), 6.64 (d, J = 9.1 Hz, 1H), 4.35 (brs,
1H), 3.76 (s, 3H), 2.91 (s, 3H); 13C NMR (100 MHz, CDCl3) δ
150.5, 146.5, 122.5, 117.9, 115.8, 111.8, 95.4, 56.0, 30.6.
2-Methoxy-6-(propylamino)benzonitrile (2r) and 4-methoxy-2-

(propylamino)benzonitrile (2r′). Yellow oil (42.2 mg, 74% yield,
2.3:1). 1H NMR (400 MHz, CDCl3) δ 7.36−7.25 (m, 1H), 6.33−6.11
(m, 2H), 4.55 (brs, 1H), 3.88 (s, 3H × 0.7), 3.83 (s, 3H × 0.3), 3.16
(q, J = 7.0 Hz, 2H), 1.77−1.60 (m, 2H), 1.03 (dt, J = 13.3, 6.7 Hz,
3H); 13C NMR (100 MHz, CDCl3) δ 164.6, 162.3, 152.1, 151.8,
134.7, 134.3, 118.5, 115.9, 103.2, 103.0, 98.3, 95.8, 88.3, 85.5, 55.8,
55.3, 45.2, 45.1, 22.4, 22.3, 11.5, 11.4; HRMS-ESI (m/z): calcd for
C11H14N2ONa [M + Na]+ 213.1009, found 213.1004.
5-Fluoro-2-(methylamino)benzonitrile (2s). Yellow solid (9.9 mg,

22% yield). Mp: 78−80 °C. 1H NMR (400 MHz, CDCl3) δ 7.19 (ddd,
J = 9.1, 8.1, 3.0 Hz, 1H), 7.13 (dd, J = 7.9, 3.0 Hz, 1H), 6.62 (dd, J =

9.2, 4.2 Hz, 1H), 4.54 (brs, 1H), 2.93 (s, 3H); 13C NMR (100 MHz,
CDCl3) δ 153.6 (d, J = 238.0 Hz), 148.2, 139.3, 122.1 (d, J = 22.6 Hz),
118.2 (d, J = 25.1 Hz), 111.3 (d, J = 7.5 Hz), 95.4 (d, J = 3.9 Hz), 30.4;
HRMS-ESI (m/z): calcd for C8H7FN2Na [M + Na]+ 173.0486, found
173.0490.

4-Chloro-2-(methylamino)benzonitrile (2t). Brown solid (31.5 mg,
63% yield). Mp: 97−98 °C. 1H NMR (400 MHz, CDCl3) δ 7.32 (d, J
= 8.1 Hz, 1H), 6.71−6.62 (m, 2H), 4.77 (brs, 1H), 2.94 (s, 3H); 13C
NMR (100 MHz, CDCl3) δ 151.8, 141.0, 133.6, 117.2, 116.8, 110.3,
94.1, 30.0; HRMS-ESI (m/z): calcd for C8H7ClN2Na [M + Na]+

189.0190, found 189.0195.
5-Chloro-2-(methylamino)benzonitrile (2u). Brown solid (20.4

mg, 41% yield). Mp: 97−99 °C. 1H NMR (400 MHz, CDCl3) δ 7.40−
7.34 (m, 2H), 6.63−6.58 (m, 1H), 4.69 (s, 1H), 2.94 (d, J = 4.6 Hz,
3H); 13C NMR (100 MHz, CDCl3) δ 149.8, 134.5, 131.6, 120.8,
116.7, 111.4, 96.5, 30.1; HRMS-ESI (m/z): calcd for C8H7ClN2Na [M
+ Na]+ 189.0190, found 189.0198.

5-Bromo-2-(methylamino)benzonitrile (2v). Brown solid (26.6
mg, 42% yield). Mp: 119−120 °C. 1H NMR (400 MHz, CDCl3) δ
7.52−7.47 (m, 2H), 6.59−6.53 (m, 1H), 4.70 (brs, 1H), 2.93 (s, 3H);
13C NMR (100 MHz, CDCl3) δ 150.1, 137.2, 134.4, 116.6, 111.8,
107.1, 97.1, 30.1; HRMS-ESI (m/z): calcd for C8H7BrN2Na [M +
Na]+ 232.9685, found 232.9684.

Methyl 3-cyano-4-(methylamino)benzoate (2w). Orange solid
(32.5 mg, 57% yield). Mp: 152−153 °C. 1H NMR (400 MHz, CDCl3)
δ 8.13−8.03 (m, 2H), 6.66 (d, J = 8.9 Hz, 1H), 5.17 (brs, 1H), 3.88 (s,
3H), 3.00 (d, J = 4.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 165.7,
153.6, 135.7, 135.1, 118.2, 117.0, 109.4, 95.3, 52.0, 30.0; HRMS-ESI
(m/z): calcd for C10H10N2O2Na [M + Na]+ 213.0634, found
213.0637.

5-Methyl-2-(methylamino)-4-(trifluoromethyl)benzonitrile (2y).
Orange solid (24.4 mg, 38% yield). Mp: 147−149 °C. 1H NMR
(400 MHz, CDCl3) δ 7.30 (s, 1H), 6.90 (s, 1H), 4.70 (br s, 1H), 2.97
(d, J = 5.0 Hz, 3H), 2.35 (d, J = 1.6 Hz, 3H); 13C NMR (100 MHz,
CDCl3) δ 149.1, 135.4, 134.2 (q, J = 30.0 Hz), 123.8 (q, J = 274.7 Hz),
123.6, 116.8, 107.8 (q, J = 6.0 Hz), 98.1, 30.1, 17.9 (d, J = 2.1 Hz);
HRMS-ESI (m/z): calcd for C10H9F3N2Na [M + Na]+ 237.0611,
found 237.0609.

Methyl 2-(methylamino)benzoate (3a).18 Yellow oil (55.4 mg,
67% yield). 1H NMR (400 MHz, CDCl3) δ 7.92 (dd, J = 8.0, 1.6 Hz,
1H), 7.67 (brs, 1H), 7.40 (ddd, J = 8.6, 7.1, 1.7 Hz, 1H), 6.69 (d, J =
8.6 Hz, 1H), 6.61 (ddd, J = 8.1, 7.1, 1.1 Hz, 1H), 3.87 (s, 3H), 2.93 (s,
3H); 13C NMR (100 MHz, CDCl3) δ 169.1, 152.0, 134.6, 131.6,
114.3, 110.7, 109.9, 51.4, 29.6.

2-(Aminomethyl)-N-methylaniline (4a).16d Light yellow oil (63.2
mg, 93% yield). 1H NMR (400 MHz, DMSO) δ 7.08 (td, J = 7.7, 1.6
Hz, 1H), 7.03 (d, J = 7.3 Hz, 1H), 6.54 (td, J = 7.3, 1.1 Hz, 1H), 6.50
(d, J = 8.0 Hz, 1H), 5.85 (brs, 1H), 3.66 (s, 2H), 2.72 (s, 3H), 1.96
(brs, 2H); 13C NMR (100 MHz, CDCl3) δ 149.0, 128.8, 128.6, 125.6,
116.2, 109.8, 45.4, 30.3.
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