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For the first time, a novel copper-catalyzed direct C(sp3)eH/C(sp3)eH cross-coupling of arylacetonitriles
with unactivated benzylic compounds was described, allowing various a-benzylated arylacetonitriles to
be readily accessible under base-free conditions. Mechanistic investigations suggested that the reaction
proceeds through radical process and the C(sp3)eH cleavage of arylacetonitriles probably is the rate-
determining step.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Nitriles are one of the most fundamental structural motifs in
many drugs and natural products [1]. They also serve as versatile
building blocks in many chemical transformations [2]. The a-
alkylation of nitrile is one of the most simple and popular approach
for synthesis of substituted nitriles [3]. Traditional methods for
preparation of substituted nitriles are nucleophilic substitution
reactions between nitriles and alkyl halides in the presence of a
stoichiometric amount of strong base (Scheme 1a) [4]. Over the last
decades, the transition-metal catalyzed cross-coupling of nitriles
with alcohols through hydrogen-borrowing strategy has also been
used to synthesis of substituted nitriles. However, it usually re-
quires precious metals such as Ru [5], Os [6], Rh [7], Ir [8] and Pd [9]
etc. What’s more, secondary nitriles do not applicable to these
catalytic systems (Scheme 1b). In 2016, we reported an efficient
nickel catalyzed direct cross-couplings of benzylic alcohol de-
rivatives with arylacetonitriles via C-O activation [3a]. Various a-
. Zhong et al., Copper-cataly
etrahedron, https://doi.org/1
benzylated arylacetonitriles can be prepared (Scheme 1c). How-
ever, the requirement of not readily available starting materials,
expensive catalyst and phosphine ligand was limited its
application.

Recently, direct C(sp3)eH functionalization has attracted much
attention due to its atom economy and sustainable development
[10]. However, direct C(sp3)eH alkylation of arylacetonitriles with
inert alkylation reagents to form substituted nitriles is still a great
challenge and remains unexplored. Herein, we report a copper-
catalyzed radical oxidative C(sp3)eH/C(sp3)eH cross-coupling be-
tween, arylacetonitriles and unactivated benzylic compounds
(Scheme 1d). For the first time, readily available benzylic com-
pounds were used as alkylation reagents instead of halides and
alcohols to afford various substituted nitriles.
2. Results and discussion

We started to investigate this a-benzylation reactions between
toluene 1a and 1-naphthylacetonitrile 2a (Table 1). Initially, in the
presence of different metal catalysts, a mixture of 1a (3.0 mL), 2a
(0.2 mmol), 2, 20-dipyridyl (bpy) and di-tert-butyl peroxide (DTBP)
was stirred at 130 �C for 13 h under N2. The obtained results
zed radical oxidative C(sp3)eH/C(sp3)eH cross-coupling between
0.1016/j.tet.2020.131621
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Scheme 1. a-Alkylation of nitriles.

Table 1
Optimization of the reaction conditions.a

Run 1a (mL) Cat. Ligand (mmol%) Co-solvent (mL) Yieldb

1 3.0 CuO Bpy (20) e 36%
2 3.0 Cu2O Bpy (20) e 42%
3 3.0 CuBr Bpy (20) e 34%
4 3.0 CuI Bpy (20) e 21%
5 3.0 FeCl3 Bpy (20) e 41%
6 3.0 Cu2O Bpy (20) PhCl (1.0) 59%
7 3.0 Cu2O Bpy (20) PhCl (3.0) 44%
8 3.0 Cu2O Bpy (20) PhCl (2.0) 39%
9 3.0 Cu2O Bpy (0) PhCl (1.0) 38%
10 3.0 Cu2O Bpy (10) PhCl (1.0) 51%
11 2.0 Cu2O Bpy (20) PhCl (1.0) 61%
12 2.0 Cu2O Bpy (20) PhCl (0.5) 5e%
13 2.0 Cu2O Bpy (20) PhCl (1.0) 58%c

14 2.0 Cu2O Bpy ()20 PhCl (1.0) 56%d

15 2.0 Cu2O 1,10-Phen (20) PhCl (1.0) 35%
16 2.0 Cu2O Bpy (20) PhCl (1.0) Tracee

17 2.0 None None PhCl (1.0) 28%

a Reaction conditions: Reaction conditions: a mixture of 1a, 2a (0.2 mmol), Cat.
(10 mmol%), ligand and DTBP (3.0 equiv.) in solvent was stirred at 130 �C for 13 h.
Bpy: 2, 20-dipyridyl.

b GC yield using dodecane as internal standard.
c DTBP (4.0 equiv.) was used.
d DTBP (2.0 equiv.) was used.
e TBHP (3.0 equiv.) was used.
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showed that Cu2O gave the highest yield (runs 1e5). Fortunately,
when a co-solvent PhCl (1.0 mL) was added, the yield of reaction
was improved from 42% to 59% (run 6). Further reducing or
increasing the amount of PhCl failed to improve the reaction effi-
ciency (runs 7 and 8). Attempts to decrease the ligand loading were
unfavourable to the reaction (runs 9 and 10). Pleasingly, 61% yield of
2

the product was obtained when 2.0 mL toluene was used in the
reaction (run 11). Changing the amount of PhCl decreased the re-
action efficiency (run 12). Additionally, the amount of DTBP was
screened, both decreasing or increasing the amount of DTBP did not
lead to good results (runs 13 and 14).1,10-Phenanthroline and TBHP
were also examined in this reaction, poor yields were obtained
(runs 15 and 16). However, in the absence of Cu2O and pyridine,
only 28% yield of product was obtained (run 17). This reaction is
sensitive to the concentration of substrates and no self-coupling by-
products were detected by GC-MS. The main reasons for the rela-
tively low yields are arylacetonitriles were remined after reaction
and a little of double-benzylated compounds were generated.

With the optimized reaction conditions in hand, we next
examined the generality of this reaction by exploring the scope of
benzylic compounds (Table 2). To our delight, when mesitylene or
4-methylanisole were used as solvent, corresponding benzylated
nitriles were obtained in 67% and 34%, respectively (3b and 3c).
Substrates bearing halogen (F, Cl, Br) on the para position of ben-
zene ring were also work well under this system (3d-3f). Benzylic
compounds bearing electron-deficient group such as acetyl and
C(O)OMe were coupled with 2a in moderate yileds with a small
amount of 2a remaining (3g and 3h). Notably, some secondary or
tertiary benzylic substrates were found to be compatible with this
catalytic system as well (3i-3k). Direct oxidative cross-coupling of
1-methylnaphthalene with 2a was also achieved in 36% yield (3l).
As for the above examples with poor yields, we also analyzed re-
action mixtures by GC-MS and found that the by-products in these
reactions were double-benzylated compounds and small amount of
2a was still remained.

This catalytic systemwas also applicable to other simple nitriles
and benzylic compounds. As shown in Table 3, phenylacetonitrile
and substrates whether bearing electron-rich or electron-deficient
groups such as Me, OMe, F, and CF3 all coupled with toluene
smoothly, producing the corresponding substituted nitriles in
moderate yields (3m-3q). Secondary nitrile 2rwas also tolerated in
this system and a prochiral carbon center was generated in the
product (3r). It was worth noting that a bioactive compound 3twas
synthesized easily by direct C(sp3)eH/C(sp3)eH cross-coupling of
4-methoxybenzyl cyanide with 1,2,3-trimethoxy-5-methylbenzene
[11]. Subsequently, various unactivated benzylic compounds were
applied as substrates to couple with phenylacetonitrile. The ob-
tained results indicating that the reaction efficiency was not sen-
sitive to the electronic property of the groups on the benzene ring
of phenylacetonitrile, and a low to moderate yields of products was
given (3u-3w). Importantly, Tertiary or secondary benzylic com-
pounds such as isopropylbenzene and ethylbenzene were found to
be compatible with this catalytic system (3x-3z).

To gain some insight about the mechanism of this a-benzylation
reactions, radical trapping experiments were conducted (Scheme
2). Thus 3.0 equiv. of (2, 2, 6, 6-tetramethylpiperidin-1-yl)oxy
(TEMPO) and butylated hydroxytoluene (BHT) were added addi-
tionally in the model reaction independently. A significant reduc-
tion in the yield of 3a was observed. Moreover, species 4 and 5
which were generated by the reaction of nitrile and benzyl radical
with radical scavengers were detected by HRMS. These results
suggest that this reaction may proceeds through a radical process.

Next, kinetic isotope effect (KIE) experiments were carried out
to gain insights into the rate-determining step for this C(sp3)eH/
C(sp3)eH cross-coupling reaction. As shown in Scheme 3, no
obvious kinetic isotope effect (kH/kD ¼ 1.67) was observed for
C(sp3)eH cleavage of 1a while a primary kinetic isotope effect (kH/
kD ¼ 2.88) was observed for C(sp3)eH cleavage of 2a, indicating
that the C(sp3)eH cleavage of 2a perhaps was the rate-determining
step in this transformation.

On the basis of the above results and known reports [12], a



Table 2
Copper-catalyzed a-benzylation of 1-naphthylacetonitrile 2a with various benzylic compounds.a.
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possible mechanism of this reaction was proposed (Scheme 4).
Firstly, in the presence of [Cu]I, radical A and [Cu]II alkoxide were
formed fromDTBP under heating. Next, benzyl radical B and radical
C were generated by abstracting hydrogen from 1 and 2 with the
aid of A. Finally, selective radical cross coupling of B and C afforded
the desired product 3. The excess B reacted with [Cu]II alkoxide to
give by-product D with release of [Cu]I. A large amount of By-
product D was detected by GC-MS.
3. Conclusion

In summary, a copper-catalyzed direct C(sp3)eH/C(sp3)eH
oxidative radical cross-coupling of unactivated benzylic com-
pounds with arylacetonitriles was achieved. This protocol features
readily available benzylic compounds as alkylation reagents and
good functional group compatibility, providing a new straightfor-
ward access to various substituted nitriles. Preliminary mechanism
investigations suggested that this transformation proceeds through
radical process and the C(sp3)eH cleavage of arylacetonitriles
probably is the rate-determining step.

4. Experimental section

4.1. General information

Unless otherwise noted, all reactions were carried out in sealed
oven-dried Schlenk tubes under N2. Reagents and solvents were
obtained from commercial suppliers and used without purification.
Flash column chromatography was performed using 200e300
mesh silica gel. Visualization on TLC was achieved by the use of UV
3

light (254 nm). FULI GC-9790IIequipped with a FID detector was
used to analyze the reaction mixtures. 1H NMR and 13C NMR
spectroscopies were recorded on a Bruker AV-II 500 MHz NMR
spectrometer (1H 500 MHz, 13C 125.76 MHz) in CDCl3. The coupling
constants J are given in Hz. Chemical shifts for 1H NMR are referred
to internal Me4Si (0 ppm). GC-MS was conducted on a Shimadzu
GCMS-QP2010 plus equipped with an EI ion source. The high-
resolution mass spectrum (HRMS) was recorded on a G2-XSQTOF
instrument.
4.2. Typical procedure for preparation of targeted molecules

Under N2, a mixture of arylacetonitrile 2 (0.4 mmol), 1 (4.0 mL),
Cu2O (10 mmol%), Bpy (20 mmol%) and DTBP (3.0 equiv.) in PhCl
(2.0 mL) was stirred at 130 �C for indicated time. After the mixture
was cooled down to the room temperature, the mixture was passed
through a short silica gel column with EtOAc as eluent. The filtrate
was concentrated under reduced pressure and the residue was
further purified by column chromatography on silica gel to obtain
the product 3.

Procedure for preparation of [D2]-2a: [D2]-2a was synthesized
according to published procedure. A mixture of 1-naphthyl aceto-
nitrile (1.5 mmol), CD3OD (2.0 mL) and 40% NaOD/D2O (0.5 mL) was
stirred at 40 �C under N2. After 24 h, the solvent was distilled off
and was replaced by D2O (0.5 mL), CD3OD (1.5 mL) and 40% NaOD/
D2O (0.5 mL). After 24 h the exchange was repeated a third time.
The base was neutralized by dropwise addition of 20% DCl/D2O and
the mixture was extracted with diethyl ether. After remove of the
solvent, the product [D2]-2a (97% D) was obtained by flash column
chromatography on silica gel.



Table 3
The scope of a-benzylation of arylacetonitriles.a

Scheme 2. Radical trapping experiments.

Scheme 3. Kinetic isotope effect experiments.

Scheme 4. Proposed mechanism.
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Typical procedure for KIE experiments: Under N2, a mixture of
arylacetonitrile 2a or [D2]-2a (0.1 mmol), 1a or [D3]-1a (1.0 mL),
Cu2O (10 mmol%), Bpy (20 mmol%) and DTBP (3.0 equiv.) in PhCl
(0.5 mL) was stirred independently at 130 �C for 1 h. After the
mixture was cooled down to the room temperature, the mixture
was analyzed by GC and GC-MS. The KIE values were obtained
based on the average of three parallel reactions.
4.2.1. 2-(Naphthalen-1-yl)-3-phenylpropanenitrile (3a) [3a]

Light yellow oil, yield 60% (62 mg). Eluent: Petroleum ether/
4

EtOAc ¼ 10/1. 1H NMR (500 MHz, CDCl3) d 7.88e7.81 (m, 2H), 7.54
(d, J ¼ 8.0 Hz, 1H), 7.52e7.43 (m, 3H), 7.37e7.34 (m, 1H), 7.24e7.18
(m, 3H), 7.13e7.11 (m, 2H), 4.67e4.64 (m,1H), 3.23e3.11 (m, 2H). 13C
NMR (125.76 MHz, CDCl3) d 136.64, 134.05, 130.90, 129.85, 129.52,
129.25, 129.20, 128.78, 127.57, 127.14, 126.23, 126.00, 125.52, 121.95,
120.72, 40.86, 36.95. GC-MS (EI, 70 eV) m/z ¼ 257 (Mþ).
4.2.2. 3-(3,5-Dimethylphenyl)-2-(naphthalen-1-yl)propanenitrile
(3b)

Light yellow oil, yield 67% (77 mg). Eluent: Petroleum ether/
EtOAc ¼ 10/1. 1H NMR (500 MHz, CDCl3) d 8.05 (d, J ¼ 8.5 Hz, 1H),
7.99 (d, J ¼ 8.0 Hz, 1H), 7.91 (d, J ¼ 8.5 Hz, 1H), 7.72e7.67 (m, 2H),
7.63e7.60 (m, 1H), 7.55e7.52 (m, 1H), 6.99 (s, 1H), 6.94 (s, 2H),
4.80e4.77 (m, 1H), 3.31e3.18 (m, 2H), 2.37 (s, 6H). 13C NMR
(125.76 MHz, CDCl3) d 137.82, 136.16, 133.58, 130.79, 129.40, 128.98,
128.69, 128.63, 126.59, 126.44, 125.70, 125.37, 125.02, 121.51,120.29,
40.41, 36.55, 20.86. HRMS (ESIþ) Calcd. for C21H19N [M þ Naþ]:
308.1410, Found: 308.1349.
4.2.3. 3-(4-Methoxyphenyl)-2-(naphthalen-1-yl)propanenitrile
(3c) [13]

Light yellow oil, yield 34% (39 mg). Eluent: Petroleum ether/
EtOAc¼ 5/1. 1H NMR (500MHz, CDCl3) d 7.90 (d, J¼ 8.0 Hz,1H), 7.86
(d, J ¼ 8.0 Hz, 1H), 7.78 (d, J ¼ 8.0 Hz, 1H), 7.56e7.47 (m, 3H),
7.41e7.38 (m, 1H), 7.07e7.04 (m, 2H), 6.79e6.76 (m, 2H), 4.68e4.65
(m, 1H), 2.73 (s, 3H), 3.23e3.10 (m, 2H). 13C NMR (125.76 MHz,
CDCl3) d 158.98, 134.03, 130.91, 130.27, 129.86, 129.45, 129.07,
128.64, 127.03, 126.13, 126.00, 125.45, 121.92, 120.73, 114.08, 55.29,
40.03, 37.18. GC-MS (EI, 70 eV) m/z ¼ 287 (Mþ).
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4.2.4. 3-(4-Fluorophenyl)-2-(naphthalen-1-yl)propanenitrile (3d)
[14]

Light yellow oil, yield 43% (48 mg). Eluent: Petroleum ether/
EtOAc ¼ 10/1. 1H NMR (500 MHz, CDCl3) d 7.87e7.84 (m, 2H), 7.77
(d, J ¼ 8.0 Hz, 1H), 7.55e7.45 (m, 3H), 7.38e7.35 (m, 1H), 7.06e7.03
(m, 2H), 6.92e6.88 (m, 2H), 4.68e4.66 (m, 1H), 3.25e3.12 (m, 2H).
13C NMR (125.76 MHz, CDCl3) d 162.26 (d, JC-F ¼ 246.0 Hz), 134.05,
132.2 (d, JC-F ¼ 3.3 Hz), 130.84 (d, JC-F ¼ 8.0 Hz), 130.47, 129.80,
129.52, 129.24, 127.13, 126.22, 126.09, 125.43, 121.79, 120.46, 115.56
(d, JC-F ¼ 21.5 Hz), 39.88, 36.84. GC-MS (EI, 70 eV) m/z ¼ 275 (Mþ).

4.2.5. 3-(4-chlorophenyl)-2-(naphthalen-1-yl)propanenitrile (3e)
Colorless oil, yield 41% (48 mg). Eluent: Petroleum ether/

EtOAc ¼ 10/1. 1H NMR (500 MHz, CDCl3) d 8.88e7.86 (m, 2H), 7.79
(d, J ¼ 8.0 Hz, 1H), 7.56e7.53 (m, 1H), 7.51e7.45 (m, 2H), 7.40e7.37
(m, 1H), 7.21e7.18 (m, 2H), 7.03e7.01 (m, 2H), 4.70e4.68 (m, 1H),
3.26e3.13 (m, 2H). 13C NMR (125.76 MHz, CDCl3) d 134.83, 134.05,
133.50, 130.61, 130.32, 129.75, 129.54, 129.28, 128.83, 127.16, 126.23,
126.12, 125.43, 121.75, 120.32, 39.97, 36.63. HRMS (ESIþ) Calcd. for
C19H14ClN [Mþ]: 291.0815, Found: 291.0891.

4.2.6. 3-(4-Bromophenyl)-2-(naphthalen-1-yl)propanenitrile (3f)
Light yellow oil, yield 36% (49 mg). Eluent: Petroleum ether/

EtOAc ¼ 10/1. 1H NMR (500 MHz, CDCl3) d 8.88e7.85 (m, 2H), 7.78
(d, J ¼ 8.5 Hz, 1H), 7.56e7.53 (m, 1H), 7.50e7.45 (m, 2H), 7.39e7.34
(m, 3H), 6.97e6.94 (m, 2H), 4.70e4.67 (m, 1H), 3.24e3.11 (m, 2H).
13C NMR (125.76 MHz, CDCl3) d 135.34, 134.05, 131.79, 131.19,
130.97, 130.29, 129.74, 129.55, 129.30, 127.18, 126.24, 126.12, 125.44,
121.74,120.31, 40.02, 36.55. HRMS (ESIþ) Calcd. for C19H14BrN [Mþ]:
335.0310, Found: 335.0373.

4.2.7. 3-(4-Acetylphenyl)-2-(naphthalen-1-yl)propanenitrile (3g)
Light yellow oil, yield 49% (59 mg). Eluent: Petroleum ether/

EtOAc ¼ 10/1. 1H NMR (500 MHz, CDCl3) d 7.92e7.86 (m, 4H), 7.79
(d, J ¼ 8.0 Hz, 1H), 7.57e7.54 (m, 1H), 7.51e7.46 (m, 2H), 7.39e7.36
(m, 1H), 7.18e7.16 (m, 2H), 4.75e4.73 (m, 1H), 3.84 (s, 3H),
3.35e3.23 (m, 2H). 13C NMR (125.76 MHz, CDCl3) d 166.82, 141.53,
134.05, 130.25, 129.96, 129.73, 129.55, 129.42, 129.33, 129.33,
127.20, 126.25, 126.12, 125.43, 121.73, 120.22, 52.17, 40.52, 36.36.
HRMS (ESIþ) Calcd. for C21H17NO [Mþ]: 299.1310, Found: 299.1378.

4.2.8. Methyl 4-(2-cyano-2-(naphthalen-1-yl)ethyl)benzoate (3h)
Light yellow oil, yield 31% (40 mg). Eluent: Petroleum ether/

EtOAc¼ 5/1. 1H NMR (500 MHz, CDCl3) d 7.99e7.94 (m, 4H), 7.87 (d,
J ¼ 8.0 Hz, 1H), 7.65e7.61 (m, 1H), 7.58e7.53 (m, 2H), 7.46e7.43 (m,
1H), 7.25e7.24 (m, 2H), 4.83e4.80 (m, 1H), 3.92 (s, 3H), 3.42e3.30
(m, 2H). 13C NMR (125.76 MHz, CDCl3) d 166.82, 141.53, 134.06,
130.25, 129.97, 129.74, 129.56, 129.43, 129.33, 127.20, 126.26, 126.12,
125.44, 121.73, 120.23, 52.18, 40.53, 36.37. HRMS (ESIþ) Calcd. for
C21H17NO2 [Mþ]: 315.1259, Found: 315.0269.

4.2.9. 2-(Naphthalen-1-yl)-3-phenylbutanenitrile (3i)
Colorless oil, yield 71% (77 mg). Eluent: Petroleum ether/

EtOAc ¼ 10/1. 1H NMR (500 MHz, CDCl3) d 7.97e7.86 (m, 2H), 7.87
(d, J ¼ 8.5 Hz, 1H), 7.73 (d, J ¼ 7.0 Hz, 1H), 7.64e7.61 (m, 1H),
7.58e7.54 (m, 1H), 7.52e7.49 (m, 1H), 7.45e7.37 (m, 4H), 7.33e7.29
(m, 1H), 4.83 (d, J ¼ 4.5 Hz, 1H), 3.45e3.40 (m, 1H), 1.46 (d,
J ¼ 7.0 Hz, 3H). 13C NMR (125.76 MHz, CDCl3) d 142.91, 134.13,
130.58, 129.99, 129.49, 129.14, 128.93, 127.57, 127.15, 127.01, 126.71,
126.10, 125.29, 122.15, 119.73, 42.96, 42.66, 16.45. HRMS (ESIþ)
Calcd. for C20H17N [Mþ]: 271.1361, Found: 271.1432.

4.2.10. 2-(Naphthalen-1-yl)-3,3-diphenylpropanenitrile (3j)
Light yellow oil, yield 46% (62 mg). Eluent: Petroleum ether/

EtOAc ¼ 10/1. 1H NMR (500 MHz, CDCl3) d 7.97e7.92 (m, 2H), 7.83
5

(d, J ¼ 8.4 Hz, 1H), 7.61e7.54 (m, 2H), 7.38e7.22 (m, 10H), 7.13e7.11
(m, 2H), 5.39 (d, J ¼ 6.0 Hz, 1H), 4.69 (d, J ¼ 6.0 Hz, 1H). 13C NMR
(125.76 MHz, CDCl3) d 140.68, 139.36, 133.99, 130.10, 129.52, 129.31,
129.17, 128.77, 128.40, 127.94, 127.63, 127.46, 127.31, 127.08, 126.07,
125.15, 122.03, 120.17, 54.14, 39.67. HRMS (ESIþ) Calcd. for C25H19N
[M þ Naþ]: 356.1410, Found: 356.1379.

4.2.11. 3-Methyl-2-(naphthalen-1-yl)-3-phenylbutanenitrile (3k)
Light yellow oil, yield 75% (86 mg). Eluent: Petroleum ether/

EtOAc ¼ 10/1. 1H NMR (500 MHz, CDCl3) d 7.86e7.81 (m, 2H), 7.73
(d, J ¼ 8.0 Hz, 1H), 7.46e7.39 (m, 3H), 7.34e7.29 (m, 3H), 7.26e7.22
(m, 3H), 4.85 (s,1H),1.61 (m, 3H),1.50 (s, 3H). 13C NMR (125.76MHz,
CDCl3) d 144.23, 133.57, 131.69, 129.34, 129.12, 129.04, 128.59,
128.17, 127.10, 126.80, 126.34, 125.60, 124.77, 122.67, 120.92, 42.66,
27.05, 26.03. HRMS (ESIþ) Calcd. for C21H19N [M þ Naþ]: 308.1410,
Found: 308.1503.

4.2.12. 2,3-Di(naphthalen-1-yl)propanenitrile (3l) [4c]

White solid, yield 36% (45 mg). Eluent: Petroleum ether/
EtOAc ¼ 10/1. 1H NMR (500 MHz, CDCl3) d 7.98e7.86 (m, 5H),
7.82e7.78 (m, 1H), 7.67e7.65 (m, 1H), 7.58e7.47 (m, 5H), 7.43e7.38
(m, 2H), 4.92e4.89 (m, 1H), 3.83e3.77 (m, 2H). 13C NMR
(125.76 MHz, CDCl3) d 134.05, 133.97, 132.53, 131.54, 131.50, 130.18,
129.38, 129.24,129.21, 128.33,127.89, 126.98, 126.48, 126.18, 126.05,
125.82, 125.54, 125.51, 122.70, 122.09, 120.81, 37.93, 35.55. GC-MS
(EI, 70 eV) m/z ¼ 307 (Mþ).

4.2.13. 2,3-Diphenylpropanenitrile (3m) [13]

Colorless oil, yield 50% (42 mg). Eluent: Petroleum ether ¼ 10/1.
1H NMR (500 MHz, CDCl3) d 7.39e7.26 (m, 8H), 7.16e7.14 (m, 2H),
4.02e3.99 (m,1H), 3.23e3.12 (m, 2H). 13C NMR (125.76MHz, CDCl3)
d 136.29, 135.23, 129.24, 129.04, 128.65, 128.23, 127.51, 127.41,
120.39, 42.22, 39.83. GC-MS (EI, 70 eV) m/z ¼ 207 (Mþ).

4.2.14. 3-Phenyl-2-(p-tolyl)propanenitrile (3n) [15]

White solid, yield 38% (34 mg). Petroleum ether/EtOAc ¼ 10/1.
1H NMR (500 MHz, CDCl3) d 7.24e7.18 (m, 3H), 7.10e7.06 (m, 6H),
3.90e3.87 (m, 1H), 3.12e3.01 (m, 2H), 2.27 (s, 3H). 13C NMR
(125.76 MHz CDCl3): d 138.04, 136.45, 132.25, 129.69, 129.24,
128.63, 127.36, 120.57, 42.26, 39.47, 21.11. GC-MS (EI, 70 eV) m/
z ¼ 221 (Mþ).

4.2.15. 2-(4-Methoxyphenyl)-3-phenylpropanenitrile (3o) [13]

White solid, yield 43% (41 mg). Eluent: Petroleum ether/
EtOAc ¼ 5/1. 1H NMR (500 MHz CDCl3): d 7.31e7.37 (m, 3H),
7.18e7.12 (m, 4H), 6.89e6.86 (m, 2H), 3.96e3.93 (m, 1H), 3.81 (s,
3H), 3.19e3.08 (m, 2H). 13C NMR (125.76 MHz, CDCl3): d 159.41,
136.38, 129.25, 128.64, 128.61, 127.33, 127.20, 120.64, 114.35, 55.35,
42.30, 39.00. GC-MS (EI, 70 eV) m/z ¼ 237 (Mþ).

4.2.16. 2-(4-Fluorophenyl)-3-phenylpropanenitrile (3p) [15]

White solid, yield 41% (37 mg). Eluent: Petroleum ether/
EtOAc ¼ 10/1. 1H NMR (500 MHz CDCl3): d 7.32e7.27 (m, 3H),
7.22e7.18 (m, 2H), 7.11e7.10 (m, 2H), 7.06e7.01 (m, 2H), 4.01e4.00
(m, 1H), 3.21e3.09 (m, 2H). 13C NMR (125.76 MHz, CDCl3): d 162.46
(d, JC-F ¼ 247.5 Hz), 135.92, 130.93 (d, JC-F ¼ 3.4 Hz), 129.26 (d, JC-
F ¼ 8.17 Hz), 129.25, 128.69, 127.50, 120.22, 116.0 (d, JC-F ¼ 21.9 Hz),
42.19, 39.01. GC-MS (EI, 70 eV) m/z ¼ 225 (Mþ).

4.2.17. 3-Phenyl-2-(4-(trifluoromethyl)phenyl)propanenitrile (3q)
[8c]

Colorless oil, yield 42% (47 mg). Eluent: Petroleum ether/
EtOAc ¼ 10/1. 1H NMR (500 MHz CDCl3): d 7.63e7.61 (m, 2H),
7.38e7.37 (m, 2H), 7.33e7.27 (m, 3H), 7.13e7.11 (m, 2H), 4.10e4.07
(m, 1H), 3.25e3.13 (m, 2H). 13C NMR (125.76 MHz, CDCl3): d 139.06,
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135.56, 130.65 (d, JC-F ¼ 32.7 Hz), 129.21, 128.79, 128.03, 127.68,
126.08e125.99 (m), 123.80(d, JC-F ¼ 272.0 Hz), 119.62, 41.94, 39.57.
GC-MS (EI, 70 eV) m/z ¼ 275 (Mþ).

4.2.18. 2-Methyl-2,3-diphenylpropanenitrile (3r) [3a]

Light yellow oil, yield 30% (27 mg). Eluent: Petroleum ether/
EtOAc ¼ 10/1. 1H NMR (500 MHz CDCl3): d 7.31e7.21 (m, 5H),
7.17e7.12 (m, 3H), 6.95e6.94 (m, 2H), 3.09e3.02 (m, 2H), 1.67 (s,
3H). 13C NMR (125.76 MHz, CDCl3): d 139.69, 135.11, 130.37, 128.78,
128.15, 127.93, 127.38, 125.93, 123.18, 48.57, 43.54, 26.03. GC-MS (EI,
70 eV) m/z ¼ 221 (Mþ).

4.2.19. 3-Phenyl-2-(pyridin-2-yl)propanenitrile (3s) [15]

White solid, yield 31% (26 mg). Eluent: Petroleum ether/
EtOAc ¼ 10/1. 1H NMR (500 MHz CDCl3): d 8.65e8.63 (m, 1H),
7.69e7.65 (m, 1H), 7.31e7.24 (m, 5H), 7.18e7.15 (m, 2H), 4.23e4.20
(m,1H), 3.39e3.24 (m, 2H). 13C NMR (125.76 MHz, CDCl3): d 154.48,
149.96, 137.23, 136.26, 129.22, 128.66, 127.39, 123.11, 122.20, 119.62,
42.04, 40.09. GC-MS (EI, 70 eV) m/z ¼ 208 (Mþ).

4.2.20. 2-(4-Methoxyphenyl)-3-(3,4,5-trimethoxyphenyl)
propanenitrile (3t) [11]

Light yellow solid, yield 30% (40 mg). Eluent: Petroleum ether/
EtOAc ¼ 5/1. 1H NMR (500 MHz CDCl3): d 7.06 (d, J ¼ 8.4 Hz, 2H),
6.83 (d, J ¼ 8.4 Hz, 2H), 6.40 (s, 2H), 3.91e3.79 (m, 13H), 3.16e3.04
(m, 2H). 13C NMR (125.76 MHz, CDCl3): d 157.90, 152.43, 136.69,
129.67, 129.35, 127.21, 119.44, 112.96, 103.60, 59.89, 55.18, 54.26,
40.34, 39.19. GC-MS (EI, 70 eV) m/z ¼ 327 (Mþ).

4.2.21. 3-(3,5-Dimethylphenyl)-2-phenylpropanenitrile (3u)
Light yellow oil, yield 37% (35 mg). Eluent: Petroleum ether/

EtOAc ¼ 10/1. 1H NMR (500 MHz CDCl3): d 7.39e7.28 (m, 5H), 6.91
(s, 1H), 6.78 (s, 2H), 3.99e3.96 (m, 1H), 3.13e3.03 (m, 2H), 2.82 (s,
6H). 13C NMR (125.76 MHz, CDCl3): d 138.16, 136.28, 135.57, 129.00,
128.17, 127.47, 126.96, 120.49, 42.23, 39.95, 21.24. HRMS (ESIþ)
Calcd. for C17H17N [Mþ]: 235.1361, Found: 235.1362.

4.2.22. 3-(4-Methoxyphenyl)-2-phenylpropanenitrile (3v) [13]

Colorless oil, yield 30% (29 mg). Eluent: Petroleum ether/
EtOAc ¼ 5/1. 1H NMR (500 MHz CDCl3): d 7.37e7.30 (m, 3H),
7.26e7.24 (m, 2H), 7.05e7.03 (m, 2H), 6.84e6.81 (m, 2H), 3.97e3.94
(m, 1H), 3.79 (s, 3H), 3.16e3.06 (m, 2H). 13C NMR (125.76 MHz,
CDCl3): d 158.88, 135.26, 130.31, 129.00, 128.32, 128.16, 127.53,
120.49, 114.00, 55.25, 41.42, 40.09. GC-MS (EI, 70 eV) m/z ¼ 237
(Mþ).

4.2.23. 3-(4-Chlorophenyl)-2-phenylpropanenitrile (3w) [15]

White solid, yield 33% (32 mg). Eluent: Petroleum ether/
EtOAc ¼ 10/1. 1H NMR (500 MHz CDCl3): d 7.38e7.31 (m, 3H),
7.27e7.22 (m, 4H), 7.05e7.03 (m, 2H), 4.00e3.97 (m, 1H), 3.18e3.10
(m, 2H). 13C NMR (125.76 MHz, CDCl3): d 134.75, 134.57, 133.41,
130.63, 129.11, 128.79, 128.37, 127.48, 120.07, 41.43, 39.58. GC-MS
(EI, 70 eV) m/z ¼ 241 (Mþ).

4.2.24. 3-Methyl-2,3-diphenylbutanenitrile (3x)
White solid, yield 56% (53 mg). Eluent: Petroleum ether ¼ 10/1.

1H NMR (500 MHz CDCl3): d7.30e7.25 (m, 3H), 7.24e7.17 (m, 5H),
6.92e6.89 (m, 2H), 3.97 (s, 1H), 1.57 (s, 3H), 1.44 (s, 3H). 13C NMR
(125.76 MHz, CDCl3): d 144.18, 132.80, 129.40, 128.23, 128.04,
127.96, 127.02, 126.58, 120.11, 50.76, 41.75, 26.82, 25.19. HRMS
(ESIþ) Calcd. for C17H17N [Mþ]: 249.1154, Found: 235.1391.

4.2.25. 2,3-Diphenylbutanenitrile (3y) [16]
White solid, yield 55% (49 mg). Eluent: Petroleum ether/

EtOAc ¼ 10/1. 1H NMR (500 MHz CDCl3): d 7.31e7.26 (m, 6H),
6

7.12e7.10 (m, 4H), 3.95 (d, J¼ 7.5 Hz,1H), 3.27e3.21 (m,1H), 1.38 (d,
J ¼ 7.5 Hz, 3H); 13C NMR (125.76 MHz, CDCl3): d 140.99, 134.21,
128.68, 128.44, 128.24, 128.14, 127.81, 127.48, 119.94, 45.54, 44.87,
18.84. GC-MS (EI, 70 eV) m/z ¼ 221 (Mþ).

4.2.26. 3-Phenyl-2-(p-tolyl)butanenitrile (3z)
Colourless oil, yield 46% (44 mg). Eluent: Petroleum ether/

EtOAc ¼ 10/1. 1H NMR (500 MHz CDCl3): d 7.30e7.26 (m, 2H),
7.24e7.22 (m, 1H), 7.18e7.16 (m, 2H), 7.11e7.06 (m, 4H), 3.93 (d,
J ¼ 6.5 Hz, 1H), 3.20e7.14 (m, 1H), 2.31 (s, 3H), 1.45 (d, J ¼ 7.0 Hz,
3H). 13C NMR (125.76 MHz, CDCl3): d 142.05, 137.79, 131.69, 129.40,
128.59, 127.82, 127.48, 127.30, 119.84, 45.55, 45.07, 21.06, 17.26. GC-
MS (EI, 70 eV) m/z ¼ 235 (Mþ).
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