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Synthesis of B-Nitroamines and a-Aminonitriles by I>-Mediated
Oxidative C—C Bond Formation
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Abstract A transition-metal-free C—C bond formation reaction is developed employing molecular iodine as the sole oxidant
to access f-nitroamines, a-aminonitriles and a-aminophosphonates from readily accessible tertiary amines with nitroalkanes,
trimethylsilyl cyanide and phosphite, respectively. The present synthetic approach is operationally simple, has a broad substrate

scope, and can be successfully conducted on a gram scale.
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1 Introduction

B-Nitroamine!'! and a-aminonitrile!?! are privileged stru-
ctural motifs widely distributed in natural products and
biologically active molecules. For example, nitrotyrasan-
guinarine is a nitrated benzophenanthridine alkaloid iso-
lated from Hypecoum species.’) Dihydrosanguinarine
bearing a nitromethane moiety (I) exhibited potent anti-
cancer activity against PC-3, HCT-15, and MCF-7 cell
lines.™ 8-Cyano berberine derivative Il possesses anti-
human cytomegalovirus (HCMV) activity.’! 1-Cyano-2-
aryl-1,2,3 4-tetrahydroisoquinoline (CATHIQ, III) was
demonstrated to have significant cytotoxicity on NB4 and
MKN-45 cells and apoptosis induction.[®! Moreover, j-
nitroamine and a-aminonitrile derivatives are also valuable
synthetic intermediates in organic chemistry.[”]

Consequently, the preparation of S-nitroamines and o-
aminonitriles has received considerable attention from
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Figure 1 Representative natural products and bioactive mole-
cules containing a f-nitroamine or a-aminonitrile motif.

synthetic chemists. The most straightforward synthetic
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strategy is oxidative C—C bond formation reaction of cor-
responding amines with nitroalkanes or cyanides,!® which
have been previously realized using peroxides® or under
photoredox conditions.['! In addition, such transformations
were also achieved via aerobic oxidation in the presence of
transition metals,[''! SO,CLI'?! or iodine!'®! as the catalyst.
In spite of these elegant achievements, facile and practical
protocols to synthesize f-nitroamines and a-aminonitriles
are still highly desirable and may benefit the drug discov-
ery field. To the best of our knowledge, the synthesis of
these compounds employing molecular iodine as the sole
oxidant have not been investigated to date. With our inter-
est in iodine-promoted C—C bond construction,' we
herein describe an I,-mediated oxidative C—C bond for-
mation reaction of tertiary amines with nitroalkanes and
trimethylsilyl cyanide to access f-nitroamines and a-ami-
nonitriles, respectively, under transition-metal-free condi-
tions.

2 Results and discussion

Initially, N-phenyl tetrahydroisoquinoline (1a) and ni-
tromethane (2a) were selected as the model substrates for
the investigation of the I,-mediated C—C bond formation
reaction (Table 1). Solvent screening (Entries 1~ 7)
demonstrated that 1,4-dioxane is the optimum medium
(Entry 7) for the present transformation. In the presence of
sodium acetate (NaOAc) as a base, the reaction was com-
plete within 1 h at the reflux temperature, affording the
expected f-nitroamine product (3aa) in 84% yield (Entry
7). Lowering the reaction temperature significantly affects
the formation of 3aa (Entry 8). Further optimization sug-
gested that 2.5 equiv. of nitromethane is the optimal for
this synthetic protocol (Entry 10 vs Entries 7, 9 and 11).
Screening of inorganic and organic bases indicated that
NaOAc is the most effective one (Entry 10 vs Entries 12~
19). The reaction was only slightly affected when it was
performed in the absence of light (Entry 20). The yields of
the product were decreased upon the inclusion of a free
radical scavenger, 2,2,6,6-tetramethylpiperidinooxy (TE-
MPO) (Entry 21) or 2,6-di-t-butyl-p-cresol (BHT) (Entry
22), in the reaction system. These results revealed that the
I,-mediated C—C bond formation reaction may undergo
both radical and non-radical mechanism pathways.

Having established the optimized reaction conditions,
the scope and generality of this synthetic method were then
investigated. As shown in Table 2, all the N-aryl tetrahy-
droisoquinolines (la~1l, 1lo~1p) were smoothly con-
verted to the corresponding S-nitroamine products (3aa~
3la, 3o0a~3pa) by the reaction with nitromethane (2a).
Using the synthesis of 3ja as an example, the reaction was
conveniently conducted on a gram scale. The structure of
product 3ka was further confirmed by X-ray crystallog-
raphy (CCDC: 2259823). This synthetic process is com-
patible with both electron-donating groups (EDGs) (3ba~
3da, 3o0a) and electron-withdrawing groups (EWGs)
(3ea~3ka, 3pa) on the N-aryl and tetrahydroisoquinoline
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moieties of the substrate. The presence of EWGs favored
the formation of the products (3fa~3ga, 3ia~3ka, 3pa),
which could be attributed to increased electrophilicity of
the corresponding iminium intermediates (cf. compound B
in Scheme 1). The relatively lower yield of product 3ha
could be due to the steric hindrance of the ortho-chlorine
group. Replacement of the N-aryl group in the substrate

Table 1 Optimization of the reaction conditions for the synthe-
sis of 3aa“

CO MeNO, (2a), I, base Nepp
N\ph solvent, temp.

1a 3aa NO;
Entry 2a/equiv. Base Solvent Temp. t/h Yield/%
1 2 NaOAc DCE Reflux 1 Trace
2 2 NaOAc Toluene Reflux 1 Trace
3 2  NaOAc DMSO 100°C 1 34
4 2 NaOAc PrOH Reflux 2 59
5 2 NaOAc MeCN Reflux 5.5 61
6 2  NaOAc THF Reflux 11 58
7 2 NaOAc 1,4-Dioxane  Reflux 1 84
8 2 NaOAc 1,4-Dioxane 80°C 1.5 32
9 1.5 NaOAc 1,4-Dioxane  Reflux 1 72
10 2.5 NaOAc 14-Dioxane Reflux 1 92
11 3 NaOAc 14-Dioxane  Reflux 1 87
12 2.5 NaHCOs 1,4-Dioxane  Reflux 4 19
13 2.5 NaCOs 1,4-Dioxane  Reflux 4.5 74
14 2.5 KoCOs 1,4-Dioxane  Reflux 1 32
15 2.5 KsPOs4 1,4-Dioxane  Reflux 0.5 49
16 2.5 NaOH 1,4-Dioxane  Reflux 1.5 77
17 2.5 KOBu 1,4-Dioxane Reflux 0.5 59
18 2.5 DBU 1,4-Dioxane  Reflux 5  Trace
19 2.5 NEt 1,4-Dioxane  Reflux 5  Trace

20¢ 2.5 NaOAc 1,4-Dioxane  Reflux 1.5 89
214 2.5 NaOAc 1,4-Dioxane Reflux 0.5 49

22¢ 2.5 NaOAc 1,4-Dioxane  Reflux 0.5 74

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

4 Optimal reaction conditions (Entry 10): 1a (0.5 mmol), 2a (1.25 mmol), I, (1
mmol), NaOAc (2 mmol), 1,4-dioxane, reflux; DCE: 1,2-dichloroethane,
DMSO: dimethyl sulfoxide, THF: tetrahydrofuran. ?Isolated yields. ¢No light
(dark). ¢ With TEMPO (2.1 equiv). ¢ With BHT (2.1 equiv).

Boc or Cbz also led to the formation the expected product
(3ma~3na) in a moderate yield. The reaction also works
with other nucleophiles such as 1-nitropropane (3ab), tri-
methylsilyl cyanide (3ac, 3cc, 3fc, 3ge, 3jc) and diethyl
phosphite (3ad) instead of nitromethane, affording the
corresponding fS-nitroamine, a-aminonitrile and a-amino-
phosphonate products. Among them, compound 3je (cf. III
in Figure 1) was identified as an anticancer lead com-
pound.[®

In light of the encouraging results with tetrahydroiso-
quinoline substrates, the scope of the I,-mediated C—C
bond formation reaction with other tertiary amines was
further explored. However, the reaction of N,N,4-trim-
ethylaniline (1q) with trimethylsilyl cyanide (2¢) under the
above conditions resulted in only a moderate yield of the

http://sioc-journal.cn/ 3967
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Table 2 Substrate scope of tetrahydroisoquinoline derivatives

=z Nu-H (2), I, NaOAc

R1_
X | N<

R2 1,4-dioxane, reflux

1/|
R X N\Rz

1 3 Nu
N
Q? Q?NO Q?NO Q?O Q?O
NO, NO, OMe NO, Me NO, NO F

3aa, 92% 3ba, 58%°

W, Yo S g,

3fa, 92%

3ga, 95%

NN g I N N N
”O = TF 30 “Boc “Cbz
NO, CN e NO, NO,

3ca, 69%7

3ha, 63%"

2
3ea, 58%

: IO
NO, CF;

3ja, 96% (91%)°

3da, 64%

3ia, 79%

3ka, 88% 3la, 62% 3ma, 50%¢ 3na, 43%°
MeO Br
N. N N N
CN
NO, NO, NO, CN Me
30a, 46%°7 3pa, 79% 3ab, 62%2f 3ac, 90% 3cc, 69%

@QNQ CO o QQQ ca,
O=P-OEt
CN cl CN N CFs OEt

3fc, 65% 3gc, 73%

E

3jc, 79% 3ad, 48%9

“@Reaction conditions: 1 (0.5 mmol), 2 (1.25 mmol), I, (1 mmol), NaOAc (2 mmol), 1,4-dioxane (6 mL), reflux. “ At 80 °C. 6% of 1h was recovered. ¢ Yield of a
gram-scale reaction (5 mmol). 35% of 1m was recovered. ¢ 31% of 1n was recovered./dr 1:1.4.£21% of 1a was recovered, with 1.5 mmol of L.

desired product (3qc) (Table 3, Entry 1). Further investiga-
tion (Table 3) suggested that a mixture of DCE and MeCN
(V' V=2 1 1) as the solvent and 4 equiv. of iodine are the
optimum reaction conditions for the formation of 3qc (En-
try 13). Then, a series of acyclic or cyclic tertiary amines
were subjected to these conditions (Table 4). Both EDG-
and EWG-substituted N,N-dimethylanilines were trans-
formed into the a-aminonitrile products (3qe~3vc) by
reacting with trimethylsilyl cyanide. An N-naphthyl a-ami-
nonitrile (3we) was also produced in a high yield by the
present synthetic process. Replacing the N,N-dimethyl-
amino group in the substrate with an N,N-diethylamino or
pyrrolidine one also led to the formation of the corre-
sponding product (3xc~3yc), but in a decreased yield.
These could be due to the steric hindrance caused by such
amino moieties.

On the basis of these experimental results and our pre-
vious work on I-promoted C—H functionalization,!”
tentative mechanisms are proposed for this C—C bond
formation reaction (Scheme 1). Taking the reaction of
N-phenyl tetrahydroisoquinoline (1a) as an example, io-
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dination of 1a by molecular iodine under basic conditions
give an N-iodo intermediate (A) (path a). Subsequently,
the cleavage of the N—I bond in the intermediate A and
followed by deprotonation under the presence of base re-
sults in an iminium intermediate (B). Then, nucleophiles
are added to the iminium double form products (3).
Meanwhile, a radical pathway might also be involved in
this transformation (path b). lodine radical generated from
homolytic cleavage of molecular iodine!'®! reacts with the
a-C—H group in the substrate (1a) to generate a radical
intermediate (C). The radical recombination of C with an
iodine radical obtains an iodide (D), which results in the
iminium intermediate B after elimination. Addition of the
nucleophiles to intermediate B subsequently produces the
product (3).

3 Conclusions

In summary, an iodine-mediated oxidative C—C bond
formation reaction of tertiary amines with nucleophiles
was developed, such as nitroalkanes, trimethylsilyl cyanide

Chin. J. Org. Chem. 2023, 43,3966~3976
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Table 3 Optimization of the reaction conditions for the synthe-

sis of 3qc?
Me I, base Me
/©/N‘Me + TMSCN ——— N_CN
solvent, temp.
Me 1q 2c Me 3qc
Entry Io/equiv. Base Solvent Temp. t/h Yield*/%

1 2 NaOAc 1,4-Dioxane Reflux 2.5 44
2 2 NaOAc DMSO 100 °C 4 41
3 2 NaOAc MeCN Reflux 4 58
4 2 NaOAc Toluene Reflux 0.5 68
5 2 NaOAc DCE Reflux 1 72
DCE/MeCN
NaOA Refl 4
6 3 aOAc Wiv=1:1 eflux 88
DCE/MeCN
7 3 NaOA Refl 2 90
TR piy=2y T
DCE/MeCN
NaOA Reflux 1.
8 3 aOAc Viv=3:1 eflux 1.5 77
DCE/MeCN
9 3 NaHCO Reflux 2.5 82
TS piy=20y T
DCE/MeCN
1 Refl . 4
0 3 NaxCOs3 Viv=2:1) eflux 3.5 6
DCE/MeCN
11 3 NaOH Refl 4 65
S piv=2iy T
DCE/MeCN
12 NaOA °C 14
3 aOAc Viv=2:1 60 °C 78
DCE/MeCN
13 4 NaOAc Viv=2:1 Reflux 0.5 92

4 Optimal reaction conditions (Entry 13): 1q (0.5 mmol), 2¢ (1.25 mmol), I, (2
mmol), NaOAc (4 mmol), DCE/MeCN (V' : V=2 : 1), reflux; ® Isolated
yields.

Table 4 Scope of substrates®

/N I, NaOAc, reflux Ar—N
Ar—N .+ TMSCN
AN DCE/MeCN (V:V =2:1)
Nu
1 2c 3
I\I/Ie I\I/Ie I\I/Ie
/©/N\/CN ©:NVCN /©/N\/CN
Me Me eO
3qc, 92% 3rc, 91% 3sc, 69%
I\I/Ie I\I/Ie I\I/Ie
/©/N\/CN /©/N\/CN /©/N\/CN
F Cl Br
3tc, 98% 3uc, 93% 3vc, 61%
SU-PR
N._CN N\l/ N
CN CN
Me Me
3wc, 94% 3xc, 18% 3yc, 32%

“Reaction conditions: 1 (0.5 mmol), 2¢ (1.25 mmol), I, (2 mmol), NaOAc
(4 mmol), DCE/MeCN (V' : V=2 : 1), reflux.
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Scheme 1 Proposed mechanism

and phosphite, providing a facile access to various f-nitro-
amine, a-aminonitrile and a-aminophosphonate deriva-
tives. The present synthetic process features no use of tran-
sition metals, simple operation, gram-scale synthesis, and
broad substrate scope.

4 Experimental section

4.1 General information

'"H NMR and '3C NMR spectra were recorded on a
Bruker AV 400 MHz (100 MHz for '3C NMR) spectrome-
ter. Chemical shift values are reported with tetrame-
thylsilane (TMS) as an internal standard. Melting points
were determined on an XT4A micromelting point appa-
ratus and were uncorrected. High-resolution mass spectra
(HRMS) were obtained on a Q-TOF Mass Spectrometer
equipped with an electrospray ion source (ESI), and oper-
ated in the positive mode. Flash column chromatography
was performed over silica gel 200~300 mesh. 1,4-Dio-
xane, 1,2-dichloroethane (DCE) and MeCN used in the
synthesis of products 3 were analytical reagent grade and
without pretreatment.

4.2 Preparation of substrates 1

4.2.1 Preparation of substrates 1a~1b, 1li~1j and 1p

To a mixture of Cul (95 mg, 0.5 mmol) and K3PO4 (2.12
g, 10 mmol) in 2-propanol (5 mL) were added ethylene
glycol (0.56 mL, 10 mmol), substituted 1,2,3,4-tetrahydro-
isoquinoline (7.5 mmol) and the corresponding iodoben-
zene (5 mmol) in sequence. Then, the reaction mixture was
stirred at 90 °C under an atmosphere of nitrogen for 48 h.
After cooling to room temperature, it was quenched with
H>0 (20 mL) and extracted with EtOAc (20 mLX3). The
combined organic layer was dried over anhydrous Na,SOs,
concentrated, and purified through silica gel column chro-
matography to afford the substrates 1la~1b, 1i~1j and
1p.1100

2-Phenyl-1,2,3 4-tetrahydroisoquinoline (1a):''"  Elu-
ent: EtOAc/petroleum ether (PE), V' . V=5 1 95; 848 mg,
81% yield. Yellow oil. '"H NMR (400 MHz, CDCl3) ¢6:

http://sioc-journal.cn/ 3969
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7.29~7.23 (m, 2H, overlapped with the peak of chloro-
form), 7.16~7.09 (m, 4H), 6.97~6.93 (m, 2H), 6.83~
6.77 (m, 1H), 4.37 (s, 2H), 3.53~3.49 (m, 2H), 2.96~
2.92 (m, 2H); 3C NMR (100 MHz, CDCls) J: 150.6,
135.0, 134.6, 129.3, 128.6, 126.7, 126.4, 126.1, 118.8,
115.3, 50.8, 46.6, 29.2; HRMS (ESI-TOF) calcd for
CisHisN [M-+H]" 210.1277, found 210.1276.
2-(4-Methoxyphenyl)-1,2,3,4-tetrahydroisoquinoline
(1b):['™ Eluent: EtOAC/PE, V' : V=5 © 95; 780 mg, 65%
yield. Yellow solid, m.p. 82~84 °C; 'H NMR (400 MHz,
CDCl;) 0: 7.18~7.10 (m, 4H), 6.97 (d, J=9.2 Hz, 2H),
6.86 (d, J/=8.4 Hz, 2H), 4.29 (s, 2H), 3.76 (s, 3H), 3.43 (t,
J=6.4 Hz, 2H), 2.97 (t, J=6.0 Hz, 2H); '3C NMR (100
MHz, CDCl;) J: 153.5, 145.4, 134.65, 134.58, 128.7,
126.6, 126.3, 126.0, 118.1, 114.6, 55.7, 52.7, 48.5, 29.2;
HRMS (ESI-TOF) caled for Ci;HisNO [M + H] *
240.1383, found 240.1383.
2-(4-Bromophenyl)-1,2,3 4-tetrahydroisoquinoline (1i):
Eluent: Eluent: EtOAC/PE, V. V=2:98; 1.1 g, 76%
yield. White solid, m.p. 64~66 °C (lit.?*1 65~67 °C). 'H
NMR (400 MHz, CDCls) J: 7.35~7.31 (m, 2H), 7.21~
7.12 (m, 4H), 6.82~6.78 (m, 2H), 4.35 (s, 2H), 3.50 (t,
J=6.0 Hz, 2H), 2.95 (t, J=6.0 Hz, 2H); '3C NMR (100
MHz, CDCls) d: 149.4, 134.7, 134.1, 131.9, 128.6, 126.58,
126.56, 126.2, 116.5, 110.5, 50.5, 46.3, 29.0; HRMS
(ESI-TOF) caled for C;sH;sBrN [M+H] " 288.0383,
found 288.0384.
2-(4-(Trifluoromethyl)phenyl)-1,2,3,4-tetrahydroisoquin
oline (1j):['" Eluent: EtOAC/PE, V. V=1:.99; 1.11 g,
80% yield. White solid, m.p. 75~76 °C; 'H NMR (400
MHz, CDCL) ¢: 7.49 (d, J=28.4 Hz, 2H), 7.23~7.16 (m,
4H, overlapped with the peak of chloroform), 6.92 (d, J=
8.4 Hz, 2H), 4.47 (s, 2H), 3.61 (t, J=6.0 Hz, 2H), 2.98 (t,
J=6.0 Hz, 2H); *C NMR (100 MHz, CDCl3) 6: 152.2,
134.9, 133.8, 128.4, 126.7, 126.5 (q, Jcr=3.7 Hz), 126.4,
125.0 (q, Jc.r=268.5 Hz), 119.0 (q, Jc.r=32.4 Hz), 112.9,
49.4, 45.2, 29.0, HRMS (ESI-TOF) caled for CisHisFsN
[M-++H]" 278.1151, found 278.1155.
6-Bromo-2-phenyl-1,2,3,4-tetrahydroisoquinoline
(1p):1'%1 Eluent: EtOAC/PE, V' : V=2 : 98; 605 mg, 42%
yield. White solid, m.p. 67~68 °C; 'H NMR (400 MHz,
CDCl;) 6: 7.30~7.25 (m, 4H, overlapped with the peak of
chloroform), 7.01~6.94 (m, 3H), 6.83 (t, J=7.2 Hz, 1H),
4.31 (s, 2H), 3.51 (t, J=6.0 Hz, 2H), 2.92 (t, J=6.0 Hz,
2H); 3C NMR (100 MHz, CDCI5) é: 150.3, 137.2, 133.5,
131.4,129.3, 129.2, 128.3, 119.9, 119.1, 115.4, 50.5, 46.4,
28.9; HRMS (ESI-TOF) caled for C;sH;sBrN [M+H]"
288.0383, found 288.0382.

4.2.2 Preparation of substrates 1c~1h and 1y

A mixture of the corresponding aniline (5 mmol) and
DBU (1.14 g, 7.5 mmol) was treated dropwise with POCI3
(997 mg, 6.5 mmol) at room temperature. The resulting
mixture was stirred at 90 °C for 15 min, and then treated
with isochromane (1.68 g, 12.5 mmol) (for the preparation
of 1y, 12.5 mmol of tetrahydrofuran was used). After
stirred at 110 °C for another 10 h, the reaction was allowed
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to cool to the room temperature, quenched with sat. Na-
HCO; (15 mL) and brine (15 mL), and extracted with
EtOAc (30 mL X 3). The combined organic layer was dried
over anhydrous Na,SOs, concentrated, and purified
through silica gel column chromatography to afford the
substrates 1¢~1h and 1y.['"]
2-(p-Tolyl)-1,2,3,4-tetrahydroisoquinoline (1¢):[''" El-
uent: EtOAC/PE, V' V=1 1 99; 849 mg, 76% yield. Col-
orless oil. "H NMR (400 MHz, CDCl;) &: 7.19~7.08 (m,
6H), 6.91 (d, J/=8.4 Hz, 2H), 4.34 (s, 2H), 3.49 (t, J=5.6
Hz, 2H), 2.96 (t, J=5.6 Hz, 2H), 2.27 (s, 3H); '*C NMR
(100 MHz, CDCl3) J: 148.7, 134.8, 134.6, 129.8, 128.7,
128.5, 126.6, 126.3, 126.0, 115.9, 51.5, 47.4, 29.2, 20.5;
HRMS (ESI-TOF) calcd for Ci6HisN [M+H]" 224.1434,
found 224.1433.
2-(m-Tolyl)-1,2,3,4-tetrahydroisoquinoline (1d):!''" El-
uent: EtOAC/PE, V' V=1 1 99; 897 mg, 80% yield. Col-
orless oil. 'H NMR (400 MHz, CDCl;) 6: 7.19~7.12 (m,
5H, overlapped with the peak of chloroform), 6.80~6.77
(m, 2H), 6.65 (d, J=7.2 Hz, 1H), 4.38 (s, 2H), 3.53 (t, J=
6.0 Hz, 2H), 2.96 (t, J=5.6 Hz, 2H), 2.34 (s, 3H); 3C
NMR (100 MHz, CDCl3) ¢: 150.7, 138.9, 135.0, 134.6,
129.1, 128.6, 126.6, 126.4, 126.1, 119.7, 116.0, 112.4,
50.9, 46.6, 29.3, 22.0; HRMS (ESI-TOF) calcd for
CigHisN [M-+H]" 224.1434, found 224.1434.
2-(4-Fluorophenyl)-1,2,3,4-tetrahydroisoquinoline
(1e):!'""! Eluent: EtOAC/PE, V': V=1 :99; 969 mg, 85%
yield. Yellow oil. 'H NMR (400 MHz, CDCl;) J: 7.19~
7.12 (m, 4H), 7.00~6.91 (m, 4H), 4.32 (s, 2H), 3.48 (4,
J=6.0 Hz, 2H), 2.98 (t, J=6.0 Hz, 2H); '3C NMR (100
MHz, CDCly) 6: 156.7 (d, Jcr=236.5 Hz), 147.4 (d,
Jer=2.2 Hz), 134.5, 134.3, 128.6, 126.5, 126.4, 126.0,
117.2 (d, Jcr=7.5 Hz), 115.6 (d, Jcr=21.8 Hz), 51.9,
47.8, 29.0; HRMS (ESI-TOF) calcd for CisHisFN [M—+
H]" 228.1183, found 228.1184.
2-(4-Chlorophenyl)-1,2,3,4-tetrahydroisoquinoline (1f):
Eluent: EtOAC/PE, VI V=5 199; 1.09 g, 89% yield. Yel-
low solid, m.p. 59~61 °C (lit.[>’! 60~62 °C). 'H NMR
(400 MHz, CDCl3) 0: 7.23~7.13 (m, 6H, overlapped with
the peak of chloroform), 6.87 (d, J=8.8 Hz, 2H), 4.36 (s,
2H), 3.51 (t, J=5.6 Hz, 2H), 2.96 (t, J=5.6 Hz, 2H); 3C
NMR (100 MHz, CDCls) 6: 149.1, 134.7, 134.1, 129.0,
128.5, 126.55, 126.52, 126.2, 123.3, 116.2, 50.6, 46.5,
29.0; HRMS (ESI-TOF) caled for CisHysCIN [M~+H]"
244.0888, found 244.0890.
2-(3-Chlorophenyl)-1,2,3,4-tetrahydroisoquinoline
(1g):1"%1 Eluent: EtOAC/PE, V : V=5 : 99; 968 mg, 79%
yield. Yellow oil. 'H NMR (400 MHz, CDCl;) J: 7.20~
7.12 (m, 5H, overlapped with the peak of chloroform),
6.89 (t, J=2.4 Hz, 1H), 6.80~6.74 (m, 2H), 4.37 (s, 2H),
3.51 (t, J=6.0 Hz, 2H), 2.95 (t, J=5.6 Hz, 2H); '3*C NMR
(100 MHz, CDCl3) d: 151.4, 135.1, 134.9, 134.0, 130.2,
128.5, 126.6, 126.3, 118.0, 114.4, 112.6, 50.1, 45.9, 29.1;
HRMS (ESI-TOF) caled for CisHisCIN [M + H] *
244.0888, found 244.0706.
2-(2-Chlorophenyl)-1,2,3,4-tetrahydroisoquinoline
(1h):"% Eluent: EtOAc/PE, V' © V=5:99; 1.02 g, 84%
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yield. Yellow oil. '"H NMR (400 MHz, CDCl;) é: 7.39 (dd,
J=17.6, 1.2 Hz, 1H), 7.24~7.08 (m, 6H, overlapped with
the peak of chloroform), 6.97 (td, /=7.6, 2.0 Hz, 1H), 4.26
(s, 2H), 3.39 (t, J=5.6 Hz, 2H), 3.02 (t, J=6.0 Hz, 2H);
3C NMR (100 MHz, CDCl3) 6: 149.2, 134.7, 134.6, 130.8,
129.1, 128.9, 127.6, 126.5, 126.4, 1259, 123.7, 120.7,
53.3, 50.0, 29.1; HRMS (ESI-TOF) calcd for CisHsCIN
[M-+H]" 244.0888, found 244.0888.
1-(p-Tolyl)pyrrolidine (1y):*3 Eluent: EtOAc/PE, V .

V=2 :98; 508 mg, 63% yield. Colorless oil. 'H NMR
(400 MHz, CDCl;) d: 7.03 (d, J=8.0 Hz, 2H), 6.48 (d, J=
8.4 Hz, 2H), 3.25~3.22 (m, 4H), 2.24 (s, 3H), 1.98~1.95
(m, 4H); '3C NMR (100 MHz, CDCl;) 6: 146.2, 129.7,
124.5, 111.8, 47.9, 25.5, 20.4; HRMS (ESI-TOF) calcd for
CiiHisN [M—+H]" 162.1277, found 162.1278.

4.2.3 Preparation of substrates Im~1n

A solution of 1,2,3,4-tetrahydroisoquinoline (666 mg, 5
mmol) in CHCl, (10 mL) was treated with triethylamine
(607 mg, 6 mmol), cooled to 0 °C, and then treated drop-
wise with di-fert-butyl decarbonate or benzyl carbono-
chloridate (6 mmol). After stirred at 0 °C for 10 min, it was
allowed to warm up to room temperature and stirred for
another 1 h. The reaction mixture was washed with water
(10 mLX3), dried over anhydrous Na,SO4, concentrated,
and purified through silica gel column chromatography to
afford the substrate (1m~1n).['¥]

tert-Butyl  3,4-dihydroisoquinoline-2(1H)-carboxylate
(1m):2% Eluent: EtOAC/PE, V' © V=11 :89; 1.14 g, 98%
yield. Colorless oil. '"H NMR (400 MHz, CDCl;) J: 7.18~
7.08 (m, 4H), 4.57 (s, 2H), 3.64 (s, 2H), 2.83 (t, J/=6.0 Hz,
2H), 1.49 (s, 9H); 3C NMR (100 MHz, CDCl;, mixture of
tautomers, *peaks of the minor one) d: 154.9, 134.8, 133.7,
128.7, 126.4, 126.2, 79.8, 46.0, 45.3*, 41.9%, 40.7, 29.0,
28.5; HRMS (ESI-TOF) calcd for C14H9NNaO, [M+Na]
" 256.1308, found 256.1310.

Benzyl 3,4-dihydroisoquinoline-2(1H)-carboxylate
(1n):*7 Eluent: EtOAC/PE, V © V=16 : 84; 924 mg, 69%
yield. Colorless oil. 'H NMR (400 MHz, CDCl;) J: 7.39~
7.28 (m, 5H), 7.17~7.05 (m, 4H), 5.17 (s, 2H), 4.64 (s,
2H), 3.74~3.68 (m, 2H), 2.86~2.80 (m, 2H); '3C NMR
(100 MHz, CDCl;, mixture of tautomers, *peaks of the
minor one) d: 155.6, 155.5%, 136.8, 134.7, 134.5*, 133.5%,
133.1, 128.9, 128.6, 128.1, 128.0, 126.6, 126.42, 126.39%*,
126.3, 67.3, 45.83*, 45.77, 41.7*%, 41.4, 29.1*, 28.8;
HRMS (ESI-TOF) caled for C;;H;gNO, [M + H] '
268.1332, found 268.1335.

4.2.4 Preparation of substrates 1w~1x

To a mixture of a substituted arylamine (5 mmol) and
KOH (561 mg, 10 mmol) in DMSO (20 mL) was added
the corresponding alkyl halide (20 mmol of iodomethane
for 1w; 10 mmol of bromoethane for 1x). After stirred at
50 °C for 6 h, the reaction was quenched with water (20
mL) and extracted with EtOAc (20 mL X 3). The combined
organic layer was dried over anhydrous Na,SO4, concen-
trated, and purified through silica gel column chromatog-
raphy to afford the substrate (1w~ 1x).['"]
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N,N,2-Trimethylnaphthalen-1-amine  (1w):?%! Eluent:
EtOAC/PE, VI V=1 :99; 760 mg, 82% yield. Colorless
oil. 'H NMR (400 MHz, CDCl;) J: 8.20 (d, J=8.4 Hz,
1H), 7.77 (d, J=8.0 Hz, 1H), 7.54 (d, J=8.4 Hz, 1H),
7.47~7.43 (m, 1H), 7.40~7.36 (m, 1H), 7.24 (d, J=8.4
Hz, 1H), 2.99 (s, 6H), 2.44 (s, 3H); '3C NMR (100 MHz,
CDCl) o: 146.5, 133.6, 133.1, 132.9, 130.2, 128.1, 125.6,
125.1, 124.9, 124.5, 43.4, 19.4; HRMS (ESI-TOF) calcd
for CisHiN [M+H]" 186.1277, found 186.1278.

N,N-Diethyl-4-methylaniline (1x):!'* Eluent: EtOAc/PE,
V:V=1":99; 465 mg, 57% yield. Yellow oil. '"H NMR
(400 MHz, CDCly) 6: 7.02 (d, J=8.4 Hz, 2H), 6.63~6.59
(m, 2H), 3.30 (q, J=7.2 Hz, 4H), 2.23 (s, 3H), 1.12 (t, J=
7.2 Hz, 6H); 3*C NMR (100 MHz, CDCl3) J: 145.8, 129.8,
124.8, 112.5, 44.5,20.2, 12.6; HRMS (ESI-TOF) calcd for
CiH N [M+H]"™ 164.1434, found 164.1436.

4.2.5 Preparation of substrate 1k

To a mixture of 4-fluorobenzonitrile (242 mg, 2 mmol)
and K»,CO; (415 mg, 3 mmol) in DMF (2 mL) was added
1,2,3,4-tetrahydroisoquinoline (400 mg, 3 mmol). After
stirred at 140 °C for 12 h, the reaction mixture was then
allowed to cool to room temperature, quenched with water
(10 mL), and extracted with EtOAc (10 mL X 3). The
combined organic layer was dried over anhydrous Na,SOs,
concentrated, and purified through silica gel column chro-
matography to afford 4-(3,4-dihydroisoquinolin-2(1H)-yl)-
benzonitrile (1k).?”! Eluent: EtOAc/PE, V: V=9 :91;
375 mg, 80% yield. White solid, m.p. 91~92 °C (lit.[**
90~91 °C); 'H NMR (400 MHz, CDCl5) §: 7.52~7.48
(m, 2H), 7.25~7.16 (m, 4H, overlapped with the peak of
chloroform), 6.87~6.83 (m, 2H), 4.49 (s, 2H), 3.62 (t, J=
5.6 Hz, 2H), 2.98 (t, J=6.0 Hz, 2H); 3*C NMR (100 MHz,
CDCly) o: 152.2, 135.0, 133.6, 133.4, 128.2, 127.0, 126.6,
126.5, 120.5, 112.7, 98.6, 48.8, 44.6, 29.0; HRMS
(ESI-TOF) calcd for C16H;sN> [M+H]" 235.1230, found
235.1233.

4.2.6 Preparation of substrate 11

A mixture of Pdy(dba); (55 mg, 0.06 mmol) and (R)-
(+)-2,2'-bis(diphenylphosphino)-1,1'-binaphthyl (BINAP)
(75 mg, 0.12 mmol) in toluene (4 mL) was stirred at
110 °C under an atmosphere of nitrogen for 30 min. After
cooling to room temperature, it was treated with KO'Bu
(202 mg, 1.8 mmol), 2-bromonaphthalene (249 mg, 1.2
mmol) and 1,2,3,4-tetrahydroisoquinoline (320 mg, 2.4
mmol) in sequence, and then stirred at the reflux tempera-
ture for 10 h. The reaction mixture was allowed to cool to
room temperature, filtered, and washed with CH,Cl, (10
mL X3). The combined filtrate was dried over anhydrous
Na,SOs, concentrated, and purified through silica gel col-
umn chromatography to afford 2-(naphthalen-2-yl)-1,2,3,4-
tetrahydroisoquinoline (11).2!1 Eluent: EtOAc/PE, V . V=
1 :99; 224 mg, 72% yield. White solid, m.p. 89~90 °C.
'"H NMR (400 MHz, CDCls) &: 7.75~7.68 (m, 3H), 7.39
(t, J=7.2 Hz, 1H), 7.34 (dd, J/=9.2, 2.8 Hz, 1H), 7.26 (t,
J=17.6 Hz, 1H, overlapped with the peak of chloroform),
7.22~7.16 (m, 5H), 4.50 (s, 2H), 3.65 (t, J=6.0 Hz, 2H),
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3.02 (t, J=6.0 Hz, 2H); 3C NMR (100 MHz, CDCL) o
148.5, 134.8, 134.4, 1289, 128.7, 128.1, 127.5, 126.64,
126.61, 126.4, 126.3, 126.1, 123.0, 118.8, 109.3, 51.1,
47.2,29.2; HRMS (ESI-TOF) caled for C1oHsN [M+H]
260.1434, found 260.1435.

4.2.7 Preparation of substrate 1o

A mixture of bromobenzene (267 mg, 1.7 mmol) and
6-methoxy-1,2,3,4-tetrahydroisoquinoline  hydrochloride
(509 mg, 2.55 mmol) in DMSO (5 mL) was treated with
KO'Bu (477 mg, 4.25 mmol), stirred at room temperature
under an atmosphere of nitrogen for 5 min, and then stirred
at 100 °C for another 3.5 h. After cooling to room temper-
ature, the reaction was quenched with brine (10 mL) and
extracted with EtOAc (10 mL X 3). The combined organic
layer was washed with water (30 mL X 3), dried over an-
hydrous Na,SOj, concentrated, and purified trhough silica
gel column chromatography to afford 6-methoxy-2-phenyl-
1,2,3,4-tetrahydroisoquinoline (10).??! Eluent: EtOAc/PE,
Viv=1:99; 224 mg, 55% yield. Yellow solid, m.p.
62~63 °C; 'H NMR (400 MHz, CDCl3) 6: 7.30~7.25 (m,
2H, overlapped with the peak of chloroform), 7.07 (d, J=
8.4 Hz, 1H), 6.97 (d, /=8.0 Hz, 2H), 6.82 (t, J/=7.2 Hz,
1H), 6.76 (dd, J=8.8, 2.8 Hz, 1H), 6.70 (s, 1H), 4.35 (s,
2H), 3.79 (s, 3H), 3.54 (t, J=6.0 Hz, 2H), 2.96 (t, J=5.6
Hz, 2H); *C NMR (100 MHz, CDCls) ¢: 158.1, 150.6,
136.1, 129.2, 127.5, 126.7, 118.6, 115.1, 113.2, 1124,
55.3, 50.2, 46.5, 29.4; HRMS (ESI-TOF) calcd for
Ci6HisNO [M+H]" 240.1383, found 240.1384.

4.3 General procedure for the synthesis of products
3aa—~3ad

A solution of substrate 1 (0.5 mmol) and the corre-
sponding nucleophile (2, 1.25 mmol) in 1,4-dioxane (6
mL) was treated sequentially with iodine (254 mg, 1
mmol) and NaOAc (164 mg, 2 mmol), and then stirred at
the reflux temperature until the complete consumption of
substrate 1 (monitored by TLC). After cooling to room
temperature, it was quenched with 5% Na,S,0; (15 mL)
and extracted with EtOAc (15 mL X3). The combined or-
ganic layer was dried over anhydrous Na,SQ4, concentrat-
ed, and purified through silica gel column chromatography
to afford the product (3aa~3ad).

1-(Nitromethyl)-2-phenyl-1,2,3,4-tetrahydroisoquinoline
(3aa): 1 h; eluent: EtOAC/PE, V' I V=1 © 99; 123 mg, 92%
yield. Yellow solid, m.p. 79~81 °C (1it.?”) 84~86 °C); 'H
NMR (400 MHz, CDCl;) o: 7.28~7.16 (m, 5H, over-
lapped with the peak of chloroform), 7.12~7.10 (m, 1H),
6.96 (d, J=7.6 Hz, 2H), 6.83 (t, J/=7.2 Hz, 1H), 5.53 (t,
J=7.2 Hz, 1H), 4.84 (dd, /=12.0, 8.0 Hz, 1H), 4.53 (dd,
J=12.0, 6.8 Hz, 1H), 3.67~3.55 (m, 2H), 3.10~3.02 (m,
1H), 2.76 (dt, J=16.4, 4.8 Hz, 1H); '3*C NMR (100 MHz,
CDCl;) 0: 148.5, 135.3, 132.9, 129.5, 129.2, 128.2, 127.0,
126.7, 119.5, 115.1, 78.8, 58.2, 42.1, 26.5; HRMS (ESI-
TOF) caled for CisHi;7N,O, [M+H]" 269.1285, found
269.1287.

2-(4-Methoxyphenyl)-1-(nitromethyl)-1,2,3,4-tetrahydro

3972 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

isoquinoline (3ba):l''™M 1 h; eluent: EtOAc/PE/NEt;, V :
V:V=2:97":1;87 mg, 58% yield. Yellow oil. 'H NMR
(400 MHz, CDCl3) 0: 7.26~7.12 (m, 4H, overlapped with
the peak of chloroform), 6.93~6.89 (m, 2H), 6.83~6.78
(m, 2H), 5.38 (dd, /=28.8, 6.0 Hz, 1H), 4.81 (dd, J=11.6,
8.4 Hz, 1H), 4.55 (dd, /=12.0, 5.6 Hz, 1H), 3.74 (s, 3H),
3.57~3.53 (m, 2H), 3.04~2.96 (m, 1H), 2.68 (dt, J=
16.4, 4.0 Hz, 1H); '*C NMR (100 MHz, CDCls) J: 154.0,
143.1, 135.5, 132.9, 129.5, 127.9, 126.9, 126.6, 118.9,
114.7, 79.0, 58.9, 55.6, 43.1, 25.8; HRMS (ESI-TOF)
caled for Ci7HioN,O; [M + H] © 299.1390, found
299.1393.
1-(Nitromethyl)-2-(p-tolyl)-1,2,3,4-tetrahydoisoquinolin
e (3ca):l"™™ 1 h; eluent: EtOAc/PE/NEt;, V. V. V=
2:97:1; 97 mg, 69% yield. Yellow solid, m.p. 85~
86 °C; '"H NMR (400 MHz, CDCI;) §: 7.23~7.05 (m, 6H,
overlapped with the peak of chloroform), 6.88 (d, J=8.4
Hz, 2H), 5.50~5.45 (m, 1H), 4.83 (dd, /=12.0, 8.0 Hz,
1H), 4.54 (dd, J=12.0, 6.4 Hz, 1H), 3.66~3.53 (m, 2H),
3.09~3.01 (m, 1H), 2.73 (dt, J/=16.4, 4.8 Hz, 1H), 2.25
(s, 3H); 3C NMR (100 MHz, CDCl;) ¢6: 146.4, 1354,
132.9, 130.0, 129.3, 129.1, 128.0, 127.0, 126.7, 115.9,
78.9, 58.4, 42.3, 26.2, 20.4; HRMS (ESI-TOF) calcd for
C17H]9N202 [N[‘i‘H]+ 2831441, found 283.1443.
1-(Nitromethyl)-2-(m-tolyl)-1,2,3,4-tetrahydroisoquinoli
ne (3da):['" 1.5 h; eluent: EtOAC/PE, V' : V=1 :99; 90
mg, 64% yield. Yellow oil. 'H NMR (400 MHz, CDCl3) 6:
7.26~7.10 (m, 5H, overlapped with the peak of chloro-
form), 6.79~6.76 (m, 2H), 6.67 (d, /=7.2 Hz, 1H), 5.53
(t, J=7.2 Hz, 1H), 4.85 (dd, /=12.0, 8.0 Hz, 1H), 4.54
(dd, J=11.6, 6.4 Hz, 1H), 3.68~3.55 (m, 2H), 3.11~3.03
(m, 1H), 2.77 (dt, J=16.4, 4.8 Hz, 1H), 2.32 (s, 3H); 3C
NMR (100 MHz, CDCls) 6: 148.5, 139.3, 135.3, 133.0,
129.4, 129.2, 128.1, 127.0, 126.7, 1204, 115.9, 112.2,
78.8, 58.2, 42.1, 26.5, 21.9; HRMS (ESI-TOF) calcd for
C17H]9N202 [N[‘i‘H]+ 2831441, found 283.1445.
2-(4-Fluorophenyl)- 1-(nitromethyl)-1,2,3,4-tetrahydrois
oquinoline (3ea):''e 1 h; eluent: EtOAC/PE, V. V=
2 1 98; 83 mg, 58% yield. Yellow solid, m.p. 55~56 °C;
"H NMR (400 MHz, CDCl3) 6: 7.26~7.12 (m, 4H, over-
lapped with the peak of chloroform), 6.95~6.87 (m, 4H),
5.42 (dd, J=8.8, 5.6 Hz, 1H), 4.82 (dd, J=12.0, 8.8 Hz,
1H), 4.55 (dd, J=12.0, 6.0 Hz, 1H), 3.62~3.53 (m, 2H),
3.05~2.97 (m, 1H), 2.70 (dt, J=16.4, 4.4 Hz, 1H); C
NMR (100 MHz, CDCL) d: 157.2 (d, Jcr=237.7 Hz),
145.3 (d, Jcr=2.4 Hz), 135.3, 132.5, 129.5, 128.1, 127.0,
126.8, 118.0 (d, Jcr=7.6 Hz), 115.9 (d, Jcr=22.2 Hz),
78.9, 58.7, 42.8, 25.8; HRMS (ESI-TOF) calcd for
Ci6H16FN,O, [M+H]" 287.1191, found 287.1193.
2-(4-Chlorophenyl)-1-(nitromethyl)-1,2,3,4-tetrahydrois
oquinoline (3fa):l''" 1.5 h; eluent: EtOAC/PE, V: V=
2 1 98; 139 mg, 92% yield. Yellow solid, m.p. 82~83 °C;
"H NMR (400 MHz, CDCl3) 6: 7.27~7.17 (m, 5H, over-
lapped with the peak of chloroform), 7.13~7.11 (m, 1H),
6.90~6.86 (m, 2H), 5.47 (dd, J=8.4, 6.4 Hz, 1H), 4.83
(dd, J=11.6, 8.0 Hz, 1H), 4.55 (dd, /=12.0, 6.4 Hz, 1H),
3.65~3.54 (m, 2H), 3.09~3.01 (m, 1H), 2.76 (dt, J=
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16.4, 4.8 Hz, 1H); '*C NMR (100 MHz, CDCls) J: 147.2,
135.1, 132.5, 129.37, 129.35, 128.3, 127.0, 126.9, 124.3,
116.5, 78.7, 58.2, 42.2, 26.2; HRMS (ESI-TOF) calcd for
Ci6H1sCIN,O, [M+H]" 303.0895, found 303.0898.
2-(3-Chlorophenyl)-1-(nitromethyl)-1,2,3,4-tetrahydro-
isoquinoline (3ga):['®! 3 h; eluent: EtOAc/PE, V@ V=
2:98; 144 mg, 95% yield. Yellow oil. '"H NMR (400
MHz, CDCls) ¢6: 7.27~7.10 (m, 5H, overlapped with the
peak of chloroform), 6.92 (t, J/=2.0 Hz, 1H), 6.84 (dd, J=
8.4,2.8 Hz, 1H), 6.78 (dd, /=8.0, 1.2 Hz, 1H), 5.50 (t, J=
7.6 Hz, 1H), 4.82 (dd, /=12.0, 8.0 Hz, 1H), 4.55 (dd, J=
12.0, 6.4 Hz, 1H), 3.65~3.54 (m, 2H), 3.10~3.02 (m,
1H), 2.78 (dt, J=16.4, 5.2 Hz, 1H); '3*C NMR (100 MHz,
CDCl;) 0: 149.5, 135.3, 135.1, 132.4, 130.5, 129.3, 128.4,
127.1, 126.9, 119.2, 114.7, 112.9, 78.6, 58.0, 42.0, 26.4;
HRMS (ESI-TOF) caled for CisH;CIN,O, [M+H]"
303.0895, found 303.0899.
2-(2-Chlorophenyl)-1-(nitromethyl)-1,2,3,4-tetrahydro-
isoquinoline (3ha):["%1 3 h; eluent: EtOAC/PE, V. V=
2 1 98; 96 mg, 63% yield. Yellow solid, m.p. 87~89 °C;
"H NMR (400 MHz, CDCl;) &: 7.36 (dd, J=38.0, 1.6 Hz,
1H), 7.29~7.24 (m, 2H, overlapped with the peak of
chloroform), 7.21~7.16 (m, 2H), 7.07 (td, J/=7.2, 1.6 Hz,
1H), 7.00 (td, J/=7.6, 1.6 Hz, 1H), 6.84 (dd, J=7.6, 1.6
Hz, 1H), 5.28 (dd, /=10.0, 4.4 Hz, 1H), 4.83 (dd, J/=12.4,
10.0 Hz, 1H), 4.58 (dd, J=12.4, 4.8 Hz, 1H), 3.57~3.48
(m, 2H), 2.86~2.78 (m, 1H), 2.60 (dt, J/=16.8, 3.2 Hz,
1H); 3C NMR (100 MHz, CDCl5) é: 147.1, 136.0, 132.6,
130.8, 130.4, 129.9, 1279, 127.4, 126.8, 126.7, 125.2,
124.3, 79.2, 59.1, 43.2, 25.2; HRMS (ESI-TOF) calcd for
Ci6H1sCIN,O, [M+H]" 303.0895, found 303.0898.
2-(4-Bromophenyl)-1-(nitromethyl)-1,2,3,4-tetrahydro-
isoquinoline (3ia):l''¢l 1.5 h; eluent: EtOAC/PE, V. V=
1 :99; 137 mg, 79% yield. Yellow solid, m.p. 85~86 °C;
'"H NMR (400 MHz, CDCls) 6: 7.36~7.32 (m, 2H),
7.28~7.18 (m, 3H, overlapped with the peak of chloro-
form), 7.14~7.12 (m, 1H), 6.86~6.82 (m, 2H), 5.48 (t,
J=17.2 Hz, 1H), 4.83 (dd, /=12.0, 8.4 Hz, 1H), 4.56 (dd,
J=12.0, 6.4 Hz, 1H), 3.66~3.56 (m, 2H), 3.10~3.02 (m,
1H), 2.78 (dt, J=16.8, 4.8 Hz, 1H); '3*C NMR (100 MHz,
CDCl;) 0: 147.5, 135.1, 132.5, 132.3, 129.3, 128.3, 127.0,
1269, 116.8, 111.6, 78.6, 58.1, 42.1, 26.2; HRMS (ESI-
TOF) caled for Ci6Hi6BrN>O, [M+H]" 347.0390, found
347.0396.
1-(Nitromethyl)-2-(4-(trifluoromethyl)phenyl)-1,2,3,4-
tetrahydroisoquinoline (3ja): Eluent: EtOAc/PE, V' V=
3197; 162 mg, 96% (0.5 mmol, 4 h), 1.53 g, 91% (5
mmol, 7 h); Light yellow solid, m.p. 78~79 °C (lit.?”
81.2~82.3 °C). 'H NMR (400 MHz, CDCl3) 6: 7.49 (d, J
=8.8 Hz, 2H), 7.28~7.19 (m, 3H, overlapped with the
peak of chloroform), 7.12 (d, J=8.0 Hz, 1H), 6.99 (d, J=
8.8 Hz, 2H), 5.60 (t, J/=7.2 Hz, 1H), 4.84 (dd, J/=11.6, 7.6
Hz, 1H), 4.57 (dd, /=12.0, 6.8 Hz, 1H), 3.71~3.61 (m,
2H), 3.13~3.05 (m, 1H), 2.84 (dt, J=16.4, 5.2 Hz, 1H);
3C NMR (100 MHz, CDCl3) 6: 150.5, 134.9, 132.4,129.2,
128.5, 127.1, 127.0, 126.9 (q, Jcr=3.7 Hz), 124.7 (q, Jcr
=269.0 Hz), 120.4 (q, Jcr=32.5 Hz), 113.3, 78.5, 57.8,
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41.8, 266, HRMS (ESI—TOF) calcd for C17H]6F3N202
[M-+H]" 337.1159, found 337.1164.

4-(1-(Nitromethyl)-3,4-dihydroisoquinolin-2(1H)-yl)ben
zonitrile (3ka): 4 h; eluent: EtOAc/PE, V' : V=15 I 85;
129 mg, 88% yield. White solid, m.p. 131~132 °C (lit.['!?
125~127 °C). 'H NMR (400 MHz, CDCl3) 6: 7.50 (d, J=
8.8 Hz, 2H), 7.31~7.21 (m, 3H, overlapped with the peak
of chloroform), 7.15~7.13 (m, 1H), 6.97 (d, J=9.2 Hz,
2H), 5.63 (t, J/=7.2 Hz, 1H), 4.85 (dd, /=12.0, 7.6 Hz,
1H), 4.60 (dd, J=12.4, 7.2 Hz, 1H), 3.68 (t, J/=6.0 Hz,
2H), 3.15~3.08 (m, 1H), 2.90 (dt, J/=16.0, 6.0 Hz, 1H);
13C NMR (100 MHz, CDCl3) 6: 150.9, 134.7, 133.9, 132.1,
129.2, 128.8, 127.13, 127.08, 119.9, 113.2, 100.5, 78.2,
57.5, 41.8, 26.8; HRMS (ESI-TOF) caled for Ci7HisN3O>
[M+H]" 294.1237, found 294.1241.

2-(Naphthalen-2-yl)-1(nitromethyl)-1,2,3,4-tetrahydrois
oquinoline (31a):2! 2.5 h; eluent: EtOAC/PE, V. V=
2 :98; 98 mg, 62% yield. Yellow solid, m.p. 130~
132 °C; '"H NMR (400 MHz, CDCl3) 6: 7.75~7.64 (m,
3H), 7.40~7.16 (m, 8H, overlapped with the peak of
chloroform), 5.68 (t, J=7.2 Hz, 1H), 4.90 (dd, J=11.6,
8.0 Hz, 1H), 4.60 (dd, J=11.6, 6.0 Hz, 1H), 3.84~3.78
(m, 1H), 3.71~3.64 (m, 1H), 3.15~3.07 (m, 1H), 2.79
(dt, J=16.4, 4.4 Hz, 1H); '*C NMR (100 MHz, CDCl5) &:
146.3, 135.3, 134.6, 132.7, 129.4, 128.3, 128.2, 127.5,
127.1, 126.8, 126.7, 126.5, 123.5, 118.2, 110.2, 78.9, 58.2,
42.3, 26.3; HRMS (ESI-TOF) calcd for C0H19N,O, [M+
H]" 319.1441, found 319.1446.

tert-Butyl 1-(nitromethyl)-3,4-dihydroisoquinoline-2
(1H)-carboxylate (3ma):B"! 3 h; eluent: EtOAc/PE, V :
V=9 :91; 73 mg, 50% yield. White solid, m.p. 102~
103 °C; '"H NMR (400 MHz, CDCl;, mixture of tautomers,
*peaks of the minor one) J: 7.26~7.19 (m, 4H, overlapped
with the peak of chloroform), 5.95~5.91* (m, 0.31H),
5.87~5.84 (m, 0.63H), 4.74~4.56 (m, 2H), 4.32~4.27
(m, 0.63H), 3.96~3.90* (m, 0.32H), 3.47~3.40* (m,
0.32H), 3.26 ~3.19 (m, 0.63H), 3.02~2.87 (m, 1H),
2.79~2.75 (m, 1H), 1.46 (s, 9H); 3*C NMR (100 MHz,
CDCls, mixture of tautomers, *peaks of the minor one) J:
154.7*,153.9, 135.3, 135.0%, 131.9%, 131.6, 129.7, 129.2*,
128.1, 127.2*, 127.0, 126.9*, 126.8, 81.4, 80.9%, 79.2,
78.6*, 53.9, 53.1%, 39.2%, 36.8, 28.4*, 28.3*, 28.2, 28.0;
HRMS (ESI-TOF) caled for CisHyN;NaOs; [M+Na]®
315.1315, found 315.1318.

Benzyl 1-(nitromethyl)-3,4-dihydroisoquinoline-2(1H)-
carboxylate (3ma): 5.5 h; eluent: EtOAc/PE, V: V=
9 : 91; 70 mg, 43% yield. Yellow oil. '"H NMR (400 MHz,
CDCls, mixture of tautomers, *peaks of the minor one)) J:
7.39~7.29 (m, 5H), 7.26~7.11 (m, 4H, overlapped with
the peak of chloroform), 5.97* (dd, /=8.4, 5.6 Hz, 0.45H),
590 (dd, J=9.2, 4.8 Hz, 0.47H), 5.20~5.07 (m, 2H),
4.79~4.55 (m, 2H), 4.31~4.25 (m, 0.49H), 4.05~3.99*
(m, 0.47H), 3.53~3.45 (m, 0.53H), 3.36 ~3.29* (m,
0.49H), 3.03~2.86 (m, 1H), 2.77 (dt, J=16.4, 4.4 Hz,
1H); 3C NMR (100 MHz, CDCl;, mixture of tautomers,
*peaks of the minor one) d: 157.9, 155.6, 147.42, 147.39%,
134.6, 134.3* 128.7, 126.5*%, 1264, 126.1, 117.23,
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117.16*, 115.7, 115.5%, 519, 47.8, 29.0; HRMS
(ESI-TOF) caled for CisHioN.Os [M+H]" 327.1340,
found 327.1343.
6-Methoxy-1-(nitromethyl)-2-phenyl-1,2,3,4-tetrahydro-
isoquinoline (30a):"1 1.5 h; eluent: EtOAc/PE/NEt;,
ViViV=9:90:1; 69 mg, 46% yield. Yellow oil. 'H
NMR (400 MHz, CDCl3) o: 7.29~7.23 (m, 2H, over-
lapped with the peak of chloroform), 7.02 (d, /J=8.4 Hz,
1H), 6.96 (d, J=7.6 Hz, 2H), 6.83 (t, J=7.2 Hz, 1H),
6.75~6.70 (m, 2H), 5.47 (t, J=7.6 Hz, 1H), 4.81 (dd, J=
11.6, 7.6 Hz, 1H), 4.49 (dd, J=11.6, 6.8 Hz, 1H), 3.77 (s,
3H), 3.64~3.53 (m, 2H), 3.06~2.99 (m, 1H), 2.74 (dt,
J=16.4, 4.8 Hz, 1H); *C NMR (100 MHz, CDCls) &:
159.2, 148.5, 136.7, 129.6, 128.2, 125.0, 119.4, 115.0,
114.1, 112.6, 78.9, 57.8, 55.3, 42.0, 26.9; HRMS (ESI-
TOF) caled for Ci7H19N,O3 [M+H]" 299.1390, found
299.1393.
6-Bromo-1-(nitromethyl)-2-phenyl-1,2,3,4-tetrahydro-
isoquinoline (3pa): 1 h; eluent: EtOAC/PE, V' . V=2  98;
137 mg, 79% yield. Yellow solid, m.p. 97~98 °C (lit.[1%]
103~105 °C). '"H NMR (400 MHz, CDCls) é: 7.33~7.24
(m, 4H, overlapped with the peak of chloroform), 7.00~
6.94 (m, 3H), 6.86 (t, J=7.6 Hz, 1H), 5.48 (t, J=7.2 Hz,
1H), 4.82 (dd, /=12.0, 8.0 Hz, 1H), 4.50 (dd, /=12.0, 6.8
Hz, 1H), 3.67~3.52 (m, 2H), 3.07~2.99 (m, 1H), 2.74
(dt, J/=16.8, 4.8 Hz, 1H); '3C NMR (100 MHz, CDCl5) &:
148.2, 137.6, 132.2, 131.9, 129.9, 129.6, 128.6, 122.0,
119.9, 115.4, 78.5, 57.8, 41.8, 26.3; HRMS (ESI-TOF)
caled for CigHisBrN2O» [M + H]* 347.0390, found
347.0395.
1-(1-Nitropropyl)-2-phenyl-1,2,3,4-tetrahydroisoquino-
line (3ab):''el 1 h; eluent: EtOAc/PE/NEt;, V@ V. V=
1:98 1 1; 92 mg, 62% [as a mixture of diastereoisomers
(1:1.4 by 'H NMR)]; Yellow oil. 'H NMR (400 MHz,
CDCl;, 1:1.4 mixture of diastereoisomers, *peaks of the
minor one) J: 7.30~7.11 (m, 6H), 6.99~6.92 (m, 2H),
6.83~6.76 (m, 1H), 5.23* (d, J/=9.2 Hz, 0.42H), 5.12 (d,
J=9.6 Hz, 0.58H), 4.89~4.83 (m, 0.58H), 4.70~4.64*
(m, 0.42H), 3.87 ~3.80 (m, 0.58H), 3.69 ~3.47 (m,
1.48H), 3.10~3.01 (m, 1H), 2.93~2.81 (m, 1H), 2.26~
2.04 (m, 1.44H), 1.87~1.77 (m, 0.58H), 0.93 (td, J=11.6,
3.2 Hz, 3H); 3C NMR (100 MHz, CDCl3, 1:1.4 mixture of
diastereoisomers, *peaks of the minor one) J: 149.1,
149.0%, 135.6, 134.8%, 134.0%, 132.6, 129.5, 129.4*, 129.3,
128.8, 128.7*, 128.31%, 128.25, 127.3, 126.7*, 126.0,
119.4, 118.6*%, 115.9, 114.1*, 96.2*, 93.1, 62.2, 60.8%*,
43.6*%, 42.3, 26.9*%, 257, 25.1%, 24.7, 10.78, 10.77%;
HRMS (ESI-TOF) caled for CisHaN,O, [M + H] '
297.1598, found 297.1601.
2-Phenyl-1,2,3,4-tetrahydroisoquinoline-1-carbonitrile
(3ac):!""1 2 h; eluent: EtOAC/PE, V' © V=5 95; 105 mg,
90% yield. White solid, m.p. 82~84 °C; 'H NMR (400
MHz, CDCl;) d: 7.36~7.32 (m, 2H), 7.30~7.19 (m, 4H,
overlapped with the peak of chloroform), 7.06 (d, J=8.0
Hz, 2H), 6.99 (t, J/=7.6 Hz, 1H), 5.49 (s, 1H), 3.76~3.71
(m, 1H), 3.47~3.40 (m, 1H), 3.15~3.07 (m, 1H), 2.92
(dt, J=16.4, 3.6 Hz, 1H); '3C NMR (100 MHz, CDCl5) &:
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148.4, 134.7, 129.7, 129.6, 129.5, 128.9, 127.2, 126.9,
121.9, 1179, 117.6, 53.2, 44.2, 28.6; HRMS (ESI-TOF)
caled for CigH;sN» [M-+H]" 235.1230, found 235.1232.
2-(p-Tolyl)-1,2,3,4-tetrahydroisoquinoline-1-carbonitrile
(3cc): 1 h; eluent: EtOAC/PE, V. V=3 . 97; 86 mg, 69%
yield. White solid, m.p. 102~103 °C (1it.?*1 98~100 °C);
"H NMR (400 MHz, CDCl3) 6: 7.32~7.21 (m, 4H, over-
lapped with the peak of chloroform), 7.17~7.15 (m, 2H),
7.02~6.98 (m, 2H), 5.45 (s, 1H), 3.72~3.67 (m, 1H),
3.46~3.39 (m, 1H), 3.19~3.10 (m, 1H), 2.93 (dt, J=
16.0, 3.6 Hz, 1H), 2.31 (s, 3H); '*C NMR (100 MHz,
CDCl3) 0: 146.3, 134.6, 131.9, 130.2, 129.7, 129.5, 128.7,
127.1, 126.8, 118.4, 117.8, 54.2, 44.4, 28.6, 20.7; HRMS
(ESI-TOF) caled for Ci7H7N, [M+H]" 249.1386, found
249.1388.
2-(4-Chlorophenyl)-1,2,3,4-tetrahydroisoquinoline-1-
carbonitrile (3fc):[''7 2.5 h; eluent: EtOAC/PE, V@ V=
3 :97; 87 mg, 65% yield. White solid, m.p. 139~140 °C;
'H NMR (400 MHz, CDCl3) J: 7.35~7.23 (m, 6H, over-
lapped with the peak of chloroform), 7.03~6.99 (m, 2H),
5.46 (s, 1H), 3.74~3.68 (m, 1H), 3.50~3.43 (m, 1H),
3.19~3.11 (m, 1H), 2.97 (dt, J=16.0, 4.0 Hz, 1H); 3C
NMR (100 MHz, CDCls) 6: 147.0, 134.4, 129.6, 129.4,
129.2, 129.0, 127.1, 127.02, 127.00, 118.9, 117.6, 53.1,
44.3, 28.5; HRMS (ESI-TOF) calcd for CicHi4CIN, [M+
H]" 269.0840, found 269.0843.
2-(3-Chlorophenyl)-1,2,3,4-tetrahydroisoquinoline-1-
carbonitrile (3ge):*¥ 3 h; eluent: EtOAC/PE, V. V=
5 795; 98 mg, 73% yield. Yellow solid, m.p. 67~68 °C;
"H NMR (400 MHz, CDCl3) 6: 7.32~7.21 (m, 5H, over-
lapped with the peak of chloroform), 7.02 (t, /=2.0 Hz,
1H), 6.95~6.90 (m, 2H), 547 (s, 1H), 3.75~3.69 (m,
1H), 3.48~3.41 (m, 1H), 3.14~3.06 (m, 1H), 2.95 (dt,
J=164, 4.0 Hz, 1H); C NMR (100 MHz, CDCl) :
149.3, 1354, 134.5, 130.6, 129.4, 129.2, 129.0, 127.1,
121.5, 117.6, 117.1, 114.9, 52.3, 44.1, 28.4; HRMS (ESI-
TOF) caled for CigHisCIN, [M+H]" 269.0840, found
269.0842.
2-(4-(Trifluoromethyl)phenyl)-1,2,3,4-tetrahydroisoqui-
noline-1-carbonitrile (3jc):'° 5 h; eluent: EtOAc/PE,
ViV=21:98; 119 mg, 79% yield. White solid, m.p. 91~
92 °C; '"H NMR (400 MHz, CDCl;) é: 7.59 (d, J=8.4 Hz,
2H), 7.36~7.24 (m, 4H, overlapped with the peak of
chloroform), 7.07 (d, J=8.4 Hz, 2H), 5.57 (s, 1H), 3.86~
3.81 (m, 1H), 3.58~3.51 (m, 1H), 3.18~3.10 (m, 1H),
3.03 (dt, J=16.4, 44 Hz, 1H); '3C NMR (100 MHz,
CDCl3) 0: 150.4, 134.7, 129.3, 129.2, 129.0, 127.2, 127.1,
126.9 (q, Jcr=3.7 Hz), 124.5 (q, Jc.r=269.3 Hz), 122.5
(9, Jer=32.7 Hz), 117.6, 115.4, 51.2, 43.9, 28.3; HRMS
(ESI-TOF) calcd fOI‘ C17H14F3N2 [N[‘f’H]Jr 3031104,
found 303.1108.

Diethyl (2-phenyl-1,2,3,4-tetrahydroisoquinolin-1-yl)-
phosphonate (3ad): 1 h; eluent: EtOAC/PE, V: V=
25 1 75; 83 mg, 48% yield. White solid, m.p. 58~59 °C
(1it.*¥ 61.4~63.8 °C). 'H NMR (400 MHz, CDCls) 4:
7.38~7.34 (m, 1H), 7.27~7.13 (m, 5H, overlapped with
the peak of chloroform), 6.98 (d, J=8.0 Hz, 2H), 6.79 (t,
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J=72 Hz, 1H), 5.19 (d, J=20.0 Hz, 1H), 4.14~3.84 (m,
5H), 3.65~3.59 (m, 1H), 3.12~2.94 (m, 2H), 1.24 (t, J=
7.2 Hz, 3H), 1.13 (t, J=7.2 Hz, 3H); 3C NMR (100 MHz,
CDCl) 8: 149.4 (d, Jer=5.8 Hz), 136.5 (d, Jer=>5.5 Hz),
130.7, 129.2, 128.8 (d, Jep=2.6 Hz), 128.2 (d, Jer=4.6
Hz), 127.5 (d, Jep=3.4 Hz), 125.9 (d, Jep=2.8 Hz),
118.5, 114.8, 63.4 (d, Jep=7.2 Hz), 62.4 (d, Jer=7.7
Hz), 59.6, 58.0, 43.5, 26.8, 16.5 (q, Jer=8.8, 5.5 Hz);
HRMS (ESI-TOF) caled for CioH2sNNaOsP [M+Na]®
368.1386, found 368.1388.

4.4 General procedure for the synthesis of products
3qc~3yc

A solution of substrate 1 (0.5 mmol) and trimethylsilyl
cyanide (2¢, 1.25 mmol) in DCE/MeCN (2:1, 6 mL) was
treated sequentially with iodine (508 mg, 2 mmol) and
NaOAc (328 mg, 4 mmol), and then stirred at the reflux
temperature until the complete consumption of substrate 1
(monitored by TLC). After cooling to room tem.p.erature,
it was quenched with 5% Na,S,0s3 (15 mL) and extracted
with CH,Cl, (15 mL X 3). The combined organic layer was
dried over anhydrous Na,SOs, concentrated, and purified
through silica gel column chromatography to afford the
product (3qe~3yec).

2-(Methyl(p-tolyl)amino)acetonitrile (3qe):< 0.5 h; el-
uent: EtOAC/PE, V' . V=9 © 91; 74 mg, 92% yield. Yellow
oil. '"H NMR (400 MHz, CDCl3) é: 7.10 (d, J=8.4 Hz,
2H), 6.78 (d, J=8.8 Hz, 2H), 4.09 (s, 2H), 2.93 (s, 3H),
2.27 (s, 3H); '*C NMR (100 MHz, CDCls) &: 145.7, 130.0,
129.9, 115.6, 1154, 42.8, 39.5, 20.5; HRMS (ESI-TOF)
caled for CioH 3N [M-+H]" 161.1073, found 161.1075.

2-(Methyl(o-tolyl)amino)acetonitrile (3rc):®! 1 h; elu-
ent: EtOAC/PE, V' . V=9 [ 91; 73 mg, 91% yield. Color-
less oil. '"H NMR (400 MHz, CDCl3) 6: 7.22~7.17 (m,
3H), 7.08~7.04 (m, 1H), 3.82 (s, 2H), 2.84 (s, 3H), 2.28
(s, 3H); '3C NMR (100 MHz, CDCl;) 6: 148.6, 132.9,
131.4, 126.9, 125.0, 120.7, 115.8, 45.1, 41.0, 17.8; HRMS
(ESI-TOF) caled for CioHisN; [M+H]" 161.1073, found
161.1074.

2-((4-Methoxyphenyl)(methyl)amino)acetonitrile
(3se):['"®1 0.5 h; eluent: V1 V=9 : 91; 61 mg, 69% yield.
Brown oil. 'H NMR (400 MHz, CDCls) &: 6.87 (s, 4H),
4.06 (s, 2H), 3.76 (s, 3H), 2.90 (s, 3H); '*C NMR (100
MHz, CDCl;) o: 154.4, 142.2, 117.8, 115.5, 114.8, 55.6,
44.0, 40.0; HRMS (ESI-TOF) calcd for CioHi3N,O [M+
H]" 177.1023, found 177.1023.

2-((4-Fluorophenyl)(methyl)amino)acetonitrile (3tc):4
3.5 h; eluent: EtOAC/PE, VI V=9 .91; 80 mg, 98%
yield. Colorless oil. '"H NMR (400 MHz, CDCl;) J: 7.04~
6.98 (m, 2H), 6.86~6.81 (m, 2H), 4.11 (s, 2H), 2.95 (s,
3H); 3C NMR (100 MHz, CDCl3) 6: 157.5 (d, Jer=240
Hz), 1444 (d, Jcr=2.3 Hz), 117.0 (d, Jcr=7.8 Hz),
116.0 (d, Jcr=122.2 Hz), 1153, 43.3, 39.8; HRMS
(ESI-TOF) calcd for CoHoFN, [M+H]" 165.0823, found
165.0824.

2-((4-Chlorophenyl)(methyl)amino)acetonitrile (3uc):[]
17.5 h; eluent: EtOAC/PE, VI V=9 . 91; 84 mg, 93%
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yield. Colorless oil. 'H NMR (400 MHz, CDCl;) d: 7.27~
7.23 (m, 2H, overlapped with the peak of chloroform),
6.79~6.75 (m, 2H), 4.13 (s, 2H), 2.97 (s, 3H); *C NMR
(100 MHz, CDCls) o: 146.4, 129.4, 125.2, 116.1, 115.3,
42.3, 39.4; HRMS (ESI-TOF) calcd for CoH;oCIN, [M+
H]" 181.0527, found 181.0527.
2-((4-Bromophenyl)(methyl)amino)acetonitrile (3ve):(!
8 h; eluent: EtOAC/PE, V' V=9 : 91; 69 mg, 61% yield.
Yellow oil. 'H NMR (400 MHz, CDCl3) §: 7.41~7.37 (m,
2H), 6.74~6.70 (m, 2H), 4.13 (s, 2H), 2.97 (s, 3H); 3C
NMR (100 MHz, CDCl;) J: 146.8, 132.3, 116.4, 115.3,
112.5, 42.2, 39.4; HRMS (ESI-TOF) calcd for CoH;oBrN
[M+ H]" 225.0022, found 225.0024.
2-(Methyl(2-methylnaphthalen-1-yl)amino)acetonitrile
(3we): 0.5 h; eluent: EtOAC/PE, VI V=2 :98; 99 mg,
94% yield. Colorless oil. '"H NMR (400 MHz, CDCI;) ¢:
7.97 (d, J=8.4 Hz, 1H), 7.78 (d, /=8.0 Hz, 1H), 7.59 (d,
J=8.4 Hz, 1H), 7.51~7.47 (m, 1H), 7.42~7.38 (m, 1H),
7.25 (d, J=8.4 Hz, 1H, overlapped with the peak of chlo-
roform), 4.10~4.00 (m, 2H), 3.10 (s, 3H), 2.47 (s, 3H);
13C NMR (100 MHz, CDCl3) 6: 143.2, 134.1, 133.7, 132.2,
129.8, 128.5, 126.7, 126.6, 125.4, 123.5, 117.7, 44.5, 41.1,
19.3; HRMS (ESI-TOF) calcd for C;4H;4N;Na [M+Na]"
233.1049, found 233.1051.
2-(Ethyl(p-tolyl)amino)propanenitrile (3xc¢):*> 0.5 h;
eluent: EtOAC/PE, V' . V=5 . 99; 17 mg, 18% yield. Yel-
low oil. 'H NMR (400 MHz, CDCl3) é: 7.13~7.10 (m,
2H), 6.97~6.93 (m, 2H), 4.33 (q, J=7.2 Hz, 1H), 3.34~
3.18 (m, 2H), 2.30 (s, 3H), 1.50 (d, J=7.2 Hz, 3H), 1.12 (t,
J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl3) 6: 144.3,
132.3, 129.9, 120.9, 119.5, 49.3, 44.3, 20.7, 18.6, 13.8;
HRMS (ESI-TOF) calcd for Ci;H;7N, [M+H]" 189.1386,
found 189.1388.
1-(p-Tolyl)pyrrolidine-2-carbonitrile (3y¢):3% 0.5 h; el-
uent: EtOAC/PE, V' I V=2 I 98; 30 mg, 32% yield. Brown
oil. '"H NMR (400 MHz, CDCl3) é: 7.11 (d, J=8.4 Hz,
2H), 6.63~6.60 (m, 2H), 4.43~4.41 (m, 1H), 3.45~3.40
(m, 1H), 3.38~3.32 (m, 1H), 2.43~2.37 (m, 1H), 2.34~
2.12 (m, 6H); C NMR (100 MHz, CDCls) §: 143.2,
130.0, 127.5, 119.4, 112.8, 49.4, 47.6, 31.5, 23.9, 20.4;
HRMS (ESI-TOF) calcd for Ci,H;sN, [M+H]" 187.1230,
found 187.1231.

Supporting Information NMR Spectra of isolated
Compounds. The Supporting Information is available free
of charge via the Internet at http://sioc-journal.cn/.

References

[1] (a) Tan, J.-P,; Li, X.; Chen, Y.; Rong, X.; Zhu, L.; Jiang, C.; Xiao,
K.; Wang, T. Sci. China Chem. 2020, 63, 1091.
(b) El Sayed, M. T.; Sarhan, A. E.; Ahmed, E.; Khattab, R. R.;
Elnaggar, M.; El-Messery, S. M.; Shaldam, M. A.; Hassan, G. S.
ChemistrySelect 2020, 5, 3445.

[2] (a) Méndez-Alvarez, E.; Soto-Otero, R.; Sanchez-Sellero, I;
Lamas, M. L.-R. Life Sci. 1997, 60, 1719.
(b) Deng, X.; Lin, F.; Zhang, Y.; Li, Y.; Zhou, L.; Lou, B.; Li, Y;;
Dong, J.; Ding, T.; Jiang, X.; Wang, R.; Ye, D. Eur. J. Med. Chem.
2014, 73, 1.

http://sioc-journal.cn/ 3975



BIKE

MRILX

B3]
[4]

[3]
(6]
(7]

(8]

(9]

[10]

[11]

3976

(c) Yang, R.; Ruan, Q.; Zhang, B.-Y.; Zheng, Z.-L.; Miao, F.; Zhou,
L.; Geng, H.-L. Molecules 2014, 19, 8051.

(d) Cao, F.-J.; Xu, M.-X.; Zhou, B.-H.; Du, Y.-S.; Yao, J.-H.; Zhou,
L. Toxicol. In Vitro 2019, 54, 295.

(e) Gajic, M.; Ilic, B. S.; Bondzic, B. P.; Dzambaski, Z.; Kojic, V.
V.; Jakimov, D. S.; Kocic, G.; Smelcerovic, A. Chem. Biodiversity
2021, 718, €2100261.

Pabugguoglu, V.; Arar, G;; Gozler, T.; Freyer, A. J.; Shamma, M. J.
Nat. Prod. 1989, 52, 716.

Romo-Pérez, A.; Miranda, L. D.; Chavez-Blanco, A. D.; Duefas-
Gonzalez, A.; Camacho-Corona, M. d. R.; Acosta-Huerta, A.;
Garcia, A. Eur. J. Med. Chem. 2017, 138, 1.

Hayashi, K.; Minoda, K.; Nagaoka, Y.; Hayashi, T.; Uesato, S.
Bioorg. Med. Chem. Lett. 2007, 17, 1562.

Cao, F.-J.; Yang, R.; Lv, C.; Ma, Q.; Lei, M.; Geng, H.-L.; Zhou, L.
Eur. J. Pharm. Sci. 2015, 67, 45.

(a) Dyker, G. Angew. Chem. Int. Ed. 1997, 36, 1700.

(b) Ballini, R.; Petrini, M. Tetrahedron 2004, 60, 1017.

(¢) Bernardi, L.; Bonini, B. F.; Capito, E.; Dessole, G.;
Comes-Franchini, M.; Fochi, M.; Ricci, A. J. Org. Chem. 2004, 69,
8168.

(d) Murahashi, S.-1.; Zhang, D. Chem. Soc. Rev. 2008, 37, 1490.

(a) Tsang, A. S.-K.; Todd, M. H. Tetrahedron Lett. 2009, 50, 1199.
(b) Nobuta, T.; Fujiya, A.; Yamaguchi, T.; Tada, N.; Miura, T.; Itoh,
A. RSC Adv. 2013, 3, 10189.

(¢) Liu, P.-Y.; Zhang, C.; Zhao, S.-C.; Yu, F.; Li, F.; He, Y.-P. J. Org.
Chem. 2017, 82, 12786.

(d) Zhang, R.; Qin, Y.; Zhang, L.; Luo, S. J. Org. Chem. 2019, 84,
2542.

(a) Chu, L.; Qing, F.-L. Chem. Commun. 2010, 46, 6285.

(b) Zhang, Y.; Peng, H.; Zhang, M.; Cheng, Y.; Zhu, C. Chem.
Commun. 2011, 47, 2354.

(c) Kumar, R. A.; Saidulu, G.; Prasad, K. R.; Kumar, G. S.; Sridhar,
B.; Reddy, K. R. Adv. Synth. Catal. 2012, 354, 2985.

(d) Nobuta, T.; Tada, N.; Fujiya, A.; Kariya, A.; Miura, T.; Itoh, A.
Org. Lett. 2013, 15, 574.

(e) Zhu, S.-L.; Ou, S.; Zhao, M.; Shen, H.; Wu, C.-D. Dalton Trans.
2015, 44, 2038.

(f) Liang, W.; Zhang, T.; Liu, Y.; Huang, Y.; Liu, Z.; Liu, Y.; Yang,
B.; Zhou, X.; Zhang, J. ChemSusChem 2018, 11, 3586.

(a) Condie, A. G.; Gonzalez-Gémez, J. C.; Stephenson, C. R. J. J.
Am. Chem. Soc. 2010, 132, 1464.

(b) Rueping, M.; Zhu, S.; Koenigs, R. M. Chem. Commun. 2011,
12709.

(c) Gandy, M. N.; Raston, C. L.; Stubbs, K. A. Chem. Commun.
2015, 51, 11041.

(d) Wang, X.-Z.; Meng, Q.-Y.; Zhong, J.-J.; Gao, X.-W.; Lei, T;
Zhao, L.-M.; Li, Z.-J.; Chen, B.; Tung, C.-H.; Wu, L.-Z. Chem.
Commun. 2015, 51, 11256.

(e) Li, X.; Li, Y.; Huang, Y.; Zhang, T.; Liu, Y.; Yang, B.; He, C.;
Zhou, X.; Zhang, J. Green Chem. 2017, 19, 2925.

(f) Chen, K.; Cheng, Y.; Chang, Y.; Li, E.; Xu, Q.-L.; Zhang, C.;
Wen, X.; Sun, H. Tetrahedron 2018, 74, 483.

(g) Ide, T.; Shimizu, K.; Egami, H.; Hamashima, Y. Tetrahedron
Lett. 2018, 59, 3258.

(h) Kosso, A. R. O.; Sellet, N.; Baralle, A.; Cormier, M.; Goddard,
J.-P. Chem. Sci. 2021, 12, 6964.

(1) Lin, C.; Li, P.; Wang, L. Tetrahedron Lett. 2021, 73, 153102.

(a) Baslé, O.; Li, C.-J. Green Chem. 2007, 9, 1047.

(b) Murahashi, S.-1.; Nakae, T.; Terai, H.; Komiya, N. J. Am. Chem.
Soc. 2008, 130, 11005.

(c) Alagiri, K.; Prabhu, K. R. Org. Biomol. Chem. 2012, 10, 835.
(d) Meng, Q.-Y.; Liu, Q.; Zhong, J.-J.; Zhang, H.-H.; Li, Z.-J;

http://sioc-journal.cn/

[12]
[13]

[14]

[15]

(1e]

[17]

(18]
[19]

[20]
[21]

[22]
[23]

[24]
[25]
[26]
[27]
[28]
[29]
[30]

[31]
[32]

[33]

[34]
[35]

[36]

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Chen, B.; Tung, C.-H.; Wu, L.-Z. Org. Lett. 2012, 14, 5992.

(e) Brzozowski, M.; Forni, J. A.; Savage, G. P.; Polyzos, A. Chem.
Commun. 2015, 51, 334.

(f) Patil, M. R.; Dedhia, N. P.; Kapdi, A. R.; Kumar, A. V. J. Org.
Chem. 2018, 83, 4477.

(g) Wang, H.; Wang, A.; Xia, Z.; Zhou, W.; Sun, Z.; Qian, J.; He,
M. Chin. J. Org. Chem. 2020, 40, 2099 (in Chinese).

(EE, £425, 222, H4ER, b, 2R, o, 4
AALE, 2020, 40, 2099.)

(h) Bjerg, E. E.; Marchan-Garcia, J.; Buxaderas, E.; Moglie, Y.;
Radivoy, G. J. Org. Chem. 2022, 87, 13480.

Tanoue, A.; Yoo, W.-].; Kobayashi, S. Org. Lett. 2014, 16, 2346.
Dhineshkumar, J.; Lamani, M.; Alagiri, K.; Prabhu, K. R. Org. Lett.
2013, /5, 1092.

(a) Liu, J.; Wei, W.; Zhao, T.; Liu, X.; Wu, J.; Yu, W.; Chang, J. J.
Org. Chem. 2016, 81, 9326.

(b) Lv, Z.; Wang, B.; Hu, Z.; Zhou, Y.; Yu, W.; Chang, J. J. Org.
Chem. 2016, 81, 9924.

(a) Yi, X.; Zhao, Z.; Wang, M.; Yu, W.; Chang, J. Org. Lett. 2022,
24, 8703.

(b) Wang, M.; Ye, W.; Sun, N.; Yu, W.; Chang, J. J. Org. Chem.
2023, 88, 1061.

(a) Jayram, J.; Xulu, B. A.; Jeena, V. Tetrahedron 2019, 75, 130617.
(b) Huang, H.-Y.; Wu, H.-R.; Wei, F.; Wang, D.; Liu, L. Org. Lett.
2015, 17, 3702.

(¢) Gromada, J.; Matyjaszewski, K. Macromolecules 2001, 34,
7664.

(d) Wan, J.-P.; Zhong, S.; Guo, Y.; Wei, L. Eur: J. Org. Chem. 2017,
440.

Tran, V. H.; La, M. T.; Kim, H.-K. Tetrahedron Lett. 2019, 60,
1860.

Yan, C.; Liu, Y.; Wang, Q. RSC Adv. 2014, 4, 60075.

Zhang, L.; Peng, C.; Zhao, D.; Wang, Y.; Fu, H.-J.; Shen, Q.; Li,
J.-X. Chem. Commun. 2012, 48, 5928.

Huang, B.-Q.; Chen, Y.; Zhang, X.-J.; Yan, M. Eur. J. Org. Chem.
2021, 3015.

Tian, H.; Xu, W.; Liu, Y.; Wang, Q. Chem. Commun. 2019, 55,
14813.

Qian, W.; Zhou, X. Chinese J. Org. Chem. 2013, 33, 2430.

Tran, V. H.; La, M. T.; Kang, S.; Kim, H.-K. Org. Biomol. Chem.
2020, /8, 5008.

Matsuda, N.; Hirano, K.; Satoh, T.; Miura, M. Angew. Chem. Int.
Ed. 2012, 124, 3702.

Zhou, J.; Li, L.; Wang, S.; Yan, M.; Wei, W. Green Chem. 2020, 22,
3421.

Tsang, A. S.-K.; Hashmi, A. S. K.; Comba, P.; Kerscher, M.; Chan,
B.; Todd, M. H. Chem.-Eur. J. 2017, 23, 9313.

Kim, H.-K.; Lee, A. Tetrahedron Lett. 2016, 57, 4890.

Casarini, D.; Davalli, S.; Lunazzi, L. J. Org. Chem. 1989, 54, 4616.
Shu, X.-Z.; Xia, X.-F.; Yang, Y.-F.; Ji, K.-G.; Liu, X.-Y.; Liang,
Y.-M. J. Org. Chem. 2009, 74, 7464.

Zhu, S.-S.; Liu, Y.; Chen, X.-L.; Qu, L.-B.; Yu, B. ACS Catal. 2022,
12, 126.

Yu, J.; Wang, Z.; Zhang, Y.; Su, W. Tetrahedron 2015, 71, 6116.
Zhang, G.; Ma, Y.; Cheng, G; Liu, D.; Wang, R. Org. Lett. 2014,
16, 656.

Wang, J.-H.; Li, X.-B.; Li, J.; Lei, T.; Wu, H.-L.; Nan, X.-L.; Tung,
C.-H.; Wu, L.-Z. Chem. Commun. 2019, 55, 10376.

Liu, L.; Wang, Z.; Fu, X.; Yan, C.-H. Org. Lett. 2012, 14, 5692.
Xia, Q.; Zhang, W.; Li, Y.; Cheng, L.; Liang, X.; Dai, P. CN
112390696B, 2021.

Mudithanapelli, C.; Dhorma, L. P.; Kim, M.-H. Org. Lett. 2019, 21,
3098.

(Li, L)

Chin. J. Org. Chem. 2023, 43,3966~3976




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


