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Experimental Details: The 'H, 1*C {!H} NMR spectra were recorded using JEOL ECS-400
spectrometer (operating at 400 MHz for '"H and 100 MHz for '3C). High-Resolution Electron
Impact Mass Spectra (HR-EIMS) were obtained with Xevo G2-S Q-Tof (Waters, USA).

Chemicals and reagents: Reactants, reagents, chemicals and solvents available

commercially within the country were used.

Control Experiments

In order to get a sequence of reactivity towards various amines and halides a series of
intermolecular competitive experiments were performed. The very first reaction in this
sequence was between p-nitrochlorobenzene and p-methylchlorobenzene and pyrrolidine,
which demonstrates a strong preference for the electron withdrawing functionality (Scheme

S1).
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Scheme S1. Selectivity with donating/withdrawing arylchlorides.
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After that we check the reactivity of aryl chloride & heterocyclic chloride with pyrrolodine

and found that reaction is completely favorable towards heterocyclic chloride (Scheme S2).

Cl Cl Cul (10 mol %) N N
C 0% e 0 O
+ \ +
Cl N/ L AcOH (0.5 mmol), ol N/

100 °C, 2h
88 % 12 %

Scheme S2. Selectivity with aryl/heterochlorides.

Another reaction of pyrrolidine & propylamine with 4-nitro chlorobenzene shows the utmost
selectivity of the reaction toward pyrrolidine, while the competitive reaction between
pyrrolidine & diethylamine transformed comparable yield, with both pyrrolidine &
diethylamine as products (Scheme S3 and S4)
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Scheme S3. Selectivity with pyrrolidine or propylamine
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Scheme S4. Selectivity with pyrrolidine or diethyl amine

Among Diethylamine and propylamine, good selectivity was obtained with diethyl amine

(Scheme S5)
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Scheme S5. Selectivity with propyl amine or diethyl amine

After aryl chloride we also checked the order of reactivity of amines towards heterocyclic

halides and we found same pattern of reactivity as in case of aryl chloride. (Scheme S6-S8)
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Scheme S6. Selectivity with pyrrolidine or propylamine

Cl Cul (10 mol %) NN
P NN o,
X\ 4 N N \/\NHz NiCl, (40 mol %)
_ H AcOH (0.5 mmol),
Cl N 100°C,2h
49 % 51 %

Scheme S7. Selectivity with pyrrolidine or propylamine
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Scheme S8. Selectivity with pyrrolidine or Diethylamine

At last we also performed a competitive experiment between aliphatic chloride and aryl
chloride with aniline and found that reaction was more favorable towards aliphatic halide.

(Scheme S9)
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Scheme S9. Selectivity with aliphatic and aryl chloride
Experimental
Kinetic Study

For the kinetic study experiments, the reaction of pyrolidine and 4-chloronitrobenzene was
performed by taking an equimolar ratio with varying catalyst loading from 10 to 30 mol%
and keeping other parameters constant. Various batch reactions were analyzed by stopping

the reaction at different time intervals of 30, 60, 90, 120, and 150 minutes and transferring the



reaction mixture to ethyl acetate. The product was collected and purified after column

chromatography, and yield was noted by simply weighing.

Catalyst First order Correlation
loading rate constant | Coefficient
(mol%) ) (R?)
10 0.0037 0.992
15 0.0084 0.994
20 0.0113 0.990
25 0.0116 0.980
30 0.0118 0.983

Table S1: First order rate constant with respect to catalyst loading.
Plausible Mechanism

Catalysis initiated with the oxidative addition of aryl halide and Cul to produce a ArXCul
intermediate. This intermediate undergo ligand exchange with acetic acid to form another
intermediate with maintaining Cu(IIl) state. Intermediate 3 interacted with amine and formed
intermediate 4 by eliminating or regenerating the AcOH in the reaction. Finally, aryl/alkyl

amine reductively eliminate from intermediate 4 with bringing the CuX back into the system.
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Figure 1. Plausible mechanism for Cul and AcOH catalysed C-N coupling reaction

Here, aryl halide undergo oxidative addition reaction with Cul to form intermediate 2,
simultaneously, the NiCl, interact with acetic acid and form an activated ArNH-Ni(OAc).
This activated intermediate react with ArXCul and undergoes transmetalation reaction via the
formation of intermediate 3. Might be this exchange improves the accessibility of the
activated reactants and thereby reduced the time of reaction and also improve the yield of
coupling product.
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Figure S2. Plausible mechanism showing coupling in presence of Cul, NiCl, and
AcOH

Here, the Cu(OAc), first disproportionate into Cu(OAc) and (Cu(OAc)s, the reaction
was further proceed by the formation of activated ArNHCu complex by the interaction
of ArNH, and Cu(OAc), this complex undergo the oxidative addition with aryl halide
to form ArNHCu(Ar)(X) intermediate. Finally, the intermediate reductively eliminate
the desired CN coupling product and regenerate the CuX in the system.
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Figure S3. Plausible mechanism for coupling of anilines



Characterisation Data

1-phenyl pyrrolidine!
1H NMR (400 MHz, CDCly) 6 7.24-7.21 (m, 2H), 6.63
(t,J=7.2 Hz, 1H), 6.64 (d, J=8.0 Hz, 2H), 3.28-3.24 (m,
4H), 1.99-1.95 (m, 4H)

13C NMR (101 MHz, CDCl;) o 148.07, 129.23,
11543, 111.72, 47.65, 25.57.

1-(4-nitro phenyl) pyrrolidine?

1H NMR (400 MHz, CDCLy) 6 8.08 (dd, J = 9.4, 1.1
Hz, 2H), 6.43 (dd, J = 9.3, 1.1 Hz, 2H), 3.40 — 3.33 (m,
4H), 2.05-2.02 (m, 4H).

13C NMR (101 MHz, CDCl;) o 151.77, 136.47,
126.31, 110.35, 47.85, 25.38

1-[(4-triflouro methyl) phenyl] pyrrolidine3

1H NMR (400 MHz, CDCl;) & 7.43 — 7.29 (m, 2H),
6.48 (dd, J = 8.8, 1.9 Hz, 2H), 3.42-3.08 (m, 4H), 2.02 —
1.88 (m, 4H).

13C NMR (101 MHz, CDCl;) & 149.80, 126.808,
126.45 (q, J = 3.8 Hz), 125.47 (q, J = 268.6 Hz), 116.67
(q,J=32.4 Hz) 110.88, 47.56, 25.54

19F NMR (400 MHz, CDCl;) & -61.00

1-(4-methyl phenyl) pyrrolidine!

1H NMR (400 MHz, CDCls) & 7.41 (d, J = 7.2 Hz, 2H),
6.88 (d, J = 8.4 Hz, 2H), 3.33 (q, J = 4.4 Hz, 4H), 2.63
(s, 3H), 2.38-2.34 (m, 4H).

13C NMR (101 MHz, CDCl;) o 144.58, 128.11,
122.93, 110.28, 46.32, 23.88, 18.76




1-(2-methyl phenyl) pyrrolidine!

1H NMR (400 MHz, CDCls) & 7.34 (t, J = 8.4 Hz, 1H),
6.73 (d, J= 7.6 Hz, 1H), 6.63 (d, J = 5.2 Hz, 2H), 3.52-
3.49 (m, 4H), 2.55 (s, 1H), 2.24 — 2.00 (m, 4H).

13C NMR (101 MHz, CDCl;) 6 147.79, 138.52,
128.73, 116.08, 112.10, 108.62, 47.32, 25.17, 21.59

1-(2-nitro phenyl) pyrrolidine*

1H NMR (400 MHz, CDCl;) 6 7.75-7.72 (m, 1H), 7.38-
7.34 (m, 1H), 6.90 (d, J = 8.4 Hz, 1H), 6.70 (t, J = 7.6
Hz, 1H), 3.22 - 3.19 (m, 4H), 2.00-1.96 (m, 4H).

13C NMR (101 MHz, CDCl;) o 142.92, 137.20,
133.14, 126.89, 116.05, 115.61, 50.53, 25.89

2-(pyrrolidin-1-yl) pyridine?

1H NMR (400 MHz, CDCL) 5 8.02-8.00 (m, 1H), 7.34-
7.22 (m, 1H), 6.36-6.32 (m, 1H), 6.18-6.15 (m, 1H), 3.38
~3.25 (m, 4H), 1.85-1.79 (m, 4H).

13C NMR (101 MHz, CDCl;) o 157.25, 148.11,
136.83, 110.98, 106.45, 46.57, 25.51

H2N:©/
Br

2-bromo-5-(pyrrolidin-1-yl) aniline

1H NMR (400 MHz, CDCl;) 8 6.95-6.91 (d, 1H), 5.98-
5.94 (d, 1H), 5.84-5.83 (s, 1H), 3.21-3.13 (m, 4H), 3.00
(s, 2H), 1.93-1.85 (m, 4H)

13C NMR (101 MHz, CDCl;) o 149.62, 147.88,
130.48, 103.82, 103.58, 99.13, 48.12, 25.57

HRMS (CH;CN) [M + H]* (m/z) Calc. Value:
240.0262, observed: 240.0263




3-(pyrrolidin-1-yl) quinoline®

IH NMR (400 MHz, CDCLy) 8 & 8.45 (d, J = 2.8 Hz,
1H), 7.88 — 7.86 (m, 1H), 7.54-7.52 (m, 1H), 7.34 — 7.28

9. (m, 2H), 6.87 (d, J = 2.8 Hz, 1H), 3.35-3.32 (m, 4H),
| P 2.00-1.97 (m, 4H).
13C NMR (101 MHz, CDCl;) 6 141.93, 141.43,
143.04, 129.34, 127.35, 126.32, 124.86, 111.55, 48.15,
25.97
7-chloro-4-(pyrrolidin-1-yl) quinoline®
1H NMR (400 MHz, CDCLy) & 8.39 (s, 1H), 8.09-8.05
ZN> (m, 1H), 7.89-7.85 (m, 1H), 7.21-7.17 (m, 2H), 6.36-
10. m 6.34 (m, 1H), 3.62-3.59 (m, 4H), 2.00-1.98 (m, 4H)
|
Cl N/ (13C NMR (101 MHz, CDCl3) 6 151.45, 149.99,
149.88, 133.87, 127.40, 126.54, 122.60, 101.90, 51.20,
25.00
5-(piperidin-1-yl) pyrimidine’
1H NMR (400 MHz, CDCls) 6 8.00 (s, 2H), 3.32 — 3.26
1 ,O (m, 4H), 2.06 — 1.94 (m, 4H), 1.77 (dd, J = 6.7, 1.1 Hz,
N
||:j/ 2H).
N
13C NMR (101 MHz, CDCl;) 6 160.77, 145.59,
138.61,47.26,46.27, 24.65
1-phenylpiperidine’
1H NMR (400 MHz, CDCl3)  7.24-7.20 (m, 2H), 6.93-
1. O 6.90 (m, 2H), 6.81-6.77 (m, 1H), 3.12 (t, J = 5.6 Hz,

4H), 1.71-1.65 (m, 4H), 1.57-1.52 (m, 2H)

13C NMR (101 MHz, CDCL) o 152.34, 129.09,
119.31, 116.66, 50.79, 25.94, 24.38




1-(4-nitro phenyl) piperidine*

1H NMR (400 MHz, CDCLy) & 8.11 (d, J = 9.5 Hz, 2H),
6.80 (d, J = 9.5 Hz, 2H), 3.47-3.44 (m, 4H), 1.76 — 1.66

13.
/©/ (m, 6H).
O,N
13C NMR (101 MHz, CDCl;) o 154.45, 137.27,
126.02, 112.16, 48.24, 25.14, 24.10
1-[(4-triflouro methyl)phenyl]piperidine®
1H NMR (400 MHz, CDCl;) 6 7.41 (d, J = 8.8 Hz, 2H),
6.87 (d, J = 8.7 Hz, 2H), 3.26 — 3.19 (m, 4H), 1.65 (dd, J
" ,O =7.1,3.7 Hz, 4H), 1.62 — 1.53 (m, 3H).
e /©/ 13C NMR (101 MHz, CDCL) & 153.79, 126.33 (q, J=
3
3.7 Hz), 124.67, (q, J= 261.1 Hz), 119.52 (q, J = 32.5
Hz), 114.58, 49.31, 25.42, 24.28.
19F NMR (400 MHz, CDCl;) 6 -61.45
1-(2-nitro phenyl) piperidine®
1H NMR (400 MHz, CDCl3) 6 7.75 (dd, J = 8.2, 1.6
NO, O Hz, 1H), 7.47-7.43 (m, 1H), 7.13 (d, J = 8.3 Hz, 1H),
1> ©/N 6.99 — 6.92 (m, 1H), 3.06 — 2.98 (m, 4H), 1.75-1.70 (m,
4H), 1.61 (q, J = 5.8 Hz, 2H).
13C NMR (101 MHz, CDCl;) 6 146.74, 142.31,
133.13, 125.70, 120.58, 120.30, 52.64, 25.67, 23.74
2-(piperidin-1-yl) pyridine?
1H NMR (400 MHz, CDCly) § 8.15 (d, J = 5.2 Hz, 1H),
~ 7.45-7.41 (m, 1H), 6.63 (d, J = 8.8 Hz, 1H), 6.58 — 6.50
16.

(m, 1H), 3.52 — 3.49 (m, 4H), 1.64-1.62 (m, 6H).

13C NMR (101 MHz, CDCL) o 159.76, 147.92,
137.48, 112.48, 107.27, 46.44, 25.60, 24.80




7-chloro-4-(piperidin-1-yl) quinoline!’

1H NMR (400 MHz, CDCl;) 5 8.95 (d, J = 4.8 Hz, 1H),
7.93 (d, J = 2.4 Hz, 1H), 7.84 (d, J = 9.2 Hz, 1H), 7.34-

17 (Nj 7.31 (m, 1H), 6.72 (d, J = 5.2 Hz, 1H), 3.10 (1, J = 5.2
/@ Hz, 4H), 1.80-1.74 (m, 4H), 1.66 — 1.60 (m, 2H).
/
Cl N 13C NMR (101 MHz, CDCl;) 157.82, 151.29, 149,57,
134.49, 128.18, 125.54, 125.18, 121.74, 108.40, 53.28,
25.69, 24.02
4-(4-nitrophenyl) morpholine!'?
-~ 'H NMR (400MHz, CDCLy) & 8.11 (dd, J = 7.2, 2 Hz,
(0]
18. N\) 2H), 6.81 (dd, J = 7.2, 1.6 Hz, 2H), 3.83 (t, J = 4.8 Hz,
/©/ 4H), 3.36-3.33 (m, 4H)
O,N
13C NMR (100MHz, CDCl3) 6 154.71, 138.82, 125.64,
112.45, 66.10, 46.92
4-(7-chloroquinolin-4-yl) morpholine!®
1H NMR (400 MHz, CDCl;) 6 8.67 (s, 1H), 8.03 (d, J =
2.0 Hz, 1H), 7.89 (d, J = 8.8 Hz, 1H), 7.37 (d, J= 11.2
Hz, 1H), 6.80 (d, J = 4.8 Hz, 1H), 3.92 (t, J = 4.4 Hz,
19.

= Z O
N /N /

Cl

4H), 3.18 (t, J = 4.4 Hz, 4H).

13C NMR (101 MHz, CDClL) o 157.22, 151.64,
149.82, 135.50, 128.77, 126.64, 125.20, 121.78, 108.94,
66.95, 52.77




1-(4-nitrophenyl) piperazine!?

1H NMR (400 MHz, CDCLy) & 8.59 (d, J = 9.2 Hz, 2H),
7.28 (d, J = 9.2 Hz, 2H), 3.98-3.84 (m, 4H), 3.51 — 3.49

20. NS
/©/ (m, 4H).
O,N
13C NMR (101 MHz, CDCl;) 6 154.61, 137.82,
125.37, 112.03, 50.32, 47.50, 46.45, 45.07
1,1'-(naphthalene-1,6-diyl)dipiperazine
1H NMR (400 MHz, CDCl;) 6 8.80 (s, 2H), 8.06 (s,
H 1H), 7.96 — 7.92 (m, 1H), 7.44 — 7.41 (m, 2H), 6.84 (s,
[ j 1H), 3.86 (t, J = 5.2 Hz, 2H), 3.74-3.71 (m, 2H), 3.20-
N
21. 3.14 (m, 6H), 2.15-2.11 (m, 6H)
S
HN. 13C NMR (101 MHz, CDCly) & 169.44, 156.70,
135.44, 128.75, 126.83, 124.94, 52.30, 52.08, 46.31,
41.44 ,21.49
4-(propylamino)benzonitrile!'2
1H NMR (400 MHz, CDCl;) & 7.90-7.87 (m, 2H), 7.57-
-~ N‘?\ 7.54 (m, 2H), 6.57 (s, 1H), 3.60-3.55 (m, 2H), 1.85-1.76
/O/ (m, 2H), 1.15 (t, J= 7.2, 3H).
NC
13C NMR (101 MHz, CDCl) o 166.48, 137.39,
133.08, 128.65, 128.24,41.76, 22.77, 11.35
4-nitro-N-propylaniline®
1H NMR (400 MHz, CDCl;) 6 8.01 (dd, J = 7.6, 2 Hz,
H 2H), 6.45 (d, J = 6.0 Hz, 2H), 4.44 (s, 1H), 3.13 — 3.09
23.

(m, 2H), 1.62 (q, J = 14.4 Hz, 2H), 0.954 (t, J = 7.6 Hz,
3H).

13C NMR (101 MHz, CDCl;) o 152.76, 137.11,
125.81, 110.23,44.47, 21.69, 10.81




2-nitro-N-propylaniline?

1H NMR (400 MHz, CDCls) 5 8.16-8.13 (m, 1H), 8.06

H (s, 1H), 7.43-7.39 (m, 1H), 6.83 (dd, J = 8.7, 1.3 Hz,
N
24. ©: TN 1H), 6.63-6.59 (m, 1H), 3.28-3.23 (m, 2H), 1.75 (q, J =
NO, 7.6 Hz, 2H), 1.04 (t, J = 7.4 Hz, 3H).
13C NMR (101 MHz, CDCly) ¢ 145.76, 136.29, 127.00,
115.13, 113.88, 44.85, 22.32, 11.68
7-chloro-N-propylquinolin-4-amine!1®
1H NMR (400 MHz, CDCLy) 5 8.52 (s, 1H), 8.01 (s,
\l\ 1H), 7.81 (d, J = 8 Hz, 1H), 7.39 (d, 10.8 Hz, 1H), 6.46
»5 NH (d, J = 5.3 Hz, 1H), 3.38-3.33 (m, 2H), 1.89-1.82 (m,
o 2H), 1.15-1.11 (m, 3H),
~
cl N 13C NMR (101 MHz, CDCly) 156.37, 150.78, 150.13,
135.02, 128.32, 125.86, 125.69, 122.77, 110.06, 47.88,
20.20, 11.66.
N, N-diethyl-4-nitroaniline®
- 1H NMR (400 MHz, CDCL) 6 8.11 (dd, J = 7.2, 1.6
26, N Hz, 2H), 6.58 (dd, J = 7.2, 1.6 Hz, 2H), 3.46 (q, J = 14.4
/©/ Hz, 4H), 1.23 (t, J = 7.2 Hz, 6H).
O,N
13C NMR (101 MHz, CDCl;) 6 151.79, 135.85,
126.12, 109.40, 44.55, 12.00
4-(diethylamino)benzonitrile!?
SN 1H NMR (400 MHz, CDCls) & 7.37 — 7.34 (m, 2H),
- 7.31 — 7.28 (m, 2H), 3.37 (d, J = 116.8 Hz, 4H), 1.23 —
1.09 (m, 6H).
CN

13C NMR (101 MHz, CDCl;) 6 170.32, 135.68,
135.23, 128.78, 127.92,43.41, 39.47, 14.31, 12.95




7-chloro-N, N-diethylquinolin-4-amine

1H NMR (400 MHz, CDCLs) & 8.56 (s, 1H), 7.94 (t, J =
2.4 Hz, 1H), 7.91-7.87 (m, 1H), 7.31-7.29 (m, 1H), 6.74-
6.72 (m, 1H), 3.31-3.25 (m, 4H), 1.19-1.06 (m, 6H).

28.
/@\)j 13C NMR (101 MHz, CDCl;) & 155.97, 151.09,
cl | N7 150.37, 134.73, 128.50, 125.77, 125.55, 122.89, 110.22,
46.48, 12.12
HRMS (CH;CN) [M + H]* (m/z) Calc. Value:
235.0997, observed: 235.0994
N-ethyl-N-propylquinolin-4-amine
1H NMR (400 MHz, CDCl3) 6 8.56 (s, 1H), 7.97 (d, J =
2.4 Hz, 1H), 7.90 (dd, J=9.0, 1.2 Hz, 1H), 7.33-7.30 (m,
1H), 6.74 (dd, J = 5.6, 1.2 Hz, 1H), 3.35-3.29 (m, 2H),
NN 3.21-3.17 (m, 2H), 1.60-1.50 (m, 2H), 1.12-1.08 (m,
29. m 3H), 0.85-0.81 (m, 3H).
Cl NZ 13C NMR (101 MHz, CDCl;) & 155.71, 150.12,
149.47, 134.37, 127.66, 125.00, 125.03, 122.11, 109.40,
52.84,47.22,19.55, 11.62, 11.00.
HRMS (CH;CN) [M + H]* (m/z) Calc. Value:
249.1153, observed: 249.1155
N-ethyl-4-nitro-N-propylaniline
1H NMR (400 MHz, CDCl; 6 8.08 (dd, J=7.6,2.0 Hz,
\/\N/\
2H), 6.55 (dd, J = 2.4 Hz, 2H), 3.45 (q, J = 14.4 Hz, 2H),
30. 3.34—3.29 (m, 2H), 1.70 — 1.64 (m, 2H), 1.20 (t, J = 7.1
Hz, 3H), 0.96 (t, ] = 7.6 Hz, 3H).
NO,

13C NMR (101 MHz, CDCl;) o 126.56, 109.98, 52.47,
45.61, 20.64, 12.25,11.43




N-propylpyridin-2-amine!*

1H NMR (400MHz, CDCl;) § 8.06 (d, J = 7.2 Hz, 1H),
7.38-7.38 (m, 1H), 6.54-6.50 (m, 1H), 6.37-6.35 (m,

X
31.
| N 1H), 5.07 (s, 1H), 3.22 — 3.17 (m, 2H), 1.65-1.58 (m,
H 2H), 0.99-0.92 (m, 3H).

13C NMR (100MHz, CDCl;) 6 159.11, 148.04, 137.41,
112.38, 106.38, 44.03, 22.71, 11.59.
N-benzylaniline!>
1H NMR (400 MHz, CDCLy) & 7.37 — 7.24 (m, 5H),

3 H\/© 7.19 — 7.14 (m, 2H), 6.73-6.69 (m, 1H), 6.63 — 6.61 (m,

©/ 2H), 4.31 (s, 2H), 4.00 (s, 1H).

13C NMR (101 MHz, CDCl;) o 147.97, 139.26,
129.11, 128.28, 127.35, 117.38, 112.66, 48.13
N-benzyl-4-methylaniline!®
1H NMR (400 MHz, CDCL) & 7.49 — 7.39 (m, 3H),

3. H\/© 7.39 — 7.28 (m, 2H), 7.08 — 7.00 (m, 2H), 6.65 — 6.57 (m,

/©/ 2H), 4.34 (s, 2H), 3.79 (s, 1H), 2.30 (s, 3H).
HsC

13C NMR (101 MHz, CDCl;) 6 146.05-139.81, 129.92,
128.77,,127.67, 113.17, 48.76, 20.59
N-benzyl-4-nitroaniline!”
1H NMR (400 MHz, CDCl;) 5 8.05-8.02 (m, 2H), 7.33

34 H\/Q ~7.30 (m, 5H), 6.54 — 6.51 (m, 2H), 4.86 (s, 1H), 4.39

O,N” :

(d, J= 5.5 Hz, 2H).

13C NMR (101 MHz, CDClL) o 151.73, 136.02,
127.64, 126.54, 126.02, 125.10, 110.00, 98.58, 46.30




35.

ZT

S

4-(benzylamino)benzonitrile!’

1H NMR (400 MHz, CDCls) 8 7.73 — 7.71 (m, 2H),
7.40 — 7.38 (m, 2H), 7.36 — 7.28 (m, SH), 6.40 (s, 1H),
4.63 (d, J= 5.6 Hz, 2H).

13C NMR (101 MHz, CDCl) o 166.11, 137.74,
137.65, 132.54, 128.70, 128.24, 127.81, 127.60, 44.09

36.

ZT

N-benzyl-4-(trifluoromethyl)aniline!8

1H NMR (400 MHz, CDCls) & 7.36 (d, J = 8.8 Hz, 2H),
7.34—7.30 (m, 4H), 7.29 — 7.25 (m, 1H), 6.59 (d, J= 8.6
Hz, 2H), 4.35 (s, 1H), 4.33 (s, 2H).

13C NMR (101 MHz, CDCl;) & 150.20, 138.19,
127.27, 127.10, 126.36 (q, Je.r = 3.7 Hz), 126.07, 124.72
(q, Jer = 269 Hz) 118.71 (q, Jer = 32.5 Hz), 111.70,
47.50

19F NMR (400 MHz, CDCl;) 5 -60.82

37.

ZT

N-benzyl-3-methylaniline'®

1H NMR (400 MHz, CDCl;) 5 8.14 (d, J = 9.2 Hz, 2H),
7.30 — 7.18 (m, 4H), 6.61 (d, J = 9.2 Hz, 2H), 4.86 (s,
1H), 4.43 (d, J= 5.3 Hz, 2H), 2.41 (s, 3H).

13C NMR (101 MHz, CDCl) o 139.72, 139.08,
129.16, 128.66, 127.57, 127.23, 118.53, 113.68, 110.01,
48.30, 21.64.




38.

d

N-benzyl-2-nitroaniline!”

1H NMR (400 MHz, CDCL;) & 8.35 (s, 1H), 8.10 (dd, J
= 8.5, 1.7 Hz, 1H), 7.32 — 7.26 (m, 3H), 7.26 — 7.15 (m,
2H), 6.72 (d, J = 8.6 Hz, 1H), 6.57 (dd, J = 8.6, 7.0 Hz,
1H), 4.45 (d, ] = 5.6 Hz, 2H

13C NMR (101 MHz, CDCL) o 145.22, 137.31,
136.22, 132.17, 128.90, 127.66, 127.00, 126.82, 115.69,
114.17,47.03

39.

/
ZT

_N

N-benzylpyridin-2-amine!®

1H NMR (400 MHz, CDCl;) & 8.08 — 8.02 (m, 1H),
7.40 — 7.26 (m, SH), 7.26 — 7.19 (m, 1H), 6.56-6.53 (m,
1H), 6.33 (d, J = 8.4 Hz, 1H), 5.01 (s, 1H), 4.46 (d, J =
5.7 Hz, 2H).

13C NMR (101 MHz, CDCL) o 158.21, 147.78,
138.74, 137.08, 128.22, 126.97, 126.82, 112.73, 106.36,
45.89,

40.

N-(4-methylbenzyl)pyridin-2-amine'8

1H NMR (400 MHz, CDCl;) 6 8.10 — 8.08 (m, 1H),
7.40 —7.36 (m, 1H), 7.25 — 7.20 (m, 2H), 7.14 (d, J = 8.0
Hz, 2H), 6.58-6.56 (m, 1H), 6.35 (d, J = 8.4 Hz, 1H),
4.87 (s, 1H), 4.4 (d, J = 5.6 Hz, 2H), 2.33 (s, 3H).

13C NMR (101 MHz, CDCl;) & 158.47, 148.02,
137.26, 136.69, 135.86, 129.12, 127.21, 112.89, 106.55,
45.92,20.90




41.

/
ZT

\

N-benzylquinolin-3-amine!®?

1H NMR (400 MHz, CDCl;) 5 8.46 (d, J = 2.8 Hz, 1H),
7.95-7.92 (m, 1H), 7.57 — 7.54 (m, 1H), 7.41-7.34 (m,
2H), 7.38 — 7.32 (m, 4H), 7.32 — 7.24 (m, 1H), 6.99 (d, J
=2.8 Hz, 1H), 4.47 (s, 1H), 4.40 (d, J = 4.8 Hz, 2H).

13C NMR (101 MHz, CDCL) o 141.45, 138.03,
131.52, 129.95, 129.44, 128.82,128.37, 127.60, 127.46,
127.10, 126.00, 125.25,124.83, 47.92

42.

N-benzyl-7-chloroquinolin-4-amine!*?

1H NMR (400 MHz, CDCl;) 5 8.46 (d, J = 5.2 Hz, 1H),
791 (d, J=2.4 Hz, 1H), 7.63 (d, J= 9.2 Hz, 1H), 7.34 —
7.25 (m, 6H), 6.39 (d, J = 5.6 Hz, 1H), 5.28 (s, 1H), 4.46
(d, J= 4.8 Hz, 2H).

13C NMR (101 MHz, CDCL) o 151.03, 148.45,
148.02, 136.14, 133.98, 128.01, 127.87, 126.98, 126.59,
124.52, 119.89, 98.66, 46.58

43.

Cl

7-chloro-N-(4-chlorobenzyl)quinoline-4-amine

1H NMR (400 MHz, CDCl3) 6 8.23 (s, 1H), 7.69 (s,
1H), 7.48 — 7.44 (m, 1H), 7.11 — 6.96 (m, 6H), 6.10 (d, J
=4.8 Hz, 1H), 5.24 (t, J=5.2 Hz) 1H), 4.22 (d,J=5.2
Hz, 2H).

13C NMR (101 MHz, CDCL) o 151.61, 148.93,
135.26, 134.68, 133.32, 128.75, 128.50, 128.36, 125.26,
120.56, 99.41, 46.45

HRMS (CH;CN) [M + H]* (m/z) Calc. Value:
303.0451, observed: 303.0452




44,

N-(4-methylbenzyl)-4-nitroaniline

1H NMR (400 MHz, CDCl;) 5 8.09 (d, J = 9.2 Hz, 2H),
7.25 — 7.18 (m, 4H), 6.57 (d, J = 9.2 Hz, 2H), 4.82 (s,
1H), 4.39 (d, J = 5.6 Hz, 2H), 2.37 (s, 3H).

13C NMR (101 MHz, CDCl) o 152.11, 136.78,
133.34, 128.72, 126.47, 125.50, 121.28, 110.37, 46.54,
20.21

HRMS (CH;CN) [M + H]* (m/z) Calc. Value:
242.1055, observed: 242.1052

Dibenzylamine?’

1H NMR (400 MHz, CDCL3) & 7.26 — 7.20 (m, 4H),
7.18-7.13 (m, 4H), 7.10-7.05 (m, 2H), 4.95 (d, J = 2.4

45. ©/\ H/\© Hz, 1H), 3.40 (d, J = 2.4 Hz, 4H).
13C NMR (101 MHz, CDCl;) 6 139.64, 128.72,
128.20, 126.84, 57.89
Diphenylamine'3
H 1H NMR (400 MHz, CDCl;) 6 7.25-7.21 (m, 4H), 7.05
16, ©/ \© ~7.03 (d, J = 8 Hz, 4H), 6.90 (t, J = 7.2 Hz, 2H), 5.66 (s,
1H).
13C NMR (101 MHz, CDCl;) 6 142.73, 128.98,
120.62, 117.42,
4-methyl-N-phenylaniline?!?
H 1H NMR (400 MHz, CDCl3) o 7.17 — 7.13 (m, 2H),
al C/©/ \© 7.00 (d, J = 8.4 Hz, 2H), 6.93 — 6.90 (m, 4H), 6.79 (t, J =
3

7.2 Hz, 1H), 5.51 (s, 1H), 2.22 (s, 3H).

13C NMR (101 MHz, CDCly) & 142.24, 138.58,
129.22, 128.16, 127.61, 118.59, 117.20, 115.15, 19.00




48.

CH3

o

ZT

©

2-methyl-N-phenylaniline?!®

1H NMR (400 MHz, CDCl3) & 7.23-7.15 (m, 4H), 7.10
(t, J = 7.5 Hz, 1H), 6.93 — 6.84 (m, 4H), 5.34 (s, 1H)
2.22 (s, 3H).

13C NMR (101 MHz, CDCly) & 141.71, 138.96,

128.70, 127.07, 126.02, 124.52, 119.73, 118.22, 116.50,
115.20, 15.67

49.

NO,

e
&

2-nitro-N-phenylaniline??

1H NMR (400 MHz, CDCL3) & 9.50 (s, 1H), 8.21 (dd, J
— 8.6, 1.4 Hz, 1H), 7.44 — 7.34 (m, 3H), 7.28 (d, J= 7.9
Hz, 2H), 7.23 (d, J = 8.6 Hz, 2H), 6.80-6.75 (m, 1H).

13C NMR (101 MHz, CDCl;) o 143.00, 138.59,
135.60, 129.64, 126.58, 125.57, 124.30, 117.40, 115.93.

50.

4-nitro-N-phenylaniline??

1H NMR (400 MHz, CDCl3) & 7.99 (d, J = 9.2 Hz, 2H),
7.26 (t, J = 8 Hz, 2H), 7.09-7.02 (m, 3H), 6.81 (d, J = 8
Hz, 2H), 6.15 (s, 1H).

13C NMR (101 MHz, CDCL) o 150.00, 139.67,
139.34, 129.62, 126.11, 124.55, 121.80, 113.55

51.

4-methoxy-N-phenylaniline?!

1H NMR (400 MHz, CDCl;) 6 7.84 — 7.75 (m, 1H),
7.13 (t, J = 7.8 Hz, 2H), 6.99 (s, 1H), 6.96 — 6.88 (m,
1H), 6.86 — 6.72 (m, 4H), 3.72 (s, 3H).

13C NMR (101 MHz, CDClL) o 154.95, 144.84,
135.38, 128.99, 121.88, 119.24, 115.30, 114.34, 55.27




52.

N-phenyl-4-(trifluoromethyl)aniline?!

1H NMR (400 MHz, CDCl;) 5 7.46 (d, J = 8.4 Hz, 2H),
7.35 731 (m, 2H), 7.15 — 7.13 (m, 2H), 7.07 — 7.03 (m,
3H), 5.91 (s, 1H).

13C NMR (101 MHz, CDCly) & 146.48, 140.86,
129.30, 126.44 (q, Jor = 3.0 Hz), 124.35 (q, Je.r = 269
Hz) 122.67, 121.36 (q, Jor = 32.6 Hz ),119.75, 115.06

19F NMR (400 MHz, CDCl;) 6 -61.85

53.

N-phenylpyridin-2-amine??

1H NMR (400 MHz, CDCl;) 6 8.20 (d, J= 4.8 Hz, 1H),
7.51 — 7.47 (m, 1H), 7.36-7.31 (m, 4H), 7.07-7.03 (m,
1H), 6.88 (d, J = 8.4 Hz, 1H), 6.75 — 6.72 (m, 1H), 6.61
(s, 1H).

13C NMR (101 MHz, CDCL;) o 155.83, 148.30,
140.30, 137.58, 129.18, 122.71, 120.21, 114.95, 108.09

54.

2

N1-(4-methoxyphenyl)benzene-1,4-diamine?*

1H NMR (400 MHz, CDCls) & 7.32 (dd, J = 6.4, 2.0
Hz, 2H), 6.70 (dd, J = 6.8, 2 Hz, 2H), 3.72 (s, 3H), 3.62
(s, 2H)

13C NMR (101 MHz, CDCl;) 6 168.16,
130.85, 121.86, 114.06, 55.40

156.38,

55.

Cl

7-chloro-N-phenylquinolin-4-amine®

1H NMR (400 MHz, DMSO) $ 8.57 (s, 1H), 7.99 (s,
1H), 7.38-7.35 (m, 2H), 7.22-7.18 (m, 3H), 6.91-6.87 (m
2H), 6.48-6.45 (m, 2H)




56.

N-(2-chloroethyl)aniline?’

1H NMR (400 MHz, CDCls) 8 7.27 — 7.19 (m, 1H),
7.19 — 7.15 (m, 1H), 6.77-6.72 (m, 1H), 6.68 — 6.61 (m,
2H), 4.05 (s, 1H), 3.74 — 3.67 (m, 2H), 3.51-3.48 (m,
2H).

13C NMR (101 MHz, CDCl;) & 147.16, 129.52,
118.34, 113.31, 45.51, 43.57

57.

N-octylaniline?®

1H NMR (400 MHz, CDCl;) & 7.25-7.17 (m, 2H),
6.73-6.66 (m, 1H), 6.62 (d, J = 7.6 Hz, 2H), 3.12 (t, J =
7.2 Hz, 2H), 1.68 — 1.59 (m, 2H), 1.42 (t, J = 7.8 Hz,
2H), 1.39 - 1.31 (m, 8H), 0.92 (t, J = 6.5 Hz, 3H).

13C NMR (101 MHz, CDCl;) o 148.00, 128.69,
128.65, 116.53, 116.49, 112.16, 112.12, 43.49, 43.44,
31.29, 26.69, 26.65, 22.15, 22.12, 13.59, 13.55

58.

N-octadecylaniline?’

1H NMR (400 MHz, CDCl;) 6 7.19 — 7.12 (m, 2H),
6.67 (t, J = 7.3 Hz, 1H), 6.62 — 6.56 (m, 2H), 3.08 (t, J =
7.2 Hz, 2H), 1.60 (t, J = 7.4 Hz, 2H), 1.53 (s, 4H), 1.41 —
1.23 (m, 26H), 0.89 — 0.83 (m, 3H).

13C NMR (101 MHz, CDCl) o 129.84, 119.89,
117.17,113.37, 36.84, 32.54, 30.31, 27.14, 21.62, 14.73

59.

N-heptadecylaniline?’

1H NMR (400 MHz, CDCl;) § 7.25-7.24 (d, 2H), 7.20-
7.16 (t, 1H), 6.62-6.60 (m, 2H), 6.59-6.57 (s, 1H), 3.24-
3.20 (t, 2H), 1.30-1.24 (m, 30H), 0.88-0.85 (t, 3H)

13C NMR (101 MHz, CDCl;) o6 129..86, 116.66,
116.22, 112.35, 32.62, 30.39, 30.05, 27.91, 23.38, 14.81




60.

4-chloro-N- octadecylaniline??

1H NMR (400 MHz, CDCL;) § 7.09 (dd, J = 8.9, 3.9
Hz, 2H), 6.49 (dd, J = 8.8, 4.0 Hz, 2H), 3.87 — 3.26 (m,
1H), 3.04 (td, J = 7.1, 3.9 Hz, 2H), 1.58 (td, J = 7.1, 3.7
Hz, 2H), 1.36 (q, J = 7.4, 6.4 Hz, 3H), 1.32 — 1.25 (m,
7H), 0.87 (td, J = 6.5, 3.6 Hz, 3H).

13C NMR (101 MHz, CDCl;) o 146.50, 128.42,
126.92, 125.00, 120.94, 113.11, 43.53, 31.24, 30.85,
29.77, 29.61, 29.28, 29.13, 28.85, 28.82, 28.67, 28.02,
26.56, 25.34,22.08, 13.52

61.

(E)-1-(4-morpholinophenyl)-3-phenylprop-2-en-1-

one??

1H NMR (400 MHz, CDCl;) & 7.76-7.72(m, 2H), 7.52
(dd, J=15.6 Hz, 1H), 7.33 — 7.29 (m, 4H), 7.26-7.22 (m,
2H), 6.66-6.63 (m, 2H), 3.63-3.59 (m, 4H), 3.03-3.00
(m, 4H).

13C NMR (101 MHz, CDCl;) 6 191.26 159.22, 145.15,
132.51, 130.24, 128.62, 128.47, 128.39, 118.83, 114.73,
66.73, 48.08.

62.

1,4-dibenzylpiperazine3’

1H NMR (400 MHz, CDCls) § 7.07-7.04 (m, 8H), 7.02-
6.98 (m, 2H), 3.28 (s, 4H), 2.28 (s, 8H)

13C NMR (101 MHz, CDCl) 6 136.69, 128.22, 127.15,
125.98, 62.02, 52.00
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Figure 1: '"H & 13C NMR Spectra of representative compound
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Figure 2: 'H & 13C NMR Spectra of representative compound
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Figure 61: '"H & 3C NMR Spectra of representative compound
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Figure 64: '"H & 13C NMR Spectra of representative compound



