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1. General information

All reagents were commercially available and used without further purification. All the 

Imidazo[1,2-a]pyrimidine derivatives were prepared according to the literature procedure1. 

TLC was done on silica gel coated glass slide. The column chromatography and thin layer 

chromatography (TLC) were done using DCM (Dichloromethane) and methanol as solvent 

combination except for compound 6a, where combination of ethyl acetate and petroleum 

ether was used.1H NMR spectra were determined on 400 MHz spectrometer as solutions in 

DMSO-d6 and CDCl3. Chemical shifts are expressed in parts per million (δ) and the signals 

were reported as s (singlet), d (doublet), t (triplet), m (multiplate) and coupling constants (J) 

were given in Hz. 13C{1H} NMR spectra were recorded at 100 MHz in CDCl3 and DMSO-

d6. 19F NMR spectra were recorded at 376 MHz in CDCl3 and DMSO-d6. Chemical shifts as 

internal standards were referenced to and DMSO-d6 (δ = 2.50 for 1H and δ = 39.52 for 

13C{1H} NMR) and CDCl3 (δ = 7.26 for 1H and δ = 77.16 for 13C{1H} NMR) as internal 

standard. High-resolution mass spectra (HRMS) were collected using electrospray ionization 

(ESI) on a time-of-flight (TOF) mass spectrometer. Melting points (M.P) were determined 

after recrystallization of the solid compounds from a solution of methanol/petroleum ether 

(1:3).

2 Optimization of the Reaction Conditions

Table S1. Optimization of the Reaction Conditions

N

N N

O

H
N I2, Oxidant

Solvent, Temp, 2 h
Me N

N N

N

O

Me

1b 2a
3ba

  Entry Temp
(  C )

I2
(mol%)

Oxidant
(3equiv.)

Solvent
(2.0 mL)

Yield
(%)

1 rt 15 TBHP 1,2-DCE 60
2 50 15 TBHP 1,2-DCE 72
3 60 15 TBHP 1,2-DCE 80, 78a

4 70 15 TBHP 1,2-DCE 79
5 60 - TBHP 1,2-DCE nr
6 60 5 TBHP 1,2-DCE 65
7 60 10 TBHP 1,2-DCE 75
8 60 20 TBHP 1,2-DCE 80
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9 60 25 TBHP 1,2-DCE 80
10 60 15 - 1,2-DCE nr
11 60 15 DTBP 1,2-DCE trace
12 60 15 TBPB 1,2-DCE trace
13 60 15 PIDA 1,2-DCE trace
14 60 15 H2O2 1,2-DCE 34
15 60 15 K2S2O8 1,2-DCE 73
16 60 15 TBHP 1,4-dioxane 72
17 60 15 TBHP Toluene 37
18 60 15 TBHP 1,2-DCB 65
19 60 15 TBHP CH3CN 75
20 60 15 TBHP EtOH 21
21 60 15 TBHP H2O nr

Reaction Conditions: 1b (0.25 mmol, 1 equiv.), 2a (0.5 mmol, 2 equiv.), Oxidant (3 equiv.), Catalyst 
(15 mol%) were reacted in 1,2-DCE (2 mL) at 60 °C for 2 h. nr = no reaction. aReaction at 4 h.

3. Experimental procedures

3.1 Typical experimental procedure for the synthesized compounds (3aa-

4cd)

X

H
N I2 (15 mol %)

TBHP (3 equiv.)
1,2-DCE, 60 C, 2 h

X= S, O, C; R3= H, Me
1 2

R3R3
N

N N R1

R2 N

N N R1

R2

N

XR3 R3

A mixture of imidazo[1,2-a]pyrimidine derivatives 1 (0.25 mmol), iodine (15 mol%) in 2mL 

1,2-DCE were taken in an oven dried reaction tube. Then amine 2 (0.5 mmol) was added to 

the mixture followed by 3 equiv. of TBHP. The mixture was then allowed to stir at 60 ̊C for 2 

h. After the completion, reaction mixture was quenched by saturated Na2S2O3 solution and 

extracted with dichloromethane (DCM). The combined organic layers were dried over 

anhydrous Na2SO4 and concentrated under reduced pressure. The obtained residue was 

purified through column chromatography on silica gel using mixture of dichloromethane 

(DCM) and methanol (MeOH) as eluent to give the product (3aa-4cd).
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N
H

H
N

N

H
N

CH3

H
N

NH2
NH2

Ph NH2

Failed Heterocycles

N

N
Me

N
N Me

N

H
N

Failed amines

3.2 Typical experimental procedure for the compound 6a.

O

H
N I2 (15 mol %)

TBHP (3 equiv.)
1,2-DCE, 60 C, 2 h

6a2a

N
Me

N
Me

N O

5

A mixture of N-methyl indole (0.25 mmol) (5), iodine (15 mol%) in 2mL 1,2-DCE were taken 

in an oven dried reaction tube. Then morpholine 2 (0.5 mmol) was added to the mixture 

followed by 3 equiv. of TBHP. The mixture was then allowed to stir at 60 ̊C for 2 h. After the 

completion, reaction mixture was quenched by saturated Na2S2O3 solution and extracted with 

dichloromethane (DCM). The combined organic layers were dried over anhydrous Na2SO4 

and concentrated under reduced pressure. The obtained residue was purified through column 

chromatography on silica gel using mixture of petroleum ether and ethyl acetate as eluent to 

give the product 6a.

3.3 Large scale synthesis of 3ba

N

N N

O

H
N

Me N

N N

N

O

Me

1b 2a 3ba, 68 %, 1 g

I2 (15 mol%)
TBHP (3 equiv.)

1,2-DCE, 60 C, 2 h

5 mmol 10 mmol

A mixture of 2-(p-tolyl)imidazo[1,2-a]pyrimidine 1b (5 mmol, 1.04 g), iodine (15 mol%, 190 

mg) in 2mL 1,2-DCE were taken in a pre-dried round bottom flask. Then morpholine 2a (10 

mmol, 870 mg) was added to the mixture followed by TBHP (15 mmol, 1.35 g). The mixture 
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was then allowed to stir at 60 ̊C for 2 h. After the completion, reaction mixture was quenched 

by saturated Na2S2O3 solution and extracted with dichloromethane (DCM). The combined 

organic layers were dried over anhydrous Na2SO4 and concentrated under reduced pressure. 

The obtained residue was purified through column chromatography on silica gel using 

mixture of dichloromethane (DCM) and methanol (MeOH) as eluent to give the aminated 

product 3ba (68%, 1 g).

3.4 Experimental procedures for mechanistic studies

3.4.1 Reactions in presence of radical scavengers

N

N N

O

H
N

Me N

N N

N

O

Me

1b 2a 3ba, 74%

I2 (15 mol%)
TBHP (3 equiv.)
TEMPO (3 equiv.)

1,2-DCE, 60 C, 2 h

2-(p-tolyl)imidazo[1,2-a]pyrimidine 1b (0.25 mmol), iodine (15 mol%) in 2mL 1,2-DCE 

were taken in a pre-dried reaction tube. Then morpholine 2a (0.5 mmol), TBHP (in decane, 3 

equiv.), TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl) (3 equiv.) were added to the reaction 

mixture and allowed to stir at 60 ̊C for 2 h. After completion of the reaction, aminated 

product found in 74% yield. 

In case of BHT (2,6-di-tert-butyl-4-methylphenol) as radical scavenger the product found in 

52%. 

3.4.2 Reactions with N-iodomorpholine hydroiodide (7)

N-iodomorpholine hydroiodide was prepared using morpholine and molecular iodine 

according to reported method.3

Entry 1: A mixture of 2-(p-tolyl)imidazo[1,2-a]pyrimidine 1b (0.25 mmol), N-

iodomorpholine hydroiodide 7 (0.50 mmol) were taken in 2 mL 1,2-DCE and stirred at 60 ̊C, 

under open atmosphere for 2 h.

Entry 2: A mixture of 2-(p-tolyl)imidazo[1,2-a]pyrimidine 1b (0.25 mmol), N-

iodomorpholine hydroiodide 7 (0.50 mmol), TBHP (in decane, 3equiv.) were taken in 2 mL 

1,2-DCE and stirred at 60 ̊C, under open atmosphere for 2 h.
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Entry 3: A mixture of 2-(p-tolyl)imidazo[1,2-a]pyrimidine 1b (0.25 mmol), N-

iodomorpholine hydroiodide 7 (0.2 equiv.), morpholine 2a (0.50 mmol), TBHP (in decane, 3 

equiv.) were taken in 2 mL 1,2-DCE and stirred at 60 ̊C, under open atmosphere for 2 h.

4. X-ray crystallographic data 4db:

Wavelength 0.71073 Å

Formula C17H18N4OS2

Crystal system monoclinic

Space group P21/n 

Unit cell dimensions a = 8.3706(4) Å α = 90°

b = 20.1042(9)Å β = 94.0050(10)°
c = 10.0708(5)Å γ =90°

Volume 1690.62(14)Å3

Z 4

R-factor (%)
6.85
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5. Characterization of the starting material and products

5.1 Characterization of the starting material

1a
N

N N

2-phenylimidazo[1,2-a]pyrimidine (1a)1,2: Creamy colored solid; 1H NMR (400 MHz, 
DMSO-d6): δ 8.96 (d, J = 5.2 Hz, 1H), 8.52 (s, 1H), 8.38 (s, 1H), 8.00 (d, J = 7.6 Hz, 2H), 
7.46 (d, J = 6.8 Hz, 2H), 7.36 (d, J = 7.2 Hz, 1H), 7.05 (s, 1H). 

1b
N

N N
Me

2-(p-tolyl)imidazo[1,2-a]pyrimidine (1b)2: Creamy colored solid; 1H NMR (400 MHz, 
DMSO-d6): δ 9.36-9.35 (m, 1H), 8.96 (d, J = 2.8 Hz, 1H), 8.79 (s, 1H), 7.96 (d, J = 8.0 Hz, 
2H), 7.62-7.60 (m, 1H), 7.36 (d, J = 8.4 Hz, 2H),  2.36 (s, 3H).
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1c
N

N N
Et

2-(4-ethylphenyl)imidazo[1,2-a]pyrimidine (1c): Creamy colored solid; M.p. 183-185 °C ; 
1H NMR (400 MHz, DMSO-d6): δ 8.95 (d, J = 5.2 Hz, 1H), 8.50 (s, 1H), 8.33 (s, 1H), 7.91 
(d, J = 7.2 Hz, 2H), 7.29 (d, J = 6.8 Hz, 2H), 7.04 (t, J = 5.2 Hz, 1H), 2.66-2.60 (m, 2H), 1.19 
(t, J = 7.2 Hz, 3H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 150.2, 148.0, 145.5, 144.0, 
135.0, 130.9, 128.3, 125.8, 108.9, 107.2, 28.0, 15.6; HRMS (ESI-TOF) m/z: [M + H]+ Calcd 
for C14H13N3: 224.1182; found: 224.1145.

1d
N

N N
OMe

2-(4-methoxyphenyl)imidazo[1,2-a]pyrimidine (1d)1,2: Creamy colored solid; 1H NMR (400 
MHz, DMSO-d6): δ 8.94 (d, J = 6.4 Hz, 1H), 8.49 (s, 1H), 8.28 (s, 1H), 7.94 (d, J = 8.4 Hz, 
2H), 7.27-7.20 (m, 1H), 7.04 (d, J = 8.8 Hz, 1H),  3.80 (s, 3H).

1e
N

N N
Ph

2-([1,1'-biphenyl]-4-yl)imidazo[1,2-a]pyrimidine  (1e): Creamy colored solid; M.p. 234-236 
°C; 1H NMR (400 MHz, DMSO-d6): δ 8.98 (d, J = 6.0 Hz, 1H), 8.54 (s, 1H), 8.45 (s, 1H), 
8.10 (d, J = 8.0 Hz, 1H), 7.79-7.73 (m, 3H), 7.48 (t, J = 7.6 Hz, 1H), 7.39 (d, J = 7.2 Hz, 1H), 
7.30-7.17 (m, 3H), 7.08-7.06 (t, J = 5.2 Hz, 1H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 
150.5, 148.1, 144.9, 139.8, 139.7, 135.1, 132.5, 129.0, 127.6, 127.1, 126.6, 126.3, 109.0, 
107.8; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C18H13N3: 272.1182; found: 272.1144.

1f
N

N N
CN

4-(imidazo[1,2-a]pyrimidin-2-yl)benzonitrile (1f): Creamy colored solid;  M.p. above 250 °C 

; 1H NMR (400 MHz, DMSO-d6): δ 9.00 (d, J = 5.2 Hz, 1H), 8.57 (s, 1H), 8.19 (d, J = 7.6 
Hz, 2H), 7.92 (d, J = 7.6 Hz, 2H), 7.27 (s, 1H), 7.10 (s, 1H); 13C{1H} NMR (100 MHz, 
DMSO-d6): δ 151.5, 148.2, 143.2, 138.0, 135.5, 132.9, 126.3, 119.0, 110.3, 109.7, 109.4; 
HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C13H8N4: 221.0822; found: 221.0785.

1g
N

N N
F
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2-(4-fluorophenyl)imidazo[1,2-a]pyrimidine (1g)1,2: Creamy colored solid; 1H NMR (400 
MHz, DMSO-d6): δ 8.96 (d, J = 6.0 Hz, 1H), 8.52 (s, 1H), 8.36 (s, 1H), 8.03 (d, J = 6.4 Hz, 
2H), 7.28 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 5.2 Hz, 1H).

1h
N

N N
Cl

2-(4-chlorophenyl)imidazo[1,2-a]pyrimidine (1h)2: Creamy colored solid; 1H NMR (400 
MHz, DMSO-d6): δ 8.98 (d, J = 6.0 Hz, 1H), 8.53 (s, 1H), 8.44 (s, 1H), 8.02 (d, J = 8.4 Hz, 
2H), 7.52 (d, J = 8.0 Hz, 2H), 7.08-7.05 (t, J = 5.6 Hz, 1H).

1i
N

N N
Br

2-(4-chlorophenyl)imidazo[1,2-a]pyrimidine (1i)2: Creamy colored solid; 1H NMR (400 
MHz, DMSO-d6): δ 9.00-8.97 (m, 1H), 8.54-8.53 (m, 1H), 8.44 (s, 1H), 7.95 (d, J = 8.4 Hz, 
2H), 7.66 (d, J = 8.4 Hz, 2H), 7.08-7.05 (m, 1H).

1j
N

N N
I

2-(4-iodophenyl)imidazo[1,2-a]pyrimidine (1j): Creamy colored solid; M.p. 248-250 °C 1H 
NMR (400 MHz, DMSO-d6): δ 8.96 (d, J = 6.0 Hz, 1H), 8.53 (s, 1H), 8.42 (s, 1H), 7.81 (s, 
1H), 7.31-7.19 (m, 2H), 7.06 (s, 1H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 150.7, 148.1, 
144.2, 137.6, 135.2, 133.0, 127.8, 109.1, 108.0, 94.5; HRMS (ESI-TOF) m/z: [M + H]+ Calcd 
for C12H8IN3: 321.9836; found: 321.9800.

1k
N

N N

2-(naphthalen-2-yl)imidazo[1,2-a]pyrimidine (1k): Creamy colored solid; M.p. 220-222 °C 
1H NMR (400 MHz, DMSO-d6): δ 9.01 (s, 1H), 8.59-8.54 (m, 2H), 8.12 (s, 1H), 8.01-7.94 
(m, 2H), 7.53-7.41 (m, 2H), 7.28-7.16 (m, 3H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 
150.8, 148.1, 144.9, 135.3, 133.2, 132.9, 130.7, 128.4, 128.3, 127.7, 126.6, 126.3, 124.5, 
123.9, 109.1, 108.2; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C16H11N3: 246.1026; found: 
246.0989.

1l
N

N N
Br
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2-(3-bromophenyl)imidazo[1,2-a]pyrimidine (1l): Creamy colored solid; M.p. 208-210 °C; 
1H NMR (400 MHz, DMSO-d6): δ 9.01-8.98 (m, 1H), 8.55-8.54 (m, 1H), 8.50 (s, 1H), 8.18 
(s, 1H), 7.99 (d, J = 8.0 Hz, 1H), 7.54 (d, J = 8.0 Hz, 1H), 7.43 (d, J = 7.6 Hz, 1H), 7.09-7.06 
(m, 1H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 151.0, 148.0, 143.5, 135.8, 135.4, 131.1, 
130.9, 128.2, 124.7, 122.3, 109.26, 108.5; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 
C12H8BrN3: 273.9974; found: 273.9940.

N

N N
Me

1m

2-(o-tolyl)imidazo[1,2-a]pyrimidine (1m): Creamy colored solid; M.p. 128-130 °C; 1H NMR 
(400 MHz, DMSO-d6): δ 8.96-8.93 (m, 1H), 8.54-8.53 (m, 1H), 8.16 (s, 1H), 7.91-7.88 (m, 
1H), 7.30-7.28 (m, 2H), 7.07-7.04 (m, 1H), 2.53 (s, 3H); 13C{1H} NMR (100 MHz, DMSO-
d6): δ 150.8, 147.4, 145.2, 135.7, 135.2, 132.9, 131.3, 129.4, 128.2, 126.3, 110.3, 109.1, 21.7; 
HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C13H11N3: 210.1026; found: 210.0986.

N

N N
Me

Me

1n

7-methyl-2-(p-tolyl)imidazo[1,2-a]pyrimidine (1n): Creamy colored solid; M.p. 224-226 °C; 
1H NMR (400 MHz, DMSO-d6): δ 8.76 (d, J = 6.8 Hz, 1H), 8.19 (s, 1H), 7.83 (d, J = 8.0 Hz, 
2H), 7.25 (d, J = 8.0 Hz, 2H), 6.93 (d, J = 7.2 Hz, 1H), 2.51 (s, 3H), 2.32 (s, 3H); 13C{1H} 
NMR (100 MHz, DMSO-d6): δ 160.1, 148.2, 144.8, 137.7, 134.4, 130.9, 129.6, 125.7, 109.8, 
106.7, 24.7, 21.1; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C14H13N3: 224.1182; found: 
224.1161.

5.2 Characterization of the products

3aa

N

N N

N

O

4-(2-phenylimidazo[1,2-a]pyrimidin-5-yl)morpholine (3aa): Light yellow solid (79%, 55 
mg); Rf = 0.60 (DCM/MeOH = 96 : 4); M.p. 96-98 °C; 1H NMR (400 MHz, DMSO-d6): δ 
8.52 (d, J = 5.2 Hz, 1H), 8.34 (s, 1H), 8.12 (d, J = 7.6 Hz, 2H), 7.50 (t, J = 7.6 Hz, 2H), 7.42 
(t, J = 7.6 Hz, 1H), 6.74 (t, J = 5.2 Hz, 1H), 3.87 (t, J = 4.4 Hz, 4H), 3.38 (t, J = 4.8 Hz, 4H); 

13C{1H} NMR (100 MHz, CDCl3): δ 151.0, 150.7, 146.4, 133.0, 130.2, 128.8, 128.7, 126.4, 
102.9, 95.7, 66.3, 49.0; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C16H16N4O: 281.1397; 
found: 281.1393.
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3ba

N

N N

N

O

Me

4-(2-(p-tolyl)imidazo[1,2-a]pyrimidin-5-yl)morpholine (3ba): Light yellow solid (80%, 59 
mg); Rf = 0.60 (DCM/MeOH = 96 : 4); ); M.p. 147-149 °C; 1H NMR (400 MHz, DMSO-d6): 
δ 8.47 (d, J = 4.8 Hz, 1H), 8.25 (s, 1H), 8.00 (d, J = 7.6 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 
6.68 (d, J = 4.8 Hz, 1H), 3.87 (t, J = 4.4 Hz, 4H), 3.36 (t, J = 4.0 Hz, 4H); 13C{1H} NMR 
(100 MHz, DMSO-d6): δ 150.9, 150.7, 150.0, 144.7, 137.5, 130.7, 129.2, 125.9, 104.0, 95.5, 
65.7, 48.4, 20.9; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C17H18N4O: 295.1553; found: 
295.1562.

3ca

N

N N

N

O

Et

4-(2-(4-ethylphenyl)imidazo[1,2-a]pyrimidin-5-yl)morpholine (3ca): Light yellow solid 
(77%, 59 mg); Rf = 0.60 (DCM/MeOH = 96 : 4); M.p. 152-154 °C; 1H NMR (400 MHz, 
DMSO-d6): δ 8.39 (d, J = 4.8 Hz, 1H), 8.19 (s, 1H), 8.02 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.0 
Hz, 2H), 6.55 (d, J = 4.8 Hz, 1H), 3.87 (t, J = 4.4 Hz, 4H), 3.30 (t, J = 4.4 Hz, 4H), 2.67-2.61 
(m, 2H), 1.21 (t, J = 7.6 Hz, 3H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 150.9, 150.7, 
150.0, 144.5, 143.9, 130.8, 128.0, 126.0, 104.0, 95.5, 65.7, 48.4, 28.0, 15.5; HRMS (ESI-
TOF) m/z: [M + H]+ Calcd for C18H20N4O: 309.1710; found: 309.1719.

3da

N

N N

N

O

OMe

4-(2-(4-methoxyphenyl)imidazo[1,2-a]pyrimidin-5-yl)morpholine (3da): Yellow solid (84%, 
65 mg); Rf = 0.50 (DCM/MeOH = 96 : 4); M.p. 102-104 °C; 1H NMR (400 MHz, CDCl3): δ 
8.39 (d, J = 4.8 Hz, 1H), 7.95 (d, J = 8.8 Hz, 2H), 7.53 (s, 1H), 6.96 (d, J = 8.8 Hz, 2H), 6.27 
(d, J = 4.8 Hz, 1H), 3.97 (t, J = 4.8 Hz, 4H), 3.84 (s, 3H), 3.29 (t, J = 4.8 Hz, 4H); 13C{1H} 
NMR (100 MHz, CDCl3): δ 160.0, 150.8, 150.7, 150.6, 146.3, 127.6, 125.8, 114.2, 101.9, 
95.5, 66.3, 55.4, 48.8; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C17H18N4O2: 311.1503; 
found: 311.1495.
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N

N N

N

O

Ph

3ea

4-(2-([1,1'-biphenyl]-4-yl)imidazo[1,2-a]pyrimidin-5-yl)morpholine (3ea): Light yellow 
solid (82%, 73 mg); Rf = 0.60 (DCM/MeOH = 96 : 4); M.p. 189-191 °C; 1H NMR (400 MHz, 
DMSO-d6): δ 8.42 (d, J = 4.8 Hz, 1H), 8.31 (s, 1H), 8.22 (d, J = 8.4 Hz, 2H), 7.77 (d, J = 8.4 
Hz, 2H), 7.74 (d, J = 7.6 Hz, 2H), 7.48 (t, J = 8.0 Hz, 2H), 7.38 (t, J = 7.2 Hz, 1H), 6.56 (d, J 
= 4.8 Hz, 1H), 3.88 (t, J = 4.4 Hz, 4H), 3.31 (t, J = 4.4 Hz, 4H); 13C{1H} NMR (100 MHz, 
DMSO-d6): δ 151.0, 150.1, 144.0, 139.79, 139.75, 132.5, 129.0, 127.6, 126.9, 126.6, 104.7, 
95.7, 65.7, 48.4; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C22H20N4O: 357.1710; found: 
357.1691.

3fa

N

N N

N

O

CN

4-(5-morpholinoimidazo[1,2-a]pyrimidin-2-yl)benzonitrile (3fa): Light yellow solid (71%, 
54 mg); Rf = 0.50 (DCM/MeOH = 96 : 4); M.p. 186-188 °C;  1H NMR (400 MHz, DMSO-
d6): δ 8.46 (s, 1H), 8.44 (s, 1H), 8.31 (d, J = 8.4 Hz, 2H), 7.92 (d, J = 8.4 Hz, 2H), 6.58 (d, J 
= 4.8 Hz, 1H), 3.87 (s, 4H), 3.31 (s, 4H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 152.0, 
151.4, 150.3, 142.4, 138.0, 132.7, 126.6, 119.1, 110.3, 106.7, 96.0, 65.7, 48.6; HRMS (ESI-
TOF) m/z: [M + H]+ Calcd for C17H15N5O: 306.1349; found: 306.1320.

3ga

N

N N

N

O

F

4-(2-(4-fluorophenyl)imidazo[1,2-a]pyrimidin-5-yl)morpholine (3ga): Yellow solid (76%, 
57 mg); Rf = 0.50 (DCM/MeOH = 96 : 4); M.p. 100-102 °C; 1H NMR (400 MHz, DMSO-
d6): δ 8.40 (d, J = 4.8 Hz, 1H), 8.22 (s, 1H), 8.17-8.14 (m, 2H), 7.29 (t, J = 8.8 Hz, 2H), 6.55 
(d, J = 5.2 Hz, 1H), 3.87 (t, J = 4.8 Hz, 4H), 3.29 (t, J = 4.4 Hz, 4H); 13C{1H} NMR (100 
MHz, DMSO-d6): δ 162.2 (d, JC−F = 244.0 Hz), 151.0 (d, JC−F = 5 Hz), 150.1, 143.6, 130.0 (d, 
JC−F = 3 Hz), 128.0 (d, JC−F = 9 Hz), 115.5 (d, JC−F = 21 Hz), 104.3, 95.6, 65.7, 48.4; 19F NMR 
(376 MHz, DMSO-d6): δ -113.8; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for  C16H15FN4O: 
299.1303; found: 299.1313.
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N
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N

O
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4-(2-(4-chlorophenyl)imidazo[1,2-a]pyrimidin-5-yl)morpholine (3ha): Yellow solid (74%, 
58 mg); Rf = 0.50 (DCM/MeOH = 96 : 4); M.p. 139-141 °C; 1H NMR (400 MHz, CDCl3): δ 
8.45 (d, J = 6.0 Hz, 1H), 7.97 (d, J = 8.4 Hz, 2H), 7.63 (s, 1H), 7.40 (d, J = 8.8 Hz, 2H), 6.32 
(d, J = 4.8 Hz, 1H), 3.99 (t, J = 4.8 Hz, 4H), 3.31 (t, J = 4.8 Hz, 4H); 13C{1H} NMR (100 
MHz, CDCl3): δ 151.2, 151.0, 150.7, 145.2, 134.4, 131.7, 129.0, 127.6, 103.0, 95.8, 66.3, 
48.9; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C16H15ClN4O: 315.1007; found: 315.0982.

3ia

N

N N

N

O

Br

4-(2-(4-bromophenyl)imidazo[1,2-a]pyrimidin-5-yl)morpholine (3ia): Yellow solid (74%, 
66 mg); Rf = 0.50 (DCM/MeOH = 96 : 4); M.p. 160-162 °C; 1H NMR (400 MHz, DMSO-
d6): δ 8.47 (d, J = 5.2 Hz, 1H), 8.34 (s, 1H), 8.07 (d, J = 8.4 Hz, 2H), 7.68 (d, J = 8.4 Hz, 
2H), 6.66 (d, J = 5.2 Hz, 1H), 3.87 (t, J = 4.4 Hz, 4H), 3.35 (t, J = 4.4 Hz, 4H); 13C{1H} 
NMR (100 MHz, DMSO-d6): δ 152.1, 151.3, 149.3, 141.4, 131.7, 131.3, 128.1, 121.8, 105.4, 
96.6, 65.6, 48.5; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C16H15BrN4O: 359.0502; found: 
359.0485.

3ja

N

N N

N

O

I

4-(2-(4-iodophenyl)imidazo[1,2-a]pyrimidin-5-yl)morpholine (3ja): Light yellow solid 
(72%, 73 mg); Rf = 0.60 (DCM/MeOH = 96 : 4); M.p. 182-184 °C; 1H NMR (400 MHz, 
DMSO-d6): δ 8.41 (d, J = 4.8 Hz, 1H), 8.29 (s, 1H), 7.93 (d, J = 8.4 Hz, 2H), 7.81 (d, J = 8.4 
Hz, 2H), 6.55 (d, J = 4.8 Hz, 1H), 3.87 (t, J = 4.4 Hz, 4H), 3.29 (t, J = 4.4 Hz, 4H); 13C{1H} 
NMR (100 MHz, DMSO-d6): δ 151.14, 151.10, 150.1, 143.6, 137.3, 133.1, 128.0, 104.8, 
95.6, 94.2, 65.7, 48.4; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C16H15IN4O: 407.0363; 
found: 407.0352.
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3ka
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N N

N
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4-(2-(naphthalen-2-yl)imidazo[1,2-a]pyrimidin-5-yl)morpholine (3ka): Light yellow solid 
(81%, 67 mg); Rf = 0.60 (DCM/MeOH = 96 : 4); M.p. 188-190 °C ; 1H NMR (400 MHz, 
DMSO-d6): δ 8.66 (s, 1H), 8.45 (d, J = 5.2 Hz, 1H), 8.39 (s, 1H), 8.30-8.27 (m, 1H), 8.01-
7.99 (m, 2H), 7.94 (d, J = 7.6 Hz, 1H), 7.56-7.50 (m, 2H), 6.59 (d, J = 4.8 Hz, 1H), 3.90 (t, J 
= 4.4 Hz, 4H), 3.34 (t, J = 4.4 Hz, 4H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 151.3, 151.1, 
150.1, 144.0, 133.2, 132.9, 130.6, 128.2, 128.1, 127.7, 126.5, 126.2, 124.5, 124.3, 105.1, 
95.8, 65.7, 48.5; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C20H18N4O: 331.1553; found: 
331.1531.

3la

N

N N

N

O

Br

4-(2-(2-bromophenyl)imidazo[1,2-a]pyrimidin-5-yl)morpholine (3la): Light yellow solid 
(73%, 65 mg); M.p. 101-103 °C; Rf = 0.50 (DCM/MeOH = 96 : 4); 1H NMR (400 MHz, 
DMSO-d6): δ 8.44 (d, J = 5.2 Hz, 1H), 8.36 (s, 1H), 8.32 (s, 1H), 8.13 (d, J = 7.6 Hz, 1H), 
7.54 (d, J = 8.0 Hz, 1H), 7.43 (t, J = 8.0 Hz, 1H), 6.59 (d, J = 5.2 Hz, 1H), 3.88 (t, J = 4.4 Hz, 
4H), 3.31 (t, J = 4.4 Hz, 4H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 151.6, 151.3, 149.9, 
142.3, 135.5, 130.98, 130.93, 128.4, 125.0, 122.2, 105.5, 96.0, 65.7, 48.5; HRMS (ESI-TOF) 
m/z: [M + H]+ Calcd for C16H15BrN4O: 359.0502; found: 359.0482.

N

N N

N

O

3ma

Me

4-(2-(o-tolyl)imidazo[1,2-a]pyrimidin-5-yl)morpholine (3ma): Light yellow solid (81%, 60 
mg); Rf = 0.60 (DCM/MeOH = 96 : 4); M.p. 100-102 °C; 1H NMR (400 MHz, DMSO-d6): δ 
8.43 (d, J = 5.2 Hz, 1H), 7.88 (s, 1H), 7.82 (t, J = 5.2 Hz, 1H), 7.30-7.27 (m, 3H), 6.57 (d, J = 
4.8 Hz, 1H), 3.84 (t, J = 4.4 Hz, 4H), 3.30 (t, J = 4.0 Hz, 4H), 2.55 (s, 1H); 13C{1H} NMR 
(100 MHz, DMSO-d6): δ 150.9, 149.4, 145.0, 135.9, 133.0, 131.0, 129.7, 128.0, 125.9, 106.5, 
95.5, 65.7, 48.5, 21.4; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C17H18N4O: 295.1553; 
found: 295.1534.
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O
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3na

4-(7-methyl-2-(p-tolyl)imidazo[1,2-a]pyrimidin-5-yl)morpholine (3na): Light yellow solid 
(78%, 60 mg); Rf = 0.50 (DCM/MeOH = 98 : 2); M.p. 174-176 °C; 1H NMR (400 MHz, 
DMSO-d6): δ 8.07 (s, 1H), 7.96 (d, J = 7.6 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 6.43 (s, 1H), 
3.85 (t, J = 4.4 Hz, 4H), 3.25 (t, J = 4.4 Hz, 4H), 2.47 (s, 3H), 2.32 (s, 3H); 13C{1H} NMR 
(100 MHz, DMSO-d6): δ 160.2, 150.5, 149.9, 144.2, 137.3, 130.9, 129.2, 125.8, 103.5, 95.8, 
65.7, 48.5, 24.6, 20.9; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C18H20N4O: 309.1710; 
found: 309.1691.

N

N N

N

S

4ab

4-(2-phenylimidazo[1,2-a]pyrimidin-5-yl)thiomorpholine (4ab): Yellow solid (77%, 57 
mg); Rf = 0.60 (DCM/MeOH = 98 : 3); M.p. 108-110 °C; 1H NMR (400 MHz, DMSO-d6): δ 
8.40 (d, J = 4.8 Hz, 1H), 8.10 (d, J = 7.2 Hz, 2H), 8.08 (s, 1H), 7.45 (t, J = 8.0 Hz, 2H), 7.34 
(t, J = 7.6 Hz, 1H), 6.57 (d, J = 5.2 Hz, 1H), 3.51 (t, J = 4.8 Hz, 4H), 2.91 (t, J = 4.8 Hz, 4H); 

13C{1H} NMR (100 MHz, DMSO-d6): δ 151.5, 151.1, 150.1, 144.5, 133.4, 128.7, 128.3, 
126.1, 104.2, 96.6, 50.8, 26.4; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C16H16N4S: 
297.1168; found: 297.1137.

N

N N

N

S

4bb

Me

4-(2-(p-tolyl)imidazo[1,2-a]pyrimidin-5-yl)thiomorpholine (4bb): Yellow solid (78%, 60 
mg); Rf = 0.60 (DCM/MeOH = 97 : 3); M.p. 144-146 °C; 1H NMR (400 MHz, DMSO-d6): δ 
8.41 (d, J = 4.8 Hz, 1H), 8.06 (s, 1H), 8.00 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 6.60 
(d, J = 4.8 Hz, 1H), 3.52 (t, J = 4.8 Hz, 4H), 2.92 (t, J = 4.8 Hz, 4H); 13C{1H} NMR (100 
MHz, DMSO-d6): δ 151.4, 151.1, 149.7, 143.9, 137.7, 130.1, 129.2, 125.9, 103.8, 96.8, 50.7, 
26.3, 20.9; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C17H18N4S: 311.1325; found: 
311.1298.
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4-(2-(4-methoxyphenyl)imidazo[1,2-a]pyrimidin-5-yl)thiomorpholine (4cb): Yellow solid 
(82%, 67 mg); Rf = 0.50 (DCM/MeOH = 97 : 3); M.p. 103-105 °C; 1H NMR (400 MHz, 
DMSO-d6): δ 8.38 (d, J = 4.8 Hz, 1H), 8.04 (d, J = 8.8 Hz, 2H), 7.99 (s, 1H), 7.01 (d, J = 8.8 
Hz, 2H), 6.56 (d, J = 4.8 Hz, 1H), 3.80 (s, 3H), 3.50 (t, J = 5.2 Hz, 4H), 2.91 (t, J = 4.8 Hz, 
4H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 159.4, 151.3, 150.6, 150.0, 144.5, 127.4, 125.9, 
114.1, 103.1, 96.5, 55.2, 50.7, 26.4; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C17H18N4OS: 
327.1274; found: 327.1257. 

N

N N

N

S

4gb

F

4-(2-(4-fluorophenyl)imidazo[1,2-a]pyrimidin-5-yl)thiomorpholine (4gb): Yellow solid 
(72%, 56 mg); Rf = 0.50 (DCM/MeOH = 97 : 3); M.p. 183-185 °C; 1H NMR (400 MHz, 
DMSO-d6): δ 8.46 (d, J = 5.2 Hz, 1H), 8.17-8.15 (m, 2H), 8.13 (s, 1H), 7.34-7.30 (m, 2H), 
6.68 (d, J = 5.2 Hz, 1H), 3.54 (s, 4H), 2.91 (t, J = 4.4 Hz, 4H); 13C{1H} NMR (100 MHz, 
DMSO-d6): δ 162.4 (d, JC−F = 243 Hz), 152.0, 151.7, 149.3, 141.6, 128.6, 128.3 (d, JC−F = 9 
Hz), 115.7 (d, JC−F = 22 Hz), 104.6, 97.6, 50.8, 26.3; 19F NMR (376 MHz, CDCl3): δ -112.5; 
HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C16H15FN4S: 315.1074; found: 315.1056.

N

N N

N

S

4ib

Br

4-(2-(4-bromophenyl)imidazo[1,2-a]pyrimidin-5-yl)thiomorpholine (4ib): Yellow solid 
(71%, 67 mg); M.p. 200-202 °C Rf = 0.50 (DCM/MeOH = 97 : 3); 1H NMR (400 MHz, 
DMSO-d6): δ 8.59 (d, J = 5.6 Hz, 1H), 8.27 (s, 1H), 7.99 (d, J = 8.4 Hz, 2H), 7.74 (d, J = 8.8 
Hz, 2H), 6.94 (d, J = 5.6 Hz, 1H), 3.69 (s, 4H), 2.89 (s, 4H); 13C{1H} NMR (100 MHz, 
DMSO-d6): δ 155.2, 152.6, 147.6, 136.3, 132.5, 128.8, 127.6, 123.8, 106.8, 100.7, 51.4, 26.4; 
HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C16H15BrN4S: 375.0274; found: 375.0246.
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4-(2-(4-bromophenyl)imidazo[1,2-a]pyrimidin-5-yl)thiomorpholine (4nb): Yellow solid 
(76%, 62 mg); Rf = 0.60 (DCM/MeOH = 97 : 3); M.p. 194-196 °C; 1H NMR (400 MHz, 
DMSO-d6): δ 8.17 (s, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.34 (d, J = 8.0 Hz, 2H), 6.93 (s, 1H), 
3.62 (s, 4H), 2.91 (s, 4H), 2.57 (s, 3H), 2.36 (s, 3H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 
165.6, 151.6, 146.8, 139.7, 136.2, 129.8, 126.3, 125.2, 105.2, 100.7, 51.1, 26.2, 24.6, 21.1; 
HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C18H20N4S: 325.1481; found: 325.1448.

N

N N

N

O

Me

4bc

Me Me

2,6-dimethyl-4-(2-(p-tolyl)imidazo[1,2-a]pyrimidin-5-yl)morpholine (4bc): Light yellow 
solid (75%, 60 mg); Rf = 0.50 (DCM/MeOH = 96 : 4); M.p. 90-92 °C; 1H NMR (400 MHz, 
DMSO-d6): δ 8.35 (d, J = 5.2 Hz, 1H), 8.16 (s, 1H), 8.00 (d, J = 8.0 Hz, 2H), 7.25 (d, J = 7.6 
Hz, 2H), 6.51 (d, J = 4.8 Hz, 1H), 3.93-3.89 (m, 2H), 3.59-3.56 (m, 2H), 2.60-2.49 (m, 2H), 
2.33 (s, 3H), 1.16 (d, J = 6.0 Hz, 6H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 150.7, 150.6, 
150.1, 144.6, 137.5, 130.7, 129.2, 126.0, 104.0, 95.7, 70.6, 53.2, 21.0, 18.6; HRMS (ESI-
TOF) m/z: [M + H]+ Calcd for C19H22N4O: 323.1866; found: 323.1854.

N

N N

N

O

Ph

4ec

Me Me

4-(2-([1,1'-biphenyl]-4-yl)imidazo[1,2-a]pyrimidin-5-yl)-2,6-dimethylmorpholine (4ec): 
Light yellow solid (80%, 77 mg); Rf = 0.50 (DCM/MeOH = 96 : 4); M.p. 108-110 °C; 1H 
NMR (400 MHz, DMSO-d6): δ 8.42 (d, J = 5.2 Hz, 1H), 8.32 (s, 1H), 8.22 (d, J = 8.0 Hz, 
2H), 7.78 (d, J = 8.4 Hz, 2H), 7.74 (d, J = 7.6 Hz, 2H), 7.48 (t, J = 8.0 Hz, 2H), 7.38 (t, J = 
7.6 Hz, 1H), 6.59 (d, J = 5.2 Hz, 1H), 3.94-3.91 (m, 2H), 3.64-3.61 (m, 2H), 2.65-2.60 (m, 
2H), 1.18 (d, J = 6.0 Hz, 6H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 151.2, 150.8, 150.0, 
143.4, 139.9, 139.7, 132.1, 129.0, 127.6, 126.9, 126.7, 126.6, 104.9, 96.2, 70.6, 53.3, 18.7; 
HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C24H24N4O: 385.2023; found: 385.2003.



S19

4kc

N

N N

N

OMe Me

2,6-dimethyl-4-(2-(naphthalen-2-yl)imidazo[1,2-a]pyrimidin-5-yl)morpholine (4kc): Light 
yellow solid (76%, 68 mg); Rf = 0.50 (DCM/MeOH = 96 : 4); M.p. 100-102 °C;  1H NMR 
(400 MHz, DMSO-d6): δ 8.65 (s, 1H), 8.41 (d, J = 4.8 Hz, 1H), 8.35 (s, 1H), 8.29 (d, J = 8.8 
Hz, 2H), 8.02-7.97 (m, 2H), 7.93 (d, J = 7.6 Hz, 1H), 7.55-7.49 (m, 2H), 6.56 (d, J = 4.8 Hz, 
1H), 3.96-3.93 (m, 2H), 3.63-3.61 (m, 2H), 2.65-2.59 (m, 2H), 1.18 (d, J = 6.0 Hz, 6H); 

13C{1H} NMR (100 MHz, DMSO-d6): δ 151.1, 150.8, 150.3, 144.4, 133.2, 132.9, 131.0, 
128.2, 128.0, 127.7, 126.5, 126.2, 124.6, 124.5, 105.1, 95.9, 70.6, 53.3, 18.7; HRMS (ESI-
TOF) m/z: [M + H]+ Calcd for C22H22N4O: 359.1866; found: 359.1837.

4cd

N

N N

N

Et

2,6-dimethyl-4-(2-(naphthalen-2-yl)imidazo[1,2-a]pyrimidin-5-yl)morpholine (4cd): Light 
yellow solid (55%, 42 mg); Rf = 0.60 (DCM/MeOH = 96 : 4); M.p. 78-80 °C; 1H NMR (400 
MHz, DMSO-d6): δ 8.35 (d, J = 4.8 Hz, 1H ), 8.01 (s, 1H), 7.99 (s, 2H), 7.28 (d, J = 8.0 Hz, 
2H), 6.48 (d, J = 5.2 Hz, 1H), 3.24 (s, 4H), 2.66-2.60 (m, 2H), 1.77 (s, 4H), 1.67-1.66 (m, 
2H), 1.20 (t, J = 7.6 Hz, 3H); 13C{1H} NMR (100 MHz, DMSO-d6): δ 154.9, 152.2, 146.7, 
146.4, 134.9, 128.6, 126.6, 124.3, 106.1, 100.1, 49.8, 28.1, 24.9, 23.4, 15.4 ; HRMS (ESI-
TOF) m/z: [M + H]+ Calcd for C19H22N4: 307.1917; found: 307.1902.

N
Me

N O

6a

4-(1-methyl-1H-indol-2-yl)morpholine (6a):4 Light yellow solid (76%, 41 mg); Rf = 0.40 
(PE : EA = 15 : 75); M.p. 92-94 °C; 1H NMR (400 MHz, CDCl3): δ 7.51 (d, J = 7.6 Hz, 1H ), 
7.24 (d, J = 8.0 Hz, 1H), 7.15 (t, J = 7.6 Hz, 1H), 7.09 (t, J = 7.6 Hz, 1H), 5.95 (s, 1H), 3.90 
(t, J = 4.4 Hz, 4H), 3.63 (s, 3H), 3.03 (t, J = 4.8 Hz, 4H); 13C{1H} NMR (100 MHz, CDCl3): 
δ 150.0, 135.3, 127.5, 120.4, 119.7, 119.5, 108.8, 86.9, 66.9, 52.8, 29.1; HRMS (ESI-TOF) 
m/z: [M + H]+ Calcd for C14H10N2O: 217.1335; found: 217.1324.
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7. NMR Spectra for the Synthesized Products
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