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General Information

Unless otherwise noted, materials were obtained from commercial suppliers and used without
further purification. NMR spectra were recorded on a Bruker AV-500 (1H: 500 MHz, 13C: 125 MHz,
19F NMR: 470 MHz) spectrometer using TMS as internal reference. Chemical shifts (5) and coupling
constants (J) were expressed in ppm and Hz, respectively. GC-MS was Shimadzu QP-5050 GC-MS
system. All substances were known available compounds. High resolution mass spectra (HRMS) were
measured using electrospray ionization (ESI) and the time-of-flight (TOF) mass analyzer. The instrument
for electrolysis is dual display potentiostat (CJS-292) (made in China). The electrodes are commercially
available from GaossUnion, China. Cyclic voltammetry data were measured with a Shanghai Chenhua
potentiostat (CHI760E). Working electrode: The working electrode is a 3 mm diameter Pt disk working
electrode. Polished with 0.3 pm aluminum oxide and then sonicated in distilled water before drying.
Reference electrode: The reference electrode consisted of a silver wire covered with silver chloride
immersed in a saturated solution of potassium chloride. Counter electrode: The counter electrode is a

platinum wire that was polished with sand paper.
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Experimental Procedure

CN
N Nal (30 mol%), Bu;NBF, [ -
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Scheme S1. Experimental procedure for 3a.

Typical synthesis steps of 3-(pyridin-2-yl) imidazo[1,5-a]pyridine-1-carbonitrile (3a): A
mixture of 2-picolylamine (0.6 mmol), trimethylsilyl cyanide (TMSCN) (0.9 mmol), sodium iodide (0.09
mmol), tetrabutylammonium tetrafluoroborate (0.3 mmol), and 3 mL of mixed solvent (MeCN/HFIP =
2:1) was added to an undivided electrolytic cell equipped with two platinum electrodes serving as both
anode and cathode. The reaction mixture was stirred and electrolyzed at a constant current of 10 mA
under 60°C for approximately 6 hours. Upon completion, the solvent was removed by rotary evaporation.

The residue was purified by column chromatography on silica gel (PE/EtOAc = 6:1) to afford the desired

product.
CN
= N
= NH,4l (20 mol%), NH4BF4, NH,CI N
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Scheme S2. Experimental procedure for 3ab.

Typical synthesis of 3-(pyridin-2-yl) imidazo[1,5-a]pyridine-1-carbonitrile (3ab): A mixture of
2-pyridinecarboxaldehyde (0.6 mmol), trimethylsilyl cyanide (0.9 mmol), ammonium iodide (0.06
mmol), ammonium tetrafluoroborate (0.3 mmol), N,N-diisopropylethylamine (0.3 mmol), ammonium
chloride (1.2 mmol), and 3 mL of a mixed solvent (MeCN/MeOH = 2:1) was added to an undivided
electrolytic cell. The electrolytic cell was equipped with two platinum electrodes serving as both anode
and cathode. The reaction mixture was stirred and electrolyzed at a constant current of 10 mA at 60 °C
for approximately 6 hours. Upon completion of the reaction, the solvent was removed with a rotary
evaporator. The residue was purified by column chromatography on silica gel (PE/EtOAc = 6:1) to afford
the desired product.

| + —_—
CN( NZ > NH2 DCM SN NN

1ab 1a 4

Scheme S3. Experimental procedure for 4.

Typical synthesis of (E)-N-benzyl-1-phenylmethanimine (4)!8!l: To a suspension of anhydrous
MgSO. (5equiv, 10.5 mmol, 1.26 g) in anhydrous DCM (4 mL) was added 2-pyridinecarboxaldehyde
(lequiv, 2.1 mmol, 0.2 mL), followed by dropwise addition of 2-picolylamine (1equiv, 2.1 mmol, 0.22
mL). The reaction mixture was stirred at room temperature for 3 h, then filtered under reduced pressure.

The solvent was removed via rotary evaporation to afford the product.
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Scheme S4. Experimental procedure for 4a.

Typical synthesis of 3-(pyridine-2-yl)imidazo[1,5-a]pyridine (4a)!S2!: 2-Picolylamine (0.8 mmol,
2 equiv), 2-pyridinecarboxaldehyde (0.4 mmol, 1 equiv), iodine (10.2 mg, 10 mol%), 30% hydrogen
peroxide (3 mmol), and acetonitrile (5 mL) were added sequentially to a 25 mL round-bottom flask
equipped with a spherical condenser. The reaction flask was placed in a preheated heating block at 60
°C and stirred for 3 hours. The reaction progress was monitored by thin-layer chromatography (TLC).
After completion, the reaction mixture was allowed to cool to room temperature. The mixture was then
concentrated under reduced pressure. The residue was purified by flash chromatography on silica gel
(gradient elution with PE/EA, v/v =20:1 to 5:1) to afford the target product, 3-(pyridin-2-yl)imidazo[1,5-
a]pyridine.
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Optimization of Reaction Conditions
Table S1. Optimization of reaction conditions for 3a from 1ab.¢

CN
= NH,l (20 mol%), NHBFs, NHCI [ T~ N
Il o + TmscN NN~
N~ NP DIPEA, Pt-Pt, 10mA
MeCN:MeOH=2:1, 60°C 7 ';l
1ab 2a 3a
Entry Variations from standard conditions Yields(%) ®
1 None ¢ 78
2 MeCN as solvent 34
3 DMSO as solvent 29
4 DMF as solvent 24
5 MeCN: H,0=2:1 67
6 MeCN: EtOH=2:1 73
7 10mol%, 30mol%, 40mol%, 100mol% NH,4I 52,61, 48,37
8 n-BusNBF, and n-Buy,NPF instead of NH,BF, 65,62
9 Nal, KI, Me4NI instead of NH4I 68, 57,49
10 5mA, 15mA, 20mA instead of 15mA 59, 49, 32
11 50°C, 40°C, 18°C instead of 60°C 63,51,45
12 no electricity and no I n.d.c
13 DABCO, DBU, '‘BuOK instead of DIPEA 54,42, 28
14 NH,Br, NH;OAC instead of NH,4C1 trace, 34

@Reaction conditions: 1ab (0.6 mmol), 2a (0.9 mmol), NH4I (0.06 mmol), NH4BF, (0.3 mmol), MeCN:MeOH=2:1
(3.0 mL), DIPEA (0.3 mmol) 10 mA, 60 °C, undivided cell. The platinum plate (10 mm % 10 mm x 0.2 mm).
b isolated yield. ¢ not detected. The reaction time was determined by TLC and GC-MS.
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Theoretical charge calculation

1. Self-coupling reaction starting from 2-picolylamine (1a)

According to our proposed mechanism, the formation of one molecule of the final
product 3a requires two molecules of the starting material 1a. one molecule of 1a
undergoes a two-electron oxidation process at the anode to form an imine intermediate
through dehydrogenation, while the other molecule of 1a is not oxidized but instead
serves as a nucleophile and condenses with the oxidized 1a to form intermediate 4. The
electron transfer process can be broken down as follows:

Oxidative Step A: One molecule of 1a undergoes a 2-electron oxidation at the anode to
generate an imine intermediate(-2¢e°)

Condensation Step: Another molecule of 1a acts as a nucleophile to condense with the
generated imine, forming intermediate 4. This step does not involve electron transfer
(0e).

Oxidative Step B: Intermediate 4 undergoes a subsequent 4-electron oxidative
dehydrogenation during the cyclization and aromatization process (-4¢°).

Total: A total of 6 moles of electrons is required to produce 1 mole of product 3a.
Theoretical Charge Calculation:

n(e”) x n(product) 6F x 1mol
cheo = =

= 3.0 F/mol
n(substrate) 2 mol

2. Reaction starting from pyridine-2-carboxaldehyde (1ab)

For the system starting from the aldehyde, the process involves a convergent paired
electrolysis logic in an undivided cell:

Reduction Step: At the cathode, one molecule of 1ab accepts 2 electrons to be reduced
to 2-picolylamine (+2¢°).

Condensation Step: The freshly generated amine condenses with another unreduced 1ab
molecule in the system to form intermediate 4 (Oe").

Oxidation Step: Intermediate 4 undergoes a 4-electron oxidation at the anode to
complete the cyclization and aromatization (-4¢°).

Charge Balance: In an undivided cell, the total charge passed is dictated by the half-
reaction with the higher electron demand—in this case, the 4-electron oxidation at the
anode.

Theoretical Charge Calculation:

n(e B )anodic X n(product) _ 4F x 1 mol

= = 2.0 F/mol
n (substrate) 2 mol

cheo =
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Detail Descriptions for Products
CN

(3a)

3-(pyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3a)!S3! was prepared according to the general
working procedure and purified by column chromatography (petroleum ether/ethyl acetate = 6:1) to give
the product as a white solid. 75% yield, 49.5 mg from amine. 78% yield, 51.5 mg from aldehyde. '"H
NMR (500 MHz, CDCl;) 6 10.05 (d, J=7.3 Hz, 1H), 8.63 — 8.58 (m, 1H), 8.27 (d, /= 8.1 Hz, 1H), 7.79
(td, J=17.8, 1.8 Hz, 1H), 7.68 (d, /= 9.1 Hz, 1H), 7.29 — 7.26 (m, 1H), 7.20 (ddd, J = 9.0, 6.6, 0.8 Hz,
1H), 6.93 — 6.88 (m, 1H).13C NMR (125 MHz, CDCl;) § 149.5, 148.2, 138.4, 136.9, 136.7, 127.7, 125.5,
123.2,122.5,116.5, 115.4, 115.0, 103.3.

HRMS (ESI) m/z: caled for C13HgN4,[M+H]*221.0822, found 221.0823. mp = 201-203°C.

(3b)

8-methyl-3-(3-methylpyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3b)IS!l was prepared
according to the general working procedure and purified by column chromatography (petroleum
ether/ethyl acetate = 6:1) to give the product as a white solid. 62% yield, 46.1 mg from amine. 61% yield,
45.4 mg from aldehyde. 'H NMR (500 MHz, CDCl3) 6 9.15 (d, J = 7.1 Hz, 1H), 8.54 (d, J = 4.1 Hz,
1H), 7.70 (d, J= 7.7 Hz, 1H), 7.29 — 7.26 (m, 1H), 6.93 (d, /= 6.6 Hz, 1H), 6.76 (t, /= 6.9 Hz, 1H), 2.76
(s, 3H), 2.67 (s, 3H).13C NMR (125 MHz, CDCl;) & 147.1, 146.1, 140.0, 137.5, 137.1, 134.7, 127.8,
125.0, 124.3,123.5,117.4, 114.8, 102.4, 20.7, 18.3.

HRMS (ESI) m/z: caled for CsHpN4[M+H]"249.1135, found 249.1138. mp =205-207°C.

7-methyl-3-(4-methylpyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile = (3¢) was prepared
according to the general working procedure and purified by column chromatography (petroleum
ether/ethyl acetate = 6:1) to give the product as a white solid 67% yield, 49.9 mg from amine. 58% yield,
43.2 mg from aldehyde. 'H NMR (500 MHz, CDCls) 6 9.98 (d, J = 7.3 Hz, 1H), 8.49 (d, J = 5.0 Hz,
1H), 8.16 (s, 1H), 7.47 (s, 1H), 7.11 (d, J = 4.4 Hz, 1H), 6.75 (dd, J= 7.3, 1.5 Hz, 1H), 2.43 (s, 6H). 13C
NMR (125 MHz, CDCl;) 6 149.4, 148.3, 148.1, 139.2, 136.9, 136.6, 127.2, 124.3, 123.1, 117.9, 115.8,
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114.7,101.8, 21.5,21.3.
HRMS (ESI) m/z: caled for C;sHpNa[M+H]"249.1135, found 249.1143. mp = 188-190°C.

6-methyl-3-(5-methylpyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3d) S was prepared
according to the general working procedure and purified by column chromatography (petroleum
ether/ethyl acetate = 6:1) to give the product as a white solid. 61% yield, 45.4 mg from amine. 63% yield,
46.9 mg from aldehyde. TH NMR (500 MHz, CDCl3) 6 9.80 (d, J= 1.2 Hz 1H), 8.46 (dd, J=1.3, 0.7
Hz, 1H), 8.17 (d, J = 8.1 Hz, 1H), 7.60 (dd, J = 8.8, 1.2 Hz, 2H), 7.00 (dd, J=9.2, 1.3 Hz 1H), 2.41 (s,
3H), 2.38 (s, 3H). 3C NMR (125 MHz, CDCl3) 6 148.5, 147.2, 137.6, 137.5, 136.6, 133.0, 128.6, 125.0,
124.8,122.3,122.2,115.7, 102.8, 18.7, 18.5.

HRMS (ESI) m/z: caled for CsHpN4[M+H]"249.1135, found 249.1142. mp = 148-150°C.

CN
//N
N7

CH3 =N

\ Y4 CH3(3e)

5-methyl-3-(6-methylpyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3¢)I$3! was prepared
according to the general working procedure and purified by column chromatography (petroleum
ether/ethyl acetate = 6:1) to give the product as a white solid. 71% yield, 52.8 mg from amine. 57% yield,
42.4 mg from aldehyde. '"H NMR (500 MHz, CDCl;) 6 7.73 (t,J= 7.7 Hz, 1H), 7.62 (d, J= 7.9 Hz, 2H),
7.27 (d, J= 8.2 Hz, 1H), 7.18 — 7.08 (m, 1H), 6.62 (d, J = 6.1 Hz, 1H), 2.60 (s, 3H), 2.31 (s, 3H). 13C
NMR (125 MHz, CDCl;) & 157.5, 150.0, 139.9, 139.5, 136.9, 136.2, 125.5, 123.7, 123.4, 116.0, 115.5,
114.9,103.1, 24.5,22.2.

HRMS (ESI) m/z: caled for CsHpN4[M+H]"249.1135, found 249.1136. mp = 163-164°C.

8-methoxy-3-(3-methoxypyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3f) was prepared
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according to the general working procedure and purified by column chromatography (petroleum
ether/ethyl acetate = 6:1) to give the product as a white solid. 62% yield, 52.1 mg from aldehyde. 'H
NMR (500 MHz, CDCl3) 6 8.40 (d, J= 6.9 Hz, 1H), 8.32 (d, /= 3.6 Hz, 1H), 7.48 — 7.35 (m, 2H), 6.72
(t,J=7.1 Hz, 1H), 6.39 (d, J= 7.3 Hz, 1H), 4.01 (s, 3H), 3.92 (s, 3H). 3C NMR (125 MHz, CDCl;) &
154.9, 150.3, 140.9, 137.6, 136.2, 131.7, 125.2, 119.7, 118.3, 116.2, 114.9, 103.0, 100.6, 56.1, 56.1.
HRMS (ESI) m/z: caled for CsHpN4O,[M+H]*281.1033, found 281.1039. mp = 162-164°C.

H,CO

7-methoxy-3-(4-methoxypyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3g) was prepared
according to the general working procedure and purified by column chromatography (petroleum
ether/ethyl acetate = 6:1) to give the product as a white solid. 59% yield, 49.6 mg from amine. 66% yield,
55.5 mg from aldehyde. 'H NMR (500 MHz, CDCls) 6 10.02 (d, J= 7.8 Hz, 1H), 8.41 (d, J= 5.7 Hz,
1H), 7.83 (d, J=2.4 Hz, 1H), 6.89 (d, J=2.3 Hz, 1H), 6.83 (dd, /= 5.7, 2.5 Hz, 1H), 6.64 (dd, J=17.8,
2.5 Hz, 1H), 3.96 (s, 3H), 3.93 (s, 3H). 3C NMR (125 MHz, CDCl;) 8 166.4, 158.0, 151.3, 149.4, 141.1,
136.0, 129.4, 116.2, 111.3, 110.7, 106.4, 100.9, 92.6, 56.0, 55.6.

HRMS (ESI) m/z: caled for CsHpN4O,[M+H]*281.1033, found 281.1035. mp = 218-220°C.

6-methoxy-3-(5-methoxypyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3h) was prepared
according to the general working procedure and purified by column chromatography (petroleum
ether/ethyl acetate = 3:1) to give the product as a white solid. 81% yield, 68.1 mg from amine. 81% yield,
68.1 mg from aldehyde. 'H NMR (500 MHz, CDCls) 6 9.66 (s, 1H), 8.36 — 8.30 (m, 2H), 7.62 (d, J =
9.7 Hz, 1H), 7.37 (dd, J= 8.8, 2.7 Hz, 1H), 7.02 (d, J= 9.7 Hz, 1H), 3.94 (s, 3H), 3.92 (s, 3H). 3C NMR
(125 MHz, CDCl3) & 155.4, 150.9, 142.8, 137.1, 135.7, 135.5, 123.8, 121.9, 121.3, 116.6, 115.8, 108.1,
103.3, 56.1, 55.9.

HRMS (ESI) m/z: caled for CsHpN4O,[M+H]*281.1033, found 281.1034. mp = 218-220°C.
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CN
//N
N7

OCH3 =N

\ / ~OCHjs 3i)

5-methoxy-3-(6-methoxypyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3i) was prepared
according to the general working procedure and purified by column chromatography (petroleum
ether/ethyl acetate = 6:1) to give the product as a white solid. 77% yield, 64.7 mg from amine. 84% yield,
70.6 mg from aldehyde. "TH NMR (500 MHz, CDCls) 6 7.65 (t, J= 7.8 Hz, 1H), 7.32 (d, /= 8.9 Hz, 1H),
7.23 (d,J=7.2 Hz, 1H), 7.20 — 7.14 (m, 1H), 6.81 (d, /= 8.3 Hz, 1H), 6.04 (d, /= 7.3 Hz, 1H), 3.89 (s,
3H), 3.84 (s, 3H).13C NMR (125 MHz, CDCl;) § 162.8, 150.5, 147.9, 139.9, 138.3, 138.2, 127.2, 118.4,
115.6,111.2,108.7, 102.6, 90.3, 56.5, 53.5.

HRMS (ESI) m/z: caled for CsHpN4O,[M+H]*281.1033, found 281.1035. mp = 205-207°C.

cl—/ N

7 Gi)

8-chloro-3-(3-chloropyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3j) was prepared according
to the general working procedure and purified by column chromatography (petroleum ether/ethyl acetate
= 3:1) to give the product as a white solid. 47% yield, 40.6 mg from amine. 51% yield, 44.1 mg from
aldehyde. "TH NMR (500 MHz, CDCl;) 6 8.89 (d, J=7.1 Hz, 1H), 8.64 (dd, J = 4.6, 1.4 Hz, 1H), 7.97
(dd, J=8.2, 1.4 Hz, 1H), 7.40 (dd, J= 8.2, 4.6 Hz, 1H), 7.24 (d, /= 7.1 Hz, 1H), 6.83 (t, /= 7.2 Hz,
1H).13C NMR (125 MHz, CDCl;) § 147.1, 145.1, 139.7, 135.9, 134.5, 132.2, 125.1, 124.8, 124.6, 124.2,
115.3, 114.8, 104.6.

HRMS (ESI) m/z: caled for C3HgCI,N4[M+H]"289.0042, found 289.0043. mp = 233-235°C.

CN

CI//N
N7

=N
7
Cl (3K)
7-chloro-3-(4-chloropyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3k) was prepared according
to the general working procedure and purified by column chromatography (petroleum ether/ethyl acetate
= 6:1) to give the product as a white solid. 52% yield, 45.8mg from amine. "H NMR (500 MHz, CDCl3)
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§10.06 (d, J=7.5 Hz, 1H), 8.55 (d, J = 5.1 Hz, 1H), 8.39 (s, 1H), 7.76 (s, 1H), 7.34 (d, J = 4.0 Hz, 1H),
6.93 (d,J="7.1 Hz, 1H). 3C NMR (125 MHz, CDCL;) § 150.4, 149.4, 145.4, 138.7, 136.0, 133.1, 128.4,
123.9,122.8, 117.3, 115.5, 114.6, 103.8.

HRMS (ESI) m/z: caled for Ci3HeCLN,[M+H]* 289.0042, found 289.0043. mp = 256-258°C.

CN

N/
oY

=N
W

Cl @

6-chloro-3-(5-chloropyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (31) was prepared according
to the general working procedure and purified by column chromatography (petroleum ether/ethyl acetate
= 3:1) to give the product as a white solid. 43% yield, 37.2mg from aldehyde. '"H NMR (500 MHz,
CDCl;) 6 10.14 (s, 1H), 8.66 (d,J=1.9 Hz, 1H), 8.33 (d, /= 8.6 Hz, 1H), 7.84 (dd, /= 8.6, 2.2 Hz, 1H),
7.73 (d, J=9.5 Hz, 1H), 7.23 (s, 1H). 3C NMR (125 MHz, CDCl;) § 147.4, 147.3, 137.3, 136.7, 136.1,
132.1,127.2,125.4,124.2,123.7,117.2, 114.7, 105.1.

HRMS (ESI) m/z: caled for C3HgCI,N4[M+H]"289.0042, found 289.0046. mp = 256-258°C.

F CN
= /N
N7
F—/ N
Y/

(3m)

8-fluoro-3-(3-fluoropyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile =~ (3m) was  prepared
according to the general working procedure and purified by column chromatography (petroleum
ether/ethyl acetate = 6:1) to give the product as a white solid. 53% yield, 40.7 mg from amine. 82% yield,
63.0mg from aldehyde. 'TH NMR (500 MHz, CDCl;) 6 9.46 (d, J= 6.9 Hz, 1H), 8.55 (d, /J=4.4 Hz, 1H),
7.66 (t,J=9.4 Hz, 1H), 7.45 (dt, J = 8.2, 4.1 Hz, 1H), 6.89-6.94 (m, 2H).3C NMR (125 MHz, CDCl;)
8157.4 (d, J=275.0 Hz), 152.4 (d, J = 250.0 Hz), 144.5 (d, J = 5.4 Hz), 136.9 (d, /= 8.4 Hz), 134.5 (d,
J=9.6 Hz), 130.2 (d, J=37.5 Hz), 125.4 (dd, /= 11.8, 7.3 Hz), 123.1 (d, /= 5.4 Hz), 114.8 (d, /= 6.0
Hz), 114.6 (s), 108.3 (d, J= 16.0 Hz), 102.9 (s). '°F NMR (470 MHz, CDCl;) & -116.96, -123.24.
HRMS (ESI) m/z: caled for Ci3HgFoNy[M+H]*257.0633, found 257.0639. mp = 155-157°C.
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//N
N/
FN
=N
\_

F (3n)

6-fluoro-3-(5-fluoropyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3n) was prepared according
to the general working procedure and purified by column chromatography (petroleum ether/ethyl acetate
= 6:1) to give the product as a white solid. 44% yield, 33.8 mg from amine. 74% yield, 56.9 mg from
aldehyde. "TH NMR (500 MHz, DMSO) 6 9.84 (dd, /= 5.4, 1.5 Hz, 1H), 8.69 (d, /= 2.8 Hz, 1H), 8.23
(dd,J=8.9,4.5 Hz, 1H), 7.99 (dd, /=9.8, 5.3 Hz, 1H), 7.90 (td, /= 8.8, 2.9 Hz, 1H), 7.52 (ddd, J=9.8,
7.7,2.1 Hz, 1H). 3C NMR (125 MHz, CDCl;) 4 159.2 (d, J=250.0 Hz), 154.7 (d, J=237.5 Hz), 145.8
(s), 136.8 (d, /= 3.5 Hz), 136.7 (m), 136.3 (d, J=50.0 Hz), 124.6 (d, /= 18.8 Hz), 124.2 (d, /= 5.0 Hz),
118.4 (d,J=37.5Hz), 117.5(d, J=9.5 Hz), 114.8 (s), 114.1 (d, J = 50.0 Hz), 104.8 (s). ’F NMR (470
MHz, CDCl;) 6 -124.97, -134.84.

HRMS (ESI) m/z: caled for C3HgF,N4[M+H]*"257.0633, found 257.0641. mp = 206-208°C.

=N
Cl
\

F (3o)

8-chloro-3-(3-chloro-5-fluoropyridin-2-yl)-6-fluoroimidazo[1,5-a]pyridine-1-carbonitrile (30) was
prepared according to the general working procedure and purified by column chromatography (petroleum
ether/ethyl acetate = 6:1) to give the product as a white solid. 41% yield, 39.8 mg from aldehyde. 'H
NMR (500 MHz, CDCl;) 6 9.57 (s, 1H), 8.56 (s, 1H), 7.73 (dd, J=9.8, 1.3 Hz, 1H), 7.00 (d, /= 8.8 Hz,
1H).13C NMR (125 MHz, CDCl;) 8 156.7 (d, J = 275.0 Hz), 151.5 (d, J = 250.0 Hz), 143.6 (d, J = 5.0
Hz), 134.8 (d, /J=8.4 Hz), 133.8 (d, /= 10.1 Hz), 132.9 (d, /= 3.9 Hz), 128.6 (d, /= 37.5 Hz), 125.9 (d,
J=12.5Hz), 123.5 (d, J=8.1 Hz), 121.0 (d, /= 5.9 Hz), 113.7 (s), 110.9 (d, J = 19.0 Hz), 104.3 (s).
F NMR (470 MHz, CDCl;) 8 -113.59, -121.29.
HRMS (ESI) m/z: caled for C3H4CLF,Ny [M+H]*324.9854 found 324.9855. mp = 167-169°C.
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(3p)

3-(quinolin-2-yl)imidazo[1,5-b]isoquinoline-1-carbonitrile (3p) was prepared according to the
general working procedure and purified by column chromatography (petroleum ether/ethyl acetate = 5:1)
to give the product as a white solid. 64% yield, 61.5 mg from aldehyde. "TH NMR (500 MHz, CDCl;) &
8.43 (d, J=8.3 Hz, 1H), 8.06 (t,J= 8.4 Hz, 2H), 7.98 (d, /= 7.9 Hz, 1H), 7.88 (d, /= 8.6 Hz, 1H), 7.79
(d, J=17.6 Hz, 2H), 7.71 — 7.61 (m, 2H), 7.56 — 7.45 (m, 2H), 7.32 (t, J = 7.7 Hz, 1H).13C NMR (125
MHz, CDCl;) 6 150.7, 147.3, 143.0, 138.2, 137.8, 132.2, 130.7, 129.6, 129.3, 128.8, 128.3, 128.1, 128.1,
128.1, 126.9, 125.6, 122.7, 119.2, 115.0, 114.6, 106.6.

HRMS (ESI) m/z: caled for Cy HpNy[M+H]"321.1135, found 321.1137. mp = 283-285°C.

CHs 39)

6-methyl-3-(5-methylpyrazin-2-yl)imidazo[1,5-a]pyrazine-1-carbonitrile = (3q) was prepared
according to the general working procedure and purified by column chromatography (petroleum
ether/ethyl acetate = 6:1) to give the product as a white solid. 64% yield, 51.0mg from aldehyde. 'H
NMR (500 MHz, CDCl;) 6 9.47 (s, 1H), 9.42 (s, 1H) 9.24 (s, 1H), 8.53 (s, 1H), 2.68 (s, 3H), 2.61 (s,
3H). 3C NMR (125 MHz, CDCl3) § 154.0, 143.7, 143.1, 142.4, 141.9, 141.5, 135.5, 130.9, 115.2, 113.7,
107.3,21.9,21.4.

HRMS (ESI) m/z: caled for C3H (Ng[M+H]"251.1040, found 251.1035. mp = 202-204°C.
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Copies of NMR spectra and HRMS.

Note: It was observed that some compounds exhibit relatively low signal intensities and diminished
signal-to-noise (S/N) ratios in their "H NMR and 3C NMR spectra. This is intrinsically attributed to the
exceptionally poor solubility of these planar aromatic heterocycles in common deuterated solvents (e.g.,
CDCl;, DMSO-ds, Acetone-dg) at room temperature. To acquire the characterization data, the NMR tubes
were heated with a heat gun to achieve transient supersaturation prior to insertion into the spectrometer.
However, during the data acquisition period (typically 20-40 minutes), partial precipitation of the
products occurred as the samples cooled down within the probe, leading to a decrease in the effective

concentration and a subsequent reduction in signal intensity.

The products 3f, 3g, 3h, 3j, 3k, 31, 3m, 3n, and 3p are all slightly soluble compounds.

3-(pyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3a)
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3-(3-methylpyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3b)
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= Spectrum - [83] F=SEcE ===
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3-(4-methylpyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3¢)
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3-(5-methylpyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3d)
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8-methoxy-3-(3-methoxypyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3f)
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6-methoxy-3-(5-methoxypyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3h)
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18 Acquisition Date 2025-07-21T22:16:09
19 Modification Date 202507
20 Spectrometer Frequency 300. 16
21 Spectral Width 10000. 0
22 Lowest Frequency -1923.7
23 Jucleus
24 Acquired Size
‘J 25 Spactral
Ll
i, m T
QO k- ~ (o))
S5650 &> @
~—— 00 Q0 o w
r T T T T T T T T T T T T T T T T T T T T
12.0 11.0 10.0 9.0 7.0 6.0 5.0 40 3.0 20 1.0 0.0 -1.0
f1 (ppm)
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N = Parameter value
1 Data C:/ rang/ Desktaop/
/N Spectrogran/ yh~
™ wy-0721-60Me 2/ 2/
pdata/ 1/ 1Ir
z vhwzy—0721-60Me S
e N CH :
3 \ 3 4 Bruker BioSpin GubH
/ o 3 nmrsu
[
T Spectrometer AvanceNED
8 Author
9 Solvent €ocls
10 Temperature 2848
11 Pulse Seguence zgpg30
12 Experiment 10
13 Number of Scans 236
14 Receiver Gain 101
2.0000
Pulse Width 10. 0000
1.0879
2025-07-21T22:30:25
19 Medification Date 2025-07-21T22:30:04
| 20 Spectrometer 125.
Frequenc
1 I | |21 Spectral Width 30120. 5
! 22 Lowest Frequency —2472.9
23 Nucleus 13
24 Acquired Size 32768
25 Spectral Size 32768
[ J \ :
I | l
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 o 10
1 (ppm)
] spectrum - [69] ele)Es
File Edit Display Process Tools Window Help _[2lx
AR ebB|LU@ARSRYAQAA ¥R kL Be
B9 8(0.293) Cm (3:23) 1: TOF MS ES+
[ 2811023 17406
=
281.085 281.090 281.095 281.100 281.105 281110 281115 281120 281125
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8-chloro-3-(3-chloropyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3j)

DOWNITITO QO OODBOWMD RGN
MVOOWWEY IR TTONNN OO0
N M PP~ P~ OO0
ol Vi R
=
N
S N
Farameter
S 1 Data File Name
Cl
\ / z sh-1128-3¢1 S
3
4 Bruker Big!
5 nmrsu
6
T eter AvanceNED
9
10 Temperature
11 Pulse Seguence
12 Experiment
13 Number of Scens 8
4 Receiver Gain 101
1. 0000
10. 0000
! 3.2768
2025-11-30T06: 26:00
2025-11-30T06:25:46
300. 16
21 Spectral Width 10000.0
22 Lowest Freguency -1923.9
23 Nucleus 1H
4 Acquired 2
25 Spectral Size ‘ I 65536
! aX
g T o
oo o —m o
ao (=} oo ;
— - — a=k=]
T T T T T T T T T T T T T T T T T T T T T T T T T
12.0 1.0 10.0 9.0 8.0 7.0 1 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
f1 (ppm)
T EONONTCOMOOo ©
MU OWTNWW S T oy o S i
N ITCODDANANTT o i
g /l e el N
N Paranster Value
N 1 Data File Hame C./ Users/ yang/ Desktop/
N Vs Spectrogran/ vh-3C1 S/
2/ pdata/ 1/ Ir
z Title vh-acl 2
=N
cl 3 Comment
\ 4 Origzin Braker BioSpin GabH
/ & Owner Tmy 51
6 Site
7 Spectrometer AvanceNEQ
& huther
9 Solvent COcl3
10 Temperature 2834
11 Pulse Sequence repsl
12 Experiment 11
13 Humber of Scans 266
14 Receiver Gain 101
15 Relaxation Delay 2.0000
16 Fulse Width 10. 0000
17 hequisition Time 1.087

16 Acquisition Date

19 Modification Date

20 Spectrometer
Frequency

21 Spectral Width

27 Lowest Frequency

23 Fucleus

24 hoquired Size

26 Spectral Size

20265-11-23T16:36:68
20265-11-23T16:36: 44
126077

F0120. 5
—2470. 3
130
32768
32768

M A Y O LAt g R A AN MY

130 120

‘ . .
110 100 90
1 (ppm)

T T . T T T T
210 200 190 180 170 160 150 140
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- = ™~ @ w o —— ©m © o ©
5 g 3 83 8 8833 s 3
[ [ | ~ N/ |
1
]
i 1
1
T T T T T T T T T T T T T T T T T T T T T T T T
154 150 146 142 138 134 130 126 122 118 114 110 106 102 98
1 (ppm)
& spectrum - [B10] =S
E File Edit Display Proce indow  Help 2l x
Z AR |lL@ABRIIQCACI AT LenBe
B10 8 (0.293) Cm (3:22) 1: TOF MS ES+
100+ 2890043 7974
=
o 2889902 2890223
283 985 288,990 288 995 269,000 289.005 289,010 289015 289,020 289,025 289,030 289035
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7-chloro-3-(4-chloropyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3k)

e
oo O T DO T @T D
oo NNO~OMNG O
/-/ — M~~~ © o
7 [V
Cl N
N
A, N /
=N Parameter Value
1 Data File Name C:/ Users/ veng/ Deskto
\ Y Spectrogran/ rh-1210-4C1-1 Ef/ 3
pdata/ 1/ 1r
rh-1210-4C1-1 Efg
cl *
Bruker BioSpin GmbH
nmrsu
pectrometer AvanceNEQ
CDC13
Temperature 295. 0
Fulse Sequence 2230
12 Experiment 10
101
15 Relaxation Delay 1. 0000
16 Pulse Width 10. 0000
17 Acquis 3.2768
Acquis 2025-12-10T1
dification Date 2025-12-10T1
| 20 Spectrometer Frequency 500. 16
21 Spectral Width 10000. 0
¥ 22 Lowest Freguency -1824.
23 Nucleus H
24 Acquired Size 2768
Spectral Size
T e L P
o At B W ~—
o oo [ Y=
~ =] (=R =]
T T T T T T T T T T T T T T T T T T T T T T T
12.5 115 105 95 8.5 7.5 6.5 55 35 2.5 15 0.5 05 15
f1 (ppm)
NNNOO-—0wROame © ko
O LW 0w 0o © 3
N BEISSERINTLT 8 [t Y
i STSNENS N T =
Cl N
N
s N V. Parameter Value

Tata File Name

Title
Comment
Origin
Owner

Site
Spectrometer
suthor
Solvent

@ o @ e G ra

@

10 Tenperature

11 Pulze Sequence
12 Experiment

13 Funber of Scans
14 Receiver Gain

16 Relaxation Delay
16 Pulse Width

17 hoguisition Time
18 Aequisition Date
19 Modification Date

21 Spectral Width
22 Lowest Fraquency
23 Fucleus

24 Aoquired Size

26 Spestral Size

C:/ Users/ yang/ Desktop/ Spectrogram/
yhoaC1-1218/ 1/ pdatal 1/ 1r

vhdC1-1213

Bruker BisSpin GnbH
rnrsn

AvanceNEQD

cocls

292 4

2epeil

10

s12

101

2, 0000

10,0000

1.0879
2026-12-18T23:00 14
2025-12-18T22 55 36

20 Spectrometer Frequency 125, 77

301205
2468, 7
13C
32766
32768

200 190 180 170 160 150 140 130 120 10 1
1 (ppm)
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& spectrum - [B11]
File Edit Display Process Tools Window Help x
Z AR |L@ABRIQCAQC T e He
B118 (0.293) Cm (3:21) 1: TOF MS ES+
100+ 2890043 7.98e5
=
288.8426 2889564 268.9669 288.9790 288.9930 289.0203 289.0356 283.0476 289.0686 e
288940 | 288950 285 960 288970 283980 | 288.990 289,000 289010 | 289.020 289,030 289,040 289050 | 289.060 289.070 '
.3 P .3 ope
6-chloro-3-(5-chloropyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (31)
=
- OWw g ™ N MO WO )
=] OO PN
/t/ 7 0o 00 00 M~ M~~~
| ~ e
T
s Ml
Cl
=M
\ Parameter Value
/ 1
2 Title +h-0324-3C1
cl 3 Comment
4 Origin Bruker BioSpin Gubk
5 Owner narsu
& Site
7 Spectremeter AvanceXEQ
8 Author
2 solvent cocls
10 Teaperaturs 203.7
11 Pulse Sequence zg3l
12 Experiment 10
13 Number of Scans 8
14 Receiver Gain 101
15 Relaxation Delay 1. 0000
16 Pulse Width 10.0000
17 Acquisition Time 3.27
2026-03-24T14:18:31
i 2026-03-24T14:17:44
20 Spectrometer 500. 16
Frequenc
| 21 Spectral Width 10000.0
22 Lowest Frequency —1824.3
23 ¥ucleus IH
24 Acquired Size 327
" 23 Spectr: ﬁ* .
T o #H Y
[} o ™ o™ — ()]
= Sler - AcKens Mo
- = == o
T T T T T T T T T T T T T T T T T T T T
12.0 11.0 10.0 9.0 8.0 7.0 50 4.0 3.0 2.0 1.0 0.0
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< @ €3~ O O O
55 538583858
- e e
N |
Farameter
1 Data File Name E:/ yh-3C1-1213,
pdata/ 1/ 1r
2T rh-5C1-1218
i
4 n Bruker B:
nmrsu
AvanceNED
€nCl3
292.5
zgpe30
1D
13 Number of Scans 512
14 Receiver 101
2.0000
10. 0000
2-19T01:03:12
dification Date 2-19T01:01:34
20 Spectrometer
Frequency
21 Spectral Width 30120.5
22 Lowest Frequency —2468. 4
23 Nucleus 13C
32768
‘ | i ‘u | 32768
! |
" JJL LJ“!I |J”41 i |
AT g b kb

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)
55 588 8§ &G&RAK =3 8
pEpl SOe D oNooN s 2
7 S| SN I |

80 175 170 165 160 155 150 145 140 135 f;%o )125 120 15 110 105 100 95 90 85
ppm
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B spectrum - [€12]

B File Edit Display Process Tools Window Help

OB LU@ABRI QAT e e

€124 (0.147) Cm (3:22) 1: TOF MS ES+
289.0046 1395
1004
=
MELEEY 298.9593 2689861 239'13321 2800446 289.0504 e
2
T 2881960 285970 285980 | 285990 289000 | 289010 289020 289,030 289,040 289,050 289080 ' '
.3 P .3 op e
8-fluoro-3-(3-fluoropyridin-2-yl)imidazo[1,5-a]pyridine-1-carbonitrile (3m)
I~ u» Y 0OQOWMEOQOITT OW TN OO0 o
B 10 HIC 00,00 00 S8 S ST o S CN D0 O CIGOn® () 00 ()
N > m WOENEEEEEEEO000000D
E ,/ / ~ e
/ ——
M
Y
Parameter Value
=y
F 1 Data File Name / vang/ Desktop/
\ gran/ yh-1112-3F &/
/ 1/ pdata/ 1/ 1r
2 le yh-1112-3F Ef§
3 Comment
4 Origin Bruker BioSpin GmbH
3 Owner nmrsu
& sits
7 Spectremeter AvanceNED
8 Author
9 Solvent [ k]
10 Temperature 233.0
11 Pulse Seguence zg30
12 Exps ent 1
13 Number of Scans k-3
14 Rac r Gain 101
15 Relaxation Delay 1. 0000
10.0000
3.2788
2025-11-12719:31:23
2025-11-1271%:31:20
500,18
| Spectral 10000.0
22 Lewest Frequancy -1924 4
23 Nucleus 1
24 Acquired £
25 Spectral ffaze
N 2 " = A ]
i T o e
(=] o ™N» (=]
e = ooy e
~ = =
T T T T T T T T T T T T T T T T T T T T T T T T
12.0 11.0 10.0 9.0 8.0 7.0 i 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
1 (ppm)
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n

158 5
156.4
183 4
1514

[
[
[
I
[
|
I
I

144 6
1445
137.0
137.0
1345
124 5

1300
125 5

1255
1254
1232
123 .1

| BELE

i

'

Jr
<

114.9
114.9
114.6

{
{

108.4
108.3
102.9

774
el
76.9

Farameter
Data File Name

nmrsu

AvanceNED

10 Temperature
Fulse Seguence
mant
13 Number of Scens

4 Receiver Gain

15 Relasation Delar
16 Fulse Width
ion Time

17 Acqui
18 Acquisition Date
19 Modification Date
20 Spect
21 Spectral Width

eter Frequency

22 Lowest Frequency
23 Nucleus

24 Acquired
25 Spectral

Bruker Bio

Value
vang/ Desktop,
vh-1112-3F Efi

rh-1112-3F Sf

pin GmbH

2

.
L Luid L !

210 200

190

1585
156 4
i
v

180 170 160

150 140

144 6
{1445

114.9

4

4
108.4
108.3
102.9
102.9
102.9

123,

<
¢

170

165

160

155

150

145

140

135
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—116.86
—123.11

F
Parameter Value
F = 1 Data File Hame C:/ Users/ wang/ Dezktop/ Spectrogram/
yhowzy-0701-3F/ 3/ pdata/ 1/ 1r
N Z Title whowzy-0701-GF
= / 3 Comment
4 Origin Bruker BioSpin GmbH
=y [ amrsu
6 Site
\ / 7 Spectrometer v anceNED
& huthor
9 Selvent [0 [k}
10 Tenperature 284.4
11 Pulse Sequence zgig
12 Experiment 1D
13 Hunber of Scans 16
14 Receiver Gain 101
15 Relaxation Delay 1.0000
16 Pulse Width 16. 0000
17 Acquisition Time 0.5767
18 Acquisition Date 2026-07-01T21:48:20
19 Modi fication Date 2025-07-01T21:47:52
20 Spectrometer Frequency 470.62
21 Spectral Width 113636, 4
22 Lowest Frequency —103880. 2
23 Hucleus 18F
24 hoquired Size 65536
25 Spectral Size BEE36
T T T T T T T T T T T T T T T T T T T T T T
20 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -110 -130 -150 -170 -190 -210
f1 (ppm)
& spectrum - [B12] =S
B File Edit Display Process Tools Window Help _ =)=
oAb R|Ll@ABRYAAA IR L Be
B128 (0.293) Cm (3:23) 1: TOF MS ES+
100+ 257.0637 515e6
=
o - 2670393 : 2670528 : : i 270768 - 257.0910 : y
257.035 257.040 257.045 257,050 257.055 257.060 257.065 257.070 257.075 257.080 257.085 257.090 257.095 257.100
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6-fluoro-3-(5-fluoropyridin-2

1
<

Dimidazo[1,5-a]pyridine-1-carbonitrile (3n)

OO NONERODONCOOLITONRODDDOMEL OO0
OO0 ~RNNNNOOOSOOOIHINHLODWNDEME OO
M O OO O 0000 000000000 M P~ P P P P P P P P 0 ) o oi N
// e ~
N
N
Nl
F
== Parameter ue
1 Data File Name / yang/ Desktop/
\ vh-1112-5F dmso
/ af 1/ 1r
2 yh=1112-5F dmse Eff
3
F 4 Origin Bruker BioSpin GmbH
5 Owner nmrsu
6 Site
7 Spectrometer AvanceNED
] ification Date
Spqetrometer
Frdquency
21 Spgetral Width 10000.0
22 Logest Freguency -1917.0
k
U N
o O—-OoOoOx
2 O MO, O
T T T T T T T T T T T T T T T T T T T T T T T T
13.0 12.0 11.0 10.0 9.0 8.0 7.0 g 50 4.0 30 2.0 1.0 0.0 10
f1 (ppm)
CLORON M. Bolhiey (G 0 ominium
S OWOY OO0 ST oS N
M @UOODDT OO®O A O =ik a
Vi NP ) NE |
N
N Farameter value
Sy, AN / 1 Data File Name c: .
F Spectrogram
pdata/ 1/
=N 2 Title -1125-5F
\ 3 Comment
/ Bruker BioSpin GubH
nmrsu
E
7 Spectrometer AvanceNED
8 Auther
9 €nc13
10 Temperature 293. 4
11 Pulse Sequence zgpg30
12 Experiment
13 Number of Scans

16 Pulse Width
17 Acquisition Time

n Date

Spectral Width
22 Lowest Freguency
23 ¥ucleus
24 Acquired S
25

30120.

-2469.9
13C
32768
32768

120 110 100 90 80 70
1 (ppm)

210 200 190 180 170 160 150 140 130
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o NN 0 o~ @ -~ Lalie ] U NTe I o MOMO NOONOOo [ie]
8 8% 8 8 2% 888883 d383d8 2233 3
Lo ~ e SN S NS |
1
|
]
1
h
|
|
L L il I
I
T T T T T T T T T T T T T
165 160 155 150 145 140 135 130 125 120 115 110 105 100
f1 (ppm)
o ©
N & 3
W oo
I I
/ —_
N Parameter Value
\\‘ N / 1 Data File Name C:/ Users/ rang/ Desktap,
F Spectrogram/ yh-1123-5F,
pdata/ 1/ Ir
/ 2 rh-1125-5F
v 3
4 Bruker BioSpin GmbH
= 5 narsu
I 6 Site
F 7 Spectrometer AvanceNEO
8 Author
2 CDC13
0T 293.2
11 Pulse Sequence zgig
12 Experiment 1D
13 Xumber of Scans 16
| 16 Pulse Width
fication Date 2025-11-25T20:20:10
20 Spectrometer 470.62
Frequency
21 Spectral Width 113636. 4
22 Lowest Freguenc —103380. 2
23 Nucleus 19F
T T T T T T T T T T T T T T T T T T T
10 0 -10 20 -30 40 50 -60 -70 -80 -90 ﬁ—(ﬂ 00 ) -120 -140 -160 -180 -200
ppm




B spectrum - [€1] =3 cHiE
File Edit Display Process Tools Window Help _ &)=
BB LOQABRYAAA IR LEnBe
€18 (0.293) Cm (3:22) 1: TOF MS ES+
100+ 257.0641 8 90e5
=
257.0287 257.0481 2510828 257.1054 257.1177
0 T T T T T T T T T T T T T T T T T T T mz
257.030 257.040 257.050 257.060 257.070 257.080 257.090 257.100 257110 257.120

8-chloro-3-(3-chloro-5-fluoropyridin-2-yl)-6-fluoroimidazo[1,5-a]pyridine-1-carbonitrile (30)

r— O TONTO—®
L My B bibe T T Oy
M o) @ PP PP O
T Vi I =S
S
N
N
F
cl =N Parameter value
\ 1 g/ Desktop/ Spectrogram/
/ vh-112 5F T/ 1/ pdata/ 1/
z yh-1123-3C1-5F T
3 Comment
F
4 Origin Bruker BioSpin GmbH
5 Owner nmrsu
& Site
7 Spectrometer AvanceNED
8 Author
9 Solvent cocla
10 Temperature 292.9
11 Pulse Sequence zg30
12 Experiment 1D
13 Number of Scans 8
14 Receiver Gain 10
15 Relaxation Delay 1. 0000
16 Pulse Width 10. 0000
3. 2768
2025-11-23T20:41:33
2025-11-23T20:-40:13
20 Spectrometer Freguency 500. 16
21 Spectral Width 10000. 0
22 Lowest Frequency -1923.7
{ 23 Nucleus H
24 Acquired 32768
25 Spectral Size 65536 q

-
—
-
.

i o 405 Ll
[w] o o™ o™~
=) =] =] o
13.0 12.0 11.0 10.0 9.0 8.0 7.0 50 40 30 20 1.0 0.0 -1.0
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p BBOETY JIBOIAENNENEEF e
cl # ST Y st
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F
=N Parameter Value
Cl 1 Data File Name H vang/ Deskto
\ Spectrogren/ yh-1123-
/ &/ 2/ pdata/ 1/ 1r
2 5F B
F 3
6
AvanceNED
els
10 Temperature 293.6
11 Pulse Sequence
12 Experiment
13 Number of Scans
14 Receiver
15 Relaxation Dela;
Time
! Date
] | dification Date
I 20 Spectrometer Freguency
| 21 Spectral Width
22 Lowest Freguency
o 23 Nucleus
N 4 Acquired
I “ I l 25 Spectral Size
v ) - e e
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)
o o
¢ &5
P
010 o 10 -20 -30 -40 -50 -60 -7O0 -80 -90 -110 -130 -150 -170 -190 -210
f1 (ppm)
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Elspectrum - (03] (E=8 EoR (==
File Edit Display Process Tools Window Help _[&]x
oAb R|Ll@ABRYAAA IR s Be
D38(0.293) Cm (3:22) 1: TOF MS ES+
100+ 3249855 382e6

=
325.0350
ol msems  PPTYC saaziranzezens 3248275 3048431 3249218 394 9420 i 3250808 3261279 326631 2261961 20270 a5a73  azsazgs SPo40¢
" 324650 324700 | 324750 | 324800 324850 | 324900 322950 | 325000 325,050 325100 325150 | 325200 325250 325300 325350
. . P . . . ops
3-(quinolin-2-yl)imidazo[1,5-b]isoquinoline-1-carbonitrile (3p)
THNOOQWORDM~-ODOOETNT NO O S O ©
4900000 RRORROCEOnNnTT® @0
0000 0000 00 M~ P~ I~ P~ P~ I~ P~ P~ P~ I~ P P~ P P BB P M P
e e e Pt el
/?
Farameter Value
= — 1 €:/ Users/ yang/ Desktop,
+h-1203-phph/ 1/
N
R N / 2
3
=y 4
5
_/ :
7 Spectrometer AvanceNED
8 Author
3 cocl3
10 Temperature 234 5
11 Pulse Sequence 2230
12 Experizent 1
13 Number of Scans 2
101
1.0000
10. 0000
17 Acquisition Time 32768
18 2 on Date 2025-12-05T21:02:01
18 Medification Date 2025-12-05T21-01-38
20 Spectremeter Fraquency 300. 16
21 Spectral Width 1N 0
22 Lowest Fregquency
23 Nucleus
24 Acquired
25 Spectral
D e T K ]
O ONNOO R~
SHCCY P ClLENaCy c)
TN N O N e
T T T T T T T T T T T T T T T T T T T T T T T
12.5 11.5 10.5 95 85 75 6.5 4.5 3.5 2.5 15 05 -0.5 -15
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FTONONM~OMON-—— OO M~ OO0
OO NOD®HOOOOO O NG o JED
N BYSYBHOSRAREREREENZLIE ~do
// e e e e el L
g
N Farameter Valune
S AN / 1 Tata File Hame C:/ Users/ yang/ Desktop/
Spectrogran/ yh-phphr1218/ 1/ pdstal
1r
=N 2 Title vhphph-1218
3 Comment
\ Vi 4 Origin Bruker BioSpin GnbH
5 Oumer ey za
6 Site
7T Spectrometer AwancsHED
& Author
8 Solvent cocla
10 Tenperature 292.3
11 Fulse Sequence 22p230
12 Experiment 1D
13 Wunber of Seans 512
14 Receiver Gain 101
15 Relaxation Delay 2.0000
16 Fulze Width 10, 0000
17 Aequisition Time 1.0879
16 Aoquisition Date 2025-12-19T00:32: 33
19 ModiFication Tate 2025-12-19T00:31: 02
20 Spectrometer Frequency 126. 77
21 Spectral Width 30120.5
22 Lowest Frequency -2469. 1
23 Mucleus 130
24 hoquired Size 32768
| 25 Spectral Size 32768
|

210 200 19 180 170 180 150 140 130 120 ﬁOH 00 90 80 70 60 50 40 30 20 10 0 -10

(ppm)
n  © @ T~ OO~ OO0 OO WNYD %) 0
[= T o @ omo&mmmmh@mm’ < < ©
n i D ONNENENNNNNN - =]
- - I i e == -
I T = S

165 160 155 150 145 140 135 130 125 120 15 110 105 100 95 a0 85
1 (ppm)
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& spectrum - [D4]
B File Edit Display Process Tools Window Help

ARG R|LUQABRI QCAQ | FA R LR Be»

D4 22 (0.801) Cm (13:22) 1: TOF MS ES+
100+ 3214137 1944
4
! 321090 321095 321100 321105 321110 321115 3211120 321125 321130 321135
6-methyl-3-(5-methylpyrazin-2-yl)imidazo[1,5-a]pyrazine-1-carbonitrile (3q)
58 & & 8o
N [ XX w ~ ooy
/ / N | | N
Parameter Value
1 Data File Name C:/ Users/ yang/ Desktop/
Spectrogram/
yh-1z10-2Ne L 1/
pdata/ 1/ 1r
z yh-lz10-2N4%e B
3
CH, 4 Bruker BioSpin GmbH
3 nmrsu
6
7 Spectrometer AvanceNED
B8 Auther
3 s cl3
10 Temperature 295.0
11 Pulse Seguence zg30
12 Experiment 1
13 Number of Scans 3
14 Receiver Gain 101
15 Relaxation Delay  1.0000
1 10. 0000
3.2763
2025-12-10T19:13:20
19 Yo 2025-12-10T19:12:28
20 Spectrometer 500.16
Frequency
21 Spectral Width 10000.0
22 Lowest Fregquency -1924.2
23 Nucleus 1H
24 Acquired Size 32768
J 25 Spectral #3536 J'
Egdht i it
g8 83 s
o o ©
T T T T T T T T T T T T T
13 12 1" 10 9 8 7 5 4 2 1 -1

6
1 (ppm)
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= Parameter value
HLC
1 Data File Name C:/ Users/ yang/ Desktop/ Spectrogram/
= yh-1210-258Me 8/ 2/ pdata/ 1/ Ir
\ 2 Title yh-1210-258Me i
3 Comment
4 Origin Bruker BioSpin GubH
5 Owner nmrsu
CHs 6 Site
7 Spectrometer AvanceNED
8 Author
9 Solvent [arat]
10 Temperature 295.0
11 Pulse Sequence zgpedl
12 Experiment D
13 Number of Scans 256
14 Recedver Gain 101
15 Relaxation Dk 2. 0000
16 Pulse Width 10. 0000
17 Acqus on Time 1.0879
18 Acquisition Date 2025-12-10T18:27:3%
19 Modification Date 2025-12-10T19:26:48
20 Spectrometer Freguency 125.77
21 Spectral Width 30120. 5
22 Lowest Frequency -2465.9
23 Nucleus 13C
nl 24 Acquired Size 32768
25 Spectral Size 32768
1
l o [ R
i I | . ,
T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
& spectrum - [D5] =
File Edit Display Process Tools Window Help _[&]x
oAb R|Ll@ABRYAAA IR L Be
D5 8 (0.293) Cm {4:20) 1: TOF MS ES+
100+ 251.1035 6 6426
4
2511470
2507633 507834 2508403 __25087642509016 2509225 p50.9505 2510276251048 9510657 2514168 | G s 2612328 2512675 2613138 2613508
250750 | 250800 250850 250900 250 950 251000 | 251050 | 251100 | 251150 | 251200 251250 | 251300 | 251350

S44




