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1. General Information

'H NMR and '*C NMR spectra were recorded on Bruker-400 MB instrument using
CDCl; as solvent and Me4Si as internal standard. High-resolution mass spectra (HRMS)
(ESI) were obtained with Bruker micrOTOF-QIII, Bruker Daltonics APEX II 47¢ and
Orbitrap Elite mass spectrometer. Calcium carbide was purchased from Tianjin
Chemical Company (purity: 72-82%), and ground into powder prior to use. Unless
otherwise noted, the solvents and reagents were reagent grade and were used without
any further purification. Column chromatographic separations were carried out on a
flash chromatographic system using silica gel, and petroleum ether (60—90 °C) and
ethyl acetate as eluent. For thin layer chromatography (TLC), silica gel plates precoated
with GF-254 were used.
2. General procedure for the synthesis of 4,4'-Bis(1,2,3-triazole)s

2.1 The general procedure for the preparation of 4,4'-Bis(1,2,3-triazole)s from

benzyl chlorides
R
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Benzyl chlorides (1.0 mmol), calcium carbide (4.8 mmol, 0.3 g for 72-82% purity),
sodium azide (3.0 mmol), cuprous bromide (0.1 mmol), potassium carbonate (2.0 mmol)
and H>O (6 mmol) in DMF (4 mL) and stirred at room temperature for 12 h. The
reaction was monitored by TLC. After the reaction was complete, the resulting mixture
was filtered to remove the solid, and the liquor was extracted with ethyl acetate (3x10
mL), and washed with saturated brine (3%x10 mL). The resulting organic phase was dried
with anhydrous sodium sulfate, and concentrated under reduced pressure. The crude
product was purified by recrystallization using ethanol and petroleum ether as solvents
or by column chromatography using petroleum ether and ethyl acetate as eluents to give
the pure product.

2.2 The general procedure for the preparation of 4,4'-Bis(1,2,3-triazole)s from

benzyl bromide
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benzyl bromides (1.0 mmol), calcium carbide (4.8 mmol, 0.3 g for 72-82% purity),
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sodium azide (3.0 mmol), cuprous bromide (0.1 mmol), potassium carbonate (2.0 mmol)
and H>O (6 mmol) in DMF (4 mL) and stirred at room temperature for 12 h. The

reaction was monitored by TLC. After the reaction was complete, the resulting mixture

was filtered to remove the solid, and the liquor was extracted with ethyl acetate (3%10

mL), and washed with saturated brine (3%10 mL). The resulting organic phase was dried

with anhydrous sodium sulfate, and concentrated under reduced pressure. The crude

product is purified by recrystallization purification using ethanol and petroleum ether

as solvents or by column chromatography using petroleum ether and ethyl acetate as

eluents to obtain a pure product.

3. Analytical data of the products
1.3,3"-dibenzyl-3H,3'H-4,4'-bi(1,2,3-triazole) (2a)!!

N\"N / ( >
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White solid (136 mg, 86% yield), m.p. 173-174 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls3): § 7.49 (s, 2H), 7.34 — 7.26 (m,
6H), 6.97 — 6.89 (m, 4H), 5.09 (s, 4H). '>*C NMR (101 MHz, CDCl3): 6 135.91, 134.21,
129.13, 128.84, 127.36, 123.67, 52.36. HRMS (ESI) m/z: [M+Na]® Calcd for
CisHisNgNa 339.1329; found 339.1334.

2. 3,3'-bis(2-methylbenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2b)

N
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White solid (101 mg, 59% yield). m.p. 137-138 °C. Petroleum ether/EtOH as the
recrystallization solvent. "H NMR (400 MHz, CDCI3): § 7.42 (s, 2H), 7.24 — 7.03 (m,
6H), 6.51 (d, J= 7.7 Hz, 2H), 5.05 (s, 4H), 2.09 (s, 6H). 3*C NMR (101 MHz, CDCl;):
0 135.91, 135.88, 132.37, 130.93, 128.89, 127.78, 126.60, 123.83, 50.33, 18.86. HRMS
(ESI) m/z: [M+Na]" Calcd for C20H20NsNa 367.1642; found 367.1645.

2. 3,3'-bis(3-methylbenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2c)

N
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White solid (113 mg, 66% yield). m.p. 146148 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCl3): § 7.49 (s, 2H), 7.16 (t, J = 7.6
Hz, 2H), 7.10 (d, J = 7.7 Hz, 2H), 6.74 (d, J = 1.8 Hz, 2H), 6.72 — 6.67 (m, 2H), 5.05
(s, 4H), 2.27 (s, 6H). 1*C NMR (101 MHz, CDCl3): § 139.02, 135.91, 134.12, 129.5,
128.99, 128.01, 124.37, 123.69, 52.37, 21.25. HRMS (ESI) m/z: [M+Na]" Calcd for
C20H20NsNa 367.1642; found 367.1643.



4. 3,3'-bis(4-methylbenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2d)
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White solid (125 mg, 73% yield). m.p. 183—184 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls): & 7.49 (s, 2H), 7.07 (d, J= 7.8
Hz, 4H), 6.81 (d, J = 7.9 Hz, 4H), 5.06 (s, 4H), 2.30 (s, 6H). *C NMR (101 MHz,
CDCls): 6 138.72, 135.89, 131.20, 129.71, 127.36, 123.65, 52.20, 21.10. HRMS (ESI)

m/z: [M+H]" Caled for C20H21Ne 345.1822; found 345.1821.
5. 3,3'-bis(4-(tert-butyl)benzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2¢)
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White solid (146 mg, 68% yield). m.p. 162-163 °C. Petroleum ether/EtOH as the
recrystallization solvent. '"H NMR (400 MHz, CDCl3): & 7.49 (s, 2H), 7.32 (d, J = 8.4
Hz, 4H), 6.88 (d, J = 8.3 Hz, 4H), 5.01 (s, 4H), 1.28 (s, 18H). '°C NMR (101 MHz,
CDCl3): 6 152.14, 136.00, 131.25, 127.21, 126.01, 123.66, 52.06, 34.65, 31.22. HRMS
(EST) m/z: [M+Na]" Calcd for C26H32NgNa 451.2581; found 451.2597.

6. 3,3'-bis(3,4-dimethylbenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2f)
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White solid (76 mg, 41% yield). m.p. 146-147 °C. Petroleum ether/EtOH as the
recrystallization solvent. '"H NMR (400 MHz, CDCls): § 7.50 (s, 2H), 7.03 (d, J = 7.7
Hz, 2H), 6.77 — 6.56 (m, 4H), 5.03 (s, 4H), 2.20 (d, J = 14.3 Hz, 12H). 1*C NMR (101
MHz, CDCls): 6 137.51, 137.34, 135.91, 131.57, 130.21, 128.60, 124.79, 123.68, 52.22,

19.65, 19.45. HRMS (ESI) m/z: [M+H]" Calcd for C2H2sNe 373.2135; found 373.2135.
7. 3,3'-bis(2,6-dimethylbenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2g)
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White solid (99 mg, 53% yield). m.p. 173-174 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCl;3): § 7.65 (s, 2H), 7.16 (t, J = 7.6
Hz, 2H), 7.01 (d, J = 7.6 Hz, 4H), 5.01 (s, 4H), 2.07 (s, 12H). '3C NMR (101 MHz,
CDCI): 6 138.02, 135.99, 130.03, 129.21, 128.87, 123.61, 47.48, 19.90. HRMS (ESI)
m/z: [M+H]" Calcd for C22H2sNe 373.2135; found 373.2135.

8. 3,3"-bis(2,4,6-trimethylbenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2h)
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White solid (120 mg, 60% yield). m.p. 60-61 °C. Petroleum ether/EtOH as the
recrystallization solvent. "H NMR (400 MHz, CDCl5): § 7.68 (s, 2H), 6.83 (s, 4H), 4.95
(s, 4H), 2.25 (s, 6H), 2.03 (s, 12H). 3C NMR (101 MHz, CDCl3): § 138.92, 137.83,
135.94, 129.62, 127.06, 123.62, 47.28, 20.95, 19.71. HRMS (ESI) m/z: [M+H]" Calcd
for Co4H29Ng 401.2448; found 401.2448.

9. 3,3'-bis(3-methoxybenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (21)
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White solid (132 mg, 70% yield). m.p. 150-151 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls): § 7.52 (s, 2H), 7.24 — 7.16 (m,
2H), 6.86 — 6.82 (m, 2H), 6.52 — 6.46 (m, 4H), 5.10 (s, 4H), 3.73 (s, 6H). *C NMR
(101 MHz, CDCI3): 6 160.13, 135.90, 135.65, 130.22, 123.72, 119.40, 114.46, 112.74,
55.28, 52.31. HRMS (ESI) m/z: [M+Na]" Calcd for C20H20NsO2Na 399.1540; found
399.1543.

10. 3,3'-bis(4-methoxybenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2j)
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White solid (149 mg, 79% yield). m.p. 153—-155 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls): § 7.52 (s, 2H), 6.92 — 6.70 (m,
8H), 5.04 (s, 4H), 3.76 (s, 6H). 3C NMR (101 MHz, CDCl5): § 159.86, 135.93, 128.96,
126.07, 123.55, 114.37,55.30, 51.99. HRMS (ESI) m/z: [M+H]" Calcd for C20H21NsO2
377.1721; found 377.1720.

11. 3,3'-bis(2-fluorobenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2k)
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White solid (110 mg, 63% yield). m.p. 144—-145 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCl5):§ 7.61 (s, 2H), 7.33 (tdd, J= 7.5,
5.3, 1.8 Hz, 2H), 7.12 — 7.01 (m, 4H), 6.96 (td, J = 7.6, 1.7 Hz, 2H), 5.30 (s, 4H). *C
NMR (101 MHz, CDCl3): & 161.14, 135.57, 130.95, 130.87, 129.54, 129.52, 124.83,
124.79, 123.69, 121.44, 121.30, 115.98, 115.77, 45.90, 45.85. HRMS (ESI) m/z:
[M+Na]" Calcd for Ci1sH14F2Ne¢Na 375.1140; found 375.1138.

12. 3,3"-bis(3-chlorobenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (21)
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White solid (157 mg, 82% yield). m.p. 200201 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls): § 7.59 (s, 2H), 7.30 (ddd, J =
8.1, 2.1, 1.2 Hz, 2H), 7.23 (t, J= 7.8 Hz, 2H), 6.99 (t, J = 1.9 Hz, 2H), 6.81 (ddd, J =
7.6, 1.8, 1.0 Hz, 2H), 5.18 (s, 4H). 1*C NMR (101 MHz, CDCls): § 135.91, 135.75,
135.26, 130.46, 129.22, 127.38, 125.35, 123.61, 51.66. HRMS (ESI) m/z: [M+Na]"
Calcd for C1sH14CloNgNa 407.0549; found 407.0545.

13. 3,3'-bis(4-chlorobenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2m)
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White solid (167 mg, 87% yield). m.p. 193—-195 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls): § 7.59 (s, 2H), 7.26 (d, J = 8.5
Hz, 4H), 6.88 (d, J = 8.4 Hz, 4H), 5.16 (s, 4H). >*C NMR (101 MHz, CDCl5): § 135.73,
135.07, 132.35, 129.39, 128.77, 123.55, 51.69. HRMS (ESI) m/z: [M+H]" Calcd for
C1sH15CI2Ng 385.0730; found 385.0730.

14. 3,3'-bis(4-bromobenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2n)
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White solid (218 mg, 92% yield). m.p. 91-92 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, DMSO-ds): & 8.21 (s, 2H), 7.44 — 7.36
(m, 4H), 6.83 — 6.76 (m, 4H), 5.58 (s, 4H). *C NMR (101 MHz, DMSO-ds) § 135.61,
134.64, 132.04, 129.82, 124.39, 121.80, 51.33. HRMS (ESI) m/z: [M+H]" Calcd for
CisHisBr2Ng 472.9719; found 472.9720.

15. 3,3"-bis(4-(trifluoromethyl)benzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (20)
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White solid (74 mg, 33% yield). m.p. 161-162 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCl5): § 7.60 (s, 2H), 7.56 (d, J = 8.1
Hz, 4H), 7.08 (d, J = 7.9 Hz, 4H), 5.28 (s, 4H). 3*C NMR (101 MHz, CDCl5): § 137.81,
135.60, 131.48, 131.16, 127.63, 126.20, 124.89, 123.67, 122.19, 51.68. HRMS (ESI)
m/z: [M+H]" Calcd for C20H15FsNg 453.1257; found 453.1257.

16. 4,4'-(3H,3'H-[4,4'-bi(1,2,3-triazole)]-3,3'-diylbis(methylene))dibenzonitrile (2p)

() —()on
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White solid (163 mg, 89% yield). m.p. 241-242 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, DMSO-ds) 6 8.16 (s, 2H), 7.72 — 7.67 (m,
4H), 7.07 — 7.03 (m, 4H), 5.70 (s, 4H). *C NMR (101 MHz, DMSO-ds) § 140.76,
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135.72, 133.07, 128.47, 124.46, 118.78, 111.37, 51.41. HRMS (ESI) m/z: [M+Na]"
Calcd for C2oH14NgNa 389.1234; found 389.1237.
17. 3,3'-bis(2,6-difluorobenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2q)
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White solid (102 mg, 53% yield). m.p. 170-171 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCl3): 8 7.75 (s, 2H), 7.34 (tt, J = 8.4,
6.4 Hz, 2H), 6.90 (t, J = 8.0 Hz, 4H), 5.34 (s, 4H). 3C NMR (101 MHz, CDCl;): §
162.55,162.48, 160.05, 159.98, 135.53,131.63, 131.53, 131.42, 123.66, 111.85, 111.80,
111.67, 111.63, 111.61, 110.20, 110.02, 109.84, 40.26, 40.22. HRMS (ESI) m/z:
[M+H]" Caled for CisHi3FsNg 389.1132; found 389.1132.

18. 3,3'-bis(2,4-dichlorobenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2r)
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White solid (144 mg, 64% yield). m.p. 141-142 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCl5): § 7.63 (s, 2H), 7.40 (d, J = 2.1
Hz, 2H), 7.18 (dd, J= 8.4, 2.1 Hz, 2H), 6.77 (d, J= 8.3 Hz, 2H), 5.41 (s, 4H). *C NMR
(101 MHz, CDCl3): 6 135.68, 135.38, 133.38, 130.35, 129.83, 129.72, 127.93, 123.82,
49.01. HRMS (ESI) m/z: [M+H]" Caled for Ci1gHi3ClsNg 452.9950; found 452.9950.
19. 3,3"-bis(2-methyl-3-nitrobenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2s)
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White solid (149 mg, 69% yield). m.p. 175-178 °C. Petroleum ether/EtOH as the
recrystallization solvent. '"H NMR (400 MHz, CDCls):§ 7.73 (dd, J = 8.2, 1.2 Hz, 2H),
7.62 (s, 2H), 7.23 (t, J = 8.0 Hz, 2H), 6.73 (d, J = 7.7 Hz, 2H), 5.30 (s, 4H), 2.29 (s,
6H). *C NMR (101 MHz, CDCls) § 151.67, 135.63, 134.81, 131.52, 130.30, 127.22,
124.56, 123.80, 50.26, 14.52. HRMS (ESI) m/z: [M+H]" Caled for C0Hi9O4sNg
435.1524; found 435.1524.

20. 3,3'-bis((benzyloxy)methyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2t)

White solid (61 mg, 32% yield). m.p. 97-98 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls): § 8.26 (s, 2H), 7.38 — 7.30 (m,
10H), 5.73 (s, 4H), 4.64 (s, 4H). >’C NMR (101 MHz, CDCl5): § 135.64, 128.68, 128.45,
128.26, 128.23, 124.70, 76.04, 71.22. HRMS (ESI) m/z: [M+H]" Calcd for C20H2102N¢
377.1721; found 377.1719.



21.3 3'-bis(2-phenoxybenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2u)
N?

White solid (61 mg, 24% yield). m.p. 81-82 °C. Petroleum ether/EtOH as the
recrystallization solvent. '"H NMR (400 MHz, CDCls): § 7.58 (s, 2H), 7.34 — 7.28 (m,
4H), 7.21 (ddd, J= 8.3, 7.3, 1.8 Hz, 2H), 7.13 — 7.08 (m, 2H), 6.97 (td, J= 7.5, 1.2 Hz,
2H), 6.89 (dd, J=17.7, 1.7 Hz, 2H), 6.84 — 6.78 (m, 4H), 6.75 (dd, /= 8.2, 1.1 Hz, 2H),
5.32 (s, 4H). 3C NMR (101 MHz, CDCls): § 155.95, 154.35, 135.43, 130.11, 130.03,
129.03, 125.09, 124.10, 124.02, 123.62, 118.94, 117.88, 47.02. HRMS (ESI) m/z:
[M+Na]" Calcd for C30H2402NgNa 523.1853; found 523.1859.

22. 3,3'-dibenzyl-3H,3'H-4,4'-bi(1,2,3-triazole) (2a)

N:'NN%(@
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White solid (142 mg, 90% yield). m.p. 173-174 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls): § 7.48 (s, 2H), 7.27 (d, J = 6.6
Hz, 6H), 6.91 (dd, J = 7.2, 2.2 Hz, 4H), 5.08 (s, 4H). '*C NMR (101 MHz, CDCl3): §
135.91, 134.21, 129.12, 128.82, 127.35, 123.67, 52.35.

23. 3,3"-bis(3-methylbenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2c)
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White solid (110 mg, 64% yield). m.p. 146—-148 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls): § 7.49 (s, 2H), 7.19 — 7.08 (m,
4H), 6.77 — 6.66 (m, 4H), 5.05 (s, 4H), 2.27 (s, 6H). 3C NMR (101 MHz, CDCl3): &
139.02, 135.91, 134.11, 129.55, 128.99, 128.01, 124.37, 123.70, 52.38, 21.25.

24. 3,3'-bis(4-methylbenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2d)

N\"N / ( >
U j\[NT‘N

White solid (126 mg, 73% yield). m.p. 183—184 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCl5): & 7.50 (s, 2H), 7.21 — 7.10 (m,
4H), 6.78 — 6.68 (m, 4H), 5.06 (s, 4H), 2.28 (s, 6H). 3*C NMR (101 MHz, CDCl3): §
139.03, 134.13, 129.55, 129.00, 128.02, 124.38, 52.37, 21.25.

25. 3,3"-bis(2,3-dimethylbenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2v)
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White solid (156 mg, 84% yield). m.p. 168-170 °C. Petroleum ether/EtOH as the
recrystallization solvent. "H NMR (400 MHz, CDCls): 7.42 (s, 2H), 7.12 (d, J=7.5 Hz,
2H), 6.96 (t, J= 7.6 Hz, 2H), 6.30 (d, J = 7.7 Hz, 2H), 5.07 (s, 4H), 2.26 (s, 6H), 2.02
(s, 6H). 3*C NMR (101 MHz, CDCls): § 137.75, 135.85, 134.47, 132.29, 130.46, 126.03,
125.66, 123.89, 50.92, 20.44, 14.68. HRMS (ESI) m/z: [M+H]" Calcd for C22H25Ns
373.2135; found 373.2134.

26. 3,3'-bis(3,5-dimethylbenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2w)
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White solid (103 mg, 55% yield). m.p. 158-159 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls): 8 7.49 (s, 2H), 6.92 (s, 2H), 6.52
(s, 4H), 5.01 (s, 4H), 2.22 (s, 12H). '*C NMR (101 MHz, CDCls): & 138.84, 135.93,
134.07, 130.36, 125.08, 123.73, 52.36, 21.13. HRMS (ESI) m/z: [M+H]" Calcd for
C2H2sNg 373.2135; found 373.2135.

27. 3,3"-bis(4-isopropylbenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2x)

N\”N /
avavata

White solid (80 mg, 40% yield). m.p. 113—-114 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls): & 7.48 (s, 2H), 7.17 — 7.12 (m,
4H), 6.89 — 6.83 (m, 4H), 5.01 (s, 4H), 2.87 (p, J = 6.9 Hz, 2H), 1.20 (d, J = 6.9 Hz,
12H). 3C NMR (101 MHz, CDCls): § 149.81, 135.98, 131.59, 127.49, 127.13, 123.65,
52.16, 33.81, 23.86. HRMS (ESI) m/z: [M+Na]" Calcd for Co4H2sNe¢Na 423.2268;
found 423.2269.

28. 3,3"-bis(3-methoxybenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (21)

White solid (122 mg, 65% yield). m.p. 147-149 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCl3): 8 7.52 (s, 2H), 7.19 (t, J = 8.0
Hz, 2H), 6.87 — 6.80 (m, 2H), 6.51 — 6.45 (m, 4H), 5.10 (s, 4H), 3.72 (s, 6H). *C NMR
(101 MHz, CDCls): 6 160.08, 135.91, 135.65, 130.23, 123.72, 119.38, 114.42, 112.70,
55.29, 52.30. HRMS (ESI) m/z: [M+H]" Caled for Ca0H21N6O2 377.1721; found
377.1720.

29. 3,3"-bis(3,5-dimethoxybenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2y)

\O
N
O/ N\’ )
N N
| N 0
I N
\

White solid (70 mg, 32% yield). m.p. 104-105 °C. Petroleum ether/EtOH as the
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recrystallization solvent. 'H NMR (400 MHz, CDCls): § 7.56 (s, 2H), 6.36 (t, J = 2.3
Hz, 2H), 6.06 (d, J = 2.2 Hz, 4H), 5.10 (s, 4H), 3.70 (s, 12H). '*C NMR (101 MHz,
CDCl3): 6 161.32, 136.33, 135.85, 123.78, 105.14, 100.63, 55.38, 52.40. HRMS (ESI)

m/z: [M+H]" Caled for C22HasN¢O4 437.1932; found 437.1941.
30. 3,3'-(3H,3'H-[4,4'-bi(1,2,3-triazole)]-3,3'-diylbis(methylene))dibenzonitrile (2z)

White solid (117 mg, 64% yield). m.p. 160-161 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, DMSO-ds) & 8.18 (s, 2H), 7.73 (d, J =
8.1 Hz, 2H), 7.50 — 7.39 (m, 4H), 7.20 (d, J = 8.1 Hz, 2H), 5.64 (s, 4H).*C NMR (101
MHz, DMSO-ds): & 136.81, 135.84, 132.55, 132.41, 131.44, 130.39, 124.44, 118.68,
112.15, 51.06. HRMS (ESI) m/z: [M-H]" Caled for CzHi3Ng 365.1258; found

365.1266.
31. 3,3"-bis(4-(trifluoromethoxy)benzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2aa)

N,
F7<O : N : NN F>ZF
FF NI\\N \ <:> ©

White solid (99 mg, 41% yield). m.p. 191-192 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls): 8 7.60 (s, 2H), 7.18 — 7.11 (m,
4H), 7.03 — 6.96 (m, 4H), 5.16 (s, 4H). 3C NMR (101 MHz, CDCl3): § 149.50, 135.76,
132.57, 129.00, 123.57, 121.55, 119.01, 51.48. HRMS (ESI) m/z: [M+H]" Calcd for
C20H15FsNO2 485.1155; found 485.1155.

32. 3,3"-bis(3,4-dichlorobenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2ab)

_N
N cl
cl /
NcN

White solid (67 mg, 30% yield). m.p. 178-179 °C. Petroleum ether/EtOH as the
recrystallization solvent. '"H NMR (400 MHz, CDCls): § 7.66 (s, 2H), 7.36 (d, J = 8.2
Hz, 2H), 7.11 (d, J= 2.1 Hz, 2H), 6.78 (dd, J = 8.3, 2.2 Hz, 2H), 5.22 (s, 4H). *C NMR
(101 MHz, CDCls): & 135.58, 133.82, 133.61, 133.56, 131.16, 129.27, 126.48, 123.56,
51.08. HRMS (ESI) m/z: [M+H]" Calcd for CisH13C14Ns 452.9950; found 452.9950.
33. 3,3"-bis(2,6-dichlorobenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2ac)

N cl
Cl N~
STV
N
o] /N”N cl

White solid (144 mg, 64% yield). m.p. 202-204 °C. Petroleum ether/EtOH as the
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recrystallization solvent. 'H NMR (400 MHz, DMSO-ds) & 8.32 (s, 2H), 7.54 (d, J =
7.9 Hz, 4H), 7.46 (dd, J=9.1, 7.2 Hz, 2H), 5.71 (s, 4H). *C NMR (101 MHz, DMSO-
de): 0 141.19, 140.07, 136.73, 135.19, 133.97, 129.66, 53.14. HRMS (ESI) m/z:
[M+H]" Caled for C1gHi3ClsNs 452.9950; found 452.9953.

34. 3,3"-bis(3,5-dibromobenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2ad)

N
Br N\ 2 ) Br
N /\Q
N
[N
Br N° Br

White solid (136 mg, 43% yield). m.p. 193-194 °C. Petroleum ether/EtOH as the
recrystallization solvent. "H NMR (400 MHz, DMSO-ds) § 8.17 (s, 2H), 7.73 (t, J=1.8
Hz, 2H), 7.16 (d, J = 1.7 Hz, 4H), 5.60 (s, 4H). 3C NMR (101 MHz, CDCls): § 144.20,
140.60, 138.51, 134.69, 129.17, 127.83, 55.27. HRMS (ESI) m/z: [M+H]" Calcd for
CisH13BrsNg 628.7930; found 628.7933.

35. 3,3'-bis(4-chloro-3-fluorobenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2ae)

N
)
CI\Q\/N<§ /\Q‘u
N
[N
F N” F

White solid (80 mg, 38% yield). m.p. 174-177 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls): § 7.65 (s, 2H), 7.33 (t, J = 7.8
Hz, 2H), 6.82 (dd, J=9.2, 2.1 Hz, 2H), 6.68 (dd, J = 8.3, 2.0 Hz, 2H), 5.25 (s, 4H). 1*C
NMR (101 MHz, CDCIl3) & 159.53, 157.02, 135.52, 134.49, 134.43, 131.47, 123.60,
123.57, 123.53, 122.19, 122.01, 115.74, 115.52, 51.23, 51.21. HRMS (ESI) m/z:
[M+Na]" Calcd for Ci1sH12CloF2Ng¢Na 443.0361; found 443.0378.

36. 3,3"-bis(2-bromo-5-methoxybenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2af)

J N Br
N
O3
N
! N
Br N O—

White solid (88 mg, 33% yield). m.p. 123—-124 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls): § 7.57 (s, 2H), 7.44 (d, J = 8.8
Hz, 2H), 6.74 (dd, J = 8.8, 3.0 Hz, 2H), 6.28 (d, J = 3.0 Hz, 2H), 5.38 (s, 4H), 3.68 (s,
6H). 13C NMR (101 MHz, CDCls): & 159.47, 135.49, 134.50, 133.89, 123.95, 115.88,
114.40, 112.45, 55.50, 52.10. HRMS (ESI) m/z: [M+H]" Caled for C20H19Br2NeO>
532.9931; found 532.9931.

37. 3,3"-bis(2-chloro-4-fluorobenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2ag)

N“N Cl
0
ol N, )
N

White solid (101 mg, 48% yield). m.p. 154-156 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCl3):8 7.61 (s, 2H), 7.12 (dd, J = 8.2,
2.5 Hz, 2H), 6.97 — 6.83 (m, 4H), 5.39 (s, 4H). '*C NMR (101 MHz, CDCl;): 5 163.72,
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161.20,135.42,133.72,133.62, 130.46, 130.38, 127.83, 127.80, 123.79, 117.57, 117.33,
115.08, 114.86, 48.96. HRMS (ESI) m/z: [M+H]" Caled for CisHi3C1,F2Ns 421.0541;
found 421.0541.

38. 3,3'-bis(5-bromo-2-chlorobenzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2ah)

Cl N¢ Br
N
</ /> \ %N\/Q
N
o\
Br NN cl

White solid (121 mg, 45% yield). m.p. 150-151 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCl5): § 7.64 (s, 2H), 7.41 (dd, J= 8.5,
2.4 Hz, 2H), 7.25 (d, J = 8.5 Hz, 2H), 6.97 (d, J = 2.3 Hz, 2H), 5.41 (s, 4H). *C NMR
(101 MHz, CDCI3): 6 135.53, 133.75, 133.31, 131.50, 131.36, 123.79, 121.33, 48.98.
HRMS (ESI) m/z: [M+H]" Calcd for CisH13C1BraNg 540.8940; found 540.8940.

39. 3,3"-bis(cyclopropylmethyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2ai)

by A

White solid (73 mg, 60% yield). m.p. 86—87 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls): § 7.85 (s, 2H), 4.14 (d, J = 7.2
Hz, 4H), 1.13 (tt, J = 7.6, 4.8 Hz, 2H), 0.60 — 0.54 (m, 4H), 0.31 — 0.24 (m, 4H). '*C
NMR (101 MHz, CDCls): & 135.01, 123.72, 53.49, 11.40, 4.34. HRMS (ESI) m/z:
[M+H]" Caled for C12H17Ns 245.1509; found 245.15009.

40. 3,3'-bis(quinolin-2-ylmethyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2aj)

\ |
N
AN [\\j \
©/\)/\N:N

Yellow solid (117 mg, 56% yield). m.p. 150-152 °C. Petroleum ether/EtOH as the
recrystallization solvent. '"H NMR (400 MHz, CDCls): 8 8.07 (d, J = 8.4 Hz, 2H), 8.02
(s, 2H), 7.98 (d, J = 8.6 Hz, 2H), 7.78 — 7.68 (m, 4H), 7.54 (ddd, J= 8.1, 6.8, 1.2 Hz,
2H), 7.23 (d, J = 8.5 Hz, 2H), 5.77 (s, 4H). *C NMR (101 MHz, CDCl5): § 153.91,
147.56, 137.60, 135.52, 130.26, 129.23, 127.66, 127.40, 127.20, 125.10, 119.12, 54.11.
HRMS (ESI) m/z: [M+H]" Caled for C24H9Ns 419.1727; found 419.1727.

41. 3,3"-bis(3-(benzyloxy)benzyl)-3H,3'H-4,4'-bi(1,2,3-triazole) (2ak)

Q\\ 7N
s MN@OQ

White solid (97 mg, 37% yield). m.p. 97-98 °C. Petroleum ether/EtOH as the
recrystallization solvent. 'H NMR (400 MHz, CDCls): § 7.46 (s, 2H), 7.40 — 7.28 (m,
10H), 7.19 (t, J = 7.9 Hz, 2H), 6.91 (ddd, J = 8.4, 2.6, 0.9 Hz, 2H), 6.55 (t,J = 2.0 Hz,
2H), 6.48 (dt, J = 7.7, 1.2 Hz, 2H), 5.08 (s, 4H), 4.98 (s, 4H). >*C NMR (101 MHz,
CDCl3): & 159.24, 136.44, 135.85, 135.75, 130.25, 128.63, 128.07, 127.44, 123.72,
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119.62, 115.38, 113.66, 70.00, 52.22. HRMS (ESI) m/z: [M+H]" Calcd for C3:H20NsO2

529.2347; found 529.2348.

4. References
[1]. Angell, Y.; Burgess, K. Angew. Base Dependence in Copper-Catalyzed Huisgen

Reactions: EfficientFormation of Bistriazoles, Chem., Int. Ed. 2007, 46, 3649-3651.
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5. The '"H NMR and *C NMR spectra for products
'H and '3C NMR spectra of compound 2a
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'H and '*C NMR spectra of compound 2b
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'H and *C NMR spectra of compound 2
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'H and '*C NMR spectra of compound 2d
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'H and '*C NMR spectra of compound 2e
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'H and '*C NMR spectra of compound 2f
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'H and '*C NMR spectra of compound 2g
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'H and '*C NMR spectra of compound 2h
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'H and '*C NMR spectra of compound 2i
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'H and '*C NMR spectra of compound 2j

o DO @ o]
o o R R ) ® jre]
0 © O M P o B
P~ cc\co\)o/(o %) ™

N
7 CH,
N\ / o/
N
N
6] / \
/ N
HaC 7
N
| 1"
n ! iy iy
25} (o) b o
@ =] @ a
-— (2] [y} w
T T T T : : T v r r T r T : T T ! T T : . - - - :
125 120 1.5 1.0 105 10.0 95 9.0 85 80 7.5 7.0 65 60 55 50 45 40 35 30 25 20 L5 L0 05
£1 (ppm)
1
H NMR (400 MHz, CDCl5)
8 & 8Kr3 o ~ o
@© @ NOW ™ a2
2 8 K&K = w6 =
- — —_—— = © 0
| (N I
N
7 CHy
N\ / o/
N
N
o} / \
/ N
H,C 7
N
1
|
1
\ |
T r | : T T T ; : T T T 1 T T - T T T T
00 190 180 170 160 150 140 130 120 110 100 % 80 0 60 50 0 30 20 10

f1 (ppm)

13C NMR (101 MHz, CDCl3)

23



'H and '*C NMR spectra of compound 2k
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'H and '*C NMR spectra of compound 21
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'H and '*C NMR spectra of compound 2m
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'H and '*C NMR spectra of compound 2n
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'H and '*C NMR spectra of compound 20
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'H and '*C NMR spectra of compound 2p
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'H and '*C NMR spectra of compound 2q
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'H and '*C NMR spectra of compound 2r
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'H and '*C NMR spectra of compound 2s
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'H and '*C NMR spectra of compound 2t
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'H and '*C NMR spectra of compound 2u

T
20 1.5 1.0 05 0.0

2.5

35 3.0

yeo'ir—

T T T
4.0

45

T
50

=00

6.0 55

5

0 6

8.5

'H NMR (400 MHz, CDCls)

€88 /1
mmm,m:%
49zl
910'vZ)
00} bz}
quﬁw
280 mm_&

9.5 8.0
Ny
|
N

£Z0°0EL
Shioegl
mmv.mm—\

10.0

Lz

11.0 10.5

CSE PG~
156561

T
12.0 11.5

13.0 12:5

14.0 13.5

T

T
14.5

10

20

34

100

f1 (ppm)

13C NMR (101 MHz, CDCl3)

110

0

T T
170 160 150 140 130

180

190




'H and '*C NMR spectra of compound 2v
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'H and '*C NMR spectra of compound 2w
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'H and '*C NMR spectra of compound 2x
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'H and '*C NMR spectra of compound 2y
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'H and '*C NMR spectra of compound 2z
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'H and '*C NMR spectra of compound 2aa
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'H and '*C NMR spectra of compound 2ab
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'H and '*C NMR spectra of compound 2ac
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'H and '*C NMR spectra of compound 2ad
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'H and '*C NMR spectra of compound 2ae
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'H and '*C NMR spectra of compound 2af
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'H and '*C NMR spectra of compound 2ag
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'H and '*C NMR spectra of compound 2ah
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'H and '*C NMR spectra of compound 2ai

op8L— ==

=00p

ES0Y

Fgoe

=00¥

=00¢

4.5
f1 (ppm)

'H NMR (400 MHz, CDCls)

WeYr—

Loy b —

| BP'ES—

olLet—

WoseE—

13C NMR (101 MHz, CDCl3)

T
160

T
170

48



'H and '3C NMR spectra of compound 2aj

AL

——————
M/ \WN ]
J _
=4 \ Ml\h

Lo
o
Lo
o
o
-
| w
-
B
ol
5
[ od
lo
]
=
[
°
[
Lo
<
=
G
i
[
=00t
| o
o
[
o
o
<00z )"
I8
m\vmv-z
607
AN
0rez
|
o
| o
o
i
[
°
e
=
0
B
°
w0
°
Fs
o
i
-
e
“

f1 (ppm)

'H NMR (400 MHz, CDCls)

0LL'PS—

BLVBL—
860'GC)
SN&N_./
86E°/T)
659 /Z)
Nmm.mmv\
mmm.omv\
owm.mm—\
109 2€1

S98 LpL—

HEESE—

L1l

T

=

o

8

=

2

3

2

o A~

© o
—
Q

I
O
N

T

]

—

' g

mw
O

g &

g

g

g

g

=

2

=

&



'H and '3C NMR spectra of compound 2ak
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6. X-ray Information for 2c
Crystals suitable of 2¢ for X-ray analysis could be successfully grown by slow
volatilization in petroleum ether. CCDC: 2414231.

CCDC: 2414231 2c
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checkCIF/PLATON report

Structure factors have been supplied for datablock(s) ws_1

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW PROCEDURE FOR
PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE OF AN EXPERIENCED
CRYSTALLOGRAPHIC REFEREE.

No syntax errors found. CIF dictionary Interpreting this report
Datablock: ws_1
Bond precision: C-C = 0.0023 A Wavelength=1.54184
Cell: a=8.3739(2) b=13.2079(3) c=32.2928(8)
alpha=90 beta=90 gamma=90
Temperature: 213 K
Calculated Reported
Volume 3571.64(15) 3571.64(15)
Space group P bca Pbca
Hall group -P 2ac 2ab -P 2ac 2ab
Moiety formula C20 H20 N6 C20 H20 N6
Sum formula C20 H20 N6 C20 H20 N6
Mr 344 .42 344.42
Dx,g cm-3 1.281 1.281
Z 8 8
Mu (mm-1) 0.638 0.638
F00O0 1456.0 1456.0
FOO0O0” 1460.00
h, k, Imax 10,15, 38 9,15,38
Nref 3180 3158
Tmin, Tmax 0.955,0.962 0.850,1.000
Tmin’ 0.950

Correction method= # Reported T Limits:

AbsCorr = MULTI-SCAN

Data completeness= 0.993

R(reflections)= 0.0416

S =1.048

2561)

Tmin=0.850 Tmax=1.000

Theta (max)= 67.075

Npar= 236
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The following ALERTS were generated. Each ALERT has the format
test—name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.

“ Alert level C

PLAT906_ALERT_3_C Large K Value in the Analysis of Variance ...... 2.375 Check
PLAT911_ALERT_3_C Missing FCF Refl Between Thmin & STh/L= 0.597 21 Report
¥ Alert level G

PLAT883_ALERT_1_G No Info/Value for _atom_sites_solution_primary Please Do !
PLAT909_ALERT_3_G Percentage of I>2sig(I) Data at Theta(Max) Still 70% Note
PLAT941_ALERT_3_G Average HKL Measurement Multiplicity ........... 3.4 Low
PLAT978_ALERT_2_G Number C-C Bonds with Positive Residual Density. 5 Info

ALERT level A

ALERT level C
ALERT level G

SN O O

ALERT type
ALERT type
ALERT type
ALERT type
ALERT type

Indicator that the structure quality may be low
Improvement, methodology, query or suggestion
Informative message, check

oo n R
s WwN R

Most likely a serious problem - resolve or explain

ALERT level B = A potentially serious problem, consider carefully

Check. Ensure it is not caused by an omission or oversight
General information/check it is not something unexpected

CIF construction/syntax error, inconsistent or missing data
Indicator that the structure model may be wrong or deficient
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It is advisable to attempt to resolve as many as possible of the alerts in all categories. Often the minor
alerts point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so
attention to these fine details can be worthwhile. In order to resolve some of the more serious problems
it may be necessary to carry out additional measurements or structure refinements. However, the
purpose of your study may justify the reported deviations and the more serious of these should
normally be commented upon in the discussion or experimental section of a paper or in the
"special_details" fields of the CIF. checkCIF was carefully designed to identify outliers and unusual
parameters, but every test has its limitations and alerts that are not important in a particular case may
appear. Conversely, the absence of alerts does not guarantee there are no aspects of the results needing
attention. It is up to the individual to critically assess their own results and, if necessary, seek expert
advice.

Publication of your CIF in IUCr journals

A basic structural check has been run on your CIF. These basic checks will be run on all CIFs
submitted for publication in IUCr journals (Acta Crystallographica, Journal of Applied
Crystallography, Journal of Synchrotron Radiation); however, if you intend to submit to Acta
Crystallographica Section C or E or IUCrData, you should make sure that[full publication checks|are
run on the final version of your CIF prior to submission.

Publication of your CIF in other journals

Please refer to the Notes for Authors of the relevant journal for any special instructions relating to CIF
submission.

PLATON version of 12/09/2022; check.def file version of 09/08/2022
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Datablock ws_1 - ellipsoid plot
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7. The HRMS for the representative products

Supplementary FDF files corresponding to the HRMS data for compounds (2f: FRG-
1; 2g: FRG-2; 2h: FRG-3; 2j: FRG-4; 2m: FRG-5; 2n: FRG-6; 20: FRG-7; 2q: FRG-
8; 2r: FRG-9; 2s: FRG-10; 2t: FRG-11; 2v: FRG-12; 2w: FRG-13; 2i: FRG-14; 2z:
FRG-15; 2aa: FRG-16; 2ab: FRG-17; 2ac: FRG-18; 2ad: FRG-19; 2af: FRG-20; 2ag:
FRG-21; 2ah: FRG-22; 2ai: FRG-23; 2aj: FRG-24; 2ak: FRG-25) are provided below.
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D:\data\maoxuefeng\2023\FRG-1-0812

FRG-1-0812 #1-112 RT: 0.00423-0.49895 AV: 112 NL: 9.82E8
T: FTMS + p ESI Full ms [50.0000-750.0000]

08/12/25 11:51:03

373.21352
R=54692
z=1
Co22HasNg
100 0.00616 ppm
90
80
8 70
®
T 60
£ 50
(O]
2 40
©
e 30 395.19543
20 R=53937
318.30038 z=1
10 R=59731 C22H24NgNa
z=1 | -0.08395 ppm
0 N R L R R L R R R L R R R R R R R N R R RN RN R R TTTTpTTTTTTTTTT T T T
300 320 340 360 380 400 420 440 460 480
m/z
FRG-1-0812#1-112 RT: 0.00423-0.49895 AV: 112
T: FTMS + p ESI Full ms [50.0000-750.0000]
m/z= 317.85435-431.93967
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
318.30038 8199959.5 0.83 59730.63 1.00
338.34181 3637443.8 0.37 56358.51 0.00
352.32073 2620607.5 0.26 58197.94 1.00
373.21352) 990420864.0 100.00 54691.57 1.00 0.01 C22H25Ng
374.21685 226033968.0 22.82 52468.08 1.00
375.22065 24976568.0 2.52 55147.23 1.00
395.19543 8302066.0 0.84 53937.15 1.00 -0.08 C22H24NgNa
373.21352 NL:
R=54692 9.82E8
z=1 FRG-1-0812#1-112
C22H2sNg RT: 0.00423-0.49895
3 0.00616 ppm AV: 112 T: FTMS +p
c 100 ESI Full ms
° [50.0000-750.0000]
3 374.21685
2 50 R=52468 375.22065
B z=1 R=55147
© A z=1
e 0 NL:
7.70E5
373.21352 Coo Hoa Ng +H:
C22Ha5Ng CziHigNZ
100 0.00000 ppm pa Chrg 1
50
374.21688
| 375.22023
O L B s e e s s s By B B B B e e s B 8 Iy B B B B BN S S S S
372.0 3725 373.0 373.5 374.0 374.5 375.0 375.5 376.0 376.5

m/z



D:\data\maoxuefeng\2023\FRG-2-0812

FRG-2-0812 #90-141 RT: 0.40073-0.62804 AV: 52 NL: 2.28E8

T: FTMS + p ESI Full ms [50.0000-750.0000]

08/12/25 11:56:45

373.21349
R=55114
z=1
C22HasNg
100 -0.08287 ppm
90
80
8 70
@
T 60
£ 50
(O]
2 40
©
e 30 395.19553
20 338.34172 R=54411
306.19652 R=55899 z=1 417.23969
102 R=60709 z=1 C22H24 Ng Na R=52833
z=1 | 1 0.15488 ppm z=1
L e e e e e e e T T T T T 1 T T T T 17 T T T T T T T T T T T 1
300 310 320 330 340 350 360 370 380 390 400 410 420 43 440 450 460
m/z
FRG-2-0812#90-141 RT: 0.40073-0.62804 AV: 52
T: FTMS + p ESI Full ms [50.0000-750.0000]
m/z= 298.93937-462.23713
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
338.34172 17190718.0 7.50 55898.96 1.00
339.34527 4154532.5 1.81 58656.69 1.00
373.21349 229198832.0 100.00 55114.406 1.00 -0.08 C22H25Ns
374.21720 53638208.0 23.40 54859.07 1.00
375.22083 5881374.0 2.57 54609.07 1.00
395.19553 2474812.3 1.08 54411.45 1.00 0.15 C22H24NgNa
417.23969 3668968.5 1.60 52832.60 1.00
373.21349 NL:
R=55114 2.28E8
z=1 FRG-2-0812#90-141
C22H25Ng RT: 0.40073-0.62804
8 -0.08287 ppm AV:52 T: FTMS + p
c 100 ESI Full ms
° [50.0000-750.0000]
3 374.21720
£ 50 R=54859 375.22083
9 z=1 R=54609
© A z=1
e 0 NL:
7.70E5
373.21352 Coo Hoa Ng +H:
C22Ha5Ng CziHigNZ
100 0.00000 ppm pa Chrg 1
50
374.21688
375.22023
0[{{{{[{{{{{{{{[{{{{[{{wywxmwwywﬁwwywwwwywwwwyw
372.0 3725 373.0 3735 374.0 374.5 375.0 3755 376.0 376.5

m/z



D:\data\maoxuefeng\2023\FRG-3-0812

FRG-3-0812 #44-135 RT: 0.19571-0.60129 AV: 92 NL: 1.73E8
T: FTMS + p ESI Full ms [50.0000-750.0000]

08/12/25 12:01:59

401.24483
R=52233
z=1
Co24Hag Ng
100 0.01998 ppm
90
80
8 70
®
T 60
£ 50
2 40 403.25204
= R=53415
& 30 z=1
20 373.21352
359.31546 R=55324 456.26202
10 R=55830 z=1 R=49906
z=1 ] { z=1
rr—r——r——rv+—7— v 7+ T 7T 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 T T T T T T
350 360 370 380 390 400 410 420 430 440 450 460
m/z
FRG-3-0812#44-135 RT: 0.19571-0.60129 AV: 92
T: FTMS + p ESI Full ms [50.0000-750.0000]
m/z= 349.79465-460.20981
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
359.31546 2068434.0 1.17 55829.93 1.00
371.10126 2712430.3 1.54 56496.49 1.00
373.21352 12240348.0 6.95 55323.98 1.00
374.21729 2891343.8 1.64 55832.63 1.00
401.24483 176227840.0 100.00 52233.32 1.00 0.02 C24 H29Ng
402.24830 45105316.0 25.59 52331.79 1.00
403.25204 5588749.5 3.17 53414.92 1.00
401.24483 NL:
R=52233 1.73E8
z=1 FRG-3-0812#44-135
C24H29 Ng RT: 0.19571-0.60129
3 0.01998 ppm AV: 92 T: FTMS + p
c 100 ESI Full ms
E 402.24830 [50.0000-750.0000]
< 50 R=52332 403.25204
2 z=1 R=53415
© n z=1
g 0 NL:
7.53E5
401.24482 Coa Hos Ng +H:
Co24Hag Ng szHigNZ
100 0.00000 ppm pa Chrg 1
50
402.24818
403.25153
0[wxwxywxwxywxwxywxwxywxwxmwx‘wxywxwxywxwxywxw
400.5 401.0 401.5 402.0 402.5 403.0 403.5 404.0 404.5

m/z



D:\data\maoxuefeng\2023\FRG-4-0812

FRG-4-0812 #56-142 RT: 0.24919-0.63249 AV: 87 NL: 7.38E7
T: FTMS + p ESI Full ms [50.0000-750.0000]

08/12/25 12:07:24

377.17195
R=55002
z=1
C20H2102Ng
100 -0.27542 ppm
90
80
8 70
®
S 60
£ 50
2 40
E 379.17918
2 30 R=52331
20 373.21365 z1
R=55964 : 401.24502
10 z=1 R=53273
J / z=1
O~ y'wwxw'ywxwxy'xwwx'ywlxxw'ywwwf'yxwwxywwwwyw’xwwywwxwywlwxxywxww'ywwxwy'xwxw
350 355 360 365 370 375 380 385 390 395 400 405 410 415
m/z
FRG-4-0812#56-142 RT: 0.24919-0.63249 AV: 87
T: FTMS + p ESI Full ms [50.0000-750.0000]
m/z= 348.16143-419.66654
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
371.10129 2217907.5 2.99 56333.18 1.00
373.21365 5152954.5 6.96 55964.25 1.00
377.17195 74087176.0 100.00 55001.74 1.00 -0.28 C20H2102Ns
378.17578 15702278.0 21.19 55619.00 1.00
379.17918 1689178.8 2.2852330.95 1.00
401.24502 1832513.1 2.47 53272.77 1.00
409.38280 1302776.8 1.76 53439.93 1.00
37717195 NL:
R=55002 7.38E7
z=1 FRG-4-0812#56-142
C20H21 02 Ng RT: 0.24919-0.63249
3 -0.27542 ppm AV:87 T: FTMS + p
c 100 ESI Full ms
S [50.0000-750.0000]
2 378.17578
< 50 R=55619 379.17918
_g z=1 R=52331
© ﬂ z=1
g ° NL:
7.83E5
37717205 Coo Hoog Ng O +H:
C20H2102Ng ngHi?Nzoi
100 -0.00000 ppm pa Chrg 1
50
378.17541
379.17876
0wywxwwywwwxywwwwywwwwywxﬁ”yw‘wxwywxwxywxwxywx
376.5 377.0 377.5 378.0 378.5 379.0 379.5 380.0 380.5

m/z



D:\data\maoxuefeng\2023\FRG-5-0812

08/12/25 12:17:21

FRG-5-0812 #117-208 RT: 0.52108-0.92666 AV: 92 NL: 7.51E6
T: FTMS + p ESI Full ms [50.0000-750.0000]

385.07301
R=55993
z=1
C1gH15Ng Cl2
100 0.09123 ppm
920
80 387.06994
Q R=55127
% 70 =1
T 60
3 383.95988
2 50 R=53299
2 40 380.96259 2=1
3 30 379.08396 R=ff$56 382.95951 386.07647
o 376.93131 R=56240 R=53567 R=57538 | 388.07353 394.94224
20 R=54631 z=? z=1 z=1 R=55419 303.08303 R=52159  397.20350
=7 =1 : R=53417
10 R=57311 e
0 . I N ”l [ 1 l Jl s I I Il Z;? Ll
L L L L L L L L L L L L L L L L L L L L T T T ] T T
376 378 380 382 384 386 388 390 392 394 396 398
m/z
FRG-5-0812#117-208 RT: 0.52108-0.92666 AV: 92
T: FTMS + p ESTI Full ms [50.0000-750.0000]
m/z= 375.33363-399.23270
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
376.93131 789057.8 10.50 54630.93 0.00
379.083%96 1316520.4 17.52 56240.27 0.00
380.96259 1915085.1 25.49 53055.87 1.00
382.95951 1386467.1 18.45 53566.64 1.00
385.07301 7514476.0 100.00 55993.28 1.00 0.09 C18H15 N6 Cl2
385.22337 743341 .4 9.89 56095.99 0.00
386.07647 1249378.0 16.63 57537.85 1.00
387.06994 4760155.5 63.35 55127.21 1.00
388.07353 701202.7 9.33 55419.13 1.00
385.07301 NL:
R=55993 7.51E6
z=1 FRG-5-0812#117-208
C1sH15Ng Cl2 RT: 0.52108-0.92666
e A
E =1 [50.0000-750.0000]
>
2 59 385.22337 386.07647 388.07353 389.06712
° R=56006 197538 R=55419 R=54177
& _z=? z=1 z=1 2=1
= 0 i ﬂ 1 1 1
4 NL:
4.62E5
385.07298 C1aH1a Clo Ng +H:
C1sH15Ng Cl2 CEHECGNZ
100 0.00000 ppm pa Chrg 1
387.07003
50
386.07633 388.07338 38906708

384

385

386

387
m/z

388

389

390



D:\data\maoxuefeng\2023\FRG-6-0812

08/12/25 12:25:40

FRG-6-0812 #63-139 RT: 0.28039-0.61912 AV: 77 NL: 8.81E6
T: FTMS + p ESI Full ms [50.0000-750.0000]

474.97007
R=50038
100 21
90
80
8 70
3 0 476.96775
S R=49210
£ 50 z=1
(O]
2 40
ke
o 478.98368
20 456.94383 by 485.81131 503.82163 507.51360
o Re51427 REST305  R=51964 R=48964 R=50321
10 z=? z=1 = z=? z=1
0 [ |. i | | 1 " I \ |l I N l
L L L L L L L L A L L L L L L L L T L L L L L L T T T T T [ T T T T
450 455 460 465 470 475 480 485 490 495 505 510
m/z
FRG-6-0812#63-139 RT: 0.28039-0.61912 AV: 77
T: FTMS + p ESI Full ms [50.0000-750.0000]
m/z= 445.45423-510.22813
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
456.94383 511330.7 5.80 51426.65 1.00
472.97201 4579115.5 51.91 49107.52 1.00 0.15 Ci18H15 N6 Br2
473.97537 850674.4 9.64 49769.39 1.00
474.97007 8821356.0 100.00 50037.65 1.00
475.97358 1654144.0 18.75 48375.97 1.00
476.96775 4195722.5 47.56 49210.04 1.00
476.98541 899727.3 10.20 50775.13 1.00
477.97120 796205.9 9.03 50337.33 1.00
485.81131 647518.8 7.34 51964.49 0.00
NL:
8.81E6
474.97007 FRG-6-0812#63-139
472.97201 R=50038 RT: 0.28039-0.61912
8 R=49108 z=1 AV: 77 T: FTMS + p
£ 100 z=1 476.96775 ESI Full ms
2 50 014512 ppm 473 97537 Roass7s 211 477.97120 47808368
o R=49769 7=1 R=50337 R=51305
= z=1 z=1 >
S % I | 1 N
x NL:
4.02E5
C1sH14 Bro Ng +H:
474.96990 e rene
100 472.97195 ' pa Chrg 1
C1sH15NgBra
50 -0.00000 ppm 476.96785
473.97530 475'9[325 477.97121
Owwwywwwywwwwlywwwwy wxywxwxy%wxwwxwxwywxwwjwxwy
472 473 474 475 476 477 478 479 480 481



D:\data\maoxuefeng\2023\FRG-7-0812

FRG-7-0812 #100-139 RT: 0.44530-0.61913 AV: 40 NL: 6.87E7
T: FTMS + p ESI Full ms [50.0000-750.0000]

08/12/25 16:28:12

453.12567
R=50712
z=1
C20H15 NgFs
100 -0.05299 ppm
90
80
8 70
®
T 60
£ 50
-g 40
© 455.13263
2 30 R=48217
z=1
20 427.39372
z=1 |
waxxylwwlxxywx'xxywwxwxwxwfwxwwxwx{lxxwwyxxxwyxxwwyxxxxywxwwywxx{xwwwyxwwxy
425 430 435 440 445 450 455 460 465 470 475 480 485 490 495
m/z
FRG-7-0812#100-139 RT: 0.44530-0.61913 AV: 40
T: FTMS + p ESI Full ms [50.0000-750.0000]
m/z= 420.99750-495.15605
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
425.37773 1291575.0 1.86 52768.48 1.00
427.39372 1761889.1 2.53 51793.36 1.00
432.23832 1085301.9 1.56 51948.37 1.00
445.12021 1127528.5 1.62 51580.66 1.00
453.12567 69546696.0 100.00 50712.13 1.00 -0.05 C20H15Ng Fo
454.12926 14359460.0 20.65/48252.86 1.00
455.13263 1414631.3 2.0348216.77 1.00
453.12567 NL:
R=50712 6.87E7
z=1 FRG-7-0812#100-139
C20H15 NgFs RT: 0.44530-0.61913
3 -0.05299 ppm AV:40 T: FTMS + p
c 100 ESI Full ms
o [50.0000-750.0000]
3 454.12926
< 50 R=48253 455.13263
g z=1 R=48217
© ﬂ z=1
g 0 NL:
7.87E5
453.12569 CooHa Ng Fe +H:
C20H15 NgFs ngngNZFZ
100 0.00000 ppm pa Chrg 1
50
454.12905
455.13240
0wxwwywwxwywxwxywwxwywxwwywm#wwyw‘wwwywwwwywwwwyw
452.5 453.0 453.5 454.0 4545 455.0 4555 456.0 456.5

m/z



D:\data\maoxuefeng\2023\FRG-8-0812

FRG-8-0812 #88-142 RT: 0.39182-0.63249 AV: 55 NL: 1.33E9
T: FTMS + p ESI Full ms [50.0000-750.0000]

08/12/25 16:33:55

389.11322
R=55591
z=1
CisH1aNgF4
100 -0.03329 ppm
90
80
8 70
@
T 60
=}
£ 50
(O]
2 40
% 391.12015
x 30 R=51399
20 Zf1
10 )
0ywxwwywwxwywxwwywwxwy"”xwxywxwwywxwwywwxwywwwxyw
350 360 370 380 390 400 410 420 430 440
m/z
FRG-8-0812#88-142 RT: 0.39182-0.63249 AV: 55
T: FTMS + p ESI Full ms [50.0000-750.0000]
m/z= 348.49355-442.61408
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
352.32101 5935939.5 0.44 56900.27 1.00
361.10697 1905655.0 0.14 60723.84 1.00
371.12285 1829279.9 0.14 56197.73 0.00
389.11322 1348426496.0 100.00 55590.73 1.00 -0.03 Ci1sH13Ng F4
390.11643 251899696.0 18.68 54998.40 1.00
391.12015 20170778.0 1.50 51398.50 1.00
411.09468 2979077.5 0.22 52131.71 1.00 -1.22 C18H12NgF4Na
389.11322 NL:
R=55591 1.33E9
z=1 FRG-8-0812#88-142
CisH13NgF4 RT: 0.39182-0.63249
8 -0.03329 ppm AV:55 T: FTMS + p
c 100 ESI Full ms
o [50.0000-750.0000]
3 390.11643
< 50 R=54998 391.12015
_g z=1 R=51399
kS ) z=1
g 0 NL:
8.05E5
389.11323 C1iaH1o Fa Ng +H:
CisH1aNgF4 CEHEF:Nz
100 -0.00000 ppm pa Chrg 1
50
390.11659
o 391.11994
e e 1 s s s B e e e e s s s sy By B S N L N A s o
388.5 389.0 389.5 390.0 390.5 391.0 391.5 392.0 3925

m/z



D:\data\maoxuefeng\2023\FRG-9-0812

FRG-9-0812 #90-144 RT: 0.40073-0.64141 AV: 55 NL: 7.19E7
T: FTMS + p ESI Full ms [50.0000-750.0000]

08/12/25 16:47:16

454.99195
R=50756
100 21
90
80
8 70
3 60 456.98888
S R=50776
£ 50 z=1
(0]
2 40
©
£ 30
o 458.98564
20 R=50050
" T
O e 5 s B B s B s By s s B B ey T T T T T 1 T T T T ]
430 435 440 445 450 455 460 465 470 475 480
m/z
FRG-9-0812#90-144 RT: 0.40073-0.64141 AV: 55
T: FTMS + p ESI Full ms [50.0000-750.0000]
m/z= 415.72840-502.08098
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
452.99503 56490760.0 78.55 49076.46 1.00 -0.01 C18H13NgClg
453.99884 10801415.0 15.02 48560.95 0.00
454,99195 71916912.0 100.00 50756.17 1.00
455,99581 13632009.0 18.96 47447.36 1.00
456.98888 33766676.0 46.95 50776.11 1.00
457.99276 6392242.0 8.89 47849.94 1.00
458.98564 7032631.5 9.78 50049.68 1.00
NL:
452.99503 71987
R=49076 454.99195 FRG-9-0812#90-144
7=1 R=50756 RT: 0.40073-0.64141
o) =1 AV:55 T: FTMS + p
S 100 C1aH13Ne Cla z ESI Full ms
o -0.01463 456.98888
g |D|om4 s ves oocq; RS0 [50.0000-750.0000]
2 50 53. > z=1 458.98564
< R=48561 R=47447 R=50050
._é z=? Z_J z=1
% 0 l l 1 1
14 NL:
3.39E5
C1g8H12Clg Ng +H:
452.99503 C1s8H13Cls Ng
100 C1g8H13NgCly 454.99208 pa Chrg 1
-0.00000 ppm
50 456.98913
453.99839 49599544 457.99249 458.98618
Owwywwwywxwwywxwx%wxwxwxwxwywxwﬂywxww%wxwx%wx T T
451 452 453 454 455 456 457 458 459 460 461

m/z



D:\data\maoxuefeng\2023\FRG-10-0812 08/12/25 17:02:27

FRG-10-0812 #35-117 RT: 0.15576-0.52124 AV: 83 NL: 4.43E7
T: FTMS + p ESI Full ms [50.0000-750.0000]

435.15241
R=50760
z=1
C20H1904Ng
100 0.06584 ppm
90
80
8 70
@
2 60
£ 50
2 40 432.23815
© R=52299 |437.15889
2 30 7=1 R=48117
=1
20 409.38268 415.21142 427.39347 Z
Rebasqy  R=50929 R=51690 445.11994 4&591%114971
10 721 2=1 7=1 | R=5_1460 _Z=1
0 J 1 I i N |- 1 n ! 1 N s Z_.1 | | m
rrrrrJyrrrr ;11 r1r1rr1r1r1 1|1 1r1r1 1|1 1111 [ 11 T T[T I T T T T T T T T T T T T 1
405 410 415 420 425 430 435 440 445 450 455 460 465 470
m/z
FRG-10-0812#35-117 RT: 0.15576-0.52124 AV: 83
T: FTMS + p ESI Full ms [50.0000-750.0000]
m/z= 404.17860-473.07052
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
409.38268 2130707.8 4.75 53346.59 1.00
415.21142 3077380.0 6.8650928.70 1.00
425.37752 1592456.8 3.5551841.43 1.00
427.39347 2411760.3 5.38 51690.26 1.00
435.15241 44853228.0 100.00 50759.51 1.00 0.07 C20H1904Ng
436.15602 9387036.0 20.93 49454 .52 1.00
437.15889 1267750.4 2.8348117.18 1.00
452.99488 979144.9 2.18 50540.57 1.00
454 ,99191 1222773.1 2.73 51446.95 1.00
435.15241 NL:
R=50760 4.43E7
z=1 FRG-10-0812#35-117
CooH190O4Ng RT: 0.15576-0.52124
8 0.06584 ppm AV:83 T: FTMS + p
c 100 ESI Full ms
© [50.0000-750.0000]
2 436.15602
< 50 R=49455 437.15889
_g z=1 R=48117
© A z=1
g 0 NL:
7.74E5
435.15238 C20H1sNgOg4 +H:
C20H1904Ng ngngN:Oj
100 -0.00000 ppm pa Chrg 1
50
436.15573
437.15909
0wywxwwywxwwywwxwywxwxywxwwy5r1wwwyw‘wxwywxwxywxwwyw
434.0 4345 435.0 435.5 436.0 436.5 437.0 437.5 438.0 438.5



D:\data\maoxuefeng\2023\FRG-11-0812 08/12/25 17:08:19

FRG-11-0812 #101-138 RT: 0.44992-0.61483 AV: 38 NL: 1.72E8
T: FTMS + p ESI Full lock ms [50.0000-750.0000]

377.17189
R=55557
z=1
C20H2102Ng
100 -0.41863 ppm
90
80
8 70
@
T 60
>
£ 50
2 40
£ 379.17907
g 30 R=53757
z=1
20 350.31554 369.35165 391.28419 407.18265
10 R=55551 R=55726 R=52272 R=52170
z=1 z=1 / z=1 z=1
Oxyxwxwywxww'ywxwxywwww'yw'xwxyxwxw'ywxwwywxwx'ywlwwwywxwxywwwwywxlxw‘ywxwxy'
350 355 360 365 370 375 380 385 390 395 400 405 410 415
m/z
FRG-11-0812#101-138 RT: 0.44992-0.61483 AV: 38
T: FTMS + p ESI Full lock ms [50.0000-750.0000]
m/z= 348.82662-415.21460
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
377.17189 171560528.0 100.00 55557.38 1.00 -0.42 C20H21 02 Ne¢
378.17571 36309348.0 21.16 54498.68 1.00
379.17907 4110610.3 2.40 53757.44 1.00
391.28419 3506794.5 2.04 52272.00 1.00
407.18265 3291352.8 1.92 52169.80 1.00
377.17189 NL:
R=55557 1.72E8
z=1 FRG-11-0812#101-138
C20H2102Ng RT: 0.44992-0.61483
3 -0.41863 ppm AV:38 T: FTMS + p ESI
c 100 Full lock ms
o [50.0000-750.0000]
3 378.17571
2 50 R=54499 379.17907
o z=1 R=53757
© A z=1
g 0 NL:
7.83E5
377.17205 Coo Hoog Ng O +H:
C20H21 O2Ng ngHi?Nzoi
100 -0.00000 ppm pa Chrg 1
50
378.17541
379.17876
0wwxwywxwxywxwwywxwxywxwxywxmwwyw‘wxywxwxywxwxywx
376.5 377.0 3775 378.0 378.5 379.0 379.5 380.0 380.5

m/z



D:\data\maoxuefeng\2023\FRG-12-0812

08/12/25 17:14:04

FRG-12-0812 #91-140 RT: 0.40535-0.62375 AV: 50 NL: 1.21E9
T: FTMS + p ESI Full ms [50.0000-750.0000]

373.21336
R=55346
z=1
C22HasNg
100 -0.43187 ppm
90
80
8 70
®
T 60
=}
£ 50
g
£ 40 375.22073
3 30 R=Z531004
20
10
Oxyxxwxxwxwyxwxwwwxwxwxwywxwwywxwxyiwxwxyxwxwywwxwyxwxwywxwwywxwxywxwxywxwxywwwx
340 345 350 355 360 365 370 375 380 385 390 395 400 405 410 415
m/z
FRG-12-0812#91-140 RT: 0.40535-0.62375 AV: 50
T: FTMS + p ESI Full ms [50.0000-750.0000]
m/z= 338.51753-419.33520
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
339.34504 3398622.3 0.28 56157.29 1.00
345.20747 2502963.3 0.20 56765.80 1.00
359.31540 2246370.5 0.18 59568.80 1.00
373.21336 1226886656.0 100.00 55345.56 1.00 -0.43 C22 H2s Ng
374.21669 280180864.0 22.84 55094.97 1.00
375.22073 29588268.0 2.41 53003.95 1.00
376.22454 2035046.0 0.17 52272.58 1.00
373.21336 NL:
R=55346 1.21E9
z=1 FRG-12-0812#91-140
C22H25Ng RT: 0.40535-0.62375
3 -0.43187 ppm AV:50 T: FTMS +p
c 100 ESI Full ms
o [50.0000-750.0000]
3 374.21669
< 50 R=55095 375.22073
2 z=1 R=53004
© A z=1
e 0 NL:
7.70E5
373.21352 Coo Hoa Ng +H:
C22Ha5Ng CZiHigNZ
100 0.00000 ppm pa Chrg 1
50
374.21688
375.22023
O I L L A e S wxwxywxwxyw'ﬁ”wywﬁwwywwwwywxwxywx
372.0 3725 373.0 3735 374.0 3745 375.0 375.5 376.0 376.5

m/z



D:\data\maoxuefeng\2023\FRG-13-0812

FRG-13-0812 #104-143 RT: 0.46313-0.63695 AV: 40 NL: 6.71E8
T: FTMS + p ESI Full lock ms [50.0000-750.0000]

08/12/25 17:29:24

373.21353
R=54234
z=1
C22Ha5Ng
100 0.03050 ppm
90
80
8 70
®
T 60
£ 50
g
£ 40 375.22072
/
20 338.34170 359.19801
10 R=57275 R=55856
z=1 z=? /
0 V'w"w"'x"'x""y"w"w"w”w"'y"w"w"w"w”'y"w"w"w"w"w"w”w"lw"w"'y"w'"x"w"w"'y"w"w”w'”"'y"' SRAN AR RARE RRRERRRN
330 340 350 360 370 380 390 400 410
m/z
FRG-13-0812#104-143 RT: 0.46313-0.63695 AV: 40
T: FTMS + p ESI Full lock ms [50.0000-750.0000]
m/z= 328.54054-452.73826
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
331.28420 4134396.8 0.61 57550.72 1.00
338.34170 7247042.0 1.06 57275.41 1.00
359.19801 5040519.5 0.74 55855.93 0.00
373.21353) 681314752.0 100.00 54233.77 1.00 0.03 C22H25Ns6
374.21691 157715520.0 23.15 53093.59 1.00
375.22072 17531518.0 2.57 55640.39 1.00
440.23075 8646957.0 1.27 50089.94 1.00
373.21353 NL:
R=54234 6.71E8
z=1 FRG-13-0812#104-143
C22H25Ng RT: 0.46313-0.63695
3 0.03050 ppm AV:40 T: FTMS + p ESI
c 100 Full lock ms
° [50.0000-750.0000]
3 374.21691
< 50 R=53094 375.22072
B z=1 R=55640
© A z=1
e 0 NL:
7.70E5
373.21352 Coo Hoa Ng +H:
C22HasNg CziHigNZ
100 0.00000 ppm pa Chrg 1
50
374.21688
375.22023
0wxwywxwwywxwxywxwxywxwwywwxmwywﬁwwywwwwywwwwyww
3725 373.0 373.5 374.0 3745 375.0 375.5 376.0 376.5

m/z



D:\data\maoxuefeng\2023\FRG-14-0812

FRG-14-0812 #90-143 RT: 0.40090-0.63712 AV: 54 NL: 5.23E8
T: FTMS + p ESI Full lock ms [50.0000-750.0000]

08/12/25 17:34:56

377.17196
R=55800
z=1
C20H21 O2Ng
100 -0.23780 ppm
90
80
8 70
@
2 60
£ 50
(O]
2 40
©
2 30 399.15385
R=54144
20 373.21379 379.17897 z=1
10 R=56515 R=52474 C20H2002Ng Na
z=1 =1 -0.37539 ppm
nywwywwwxywxwxywwwxywwx'wywxwxywxwxywwwwywxwwywxwywxwwywwxw
350 355 360 365 370 375 380 385 390 395 400 405
m/z
FRG-14-0812#90-143 RT: 0.40090-0.63712 AV: 54
T: FTMS + p ESI Full lock ms [50.0000-750.0000]
m/z= 349.95971-409.11366
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
359.31565 2307186.3 0.44 57027.27 1.00
371.10139 2382765.0 0.45 55843.56 1.00
373.21379 6628010.0 1.26 56514.50 1.00
377.17196 524946592.0 100.00 55799.70 1.00 -0.24 C20H2102Ng
378.17552 112278016.0 21.39/55751.68 1.00
379.17897 11807291.0 2.25 52473.66 1.00
399.15385 3193967.0 0.61 54143.61 1.00 -0.38 C20H2002NgNa
377.17196 NL:
R=55800 5.23E8
z=1 FRG-14-0812#90-143
C20H2102Ns RT: 0.40090-0.63712
8 -0.23780 ppm AV: 54 T: FTMS + p ESI
c 100 Full lock ms
© [50.0000-750.0000]
3 378.17552
< 50 R=55752 379.17897
2 z=1 R=52474
© J\ z=1
g 0 NL:
7.83E5
37717205 Coo Hog Ng O +H:
C20H2102Ns ngHi?Nzoi
100 -0.00000 ppm pa Chrg 1
50
378.17541
379.17876
wawwwywwwwywwwwwxwxywxwwywxmwwyw‘wxwywxwxywxwxywx
376.0 376.5 377.0 3775 378.0 3785 379.0 379.5 380.0 380.5

m/z



D:\data\maoxuefeng\2023\FRG-15-0813

FRG-15-0813 #164-232 RT: 1.05727-1.36036 AV: 69 NL: 1.69E7

T: FTMS - p ESI Full ms [150.0000-900.0000]

08/13/25 17:09:10

411.13245
R=52887
z=1
C21H15 02 N3
100 0.25698 ppm
90
80
8 70
3 60 401.10348
g R=54050
£ 50 365.12661 z=1
o R=56146 C20H14NgCl
2 40 b 016812 ppm 413.13961
2 30 C20H13Ng ' 10310022 R=50;185
-0.68861 ppm 3. z
20 368.97649  379.10603 Re52022 | 128, 122°
10 R=54674 R=54094 o1
I A L I I I L L I I L I I L L L L I I I I I I L I I I L R L I I R R LN RN R LR LN RN RN RN RN RAR
340 350 360 370 380 390 400 410 420 430
m/z
FRG-15-0813#164-232 RT: 1.05727-1.36036 AV: 69
T: FTMS - p ESI Full ms [150.0000-900.0000]
m/z= 339.84802-430.07991
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
365.12661 3519152.8 20.79 56146.37 1.00 -0.69 C20H13Ns
366.13063 724118.9 4.28 56065.25 1.00
401.10348 5493875.0 32.45 54049.54 1.00 -0.17 C20H14NgCl
402.10737 1155609.1 6.83 53281.16 1.00
403.10022 1719388.4 10.16 52521.64 1.00
411.13245 16929640.0 100.00 52886.67 1.00 0.26 C21H1502Ns
412.13625 3895569.0 23.01/53290.93 1.00
413.13961 457768.2 2.70 50484.061 1.00
428.12253 824384.5 4.87 52342.58 1.00
365.12661 NL:
R=56146 3.51E6
z=1 FRG-15-0813#164-232
Ca0H13Nsg RT: 1.05727-1.36036
8 -0.68861 ppm AV:69 T: FTMS - p ESI
c 100 Full ms
g [150.0000-900.0000]
3 366.13063
£ 50 R=56065 367.13435
o z=1 R=56630
ks A z=1
e 0 NL:
7.82E5
365.12687 Coo Hia Ng:
C2H13Nsg CigHgNz
100 0.00000 ppm pa Chrg -1
50
366.13022
367.13358
Owywwwwywwxwywxwwywxwxywwxwyﬁ”wwyw‘wxwywxwxywxwwyw
364.0 364.5 365.0 365.5 366.0 366.5 367.0 367.5 368.0 368.5

m/z



D:\data\maoxuefeng\2023\FRG-16-0812 08/12/25 17:40:25

FRG-16-0812 #34-124 RT: 0.15114-0.55227 AV: 91 NL: 3.74E7
T: FTMS + p ESI Full ms [50.0000-750.0000]

485.11551
R=47592
z=1
C20H1502N6Fs

100 -0.01144 ppm

90

80
8 70
©
T 60
>
£ 50
2
£ 40 486.11897
= 7=

20 479.48188 487.12182 507.51375

10 R=49806 R=46928 R=48158

z=1 _z=1 721
Oxwwwywxwxywxwxywxww'ywxwxywwlwxyxwwwywwxwywwxwywx'wwywxwwywwx
465 470 475 480 485 490 495 500 505 510 515

m/z

FRG-16-0812#34-124 RT: 0.15114-0.55227 AV: 91
T: FTMS + p ESI Full ms [50.0000-750.0000]
m/z= 460.72274-518.86758

m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
479.48188 458925.1 1.1949805.91 1.00
485.11551 38645320.0 100.00 47592.47 1.00 -0.01 C20H1502 N6 Fo
486.11897 8323673.5 21.54 48104.86 1.00
487.12182 995876.0 2.58 46927.53 1.00
507.51375 531835.2 1.3848158.02 1.00
485.11551 NL:
R=47592 3.74E7
z=1 FRG-16-0812#34-124
C20H15 02NgFp RT: 0.15114-0.55227
8 -0.01144 ppm AV: 91 T: FTMS + p
c 100 ESI Full ms
© [50.0000-750.0000]
3 486.11897
2 50 R=48105 487.12182
< z=1 R=46928
© jL z=1
g ° NL:
7.84E5
485.11552 Co2oH14FsNgO2 +H:
C20H15 02NgFp ngHEFZNzoi
100 -0.00000 ppm pa Chrg 1
50
486.11887
487.12223
0\wxwxywwxwywxwwywxwxywxwwywquwwyw‘wwxywxwxywxwwyw
484.0 484.5 485.0 485.5 486.0 486.5 487.0 487.5 488.0 488.5

m/z



D:\data\maoxuefeng\2023\FRG-17-0812

08/12/25 17:45:44

FRG-17-0812 #88-138 RT: 0.39182-0.61466 AV: 51 NL: 5.90E7
T: FTMS + p ESI Full ms [50.0000-750.0000]

454.99199
R=50955
100 z=1
90
80
8 70
s 456.98892
€ 60 R=51024
£ 50 z=1
(O]
2 40
©
S 30
o 458.98567
20 44137261 44512015 R=50027 479.48237
10 R=52365 R=51680 R=47676
z=1 z=1 A I | ) z=1
O e N B B s B s s B By B s B s e s B B s B B e B S Sy B m s e e e |
440 445 450 455 460 465 470 475 480
m/z
FRG-17-0812#88-138 RT: 0.39182-0.61466 AV: 51
T: FTMS + p ESI Full ms [50.0000-750.0000]
m/z= 435.91160-482.84386
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
452.99504 46406568.0 78.69 49356.75 1.00 0.01 C18H13NgCla4
453.12562 1083604.9 1.84 48789.35 1.00
453.99885 8767143.0 14.87 48280.71 0.00
454 ,99199 58974152.0 100.00 50955.24 1.00
455.99580 10938605.0 18.5547161.52 1.00
456.98892 27763572.0 47.08 51023.62 1.00
457.99279 5142931.5 8.72 47637.54 1.00
458.98567 5804767.0 9.84 50627.45 1.00
459.98955 1094182.4 1.86/49287.75 1.00
NL:
452.99504 5.90E7
R=49357 454.99199 FRG-17-0812#88-138
z=1 R=50955 RT: 0.39182-0.61466
® =1 AV: 51 T:FTMS +p
2 100 C1gH13Ng Cls z ESI Full ms
g 0.01109 ppm 10098852 [50.0000-750.0000]
3 453.99885 455.99580 =1
< 50 R=48281 R=47162 452'5%%52677 459.98955 460.98248
2 727 z=1 e R=49288 R=50380
5, A l ! n z=1 z=1
& NL:
3.39E5
C1g8H12Clg Ng +H:
452.99503 C1s8H13Cls Ng
100 C1sH13Ng Clg 454.99208 pa Chrg 1
-0.00000 ppm
50 456.98913
453.99839 455.99544
J 457:.19%249 458.9L8618 459.98954 460.98323
O T s s s s s s s s B s s s s s B B B B s e s s B B B B B By B
452 453 454 455 456 457 458 459 460 461 462

m/z



D:\data\maoxuefeng\2023\FRG-18-0812

FRG-18-0812 #1-72 RT: 0.00407-0.32053 AV: 72 NL: 4.99E8

T: FTMS + p ESI Full ms [150.0000-750.0000]

08/12/25 17:55:03

454.99211
R=52701
100 21
90
80
8 70
2 60 456.98869
3 R=50892
< 50 z=1
(O]
2 40
S
2 30
o 458.98534
20 R=50435
° L
L e L s e s s s s s By s LB e e s e s syt T T T T T 1 T 11
425 430 435 440 445 450 455 460 465 470 475 480 485 490
m/z
FRG-18-0812#1-72 RT: 0.00407-0.32053 AV: 72
T: FTMS + p ESI Full ms [150.0000-750.0000]
m/z= 424.68972-493.13842
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
452.99534 389217344.0 77.76/51733.34 1.00 0.67 C18H13 NgClg
453.99839 74481576.0 14.88 49356.25 0.00
454 .99211 500554240.0 100.00 52701.42 1.00
455.99498 95648288.0 19.11 50855.40 1.00
456.98869 231596256.0 46.27/50891.77 1.00
457.99192 45338800.0 9.06/50304.50 1.00
458.98534 47740372.0 9.5450435.32 1.00
459.98905 9625369.0 1.92 49758.91 1.00
460.98130 3577449.5 0.71 48344.50 1.00
NL:
452.99534 4.99E8
R=51733 454.99211 FRG-18-0812#1-72
7z=1 R=52701 RT: 0.00407-0.32053
§100 C18H13Ng Cly z=1 ,I’-E\\S/I ;iuT,:«nFSTMSpr
S 0.67121 ppm 496.98869 [150.0000-750.0000]
= R=50892 : :
3 5 453.99839 455.99498 ,_4 458.98534
< = R=50855 © 459.98905 460.98130
< R=49356 R=50435
= z=? Z;,j, 7=1 R=49759 R=48345
© 0 | A | | z=1 _z=1
4 NL:
3.39E5
C1g8H12Clg Ng +H:
452.99503 C1s8H13Cls Ng
100 C1g8H13NgCly 454.99208 pa Chrg 1
-0.00000 ppm
50 456.98913
453.99839 455.99544
J 437.9,,9549 458.%8618 459.98954 460,98323
O 1L e e s e s s B B e e I s s Iy s B B B s By B B
451 452 453 454 455 456 457 458 459 460 461 462

m/z



D:\data\maoxuefeng\2023\FRG-19-0812 08/12/25 18:01:00

FRG-19-0812 #35-131 RT: 0.15578-0.58367 AV: 97 NL: 9.82E6
T: FTMS + p ESI Full ms [199.6000-900.0000]

632.78912
R=42890
100 221
90 630.79109
80 R=44333 | 634.78707
© z=1 R=43138
g 70 z=1
@
S 60
% 50 628.79328
2 40 R=44360
3 30 z=1 636.78480
o C1sH13NgBrg R=41679
20 619.59658 0.48637 ppm 7=1 645.61258 653.56598
10 R=42768 R=42184 R=42371
z=1 ‘ [ z=1 z=1
0 " " 1 1 l [ N | J ol o . | I S B |
I O B ) B B O N O S S ) B O O B B O B N O N E O S S B ) B B R BN BN R
615 620 625 630 635 640 645 650 655
m/z
FRG-19-0812#35-131 RT: 0.15578-0.58367 AV: 97
T: FTMS + p ESI Full ms [199.6000-900.0000]
m/z= 610.37695-658.19017
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
619.59658 529529.6 5.2942767.77 1.00
628.79328 1791044.0 17.88 44360.18 1.00 0.49 C18H13 NgBrg
630.79109 6956874.0 69.44 44332.73 1.00
631.79436 1418314.1 14.16 43613.69 1.00
632.78912 10018820.0 100.00 42889.79 1.00
©633.79203 2068909.6 20.65 43861.21 1.00
634.78707 6500089.0 64.88 43138.05 1.00
635.79004 1332273.8 13.30 43693.89 1.00
636.78480 1557102.9 15.54 41679.38 1.00
NL:
9.82E6
632.78912 FRG-19-0812#35-131
R=42890 RT: 0.15578-0.58367
© 630.79109 =1 AV:97 T: FTMS + p ESI
g 100 628.79328 R=44333 ‘ AR Full ms
3 R=44$60 z=1 7=1 7=1 [199.6000-900.0000]
3 z= / 636.78480
< 50 C1sH13NgBrs 632473964116 / R=41679 637.78777
2 0.48637 ppm 2=1 / z=1 R=42445
g . ] N | 2=
14 NL:
3.02E5
C1sH12Br4 Ng +H:
C1sH13BrsNg
100 632.78888 pa Chrg 1
630.79092
628.79297 634.78683
50 C1gH13NgBrg
0.00000 ppm 633.79223 636.78478
pp 631 .19428 L : 637.76514
0 HUwHUwHUH‘IUHwUHwUHwUwHU5r1HUHWUHW[HM[HH[HHU
627 628 629 630 631 632 633 634 635 636 637 638 639 640

m/z



D:\data\maoxuefeng\2023\FRG-19-0812

08/12/25 18:01:00

FRG-19-0812 #155-249 RT: 0.94614-1.36511 AV: 95 NL: 5.30E5
T: FTMS - p ESI Full ms [199.6000-900.0000]

676.78024
R=41178
100 2=
90
80 666.75142 6,;2;171%21029 678.77799
" R=41701 7=1 R=39805
g 70 z=1  668.74905 z=1
2 60 R=40845
E 664.75335 z=1
< 90 R=41391
:‘2_" 40 z=1
© 670.74690
2o ey
20 z=1 z=1
° L] N ’ |
(0 e R S B xw'xwwxwwywxwxwxlwxwlxxxyxxwy T T lyw T T T T T T T 171
656 658 660 662 664 666 668 670 672 674 676 678 680 682 684 686 688
m/z
FRG-19-0812#155-249 RT: 0.94614-1.36511 AV: 95
T: FTMS - p ESI Full ms [199.6000-900.0000]
m/z= 662.00257-673.50789
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
662.75542 48594 .6 13.99 41026.061 1.00 0.48 Ci1gsH12 NgBr4 Cl
664.75335 210717.1 60.66/41391.06 1.00
665.756068 42535.5 12.24 41203.68 1.00
666.75142 347395.5 100.00/41700.55 1.00
667.75439 71142.6 20.48 40100.37 1.00
668.74905 278033.5 80.03 40844.80 1.00
669.75251 56698.9 16.32 40467.63 1.00
670.74690 106623.2 30.69 39657.38 1.00
672.78426 90737.2 26.12 41612.05 1.00 0.55 C19H1302N¢Brg
NL:
3.46E5
666.75142 FRG-19-0812#155-249
R=41701 RT: 0.94614-1.36511
g 7=1 622470%94%5 AV: 95 T: FTMS - p ESI
g 100 662.75542 0042330 o Full ms
S R=41027 b 70.74690 [199.6000-900.0000]
3 z=1 665.75668 667.75439 669.75251 R=39657
< C1sH12NgBra Cl R=41204 R=40100 R=40468  ,=q  ©/1.75016
2 0.4844AQ ppm z=1 ZT z=1 A R‘sﬂ 02
© 1 2
g 0 NL:
2.29E5
C1sH12Br4 NgCl:
C1sH12Br4sNg Cl4
100 666.75100 pa Chrg -1
664.75305
662.75510 668.74896
50 C1sH12NgBr4 Cl
-0.00000 667.75436 670.74601
ppm 665.75640 669.751231 | 71749
wawwwywxwwywxw‘wywxwxywxwwywxwwywxﬁwywwxwywxwxywxwxywxwﬂywx
661 662 663 664 665 666 667 668 669 670 671 672

m/z



D:\data\maoxuefeng\2023\FRG-20-0813

FRG-20-0813 #1-67 RT: 0.00424-0.29841 AV: 67 NL: 3.39E8
T: FTMS + p ESI Full ms [120.0000-900.0000]

08/13/25 11:09:13

534.99142
R=45981
100 2=
90
80
8 70
< 536.98905
g 60 R=45172
< 50 z=1
(O]
2 40
©
[0)
30 537.99203
20 R=45814
71 551.50323
10 R=44148
} } z=1
L0 e e A s e s s s B s B s B B s s B B s s s s By s B By s
510 515 520 525 530 535 540 545 550 555 560 565
m/z
FRG-20-0813#1-67 RT: 0.00424-0.29841 AV: 67
T: FTMS + p ESI Full ms [120.0000-900.0000]
m/z= 509.88084-565.43774
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
532.99355 177064528.0 51.6346876.05 1.00 0.88 C20H1902Ng Brz
533.99660 39346520.0 11.47 46329.97 1.00
534.99142 342933152.0 100.00 45980.63 1.00
535.99422 77285992.0 22.54 46644 .80 1.00
536.98905 165912208.0 48.3845171.51 1.00
NL:
3.39E8
534.99142 FRG-20-0813#1-67 RT:
532.99355 R=45981 0.00424-0.29841 AV:
g R=46876 7=1 67 T: FTMS + p ESI Full
c 100 z=1 536.98905 ms [120.0000-900.0000]
ke C20H1902NgBrz R=45172
C
3 0.88277 ppm 535.99422 721 537 99203
< 50 R=46645 Reasais  538.99376
2 z=1 o R=42588
g L | A z=1
4 NL:
3.92E5
C20H1g Bra Ng Oz +H:
534.99103 O s raNe Oz
100 532.99308 ' pa Chrg 1
C20H19 02 NgBrz
50 0.00000 ppm 536.98898
535.99438
533.39643 5 537.%9234 538.99569
O 7 T T T T T L L L L L L L T L L L L L L L L L L L L L L
532 533 534 535 536 537 538 539 540

m/z



D:\data\maoxuefeng\2023\FRG-21-0813 08/13/25 16:30:59

FRG-21-0813 #56-137 RT: 0.24936-0.61038 AV: 82 NL: 3.80E8
T: FTMS + p ESI Full ms [100.0000-750.0000]

421.05412
R=51946
z=1
C1sH13NgCl2F2
100 -0.02861 ppm
90
80 423.05087
© R=53661
g 70 2=1
®
T 60
£ 50
0 443.03600
% 40 R=49891
2 30 z=1
@ 425.04748 C1s Hiz Ng Cla F 2 Na
20 391.28388 411.39448 R=52822 -0.16524 ppm 453.16728
10 R=53701 R=51052 Z1 R=49861
2 = I | e
0ywwxwyw‘xwlxywxwxyw‘xwwywwwxyww‘ﬁwywxwxyxx\x'xxx[xwwwwaxwyww{%\ff{x[x{x“y{x
385 390 395 400 405 410 415 420 425 430 435 440 445 450 455
m/z
FRG-21-0813#56-137 RT: 0.24936-0.61038 AV: 82
T: FTMS + p ESI Full ms [100.0000-750.0000]
m/z= 384.67677-457.97167
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
411.39448 13494488.0 3.50 51052.38 1.00
421.05412 385939840.0 100.00 51945.68 1.00 -0.03 C1g8H13NgCl2 F>
422.05758 72422816.0 18.77 50003.50 1.00
423.05087 248854336.0 64.48 53660.93 1.00
424.05447 45255952.0 11.73 49229.61 1.00
425.04748 38481948.0 9.97 52821.51 1.00
443.03600 54118128.0 14.02 49890.52 1.00 -0.17 C18H12NegCl2F2Na
445.03294 34360360.0 8.90 51230.09 1.00
453.16728 12779475.0 3.31 49861.33 1.00
421.05412 NL:
R=51946 3.80E8
z=1 FRG-21-0813#56-137
C1sH13NgCl2F2 RT: 0.24936-0.61038
3 -0.02861 ppm 423.05087 AV: 82 T: FTMS + p ESI
5 100 R=53661 Full ms
b 7z=1 [100.0000-750.0000]
3 422.05758
2 50 R=50003 paproend Ty 42605159
2 z=1 721 e R=49936
= z=1 -
S | A I z=1
e 0 NL:
4.62E5
421.05413 C1aH1o Clo Fo Ng +H:
C1sH13NgCl2F2 C:EHEClinNZ
0.00000 ppm pa Chrg 1

100

423.05118

50

422.05749
424.05454 425.04823 426.05159

420 421 422 423 424 425 426 427
m/z



D:\data\maoxuefeng\2023\FRG-21-0813

08/13/25 16:30:59

FRG-21-0813 #162-223 RT: 0.94986-1.22174 AV: 62 NL: 4.53E7

T: FTMS - p ESI Full ms [100.0000-750.0000]

455.01622
R=48579
z=1
C1sH12Ng Clz F2
100 -0.09198 ppm
90
80
8 70
3 60 467.04160
§ R=50034
< 50 459.01002 z=1
2 40 R=51409
5 z=1
30
= 469.03818
20 R=48352 482.03494 493.30034
. L L r
L L L L L U L L L
420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500
m/z
FRG-21-0813#162-223 RT: 0.94986-1.22174 AV: 62
T: FTMS - p ESI Full ms [100.0000-750.0000]
m/z= 419.99797-503.71422
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
455.01622 47062796.0 100.00 48579.24 1.00 -0.09 C18H12 NgCl3 F>
456.01990 9087448.0 19.31 49595.4¢6 1.00
457.01321 44928648.0 95.47 48956.18 1.00
458.01678 8603462.0 18.28 48629.99 1.00
459.01002 14537227.0 30.89 51409.06 1.00
465.04458 33229140.0 70.61 49204.10 1.00 -1.03 C19H1302NsCl2F2
466.04837 6702257.0 14.24 48784.22 1.00
467.04160 21388400.0 45.45 50033.74 1.00
468.045306 4241757.0 9.01 46739.98 1.00
455.01622 NL:
R=48579 4.53E7
z=1 FRG-21-0813#162-223
C1gH12NgCl3F2 4,514%1935%1 RT: 0.94986-1.22174
8 -0.09198 ppm 721 AV: 62 T: FTMS - p ESI
c 100 Full ms
° 459 01002 [100.0000-750.0000]
5 456.01990 458.01678 R=51409
< 50 R=49595 R=48630 2=1  460.01393 461.00666
9 z=1 z=1 R=48924 R=49954
k- | A l 1 z=1
g 0 NL:
3.50E5
455.01626 C1gH12Cl3F2 Ng:
C1sH12Ng Clz F2 Cl:HzClgFiNZ
100 0.00000 ppm 457.01331 pa Chrg -1
%0 459.01036
456.01961 458.01666
‘ 460.01371 461.00741
O s s s B s s B By B B B B B mywx%wxthwxwxywxww[w
453 454 455 456 457 458 459 460 461 462 463

m/z



D:\data\maoxuefeng\2023\FRG-22-0813 08/13/25 16:44:00

FRG-22-0813 #10-108 RT: 0.04434-0.48112 AV: 99 NL: 1.73E8
T: FTMS + p ESI Full ms [100.0000-750.0000]

542.89164
R=45134
100 2=
90
80
8 70
@
T 60
£ 50 546.88621
° R=47510
E 40 z=1
2 30
548.88324 564.87329
20 R=45072 R=45397 568.86838
10 ’ 7=1 2=1 R=45867
0 o 4 N I I l/ I | I I l L izr1 J
I L L L L D L L L L L L L D L L L L L L L L L L L L L L L L L L L L L L L L L L L L L
520 525 530 535 540 545 550 555 560 565 570 575
m/z
FRG-22-0813#10-108 RT: 0.04434-0.48112 AV: 99
T: FTMS + p ESI Full ms [100.0000-750.0000]
m/z= 537.24619-561.33531
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
540.89399 69765568.0 38.90 45851.80 1.00 -0.02 C1gH13NgBr2Cl»
541.89734 13519376.0 7.5443966.14 1.00
542.89164 179333888.0 100.00 45133.63 1.00
543.89489 35232748.0 19.65 44023.21 1.00
544,88916 162278976.0 90.49 46510.48 1.00
545.89233 31934442.0 17.81 45855.45 1.00
546.88621 58168124.0 32.44/47510.02 1.00
547.88983 10949254.0 6.11 44043.18 1.00
548.88324 6768901.0 3.77 45072.32 1.00
NL:
1.73E8
542.89164 FRG-22-0813#10-108
540.89399 R=45134 5;24%8591106 RT: 0.04434-0.48112
S 100 R=45852 z=1 7=1 AF\\/II 99 T: FTMS + p ESI
c ull ms
5 C1gH13NgBr2Clo 543.89489 54589233 R=47510
< 50 -0.01681 ppm R=44023 R=45855 z=1 547.88983 548.88324
_g z=1 z=1 R=44043 R=45072
E 1 l R %;1 "ZF1
g 0 NL:
2.31E5
C1gH12Br2Cl2 Ng +H:
C18H13Br2Cla2 Ng
100 540.89400 542.89195 pa Chrg 1
C1gH13Ne Bra Cl2 544.88900
50 0.00000 ppm
543.80531 546.88696
541.89736 ' 545-819236 547.89031 548.88401
0ywxwwywwwxywxwx%wxwxywxwxywxwxywx"-:r” wxwywxwxﬂwxwxﬂwxwxywx
539 540 541 542 543 544 545 546 547 548 549 550

m/z



D:\data\maoxuefeng\2023\FRG-23-0813

FRG-23-0813 #70-139 RT: 0.31161-0.61915 AV: 70 NL: 6.05E8

T: FTMS + p ESI Full ms [150.0000-750.0000]

08/13/25 16:51:00

245.15092
R=67634
z=1
C12H47Nsg
100 -0.00186 ppm
90
80
8 70
®
2 60
£ 50
2 40 267.13267
S R=67483
¥ 30 z=1
C12H1s Ng Na
20 274.27381
217.14464 N _
109 R=74096 0.73844 ppm R—;3=71102
z=1 =
Owwaxywxwxywwxwywwwxywxwywxwwxwxwywxwxywxwy T T 1 xwwxwlyxwxwxwywxww
215 220 225 230 235 240 245 250 255 260 265 270 275 280 285
m/z
FRG-23-0813#70-139 RT: 0.31161-0.61915 AV: 70
T: FTMS + p ESI Full ms [150.0000-750.0000]
m/z= 213.73455-289.77878
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
217.14464 10415592.0 1.67 74096.06 1.00
245.15092 622411008.0 100.00 67634.48 1.00 -0.00 Ci12H17Ns
246.14791 12021798.0 1.93 68983.27 1.00
246.15380 81128824.0 13.03 70657.18 1.00
267.13267 70605960.0 11.34 67482.65 1.00 -0.74 Ci12H16NgeNa
268.13603 8904766.0 1.43 66804.46 1.00
274.27381 28321188.0 4.55 67101.64 1.00
245.15092 NL:
R=67634 6.05E8
z=1 FRG-23-0813#70-139
C12H17 Ng RT:0.31161-0.61915
3 -0.00186 ppm AV:70 T: FTMS + p ESI
c 100 Full ms
e [150.0000-750.0000]
3 246.15380
< 30 R=70657
2 z=1
o |
e 0 NL:
8.58E5
245.15092 C1oH1s Ng +H:
C1i2H17 Ng CEngNZ
100 -0.00000 ppm pa Chrg 1
50
246.15428
0 51
1 T T 1 [ T T T T | T T T T [ T T T T [ T °9 1T T [ T T T T [ T T T T T T T 1
244.0 244.5 245.0 245.5 246.0 246.5 247.0 2475

m/z



D:\data\maoxuefeng\2023\FRG-24-0813

FRG-24-0813 #33-105 RT: 0.14669-0.46761 AV: 73 NL: 7.32E8
T: FTMS + p ESI Full ms [150.0000-750.0000]

08/13/25 16:56:22

419.17274
R=53182
z=1
C24H19Ng
100 0.05417 ppm
90
80
8 70
®
T 60
£ 50
g 421.17896
T 40 R=49370
2 30 z=1 441.15446
/ R=50375
20 z=1 451.14460
10 C24H1g NgNa R=51589
| -0.47143 ppm z=1
Owwxxwwxwyxxwwyxxwwxwwywxwwywwxwywwxywwwyxwwyx'xwxywwxwyw'wxwywwxwy
390 395 400 405 410 415 420 425 430 435 440 445 450 455 460
m/z
FRG-24-0813#33-105 RT: 0.14669-0.46761 AV: 73
T: FTMS + p ESI Full ms [150.0000-750.0000]
m/z= 389.90520-460.20358
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
419.17274 735636608.0 100.00 53182.27 1.00 0.05C24H19Ns
420.17487 201094160.0 27.34/51327.16 1.00
421.17896 22176598.0 3.01 49370.30 1.00
441.15446 7996309.0 1.09 50374.98 1.00 -0.47 C24H1gNgNa
451.14460 9099833.0 1.24 51589.00 1.00
452.14827 2394434.8 0.3351992.86 1.00
457.12858 3200287.0 0.44 50538.99 1.00 -0.05 C24H18NgK
419.17274 NL:
R=53182 7.32E8
z=1 FRG-24-0813#33-105
C24H19Ns RT: 0.14669-0.46761
3 0.05417 ppm AV: 73 T: FTMS + p ESI
c 100 Full ms
g 420.17487 [150.0000-750.0000]
< 50 R=51327 421.17896
Q z=1 R=49370
© A z=1
e 0 NL:
7.48E5
419.17272 C24 H1g Ng +H:
C24H19Ng CiZH:ENz
100 -0.00000 ppm pa Chrg 1
50
420.17607
421.17943
OIIIIwxwxywxwxwwwywwwxywxmwwyw‘wxwywxwxywxwxywx
4185 419.0 4195 420.0 4205 421.0 4215 422.0 4225

m/z



D:\data\maoxuefeng\2023\FRG-25-0813

FRG-25-0813 #1-90 RT: 0.00407-0.40075 AV: 90 NL: 5.32E8

T: FTMS + p ESI Full ms [150.0000-750.0000]

08/13/25 17:01:42

529.23478
R=44886
z=1
C32H2902Nsg
100 0.24422 ppm
90
80
8 70
@
T 60
2 531.24046
< %0 R=44199
2 40 z=1
© 551.21634
ks / _ 567.19013
x 30 R ;13;102 R=45174
20 / C32H28 O2 Ng Na z=1
_ C32H2s O2Ng K
10 [ 0.45745 ppm -0.71812 ppm
O U R R R R R R R R R R Ll AN AR L RN AR RN AR AR REAN RRRN RARE RS AL RARN RS LARE RRRS LA RS
500 510 520 530 540 550 560 570 580
m/z
FRG-25-0813#1-90 RT: 0.00407-0.40075 AV: 90
T: FTMS + p ESI Full ms [150.0000-750.0000]
m/z= 494.66513-580.20304
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
529.23478 549321664.0 100.00 44886.16 1.00 0.24 C32H2902N¢
530.23746 200181776.0 36.44 45081.15 1.00
531.2404¢6 34886752.0 6.35/44198.80 1.00
532.24317 4206590.0 0.77 43470.64 1.00
551.21634 39190168.0 7.13 46401.55 1.00 -0.46 C32H2802N¢Na
552.21970 13604597.0 2.48 43836.00 1.00
553.22207 2407414.0 0.44 44606.48 1.00
567.19013 18327288.0 3.34 45174.27 1.00 -0.72 C32H2802N6K
568.19348 6428656.0 1.17 44967.75 1.00
529.23478 NL:
R=44886 5.32E8
z=1 FRG-25-0813#1-90
Cs32H2902Nsg RT: 0.00407-0.40075
8 0.24422 ppm AV:90 T: FTMS + p
c 100 ESI Full ms
° 530.23746 [150.0000-750.0000]
3 R=45081
2 50 z=1 531.24046 532.24317
g R=44199 R=43471
S A z=1 z=1
e 0 NL:
6.88E5
529.23465 C32H2s Ng Op +H:
C32H2902Nsg CZiHigNzoi
100 0.00000 ppm pa Chrg 1
50 530.23801
531.24136 532 24479
OINI[NNIN[NIIN[INI[INII[NIN[NI1N51[ININ[I'NIN[N T T T T T [T
528.5 529.0 529.5 530.0 530.5 531.0 531.5 532.0 532.5 533.0 533.5

m/z
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