Supplementary Information (Sl) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2025

Supporting Information

Bipyrrole Scaffold Made Easy from Diyne

Wentao Zhang?, Luyao Wang?, Yufeng Zhous, Zhifang Chen®, Heng-Ying Xiong* and
Guangwu Zhang*

College of Chemistry and Chemical Engineering, Henan University, Kaifeng, 475004 (China)

E-mail: xionghengying@vip.henu.edu.cn, gw.zhangchem@hotmail.com


mailto:gw.zhangchem@hotmail.com

Table of contents

1. General INTOIMATION. ......ovuiiiiiiiriieieeie ettt sttt e b enees S2
2. IMLETIALS. ..ottt ettt st S2
3. Optimization of Cycloaddition Reaction Conditions. ............ccceeeveeriierrienrienvennnens S2
4. General procedure for the synthesis of derivatives 3. .........ccccceeeieriienieniiieneeniean, S3
5. Purification and characterization of derivatives 3. .........ccccoveevenieninienieneeienene S4
6. Optimization of Dehydrogenation Reaction Conditions. ...........cccceecveeruverveenennne. S18
7. General procedure for the synthesis of derivatives 4. ..........cccoocvevevienieniieneennnnns S19
8. Purification and characterization of derivatives 4. ..........cccoceverierienenienierenene S19
9. procedure for the synthesis of derivative 5..........cccccvveiiieciieniiiiicieceeeeee e S27
10. General procedure for the synthesis of derivatives 6. ...........ccccoevvveviverieenneennen. S28
11. General procedure for the synthesis of derivatives 7, 8, 9. .......cccoccvvevveerienennne. S29
12. General procedures for control eXperiments. ...........cecveeveerieerieereeniieeneesveennen. S31
I3, RELETEINCES. ..ottt et S33
14. NMR spectra copies of the compounds 3. ..........cccoeviieiienieiiiieniecieeee e S34
15. NMR spectra copies of the compounds 4. ..........cccoevveeiierieiiiienieeieeee e S72
16. NMR spectra copies of the compounds 5, 6a, 6b, 7, 8,9, 10, 11........................ S93
17. HRMS copies of the compounds ...........c.eeeveeeiieiieniiieniienieeieeeie e e esieeseneens S102

S1



1. General information.

All reactions were carried out using oven-dried glassware and magnetic stirring under
argon gas unless otherwise stated. Reaction temperatures are reported as the
temperature of the bath surrounding the vessel. Analytical thin layer chromatography
was performed on silica gel aluminum plates with F-254 indicator and visualized by
UV light (254 nm). Column chromatography was performed using 200-300 mesh
silica gel. NMR spectra were recorded on AVANCE III HD 400 MHz or Bruker
AVANCE III 300 MHz spectrometer. Chemical shifts (J) are quoted in ppm relative
to TMS ('H) and CFCl; ("°F). Coupling constants (J) are quoted in Hz. The following
abbreviations were used to show the multiplicities: s: singlet, d: doublet, t: triplet, q:
quadruplet, m: multiplet. The residual solvent signals were used as references (CDCls:
on = 7.26 ppm, oc = 77.00 ppm or relative to external CFCls, or = 0 ppm).
High-resolution mass spectrometry (HRMS) was carried out on a Waters Xevo
G2-XS QTof.

2. Materials.

Toluene was distilled over sodium/benzophenone. Anhydrous o-xylene, TsOH, and
Cu20 was purchased from Innochem Ltd. Pyridine was purchased from Tianjin DeEn
Chemical Reagent Co., Ltd. W(CO)s was purchased from Titan Technology (Shanghai)
Co., Ltd. N-(methoxymethyl)-N-(trimethylsilylmethyl)-benzylamine was purchased
from Shanghai Haohong Biomedical Technology Co., Ltd. All the 1,3-diyne 1 were

synthesized according to the literature.!!!
3. Optimization of Cycloaddition Reaction Conditions.!!
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Entry Cat. (X mol%) Sol./Temp. (°C)/time (h) Yield(%)®!

1 Fe2(CO)o (10) o-xylene/140/12 33
2 Re2(CO)10 (10) o-xylene/140/12 40
3 Ru(CO)12 (10) o-xylene/140/12 26
4 Co2(CO)5 (10) o-xylene/140/12 29
5 Cr(CO)s (10) o-xylene/140/12 26
6 Mo(CO)(10) o-xylene/140/12 56
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7 Mn(CO) 10 (10) o-xylene/140/12 47

8 W(CO)s (10) o-xylene/140/12 85
9 Cu(OAc): (10) o-xylene/140/12 19
10 Pd(OAc): (10) o-xylene/140/12 28
11 WClg (10) o-xylene/140/12 39
12 - o-xylene/140/12 7

14 W(CO)s (10) toluene/140/12 68
15 W(CO)s (10) PhC1/140/12 66
16 W(CO)s (10) 1,4-Dioxane/140/12 37
17 W(CO)s (10) DMF/140/12 32
18 W(CO)s (10) NMP/140/12 29
19 W(CO)s (10) MeCN/140/12 36
20 W(CO)s (10) o-xylene/120/12 34
21 W(CO)s (10) o-xylene/130/12 51
22 W(CO)s (10) o-xylene/150/12 80
23 W(CO)s (10) o-xylene/140/6 37
24 W(CO)s (10) o-xylene/140/24 83
25l W(CO)s (10) o-xylene/140/12 36
264 W(CO)s (10) o-xylene/140/12 78

Reaction conditions: [a]l,3-diyne 1a (0.2 mmol, 1.0 equiv.), N-(methoxymethyl)-N-
(trimethylsilylmethyl)-benzylamine 2 (1.2 mmol, 6.0 equiv.), indicated catalyst (0.02 mmol, 10
mol%), in indicated solvent (2 mL), under Ar, at indicated temperature for 12 h. [b]Isolated yield.

[c]1,3-diyne la (0.2 mmol, 1.0 equiv.), N-(methoxymethyl)-/N-
(trimethylsilylmethyl)-benzylamine 2 (1.2 mmol, 2.0 equiv.), indicated catalyst (0.02 mmol, 10
mol%), in indicated solvent (2 mL), under Ar, at indicated temperature for 12 h. [d]1,3-diyne 1a
(0.2 mmol, 1.0 equiv.), N-(methoxymethyl)-N- (trimethylsilylmethyl)-benzylamine 2 (1.2 mmol,
5.0 equiv.), indicated catalyst (0.02 mmol, 10 mol%), in indicated solvent (2 mL), under Ar, at

indicated temperature for 12 h.

4. General procedure for the synthesis of derivatives 3.

W(CO)s (10 mol%)

(==t e ¥
— — +
== — TMS.__N._ _OMe

g o-xylene, 140°C, 12 h

1 2 3

An oven-dried 25 mL schlenk tube equipped with a stirring bar was transferred into

glovebox (through standard glovebox operation), where W(CO)s (0.02 mmol, 7.0 mg,

0.1 equiv.) was added. The tube was then removed from glovebox and placed under

Ar. Then 1,3-diyne 1 (0.2 mmol, 1.0 equiv.),

N-(methoxymethyl)-N-(trimethylsilylmethyl)-benzylamine 2 (1.2 mmol, 6.0 equiv.),
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and o-xylene (2 mL) were added subsequently to the test tube under Ar. The resulting
reaction mixture was stirred at 140 °C for 12 h. After reaction completed, the mixture
was cooled down to room temperature, and the volatiles were removed under reduced
pressure. The residue was then purified by flash column chromatography on silica gel
to give the desired product 3.

5. Purification and characterization of derivatives 3.

3a

1,1'-dibenzyl-4,4'-diphenyl-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole 3a. The
product was purified by flash column chromatography on silica gel (height 23 cm,
width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow
oil (85%, 79.6 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.44. "TH NMR (400
MHz, CDCl3) 6 7.39 — 7.18 (m, 20H), 3.95 — 3.84 (m, 4H), 3.84 — 3.73 (m, 4H), 3.65
— 3.52 (m, 4H). BC NMR (101 MHz, CDCl;) ¢ 139.23, 136.04, 135.18, 130.55,
128.68, 128.38, 128.27, 127.38, 127.03, 126.94, 62.90, 62.81, 60.40. HRMS (ESI)
caled for C3sH33Ny>" m/z 469.2644 [M+H]", Found 469.2647.

3b

1,1'-dibenzyl-4,4'-di-p-tolyl-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole 3b. The
product was purified by flash column chromatography on silica gel (height 23 cm,
width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow
oil (85%, 84.4 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.41. "TH NMR (400
MHz, CDCl3) 6 7.34 — 7.18 (m, 14H), 7.11 — 7.03 (m, 4H), 3.92 — 3.83 (m, 4H), 3.82
— 3.73 (m, 4H), 3.62 — 3.49 (m, 4H), 2.31 (s, 6H). 3C NMR (101 MHz, CDCl;) ¢
139.33, 137.16, 135.70, 132.35, 129.94, 129.02, 128.72, 128.37, 127.02, 126.88,
62.90, 62.78, 60.46, 21.34. HRMS (ESI) calcd for C36H37N2" m/z 497.2951 [M+H]",
Found 497.2946.
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3c

1,1'-dibenzyl-4,4'-bis(4-ethylphenyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole
3c. The product was purified by flash column chromatography on silica gel (height 23
cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a
white solid (75%, 78.6 mg), mp 105.8-107.1 °C. Ry (petroleum ether/ethyl acetate =
5:1): 0.45. 'TH NMR (400 MHz, CDCl3) ¢ 7.31 — 7.26 (m, 2H), 7.25 — 7.20 (m, 8H),
7.20 — 7.11 (m, 4H), 7.03 (d, J = 7.6 Hz, 4H), 3.84 (t, J = 3.8 Hz, 4H), 3.73 (s, 4H),
3.52 (t, J = 3.8 Hz, 4H), 2.55 (q, J = 7.6 Hz, 4H), 1.16 (t, J = 7.6 Hz, 6H). 3C NMR
(101 MHz, CDCl3) ¢ 143.46, 139.36, 135.63, 132.57, 129.95, 128.70, 128.35, 127.78,
126.99, 126.92, 62.93, 62.77, 60.47, 28.68, 15.57. HRMS (ESI) calcd for C3sH4iN>*
m/z 525.3264 [M+H]", Found 525.3270.

3d

1,1'-dibenzyl-4,4'-bis(4-propylphenyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3"-bipyrrole
3d. The product was purified by flash column chromatography on silica gel (height 23
cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a
yellow oil (82%, 90.7 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.47. '"H NMR
(400 MHz, CDCl3) 6 7.29 — 7.24 (m, 4H), 7.23 — 7.17 (m, 8H), 7.17 — 7.10 (m, 2H),
7.03 — 6.96 (m, 4H), 3.83 (t, J = 3.6 Hz, 4H), 3.71 (s, 4H), 3.52 (t, J = 4.0 Hz, 4H),
2.47 (t, J= 6.8 Hz, 4H), 1.62 — 1.48 (m, 4H), 0.86 (t, J= 7.2 Hz, 6H). 1*C NMR (101
MHz, CDClz) ¢ 141.92, 139.41, 135.72, 132.65, 129.98, 128.72, 128.41, 128.39,
127.02, 126.87, 63.00, 62.82, 60.51, 37.90, 24.54, 13.96. HRMS (ESI) calcd for
C40H4sN2" m/z 553.3577 [M+H]", Found 553.3567.

3e
1,1'-dibenzyl-4,4'-bis(4-butylphenyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole
3e. The product was purified by flash column chromatography on silica gel (height 23
cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a
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yellow oil (69%, 80.2 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.37. '"H NMR
(400 MHz, CDCl3) 6 7.33 — 7.21 (m, 14H), 7.07 (d, J = 7.6 Hz, 4H), 3.89 (t, J = 4.0
Hz, 4H), 3.78 (s, 4H), 3.57 (t, J = 3.6 Hz, 4H), 2.56 (t, /= 7.6 Hz, 4H), 1.61 — 1.52 (m,
4H), 1.39 — 1.28 (m, 4H), 0.92 (t, J = 7.2 Hz, 6H). 13C NMR (101 MHz, CDCl3) ¢
142.10, 139.32, 135.61, 132.50, 129.86, 128.66, 128.32, 128.27, 126.95, 126.80,
62.90, 62.73, 60.45, 35.43, 33.57, 22.39, 14.02. HRMS (ESI) calcd for C4H4gN>Na*
m/z 603.3710 [M+Na]*, Found 603.3718.

3f

1,1'-dibenzyl-4,4'-bis(4-(tert-butyl)phenyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyr
role 3f. The product was purified by flash column chromatography on silica gel
(height 23 cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to
5:1) as a white solid (69%, 80.2 mg), mp 186.2-187.1 °C. Ry (petroleum ether/ethyl
acetate = 5:1): 0.41. "TH NMR (400 MHz, CDCl3) 6 7.34 — 7.26 (m, 12H), 7.25 - 7.19
(m, 6H), 3.90 (t, J = 4.0 Hz, 4H), 3.79 (s, 4H), 3.58 (t, /= 3.6 Hz, 4H), 1.29 (s, 18H).
13C NMR (101 MHz, CDCl3) § 150.16, 139.33, 135.36, 132.22, 129.99, 128.65,
128.31, 126.94, 126.55, 125.10, 62.90, 62.70, 60.45, 34.56, 31.30. HRMS (ESI) calcd
for C42H4oN2" m/z 581.3890 [M+H]", Found 581.3880.

39
1,1'-dibenzyl-4,4'-bis(4-pentylphenyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole
3g. The product was purified by flash column chromatography on silica gel (height 23
cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a
yellow oil (80%, 97.4 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.52. "H NMR
(400 MHz, CDCl3) 6 7.34 — 7.26 (m, 10H), 7.25 — 7.21 (m, 4H), 7.07 (d, J = 6.4 Hz,
4H), 3.89 (t, J = 4.0 Hz, 4H), 3.79 (s, 4H), 3.58 (t, /= 4.0 Hz, 4H), 2.56 (t, /= 8.0 Hz
4H), 1.61 — 1.55 (m, 4H), 1.37 — 1.27 (m, 8H), 0.89 (t, J = 6.8 Hz, 6H). 13C NMR
(101 MHz, CDCl3) ¢ 142.19, 139.23, 135.62, 132.45, 129.79, 128.68, 128.33, 128.28,
126.98, 126.80, 62.86, 62.69, 60.43, 35.72, 31.55, 31.12, 22.59, 14.09. HRMS (ESI)
calcd for C44Hs3sNo™ m/z 609.4203 [M+H]", Found 609.4198.
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3h

4,4'-di([1,1'-biphenyl]-4-yl)-1,1'-dibenzyl-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrr
ole 3h. The product was purified by flash column chromatography on silica gel
(height 23 c¢m, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to
5:1) as a yellow oil (75%, 93.0 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.32. 'H
NMR (400 MHz, CDCls) ¢ 7.55 (d, J = 7.2 Hz, 4H), 7.49 (d, J = 8.4 Hz, 4H), 7.46 —
7.37 (m, 8H), 7.37 — 7.24 (m, 10H), 7.24 — 7.16 (m, 2H), 3.94 (t, /= 3.6 Hz, 4H), 3.81
(s, 4H), 3.65 (t, J = 3.6 Hz, 4H). 3C NMR (101 MHz, CDCls) ¢ 140.71, 140.03,
139.21, 135.64, 134.14, 130.82, 128.85, 128.72, 128.43, 127.36, 127.09, 126.99,
126.94, 62.90, 62.86, 60.44, one carbon was overlapped. HRMS (ESI) calcd for
Ca6Ha1N2" m/z 621.3270 [M+H]", Found 621.3275.

3
1,1'-dibenzyl-4,4'-bis(4-fluorophenyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole
3i. The product was purified by flash column chromatography on silica gel (height 23
cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a
white solid (81%, 81.7 mg), mp 155.7-157.3 °C. Ry (petroleum ether/ethyl acetate =
5:1): 0.46. 'TH NMR (400 MHz, CDCls) 6 7.34 — 7.29 (m, 7H), 7.27 — 7.19 (m, 7H),
6.98 — 6.86 (m, 4H), 3.83 (t, J = 4.0 Hz, 4H), 3.79 (s, 4H), 3.56 (t, J = 3.6 Hz, 4H).
F NMR (376 MHz, CDCI3) 6 -113.99 (s). 13C NMR (101 MHz, CDCls) 6 162.00 (d,
J=1248.3 Hz), 139.00, 135.22, 131.20 (d, J = 3.3 Hz), 129.93, 128.50 (d, J = 8.0 Hz),
128.52 (d, J = 23.7 Hz), 127.11, 127.00, 115.15 (d, J = 21.5 Hz), 62.86, 62.68, 60.28.
HRMS (ESI) calcd for C3sH31FoNo*™ m/z 505.2450 [M+H]*, Found 505.2446.

3j

1,1'-dibenzyl-4,4'-bis(4-methoxyphenyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrro
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le 3j. The product was purified by flash column chromatography on silica gel (height
23 cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 10:1 to 2:1) as a
yellow oil (79%, 83.5 mg). Ry (petroleum ether/ethyl acetate = 2:1): 0.53. "H NMR
(400 MHz, CDCl3) 6 7.33 — 7.24 (m, 12H), 7.22 — 7.17 (m, 2H), 6.84 — 6.74 (m, 4H),
3.86 (t,J = 4.0 Hz, 4H), 3.77 (s, 4H), 3.74 (s, 6H), 3.55 (t, J= 3.6 Hz, 4H). 3C NMR
(75 MHz, CDCl3) ¢ 158.91, 139.30, 135.19, 128.88, 128.73, 128.39, 128.19, 127.87,
127.05, 113.73, 62.90, 62.76, 60.46, 55.27. HRMS (ESI) calcd for C3sH37N202" m/z
529.2850 [M+H]", Found 529.2840.

1,1'-dibenzyl-4,4'-di-m-tolyl-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole 3k. The
product was purified by flash column chromatography on silica gel (height 23 cm,
width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow
oil (83%, 82.4 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.46. "TH NMR (400
MHz, CDCl3) 6 7.36 — 7.26 (m, 8H), 7.24 — 7.20 (m, 2H), 7.19 — 7.12 (m, 4H), 7.10 (s,
2H), 7.04 — 6.98 (m, 2H), 3.87 (t, J = 3.6 Hz, 4H), 3.77 (s, 4H), 3.57 (t, J = 3.6 Hz,
4H), 2.29 (s, 6H). 13C NMR (75 MHz, CDCl3) 6 139.39, 137.63, 136.01, 135.22,
130.50, 128.63, 128.35, 128.14, 128.07, 127.59, 126.97, 124.18, 62.95, 62.82, 60.44,
21.54. HRMS (ESI) caled for C3sH37N>" m/z 497.2951 [M+H], Found 497.2945.

1,1'-dibenzyl-4,4'-bis(3-fluorophenyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole

31. The product was purified by flash column chromatography on silica gel (height 23
cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a
white solid (75%, 75.8 mg), mp 109.2-112.5 °C. Ry (petroleum ether/ethyl acetate =
5:1): 0.47. TH NMR (400 MHz, CDCl3) 6 7.31 — 7.19 (m, 8H), 7.17 — 7.12 (m, 2H),
7.12 —7.04 (m, 2H), 6.96 (dt, J = 8.0, 1.2 Hz, 2H), 6.89 (dt,J=9.2, 2.4 Hz, 2H), 6.79
(td, J=8.4,2.4 Hz, 2H), 3.77 (t, J = 3.6 Hz, 4H), 3.72 (s, 4H), 3.53 (t, /= 4.0 Hz, 4H).
FNMR (376 MHz, CDCl3) 6 -113.27 (s). 3C NMR (101 MHz, CDCls) 6 162.57 (d,
J=246.2 Hz), 138.89, 137.01 (d, /= 7.8 Hz), 135.19 (d, J = 2.5 Hz), 131.19, 129.61
(d, J = 8.5 Hz), 128.51, 128.33, 127.04, 122.46 (d, J = 2.8 Hz), 114.15 (d, J = 21.3
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Hz), 113.46 (d, J = 22.1 Hz), 62.66, 62.59, 60.10. HRMS (ESI) calcd for CasHs FaN,*
m/z 505.2450 [M+H]*, Found 505.2441.

1,1'-dibenzyl-4,4'-bis(3-chlorophenyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole
3m. The product was purified by flash column chromatography on silica gel (height
23 cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a
colorless oil (82%, 88.1 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.49. "H NMR
(400 MHz, CDCl3) ¢ 7.38 — 7.28 (m, 8H), 7.26 — 7.21 (m, 2H), 7.19 — 7.10 (m, 8H),
3.88 — 3.76 (m, 8H), 3.61 (td, J = 4.0, 1.2 Hz, 4H). 3C NMR (101 MHz, CDCl3) ¢
139.01, 136.83, 135.30, 134.07, 131.22, 129.42, 128.59, 128.42, 127.34, 127.12,
126.74, 125.00, 62.80, 62.67, 60.25. HRMS (ESI) calcd for CssH31CLNy" m/z
537.1859 [M+H]*, Found 537.1864.

1,1'-dibenzyl-4,4'-bis(3-bromophenyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3"-bipyrrole
3n. The product was purified by flash column chromatography on silica gel (height 23
cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a
colorless oil (78%, 97.5 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.44. "H NMR
(400 MHz, CDCl3) 6 7.36 — 7.23 (m, 14H), 7.15 (d, J = 8.0 Hz, 2H), 7.07 (t, J = 8.0
Hz, 2H), 3.85 — 3.75 (m, 8H), 3.61 (t, J= 4.0 Hz, 4H). *C NMR (101 MHz, CDCl3) ¢
139.02, 137.13, 135.26, 131.20, 130.26, 129.70, 129.64, 128.62, 128.44, 127.15,
125.46, 122.34, 62.85, 62.67, 60.28. HRMS (ESI) caled for C34H3iBroN>" m/z

625.0849 [M+H]", Found 625.0842.
OMe
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1,1'-dibenzyl-4,4'-bis(3-methoxyphenyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrro
le 30. The product was purified by flash column chromatography on silica gel (height
23 cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 2:1) as a
white solid (65%, 68.8 mg), mp 142.3-143.8 °C. Ry (petroleum ether/ethyl acetate =
2:1): 0.35. 'TH NMR (400 MHz, CDCl3) § 7.35 — 7.26 (m, 8H), 7.25 — 7.14 (m, 4H),
7.00 — 6.86 (m, 4H), 6.76 (dd, J = 9.2, 3.2 Hz, 2H), 3.88 (t, J = 3.6 Hz, 4H), 3.79 (s,
4H), 3.74 (s, 6H), 3.62 (t, J = 4 Hz, 4H). ¥*C NMR (101 MHz, CDCls) ¢ 159.39,
139.22, 136.31, 135.61, 131.02, 129.22, 128.61, 128.34, 127.00, 119.32, 113.47,
111.80, 62.80, 62.70, 60.33, 55.20. HRMS (ESI) calcd for C3sH37N202" m/z 529.2850
[M+H], Found 529.2857.

3p

1,1'-dibenzyl-4,4'-di-o-tolyl-2,2',5,5'-tetrahydro-1H,1'H-3,3"-bipyrrole 3p. The
product was purified by flash column chromatography on silica gel (height 23 cm,
width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow
oil (77%, 76.6 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.43. "TH NMR (400
MHz, CDCl3) 6 7.19 — 7.12 (m, 5H), 7.12 — 7.07 (m, 6H), 7.07 — 6.93 (m, 7H), 3.51 (s,
4H), 3.47 (t, J = 3.2 Hz, 4H), 3.11 (t, J = 3.6 Hz, 4H), 2.15 (s, 6H). 3C NMR (101
MHz, CDCls) ¢ 138.99, 137.74, 136.43, 136.00, 130.47, 129.75, 128.88, 128.85,
128.26, 127.57, 126.93, 125.41, 64.81, 62.36, 60.45, 19.84. HRMS (ESI) calcd for
Ci3sH37N2" m/z 497.2951 [M+H]*, Found 497.2942.

3q

1,1'-dibenzyl-4,4'-bis(2-fluorophenyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole

3q. The product was purified by flash column chromatography on silica gel (height 23
cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a
white solid (67%, 67.7 mg), mp 146.2-147.7 °C. Ry (petroleum ether/ethyl acetate =
5:1): 0.41. 'TH NMR (400 MHz, CDCls) 6 7.26 — 7.18 (m, 8H), 7.17 — 7.13 (m, 2H),
7.05 — 6.96 (m, 4H), 6.85 (td, J = 7.6, 1.2 Hz, 2H), 6.78 — 6.69 (m, 2H), 3.68 (s, 4H),
3.65 (t, J = 4.0 Hz, 4H), 3.48 (t, J = 3.9 Hz, 4H). YF NMR (376 MHz, CDCls) ¢
-112.69 (s). 1¥*C NMR (101 MHz, CDCl3) 6 159.64 (d, J = 249.1 Hz), 139.13, 132.45,
132.08, 129.98 (d, J=4.3 Hz), 128.90 (d, J = 8.2 Hz), 128.78, 128.38, 127.06, 123.71,
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123.68, 123.56, 115.42 (d, J = 22.3 Hz), 63.56 (d, J = 3.5 Hz), 62.33, 60.43. HRMS
(ESI) calcd for C34H31FoN2* m/z 505.2450 [M+H]*, Found 505.2447.

3r

1,1'-dibenzyl-4,4'-bis(2-chlorophenyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole
3r. The product was purified by flash column chromatography on silica gel (height 23
cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a
colorless oil (65%, 69.8 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.47. "H NMR
(400 MHz, CDCl3) 6 7.23 — 7.12 (m, 13H), 7.09 (d, J = 2.4 Hz, 1H), 7.07 (d, J = 2.4
Hz, 1H), 7.05 (d, J = 1.6 Hz, 1H), 7.02 (d, J = 2.4 Hz, 2H), 3.63 — 3.53 (m, 8H), 3.25
(t, J = 3.2 Hz, 4H). 13C NMR (101 MHz, CDCls) ¢ 138.82, 135.78, 135.49, 133.11,
131.61, 130.59, 129.35, 128.83, 128.79, 128.26, 126.98, 126.41, 63.93, 62.15, 60.41.
HRMS (ESI) calcd for C33H31CLN2" m/z 537.1859 [M+H]*, Found 537.1868.

3s

1,1'-dibenzyl-4,4'-bis(2-bromophenyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3"-bipyrrole
3s. The product was purified by flash column chromatography on silica gel (height 23
cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a
white solid (62%, 77.8 mg), mp 112.2-113.5 °C Ry (petroleum ether/ethyl acetate =
5:1): 0.38. TH NMR (400 MHz, CDCl3) 6 7.37 — 7.24 (m, 14H), 7.15 (d, J = 8.0 Hz,
2H), 7.07 (t, J = 8.0 Hz, 2H), 3.81 (m, 8H), 3.61 (t, J = 4.0 Hz, 4H). 1*C NMR (101
MHz, CDClz) ¢ 139.02, 137.13, 135.26, 131.20, 130.26, 129.70, 129.64, 128.62,
128.44, 127.15, 125.46, 122.34, 62.85, 62.67, 60.28. HRMS (ESI) calcd for
C34H31BroN2 m/z 627.0831 [M+H]*, Found 627.0835.
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1,1'-dibenzyl-4,4'-bis(2-(trifluoromethyl)phenyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'
-bipyrrole 3t. The product was purified by flash column chromatography on silica gel
(height 23 c¢m, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to
5:1) as a yellow oil (70%, 84.7 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.42. 'H
NMR (400 MHz, CDCl3) 6 7.64 — 7.55 (m, 2H), 7.42 — 7.31 (m, 4H), 7.25 — 7.13 (m,
12H), 3.63 — 3.49 (m, 8H), 3.08 (t, J = 3.6 Hz, 4H). ’F NMR (376 MHz, CDCl;) ¢
-59.51 (s ). BC NMR (101 MHz, CDCl3) ¢ 138.89, 135.66, 135.35, 131.68, 131.24,
131.00, 128.68, 128.66 (q, J=31.3Hz), 128.13, 127.62, 126.82, 125.93 (q, J= 5.1Hz),
123.98 (q, J = 274.7Hz), 65.89, 62.45, 60.34. HRMS (ESI) calcd for C3sHzi1FsN2" m/z
605.2386 [M+H]*, Found 605.2396.

1,1'-dibenzyl-4,4'-di(naphthalen-1-yl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole
3u. The product was purified by flash column chromatography on silica gel (height 23
cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a
colorless oil (57%, 64.8 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.39. "H NMR
(400 MHz, CDCl3) ¢ 7.90 — 7.80 (m, 4H), 7.73 (d, J = 8.0 Hz, 2H), 7.56 — 7.46 (m,
4H), 7.39 — 7.30 (m, 2H), 7.25 — 7.19 (m, 2H), 7.19 — 7.09 (m, 6H), 7.08 — 7.00 (m,
4H), 3.64 (s, 4H), 3.49 (s, 4H), 3.19 (s, 4H). 1*C NMR (101 MHz, CDCl;) ¢ 138.76,
136.71, 134.58, 133.37, 131.85, 131.64, 128.71, 128.30, 128.15, 127.70, 126.82,
126.05, 126.01, 125.81, 125.70, 125.10, 65.80, 62.57, 60.29. HRMS (ESI) calcd for
C42H37N2" m/z 569.2951 [M+H]", Found 569.2963.

4,4'-bis(benzo|d][1,3]dioxol-5-yl)-1,1'-dibenzyl-2,2',5,5'-tetrahydro-1H,1'H-3,3'-b
ipyrrole 3v. The product was purified by flash column chromatography on silica gel
(height 23 c¢m, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to
5:1) as a yellow oil (78%, 86.9 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.37. 'H
NMR (400 MHz, CDCl3) 6 7.37 — 7.26 (m, 9H), 7.24 — 7.21 (m, 1H), 6.87 — 6.82 (m,
2H), 6.81 — 6.75 (m, 2H), 6.73 — 6.67 (m, 2H), 5.92 (s, 4H), 3.82 (t, J = 3.6 Hz, 4H),
3.78 (s, 4H), 3.57 (t, J = 3.6 Hz, 4H). *C NMR (101 MHz, CDCl3) J 147.47, 146.78,
139.20, 135.37, 129.30, 129.15, 128.66, 128.35, 127.01, 120.72, 108.06, 107.25,
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100.98, 62.98, 62.76, 60.35. HRMS (ESI) calcd for C3sH3sN2Os" m/z 557.2435
[M-+H]", Found 557.2426.

1,1'-dibenzyl-4,4'-di(thiophen-3-yl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole 3w.
The product was purified by flash column chromatography on silica gel (height 23 cm,
width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow
oil (66%, 63.5 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.36. "TH NMR (400
MHz, CDCl3) 6 7.42 — 7.32 (m, 8H), 7.29 — 7.25 (m, 2H), 7.25 - 7.17 (m, 4H), 7.17 —
7.11 (m, 2H), 3.98 — 3.91 (m, 4H), 3.89 — 3.83 (m, 4H), 3.72 — 3.65 (m, 4H). 13C
NMR (101 MHz, CDCIl3) ¢ 139.28, 135.74, 130.75, 129.37, 128.65, 128.40, 127.06,
126.34, 125.38, 121.95, 62.87, 62.75, 60.42. HRMS (ESI) calcd for C30H29N2S>" m/z
481.1767 [M+H]*, Found 481.1765.
Me

Bn—N |

] N—Bn
Ph

3x

1,1'-dibenzyl-4-phenyl-4'-(p-tolyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole 3x.
The product was purified by flash column chromatography on silica gel (height 23 cm,
width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a
colorless oil (50%, 48.3 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.35. "H NMR
(400 MHz, CDCl3) 6 7.30 — 7.11 (m, 17H), 7.01 (d, J = 8.0 Hz, 2H), 3.82 (q, J = 3.6
Hz, 4H), 3.71 (d, J = 3.6 Hz, 4H), 3.51 (dt, J = 8.0, 3.6 Hz, 4H), 2.24 (s, 3H). 13C
NMR (101 MHz, CDCIl3) ¢ 139.10, 137.27, 135.99, 135.85, 135.18, 132.21, 130.69,
129.54, 129.04, 128.74, 128.40, 128.30, 127.43, 127.09, 126.97, 126.88, 62.90, 62.85,
62.72, 60.41, 60.38, 21.34. HRMS (ESI) calcd for C3sH3sN>* m/z 483.2795 [M+H]",
Found 483.2788.
Am

3y
1,1'-dibenzyl-4-(4-pentylphenyl)-4'-phenyl-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyr
role 3y. The product was purified by flash column chromatography on silica gel
(height 23 c¢m, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to
5:1) as a colorless oil (66%, 71.1mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.48.
'TH NMR (400 MHz, CDCls) 6 7.38 — 7.26 (m, 12H), 7.25 — 7.16 (m, 5H), 7.07 (d, J =
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8.0 Hz, 2H), 3.96 — 3.85 (m, 4H), 3.79 (d, J = 6.0 Hz, 4H), 3.65 — 3.51 (m, 4H), 2.56
(t,J = 7.6 Hz, 2H), 1.64 — 1.53 (m, 2H), 1.36 — 1.25 (m, 4H), 0.89 (t, J = 6.8 Hz, 3H).
13C NMR (75 MHz, CDCls) 6 142.32, 139.29, 135.95, 135.83, 135.15, 132.35, 130.63,
129.40, 128.71, 128.36, 128.31, 128.25, 127.35, 127.04, 126.93, 126.83, 62.85, 62.68,
60.39, 35.71, 31.53, 31.08, 22.57, 14.07. HRMS (ESI) calcd for CsoHyN2* m/z
539.3421 [M+H]", Found 539.3430.

F

Bn—N ]

I N—Bn
Ph

3z

1,1'-dibenzyl-4-(4-fluorophenyl)-4'-phenyl-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyr
role 3z. The product was purified by flash column chromatography on silica gel
(height 23 c¢m, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to
5:1) as a yellow oil (75%, 73.1 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.44. 'H
NMR (400 MHz, CDCl3) 6 7.37 — 7.26 (m, 11H), 7.25 — 7.16 (m, 6H), 6.95 — 6.90 (m,
2H), 3.92 — 3.81 (m, 4H), 3.81 — 3.76 (m, 4H), 3.61 — 3.52 (m, 4H). ’F NMR (376
MHz, CDCl3) § -113.85 (s), 113.95 (s). ¥C NMR (101 MHz, CDCls) J 163.65,
160.37, 139.03 (d, J = 7.3 Hz), 136.35, 136.07, 135.26, 135.08, 134.98, 131.29,
131.20, 130.37 (d, J = 17.9 Hz), 130.10, 129.95, 128.68, 128.63, 128.58, 128.52,
128.48, 128.43, 128.41, 128.28, 127.46, 127.13 (d, J = 4.7 Hz), 126.95, 126.88,
115,17 (d, J = 28.6 Hz), 62.89, 62.87, 62.75, 62.71, 60.34, 60.30. HRMS (ESI) calcd
for C34H3FN2" m/z 487.2544 [M+H]", Found 487.2533.
OMe

Bn—N [

[ N—Bn
Ph

3aa

1,1'-dibenzyl-4-(4-methoxyphenyl)-4'-phenyl-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bi
pyrrole 3aa. The product was purified by flash column chromatography on silica gel
(height 23 c¢m, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to
5:1) as a colorless oil (63%, 62.8 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.28.
TH NMR (400 MHz, CDCI3) ¢ 7.30 — 7.11 (m, 17H), 6.73 (d, J = 8.4 Hz, 2H), 3.82
(dt,J=9.6, 4.0 Hz, 4H), 3.71 (d, J = 6.8 Hz, 4H), 3.68 (s, 3H), 3.51 (dt, J = 10.0, 3.6
Hz, 4H). 3C NMR (101 MHz, CDCI3) ¢ 158.97, 139.20, 135.80, 135.54, 135.23,
130.82, 128.75, 128.57, 128.43, 128.33, 128.25, 127.78, 127.42, 127.11, 126.95,
113.77, 62.93, 62.86, 62.76, 60.45, 60.41, 55.29. HRMS (ESI) calcd for C3sH3sN.O*
m/z 499.2744 [M+H]*, Found 499.2753.
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Bn—N" | cl

| N—Bn
Ph

3ab

1,1'-dibenzyl-4-(3-chlorophenyl)-4'-phenyl-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyr
role 3ab. The product was purified by flash column chromatography on silica gel
(height 23 cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to
5:1) as a yellow oil (60%, 60.4 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.39. 'H
NMR (400 MHz, CDCl3) 6 7.28 — 7.01 (m, 19H), 3.81 (t, J = 3.6 Hz, 2H), 3.75 (t, J =
4.0 Hz, 2H), 3.71 (d, J = 9.6 Hz, 4H), 3.51 (m, 4H). 3C NMR (75 MHz, CDCl;3) ¢
139.22, 139.07, 137.00, 136.88, 136.83, 135.35, 135.07, 134.61, 134.12, 132.10,
131.28, 129.81, 129.47, 128.67, 128.47, 128.43, 128.30, 127.51, 127.40, 127.29,
127.17, 127.13, 127.09, 126.90, 126.85, 126.81, 125.10, 125.05, 62.95, 62.86, 62.73,
62.67, 60.38, 60.29. HRMS (ESI) calcd for C3sH3CIN2' m/z 503.2249 [M-+H]",
Found 503.2239.

Bn—N" | F
’ N—Bn
Ph

3ac

1,1'-dibenzyl-4-(3-fluorophenyl)-4'-phenyl-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyr
role 3ac. The product was purified by flash column chromatography on silica gel
(height 23 c¢m, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to
5:1) as a colorless oil (70%, 68.2 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.42.
'H NMR (400 MHz, CDCl3) 6 7.38 — 7.25 (m, 11H), 7.24 — 7.13 (m, 4H), 7.12 — 6.90
(m, 3H), 6.87 (td, J = 8.4, 2.4 Hz, 1H), 3.87 (dt, /= 17.6, 4.0 Hz, 4H), 3.79 (d, J = 6.0
Hz, 4H), 3.64 — 3.55 (m, 4H). ’F NMR (376 MHz, CDCl3) 6 -113.18 (s), -113.28 (s).
13C NMR (101 MHz, CDCl3) d 162.63 (d, J = 243.8 Hz), 139.07 (d, J = 9.0 Hz),
137.23 (d, J=17.5 Hz), 136.55, 135.23 (d, J = 2.3 Hz), 134.96, 134.66 (d, J = 2.3 Hz),
131.91, 131.27, 129.83, 129.63 (d, /= 8.3 Hz), 129.57 (d, J = 8.3 Hz), 128.57, 128.32,
128.20, 127.39, 127.01, 126.98, 126.87, 126.78, 122.56 (d, J = 3.0 Hz), 122.49 (d, J =
3.0 Hz), 114.16 (d, J = 21.0 Hz), 114.04 (d, J = 21.0 Hz), 113.56 (d, J = 22.5 Hz),
113.51 (d, J=21.8 Hz), 62.84, 62.79, 62.73, 62.67, 60.26, 60.24, 60.17. HRMS (ESI)
calcd for CssHs,FN2™ m/z 487.2544 [M+H]*, Found 487.2543.

Bn‘N I Br
[ N—Bn
Ph
3ad
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1,1'-dibenzyl-4-(3-bromophenyl)-4'-phenyl-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipy
rrole 3ad. The product was purified by flash column chromatography on silica gel
(height 23 c¢m, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to
5:1) as a colorless oil (59%, 64.6 mg). R, (petroleum ether/ethyl acetate = 5:1): 0.39.
'TH NMR (400 MHz, CDCl3) 6 7.40 — 7.18 (m, 17H), 7.14 — 7.01 (m, 2H), 3.93 — 3.73
(m, 8H), 3.65 — 3.53 (m, 4H). 3C NMR (75 MHz, CDCl3) 6§ 139.17, 139.02, 137.26,
137.14, 136.86, 135.29, 135.03, 134.50, 132.11, 131.21, 130.29, 130.19, 129.72,
129.67, 128.67, 128.46, 128.43, 128.42, 128.29, 127.51, 127.17, 127.13, 127.09,
126.89, 125.52, 125.48, 122.36, 62.93, 62.86, 62.82, 62.69, 62.62, 60.40, 60.30.
HRMS (ESI) calcd for C33H3:BrN>" m/z 547.1743 [M+H]", Found 547.1740.

3ae

1,1'-dibenzyl-4-phenyl-4'-(thiophen-3-yl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrr

ole 3ae. The product was purified by flash column chromatography on silica gel
(height 23 c¢m, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to
5:1) as a yellow oil (64%, 60.8 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.46. 'H
NMR (400 MHz, CDCl3) 6 7.32 — 7.20 (m, 10H), 7.20 — 7.13 (m, 5H), 7.13 — 7.07 (m,
2H), 7.07 — 7.02 (m, 1H), 3.87 (t, J = 3.6 Hz, 2H), 3.81 (t, J = 4.4 Hz, 2H), 3.77 (s,
2H), 3.74 — 3.68 (m, 2H), 3.60 (t, J = 4.0 Hz, 2H), 3.57 — 3.49 (m, 2H). 3C NMR
(101 MHz, CDCls) ¢ 139.32, 139.27, 136.07, 135.89, 135.77, 135.52, 135.21, 134.98,
131.11, 130.79, 130.59, 129.40, 128.71, 128.46, 128.45, 128.35, 127.44, 127.13,
127.10, 126.98, 126.75, 126.57, 126.39, 125.48, 122.03, 63.08, 62.93, 62.84, 62.81,
62.65, 60.48, 60.41. HRMS (ESI) calcd for C32H31N2S™ m/z 475.2202 [M+H]*, Found
475.2199.

Bn—N |

[ N—-Bn

3af
4-([1,1'-biphenyl]-4-yl)-1,1'-dibenzyl-4'-cyclohexyl-2,2',5,5'-tetrahydro-1H,1'H-3,
3'-bipyrrole 3af. The product was purified by flash column chromatography on silica
gel (height 23 cm, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1
to 5:1) as a colorless oil (76%, 93.0 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.44.
TH NMR (400 MHz, CDCI3) 6 7.38 — 7.17 (m, 15H), 3.88 (t, J = 4.0 Hz, 2H), 3.84 (s,
2H), 3.73 (s, 2H), 3.67 (t, J = 4.0 Hz, 2H), 3.51 — 3.44 (m, 2H), 3.43 — 3.36 (m, 2H),
1.58 — 1.46 (m, 3H), 1.23 — 1.15 (m, 2H), 1.05 — 0.90 (m, 5H). 3C NMR (101 MHz,
CDCl) o0 142.26, 139.41, 139.21, 135.81, 134.76, 130.22, 128.83, 128.79, 128.44,
128.33, 128.19, 127.22, 127.14, 127.12, 126.96, 125.96, 64.47, 63.24, 62.19, 60.84,
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60.62, 59.76, 37.76, 30.99, 26.29, 26.03. HRMS (ESI) calcd for Cs4HsoN2* m/z
4753113 [M+H]", Found 475.3115.

Bn—N ,

[ N—Bn

3ag

1,1'-dibenzyl-4-hexyl-4'-phenyl-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole  3ag.
The product was purified by flash column chromatography on silica gel (height 23 cm,
width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow
oil (68%, 64.0 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.47. "TH NMR (400
MHz, CDCl3) 6 7.39 — 7.26 (m, 13H), 7.25 — 7.23 (m, 2H), 3.88 (t, J/ = 4.0 Hz, 2H),
3.83 (s, 2H), 3.74 (s, 2H), 3.67 (t, J = 4.0 Hz, 2H), 3.51 — 3.47 (m, 2H), 3.43 — 3.38
(m, 2H), 1.84 — 1.76 (m, 2H), 1.24 — 1.14 (m, 3H), 1.09 — 1.02 (m, 5H), 0.85 — 0.80
(m, 3H). 3C NMR (101 MHz, CDCI3) ¢ 139.41, 139.24, 137.85, 135.77, 134.76,
130.01, 128.79, 128.72, 128.41, 128.32, 128.14, 127.39, 127.17, 127.09, 127.06,
126.94, 64.21, 63.20, 62.66, 62.21, 60.70, 60.59, 31.62, 29.41, 28.26, 27.36, 22.57,

14.13. HRMS (ESI) calcd for C34HaiN2* m/z 477.3264 [M+H]", Found 477.3251.
TMS
Bn—N l

[ N-Bn

3ah

1,1'-dibenzyl-4-phenyl-4'-(trimethylsilyl)-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrr
ole 3ah. The product was purified by flash column chromatography on silica gel
(height 23 c¢m, width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to
5:1) as a yellow oil (72%, 66.9 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.45. 'H
NMR (300 MHz, CDCl3) 6 7.47 — 7.28 (m, 15H), 4.02 — 3.95 (m, 2H), 3.93 (s, 2H),
3.89 (s, 2H), 3.80 — 3.59 (m, 6H), -0.03 (s, 9H). 3C NMR (75 MHz, CDCls) ¢ 144.66,
139.55, 139.36, 136.78, 135.04, 134.21, 132.53, 128.81, 128.75, 128.72, 128.44,
128.40, 128.25, 127.23, 127.11, 127.01, 65.38, 65.33, 64.13, 62.79, 60.55, 60.53,
-1.52. HRMS (ESI) calcd for C31H37N2Si" m/z 465.2726 [M+H]", Found 465.2730.

Bn—N |

3ai
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1,1'-dibenzyl-4,4'-dicyclohexyl-2,2',5,5'-tetrahydro-1H,1'H-3,3'-bipyrrole 3ai.
The product was purified by flash column chromatography on silica gel (height 23 cm,
width 1.7 cm, eluent: petroleum ether/ethyl acetate, gradient: 20:1 to 5:1) as a yellow
oil (72%, 66.9 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.32. "TH NMR (300
MHz, CDCl3) 6 7.46 — 7.37 (m, 10H), 3.85 — 3.74 (m, 6H), 3.57 — 3.48 (m, 8H), 2.90
(s, 2H), 1.82 — 1.58 (m, 10H), 1.35 — 1.16 (m, 10H). 3C NMR (75 MHz, CDCl;) ¢
141.00, 139.49, 128.90, 128.64, 128.37, 128.33, 127.01, 126.20, 63.33, 61.00, 59.68,
59.57, 52.44, 37.51, 31.68, 26.38, 26.12. HRMS (ESI) calcd for C3;HssNoNa* m/z
503.3397 [M+H]*, Found 503.3389.

6. Optimization of Dehydrogenation Reaction Conditions.!?!

catalyst (10 mol%)

Ph ligand (15 mol%) ~ Ph
Bn—N" | additive (10 mol%) Bn—N__
| N-Bn 0, solvent, 90°C, 12 h EN N-Bn

Ph

3a 4a

Entry  Cat. (X mol%) Add. (Y mol%) Sol./Temp.(°C)/time (h)  Yield(%)//
1 Cul (10) Pyridine (15)/TsOH (10) toluene/90/12 62
2 CuCl(10) Pyridine (15)/TsOH (10) toluene/90/12 59
3 CuBr (10) Pyridine (15)/TsOH (10) toluene/90/12 55
4 Cuz20 (10) Pyridine (15)/TsOH (10) toluene/90/12 79
5 CuCN (10) Pyridine (15)/TsOH (10) toluene/90/12 60
6 CuClz (10) Pyridine (15)/TsOH (10) toluene/90/12 49
7 Cu(OAc): (10) Pyridine (15)/TsOH (10) toluene/90/12 38
8 Cu(MeCN)4PFs (10)  Pyridine (15)/TsOH (10) toluene/90/12 28
9 CuF; (10) Pyridine (15)/TsOH (10) toluene/90/12 37
10 Cu20 (10) Pyridine (15)/TsOH (10) o-xylene/90/12 69
11 Cu20 (10) Pyridine (15)/TsOH (10) PhC1/90/12 66
12 Cu20 (10) Pyridine (15)/TsOH (10) 1,4-Dioxane/90/12 45
13 Cw0 (10) Pyridine (15)/TsOH (10) DMF/90/12 47
14 Cu20 (10) Pyridine (15)/TsOH (10) NMP/90/12 64
15 Cu0 (10) Pyridine (15)/TsOH (10) MeCN/90/12 60
16 Cu20 (10) Pyridine (15)/TsOH (10) DMS0/90/12 51
17 Cu0 (10) 2,2’-bpy (15)/TsOH (10) toluene/90/12 44
18 Cu20 (10) 1,10-phen (15)/TsOH (10) toluene/90/12 29
19 Cu0 (10) 2,2’-bipyrimidine(15) woluene/90/12 18

/TsOH (10)
20 Cu20 (10) triethylamine ~ (15)/TsOH toluenc/90/12 13
(10)
21 Cu0 (10) Pyridine (15)/TsOH (10) toluene/80/12 61
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22 Cu;0 (10) Pyridine (15)/TsOH (10) toluene/70/12 40

23 Cuz0 (10) Pyridine (15)/AcOH (10) toluene/90/12 37
24 Cu,0 (10) Pyridine (15)/TFA (10) toluene/90/12 45
Cu0 (10) Pyridine (15)/CF3SO3H
25 toluene/90/12 16
(10)
264 Cu,0 (10) Pyridine (15)/TsOH (10) toluene/90/12 58

Reaction conditions: [a]tetrahydrobipyrrole 3a (0.2 mmol, 1.0 equiv.), copper salt (0.02 mmol, 10
mol%), ligand (0.03 mmol, 15 mol%), acid additive (0.02 mmol, 10 mol%), in solvent (2 mL),
under Oz (1 atm), at indicated temperature for 12 h. [b]Isolated yield. [c]under air.

7. General procedure for the synthesis of derivatives 4.
Cu,0 (10 mol%)
Ar Pyridine (15 mol%) =~ Ar
Bn—N_ | TsOH (10 mol%) Bn—N
| N"Bn 5. toluene, 90°C, 12 h «/N=Bn
R R
3 4

An oven-dried 25 mL reaction tube equipped with a stirring bar was charged with
derivatives 3 (0.20 mmol, 1.0 equiv.), Cu20 (2.9 mg, 0.02 mmol, 0.1 equiv.), pyridine
(2.4 mg, 0.03 mmol, 0.15 equiv.), TSOH * H2O (3.4 mg, 0.02 mmol, 0.1 equiv.) and
toluene (2 mL). The tube was evacuated and filled with 1 atm O, and stirred
rigorously at 90 °C for 12 h. After reaction completed, the mixture was cooled down
to room temperature, and the volatiles were removed under reduced pressure. The
residue was purified by flash chromatography on silica gel to afford the corresponding
products 4.

8. Purification and characterization of derivatives 4.

4a

1,1'-dibenzyl-4,4'-diphenyl-1H,1'H-3,3'-bipyrrole 4a. The product was purified by
flash column chromatography on silica gel (height 18 cm, width 1.5 cm, eluent:
petroleum ether/ethyl acetate, gradient: 100:0 to 50:1) as a yellow oil (79%, 73.3 mg).
Ry (petroleum ether/ethyl acetate = 50:1): 0.36. '"H NMR (400 MHz, CDCI3) 6 7.40 —
7.22 (m, 10H), 7.18 — 7.01 (m, 10H), 6.83 (s, 2H), 6.50 (s, 2H), 4.99 (s, 4H). 13C
NMR (101 MHz, CDCl3) 0 138.11, 136.23, 128.60, 127.83, 127.51, 127.37, 126.83,
124.93, 124.72, 122.00, 119.19, 116.26, 53.32. HRMS (ESI) calcd for C34H20N2" m/z
465.2331 [M+H]", Found 465.2322.
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4b

1,1'-dibenzyl-4,4'-bis(4-ethylphenyl)-1H,1'H-3,3'-bipyrrole 4b. The product was
purified by flash column chromatography on silica gel (height 18 cm, width 1.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as a yellow oil (75%,
78.0 mg). Ry (petroleum ether/ethyl acetate = 20:1): 0.34. '"H NMR (400 MHz, CDCls)
07.40 —7.29 (m, 10H), 7.17 (d, J = 6.8 Hz, 4H), 7.05 (d, /= 8.0 Hz, 4H), 6.88 (d, J =
2.4 Hz, 2H), 6.56 (d, J = 2.4 Hz, 2H), 5.04 (s, 4H), 2.64 (q, J = 7.6 Hz, 4H), 1.26 (t, J
=7.2 Hz, 6H). 3C NMR (101 MHz, CDCls) 6 140.84, 138.38, 133.72, 128.65, 127.55,
127.48, 127.43, 126.92, 124.86, 122.07, 119.06, 116.42, 53.39, 28.59, 15.75. HRMS
(ESI) calcd for C3sH37N2" m/z 521.2957 [M+H]", Found 521.2950.

4c

1,1'-dibenzyl-4,4'-bis(4-butylphenyl)-1H,1'H-3,3'-bipyrrole 4c¢. The product was
purified by flash column chromatography on silica gel (height 18 cm, width 1.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as a yellow oil (68%,
78.4 mg). Ry (petroleum ether/ethyl acetate = 20:1): 0.42. '"H NMR (400 MHz, CDCls)
07.40 —7.31 (m, 10H), 7.19 (d, J = 6.8 Hz, 4H), 7.05 (d, /= 8.0 Hz, 4H), 6.89 (d, J =
2.4 Hz, 2H), 6.58 (d, J = 2.4 Hz, 2H), 5.06 (s, 4H), 2.62 (t, J = 7.6 Hz, 4H), 1.69 —
1.61 (m, 4H), 1.46 — 1.39 (m, 4H), 1.01 (t, J = 7.2 Hz, 6H). 3C NMR (101 MHz,
CDCl3) 0 139.48, 138.42, 133.70, 128.67, 128.04, 127.55, 127.36, 126.94, 124.88,
122.04, 119.08, 116.48, 53.40, 35.41, 33.81, 22.49, 14.13. HRMS (ESI) calcd for
C42HasN2" m/z 577.3583 [M+H]", Found 577.3580.

Am

4d

1,1'-dibenzyl-4,4'-bis(4-pentylphenyl)-1H,1'H-3,3'-bipyrrole 4d. The product was
purified by flash column chromatography on silica gel (height 18 cm, width 1.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as a yellow oil (64%,
77.4 mg). Ry (petroleum ether/ethyl acetate = 20:1): 0.39. '"H NMR (400 MHz, CDCls)
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87.37 —7.27 (m, 10H), 7.16 (d, J = 6.8 Hz, 4H), 7.01 (d, J = 7.6 Hz, 4H), 6.86 (d, J =
2.4 Hz, 2H), 6.55 (d, J = 2.4 Hz, 2H), 5.04 (s, 4H), 2.57 (t, J = 8.0 Hz , 4H), 1.65 —
1.59 (m, 4H), 1.40 — 1.33 (m, 8H), 0.94 (t, J = 6.8 Hz, 6H). *C NMR (101 MHz,
CDCls) § 139.51, 138.37, 133.65, 128.64, 127.99, 127.52, 127.31, 126.90, 124.85,
122.02, 119.03, 116.42, 53.38, 35.67, 31.63, 31.30, 22.65, 14.13. HRMS (ES]I) caled
for CasHaoNo™ m/z 605.3896 [M+H]", Found 605.3898.

1,1'-dibenzyl-4,4'-bis(4-fluorophenyl)-1H,1'H-3,3'-bipyrrole 4e. The product was
purified by flash column chromatography on silica gel (height 18 cm, width 1.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as a yellow oil (76%,
76.0 mg). Ry (petroleum ether/ethyl acetate = 20:1): 0.34. TH NMR (400 MHz, CDCls)
0 7.38 —7.29 (m, 6H), 7.20 — 7.13 (m, 8H), 6.85 — 6.77 (m, 6H), 6.53 (d, J = 2.4 Hz,
2H), 5.03 (s, 4H). ’F NMR (376 MHz, CDCl3) 6 -118.6 (s). '3C NMR (101 MHz,
CDCl3) 6 160.91 (d, J = 244.3 Hz), 137.94, 132.20 (d, /= 3.4 Hz), 128.80 (d, J= 7.5
Hz), 128.67, 127. 68, 126.93, 123.80, 121.59, 119.06, 116.18, 114.48 (d, J=21.1 Hz),
53.40. HRMS (ESI) calcd for C34H27N2F2" m/z 501.2142 [M+H]", Found 501.2133.

OMe

MeO

4f

1,1'-dibenzyl-4,4'-bis(4-methoxyphenyl)-1H,1'H-3,3'-bipyrrole 4f. The product
was purified by flash column chromatography on silica gel (height 18 cm, width 1.5
cm, eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 10:1) as a yellow oil
(68%, 71.3 mg). Ry (petroleum ether/ethyl acetate = 10:1): 0.31. '"H NMR (400 MHz,
CDClL) 0 7.34 — 7.19 (m, 11H), 7.11 (d, J = 7.2 Hz, 4H), 6.75 (d, J = 2.4 Hz, 2H),
6.73 — 6.66 (m, 4H), 6.47 (d, J = 2.4 Hz, 2H), 4.97 (s, 4H), 3.74 (s, 6H). 3C NMR
(101 MHz, CDCl3) 6 157.38, 138.32, 129.10, 128.65, 128.60, 127.56, 126.96, 124.46,
121.87, 118.67, 116.26, 113.43, 55.24, 53.37. HRMS (ESI) calcd for C3sH33N20>"
m/z 525.2542 [M+H]*, Found 525.2538.
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4,4'-di([1,1'-biphenyl]-4-yl)-1,1'-dibenzyl-1H,1'H-3,3'-bipyrrole 4g. The product
was purified by flash column chromatography on silica gel (height 18 cm, width 1.5
cm, eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 50:1) as a yellow oil
(54%, 66.6 mg). Ry (petroleum ether/ethyl acetate = 50:1): 0.23. '"H NMR (400 MHz,
CDCl3) 6 7.56 — 7.52 (m, 4H), 7.43 — 7.36 (m, 12H), 7.34 — 7.25 (m, 8H), 7.17 (d, J =
6.4 Hz, 4H), 6.92 (d, J = 2.4 Hz, 2H), 6.59 (d, J = 2.4 Hz, 2H), 5.05 (s, 4H). 1*C
NMR (101 MHz, CDCIl3) ¢ 141.29, 138.05, 137.59, 135.41, 128.65, 128.61, 127.64,
127.61, 126.95, 126.78, 126.72, 126.58, 124.29, 122.09, 119.35, 116.44, 53.44.
HRMS (ESI) calcd for C4sH37N2" m/z 617.2957 [M+H]", Found 617.2952.

1,1'-dibenzyl-4,4'-di-m-tolyl-1H,1'H-3,3'-bipyrrole 4h. The product was purified by
flash column chromatography on silica gel (height 18 cm, width 1.5 cm, eluent:
petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as a yellow oil (75%, 73.8 mg).
Ry (petroleum ether/ethyl acetate = 20:1): 0.34. '"H NMR (400 MHz, CDCI3) 6 7.35 —
7.23 (m, 6H), 7.13 (d, J = 8.0 Hz, 8H), 7.04 (t, /= 7.6 Hz, 2H), 6.92 — 6.78 (m, 4H),
6.53 (s, 2H), 5.01 (s, 4H), 2.22 (s, 6H). 13C NMR (101 MHz, CDCl3) 6 138.36, 137.27,
136.34, 128.72, 128.29, 127.83, 127.59, 126.89, 125.81, 124.98, 124.72, 122.04,
119.26, 116.47, 53.40, 21.57. HRMS (ESI) calcd for C3sH33N2" m/z 493.2644 [M+H]",
Found 493.2635.
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1,1'-dibenzyl-4,4'-bis(3-fluorophenyl)-1H,1'H-3,3'-bipyrrole 4i. The product was
purified by flash column chromatography on silica gel (height 18 cm, width 1.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as a yellow oil (71%,
71.0 mg). Ry (petroleum ether/ethyl acetate = 20:1): 0.42. TH NMR (400 MHz, CDCls)
0 7.40 —7.25 (m, 6H), 7.16 (d, J = 7.6 Hz, 4H), 7.10 — 7.00 (m, 4H), 6.95 (d, J=11.2
Hz, 2H), 6.88 (s, 2H), 6.73 (t, J = 10.0 Hz, 2H), 6.58 (s, 2H), 5.06 (s, 4H). YF NMR
(376 MHz, CDCl3) 6 -114.5 (s). ®C NMR (101 MHz, CDCls) 6 162.67 (d, J = 243.8
Hz), 138.42 (d, J = 8.6 Hz), 137.84, 129.08 (d, J = 8.8 Hz), 128.74, 127.68, 126.81,
123.61 (d, J=2.4 Hz), 122.71 (d, J = 2.7 Hz), 122.00, 119.71, 116.15, 113.78 (d, J =
21.9 Hz), 111.57 (d, J = 21.2 Hz), 53.43. HRMS (ESI) calcd for C3sH27F2N2" m/z
501.2142 [M+H]", Found 501.2134.

4

1,1'-dibenzyl-4,4'-bis(3-chlorophenyl)-1H,1'H-3,3'-bipyrrole 4j. The product was

purified by flash column chromatography on silica gel (height 18 cm, width 1.5 cm,

eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as a yellow oil (72%,

76.8 mg). Ry (petroleum ether/ethyl acetate = 20:1): 0.46. TH NMR (400 MHz, CDCls)
07.41—-17.27 (m, 6H), 7.23 — 7.12 (m, 6H), 7.09 — 6.99 (m, 6H), 6.84 (d, J = 2.4 Hz,

2H), 6.59 (d, J = 2.4 Hz, 2H), 5.06 (s, 4H). 3C NMR (101 MHz, CDCls) J 138.05,

137.89, 133.55, 128.97, 128.82, 127.73, 127.25, 126.89, 125.42, 124.88, 123.49,

121.79, 119.77, 116.21, 53.49. HRMS (ESI) calcd for C34H27CLaN2" m/z 533.1551

[M+H]", Found 533.1541.

1,1'-dibenzyl-4,4'-bis(3-bromophenyl)-1H,1'H-3,3'-bipyrrole 4k. The product was
purified by flash column chromatography on silica gel (height 18 cm, width 1.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as a yellow oil (58%,

71.9 mg). Ry (petroleum ether/ethyl acetate = 20:1): 0.47. 'TH NMR (400 MHz, CDCls)
523



§7.40 —7.21 (m, 8H), 7.21 — 7.01 (m, 8H), 6.92 (t, J = 8.0 Hz, 2H), 6.81 (s, 2H), 6.58
(s, 2H), 5.05 (s, 4H). ¥C NMR (101 MHz, CDCLs) ¢ 138.32, 137.88, 130.18, 129.23,
128.83, 127.76, 127.73, 126.91, 125.90, 123.38, 121.93, 121.67, 119.77, 116.21,
53.49. HRMS (ESI) caled for C34HBraN2™ m/z 621.0541 [M+H]", Found 621.0541.

Me

4
1,1'-dibenzyl-4,4'-di-o-tolyl-1H,1'H-3,3'-bipyrrole 41. The product was purified by

flash column chromatography on silica gel (height 18 cm, width 1.5 cm, eluent:

petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as a yellow oil (73%, 71.9 mg).
Ry (petroleum ether/ethyl acetate = 50:1): 0.18. '"H NMR (400 MHz, CDCI3) 6 7.42 —
7.28 (m, 6H), 7.22 — 7.05 (m, 12H), 6.51 (d, J=2.4 Hz, 2H), 6.16 (d, /= 2.4 Hz, 2H),
491 (s, 4H), 2.16 (s, 6H). C NMR (101 MHz, CDCl3) ¢ 138.53, 137.32, 136.77,
131.23, 129.67, 128.60, 127.44, 126.87, 126.32, 125.24, 123.01, 119.76, 118.83,
118.11, 53.22, 20.60. HRMS (ESI) calcd for C3sH33N2" m/z 493.2644 [M+H]", Found
493.2635.

4m

1,1'-dibenzyl-4,4'-bis(2-fluorophenyl)-1H,1'H-3,3'-bipyrrole 4m. The product was
purified by flash column chromatography on silica gel (height 18 cm, width 1.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as a yellow oil (73%,
70.0 mg). Ry (petroleum ether/ethyl acetate = 20:1): 0.47. 'TH NMR (400 MHz, CDCls)
0 7.40 —7.24 (m, 8H), 7.17 (d, J = 6.8 Hz, 4H), 7.08 — 7.01 (m, 2H), 7.00 — 6.88 (m,
6H), 6.57 (d, J= 2.8 Hz, 2H), 5.06 (s, 4H). ’F NMR (376 MHz, CDCl3) 6 -115.48(s).
13C NMR (101 MHz, CDCls) 6 159.74 (d, J = 246.3 Hz), 138.12, 130.9 (d, J = 3.9
Hz), 128.71, 127.63, 126.98, 126.45 (d, J = 8.3 Hz), 123.80 (d, J = 14.3 Hz), 123.25
(d, J = 3.5 Hz), 121.82 (d, J = 7.1 Hz), 120.79, 117.40, 116.85, 115.17 (d, J = 23.2
Hz), 53.45. HRMS (ESI) calcd for CssHa7F2N2™ m/z 501.2142 [M+H]', Found
501.2139.
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4n

1,1'-dibenzyl-4,4'-bis(2-chlorophenyl)-1H,1'H-3,3'-bipyrrole 4n. The product was
purified by flash column chromatography on silica gel (height 18 cm, width 1.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 50:1) as a yellow oil (65%,
69.1 mg). Ry (petroleum ether/ethyl acetate = 50:1): 0.32. '"H NMR (400 MHz, CDCls)
07.24 —7.08 (m, 8H), 7.08 — 7.02 (m, 2H), 7.00 — 6.94 (m, 4H), 6.94 — 6.88 (m, 4H),
6.64 (d, J= 2.4 Hz, 2H), 6.23 (d, J = 2.4 Hz, 2H), 4.84 (s, 4H). 1*C NMR (101 MHz,
CDCl3) 0 138.28, 135.20, 133.35, 132.42, 129.41, 128.66, 127.53, 126.88, 126.09,
121.44, 120.48, 119.62, 117.94, 53.36, one carbon was overlapped. HRMS (ESI)
caled for C3sH27CLN2' m/z 533.1551 [M+H]*, Found 533.1546.

40

1,1'-dibenzyl-4,4'-bis(2-bromophenyl)-1H,1'H-3,3'-bipyrrole 40. The product was
purified by flash column chromatography on silica gel (height 18 cm, width 1.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 50:1) as a yellow oil (63%,
78.1 mg). Ry (petroleum ether/ethyl acetate = 50:1): 0.28. '"H NMR (400 MHz, CDCls)
07.49 —7.42 (m, 2H), 7.34 — 7.22 (m, 6H), 7.21 — 7.14 (m, 2H), 7.14 — 7.03 (m, 6H),
7.01 - 6.91 (m, 2H), 6.74 — 6.63 (m, 2H), 6.31 — 6.20 (m, 2H), 4.95 (s, 4H). 3C NMR
(101 MHz, CDCls) 0 138.30, 137.39, 132.61, 128.61, 127.46, 127.30, 126.82, 126.75,
124.41, 122.34, 121.13, 119.46, 117.73, 53.31. HRMS (ESI) calcd for C34H27Br2N>*
m/z 621.0541 [M+H]", Found 621.0545.

ap

1,1'-dibenzyl-4,4'-di(thiophen-3-yl)-1H,1'H-3,3'-bipyrrole 4p. The product was
purified by flash column chromatography on silica gel (height 18 cm, width 1.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 50:1) as a yellow oil (72%,
68.7 mg). Ry (petroleum ether/ethyl acetate = 50:1): 0.25. '"H NMR (400 MHz, CDCls)
07.27—-7.13 (m, 6H), 7.09 — 7.02 (m, 4H), 7.02 — 6.93 (m, 4H), 6.86 — 6.75 (m, 4H),
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6.48 (d, J= 2.4 Hz, 2H), 4.91 (s, 4H). 3C NMR (101 MHz, CDCl3) 6 138.14, 136.47,
128.79, 127.74, 127.06, 127.03, 124.20, 122.26, 120.79, 118.91, 117.95, 116.53,
53.48. HRMS (ESI) caled for C3HasSoNa" m/z 477.1459 [M+H]*, Found 477.1452.

1,1'-dibenzyl-4-hexyl-4'-phenyl-1H,1'H-3,3'-bipyrrole 4q The product was purified
by flash column chromatography on silica gel (height 18 cm, width 1.5 cm, eluent:
petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as a yellow oil (75%, 70.8 mg).
Ry (petroleum ether/ethyl acetate = 20:1): 0.52. '"H NMR (400 MHz, CDCI3) § 7.36 —
7.28 (m, 8H), 7.23 — 7.18 (m, 4H), 7.13 — 7.07 (m, 3H), 6.84 (d, J = 2.4 Hz, 1H), 6.65
(d, J = 2.4 Hz, 1H), 6.44 (s, 2H), 5.09 (s, 2H), 4.96 (s, 2H), 2.25 (t, J = 8.0 Hz, 2H),
1.44 — 1.35 (m, 2H), 1.24 — 1.16 (m, 6H), 0.84 (t, J = 6.8 Hz, 3H). '3C NMR (101
MHz, CDClz) ¢ 138.85, 138.03, 136.67, 128.67, 128.51, 127.86, 127.61, 127.43,
127.29, 127.13, 126.71, 124.99, 124.34, 124.24, 121.11, 120.30, 119.33, 118.43,
117.38, 116.91, 53.43, 53.11, 31.68, 30.32, 29.29, 25.83, 22.63, 14.10. HRMS (ESI)
calcd for C3sH37N2" m/z 473.2957 [M+H]", Found 473.2951.

1,1'-dibenzyl-4-cyclohexyl-4'-phenyl-1H,1'H-3,3'-bipyrrole 4r. The product was
purified by flash column chromatography on silica gel (height 18 cm, width 1.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as a yellow oil (72%,
67.7 mg). Ry (petroleum ether/ethyl acetate = 50:1): 0.31. TH NMR (400 MHz, CDCls)
0743 —-7.13 (m, 12H), 7.13 — 7.00 (m, 3H), 6.83 (d, /=2.4 Hz, 1H), 6.64 (d, J=2.0
Hz, 1H), 6.48 — 6.29 (m, 2H), 5.07 (s, 2H), 4.93 (s, 2H), 2.41 — 2.29 (m, 1H), 1.84 —
1.71 (m, 2H), 1.68 — 1.54 (m, 3H), 1.23 — 1.04 (m, 5H). ¥*C NMR (101 MHz, CDCls)
0 138.83, 138.23, 136.58, 130.45, 128.66, 128.47, 127.82, 127.54, 127.43, 127.24,
126.88, 126.66, 124.93, 124.42, 121.22, 120.40, 119.28, 117.03, 116.83, 116.56,
53.35, 53.12, 35.26, 34.56, 26.94, 26.42. HRMS (ESI) calcd for Cs34HzsN2" m/z
471.2800 [M+H]", Found 471.2792.
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1,1'-dibenzyl-4-phenyl-1H,1'H-3,3'-bipyrrole 4s. The product was purified by flash
column chromatography on silica gel (height 18 cm, width 1.5 cm, eluent: petroleum
ether/ethyl acetate, gradient: 100:0 to 20:1) as a yellow oil (78%, 71.8 mg). Ry
(petroleum ether/ethyl acetate = 20:1): 0.42. "TH NMR (300 MHz, CDCl3) § 7.50 —
7.31 (m, 10H), 7.27 — 7.12 (m, 5H), 6.78 (s, 2H), 6.63 (s, 1H), 6.55 (s, 1H), 6.17 (s,
1H), 5.10 (s, 2H), 5.01 (s, 2H). 3C NMR (75 MHz, CDCls) 6 138.44, 137.83, 136.64,
128.76, 128.63, 128.57, 127.91, 127.75, 127.49, 127.40, 126.92, 125.48, 123.41,
120.82, 120.26, 119.44, 118.73, 118.53, 117.98, 108.67, 53.49, 53.30. HRMS (ESI)
calcd for CgHasN>™ m/z 389.2018 [M+H]*, Found 389.2015.

1,1'-dibenzyl-4,4'-dicyclohexyl-1H,1'H-3,3'-bipyrrole 4t. The product was purified
by flash column chromatography on silica gel (height 18 cm, width 1.5 cm, eluent:
petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as a yellow oil (78%, 71.8 mg).
Ry (petroleum ether/ethyl acetate = 20:1): 0.51. 'H NMR (300 MHz, CDCls) 6 7.41 —
7.30 (m, 6H), 7.19 — 7.12 (m, 4H), 6.61 (d, ] = 2.4 Hz, 2H), 6.51 (d, J = 2.4 Hz, 2H),
5.09 (s, 4H), 2.58 — 2.46 (m, 2H), 1.97 — 1.87 (m, 4H), 1.79 — 1.66 (m, 7H), 1.30 —
1.21 (m, 9H). 3C NMR (75 MHz, CDCI3) & 139.02, 130.38, 128.61, 127.33, 126.76,
119.82, 117.11, 116.84, 53.25, 35.28, 34.88, 27.06, 26.54. HRMS (ESI) calcd for
C34H40N2Na" m/z 499.3084 [M+H]", Found499.3092.

9. Procedure for the synthesis of derivative 5.

Bn o
N
Ph \ / Me
— .Bn (0] Zn (8.0 equiv.
o O _mesen)
Bn~ =S Me” “CI toluene, rt, Ar, 8 h Bn-N~pn
Ph
Me o
4a 5

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged with 4a
(0.2 mmol, 1.0 equiv.), acetyl chloride (94.2 mg, 1.2 mmol, 6.0 equiv.), zinc powder
(104.6 mg, 1.6 mmol, 8.0 equiv.), in toluene (2 mL) under Ar, at room temperature for
5 h. After reaction completed, the volatiles were removed under reduced pressure. The
residue was purified by flash column chromatography on silica gel to afford the
corresponding product 502,
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1,1'-(1,1'-dibenzyl-4,4'-diphenyl-1H,1'H-[3,3'-bipyrrole]-5,5'-diyl)bis(ethan-1-on
e) 5. The product was purified by flash column chromatography on silica gel (height
18 cm, width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as
a white solid (37%, 40 mg). Ry (petroleum ether/ethyl acetate = 50:1): 0.38. "H NMR
(400 MHz, CDCls) 0 7.37 — 7.32 (m, 6H), 7.26 — 7.19 (m, 10H), 6.95 — 6.86 (m, 4H),
6.15 (s, 2H), 5.30 (s, 4H), 1.77 (s, 6H). 13C NMR (75 MHz, CDCls) 6 190.19, 137.99,
136.83, 133.53, 130.61, 128.46, 128.43, 128.11, 127.89, 127.49, 127.35, 127.30,
116.66, 53.03, 30.32. HRMS (ESI) calcd for C3sH33:N>02" m/z 549.2542 [M+H]",
Found 549.2545.

10.General procedure for the synthesis of derivatives 6.

OH Pd(PPh3)4 (10 mol%)
i K,CO3 (3.0 equiv.)

B.
+ OH
N—Bn dioxane, H,0, 100 °C, Ar,

4h

4k 6a

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged with 4k
(124.0 mg, 0.2 mmol, 1.0 equiv.), 2-naphthaleneboronic acid (75.7 mg, 0.44 mmol,
2.2 equiv.), Pd(PPhs)s (23.1 mg, 0.02 mmol, 10 mol%) and K>CO3 (82.9 mg, 0.6
mmol, 3.0 equiv.) in dioxane/H,O (1:1, 2 mL) under Ar. The resulting reaction
mixture was stirred at 100 °C for 4 h. After reaction completed, the volatiles were
removed under reduced pressure. The residue was purified by flash column
chromatography on silica gel (height 20 cm, width 3.5 cm, eluent: petroleum ether) to
afford the corresponding product 6a.

1,1'-dibenzyl-4,4'-bis(3-(naphthalen-2-yl)phenyl)-1H,1'H-3,3'-bipyrrole 6a. The
product was purified by flash column chromatography on silica gel (height 18 cm,
width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as a
yellow oil (79%, 113.2 mg). Ry (petroleum ether/ethyl acetate = 20:1): 0.37. "H NMR
(400 MHz, CDCl;) 6 7.82 — 7.70 (m, 6H), 7.70 — 7.62 (m, 4H), 7.55 — 7.49 (m, 2H),
7.44 — 7.36 (m, 4H), 7.35 — 7.31 (m, 2H), 7.27 — 7.23 (m, 2H), 7.22 — 7.09 (m, 12H),
6.95 (d, J = 2.4 Hz, 2H), 6.69 (d, J = 2.4 Hz, 2H), 5.05 (s, 4H). 13C NMR (101 MHz,
CDCls) ¢ 140.29, 139.03, 137.96, 136.83, 133.72, 132.51, 128.76, 128.36, 128.23,
128.14, 127.67, 127.60, 127.08, 126.42, 126.38, 126.06, 125.73, 125.66, 125.57,
124.90, 124.01, 121.93, 119.50, 116.91, 53.55. HRMS (ESI) calcd for CssHa1N2" m/z
717.3270 [M+H]", Found 717.3273.
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B~ Pd(PPh3), (10 mol%)
K,CO3 (3.0 equiv.)

.
N=Bn OOO dioxane, H,0O, 100 °C, Ar,

4h

4k 6b

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged with 4k
(124.0 mg, 0.20 mmol, 1.0 equiv.), 9-anthraceneboronic acid (75.7 mg, 0.44 mmol,
2.2 equiv.), Pd(PPhs)s (23.1 mg, 0.02 mmol, 10 mol%) and K>CO3 (82.9 mg, 0.6
mmol, 3.0 equiv.) in dioxane/H,O (1:1, 2 mL) under Ar. The resulting reaction
mixture was stirred at 100 °C for 4 h. After reaction completed, the volatiles were
removed under reduced pressure. The residue was purified by flash column
chromatography on silica gel (height 20 cm, width 3.5 cm, eluent: petroleum ether) to
afford product 6b.

4,4'-bis(3-(anthracen-9-yl)phenyl)-1,1'-dibenzyl-1H,1'H-3,3'-bipyrrole 6b. The
product was purified by flash column chromatography on silica gel (height 18 cm,
width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 20:1) as a
yellow oil (73%, 119.1 mg). Ry (petroleum ether/ethyl acetate = 20:1): 0.33. "H NMR
(400 MHz, CDCl3) ¢ 8.41 (s, 2H), 7.95 (d, J = 8.8 Hz, 4H), 7.62 (d, J = 8.8 Hz, 4H),
7.44 — 7.39 (m, 4H), 7.35 — 7.30 (m, 6H), 7.15 — 7.05 (m, 12H), 6.95 — 6.90 (m, 4H),
6.77 (d, J = 2.4 Hz, 2H), 6.58 (d, J = 2.4 Hz, 2H), 4.85 (s, 4H). 13C NMR (101 MHz,
CDCl3) 0 138.19, 137.86, 137.82, 136.48, 131.43, 130.28, 129.73, 128.66, 128.16,
127.93, 127.86, 127.60, 127.48, 127.06, 126.39, 126.20, 125.11, 125.08, 124.25,
121.69, 119.95, 116.85, 53.42. HRMS (ESI) calcd for CeHasN2® m/z 817.3583
[M-+H]", Found 817.3574.

11.General procedure for the synthesis of derivatives 7, 8, 9.

Pd(PPhs)s (10 mol%)
K,CO3 (3.0 equiv.)
+ W—BR,

dioxane, H,0, 100 °C, Ar,
4h

4k

An oven-dried 25 mL Schlenk tube equipped with a stirring bar was charged with 4k
(124.0 mg, 0.2 mmol, 1.0 equiv.), borate ester!** (0.44 mmol, 2.2 equiv.), Pd(PPhs)4
(23.1 mg, 0.02 mmol, 10 mol%) and K>CO3 (82.9 mg, 0.6 mmol, 3.0 equiv.)in
dioxane/H,O (1:1, 2 mL) under Ar. The resulting reaction mixture was stirred at
100 °C for 4 h. After reaction completed, the volatiles were removed under reduced

pressure. The residue was purified by flash column chromatography on silica gel
529



(height 20 cm, width 3.5 cm, eluent: petroleum ether) to afford the corresponding
product 7, 8, 9.

(BR,8'R,9S,9'S,138S,13'S,14S,14'S)-3,3'-((1,1'-dibenzyl-1H,1'H-[3,3'-bipyrrole]-4,4
'-diyl)bis(3,1-phenylene))bis(13-methyl-6,7,8,9,11,12,13,14,15,16-decahydro-17H-
cyclopentala]phenanthren-17-one) 7. The product was purified by flash column
chromatography on silica gel (height 18 cm, width 1.5 cm, eluent: petroleum
ether/ethyl acetate, gradient: 100:0 to 20:1) as a yellow oil (74%, 143.3 mg). Ry
(petroleum ether/ethyl acetate = 20:1): 0.33. TH NMR (400 MHz, CDCls) 6 7.54 (s,
2H), 7.28 — 7.22 (m, 14H), 7.18 — 7.11 (m, 8H), 6.93 (d, J = 2.4 Hz, 2H), 6.66 (d, J =
2.4 Hz, 2H), 5.08 (s, 4H), 2.93 — 2.85 (m, 4H), 2.57 — 2.49 (m, 2H), 2.38 — 2.30 (m,
2H), 2.20 — 1.98 (m, 10H), 1.66 — 1.49 (m, 12H), 0.93 (s, 6H). 1*C NMR (101 MHz,
CDCl) ¢ 220.93, 140.17, 139.23, 138.34, 137.99, 136.56, 136.48, 128.72, 128.16,
127.69, 127.57, 127.00, 125.99, 125.86, 125.59, 124.83, 124.46, 123.58, 121.92,
119.36, 116.75, 53.48, 50.54, 48.03, 44.41, 38.25, 35.89, 31.66, 29.52, 26.63, 25.82,
21.64, 13.89. HRMS (ESI) calcd for C70HssN2O2Na™ m/z 991.5178 [M+Na]*, Found
991.5179.

Diisopropyl2,2'-(((3',3""'-(1,1'-dibenzyl-1H,1'H-[3,3'-bipyrrole]-4,4'-diyl)bis([1'',1

'"""-biphenyl]-4-carbonyl))bis(4,1-phenylene))bis(oxy))bis(2-methylpropanoate) 8.
The product was purified by flash column chromatography on silica gel (height 18 cm,
width 1.5 cm, eluent: petroleum ether/ethyl acetate, gradient: 20 to 5:1) as a yellow oil
(79%, 175.8 mg). Ry (petroleum ether/ethyl acetate = 5:1): 0.18. 'H NMR (400 MHz,

CDCls) §7.81 — 7.68 (m, 9H), 7.53 (t, J = 1.6 Hz, 2H), 7.45 (d, J = 8.0 Hz, 4H), 7.26
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—7.13 (m, 15H), 6.95 — 6.86 (m, 6H), 6.70 (d, J = 2.4 Hz, 2H), 5.13 — 5.02 (m, 6H),
1.67 (s, 12H), 1.20 (d, J = 6.4 Hz, 12H). ¥C NMR (101 MHz, CDCIls) ¢ 195.12,
173.07, 159.35, 145.16, 138.99, 137.70, 136.73, 136.19, 131.87, 130.74, 130.19,
128.65, 128.29, 127.63, 126.94, 126.78, 126.53, 126.00, 124.37, 123.59, 121.68,
119.32, 117.10, 116.63, 79.25, 69.21, 53.40, 25.28, 21.42. HRMS (ESI) calcd for
C74HeoN20s" m/z 1113.5054 [M+H]*, Found 1113.5047.

1,1'-dibenzyl-4,4'-bis(3-((R)-2,8-dimethyl-2-((4R,8R)-4,8,12-trimethyltridecyl)chr
oman-6-yl)phenyl)-1H,1'H-3,3'-bipyrrole 9. The product was purified by flash
column chromatography on silica gel (height 18 cm, width 1.5 cm, eluent: petroleum
ether/ethyl acetate, gradient: 100:1 to 50:1) as a yellow oil (83%, 204.5 mg). Ry
(petroleum ether/ethyl acetate = 50:1): 0.43. TH NMR (400 MHz, CDCls) 6 7.61 (s,
1H), 7.36 — 7.25 (m, 10H), 7.23 — 7.13 (m, 9H), 7.11 — 7.04 (m, 2H), 7.00 (d, J = 2.4
Hz, 2H), 6.69 (d, J = 2.4 Hz, 2H), 5.10 (s, 4H), 2.89 — 2.69 (m, 4H), 2.33 — 2.20 (m,
6H), 1.94 — 1.78 (m, 4H), 1.71 — 1.17 (m, 48H), 0.99 — 0.90 (m, 25H). 1*C NMR (101
MHz, CDCl;) 0 151.47, 140.56, 137.99, 136.38, 132.29, 128.61, 127.97, 127.48,
127.10, 126.91, 126.11, 125.58, 125.46, 125.28, 124.97, 123.27, 121.85, 120.27,
119.22, 116.76, 76.04, 53.38, 40.32, 39.35, 37.47, 37.44, 37.27, 32.78, 32.70, 31.25,
27.96, 24.79, 24.44, 24.27, 22.72, 22.63, 22.41, 21.01, 19.76, 19.65, 16.20. HRMS
(ESI) calcd for CssHi16N2O2Na* m/z 1255.8935 [M+Na]*, Found 1255.8921.

12.General procedures for control experiments.
Ph

N—=—pn

_N
Bn

10

benzyl-3-phenyl-4-(phenylethynyl)-2,5-dihydro-1H-pyrrole 10. The product was
purified by flash column chromatography on silica gel (height 18 cm, width 1.5 cm,
eluent: petroleum ether/ethyl acetate, gradient: 100:0 to 50:1) as a white solid (53%,
35.5 mg). Ry (petroleum ether/ethyl acetate = 50:1): 0.5. 'TH NMR (400 MHz, CDCl3)
07.81(d,J=17.6 Hz, 2H), 7.48 — 7.42 (m, 2H), 7.42 — 7.37 (m, 2H), 7.37 — 7.25 (m,
9H), 3.98 (t, J = 4.0 Hz, 2H), 3.85 (s, 2H), 3.81 (t, J = 4.0 Hz, 2H). 3C NMR (101
MHz, CDCls) 0 142.32, 139.11, 134.16, 131.57, 128.78, 128.54, 128.48, 128.35,
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128.28, 127.26, 126.78, 123.38, 115.65, 96.53, 85.51, 64.41, 61.84, 60.35, one carbon
was overlapped. HRMS (ESI) caled for CosH2oN* m/z 336.1752 [M+H]*, Found
336.1754.

Bh Ph
Bn W(CO)g (10 mol%) Bn—N" |
N = pn '
= TMS._N_ _OMe
N g o-xylene, 140°C, 12 h | N-gn

Ph

Bn

10 2 3a

An oven-dried 25 mL schlenk tube equipped with a stirring bar was transferred into
glovebox (through standard glovebox operation), where W(CO)s (0.02 mmol, 7.0 mg,
0.1 equiv.) was added. The tube was then removed from glovebox and placed under
Ar. Then derivatives 10 (0.2 mmol, 1.0 equiv.),
N-(methoxymethyl)-N-(trimethylsilylmethyl)-benzylamine 2 (1.2 mmol, 6.0 equiv.),
and o-xylene (2 mL) were added subsequently to the test tube under Ar. The resulting
reaction mixture was stirred at 140 °C for 12 h. After reaction completed, the mixture
was cooled down to room temperature, and the volatiles were removed under reduced
pressure. The residue was then purified by flash column chromatography on silica gel
to give the desired product 3a.

Ph

~
Bn—N

-
| N-Bn
Ph
1

1,1'-dibenzyl-4,4'-diphenyl-2,5-dihydro-1H,1'H-3,3'-bipyrrole 11. The product
was purified by flash column chromatography on silica gel (height 18 cm, width 1.5
cm, eluent: petroleum ether/ethyl acetate, gradient: 50:1 to 10:1) as a yellow oil (43%,
40.1 mg). Ry (petroleum ether/ethyl acetate = 10:1): 0.2. 'TH NMR (400 MHz, CDCl3)
0740 (d, J=7.2 Hz, 2H), 7.35 - 7.21 (m, 12H), 7.14 — 7.05 (m, 6H), 6.80 (d, J = 2.4
Hz, 1H), 6.49 (d, J = 2.4 Hz, 1H), 4.96 (s, 2H), 3.95 (t, J = 3.6 Hz, 2H), 3.82 (s, 2H),
3.67 (t, J = 4.0 Hz, 2H). *C NMR (101 MHz, CDCl3) ¢ 139.37, 137.80, 135.99,
135.81, 133.35, 130.65, 128.76, 128.75, 128.33, 127.82, 127.76, 127.29, 126.95,
126.91, 126.87, 126.54, 125.52, 124.30, 121.02, 119.83, 116.89, 65.58, 63.03, 60.51,
53.46, one carbon was overlapped. HRMS (ESI) calcd for C34H31N2" m/z 467.2487
[M+H]", Found 467.2491.

Cu,0 (10 mol%)

~Ph Pyridine (15 mol%) ~Ph
Bn—N_ TsOH+H,0 (10 mol%) Bn=N_
| N—Bn 0,, toluene, 90 °C, 12 h ~_,/N—Bn
Ph Ph
4a

11
An oven-dried 25 mL reaction tube equipped with a stirring bar was charged with
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derivatives 11 (0.20 mmol, 1.0 equiv.), Cu20 (2.9 mg, 0.02 mmol, 0.1 equiv.),
pyridine (2.4 mg, 0.03 mmol, 0.15 equiv.), TSOH*H>O (3.4 mg, 0.02 mmol, 0.1 equiv.)
and toluene (2 mL). The tube was evacuated and filled with 1 atm O», and stirred
rigorously at 90 °C for 12 h. After reaction completed, the mixture was cooled down
to room temperature, and the volatiles were removed under reduced pressure. The
residue was purified by flash chromatography on silica gel to afford the corresponding
products 4a.
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14.NMR spectra copies of the compounds 3.

'H NMR (400 MHz, CDCl;) spectrum of compound 3a
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'"H NMR (400 MHz, CDCl3) spectrum of compound 3b
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'H NMR (400 MHz, CDCl;) spectrum of compound 3¢
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'H NMR (400 MHz, CDCls) spectrum of compound 3d
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'"H NMR (400 MHz, CDCl3) spectrum of compound 3e
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'"H NMR (400 MHz, CDCl3) spectrum of compound 3f:
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'H NMR (400 MHz, CDCl;) spectrum of compound 3g
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'H NMR (400 MHz, CDCls) spectra of compound 3h
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'"H NMR (400 MHz, CDCls) spectra of compound 3
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I3C{'H} NMR (101 MHz, CDCl;) spectra of compound 3

9,209 ~\_
18929
29829 V.

Wo'skL
vST S V.

o_._..hm_\
oova_.
mmv,va
2es8eh
S€9'8Z1
ces’ezl
v8lilel
pATARY
Lezsel

y00'6€EL

02091 —
86L°€9L —

200

40

50

180 170 160

190

10

j:

'H NMR (400 MHz, CDCl;) spectrum of compound 3

§§'e
§s'e
9g'¢

L€

LLe—

G8'e
98'¢

98'¢

3

00|
M 26°S
L6'c
A 20|

F 60y

¥ 2T

Hvoz1

S43



B

I3C{'H} NMR (75 MHz, CDCl;) spectrum of compound 3
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I3C{'H} NMR (75 MHz, CDCl;) spectrum of compound 3k
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YF{'H} NMR (376 MHz, CDCl3) spectra of compound 3I:
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H NMR (400 MHz, CDCl3) spectrum of compound 3m
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'H NMR (400 MHz, CDCl;) spectrum of compound 3n
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'"H NMR (400 MHz, CDCls) spectrum of compound 30
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'"H NMR (400 MHz, CDCl3) spectrum of compound 3p
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'H NMR (400 MHz, CDCls) spectra of compound 3q
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I3C{'H} NMR (101 MHz, CDCl;) spectra of compound 3q
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I3C{'H} NMR (101 MHz, CDCl3) spectrum of compound 3r

Ly'ozlL
86'9C1
9T'8Ch
6,821

€8'821
se'6ch
65°0€)
19LeL
Leel
6¥°GEL
8L°GEL
28'8¢€l

e\

150

160

'H NMR (400 MHz, CDCl;) spectrum of compound 3s

19°¢

8¢

S0°L
10°L y
60°L
[
9L
€21
vT'LA
ST'L
9Z'L
1zL7
62'L
LeL
£€°L

%.mw.

l9'e :
E o0y

I 867/

08'c
Fw.mw

N
H/o:u

vm.hg
9e'L
9¢’L

3s

¥ 80¢[~

81|

S53



I3C{'H} NMR (101 MHz, CDCl;) spectrum of compound 3s
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F{'H} NMR (376 MHz, CDCl;) spectra of compound 3t:
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1
H NMR (400 MHz, CDCl;) spectrum of compound 3u
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'"H NMR (400 MHz, CDCl3) spectrum of compound 3v
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'H NMR (400 MHz, CDCl3) spectrum of compound 3w
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'H NMR (400 MHz, CDCl;) spectrum of compound 3x
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'H NMR (400 MHz, CDCl;) spectrum of compound 3y
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I3C{'H} NMR (101 MHz, CDCl3) spectra of compound 3z
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I3C{'H} NMR (101 MHz, CDCl;) spectrum of compound 3aa
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I3C{'H} NMR (75 MHz, CDCl;) spectrum of compound 3ab
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F{'H} NMR (376 MHz, CDCls) spectra of compound 3ac
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'H NMR (400 MHz, CDCl;) spectrum of compound 3ad
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'"H NMR (400 MHz, CDCls) spectrum of compound 3ae
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'H NMR (400 MHz, CDCls) spectra of compound 3af
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'H NMR (400 MHz, CDCls) spectra of compound 3ag
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'H NMR (300 MHz, CDCls) spectra of compound 3ah
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'"H NMR (300 MHz, CDCl3) spectra of compound 3a
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15.NMR spectra copies of the compounds 4.

'H NMR (400 MHz, CDCl;) spectra of compound 4a:
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'H NMR (400 MHz, CDCls) spectra of compound 4b
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'"H NMR (400 MHz, CDCls) spectra of compound 4¢
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'H NMR (400 MHz, CDCls) spectra of compound 4d
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'H NMR (400 MHz, CDCl;) spectra of compound 4e
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I3C{'H} NMR (101 MHz, CDCl;) spectra of compound 4e
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I3C{'H} NMR (101 MHz, CDCl;) spectra of compound 4f:
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'H NMR (400 MHz, CDCl;) spectra of compound 4g
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I3C{'H} NMR (101 MHz, CDCl;) spectra of compound 4g
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I3C{'H} NMR (101 MHz, CDCl;) spectra of compound 4h
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YF{'H} NMR (376 MHz, CDCl3) spectrum of compound 4i
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'"H NMR (400 MHz, CDCls) spectra of compound 4
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'"H NMR (400 MHz, CDCls) spectra of compound 4k
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'"H NMR (400 MHz, CDCls) spectra of compound 41
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'"H NMR (400 MHz, CDCl3) spectra of compound 4m:
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I3C{'H} NMR (101 MHz, CDCl;) spectra of compound 4m
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'H NMR (400 MHz, CDCls) spectra of compound 4n
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I3C{'H} NMR (101 MHz, CDCl;) spectra of compound 4n
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I3C{'H} NMR (101 MHz, CDCl3) spectra of compound 40
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I3C{'H} NMR (101 MHz, CDCl;) spectra of compound 4p
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I3C{'H} NMR (101 MHz, CDCl;) spectra of compound 4q
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I3C{'H} NMR (101 MHz, CDCl;) spectra of compound 4r

[T
v6'97 7

95 vE
9zse

Nrwmv

Ge'es

95911
£8°9LL
€0°ZLL
87611
or'ozl
Tzl
zr el
€691
99°9Z1
88°9Z1
[canat
€221
57221
28221
1821 N

99'821 7
Sy cmv\.
85°9EL ~\_
£2°8EL ~
€8'8€1L

Bn—N o

~ N—Bn

ki

4r

ui

£1 (ppm)

H NMR (300 MHz, CDCl;) spectra of compound 4s

10'G
L0'G
80'G
oL'g

Lyg—
559

A
69'9—
8,97
WA
sl
8117
1zl
ez
L]
6211
0¢'L
Nohg
Y
)
s
6€41
68
zr i
571
oyl
96 L
851"

/

Bn—N

N—-Bn

4s

E 60
LY
M 60°
109

I og
Foro

S91



I3C{'H} NMR (75 MHz, CDCl) spectra of compound 4s
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I3C{'H} NMR (75 MHz, CDCl) spectra of compound 4t:
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I3C{'H} NMR (75 MHz, CDCl) spectra of compound 5
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I3C{'H} NMR (101 MHz, CDCl3) spectra of compound 6a
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'H NMR (400 MHz, CDCls) spectra of compound 6b
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I3C{'H} NMR (101 MHz, CDCl;) spectra of compound 6b
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I3C{'H} NMR (101 MHz, CDCl;) spectra of compound 7
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I3C{'H} NMR (101 MHz, CDCl;) spectra of compound 8
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I3C{'H} NMR (101 MHz, CDCl3) spectra of compound 10
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I3C{'H} NMR (101 MHz, CDCl;) spectra of compound 11
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17.HRMS copies of the compounds
3a. HRMS (ESI) calcd for C34H33N2" m/z 469.2644 [M+H]", Found 469.2647.

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
3132 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:34-34 H:33-33 N:0-30 0O:0-100 Na:0-8
32 3a
241102-2-T-471 13 (0.105) 1: TOF MS ES+
2.37e+006

100~ 469.2647

% 470.2671

1 467.2485 ||471.2708
03912144 415.2356 437.1962 LA 491.2443 512.3006 5412972 554 o078 -
R e T e R L e et e
390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560

Minimum: =1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE

FIT  Norm  Conf (%) Formula
5

i
469. 2647  469. 2644 0.3 0.6 19.5 835. n/a n/a €34 H33 N2

5102



3b. HRMS (ESI) calcd for C36H37N2" m/z 497.2951 [M+H]", Found 497.2946.

Generic Display Report (all)

Intens. |
(%]

80+

+MS, 0.8-0.9min #(48-53)
497.2946

498.2971 3b

499.3007

503.2295

4952725 500.3044
52 @EasJL j\ 000 5012028 i 5042339
496

498 500 502 504 miz

Intens,
%]

1004
804

60+

201

+MS, 0.8-0.9min #{49-53)

497.2946

498.2971

4993007
495.2725 A 5003044 5032295 5042338

1251

100+

504

251

C36H37N2 497.30

497.2951

498.2985

499.3018

494 496 208 500 502 504 miz

Bruker Compass DataAnalysis 4.0 printed:  6/19/2024 10:18:23 AM Page 1 of 1
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3c. HRMS (ESI) calcd for C3gHaiN2" m/z 525.3264 [M+H]", Found 525.3270.

Generic Display Report (all)

Intens.
(%]

1254

10.04

757

5.0

259

0.0

524.3109

E23.85% A

525.3270

5312888 5323142

+MS, 0.8-0.9min #(49-52)

Et

3c

524

525

532 533 miz

Intens,
[%]

154

524.3109

526.3270

5312888 5323142

+MS, 0.8-0.9min #{49-52)

1504

100+

50+

5253264

C38H41 N2 525.33

Bruker Compass DataAnalysis 4.0

524

525

6/19/2024 10:28:32 AM

532 533 miz

Page 1 of 1



3d. HRMS (ESI) caled for Ca0HasN2"™ m/z 553.3577 [M+H]", Found 553.3567.

Generic Display Report (all)

Inte[nq:r +MS, 0.6min #(36)
553.3567

06 Bn—N

0.4

"Pr
3d

554.3386

0

.0 T T 7 T T 7 T T T
5525 553.0 5535 554.0 5545 555.0 555.5 556.0 556.5 557.0 m/z

Inte[ngzl +MS, 0.6min #(36)

0.87 553.3567

0.6

0.4

554.3386
0.2
565.3290

N o

% C40H 45N 2 ,553.36)

1504

100] 553.3577

50+ 554.3611

555.3644

0 T T T T T T T T T
5525 553.0 553.5 554.0 5545 555.0 555.5 556.0 556.5 557.0 miz

Bruker Compass DataAnalysis 4.0 printed:  5/29/2024 8:54:07 AM Page 1 of 1
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3e. HRMS (ESI) calcd for C42HagNoNa* m/z 603.3710 [M+Na]*, Found 603.3718.

Generic Display Report (all)

Intens.
(%]

0.8+

064

0.4

0.2

603.3718

+MS, 0.8-0.9min #(46-53)

609.2625

502 604 606 608

610 612 miz

Intens.
[%]
051
0.4
0.34

0.2

0.14

603.3718

+MS, 0.8-0.9min #{46-53)

609.2625

[%]

150+

100+

50+

603.3710

604.3743

605.3777
A

C42H 48N 2 Na ,603.37

598 600

Bruker Compass DataAnalysis 4.0

502 604 606 608

6/24/2024 9:27:22 PM

printed:

S106

610 612 miz
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3f. HRMS (ESI) caled for C42H4oN2" m/z 581.3890 [M+H]", Found 581.3880.

Generic Display Report (all)

Intens.
[%H

581.3880

582.3908

583.3927

+MS, 3.3-3.4min #(195-201)

3f

587.1108

0-=r e
579 580

"s81

VSéE" |5é3v|1v

=7

"ses 586 587 miz

Intens.
(%]
54

581.3880

582.3908

583.3927

+MS, 3.3-3.4min #(195-201)

587.1108

1251

1001

751

50

251

0

581.3890

582.3924

583.3957
N 584.3001

VS
C42H49N 2 ,581.39

579 580

Bruker Compass DataAnalysis 4.0

581

582 583 584

printed:  1/28/2024 8:22:44 PM

$107

585 L 587 miz

Page 1 of 1



3g. HRMS (ESI) calcd for CasHs3N2" m/z 609.4203 [M+H]", Found 609.4198.

Generic Display Report (all)

Intens.
(%]

607.3014

608.3186

609.4198

610.4217

611.4115

612.3795

+MS, 1.3-1.3min #(76-80)

613.3607

608

610

811

613 miz

0.254

607.3014

608.3186

609.4198

610.4217

611.4115

612.3795

+MS, 1.3-1.3min #(76-80)

613.3607

%R

1504

100

504

609.4203

610.4237

611.4270
VAN

C44HS3N 2 ,609.42

607

608

Bruker Compass DataAnalysis 4.0

609

810

printed:

5108

811

6/19/2024 10:22:38 AM

T T

613 miz

Page 1 of 1



3h. HRMS (ESI) calcd for C46H41N>" m/z 621.3270 [M+H]", Found 621.3275.

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

5678 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:46-46 H:41-41 N:0-30 0:0-100 Na:0-8

32
241102-2-T-443-1 26 (0.173) 1: TOF MS ES+
8.04e+005

i 621.3275

1 22,3311

@] 622.33
] sroam3 || 22233
1 5405384 5505197 965.5808  gag 5579 605.3690 S || 639.2766643.3110 655.2620 666.9309 685.4275 697.6610
T T T T T T T N T T ey T T T T SR T T T T T T | T T T T T T : Rk |
540 550 560 570 580 590 600 610 620 630 640 650 660 670 680 690 700

Minimum: =1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula
621.3275 621.3270 0.5 0.8 27.5 666.0 nfa n/a (46 H4L N2

$109



3i. HRMS (ESI) calcd for Cs34H31F2N>" m/z 505.2450 [M+H]", Found 505.2446.

Generic Display Report (all)

Intens. +MS, 1.6-1.7min #(96-101)
[%]
505.2446
a e
-
4]
3i
506 2441
2] 507.2890
503.2626
504.2572 L A
5035 504.0 5045 505.0 5055 506.0 5065 507.0 5075 5080 miz
Intens. +MS, 1.6-1.7min #(98-101)
[%]
104
505.2446
B«
&
4.
506.2441
7 5072890
5032000 504.2572
(o8 C3aHaIF2N2 50525
150+
505.2450
100+
5 506,243
507.2517
0 T T T T T T T T T T
5035 504.0 5045 505.0 505.5 506.0 506.5 507.0 5075 5080 miz
Bruker Compass DataAnalysis 4.0 printed:  5/28/2024 4:44:09 PM Page 1 of 1
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3j. HRMS (ESI) caled for C3sH37N202" m/z 529.2850 [M+H]", Found 529.2840.

Generic Display Report (all)

Intens.
(%]

0.6

0.4

0.2

529.2840

530.2832

528.3035

531.2543

+MS, 7.3-7.4min #(439-443)

OMe

3

533.2620

AN

528 529 530 531 532

533 534 m/z

051

529.2840

530.2832

,K J\ 531.2543

+MS, 7.3-7.4min #(439-443)

533.2620

1259

1004

751

501

529.2850

530.2883

531.2916
A

C36H37N202 529.29

Bruker Compass DataAnalysis 4.0 printed:

528 529 530 531 532

5/29/2024 8:52:00 AM

S111

T T

533 534 m/z

Page 1 of 1



3k. HRMS (ESI) caled for C36H37N2" m/z 497.2951 [M+H]", Found 497.2945.

Generic Display Report (all)

Intens.
(%]

0.6+

0.5

0.4+

0.3

0.2
496.1742

495.2617
0.1

00— T

497.2945

498.2938

500.2769

+MS, 7.5-7.5WPe#(446-450)

e
3k

501.3307

501.9612

495 496

497 498 499 500

501 502 m/z

Intens.

1.09

0.8

04

0.2 496.1742

495.2617

497.2845

4982958 500.2769

poVY

+MS, 7.5-7.5min #(446-450)

501.3307
501.9612

1504

100+

504

497.2851

498.2985

499.3018
JAN

C36H37N2 497.30

Bruker Compass DataAnalysis 4.0

497 498 299 500

printed:  5/28/2024 4:50:05 PM

S112

501 502m/z
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3L.LHRMS (ESI) calcd for C34Hs1FaNo"™ m/z 505.2450 [M+H]', Found 505.2441.

Generic Display Report (all)

Intens.
(%]
505.2441

24 506.2425
507.2868

503.2622

504.2569
R

508.2985

ol

+MS, 1.5-1.6min #(89-83)

509.2616

504 506 507

508

509 miz

505.2441

24 H6.2425 507.2868

503.2622 5042569

508.2985

+MS, 1.5-1.6min #(89-93)

509.2616

1254

505.2450

1004

75

506.2483

254

507.2517
A

C34H31F2N2 50525

506 507

Bruker Compass DataAnalysis 4.0 5/28/2024 4:45:12 PM

printed:

S113

508

509 miz
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3m. HRMS (ESI) calcd for C34H31CbN2" m/z 537.1859 [M+H], Found 537.1864.

Generic Display Report (all)

Intens.
(%]

535.1706

537.1864

539.1897

538.1883

540.1869

536.1706

+MS, 1.9-2.0min #(112-118)

541.1811

542.4329

L o™

535

"s3 53 540

SR B e e S e e sy

541 " 542 miz

Intens.
(%]

20

535.1706

537.1864

539.1897

538.1883
540.1869
536.1706
AN

+MS, 1.9-2.0min #(112-119)

541.1811 542.4329

1504

1004

504

537.1859

539.1832

538.1892
540.1863

C34H31CI2N2 537.19

541.1801
5421834

Bruker Compass DataAnalysis 4.0

535

T T T T T

536 837 538 539 540

printed:  1/28/2024 8:19:50 PM

S114

541 542 miz
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3n. HRMS (ESI) caled for C34H31BraN2"™ m/z 625.0849 [M+H], Found 625.0842.

Generic Display Report (all)

Intens.
(%]

625.0842

621.2403

623.2324
619.2108 ’, r.
0+

627.0832

629.0813

+MS, 2.0-2.1min #(121-124)

634.2214 6362669

6175 6200 6225

6250

6275

6300

‘632,5‘ —

6350 6375 6400 miz

Intens.
(%]
104

625.0842

6192108 6212403 g23 2324

627.0832

629.0813

+MS, 2.0-2.1min #(121-124)

6342214 6362669

1254
1004

751
625.0849

50

251

: | A

627.0831

629.0810

L.

C34H31Br2N2 625.09

8175 620.0 6225 625.0

Bruker Compass DataAnalysis 4.0

6275 630.0

printed:

S115

6325

1/28/2024 7:44:36 PM

635.0 6375 6400 miz

Page 1 of 1



30. HRMS (ESI) calcd for C36H37N202" m/z 529.2850 [M+H]*, Found 529.2857.

Generic Display Report (all)

Intens.
(%]

527.2563

529.2857

5324012
530.3016

$533.4008

+MS, 2.2-2.3min #(129-136)

OMe

534.4043

o4
527 528 529 530 531 532 533 534 535 m/z
Intens. +MS, 2.2-2.3min #(129-136)
(%]
za
529.2857
2]
5324012
b 530.3016
527.2563 534.4043

533.4008

L pa e Mot s WA o A s VN
[%] C36H37N202 529.
150+
. 529.2850
507 530.2883

531.2916
T T T T T /\ T T T T
527 528 529 530 531 532 533 534 535 miz
Bruker Compass DataAnalysis 4.0 printed:  1/28/2024 8:24:29 PM Page 1 of 1
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3p. HRMS (ESI) caled for CssH37N2" m/z 497.2951 [M+H]", Found 497.2942.

Generic Display Report (all)

Intens.
(%]
1.0 497.2942

0.8

0864

0.41 498.2939

0.29

e

0.0

+MS, 7.2-7.4min #(433-440)

500.2695

496.0 4965 497.0 4975 498.0 1985 499.0

2995

500.0 5005 miz

Intens.
[%]
1.259

1.00 497.2042
075
0.50

498.2939

0259

+MS, 7.2-7.4min #(433-440)

500.2695

%R

1504

1001 497.2951

504

499.3018

C36H37N2 497.30

196.0 4965 497.0 2975 498.0 1985 299.0

Bruker Compass DataAnalysis 4.0 printed:  5/29/2024 8:50:56 AM
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3q. HRMS (ESI) calcd for Cs34H31F2N>" m/z 505.2450 [M+H]", Found 505.2447.

Generic Display Report (all)

Inte[nq:i +MS, 3.5-3.6min #(212-216),

1.09

0.8

505.2447

064

3q

0.4

509.2323
507.3132

506.2420

0.21 511.2006

510.2438

0.0 T T T T T T
502 504 506 508 510 512 m/z

Intens. +MS, 3.5-3.6min #(212-216)
[%]
1.09

0.8
505.2447

5062420 507.3132 HS2323

511.2096

510.2438 512.5005

% C34H31F2N2 50525
150+
505.2450
100+
S 506.2483
507.2517
0 : T - - : - ‘
502 504 506 508 510 512 miz
Bruker Compass DataAnalysis 4.0 printed:  5/28/2024 4:46:15 PM Page 1 of 1
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3r. HRMS (ESI) caled for C34H31CLNy" m/z 537.1859 [M+H]", Found 537.1868.

Generic Display Report (all)

Inte[nq:i +MS, 10.9-10.9min #(652-653),

2.0

537.1868

532.3611

2y 5441919

533.3572

531.4148

0.0~

Intens. +MS, 10.8-10.9min #(652-653)

(%]
1,009
- 537.1868

532.3611
0501
544.1919

gse 541 2366542.2052

i LWL T A1 LG /Yl
0% C34H31CI2N2 537.19)
200+
150
1004 537.1859

539.1832
507 538.1802
540.1863
541.1801
A I\ 542.1834
0 T T T T T T
532 534 536 538 540 542 544 miz
Bruker Compass DataAnalysis 4.0 printed:  5/29/2024 8:58:11 AM Page 1 of 1
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3s. HRMS (ESI) calcd for C34H3iBroN2 m/z 627.0831 [M+H]*, Found 627.0835.

Generic Display Report (all)

Intens.
(%]

621.2423 6232312

0 B

627.0835

625.0845

626.0858

629.0801

628.0826

630.0846

631.0939

_I\u‘lh ‘-)'..n-\. -

+MS, 2.2min #(130)

ok

L,

620 622 624

626

628 630 632

634

miz

Intens.
(%]
12,54
10.04
7.5

5.0q

254

621.2423 623.2312
I . N

627.0835

625.0845

626.0858

629.0801
628.0826

630.0846
|\ 6310000

+MS, 2.2min #(130)

150+

1004

504

0 T T

627.0831

625.0849

626.0882

629.0810
628.0862

630.0841
631.0875

C34H31Br2N2 625.09

620 622 624

Bruker Compass DataAnalysis 4.0

626

printed:

$120

628 630 632

1/28/2024 7:46:01 PM

634 miz
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3t. HRMS (ESI) calcd for CssH31FsN2" m/z 605.2386 [M+H]", Found 605.2396.

Generic Display Report (all)

Intens.
(%]

1004

80

60+

204

sge g 604.2436
o

605.2396

606.2499

607.2616

+MIS, 0.4-0.4min #(21-23)

608.2702

603 604

606

807

608 609 " miz

Intens,
[%]

150+

100

501

6032245

605.2396

606.2499

607.2616

+MS, 0.4-0.4min #{21-23)

150+

100+

50+

605.2386

606.2419

607.2453
A

C36H31FEN2 605.24

Bruker Compass DataAnalysis 4.0
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3u. HRMS (ESI) calcd for C42H37N>" m/z 569.2951 [M+H]", Found 569.2963.

Generic Display Report (all)

Inte[n;i +MS, 2.3-2.3min #(137-138)
569.2963
0 C
Bn—N /
0] | N-Bn
570.2940 O
] 3u
2 571.3070
723128 573.3237
568.2663 5743223
U o " o170
g Sy e =~ pEpcd e g
Intens. +MS, 2.3-2.3min #(137-138)
(%]
80-
569.2063
60-
0/
570.2940
20 571.3070
568.2863 el hra Ry 5743223
e A AN e
98] C42H37N2 569.30
1259
s 569.2951
751
501 570.2985
25
5713018
. A 572.3052
568 569 570 571 572 573 574 miz
Bruker Compass DataAnalysis 4.0 printed:  1/28/2024 6:39:38 PM Page 1 of 1
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3v. HRMS (ESI) calcd for C3eH3N204" m/z 557.2435 [M+H]*, Found 557.2426.

Generic Display Report (all)

Intens.
(%]

20+

557.2426

558.2465

555.2284
559.2805

556.2302

553 28715542925
LN

+MS, 0.8-0.9min #(49-53)

562.2724

560.3037
so1 368 [\ 532792554 003565 2m37

554 556 558 560

562 564 566 miz

Intens,
[%I]

254

204

557.2426

558.2465

555.2284

559.2805
553.2871554.2925 J\ PR

f\_ 560 ;’?-037

+MS, 0.8-0.9min #{49-53)

562.2724,
A 563.2792 565.2837

1259

1004

751

501

254

557.2435

558.2468

559.2502
A

C36H33N204 557.24

Bruker Compass DataAnalysis 4.0
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3w. HRMS (ESI) calcd for C30H20N2S>" m/z 481.1767 [M+H]", Found 481.1765.

Generic Display Report (all)

Intens.
(%]

480.1565 450 4990

481.1765

Bn—N

482.1916

\

+MS, 4.3min #(259)

S

[ N-Bn

3w

AN AN

4795

A
o

480.0 "480.5

4820

A

483.0 m/z

T

4825

Intens.
(%]

4801565 430.4990

Anaen

481.1765

482.1916

+MS, 4.3min #(259)

L

200+

150

100+

504

481.1767

482.1800

Aa,
C30H29N2S2 481.18

4795

480.0 480.5

Bruker Compass DataAnalysis 4.0
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3x. HRMS (ESI) calcd for C3sH3sN>™ m/z 483.2795 [M+H]", Found 483.2788.

Generic Display Report (all)

Intens. |

(%]

304

201 482.2596

483.2788

484.2799

Bn—N ]

Ph

486.2909

+MS, 1.7-1.7min #(100-101)

Me

I N—Bn

3x

487.3024

A

L Lol Sl ph

jp— L

' 487 m/z

Intens.
(%]

50+

301

201 4822596

483.2788

4842799

485.2824
i

486.2909

+MS, 1.7-1.7min #(100-101)

487.3024
—e

1259

1001

751

504

251

483.2795

484.2828

|

485.2862
AN

C35H35N2 48328

Bruker Compass DataAnalysis 4.0
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3y. HRMS (ESI) calcd for C3oHasN* m/z 539.3421 [M+H]*, Found 539.3430.

Generic Display Report (all)

lnter‘lz +MS, 0.9-1.0min #(53-59)
%), 539.3430
Am
Bn—N l
G E
I N—Bn
Ph
41 3y
540.3460
537.3229
538.3253 541.3454
5423269
537.8386 538.7949 539.8859 5433194 5443236
0= At ; > T ; i e i
537 538 539 540 54 542 543 544 m/z
Intens. +MS, 0.9-1.0min #(53-59)
[%]
104
84 539.3430
61
4 540.3460
29 537.3229
538.3253 541.3454
537.8386 J\ 538.7949 539.8859 542.3269 5433194 544.3236
) C39H43N 2 539.34
150+
539.3421
1004
50 540.3454
f\ 541.3488
T T T T T !\ T T T T
837 538 539 540 541 542 543 544 miz
Bruker Compass DataAnalysis 4.0 printed:  6/19/2024 10:26:18 AM Page 1 of 1
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3z. HRMS (ESI) calcd for C34H32FN>" m/z 487.2544 [M+H]", Found 487.2533.

Generic Display Report (all)

Intens.
(%]

0.8+

0.6

0.4+

0.2

485.2404

487.2533

488.2530

Bn—N

+MS, 3.4min #(202)
F

Ph
3z

00

Intens.

[%1]

0.8
0.6
0.4+

0.2

1251
1001
751
50

251

w0 0 T mz

485.2404

487 2533

488.2530

+MS, 3.4min #(202)

4872544

488.2577

489.2611
VAN

C34H32F N2 487.25

Bruker Compass DataAnalysis 4.0
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3aa. HRMS (ESI) calcd for C3sH3sNO* m/z 499.2744 [M+H]*, Found 499.2753.

Generic Display Report (all)

InteF;i- +MS, 2.3-2.3min #(136-138)
499.2753
OMe
801
Bn—N /
I N—Bn
501 Ph
3aa
40.
500.2749
503.2221
204 498.2862
501.2644 504.2231
502.3336
0 e il s IR
498 499 500 501 502 503 504 miz
Intens. +MS, 2.3-2.3min #(136-138)
[%]
150+
1004 488.2753
50+
500.2749 503.2221
498.2862
504.2231
poinea 502.3336 N
[“91 C35H3ISN20 ,499.27|
150+
- 499.2744
501 500.2777
501.2811
0 - . - - - - - ‘
498 499 500 501 502 503 504 miz
Bruker Compass DataAnalysis 4.0 printed:  1/28/2024 6:43:23 PM Page 1 of 1
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3ab. HRMS (ESI) calcd for C34H3,CIN2* m/z 503.2249 [M+H]*, Found 503.2239.

Generic Display Report (all)

Intens. +MS, 0,20 2min #(10-12)

%]
20

Bn—N | Cl
151

[ N—Bn

Ph
3ab
10
503.2239

505.2265

504.2183

" 5020 = 5025 5030 5035 5040 5045 5050 5055 5060 miz

Intens. +MS, 0.2-0.2min #(10-12)
(%]

1254

10.04

503.2239
7.5

5.07 505.2265

504.2183
259

A
F’El C34H32CIN2 503.23

1504

o 503.2249

Y 504.2282 505.2222

502.0 5025 503.0 5035 504.0 5045 505.0 505.5 506.0 m/z

Bruker Compass DataAnalysis 4.0 printed:  1/28/2024 6:42:09 PM Page 1 of 1
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3ac. HRMS (ESI) calcd for C34H3FN>" m/z 487.2544 [M+H]", Found 487.2543.

Generic Display Report (all)

Intens.
(%]

501

301

204

486.2447

487.2543

488.2651

Bn—N

Ph

489.2768

+MS, 0.7-0.7min #(41-43)

I N—Bn

3ac

490.2881

486.0 4865

488.0 4885

489.0 4895

4900 miz

Intens.
[%]

60+

201

4862447
I

487.2543

488.2651

489.2768

+MS, 0.7-0.7min #{41-43)

490.2881

1504

100

504

487 2544

488.2577

489.2611

C34H32F N2 487.25

186.0 4865
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3ad. HRMS (ESI) calcd for C34H3:BrN>" m/z 547.1743 [M+H]", Found 547.1740.

Generic Display Report (all)

Intens. +MS, 1.3-1.4min #(79-84)

(%]
547.1740
20+

549.1748
Bn‘N I Br
154

[ N—Bn
Ph

3ad

548.1782
550.1779

545.1617

546.2097 551.1801
N \ 5522120 5533124
545 546 547 548 549 550 551 552 553 ‘miz

Inte[nozi +MS, 1.3-1.4min #(79-84)

30+

547.1740
201 549.1748

548.1782 5501779

5451617
f\ 546 2097 551.1801
[,

[591 C34H32BrN2 547.17

1254

1001 5471743 549.1725

75
5481777 550.1757

254
551.1790
A

0 T T T T T T T T T T
545 546 547 548 549 550 561 552 553 miz

Bruker Compass DataAnalysis 4.0 printed:  6/19/2024 10:29:27 AM Page 1 of 1

S131



3ae. HRMS (ESI) calcd for C32H3i1N2S™ m/z 475.2202 [M+H]", Found 475.2199.

Generic Display Report (all)

Intens.

(%]
475.2199

0.6

0.4

476.2221
475.7380

0.0

+MS, 3.2-3.3min #(194-196)

3ae

TarzT T Tara Ta15s 476 a7 418

‘4%9’ —r

480 miz

Intens. |
(%]

0.8
475.2199

0.6+

0.49

476.2221
0.2

+MS, 3.2-3.3min #(194-196)

4752202

751
50
476.2236

251
477.2266

478.2194

C32H3IN2S 475.22

0 T T T T

473 474 475 476 477 478

Bruker Compass DataAnalysis 4.0 printed:  1/28/2024 6:40:38 PM
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3af. HRMS (ESI) calcd for C34H3oN2" m/z 475.3113 [M+H]", Found 475.3115.

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance =5.0 mDa / DBE: min =-1.5, max = 50.0 Bn—N ]
Element prediction: Off
Number of isotope peaks used for i-FIT =3 [
N—Bn
Monoisotopic Mass, Even Electron lons
3220 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:34-34 H:39-39 N:0-30 0O:0-100 Na:0-8
32
241102-2-T-461-1 10 (0.089) 1: TOF MS ES+
3af 4.11e+006

100~ 477.3286

%_- 475.3115 478.3303

1 476.3144
479.3328
ol 4852209 4681038 450 9550 472.3150 474.2939 ‘ 7o°7 4B0.3357  4g3 3736 485.3886 4863915 s
B R e e 1 i e B R e e R B R
464.0 466.0 468.0 470.0 472.0 474.0 476.0 478.0 480.0 482.0 484.0 486.0 488.0

Minimum: =1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula

475.3115  475.3113 0.2 0.4 16.5 974.3 n/a n/a €34 H39 N2
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3ag. HRMS (ESI) calcd for C3sHaiN2* m/z 477.3264 [M+H]*, Found 477.3251.

Elemental Composition Report Page 1
. : Bn—N |

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0

Element prediction: Off [ N—Bn

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Even Electron lons

3220 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:34-34 H:39-39 N:0-30 0O:0-100 Na:0-8

32

241102-2-T-461-2 60 (0.371) 3ag 1: TOF MS ES+
1.41e+005
100+ 475.3112
g 4763148
1 477.3251
1 478.3301
o 447.1728.449.2874 4528561 450-ﬂ79 469‘12622 iy 492'875\51 497.2932 499.3218 509.8651 iits
T T T T T T T T T " T T T T T
440.0 450.0 460.0 470.0 480.0 490.0 500.0 510.0
Minimum: =15
Maximum: 5.0 10,0 50.0

S134



3ah. HRMS (ESI) caled for C31H37N2Si" m/z 465.2726 [M+H]", Found 465.2730.

Elemental Composition Report 5 TMS Page 1
n~N |

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0 I
Element prediction: Off N—-Bn
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
441 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used:
C:31-31 H:37-37 N:0-100 O:0-100 Si:1-1
3ah
31
250103-3-T-494-1 257 (0.566) 1: TOF MS ES+
2.47e+005
100+ 465.2730
o
%] 466.2769
1 463.2582 || 467.2756 a
1 391214900 3350 420.8878430.9138 447.9047 N 4812650 o5 gn7 505.8584 5314876 a7 cang e
T T T | BRD | T T T T T T T T T T T T T | T LLTER] T T T T T T T T 1

390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540
Minimum: =15
Maximum: 5.0 10.0  50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula
465. 2730 465, 2726 0.4 0.9 15.5 461.7 n/a n/a C31 H37 N2 Si
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3ai. HRMS (ESI) caled for C3sHauaN2Na* m/z 503.3397 [M+H]", Found 503.3389.

Generic Display Report (all)

Intens. +MS, 2.3-2.4min #(137-142)
503.3389

502.2791 Bn—=N_ |
3000

| N—Bn

504.3070
3ai

501.2520
505.3070

10004

506.2707 508.2451 509.2454

ctahal sl
0 f T T

501 502 503 504 505 506 507 508 509 miz

Intens. +MS, 2.3-2.4min #(137-142)
50004

40007 5033389

502.2791

504.3070
501.2520 505.3070

509.2454
506.2707 507.2373 508.2451

C34H44N 2 Na ,503.34

40007 503.3397

3000

504.3430
1000+

505.3464
T T T it T T
501 502 503 504 505 506 507 508 509 miz

Bruker Compass DataAnalysis 4.0 printed:  1/24/2025 2:00:39 AM Page 1 of 1
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4a. HRMS (ES]) calcd for C3sH2oN>" m/z 465.2331 [M+H]", Found 465.2322.

Elemental Composition Report ‘ Page 1

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0 Bn—N

X
Element prediction: Off =

Number of isotope peaks used for i-FIT =3 -
~_/N—Bn
Monoisotopic Mass, Even Electron lons
3074 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:34-34 H:29-29 N:0-30 0O:0-100 Na:0-8
32 4a
241102-2-T-472 20 (0.142) 1: TOF MS ES+
5.47e+005
100~ 465.2322
%_
] 466.2353
1 464.2242
1 467.2380 477.3248
450.2851 4531675 o0 oaar 450 23509602678 ¢ " 469.2614 asEm 8 492004
e e T e
450.0 4525 455.0 4571.5 460.0 462.5 465.0 467.5 470.0 4725 475.0 4715 480.0
Minimum: =1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
465. 2322 465. 2331 -0.9 -1.9 21.5 726.5 n/a n/a C34 H29 N2
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4b. HRMS (ESI) calcd for C3gH37N>" m/z 521.2957 [M+H]", Found 521.2950.

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
3962 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:38-38 H:37-37 N:0-30 0O:0-100 Na:0-8
32 4b
241102-2-T-233-6 24 (0.162) 1: TOF MS ES+
1.32e+006
100~ 521.2950
1 520.2878
%_
| 522.2982
1 559.2525
o 116.9860 267.1549301.1408 381.2072 430-2355 | | 5993275 6263748 7396000 821.4280 0015812935461
R B R B B I e e e e R e e
100 200 300 400 500 600 700 800 900 1000
Minimum: =1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
521.2950  521.2957 -0.7 -1.3 21.5 T796.6 n/a n/a C38 H37 N2
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4c. HRMS (ESI) calcd for C42HasN2* m/z 577.3583 [M+H]", Found 577.3580.

Elemental Composition Report "Bu Page 1

Single Mass Analysis
Tolerance =5.0 mDa / DBE: min = -1.5, max = 50.0 Bn—N
Element prediction: Off

Number of isotope peaks used for i-FIT =3

! ) N—Bn
Monoisotopic Mass, Even Electron lons
4907 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used: n
C:42-42 H:45-45 N:0-30 O:0-100 Na:0-8 Bu
32
241102-2-T-415-3 35 (0.240) 4c 1: TOF MS ES+
1.87e+006
100~ 577.3580
: 576.3517
=1 578.3614
] 600.3441
o 116.9859 267.1548\301-14173-38'3404 486.2969 616.3194 720.2834  g47 4901 964.2809 1098.3445 7175.6888m 5
e — e
100 200 300 400 500 600 700 800 900 1000 1100 1200
Minimum: =1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula

577.3580 577, 3583 -0.3 -0.5 2.5 739.1 n/a n/a C42 H45 N2
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4d. HRMS (ESI) calcd for Ca4HaoN2" m/z 605.3896 [M+H]", Found 605.3898.

Elemental Composition Report Am Page1
Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

N—-Bn
Monoisotopic Mass, Even Electron lons

5390 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:44-44 H:49-49 N:0-30 0:0-100 Na:0-8

32
241102-2-T-415-4 57 (0.355) 4d 1: TOF MS ES+
1.56e+006
100+ 605.3898
% 606.3931
: 604.3818| 643.3459
c‘ 116.9871  267.1563.301.14213g1.3013 5143342 550 5149 | | | 645.3536722 5242 12327618
T e T T T e e e T e
100 200 300 400 500 600 700 800 900 1000 1100 1200
Minimum: =1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula

605. 3898 605. 3896 0.2 0.3 21.5  T761.6

n/a n/a C44 H49 N2
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4e. HRMS (ESI) calcd for C34H27N>F2>" m/z 501.2142 [M+H]*, Found 501.2133.

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
9139 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:34-34 H:27-27 N:0-30 0:0-100 Na:0-8 F:1-3
30
241023-3-T-426-1 02 12 (0.100) 1: TOF MS ES+
2.60e+005

100+ 501.2133

%ﬁ

3 500.2061
] 502.2167
0,'437.1912489-1965490'2004493.2057494-2481 499.1649| 9032195505 2039506-2003 540 1453 510.9691 5151934 s
T T T T T T T T L) T | 0 LY T
487.5 490.0 492.5 495.0 497.5 500.0 502.5 505.0 507.5 510.0 512.5 515.0

Minimum: =15
Maximum: 5.0 10.0  50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula
501. 2133  501.2142 -0.9 -1.8 21.5 573.8 n/a n/a (34 H27 N2 F2
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4f. HRMS (ESI) calcd for C3sH33N202" m/z 525.2542 [M+H]", Found 525.2538.

OMe

Elemental Composition Report Page 1
Single Mass Analysis Bn—N
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3 N—Bn
Monoisotopic Mass, Even Electron lons
3997 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used: MeO
C:36-36 H:33-33 N:0-30 0O:0-100 Na:0-8
32 af
241102-2-T-467-1 31 (0.219) 1: TOF MS ES+
7.58e+004
100~ 525.2538
ol 526.2573
1 524.2451
ol 512.4567513.2673 2158978 5193850 5210389 27.2678 528.2719 530.4655 5351208 537.5408 539‘2336m "
e g e T Sl DRI LT b g T SRR e R R
510.0 512.5 515.0 517.5 520.0 522.5 525.0 527.5 530.0 532.5 535.0 537.5 540.0
Minimum: =1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula

525.2538 525, 2542 -0.4 -0.8 21.5 466.5 n/a n/a €36 H33 N2 02
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4g. HRMS (ESI) calcd for CasHasNy* m/z 617.2957 [M+H]*, Found 617.2952.

Elemental Composition Report Page 1
Single Mass Analysis B ES
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0 n—N
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
5611 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:46-46 H:37-37 N:0-30 0:0-100 Na:0-8 Ph
30 4
PYETIE T T P —— 02 85 (0.522) 9 1: TOF MS ES+
1.80e+004
617.2952
100j 616.2870
1 618.2073
* 1 s
1 607.3934, 615.5634 819.3045
16011166 603 5156 [ 6083870 ' 6231074 gog11e1  63d2ees 0354948
[ L I e o B e o LA e e e e o o e o e o e e e L oA e o B B e e e o o e e 1114
600.0 605.0 610.0 615.0 620.0 625.0 630.0 635.0
Minimum: =1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula

617.2952  617. 2957 -0.5 -0.8 29.5 290.6 n/a n/a €46 H37 N2
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4h. HRMS (ESI) calcd for C36H33N2" m/z 493.2644 [M+H]", Found 493.2635.

Me
Elemental Composition Report O Page 1
Single Mass Analysis Br—N >
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0 __
Element prediction: Off _
Number of isotope peaks used for i-FIT =3
~_/N—Bn
Monoisotopic Mass, Even Electron lons
3510 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:36-36 H:33-33 N:0-30 0O:0-100 Na:0-8
32 Me
241102-2-T-467-2 20 (0.142) 1: TOF MS ES+
4h 1.24e+006
100+ 493.2635
o 492.2560
4 | 494.2668
1 515.2460
1 531.2216
495.2687
oL L2220 4371916 4432667 4492069 4753115 ( | 517.2504) 530.2675 47217 8012005779906
T T T T T T T T T RARE) T T T | T T T T T 1 T ! T T T T T T T T T
410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590
Minimum: =1:5
Maximum: 5.0 10,0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula
493. 2635  493. 2644 -0.9 -1.8 2.5 722.2 n/a n/a C36 H33 N2
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4i. HRMS (ESI) calcd for C34Ha7F2N>™ m/z 501.2142 [M+H]", Found 501.2134.

F
Elemental Composition Report O Page 1
Single Mass Analysis Bn—N"
Tolerance =5.0 mDa / DBE: min =-1.5, max = 50.0 —
Element prediction: Off —
Number of isotope peaks used for i-FIT =3 “ N-Bn
Monoisotopic Mass, Even Electron lons
9139 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:34-34 H:27-27 N:0-30 0O:0-100 F:1-3 Na:0-8 F
30 .
241023-3-T-426-2. 02 12 (0.100) 4i 1: TOF MS ES+
3.53e+005

100+ 501.2134

L7

1 500.2065(502.2172
N 489.1004 4902185 4952445 447 1054 490.1604 P03 2187 5052027 3062199500 1937 512.50509135045
T T T T T T T T T T I T
4875 490.0 4925 495.0 4975 500.0 502.5 505.0 507.5 510.0 5125 515.0

Minimum: =1:5
Maximum: 5.0 10,0 50.0
Mass Calce. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula
501. 2134  501.2142 -0.8 -1.6 21.5 590.9 n/a n/a C34 H27 N2 2
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4j. HRMS (ESI) calcd for C34H2ClNa* m/z 533.1551 [M+H]*, Found 533.1541.

Cl
Elemental Composition Report ‘ Page 1
Single Mass Analysis By >
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0 __
Element prediction: Off _
Number of isotope peaks used for i-FIT =3 N—
~ Bn
Monoisotopic Mass, Even Electron lons
3045 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:34-34 H:27-27 N:0-30 0O:0-100 Na:0-8 Cl:2-2 Cl
32
241102-2-T-275-14 15 (0.115) 1: TOF MS ES+
4j 2.35e+005
100+ 533.1541
1 5351508
L7
] 5301463 536.1527
: 538.1531
oo 515:3927516 4044 523.3086 528.6509 | 2 5451908 5491656 551 1495557 1460 s
T T T T T o | R T T T 1 T T T T T T T
515.0 520.0 525.0 530.0 535.0 540.0 545.0 550.0 555.0
Minimum: =1:5
Maximum: 5.0 10,0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula
533. 1541  533. 1551 -1.0 -1.9 21.5 600.4 n/a n/a C34 127 N2 Cl12
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4k. HRMS (ESI) caled for C34Ha27BraN2" m/z 621.0541 [M+H]", Found 621.0541.

Br
Elemental Composition Report Page 1

Single Mass Analysis O
~

Tolerance =5.0 mDa / DBE: min =-1.5, max = 50.0 Bn—N
Element prediction: Off __
Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

10336 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)

Elements Used:

C:34-34 H:27-27 N:0-30 0O:0-100 Na:0-8 Br:1-4

30 Br

241023-3-T-424 02 20 (0.142) 4k 1: TOF MS ES+
3.82e+004

100+ 623.0524

25.
il 624.0515 8250500

|626.0562
| 627.0514
610.0 6120 6140 6160 6180 6200 6220 6240 6260 628.0

1 620.0577

628.0612

631.4111 633.4025 635.4752
630.0 632.0 634.0 636.0

m/z

Minimum: -1.5
Maximum: 2.0 10,0 50.0
Mass Cale. Mass mDa FPM DBE i-FIT  Norm  Conf (%) Formula

621. 0541  621. 0541 0.0 0.0 21.5 418.4 n/a n/a C34 127 N2 Br2
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41. HRMS (ESI) caled for C36H33N2"™ m/z 493.2644 [M+H]", Found 493.2635.

Elemental Composition Report Me O Page 1

Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0 _
Element prediction: Off

Number of isotope peaks used for i-FIT =3 - N—
~ Bn
Monoisotopic Mass, Even Electron lons
3510 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used: Me
C:36-36 H:33-33 N:0-30 0O:0-100 Na:0-8
32
241102-2-T-275-3 24 (0.162) 4] 1: TOF MS ES+
6.23e+005
100+ 493.2635
o 492.2562
] 494.2673 531.2210
] on— 5322232
| - | 561.2523
o 413.2646 443.2658 4602726 491-2502 || 7 ‘ r _530.2684 > 772217 598.3400 ) 431 e
T T T T T T T T T Tr T T T 1 T | T T T T b ! T T
400 420 440 460 480 500 520 540 560 580 600 620
Minimum: =1:5
Maximum: 5.0 10,0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
493. 2635  493. 2644 -0.9 -1.8 21.5 708.3 n/a n/a C36 H33 N2
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4m. HRMS (ESI) caled for CssH27F2No2™ m/z 501.2142 [M+H]", Found 501.2139.

F
O Page 1

Elemental Composition Report By S
i . —
Single Mass Analysis ——
Tolerance =5.0 mDa / DBE: min =-1.5, max = 50.0 N—Bn
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons F
9139 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used: 4m
C:34-34 H:27-27 N:0-30 0:0-100 Na:0-8 F:1-3
32
241102-2-T-275-12 12 (0.100) 1: TOF MS ES+
1.14e+006
100+ 501.2139
1 523.1967
%*
1 2064 502.2175
4 500. ¢ 524.1995 539.1713
1 540.1748
4 503.2200 525.2032
o 581658 4602685  474.2830 aga.azey 5001977 ¢ 517.2081 || : 5551826 569.1982 579.2490
e e e e
450 460 470 480 490 500 510 520 550 560 570 580
Minimum: =15
Maximum: 2.0 10,0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
501. 2139  501.2142 -0.3 0.6 21.5 1779.2 n/a n/a (34 H27 N2 F2
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4n. HRMS (ESI) calcd for C34H27CLN>" m/z 533.1551 [M+H]", Found 533.1546.

Elemental Composition Report Cl O Page 1
Single Mass Analysis BN
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0 Bn—N
Element prediction: Off —
Number of isotope peaks used for i-FIT =3 —
5 ~_ N=Bn
Monoisotopic Mass, Even Electron lons
11232 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:34-34 H:27-27 N:0-30 0O:0-100 Na:0-8 Cl:1-4 Cl
30
241023-3-T-433-1-mmmmmmmm oo e 02 17 (0.126) 4n 1: TOF MS ES+
1.77e+005
100+ 533.1546
] 535.1528
%— 532“\48Q
] 536.1536
1 _537.1506
ol 5206529 5234072 5r4 9889  528.4871 [ _538.1743 543.1403 5471341 548.1352
e Tt T e e s s SN LM
517.5 520.0 5225 525.0 521.5 530.0 5325 535.0 537.5 540.0 5425 545.0 547.5
Minimum: =1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
533. 1546  533. 1551 -0.5 -0.9 21.5 564.3 n/a n/a C34 H27 N2 Cl12
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40. HRMS (ESI) caled for C3sH27BraN2" m/z 621.0541 [M+H], Found 621.0545.

Br.

Elemental Composition Report O Page 1

, " X
Single Mass Analysis Bn—N
Tolerance =5.0 mDa / DBE: min = -1.5, max = 50.0 =
Element prediction: Off —
Number of isotope peaks used for i-FIT = 3 —

pe p <~ N—Bn
Monoisotopic Mass, Even Electron lons
10336 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used: Br
C:34-34 H:27-27 N:0-30 0:0-100 Na:0-8 Br:1-4
40
30
ATy 02 40 (0.266) 1: TOF MS ES+
8.51e+004

100+ 623.0557

" 1 622.0515 625.0545

A

1 620.0499 626.0587
1 637.0512  g3g.0480
o- 607.8882 612.5875 615.6080.616.5737 | 627.0620 §31.4286 S b il
T T T T T T 1 T 1 T T T 1 T T

6050 6075 6100 6125 6150 6175 6200 6225 6250 6275 6300 6325 6350 6375 6400
Minimum: =15
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula

621, 0545  621. 0541 0.4 0.6 21.5  397.6 n/a n/a (34 H27 N2 Br2
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4p. HRMS (ESI) calcd for C30H25SoN2" m/z 477.1459 [M+H], Found 477.1452.

S
Elemental Composition Report | p Page 1
. . S
Single Mass Analysis Bn—N
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0 —
Element prediction: Off —
Number of isotope peaks used for i-FIT = 3 S~ N—Bn
S
Monoisotopic Mass, Even Electron lons S
5073 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass) —
Elements Used:
C:30-30 H:25-26 N:0-30 0O:0-100 Na:0-8 S:1-2 4
30 p
241023-3-T-446-3 02 32 (0.224) 1: TOF MS ES+
1.74e+005

100~ 477.1452

*1 476.1375 478.1475

] 479.1451
ol 461.2817462.3081  470.1834471.1819 _480.3765 4845473 4pg1a4p 4931377494 1412 e
i T A L e o T e
460.0 465.0 470.0 475.0 480.0 485.0 490.0 495.0

Minimum: =1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
477.1452 477, 1459 -0.7 -1.5 19.5 431.2 n/a n/a C30 H25 N2 S2
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4q. HRMS (ESI) caled for C34HsNa™ m/z 473.2957 [M+H]", Found 473.2951.

Bn—N o
Elemental Composition Report == Page 1
—
Single Mass Analysis ~NBn
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
4
Monoisotopic Mass, Even Electron lons q
3189 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:34-34 H:37-37 N:0-30 0O:0-100 Na:0-8
32
241102-2-T-474 21 (0.147) 1: TOF MS ES+
8.12e+005
100+ 473.2951
0%
4 47226872 474.2980
1 475.3009
oL, 458.2325 450.2378 4602517 4652517 466.2749 d2:2219 ( 477.3264 4832278 44 4761 487.2742 -
T T N T T T T A T T T T T T
4575 460.0 4625 485.0 4675 470.0 4725 475.0 4775 480.0 4825 485.0 4875
Minimum: =1:5
Maximum: 5.0 10,0 50.0
Cale. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
473. 2957 -0.6 -1.3 17.5 821.3 n/a n/a C34 H37 N2
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4r. HRMS (ESI) caled for C3sH3sN2™ m/z 471.2800 [M+H]", Found 471.2792.

Elemental Composition Report B> Page 1
n—
. . —
Single Mass Analysis _—
Tolerance =5.0 mDa / DBE: min =-1.5, max = 50.0 N-Bn
Element prediction: Off X
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
3161 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass) 4r
Elements Used:
C:34-34 H:35-35 N:0-30 0O:0-100 Na:0-8
32
241102-2-T-473 31 (0.219) 1: TOF MS ES+
2.08e+005

100+ 471.2792

%ﬁ

1 470.2715(472.2823
N 460.2117 454 pgsg 4623070 467.0502 469.2610 4732854 475 3112 477.3352 4808563 _483.2829%%4 2319
T T T N T T T T T T T T T T
4575 460.0 4625 465.0 467.5 470.0 4725 475.0 4775 480.0 4825 485.0

Minimum: =1:5
Maximum: 5.0 10,0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula
471.2792  471. 2800 -0.8 -1.7 18.5 529.4 n/a n/a C34 H35 N2

5154



4s. HRMS (ESI) calcd for CosH2sN>™ m/z 389.2018 [M+H]", Found 389.2015.

Elemental Composition Report =~ H Page 1

Single Mass Analysis

Tolerance =5.0 mDa / DBE: min =-1.5, max = 50.0 - N—
Element prediction: Off B Bn
Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

353 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass) 4s
Elements Used:

C:28-28 H:25-26 N:0-100 0O:0-100

31
250103-3-T-494-2 21 (0.077) 1: TOF MS ES+
3.656+003
{6 389.2015
%_
] 389.1651
o] 388.3263  388.0317 385 7157 380.0868. | 3803731 389.6341309°7158 35,9754 300.0450 ’
— e e A e e e e e miZ
388.00 388.25 388.50 388.75 389.00 389.25 389.50 389.75 390.00 390.25
Minimum: ~1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula

389.2015  389.2018 -0.3 -0.8 17.5 138.4 n/a n/a €28 H25 N2
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4t. HRMS (ESI) calcd for C34H4oN2Na*™ m/z 499.3084 [M+H]*, Found499.3092.

Generic Display Report (all)

Intens, +MS, 0.4-0.5min #(24-29)
x104
1.0
Bn—N
_
081 -
~_N—Bn
499.3092
0.6
501.2713 4t
0.4
500.9555
0.2
498 2871 502.2877
497.9853 501.9638
0.0 T T T T T T T T T T
498.0 498.5 489.0 4995 500.0 500.5 501.0 501.5 502.0 m/z
Intens. +MS, 0.4-0 5min #(24-29)
x104
1.09
0.8
499.3092
067 501.2713
0.44
498.9608
500.9555
g2 498 2871 502.2877
4979853 499255 5019638
x‘POg' C34H40N 2 Na ,499.31
1.0
0.8
499.3084
0.6
0.4
500.3117
0.2
501.3151
0.0 , . : - - - - : : -
498.0 498.5 499.0 4995 500.0 500.5 501.0 501.5 502.0 miz
Bruker Compass DataAnalysis 4.0 printed:  1/24/2025 2:02:24 AM Page 1 of 1
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5. HRMS (ESI) calcd for C3sH33N20,2" m/z 549.2542 [M+H]", Found 549.2545.

Elemental Composition Report o Me Page 1
Single Mass Analysis ~Fh
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0 Bn—N

Element prediction: Off

Number of isotope peaks used for i-FIT =3 —
5o <~ /N—Bn
Monoisotopic Mass, Even Electron lons Ph
682 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used: o
C:38-38 H:33-33 N:0-100 0O:0-100 Me
31
250103-3-T-496 41 (0.115) 5 1: TOF MS ES+
8.53e+004
100~ 549.2545
%—
1 550.2585
ol 540.5267 5431617 5452005 2462116548 514 551.2623 5522557 g5, g7 557.2878 _ 556.9824
T R AT B L B TS R S U e e ot
540.0 542.0 544.0 546.0 548.0 550.0 552.0 554.0 556.0 558.0
Minimum: =1:5
Maximum: 5.0 10.0  50.0

Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf(%) Formula
549. 2545 549, 2542 0.3 0.5 23.5 391.9 n/a n/a C38 H33 N2 02
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6a. HRMS (ESI) calcd for CssHa1N2" m/z 717.3270 [M+H]", Found 717.3273.

Elemental Composition Report

Single Mass Analysis

Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off

Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons
7352 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:54-54 H:41-41 N:0-30 O:0-100 Na:0-8

32
241102-2-T-468 39 (0.261)

1: TOF MS ES+
6a 5.84+005
100+ 717.?273
1 718.3318
%
] 716.3191 755'2;’:?2862
N
4 587.5476 :
4.1486.8680 559.5187 626.2840 g5 311 | | ‘|( 795.3435833.3137 597 34229344349 10174667
T T T T T T T T T T T REEEN T T T T T T T T
500 550 600 650 700 750 800 850 900 950 1000
Minimum: =16
Maximum: 5.0 10,0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula

717.3273  717.3270 0.3 0.4 35.5 609.5 n/a n/a C54 H41 N2
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6b. HRMS (ESI) caled for Ce2HasN2™ m/z 817.3583 [M+H]", Found 817.3574.

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
9091 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:62-62 H:45-45 N:0-30 O:0-100 Na:0-8
32
241102-2-T-451-2 61 (0.396) 1: TOF MS ES+
2.49e+005
100+ 817.3574
1 818.3602
1 ( 6b
% 816.3500
1 819.3646
] 816.2965
ol 801.5226 404 5708 504 5374 812.8053 820.3674 823.7671829.3476 833.3450834.3562835.3531 e
T T T : T T T T T T T T T T T
800.0 805.0 810.0 815.0 820.0 825.0 830.0 835.0
Minimum: =1:5
Maximum: 5.0 10,0 50.0
Mass Cale. Mass mDa PPM DBE i-FIT  Norm Conf (%) Formula
817.3574  817.3583 -0.9 -1.1 41.5 483.1 n/a n/a C62 145 N2
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7. HRMS (ESI) caled for C70HssN2O2Na* m/z 991.5178 [M+Na]*, Found 991.5179.

Elemental Composition Report

Single Mass Analysis H H

Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0

Element prediction: Off 7
Number of isotope peaks used for i-FIT =3

Monoisotopic Mass, Even Electron lons

11964 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:

C:70-70 H:68-68 N:0-30 O:0-100 Na:0-8

32
241102-2-T-465 60 (0.371) 1: TOF MS ES+
3.54e+004
100~ 969.5316 991.5179
1 992.5197
1 #
1 970.5323
1 968.5237 '
%_
1 993.5234
] 971.5524
¥ 994.5200
ol g50.116 964.5391 9684432 9725372 g805205 985531 9878286 | | 1000.5111 1002.5216 .
B O e e e B e L o e A T s e o i e
955.0 960.0 965.0 970.0 975.0 980.0 985.0 990.0 995.0 1000.0 1005.0
Minimum: =1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf(%) Formula
991.5179  991.5178 0.1 0.1 37.5 311.4 n/a n/a C70 H68 N2 02 Na
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8. HRMS (ESI) calcd for C74HsoN2Os" m/z 1113.5054 [M+H]", Found 1113.5047.
o

Bn
\
IR QO OyWoY
6}
Okﬁ °
Elemental Composition Report o Bn Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0 8
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
13744 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:74-74 H:69-69 N:0-30 0O:0-100 Na:0-8
32
241102-2-T-466 39 (0.261) 1: TOF MS ES+
1.98e+005
100~ 1113.5047
| 1135.4845
] 1136.4872
%_
1 1137.4929
1 1151.4619
4 1112.4934
0 793.3145 3825677 961 4700983 4539 ( 12204458 1080 3066 1414.5068 15267205
T T T T e T T T T T e e e T e e e e e e
750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550
Minimum: =1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula

1113.5047 1113.5054 -0.7 -0.6 41.5 462.7 n/a n/a C74 H69 N2 08
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9. HRMS (ESI) caled for CsgHii¢N2O:Na® m/z 1255.8935 [M+Na]*, Found
1255.8921.

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min =-1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
16385 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:88-88 H:116-116 N:0-30 0O:0-100 Na: 0-8
32
241102-2-T-464 32 (0.224) 1: TOF MS ES+
2.29e+002
100+ 1255.7384
i 1256.3672
%—
1 1256.4301
1 1255.6749 1255.8921
1 125f2979 ‘ 1206,0926 1256 5732
0= T T T T T T T T ‘ T ™ miz
1254.50 1255.00 1255.50 1256.00 1256.50 1257.00 1257.50
Minimum: =1:6
Maximum: 5.0 10.0  50.0
Mass Cale. Mass mDa PP DBE i-FIT  Norm Conf (%) Formula
1255.8921 1255.8936 -1.4 -1.1 3L.5 50.5 n/a n/a €88 H116 N2 02 Na
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10. HRMS (ESI) calcd for CasH2oN* m/z 336.1752 [M+H]", Found 336.1754.

Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
1414 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:25-25 H:22-22 N:0-30 0O:0-100 Na:0-8
32
241102-2-T-452 42 (0.277) 1: TOF MS ES+
1.17e+006

100~ 336.1754

%_

1 337.1784
1 352.1695
o 1249% 116 9860 2150855 2441120 301.1408 f 3561399 424.8962 4692643 PREN g BE
T e A R e S S R e e R
75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625

Minimum: =1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
336. 1754 336, 1752 0.2 0.6 15.5 822.8 n/a n/a €25 H22 N
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11. HRMS (ESI) calcd for C34H31N2" m/z 467.2487 [M+H]*, Found 467.2491.

Elemental Composition Report Ph Page 1

Single Mass Analysis Bn=N__
Tolerance =5.0 mDa / DBE: min = -1.5, max = 50.0 |

Element prediction: Off N—Bn
Number of isotope peaks used for i-FIT =3 Ph
Monoisotopic Mass, Even Electron lons 11
3102 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:34-34 H:31-31 N:0-30 0O:0-100 Na:0-8
32
241102-2-T-453 33 (0.229) 1: TOF MS ES+
1.77e+006
100+ 467.2491
=1 468.2520
1 465.2321|  483.2440
0 116.9870 214.9187 2871578 301 1422 360.1735382 3042 | 5685652 594 5872685.4408 1124297 g0 5066 8814573
o e LRI i e o AR IR T et
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900
Minimum: =1:5
Maximum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE 1 Norm  Conf (%) Formula

i-FIT
467.2491 467, 2487 0.4 0.9 20.5 764.6 n/a n/a €34 H31 N2
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