Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2024

Supporting Information for

An Eight-Membered Ring Formed by the Scholl Reaction of 0o-Quateraryls
Xinhe Yang,* > Man Gao, 2 Han Chen,? Qi Gong,? Qian Miao*> %3

! State Key Laboratory of Antiviral Drugs, Pingyuan Laboratory, School of Chemistry and Chemical
Engineering, Henan Normal University, Xinxiang, Henan, 453007, China.
’Department of Chemistry, The Chinese University of Hong Kong, Shatin, New Territories, Hong
Kong, China
7 Shanghai-Hong Kong Joint Laboratory in Chemical Synthesis, Shanghai Institute of Organic
Chemistry, Chinese Academy of Science, Shanghai, 230032, China

# equal contribution

* email: miaogian@cuhk.edu.hk

Table of Contents

1. Synthesis

NMR spectra

Mass spectra

Single crystal structures

UV/Vis absorption and fluorescent spectra

Chiral resolution and circular dichroism spectrum of 2g

Density functional theory (DFT) calculations

A e B

Cyclic voltammetry
9. Fabrication and characterization of organic field effect transistors

10. References


mailto:miaoqian@cuhk.edu.hk

1. Synthesis

General information: The reagents and starting materials employed were commercially
available and used without further purification or otherwise prepared following the reported
methods as indicated. Anhydrous and O»-free toluene were purified with sodium. Anhydrous
and O;-free CH>Cl, and CH>CICH2Cl was purified with calcium hydride. Super dry DMF was
purchased from J&K Scientific compony. NMR spectra were recorded on Agilent, Varian and
Bruker 400 MHz spectrometers (‘H NMR: 400 MHz, '*C NMR: 100 MHz), and Agilent 600
MHz spectrometer (‘"H NMR: 600 MHz, '3C NMR: 150 MHz). The chemical shift was recorded
in ppm and the following abbreviations were used to indicate multiplicities: s = singlet, d =
doublet, t = triplet, m = multiplet, br = broad. Chemical shift values (d) are expressed in parts
per million using residual solvent protons (‘H NMR, 8H = 7.26 for CDCls, 8H = 5.32 for
CD:Cl,, and 8H = 2.50 ppm for DMSO-d6, §H = 2.05 for (CD3).CO; '*C NMR, §C = 77.16
for CDCl3, 6C = 53.84 for CD2Cl,, and 6C = 39.52 ppm for DMSO-d6, 6C = 29.84 and 206.26
for (CD3)2CO) as internal standard. Mass spectra were recorded on a AccuTOF LC-plus 4G
spectrometer and Bruker Autoflex speed MALDI-TOFMS. Melting points, without correction,
were measured using an Automatic melting point apparatus SGW X-4A from Shanghai INESA
Physico-Optical Instrument Co., Ltd.
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Scheme S1. Synthesis of 1¢-1i.

Dibenzo[b,d]iodol-5-ium triflate, 1g and 11 were prepared according to the reported
procedures.!

General Procedure for the Synthesis of compounds lc—i:' Dibenzo[b,d]iodol-5-ium
triflate (0.342 g, 0.80 mmol, 1.0 equiv.), arylboronic acid (2.0 mmol, 2.5 equiv.), Pd(dba),
(0.008 mmol, 0.01 equiv.), and K3PO4 (4 mmol, 5.0 equiv.) were added into a 100 ml Schlenk
flask. The flask was charged with nitrogen atmosphere. Then, 20 ml of CH2Cl: that had been
pre-bubbled with nitrogen for 30 min was added into the Schlenk flask with continuous stirring.
The color of reaction suspension changed from purple to brown within a few minutes. The
reaction was kept stirring for 12 hours at room temperature. The solvent was then removed
under reduced pressure. The residue was further purified by column chromatography on silica
gel using the eluent as indicated below, affording the desired products.

|/

T
Compound 1c¢: The crude product was purified by column chromatography on silica gel using
hexane as eluent to obtain 1¢ as white solid (0.086 g, 31% yield).
Melting point: 67-70 °C. 'H NMR (400 MHz, CDCls): § = 7.31-7.30 (m, 8H), 6 = 6.27 (s, 2H),
2



8=6.15 (s, 2H), 8 =2.30 (s, 6H); 13C NMR (100 MHz, CDCls): § = 141.3, 140.2, 137.9, 136.2,
131.2, 129.1, 127.5, 127.0, 126.7, 120.4, 15.2; MS (APCI): caled. for C2HisSz ([M+H]Y):
347.09227, found: 347.09172.

H,CO O O O OCH3
H,CO O OCH,

Compound 1d: The crude product was purified by column chromatography on silica gel using
ethyl acetate/hexane 1:2 (V/V) as eluent to obtain 1d as white solid (0.276 g, 81% yield).
Melting point: 110-114 °C. '"H NMR (400 MHz, CDCl3):  =7.48 (d, J= 7.2 Hz, 2H), § = 7.38
(t,J=7.2Hz 2H),6=7.33(t,J=7.2Hz,2H),6=7.17(d,J=7.2 Hz, 2H), 6 =6.53 (d, /=8
Hz, 2H), 8 = 6.14 (d, J = 8 Hz, 2H), 6 = 6.09 (s, 2H), & = 3.82 (s, 6H), & = 3.45 (s, 6H); 1*C
NMR (100 MHz, CDCls): & = 147.6, 147.1, 140.5, 140.1, 133.5, 131.3, 129.4, 127.5, 126.9,

121.2, 112.2, 110.1, 55.8, 55.2; MS (APCI): calcd. for C2sH2604 ([M+H]"): 427.19039, found:
427.190009.

OCHs
40 QoE
OCH3

Compound 1e: The crude product was purified by column chromatography on silica gel using
ethyl acetate/hexane 1:5 (V/V) as eluent to obtain 1e as white solid (0.159 g, 47% yield).
Melting point: 175-176 °C. 'H NMR (400 MHz, CDCl3): § = 7.32 (d, J= 7.6 Hz, 2H), § = 7.20
(d, J=7.6 Hz, 2H), 8 = 7.17-7.09 (m, 4H), 6 = 6.85-6.84 (m, 2H), 6 = 6.80-6.78 (m, 2H), & =
6.65-6.64 (m, 2H), 8 = 3.85 (s, 6H), & = 3.53 (s, 6H); *C NMR (100 MHz, CDCl3): § = 152.8,
146.8, 140.1, 137.1, 136.1, 131.5, 131.0, 126.6, 126.3, 124.1, 123.1, 111.2, 60.3, 55.9; MS
(APCI): calcd. for C2sH2604 ([M+H]"): 427.19039, found: 427.18994.

OCH;
.o
H;CO
OCH;

Compound 1f: The crude product was purified by column chromatography on silica gel using
ethyl acetate/hexane 1:3 (V/V) as eluent to obtain 1f as yellow oil (0.334 g, 98% yield).

'H NMR (400 MHz, CDCl3): 6 =7.51 (d, J= 7.6 Hz, 2H), § = 7.42 (t,J= 7.2 Hz, 2H), § = 7.36
(t,J=72Hz 2H),5=7.24 (d,J=7.6 Hz, 2H), 6 = 6.24 (s, 2H), 6 = 5.79 (s, 4H), 6 = 3.50 (s,
12H); *C NMR (100 MHz, CDCl3): 6 =159.9, 142.7, 141.1, 140.4, 131.4, 129.6, 127.7, 127.4,
107.0, 99.7, 55.0; MS (APCI): calcd. for C2gH2604 ([M+H]"): 427.19039, found: 427.19008.

H3CO



Compound 1h: The crude product was purified by column chromatography on silica gel using
CH2Clo/hexane 1:1 (V/V) as eluent to obtain 1h as white solid (0.429 g, 90% yield).

Melting point: 108-112 °C. 'H NMR (400 MHz, CDCls): 6 =8.01 (d,J= 7.6 Hz, 2H), § = 7.62-
7.60 (m, 4H), & = 7.48-7.42 (m, 4H), 6 = 7.41-7.38 (t, /= 8 Hz, 2H), 6 = 7.24-7.19 (m, 6H), §
=6.39 (d, /=8 Hz, 2H), 6 = 6.28 (s, 2H), 6 = 3.35-3.21 (m, 4H), 6 = 1.41-1.34 (m, 4H), & =
1.10-1.04 (m, 4H), 6 =0.77 (t,J = 7.2 Hz, 6H); '*C NMR (100 MHz, CDCl5): § = 142.0, 140.7,
140.1, 138.7, 132.0, 130.3, 127.6, 127.2, 125.3, 122.8, 120.51, 120.47, 120.3, 118.9, 118.6,
109.6, 108.5, 41.9, 30.7, 20.3, 13.7; MS (APCI): calcd. for C4sHsoN> ([M+H]"): 597.32643,
found: 597.32582.

.o
H,CO O

Compound 1i: The crude product was purified by column chromatography on silica gel using
ethyl acetate/hexane 1:50 (V/V) as eluent to obtain 1i as colorless oil (0.152 g, 52% yield).

'"H NMR (400 MHz, CDCl3): § = 7.47 (d, J= 7.6 Hz, 2H), & = 7.40-7.35 (m, 4H), 6 = 7.21 (d,
J=17.2Hz, 2H), 6 =691 (t,J=8 Hz, 2H), 6 = 6.66 (d, /= 8.4 Hz, 2H), 6 = 6.23 (d, /= 7.6
Hz, 2H), § = 6.13 (s, 2H), § = 3.52 (s, 6H); *C NMR (100 MHz, CDCls): & = 158.9, 142.3,
141.0, 140.3, 131.6, 129.9, 128.4, 127.7, 127.4, 121.9, 113.9, 112.9, 54.9; MS (APCI): calcd.
for C26H2202 ([M+H]"): 367.16926, found: 367.16855.
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Scheme S2. Synthesis of 1j-1k.
2,2'-Diiodo-4,4'-dinitrobiphenyl was prepared according to the reported procedures.? 3

General Procedure for the synthesis of compounds 1j, 1k: 2,2'-Diiodo-4,4'-dinitrobiphenyl (1
eq), arylboronic acid (5 eq), NaxCOs (5 eq), Pd(PPhs)4 (0.1 eq) were dissolved in a degassed
mixture of toluene: ethanol: HO = 2: 1: 1 (0.1 M) under a N> atmosphere. The mixture was
stirred at 80 °C overnight. Thereafter, the mixture was extracted with CH2Cl,, dried over
NayS0s4, and concentrated under a reduced pressure. The residue was purified by column
chromatography on silica gel using the eluent indicated below, affording the desired products.
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NO,

NO,

O OCH;
H3CO g

Compound 1j: The crude product was purified by column chromatography on silica gel using
CH:Clo/hexane 1:3 (V/V) as eluent to give 1j as yellow solid (187 mg, 41% yield).

Melting point: 168-169 °C. '"H NMR (400 MHz, CDCls) § 8.25 (dd, J = 8.4, 2.4 Hz, 2H), 8.08
(d,J=2.4 Hz, 2H), 7.60 (d, J= 8.4 Hz, 2H), 6.97 (t,J = 8.0 Hz, 2H), 6.76 — 6.73 (m, 2H), 6.18
(d,J=7.6 Hz, 2H), 6.09 (t, J=2.4 Hz, 2H), 3.61 (s, 6H); *C NMR (100 MHz, CDCl3) & 159.6,
147.9, 144.8, 142.5, 139.3, 132.3, 129.2, 125.2, 122.3, 121.6, 114.2, 113.8, 55.1. MS (DART):
calcd. for C2sH2106N2 ([M+H]™): 457.1394, found: 457.1393.

NO,

NO,

Compound 1k: The crude product was purified by column chromatography on silica gel using
CH>Clz/hexane 1:5 (V/V) as eluent to obtain 1k as yellow solid (335 mg, 21% yield).

Melting point: 209-210 °C. '"H NMR (400 MHz, CDCls) § 8.24 (dd, J = 8.8, 2.4 Hz, 2H), 8.08
(d,J=2.4 Hz, 2H), 7.58 (d, ] = 8.4 Hz, 2H), 7.22 — 7.18 (m, 2H), 7.08 (t, J = 7.6 Hz, 4H), 6.59
(d, J = 8.0 Hz, 4H); *C NMR (100 MHz, CDCl3) § 148.0, 144.6, 142.7, 138.0, 132.4, 129.0,
128.4,127.8, 125.3, 122.2. The molecular peak of 1k was not found in the mass spectrum using
different ionization methods. Instead, the structure of 1k was identified with single crystal
crystallography (Figure S45).
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Scheme S3. Synthesis of 1m.

Compound 6 and 2-(phenylethynyl)benzaldehyde were prepared according to the reported
procedures.**
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Compound 7: Under an atmosphere of N2, compound 6 (1.74 g, 5.49 mmol, 1 eq), 3,4-
dimethoxyphenylboronic acid (1.20 g, 6.59 mmol, 1.2 eq), K2CO3 (1.90 g, 13.7 mmol, 2.5 eq),
and Pd(PPhz)s (634 mg, 0.55 mmol, 0.1 eq) were dissolved in a mixed solvent of 25 mL of
toluene, 12.5 mL of ethanol and 12.5 mL of H20, which was pre-bubbled with a flow of N..
The mixture was stirred at 80 °C overnight. Thereafter, the mixture was extracted with CH2Cly,
dried over NaxSO4, and concentrated under a reduced pressure. The residue was purified by
column chromatography on silica gel with hexane/EA 5:1 (V/V) as eluent. 1.94 g (5.19 mmol,
94% yield) of 7 collected as white solid.

Melting point: 98-99 °C. *H NMR (400 MHz, CDCl3) § 7.62 (d, J = 7.6 Hz, 1H), 7.43 — 7.28
(m, 4H), 7.17 (d, J = 8.0 Hz, 1H), 6.97 — 6.93 (m, 2H), 6.82 (s, 1H), 6.78 (d, J = 8.4 Hz, 1H),
3.93 (s, 3H), 3.87 (s, 6H), 3.85 (s, 3H). 3C NMR (100 MHz, CDCls) & 149.6, 148.8, 148.6,
148.3,143.6,133.7,132.8,129.4, 128.4,126.9, 124.7,121.8, 115.8, 114.2,113.2,111.2, 110.9,
92.8, 88.4, 56.1, 56.0, 55.9. MS (DART): calcd. for C24H2304 ([M+H]*): 375.1591, found:
375.1588.

HCO  OCH,

HyCO  OCHs

Compound 1m: Under a nitrogen atmosphere, Cu(OTf)2 (72 mg, 0.2 mmol, 0.2 eq) was added
into a 50 ml Schlenk flask. The flask was then charged with a solution of 2-
(phenylethynyl)benzaldehyde (412 mg, 2.0 mmol, 2 eq) in CH2CICH>CI (5.0 mL) via syringe
and the mixture was stirred at rt for 30 min. Thereafter, a solution of 7 (374 mg, 1.0 mmol, 1
eq) in CH2CICHCI (5.0 mL) and CF3CO2H (0.15 mL, 2.0 mmol, 2 eq) was immediately added.
The mixture was heated in an oil bath to 80 °C for 3 hours. The reaction mixture was extracted
with CH2Clz, the combined organic phases were dried and concentrated. Purification by
column chromatography on silica gel using hexane/EA 10:1 (V/V) as eluent to obtain 1m as
light yellow solid (252 mg, 53% yield).’
Melting point: 142-144 °C. 'H NMR (400 MHz, CDCls) § 8.00 (s, 1H), 7.90 — 7.88 (m, 1H),
7.82 —-7.80 (m, 1H), 7.63 — 7.60 (m, 2H), 7.51 — 7.36 (m, 4H), 7.18 (d, J = 7.6 Hz, 1H), 6.55
(d, J =8.4 Hz, 1H), 6.45 (d, J = 8.4 Hz, 1H), 6.20 (dd, J = 8.0, 1.6 Hz, 1H), 6.16 — 6.13 (m,
2H), 6.05 (d, J = 1.2 Hz, 1H), 3.84 (s, 3H), 3.78 (s, 3H), 3.47 (s, 3H), 3.29 (s, 3H). 3C NMR
(100 MHz, CDCl3) & 147.9, 147.8, 147.5, 147.4, 140.9, 140.3, 139.6, 139.3, 133.64, 133.61,
133.0, 132.6, 131.8, 130.3, 129.7, 128.2, 127.9, 127.8, 127.6, 127.1, 126.3, 126.1, 121.7, 121.6,
112.5, 112.4, 110.34, 110.28, 55.91, 55.86, 55.4, 55.1. MS (EI): calcd. for Ca2H2s04 (M*):
476.1982, found: 476.2001.
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Scheme S4. Synthesis of 1n.

Compound 8 and 2-(phenylethynyl)benzaldehyde were prepared according to the reported
procedures.™

C3H;0 OC3H7

CsH;0  OCgH,
Compound 1n: Under a nitrogen atmosphere, Cu(OTf), (72mg, 0.2 mmol, 0.2 eq) were added
into a Schlenk flask. The flask was then charged with a solution of 2-
(Phenylethynyl)benzaldehyde (618 mg, 3 mmol, 3 eq) in CH>CICHCl (10 mL) via syringe and
the mixture was stirred at rt for 30 min. Thereafter, the solution of 8 (1.0 mmol, 1 eq) in
CH2CICH2CI (10 mL) and CF;CO2H (0.23 mL, 3 mmol, 3 eq) was added immediately. The
mixture was heated with an oil bath to 80 °C for 1 hours. The reaction mixture was extracted
with CHCl,, and the combined organic phases were dried and concentrated. The crude product
was purified by column chromatography on silica gel using EA/hexane 1:30 (V/V) as eluent to
obtain 1n as yellow solid (364 mg, 57% vyield).

Melting point: 98-100 °C. *H NMR (400 MHz, CDCl3) § 8.11 (s, 2H), 7.93 — 7.91 (m, 2H),
7.83 — 7.81 (m, 2H), 7.63 (s, 2H), 7.53 — 7.48 (m, 4H), 6.51 (d, J = 8.0 Hz, 2H), 6.22 — 6.19
(m, 4H), 3.88 (t, J = 6.8 Hz, 4H), 3.34 (9, J = 7.2 Hz, 2H), 3.06 (9, J = 7.2 Hz, 2H), 1.85 - 1.76
(m, 4H), 1.50 — 1.39 (m, 4H), 1.02 (t, J = 7.6 Hz, 6H), 0.71 (t, J = 7.2 Hz, 6H). 3C NMR (100
MHz, CDCls) 6 148.2, 147.6, 139.7, 139.6, 133.8, 133.2, 132.7, 130.4, 128.3, 127.8, 127.6,
126.2, 126.1, 121.8, 115.1, 113. 6, 71.0, 70.1, 22.8, 22.4, 10.6, 10.1. MS (DART): calcd. for
C14H4704 ([M+H]"): 639.3469, found: 639.3463.

Compound 2¢
Method A: To a solution of 1¢ (0.0069 g, 0.02 mmol) in 18 ml of anhydrous CH>Cl,, 0.0324 g

7



(0.2 mmol, 10 equiv.) of FeCls in 1.8 ml CH3NO; was added under nitrogen atmosphere. The
reaction mixture turned to red brown immediately, which was kept stirred at room temperature
for 1.5 hours. The solution was quenched with 8 ml of MeOH, and then washed with water.
The resulting solution was extracted with CH>Cl,. The organic layers were combined and dried
over anhydrous Na>SO4. The solution was concentrated under a reduced pressure. The residue
was further purified by plate chromatography on silica gel with CH>Clo/hexane 1:10 (V/V) as
eluent to afford 4.8 mg of 2¢ as white solid in a yield of 70%.

Method B: To a solution of 1¢ (13.8 mg, 0.04 mmol) and DDQ (27.2mg, 0.12 mmol) in 36 ml
of anhydrous CH>Cl at room temperature, 3.6 ml of CH3SO3H was added slowly. The yellow
reaction system became dark immediately. The reaction was stirred for 30 minutes.
Triethylamine was added to quench this reaction and the color changed to dark brown. The
resulting solution was washed with water and the organic layer was collected, dried with
anhydrous NaxSO4. After the solution being concentrated by rotary evaporation,
CH2Clo/hexane 1:10 (V/V) was used as eluent to further purify the crude product by plate
chromatography on silica gel, yielding 8.7 mg (63%) of 2¢ as white solid.

Melting point: 245-247 °C. '"H NMR (400 MHz, CDCl3): § = 7.32-7.30 (m, 4H), 6 = 7.20-7.17
(m, 2H), § =7.14-7.11 (m, 2H), § = 6.71 (s, 2H), § = 2.44 (s, 6H); *C NMR (100 MHz, CDCl5):
0 =142.6,141.7, 140.4, 137.2, 131.7, 129.74, 129.70, 127.9, 127.5, 127.1, 15.5; MS (APCI):
calcd. for C22Hi6S2 ([M+H]"): 345.07662, found: 345.07654.

OCH,

O O OCH,
0.0

OCH,

Compound 2d

Method A: To a solution of 1d (0.0085 g, 0.02 mmol) in 18 ml of anhydrous CH2Clz, 0.0324 g
(0.2 mmol, 10 equiv.) of FeCls in 1.8 ml CH3NO> was added under a nitrogen atmosphere. The
reaction mixture, which turned red brown immediately, was kept stirred at room temperature
for 1 hour. The solution was quenched with 8 ml of MeOH, and then washed with water. The
resulting solution was extracted with CH2Cl,. The organic layer was combined together and
dried over anhydrous Na>SOs. The solution was concentrated under a reduced pressure. The
residue was purified by column chromatography on silica gel with ethyl acetate/hexane 1:2
(V/V) as eluent to afford 0.0076 g of 2d as white solid in a yield of 90%.

Method B: To a solution of 1d (0.0607 g, 0.142 mmol) and DDQ (0.0484 g, 0.213 mmol) in 65
ml of anhydrous CH2Cl» at room temperature, 6.5 ml of CH3SO3H was added slowly. The
reaction mixture, which turned dark blue immediately, was stirred for at room temperature for
30 minutes. After triethylamine was added to the mixture to quench this reaction, the resulting
dark brown solution was washed with water, and then dried with anhydrous Na>;SOs. The
solution was concentrated under a reduced pressure, and the residue was purified by column
chromatography on silica gel using ethyl acetate/hexane 1:2 (V/V) as eluent to afford 0.0530 g
(88%) of 2d as white solid.

The '"H NMR spectrum is consistent with the reported one.®



OCH,

H3CO
OCH,

Compound 2e

Method A: To a solution of 1e (0.0213 g, 0.05 mmol) in 4 ml of anhydrous CH>Cl,, 0.0811 g
(0.5 mmol, 10 equiv.) of FeCls in 0.4 ml of CH3NO> was added under a nitrogen atmosphere.
The reaction mixture was kept stirred at room temperature for 20 min. The solution was
quenched with MeOH, and then washed with water, and the aqueous layer was extracted with
CH:Cl,. The organic layers were combined and dried over anhydrous Na>SOs. The solution
was concentrated under a reduced pressure. The residue was purified by plate chromatography
on silica gel with ethyl acetate/hexane 1:5 (V/V) as eluent to afford 0.0123 g of 2e as white
solid in a yield of 58%.

Method B: To a solution of 1e (0.0212 g, 0.050 mmol) and DDQ (0.0170 g, 0.075 mmol) in 44
ml of anhydrous CH2Cl» at room temperature, 4.4 ml of CH3SO3H was added slowly. The
yellow reaction mixture, which became dark gradually, was stirred at room temperature for 30
minutes. After triethylamine was added to the mixture to quench this reaction, the resulting
yellow solution was washed with water and the organic layer was dried with anhydrous Na;SOs.
The solution was concentrated under a reduced pressure, and the residue was purified by
column chromatography on silica gel using ethyl acetate/hexane 1:4 (V/V) as eluent, yielding
0.0148 g (72%) of 2e as white solid.

Melting point: 167-169 °C. '"H NMR (400 MHz, CD>Cly): & = 7.31-7.28 (m, 4H), § = 7.21 (d,
J=6.8 Hz, 2H), 6 =7.14 (d, J = 6.8 Hz, 2H), 6 = 6.89-6.83 (m, 4H), 6 = 3.81 (s, 6H), 6 = 3.35
(s, 6H); 3C NMR (100 MHz, CD>ClL): & = 151.8, 145.7, 142.0, 136.9, 135.6, 135.3, 130.2,
128.5, 127.4, 126.8, 124.4, 111.2, 60.0, 55.8; MS (APCI): caled. for CogH24O4 ([M+H]Y):
425.17474, found: 425.17433.

QO‘

W
Compound 2g
To a solution of 1g (40.6 mg, 0.1 mmol) in 8§ ml of anhydrous CH>Cl,, 162.2 mg (1.0 mmol,
10 equiv.) of FeClz in 0.8 ml CH3NO> was added under Ar. The reaction was stirred at room
temperature for 10 minutes. The reaction mixture was quenched with H>0O, and then extracted
with CH2Clo. The organic layers were combined and dried over anhydrous Na>SO4. The
solution was concentrated under a reduced pressure, and the residue was purified by thin layer
chromatography on silica gel using ethyl acetate/hexane 1:30 (V/V) as eluent, yielding 16.2
mg (40%) of 2g as white solid.
Melting point: 280-281 °C. '"H NMR (400 MHz, CDCl3) & 7.85 — 7.81 (m, 4H), 7.43 — 7.35 (m,
4H), 7.33 — 7.30 (m, 2H), 7.24 — 7.20 (m, 4H), 7.19 — 7.14 (m, 4H), 6.98 (d, J = 8.4 Hz, 2H).
3C NMR (100 MHz, CDCl3) § 142.3, 141.8, 139.9, 135.3, 132.5, 132.4, 129.1, 128.1, 128.0,
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127.9, 127.5, 127.4, 127.2, 127.0, 1263, 125.6. MS (DART): caled. for C3HxuN
(IM+NH,]"):422.1903, found: 422.1901.

n-C4Hg

n—C4H9

Compound 2h

Method A: To a solution of 1h (0.0117 g, 0.02 mmol) in 20 ml of anhydrous CH>Cl,, 0.0128 g
(0.08 mmol, 4 equiv.) of FeCls in 2 ml CH3NO; was added dropwise under a nitrogen
atmosphere. The reaction mixture which turned green immediately, was stirred at room
temperature for 1 minute. The resulting solution was quenched with 4 ml of MeOH, and washed
with water. The aqueous layer was extracted with CH>Clo, and the organic layers were
combined and dried over anhydrous Na>SO4. The solution was concentrated under a reduced
pressure, and the residue was purified by column chromatography on silica gel using
CH»Clo/hexane 1:4 (V/V) as eluent to afford 0.0090 g of 2h as white solid in a yield of 77%.
Method B: To a solution of 1h (0.0045 g, 0.0075 mmol) and DDQ (0.0026 g, 0.0113 mmol) in
7 ml of anhydrous CH>Cl, at room temperature, 0.7 ml of CH3SO3H was added slowly. The
yellow reaction mixture, which became deep green immediately, was stirred at room
temperature for 30 minutes. After triethylamine was added to the mixture to quench this
reaction, the resulting yellow solution was washed with water and the organic layer was dried
with anhydrous Na;SOs. The solution was concentrated under a reduced pressure, and the
residue was purified by column chromatography on silica gel using CH>Clo/hexane 1:4 (V/V)
as eluent, yielding 0.0004 g (9%) of 2h as white solid.

Melting point: 330-332 °C. 'H NMR (400 MHz, CD>Cl,): § = 8.03 (d, J= 8 Hz, 2H), § = 7.97
(s, 2H), 6 = 7.45-7.41 (m, 4H), 6 = 7.35-7.30 (m, 6H), 6 = 7.25 (s, 2H), 8 = 7.23-7.18 (m, 4H),
0=4.29 (t,J=8 Hz, 4H), 6 = 1.88-1.83 (m, 4H), 6 = 1.44-1.39 (m, 4H), 8 =095 (t, J="7.6
Hz, 6H); *C NMR (100 MHz, CD,Cl): § = 143.3, 142.4, 141.4, 140.3, 140.0, 134.0, 129.7,
129.4, 127.7, 127.5, 126.0, 122.9, 122.3, 121.7, 120.7, 119.2, 109.3, 109.2, 43.4, 31.5, 20.9,
14.1; MS (APCI): caled. for C44H3sN2 ([M+H]"): 595.31078, found: 595.31032.

H5CO

Re@Pe
&

NO,

Compound 2j

To a solution of 1j (11.4 mg, 0.025 mmol) and DDQ (17 mg, 0.075 mmol) in 2 ml of anhydrous
CHCl; under an atmosphere of argon, 0.066 ml of TfOH was added. After being stirred at
room temperature for 5 minutes, the reaction mixture was quenched with a saturated aqueous
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solution of Na>COs and extracted with CH2Clo. The combined organic phases were dried over
anhydrous Na;SO4 and concentrated under a reduced pressure. The residue was purified by
thin layer chromatography on silica gel using ethyl acetate/hexane 1:7 (V/V) as eluent, yielding
4.7 mg (41%) of 2j as yellow solid.

Melting point: 278-279 °C. 'H NMR (400 MHz, CDCl5) & 8.18 (dd, J = 8.4, 2.4 Hz, 2H), 8.09
(d,J=2.4 Hz, 2H), 7.33 (d, ] = 8.4 Hz, 2H), 7.11 (d, ] = 8.4 Hz, 2H), 6.89 (dd, ] = 6.0, 2.4 Hz,
2H), 6.70 (d, J = 2.4 Hz, 2H), 3.79 (s, 6H). 3C NMR (100 MHz, CDCl3) § 159.1, 147.8, 146.0,
143.2, 139.8, 132.9, 131.1, 129.9, 124.3, 122.6, 114.4, 114.3, 55.5. MS (DART): calcd. for
Ca6Hi1306N2 (M1):454.1159, found: 454.1162.

HsCO  OCH;
Q OCHj

0080

Compound 2m

Method B: To a solution of 1m (11.9 mg, 0.025 mmol) and DDQ (17 mg, 0.075 mmol) in 5 ml

of anhydrous CH2Cl> under an atmosphere of argon, 0.049 ml of CH3SOsH was added. The

reaction mixture, which was cooled with an ice-salt bath, was stirred for 2 minutes. It was

quenched with a saturated aqueous solution of Na;CO; and extracted with CH2Cl,. The

combined organic phases were dried over anhydrous Na;SO4, and concentrated under a reduced

pressure. The residue was purified by thin layer chromatography on silica gel using ethyl

acetate/hexane 1:3 (V/V) as eluent, yielding 4.8 mg (41%) of 2m as white solid and 2.4 mg

(21%) of 3m as yellow solid.

Melting point: 153-154 °C. 'H NMR (600 MHz, CDCl3) § 7.82 — 7.80 (m, 2H), 7.65 (d, J = 8.4

Hz, 2H), 7.47 — 7.44 (m, 2H), 7.35 — 7.31 (m, 2H), 7.28 — 7.27 (m, 1H), 7.23 — 7.21 (m, 1H),

6.78 (s, 1H), 6.71 (s, 1H), 6.69 (s, 1H), 6.68 (s, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 3.82 (s, 3H),

3.81 (s, 3H). *C NMR (150 MHz, CDCl3) & 148.21, 148.19, 148.1, 148.0, 142.02, 141.96,

141.0, 140.6, 134.1, 134.0, 133.6, 132.7, 132.6, 129.7,129.3, 128.1, 127.9, 127.8, 127.7, 127.5,

127.3,126.2, 126.1, 112.8, 112.4, 56.2, 56.12, 56.10, 56.06. MS (DART): calcd. for C32H2704
([M+H]"): 475.1904, found: 475.1905.

HsCO  OCH;

Compound 3m

Method A: To a solution of 1m (11.9 mg, 0.025 mmol) in 10 ml of anhydrous CH2Clz, 41 mg
(0.25 mmol, 10 equiv.) of FeCl; in 0.2 ml CH3NO. was added under an atmosphere of argon.
After being stirred at 0 °C for 5 minutes, the reaction mixture was quenched with H>O and
extracted with CH2Cla. The organic layers were combined together and dried over anhydrous

11



NaxSOs. The solution was concentrated under a reduced pressure. The residue was purified by
thin layer chromatography on silica gel using CH>Clx/hexane 2:1 (V/V), yielding 9.2 mg (78%)
of 3m as off-white solid.

Melting point: 185-186 °C. 'H NMR (400 MHz, CDCl3) § 9.17 (d, J = 8.0 Hz, 1H), 8.95 (s,
1H), 8.70 (d, J = 8.0 Hz, 1H), 8.59 (d, J = 8.0 Hz, 1H), 8.51 (s, 1H), 8.30 (d, J = 7.6 Hz, 1H),
8.20 — 8.19 (m, 2H), 8.04 (s, 1H), 7.99 (t, ] = 8.0 Hz, 1H), 7.72 — 7.64 (m, 2H), 4.23 (s, 3H),
4.22 (s, 3H), 4.18 (s, 3H), 4.12 (s, 3H). 3C NMR (100 MHz, CDCls) & 149.7, 149.6, 149.0,
148.4, 132.4, 129.4, 129.1, 128.7, 127.5, 127.3, 127.0, 126.2, 126.1, 125.8, 125.6, 124.8,
124.33,124.30,124.1, 123.0, 122.2, 119.9, 119.8, 119.5, 111.4, 105.1, 105.0, 104.8, 56.2, 56.14,
56.12, 56.0. MS (DART): calcd. for C3oH2504 ([M+H]+):473.1747, found: 473.1749.

n-C3H7O On-C3H7
e @ou

Compound 2n

Method B: To a solution of 1n (16mg, 0.025 mmol) and DDQ (17 mg, 0.075 mmol) in 5 ml of
anhydrous CH2Cl> under an atmosphere of argon, 0.049 ml of CH3SOsH was added. The
reaction mixture, which was cooled with an ice-salt bath, was stirred for 2 minutes. It was
quenched with a saturated aqueous solution of Na,CO; and extracted with CH2Cl,. The
combined organic phases were combined, dried over anhydrous Na>SOs4, and concentrated
under a reduced pressure. The residue was purified by thin layer chromatography on silica gel
using CH2Clo/hexane 1:1 (V/V) as eluent, yielding 12.8 mg (81%) of 2n as white solid.
Melting point: 117-118 °C. 'H NMR (400 MHz, CDCl3) § 7.85 - 7.81 (m, 4H), 7.72 (s, 2H),
7.66 (s, 2H), 7.49 — 7.44 (m, 4H), 6.78 (s, 2H), 6.72 (s, 2H), 3.99 — 3.94 (m, 4H), 3.91 — 3.83
(m, 4H), 1.84 —1.74 (m, 8H), 0.99 (q, ] = 7.2 Hz, 12H). 1*C NMR (100 MHz, CDCl;) § 148.4,
148.2, 141.0, 140.9, 134.15, 134.07, 132.8, 132.6, 128.2, 127.9, 127.8, 127.7, 126.1, 126.0,
115.2, 115.0, 71.0, 70.9, 22.82, 22.78, 10.63, 10.62. MS (DART): calcd. for C44H4404 (M"):
636.3234, found: 636.3237.

n-C3H;0 On-C3H; n-C3H70, On-C3H;

Ok, ol
080‘ 080‘
n-C3H;0 On-C3H; n-C3H;0O On-C3H7
Compounds 3n and 3n-Cl
Method A: To a solution of 1n (16 mg, 0.025 mmol) in 10 ml of anhydrous CH>Cl> under an

atmosphere of argon, 41 mg (0.25 mmol, 10 equiv.) of FeCls in 0.2 ml CH3NO; was added.
After being stirred at 0 °C for 5 minutes, the reaction mixture was quenched with H>O. The

12



resulting solution was extracted with CH>Cl,. The organic layers were combined and dried over
anhydrous Na;SO4. The solution was then concentrated under a reduced pressure. The residue
was purified by thin layer chromatography on silica gel using CH>Cly/hexane 1:1 (V/V) as
eluent, yielding 6.6 mg (41%) of 3n as yellow solid and 4.2 mg (25%) of 3n-Cl as yellow solid.

Compound 3n

Melting point: 257-258 °C. 'H NMR (600 MHz, CDCls) § 9.03 (d, J = 8.4 Hz, 2H), 8.91 (s,
2H), 8.29 — 8.26 (m, 6H), 7.65 — 7.59 (m, 4H), 4.36 (t,J = 6.6 Hz, 4H), 4.18 (t, ] = 6.6 Hz, 4H),
2.10 - 2.04 (m, 4H), 2.02 — 1.96 (m, 4H), 1.22 (t, ] = 7.2 Hz, 6H), 1.15(t, J = 7.2 Hz, 6H).1 *C
NMR (150 MHz, CDCl3) 6 149.4, 148.8, 133.0, 128.9, 127.6, 127.3, 127.2, 126.0, 125.7, 125.6,
125.2,124.7,123.5,119.5, 114.3,108.3,71.2,71.1,23.0,22.9, 10.9, 10.7. MS (MALDI): calcd.
for C44H4204 (M+): 634.3078, found: 634.3075.

Compound 3n-Cl

Melting point: 227-229 °C. 'H NMR (400 MHz, CDCl3) § 9.06 (d, J = 8.4 Hz, 1H), 9.00 — 8.96
(m, 2H), 8.86 — 8.83 (m, 2H), 8.23 (dd, J = 6.4, 3.2 Hz, 1H), 8.16 (s, 1H), 8.15 (s, 2H), 7.75 (t,
J=7.6 Hz, 1H), 7.67 — 7.62 (m, 3H), 4.34 (t, ] = 6.4 Hz, 2H), 4.27 (t, ] = 6.4 Hz, 2H), 4.16 (4,
J = 6.4 Hz, 4H), 2.10 — 1.92 (m, 8H), 1.23 — 1.10 (m, 12H). *C NMR (100 MHz, CDCl;) §
149.5, 148.64, 148.62, 146.9, 133.2, 130.8, 128.8, 128.6, 127.2, 127.1, 126.85, 126.80, 126.6,
126.4, 126.1, 125.9, 125.8, 125.7, 125.5, 125.4, 125.3, 125.25, 125.23, 124.3, 123.7, 123.6,
123.5,119.6,114.4,114.3,113.4,108.1, 71.02, 70.97,70.9, 70.8, 22.9, 22.8,22.72,22.71, 10.9,
10.8, 10.72, 10.71. MS (MALDI): calcd. for C44H4104C1 (M"): 668.2688, found: 668.2685.

W

-0

Compound 41

To a solution of 11 (7.7 mg, 0.025 mmol) and DDQ (17 mg, 0.075 mmol) in 2 ml of anhydrous
CH:Cl; under an atmosphere of argon, 0.066 ml of TfOH was added. After being stirred at
room temperature for 10 minutes, the reaction mixture was quenched with a saturated aqueous
solution of Na,COs3 and extracted with CH2Cl>. The combined organic phases were dried over
anhydrous Na>SO4 and concentrated under a reduced pressure. The residue was purified by
thin layer chromatography on silica gel using hexane as eluent, yielding 0.8 mg (11%) of 41 as

white solid.
The "H NMR spectrum is consistent with the reported one.’
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Compound 5

To a solution of 1f (0.0355 g, 0.08 mmol) in 5 ml of anhydrous CH>Cl», 0.063 g (0.2 3mmol,
2.7 equiv.) of MoCls was added under a nitrogen atmosphere. The reaction mixture, which
turned dark gradually, was stirred at room temperature for 40 min. After being quenched with
a saturated NaHCO3 aqueous solution, the reaction mixture was washed with water. The
aqueous layer was extracted with CH>Cl», and the organic layers were combined and dried over
anhydrous Na>SO4. The solution was concentrated under a reduced pressure. The residue was
further purified by column chromatography on silica gel with ethyl acetate /hexane 1:1 (V/V)
as eluent to afford 0.0092 g of 5 as white solid in a yield of 26%.

Melting point: 334-336 °C. 'H NMR (400 MHz, CD,CL): § = 7.36-7.31 (m, 4H), § = 7.28-7.23
(m, 4H), 6 = 7.06 (t, J = 7.2 Hz, 2H), 6 = 7.02-6.97 (m, 4H), 6 = 6.87 (t,J = 7.6 Hz, 2H), 6 =
6.42 (d, J=2.4 Hz, 2H), 6 = 6.29 (d, J = 2.4 Hz, 2H), 6 = 6.04 (s, 2H), 6 = 3.76 (s, 12H), 6 =
3.55 (s, 6H), 6 = 3.31 (s, 6H); *C NMR (100 MHz, CD,Cl,):  =159.7, 158.5, 157.9, 156.9,
143.9, 143.0, 142.8, 142.7, 142.6, 139.7,129.9, 129.8, 128.1, 127.7, 127.4,127.2, 126.1, 125.6,
120.1, 119.3, 117.5, 105.1, 97.9, 95.9, 56.8, 56.5, 55.9, 55.6; MS (APCI): calcd. for CssHasOs
([M+H]"): 847.32654, found: 847.32618.

14



2. NMR spectra

N~ O OOV O NN (== ) 8
nenenenenaAaaad N~ —— o ) q
N N L S SNV RV VRV SRS —_ <
CHCIz
CH3
c-f
X -
L Ll L
4 S e ¥
(=) (=] (=}
o0 SIS )
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.
f1 (ppm)
Figure S1 '"H NMR spectrum of 1¢ (400 MHz, CDCls)
NN AN —~ O
— SNV —aANNY S NER N
TIcoodaaan NN Ea
v ~— \
O
7] | )
e
| P " |
Ll | L) e v W " W v
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

Figure S2 'C NMR spectrum of 1¢ (100 MHz, CDCls)
15



Q0O 00O O AN QY g wn =)
T Tt~ A0~ — O =<} < (=)
I A N O S S S e N R R - ) e ) S
e N N I I I
CHCls
C
d ef | ¢ a r
i f . b “
i li f ,
‘w' il u ] ) |
Pelearell "‘ z OCHj3
ol oo (o] ol i
s 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60
1 (ppm)
S L S
Qe ]
SRSES S w»n
T T T T T T T T T T T T T T T T T
8.5 8.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -C

1 (ppm)

Figure S3 'H NMR spectrum of 1d (400 MHz, CDCls)

O~ —wnon T n e o —
FRSo Mo 8= oS n % % o
T T T TN AN —— o~ >~ O v
— e e e e ) —— o~~~ v
N N NN R Y ~— N
HaCO O OCH,
H,CO ! O : OCHs
[
|
|
I
Iy " ) oy A

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

Figure S4 '3C NMR spectrum of 1d (100 MHz, CDCls)
16



100~
6007

€ee—

¥8'€—

€99
$9°9
8L9
0891
€891
$8°91
L8°9 1
80°L |
01°L A
TI'L
ST°LA
L17LA
STLy
61L
0T Lf
1TLA
TTLT
WL
8:
_mi
€€°L

~Frir—

ost
)
S

a-C

6.60

670 665

680 635

690 685

100 695

7.08

710

11 (ppm)

€79

y

10°¢C
L1'C

- c0'C
=== 0¥y

-—= 0'C
5oz

0.0 -0.5

0.5

1.5

2.0

2.5

3.0

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

f1 (ppm)

Figure S5 'H NMR spectrum of 1e (400 MHz, CDCI;)

6'6S —
€09 —

8°9L
N.hhw
S'LL

I —

H.mm_/
el

m.OQM
99217
0'I€l 7
SIel /
Gm_x
Zm_\
1op1

8o —

8°TSI —

OCH,4
O O
H3CO
OCH,3

70 60 50 40 30 20 10

80
f1 (ppm)

150 140 130 120 110 100 90
Figure S6 '*C NMR spectrum of 1e (100 MHz, CDCl;)

160

17



0s'€—

wh.mg
mb.mg
wm.j
vm.og
mm.og
€T LT
€TLT
STLA
STLA
9T'L
wm.bg

9¢°L
orL]
8€L
8€L
0L
(N
LA
LA
vr L
v L ~E
0S'L

1S°L

cs'L

cs'L

—| gs1t

£1 (ppm)

N

FC0'Cl

= 00

F86'1

66°1
] 10'C
¥0°C
H/ 00'C

0.0

0.5

2.0 1.5 1.0

2.5

3.0

3.5

4.0

7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.0

f1 (ppm)

Figure S7 'H NMR spectrum of 1f (400 MHz, CDCl;)

['¢S —

8°9L
N.hhw
S'LL

L'66 —

0°L0T —

v LTl
L'LT]
o.om_w
At

LAUIRN
Tl —
L'Thl

8651 —

OCH,

! OCH,

H3CO

OCH,4

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

f1 (ppm)

Figure S8 '*C NMR spectrum of 1f (100 MHz, CDCl;)

18



SLO
LLO
6L°0
201
TOR
90°1
80'1
o1l \
1
ve'l
9¢'[
8¢l
ov'1
Wl
61°€
1T¢
€T'E
ste
LTEE
6t f
1€°¢
I3
se'e
LEE

61°L
1T
T
vTL
9T'L1
8€L
6€°L1
7L
LA
P L
9L
8L
65'LE
19°LF
9L~
cor/
108~
2087

CH;

T
<
an
<
==
<
an
Q
o
% e Y0T
3 = ts0C
a0 +00'C
- oC
=
=
-
©

0.0

0.5

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

8.0

8.5

f1 (ppm)

Figure S9 'H NMR spectrum of 1h (400 MHz, CDCls)

8¢l —

€0C—
L0 —

6’1y —

8°9L
N.hhw
S'LL

§'301
9601
9811
6811
ozl
cozTl
S0zl
3°zTl /
sel
Tt M
oL~
£0E1 —
ozsr”
L'SETA
ropl —

von’

140 130 120 110 100 90 80 70 60 50 40 30 20 10

150

f1 (ppm)

Figure S10 '*C NMR spectrum of 1h (100 MHz, CDCls)

19



VXN = O NIV NOVANNODON =AWV TAT N0
I ANNNANRRRO OO0 AN= = =0
L N A A A N A N S N N S S R N S S S e R e B R B U V= VSV RV- JV= V- I
- . A -
L m m Lans —
OCH;
e-
| ) ° |
i [
| . hi i
i l| i “H ‘l
™ JUUL W IR
) E 4 2
g 2 = g E -1
] i

Lﬁ

=g D &
S-2335 o395 S
AN T NN N N O
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

f1 (ppm)

Figure S11 '"H NMR spectrum of 1i (400 MHz, CDCI;)

o MO MY T QMR g Q
0 N~ O —~ 0SS —en A A 0 [}
wv T FT TN AAANAAN —~ —~ o~ >~ O <t
bt IIZXcocoaddadDz NN 3
| =\ N/ ~— I
O ‘ OCH3
H,CO ! O
b L g A I Wb

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

Figure S12 '*C NMR spectrum of 1i (100 MHz, CDCls)
20



O T R NOANN OO T TR AN D — 8
NN NSOV Ao~ —~ 0 OO ) Q
06 o6 06 06 e I N B \C G S 6 66 S S E S S G o <
e N N e | |
OCHj3
CHCI;
© g d
f . b a ¢
“I HA\
h “ | A
LS & & b @ R &
e < < - < e < -
NN N a AN NN Nl
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
1 (ppm)
Figure S13 'H NMR spectrum of 1j (400 MHz, CDCl;)
el ANV NMN—~AN N0 N o
o NYdaaona = < @ v o -
v Tt T AN — — o~ >~ 0 wv)
— —_ e ~ o~ o~ o)
| NN NN NV Y ~—
H5CO
oy
OCHj,
Cob ‘\
I
L H.M |
170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

Figure S14 '*C NMR spectrum of 1j (100 MHz, CDCls)
21



00°0-—

LST—

86°9
09°9
90°L
80°L
orL
61'L
0T’L
L
9rL”
LS'L~
s’
80°8
80'8 >
€8
€T'8
$T'8
97'8

Q@_.w

|V

= Ty

© - wﬁo.m
01T

\KH\mo.ﬁ

= 00T

30 25 20 1.5 1.0 05 0.0

3.5

90 85 80 75 70 65 60 55 50 45 40

).5

f1 (ppm)

Figure S15 'H NMR spectrum of 1k (400 MHz, CDCls)

8°9L
NSBW
S'LL

el
€Tl M
LTI~
¥'8Cl1 w
0°6C1 \
YTel

0°8€1
LThl w
9bh1 7
0°8¥1

o 9w

-1C

70 60 50 40 30 20 10

80
f1 (ppm)

160 150 140 130 120 110 100 90
Figure S16 '*C NMR spectrum of 1k (100 MHz, CDCls)

70

22



= — 00O T ALY OO T AN o> N
LY TnnnnANN— =GR G RN S ® X
EENNNNNNNNNNN OO 000000 nenen
L Ny
=T
CH;
| b
i |
|;I\I|
(111 I
1
[ \
o : J U
— o e ——
g s g 2
= b5 = =
S 760 755 750 745 740 735 730 725 720 715 700 705 700 695 690 685 680 67
11 (oom)
! 1o
I
1
N k
J A A A
ST S T A
eaNeeee Sae
—_ < - N = - e
T T T T T T T T T T T T T T T T T T
3.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

1 (ppm)

Figure S17 'H NMR spectrum of 7 (400 MHz, CDCls)

000 MmO 0T TN 00NN

NBHB XA AANRNBSF —~1nten ~ X T N N ® -2
FIFTST LN NAAAANN — e D= & % NN CRCR
[N R R B B SR S e il B B SN NN gl
S S\ N A e—— . ~— ~

OCH;

O OCH;
Il O OCHs
OCH;

T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

Figure S18 'H NMR spectrum of 7 (100 MHz, CDCl5)

23



000 —

6T'¢
LY'€
8L°¢
8¢
0’9
S0'91
€1°91
¥1°91
Y191
S1'91
91°9 1
6191
6191
1791

ﬂm.o%
79 1
99 1
¥$°9 1
9691
L1°LT
61°L
9T'L
9¢'L {
8€°L
o*bg
L
YL
9L
St'L
6t'L
0S°L A
1§27
09°LA
79°L A
€9°L
ow.h/

—

I8°L \
8L F
88°L
68°L
06'L
008

OCH,

H,CO

m
I
\'wl
[

soﬁ_ Gﬂ)

——— 2

en @ Aﬁ — = O
wr n., _—= wr| "

= =— Foot
o —

Lp
‘ \
\
|

70 69 68 67

1 (ppm)

FLOT F T

62 61 61

71

- rwr| ¢

80 79 78 77

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

8.0 7.5 7.0 6.5 6.0 5.5 5.0

8.5

f1 (ppm)

Figure S19 'H NMR spectrum of 1m (400 MHz, CDCI;)

OCH;

H3CO

OCHs

HsCO

Ll

e

70 60 50 40 30 20 10

80
1 (ppm)

150 140 130 120 110 100 90
Figure S20 '*C NMR spectrum of 1m (100 MHz, CDCI;)

160

24



200
mo.o/
0L0
10°1
[t
0’1

6€'1
11

el

ﬂlxﬂ
A%
St ﬁ
0S'1

9L
8L°1
081
781
€8°1
814
o€
s0°¢]
Lo¢ ]
60°€
[4X%
£€°¢
see
Lee]
L87€ ]
88°¢ 1
06°€’

—

—
—

619
w9
059~
5
8L
6v'L
0S°L
1S°L
€L
18°L
18'L
€8°L
16'L
€6°L
€6'L
s

CHs

OC3H;

C3H;0

OCH:CH:;

OCH»
&
(=]
<

66 65 64 63 62

70 69 68 67

71
1 (ppm)

72

35 3.0 25 20 1.5 1.0 05 0.0

4.0

4.5
f1 (ppm)

6.5 6.0 5.5 5.0
Figure S21 'H NMR spectrum of 1n (400 MHz, CDCls)

7.0

7.5

8.5 8.0

9.0

| NN
9017

YTTN
st/

1oL
0'IL V
8°9L
N.hhw
S'LL

9€ll
I'STT
81Tl
1°9T1
(AT ;
9'LTTA
$LTIA
€8T A
YOET
LTEIAL
Tesr
geer/
9°6£1 -
L'6E1 /
9LYI~
syl

——

OC3H;

C3H;0

70 60 50 40 30 20 10

80
1 (ppm)

140 130 120 11 100 90
Figure S22 '*C NMR spectrum of 1n (100 MHz, CDCls)

150

160

25



0.0

100 —

S S —

0.5

1.5

SS1— —

E
CH3
l

Jvmm.o L

2.5

6.
3.0

6
3.5

f1 (ppm)

Figure S23 'H NMR spectrum of 2¢ (400 MHz, CDCls)

8°9L
N.hhw
S'LL

oA~
—-==
~ ~
692 688 684 6.80
4.0

<+ o
- =
S
696

T

5.0

=

~

4
5.5

6.0

'Lzl
ms§/
6'LT1
L6T1

waﬁ\
LIgl

zLe1’
vop1
L1b1
9Th1

6.5

o
N
~

o

e

F00'C

7.0

_ e [
— I'c

o Yobt

——

7.5

8.0

10

20

30

40

50

60

70

W\
80
f1 (ppm)

Figure S24 *C NMR spectrum of 2¢ (100 MHz, CDCls)
26

150 140 130 120 110 100 90

160




80°0 —

9¢'1 —

see—
18°¢—

TE6
€89 1
$8'91
L8°9
6891
€L
€1°L1
P1'L
ST'LA
ST'LA
0T'L
0T'L
0T'LA
1L F
TTL AW
8T'L
8T'L
6T'L
6T'L
0g'L
1€°L
1L

=
@

009

60°F [

700 696 692 688 681

7.04

FI1'9

00T

0¢C
(44

0.0 -05 -1.0

0.5

2.0 1.5 1.0

2.5

3.0

3.5

75 70 65 60 55 50 45 40

8.0

8.5

f1 (ppm)

Figure S25 'H NMR spectrum of 2e (400 MHz, CD,Cl,)

86 —
009 —

8°9L
NNBW
S'LL

I —

OCHs

g 8 ‘ OCH;

H,CO
HsCO

I

L]

L

140 130 120 110 100 90 80 70 60 50 40 30 20 10

150

f1 (ppm)

Figure S26 '*C NMR spectrum of 2e (100 MHz, CDCl3)

27



2000 —

rS1

\.m.o/
56'9 1
P1°LA
S1°LA
LA
LA

LT°LA

c-d, e-j

1
695 6

720 715 710 705 700

55 750 745 7

760 7

785 780 775 770 765

90

0T
6'¢
10t
ﬁo.m
0¥

Foov

0.0

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0
f1 (ppm)

Figure S27 'H NMR spectrum of 2g (400 MHz, CDCls)

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

3.5

8°9L
N.hhv
S'LL

)scl
£ 9Cl
)Ll
LTl
7 LT
LTl
5LTl
)'8¢I
['8C1
['6C1
7 el
sCel
£ SEl
56¢€1
31l
el

140 130 120 110 100 90 80 70 60 50 40 30 20 10

150

f1 (ppm)

Figure S28 '*C NMR spectrum of 2g (100 MHz, CDCls)

28



€6°0
S6°0
L60
9Tl
6¢°1
i
€l
w1

OCH:CH,CH:

SS'1
€81~

S8l
98°1
88°1

LT
6T |
et
7€
€S T
€S T
91L 1
L1LT
81°L 1
0TL
7Ll
17
L
€L
ST'L
6TL1
oz
0gL |
1€
1L
L
€€°L
€€°L ]
€€°L ]
€€°L
peL
L
€Y LA

St LA
SY'LT
E\h\
L6L

c0'8 V
70°8

770 765 T60

805 800 795

740 735 730

750 745

755

785 780 775

750

OCH:CH;

=

OCH»

CDHCl,

F2ov

(a7
0'C
ﬁmﬁc
44

00T
"30°C

0.0

0.5

3.5 3.0 2.5 2.0 1.5 1.0

4.0
1 (ppm)

Figure S29 'H NMR spectrum of 2h (400 MHz, CD,Cl)

4.5

7.0 6.5 6.0 5.5 5.0

7.5

8.0

I'vl —

0'1c—
S1eE—

vey —

[ 3Y
o.mm/

8 €S
ﬁwm\

1449

601
€601
Toll
L0Tl
L1zl
£7CCl
6CCl
0921 /
9°LTI
L'LTI1 V

L6Tl
ovel \
0ol 7
€ovl \
vyl
jarad!
gevl

w

WY

s

140 130 120 110 100 90 80 70 60 50 40 30 20 10

150

f1 (ppm)

Figure S30 1*C NMR spectrum of 2h (100 MHz, CD>Cl,)

29



8.19
8.18
8.17
8.16
8.09
8.09
7.34
7.32
7.26
7.12
7.10
6.90
6.90
6.88
6.88
6.70
6.69
—3.79
—-0.00

|
Y
.
|

o)

n

-
I

OCH;3;
CHCl;
d f | a c
€ ‘I ” I| b "
! I [
il 1 |
“\ “'~. - - B - ‘I" “_ . ! B “\.,
82 E‘l 80 78 8 7 T6 7.5 74 7‘2 1 70 69 6.8 6.7
I
| ! y
MJ. ‘ i \‘ I
N | )
S 424K &
S 3 SS 23 -
a AN aNAaaQ O
T T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

f1 (ppm)

Figure S31 'H NMR spectrum of 2j (400 MHz, CDCl;)

= RS ANXA— NN

o NOCem A~ A N o 7}
v T T T e AN —— o~ >~ 0 Nal
—_— e i s i [ o~~~ vy
I N/ SV V2N ~—

H3CO

he@e
OCHs

0,

=z I

170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0
f1 (ppm)

Figure S32 '*C NMR spectrum of 2j (100 MHz, CDCls)
30



00°0~\
$S°1 7
18°€1
8¢
98°¢
L8 €
8991
699 1
1L°9 7

8L'91

1TLA
1TLA
CTLA
CT LA
CT LA
9T L
LT LA
8T'LA
8T'L A
8T'L 1
1€°LA
1€°LA
CEL
€E€L
CELAE
€EL
YEL
YEL
YeEL
SELA
L
YL
SY'LA
St'L
St'L
'L
ow.bg
9L
LyLA
v9°L
S9'LA
08'Lyg
08'L
08°L
18°L A
18°L7
18°L A
8L
T8'L A
8L

T

@) L

05 7.00 695 6.90 6.85 6.50 6.75 6.70 6.6

o]
=

50 745 740 733

75 770 765 T.60 7.55 7

85 7.80 7

L6'C
0°¢
0°¢

c0°¢

0.0

0.5

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5

7.5

3.0

f1 (ppm)

Figure S33 'H NMR spectrum of 2m (600 MHz, CDCI;)

1'9¢
1'9¢
1'9¢
T9¢s

6'9L
N.wh/

V'LL

v'Cil 1
8'CII 1
1'9C1
9tl
€LTI
S'LTI 1
L'LTI 1
8°LT1
6'LT1 ]
1'8C1 7
£6CI
L'6T1 7
9'CeEl
L'TEL
9°€ET
0vel
T'vel ¢
0¥t
(N8 4!
0Tyl
o'yl
0'8%1
1'8v1
44!
(414!

140 130 120 110 100 90 80 70 60 50 40 30 20 10

150

f1 (ppm)

Figure S34 '*C NMR spectrum of 2m (150 MHz, CDCI;)

31



00°0-—

9¢'1 —

R4
wﬁv%

wy
MN.wN
ONSQ

89°L1
0L'L
L
96°L 1
86°L 1
00'8 |
v0'8 4
6181
0T'8
67’8
1€'8
158

wwx/
09'8

69'8 7
ﬁwww
v6'8

f.ox
816

OCH,

H;CO

®
=
O

6'C
8'C
6'C
LT

6.5 6.0 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0

7.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

Figure S35 'H NMR spectrum of 3m (400 MHz, CDCI;)

0'9S
19§
1'9¢
98
8°9L
N»»A
S'LL
801 |
owo~;
1°501 |
PIIT
S611
8611
6611
Tzl
0°€TI |
IR748
YTl
memﬁ;
wewﬁg

9'sTI |
8'ST1 1
1°921
9T
0°LTI
€LTT

SLTI -
L8zl
1621
6zl
v'Tel
'8yl
odv_%

ren)

OCH;

H,CO

OCH;

HsCO

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

60

f1 (ppm)

Figure S36 1°C NMR spectrum of 3m (100 MHz, CDCls)

32



L6707
8601
00T
0T .
PLTY s 901y
SLTH 9°01

92T+
LT
SL'TY
6LTH
6L
181
181
81
€8'1
¥8'1
£€8°€y
¥8°€1
8¢+
98°€1
L8°€Y
L87E i
88°€ 60'D

CH;

ECOTI}

On-C3H;
On-C3H;
1.0

On-C3H;
On-C3H;

8'CC
w.NNv
CJ.

L <
o

F o008

1
On-C3H;

~miar—

OCH:CH:

5
n-C3H;0

6°0L
0'1L
89L \

60 50 40 30 20 10

i o Wi

70

i s

mw 00t o
€6°¢
$6¢4
96°¢]
16°€
L6°€1
66¢!
L9
8291 v -
9L i
YL Q )
shL] T
9t L1 O

9F" L1
i
Ly
8t L
6L
99'L7
L o
8L
8L o

€8°L I
€8°L A - T
¥8'L o
8L

TLLT
S'LL \

6.90 6.85 6.80 6.75 6.70 6.

0°¢SII
4211
0921
1'9C1
LLT1
8°LTI
6°LTI
8Tl

9'zEl
8TEl /
I'pEl

I'bEL 7
60b1
0117
T8PIA,
A

7.10 7.05 7.00 693

) 7.85 7.80 7.75 7.70 7.65 7.60 7.55 7.50 7.45 7.40 7.35 7.30 7.25 7.20 7.1

6.0
Figure S37 'H NMR spectrum of 2n (400 MHz, CDCls)

80
f1 (ppm)

Figure S38 '*C NMR spectrum of 2n (100 MHz, CDCls)
33

140 130 120 110 100 90

150

160




100—
Pl
ST'I
91'l
171
Tl
v
861~
96'1
L6'T
86'1 7
661
00
20T
$0'C
S0T
90
80°C
60
01'c
LTt
w:\N
61
sey
9€'y
LEY

T

2919

ust
O

|

OCH»

On-C3H;

n-C3H,0

“s¢9

OCH:CH:

=90'¥
00t

CHCI3

- 0t

09

o0 - ¥86'1
haln 00

40 35 30 25 20 15 10 05 00 <

45
f1 (ppm)

Figure S39 'H NMR spectrum of 3n (600 MHz, CDCls)

85 80 75 70 65 6.0 55 50

9.0

10.0 9.5

L0l
601 V

m.NNV

0°€T

1'1L

N.:V.
oLy
w.hhﬂ

€801
(48!
S6ll1
el
LTl
sel
9'6Tl
L'Stl
0'9CI ~§
LTl

€LTI
9°LTI
6'8C1

0°€ET
$'8YI
ver1

0n-CyHy

n-C3H,0

-10

70 60 50 40 30 20 10

80
f1 (ppm)

Figure S40 *C NMR spectrum of 3n (150 MHz, CDCl;)
34

150 140 130 120 110 100 90

160

170



4%
vey
9¢
9T'L 1
9L
€9°L 1
$9'L1
L9°LT
€LLA
SLLA
SI'81
91'8 1
sl
€78 |
€781
€88 |
mw.w;
98°8 1
96°8 1
L6814
86'8 |
66'8 L
mo.m\
L0°6

On-C3H;

n-C3H;0

on)
O

T
96'0)
0T

OCH:CH;

oS 00
¥ 00°C
00°¢C

00°¢
!
¥0°C
960
€01
00'C
10°¢C
00°1

0.0

0.5

1.5 1.0

2.0

2.5

3.0

3.5

4.0

5.0

5.5

70 6.5 6.0

7.5

8.0

8.5

9.0

9.5

f1 (ppm)

Figure S41 'H NMR spectrum of 3n-Cl (400 MHz, CDCls)

Lot
Lot
801
601
L'Te
LTe
87T
6TC
w.ong
60L
0 1LY
0'1L
89L 1
TLL
SLLA

1801

vEr

X4t

raat!

9611

sezl

9°€Tl
reet
€41 ]

Tsel

TsTl

€5zl |

P'STI

SSTI

L'STIA

8'STI

65Tl Y

1'921 1

9T 4

9°971

8971 ]

8921

1'Let]

LT

9871
8821 |
80E1 |
zegl

6971 ]
981

9'8v1 Q
sovl

On-C3H;

n-C3H;0

70 60 50 40 30 20 10

80
f1 (ppm)

160 150 140 130 120 110 100 90
Figure S42 '*C NMR spectrum of 3n-Cl1 (100 MHz, CDCl3)

70

35



vl
1€°€ ]
$S°E T
9LE ]
TS
TS T
(3%
091
6291
0€9 1
w9
9]
$8'91
9891
L8917
L8971
6891
6891
L6917
L6971

6691

669 1

00 LY
00°LT

0L
20°L
0°L
¥0°L
90°L {
90°L {
80°L 1
80°L 1
€TLT

VYOLE

vTL
sTL
9z°L
LTLA

s |
sTL}
STL}

6T LA
€€°LY

IS
veLE
veL|

SE'LF

ny
e

oy

| ool

6.10

6.20

6.80 6.70 6.60 6.50

6.90

CH;

i

CHCl;

509
* €09
¥50°CI

~ 10T
s 10T
+ 00T

ek
81t
86z
>y
00'¥

0.0

0.5

1.5

2.0

2.5

3.0

4.0

4.5

5.5 5.0

6.0

6.5

7.0

7.5

f1 (ppm)

Figure S43 'H NMR spectrum of 5 (400 MHz, CD>Cl,)

€'es
PR3Y
8¢S
1I'vS

'S
9'¢¢
6'SS
$9¢
8°9¢

096
m.hm/
1'sol /

SLIL
€oll
1ozl

9°¢Tl
1921
LTI
LTI
L'LTI1
1'8¢1
8'6C1
6°6C1 N.
L6gl
9Trl /
Levl
8Tl
0'evl
6l

—

6961
6'LST
G'8S1

L6S1

|

|

I

ﬂ,

J

Ul

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

f1 (ppm)

Figure S44 '*C NMR spectrum of 5 (100 MHz, CD,Cl)

36



3. Mass spectra

Accurate Mass Measurement<

Molecular formula ¢ CaaH165:¢ ¢
Experimental Mass [M+H]":¢ 345.07654< ¢
Theoretical Mass [M+H]":¢ 345.07662¢ <
Error (ppm) :¢ -0.2¢ g
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Figure S45 Mass spectrum (APCI) of 2¢
Accurate Mass Measurement<’
Molecular formula :« CagH2404¢” ¢

Experimental Mass [M+H]":« 425.17433¢ €
Theoretical Mass [M+H]":¢ 425.17474« €
Error (ppm) :¢ -1.0¢ ¢
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Figure S46 Mass spectrum (APCI) of 2e
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Figure S48 Mass spectrum (APCI) of 2h
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Figure S53 Mass spectra (MALDI) of 3n and 3n-Cl1.
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4. Single crystal structures

X-ray crystallography data were collected on a Bruker D8 Venture Diffractometer.

Crystal data and structure refinement for 1Kk.

Empirical formula C24 H16 N2 O4

Formula weight 396.39

Temperature 213.00 K

Wavelength 1.34139 A

Crystal system Monoclinic

Space group Cl2ic1

Unit cell dimensions a=19.9133(3) A o = 90°.

b=8.79260(10) A B =129.2540(10)°.
c=13.9176(2) A y = 90°.

Volume 1886.95(5) A3

z 4

Density (calculated) 1.395 Mg/m®

Absorption coefficient 0.503 mm*

F(000) 824

Crystal size 0.07 x 0.07 x 0.05 mm?®

Theta range for data collection 4.991 to 54.898°.

Index ranges -24<=h<=24, -10<=k<=10, -16<=I<=16
Reflections collected 8005

Independent reflections 1761 [R(int) = 0.0289]
Completeness to theta = 53.594° 97.8 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7508 and 0.6358

Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 1761/0/ 136

Goodness-of-fit on F? 1.070

Final R indices [I>2sigma(l)] R1=0.0390, wR2 =0.1112

R indices (all data) R1=0.0414, wR2 =0.1136
Extinction coefficient n/a

Largest diff. peak and hole 0.214 and -0.193 e. A3

Figure S55 Structure of 1k in the crystal (Carbon, oxygen and chlorine atoms are shown as
ellipsoids at 50% probability level.)
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Crystal data and structure refinement for 2g.

Empirical formula C32 H20

Formula weight 404.48

Temperature 213.00 K

Wavelength 1.34139 A

Crystal system Monoclinic

Space group P121/n1

Unit cell dimensions a=10.9132(3) A a =90°.

b=9.3178(2) A B =102.4290(10)°.
c=21.1891(5) A y=90°.

Volume 2104.16(9) A3

Z 4

Density (calculated) 1.277 Mg/m3

Absorption coefficient 0.350 mm™

F(000) 848

Crystal size 0.07 x 0.07 x 0.05 mm?

Theta range for data collection 3.686 to 54.983°.

Index ranges -13<=h<=12, -11<=k<=11, -25<=I|<=25
Reflections collected 20561

Independent reflections 3988 [R(int) = 0.0625]
Completeness to theta = 53.594° 99.3 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7508 and 0.5953

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 3988 /0/289

Goodness-of-fit on F2 1.058

Final R indices [1>2sigma(l)] R1=0.0512, wR2 = 0.1165

R indices (all data) R1=0.0874, wR2 = 0.1373
Extinction coefficient n/a

Largest diff. peak and hole 0.208 and -0.241 e. A
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Crystal data and structure refinement for 2j.

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

C26 H18 N2 06

454.42

213(2) K

0.71073 A

Monoclinic

P 21/c

a=10.7120(6) A o = 90°.
b = 14.6556(7) A
c=14.1174(8) A y=90°.
2110.7(2) A3

4

1.430 Mg/m3

0.103 mm™*

944

0.180 x 0.150 x 0.120 mm?
2.523 t0 25.999°.

-11<=h<=13, -18<=k<=18, -17<=I<=16

24873

4123 [R(int) = 0.0651]

99.5 %

Semi-empirical from equivalents
0.7456 and 0.5074

Full-matrix least-squares on F2
4123/0/ 310

1.017

R1=0.0414, wR2 =0.1038
R1=0.0516, wR2 =0.1131
0.018(3)

0.229 and -0.196 e.A*3
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Crystal data and structure refinement for 2m.

Empirical formula C32 H26 O4

Formula weight 47453

Temperature 213(2) K

Wavelength 0.71073 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=13.048(4) A a =81.328(8)°.
b =13.076(3) A B =73.961(8)°.
c=15.272(4) A v =88.817(7)°.

Volume 2474.9(12) A3

Z 4

Density (calculated) 1.274 Mg/m3

Absorption coefficient 0.083 mm*

F(000) 1000

Crystal size 0.180 x 0.150 x 0.120 mm?

Theta range for data collection 2.752 to 24.995°.

Index ranges -15<=h<=15, -15<=k<=15, -18<=I<=18

Reflections collected 46602

Independent reflections 8697 [R(int) = 0.1122]

Completeness to theta = 25.242° 97.1 %

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.7456 and 0.3980

Refinement method Full-matrix least-squares on F?

Data / restraints / parameters 8697 /0 /657

Goodness-of-fit on F? 1.026

Final R indices [1>2sigma(l)] R1=0.0794, wR2 = 0.2082

R indices (all data) R1=0.1358, wR2 = 0.2583

Extinction coefficient n/a

Largest diff. peak and hole 0.252 and -0.293 e. A3
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Crystal data and structure refinement for 2n.

Empirical formula C44 H44 O4

Formula weight 636.79

Temperature 213(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group C2/c

Unit cell dimensions a=25.2475(12) A o = 90°.

b =16.4517(9) A B =91.9950(10)°.
c=17.0389(8) A y = 90°.

Volume 7073.1(6) A3

z 8

Density (calculated) 1.196 Mg/m3

Absorption coefficient 0.075 mm™

F(000) 2720

Crystal size 0.120 x 0.090 x 0.060 mm?
Theta range for data collection 2.392 t0 24.998°.

Index ranges -30<=h<=30, -19<=k<=17, -20<=1<=20
Reflections collected 31370

Independent reflections 6206 [R(int) = 0.0952]
Completeness to theta = 25.242° 96.8 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7456 and 0.5542

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 6206 /0 /437

Goodness-of-fit on F? 1.051

Final R indices [1>2sigma(l)] R1=0.0768, wR2 = 0.1718

R indices (all data) R1=0.1298, wR2 = 0.2072
Extinction coefficient n/a

Largest diff. peak and hole 0.440 and -0.301 e.A3
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Crystal data and structure refinement for 3n-CI.

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 53.594°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

C44 H41ClI O4

669.22

213.00 K

1.34139 A

Orthorhombic

Pbca

a=24.4083(11) A o = 90°.
b=7.5812(3) A B =90°.
Cc = 36.9842(15) A y=90°.
6843.7(5) A3

8

1.299 Mg/m3

0.874 mm*

2832

0.07 x 0.07 x 0.05 mm?®

3.775 to 54.976°.

-29<=h<=29, -8<=k<=9, -45<=|<=45
69449

6429 [R(int) = 0.0874]

98.7 %

Semi-empirical from equivalents
0.7508 and 0.6063

Full-matrix least-squares on F2
6429 /0 /446

1.169

R1=0.0974, wR2 = 0.2570
R1=0.1383, wR2 =0.3152

n/a

0.578 and -0.917 e. A2

47



Crystal data and structure refinement for 5.

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

C114 H96 Cl4 016

1863.70

173(2) K

1.54178 A

Monoclinic

P21/n

a=16.5308(18) A a=90°,
b =34.980(4) A B =111.110(6)°.
c=19.638(3) A v = 90°.
10594(2) A3

4

1.169 Mg/m3

1.515 mm™

3904

0.400 x 0.300 x 0.200 mm?
2.526 to 72.249°.

-19<=h<=18, -42<=k<=42, -23<=|<=23
165706

19503 [R(int) = 0.1523]

99.3 %

multi-scan

0.7531 and 0.3706

Full-matrix least-squares on F2
19503 /3/1234

1.567

R1=0.1377, wR2 = 0.3774
R1=0.1881, wR2 = 0.4310

n/a

2.960 and -0.519 e. A2
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5. UV/Vis absorption and fluorescent spectra

UV-vis absorption spectra were recorded on a Hitachi U-3310 UV-vis spectrophotometer.
Fluorescence spectra were taken on a Hitachi F-2700 spectrofluorometer.
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Figure S56 Absorption (full line) and Fluorescence (dashed line, excited at 306 nm) spectra of
2¢ in CH2Cl, (1x 10° mol/L).
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Figure S57 Absorption (full line) and Fluorescence (dashed line, excited at 289 nm) spectra of
2e in CH2Cl, (1x 10 mol/L).
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Figure S58 Absorption (full line) and Fluorescence (dashed line, excited at 290 nm) spectra of
2g in CH.Cl (1x 10®° mol/L).
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Figure S59 Absorption (full line) and Fluorescence (dashed line, excited at 308 nm) spectra of
2h in CH2Cl; (1x 10°mol/L).
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Figure S60 Absorption (full line) and Fluorescence (dashed line, excited at 288 nm) spectra of
2j in CH.Cl, (1% 10° mol/L).
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Figure S61 Absorption (full line) and Fluorescence (dashed line, excited at 288 nm) spectra of
2m in CH,Cl2 (1x 10° mol/L).
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Figure S62 Absorption (full line) and Fluorescence (dashed line, excited at 301 nm) spectra of
3m in CH,Cl, (1x 10 mol/L).
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Figure S63 Absorption (full line) and Fluorescence (dashed line, excited at 242 nm) spectra of
2n in CH2Cl, (1x 10° mol/L).
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Figure S64 Absorption (full line) and Fluorescence (dashed line, excited at 320 nm) spectra of
3n in CH:Cl; (1x 10 mol/L).
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Figure S65 Absorption (full line) and Fluorescence (dashed line, excited at 334 nm) spectra of
3n-Cl in CH2Cl, (1x 10° mol/L).
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6. Chiral resolution and circular dichroism spectrum of 2g

Compound 2g was resolved to two enantiomers by Daicel Chiral Technologies (China)
Co., Ltd. with a Shimadzu LC-20AT CP-HPLC-06 on a CHIRALCEL OD-H(ODHOCE-KJ063)
column using MeOH/ACN=90/10(V/V) as the eluent. From 143 mg of racemic Compound 2g,
34 mg of one enantiomer (the first fraction) and 38 mg of the other enantiomer (the second
fraction) were obtained. Circular dichroism (CD) spectra were recorded on an Applied
Photophysics Chirascan ™ Spectrometer.
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<Peak Table>
Peak# Ret. Time Area Area% T.Plate# Tailing F. Resolution
1 5.263 1611250 49.896 1.348 9411 15.938
2 8.126 1617973 50.104 1.527 7049 21.280
Figure S66 Chiral HPLC trace for resolution of Compound 2g.
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<Peak Table>
Peak# Ret. Time Area Area% T.Plate# Tailing F. Resolution
1 5.261 2040753 99.337 1.359 9701 15.463
2 8.205 13626 0.663 1.411 6214 24.141

Figure S67 Chiral HPLC analysis for the first fraction of Compound 2g. [0]*p =—117
(c=1.5x10"% g/ml in CH3CN).
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Figure S68 Chiral HPLC analysis for the second fraction of Compound 2g. [a]*’p = +100
(c=1.5x10"% g/ml in CH3CN).
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Figure S69 Circular dichroism spectrum of 2g in CH3CN (1.2x10 mol/L).
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7. Density Functional Theory (DFT) Calculations

The Density Function Theory (DFT) calculations were conducted at the level of
wB97XD/def2svp with CH,Cl, solvation using Gaussian 16 program.*°
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8. Cyclic voltammetry

Cyclic voltammetry was performed in a solution of anhydrous CH>Cl, with 0.1M
tetrabutylammonium hexafluorophosphate (BusNPFs) as supporting electrolyte, at a scan rate
of 30 mV s!. A platinum bead was used as a working electrode, a platinum wire was used as
an auxiliary electrode, and a silver wire was used as a pseudo-reference. Ferrocenium/ferrocene
(Fc'/Fc) was used as an internal standard.
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Figure S70 Cyclic voltammogram of 3n-Cl
From the first half-wave potential of the first oxidation wave El,= 0.43 V, the HOMO

energy level of 3n-Cl is estimated as —5.52 eV according to the equation

Evomo = Epct/pc — Eox - Here, Epc+/p., the formal potential of the redox couple of

ferrocenium/ferrocene (Fc¢'/Fc) in the Fermi scale is —5.1 eV, which is calculated on the basis
of an approximation neglecting solvent effects using a work function of 4.46 eV for the normal
hydrogen electrode (NHE) and an electrochemical potential of 0.64 V for (Fc¢*/Fc) versus
NHE.!
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9. Fabrication and characterization of organic field effect transistors

The organic field effect transistors (OFETs) of 3n-Cl were fabricated on a silicon substrate,
which was layered with silica, alumina, and 12-cyclohexyldodecylphosphonic acid (CDPA) to
form a composite dielectric material. The CDPA-modified AlO./Si0O; dielectric was prepared
following the reported procedure.!! Thin film of 3n-Cl was formed by immersing the substrate
into its solution (1.5 mg/mL) in a mixed solvent of CH>Clo/Acetone (V/V=2/1) and then pulling
it up with a constant speed of 50 um/min using a LongerPump TJ-3A syringe pump. The dip-
coated films were placed in vacuum at room temperature for 3 h to remove the solvent residue.
To complete the fabrication of OFETs, top contact drain and source gold electrodes (30 nm)
were vacuum-deposited through a shadow mask onto the organic films using an Edward Auto
306 vacuum coating system with a Turbomolecular pump at a pressure of 4.0 x 107 torr or
lower, with a deposition rate of ca. 2 nm/min to a thickness about 30 nm as measured by a
quartz crystal sensor. The resulting semiconducting channels were 0.5 mm (W)x50 pum (L).
The field effect mobility in the saturation regime was extracted from these curves using the
equation: Ips = (uWCi/2L)(Vos—Vu)?, where Ips is the drain current, u is field effect mobility,
Ci (= 29.5+0.5 nF/cm?) is the capacitance per unit area for the CDPA-modified AlOx/SiO»,'?
W is the channel width, L is the channel length, and Vs and Vi are the gate and threshold
voltage, respectively. 3 films and 15 channels were tested.

Polarized light micrographs were obtained using a Nikon 50IPOL microscope. X-ray
diffractions from thin films were recorded with a SmartLab X-Ray Refractometer. Current-
voltage measurement of OFETs was conducted using a probe station and a Keithley 4200
Semiconductor Characterization System in air under ambient conditions.

N 1 ‘\\&?“ k““}‘

R

Figure S71 Reflection polarized light micrograph from dip coated film of 3n-Cl on CDPA-
modified AlO,/SiO; using CH>Cly/Acetone as solvent.
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Figure S72 XRD patterns of thin film of 3n-Cl on CDPA-modified AlO«/SiOx.
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