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Synthesis

All reagents were used as received from the provider unless otherwise stated.

2-iodobenzylalcohol (11.7 g, 50 mmol) in anhydrous THF (50 ml) was added dropwise to 60 wt%
NaH (2.60 g, 65 mmol) in anhydrous THF (100 ml) at 0 °C under nitrogen. The reaction mixture was
stirred for 2 h at 25 °C and then MOMCI (4.83 g, 60 mmol) was added dropwise via syringe. The

mixture was stirred for 12 h and quenched by adding water. The solution was concentrated on a rotary
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evaporator. The residue was extracted with dichloromethane and washed with water three times.
Column chromatography of the residue on silica gel (eluent: firstly hexane and then
hexane/dichloromethane (3/2 vol)) afforded methoxymethyl-2-iodobenzyl ether (1) as a colorless
liquid (12.9 g, 46.5 mmol) in 93% yield.

'H-NMR (400 MHz, CDCl;): 6 7.84 (d, 1H), 6 7.45 (d, 1H), & 7.35 (t, 1H), 8 6.99 (t, 1H), 6 4.77 (s,

2H), § 4.60 (s, 2H), & 3.44 (s, 3H)
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1 (13.9 g, 50 mmol), 4,4’-dihydroxydiphenylsulfone (6.26 g, 25 mmol), K;PO,4 (21.2g, 100 mmol),
Cul (952 mg, 5.0 mmol), picolinic acid (1.23 g, 10 mmol) was dissolved into DMSO (100 ml). The
mixture was stirred at 105 °C for 48 h and quenched by adding ammonia aqueous. The mixture was
extracted with dichloromethane, washed with ammonia aqueous, acidified with HCl () (around
pH=6) and washed with water. The solvent was removed on a rotary evaporator. Column
chromatography of the residue on silica gel (eluent: CHCl;:hexane = 4:1) afforded 2 (3.61 g) and 3
(6.61 g).

2: 'H-NMR (400 MHz, CDCl;): 6 7.84 (d, 2H), & 7.82 (d, 2H), 6 7.53 (d, 1H), & 7.31 (t, 1H), & 7.25 (t,
1H), 6 6.95 (d, 2H), 8 6.89 (d, 2H), 6 6.89 (d, 1H), & 5.39 (s, 1H)d 4.62 (s, 2H), 6 4.54 (s, 2H), 6 3.28
(s, 3H)

3: 'TH-NMR (400 MHz, CDCls): 6 7.84 (d, 4H), 6 7.54 (d, 2H), 67.33 (t, 2H), 87.25 (t, 2H), 86.98-6.95

(m, 6H), & 4.62 (s, 2H), § 4.55 (s, 2H), 6 3.29 (s, 3H)
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2 (2.40 g, 6.0 mmol), 2 M bromomethane (6.0 ml, 12 mmol) in THF and 8 M NaOH (,q) (1.0 ml, 8.0



mmol) were dissolved in CH;CN (30 ml) and THF (10 ml). The reaction mixture was stirred for 6 h
and concentrated on a rotary evaporator. The residue was extracted with dichloromethane and washed
with water three times. The solvent was removed on a rotary evaporator and the residue was dried
under vacuum to obtain 4 (2.40 g, 5.8 mmol) in 97 % yield.

4: 'TH-NMR (400 MHz, CDCl;): 6 7.88 (d, 2H), & 7.85 (d, 2H), & 7.55 (d, 1H), 67.34 (t, 1H), 6 7.27 (4,

1H), § 6.99 (d, 2H), & 6.97 (d, 2H),8 6.97 (d, 1H), & 4.63 (s, 2H), 8 4.56 (s, 2H), 5 3.87 (s, 3H), & 3.28

(s, 3H)
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10 M hydrochloric acid (1.5 ml) was added to 4 (1.24 g, 3.0 mmol) in 2-propanol (15 ml) and THF
(15 ml). The mixture was stirred for 6 h at 50 °C and concentrated on a rotary evaporator. The residue
was extracted with dichloromethane and washed with water three times. The solvent was removed on
a rotary evaporator. Short column chromatography of the residue on silica gel (eluent: CHCI;)
afforded 5 (1.0 g, 2.7 mmol) in 90 % yield.

5: "TH-NMR (400 MHz, CDCls): 6 7.86 (d, 2H), 8 7.83 (d, 2H), 6 7.52 (d, 1H), 87.31 (t, 1H), 5 7.24 (t,

1H), 8 6.97 (d, 2H), 8 6.95 (d, 2H), & 6.92 (d, 2H), 54.64 (s, 2H), 53.84 (s, 3H)

6

5 (1.0 g. 2.7 mmol) was dissolved in anhydrous CH,Cl, (20 ml) and SOCI, (1.0 ml) was added via
syringe. The mixture was stirred at 25 °C under nitrogen for 4 h and dried under vacuum to obtain 6
(1.03 g, 2.65 mmol) in 98 % yield.

6: '"H-NMR (400 MHz, CDCl;): 87.86 (d, 4H), 87.51 (d, 1H), 87.33 (t, 1H), 87.22 (t, 1H), 7.01 (d,

2H), 86.97 (d, 2H), §6.93 (d, 1H), 34.58 (s, 2H), 53.85 (s, 3H)



M1

6 (972 mg. 2.5 mmol) was dissolved in THF (10 ml) and 30 wt% trimethylamine aqueous (1 ml) was
added. The mixture was stirred for 3 h and dried under vacuum to obtain M1 (1.10 g, 2.45 mmol) in
98 % yield.

M1: 'H-NMR (400 MHz, CDCl;): 88.01 (d, 1H), 67.87 (d, 2H), 87.85 (d, 4H), 67.48 (t, 1H), 67.32 (t,

1H), 67.01-6.96 (m, 5H), 64.97 (s, 2H), 63.85 (s, 3H), 83.42(s, 9H)
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6 (389 mg. 1.0 mmol) was dissolved in THF (10 ml) and ginuclidine (167mg, 1.5 mmol) was added.
The mixture was stirred for 12 h and the solvent was removed under reduced pressure. The residue
was dried under vacuum at 80 °C to remove unreacted ginuclidine to obtain M3 (455 mg, 0.91mmol)
in 91% yield.
M2: '"H-NMR (400 MHz, DMSO-dy): 67.95 (d, 2H), 67.88 (d, 2H), 87.65 (d, 1H), §7.55 (t, 1H), 67.36

(t, 1H), 57.20 (d, 2H), 87.14 (d, 2H), §7.10 (d, 1H), 34.36 (s, 2H), 53.83(s, 3H), 53.44 (t, 6H), 52.23 (t,

1H), 51.84 (m, 6H)
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6 (778 mg. 2.0 mmol) was dissolved in THF (10 ml) /CH;CN (10ml) and N-methyldipropylamine

(460.9 mg, 4.0 mmol) was added. The mixture was stirred for 6 h at 60 °C and dried under vacuum to



obtain M3 (547 mg, 1.8 mmol) in 90 % yield.
M3: '"H-NMR (400 MHz, DMSO-dg): 67.97 (d, 2H), 67.88 (d, 2H), 87.68 (d, 1H), 87.57 (t, 1H), 67.38
(t, 1H), 87.18 (d, 2H), 67.14 (d, 1H), 87.13 (d, 2H), 64.49 (s, 2H), 83.83 (s, 3H), 63.16 (m, 4H), 62.91

(t,3H), 51.70 (m, 4H), 50.83 (t, 6H)

Q@O@

o)
HO 7 OH

7

Similar procedure to synthesize 5 was applied.

7 (2.66g, 5.76 mmol) was obtained from 3 (3.30g, 6.0 mmol) in 96% yield.

7: 'H-NMR (400 MHz, CDCls): 8 7.85 (d, 4H), 8 7.53 (d, 2H), 67.32 (t, 2H), 8 7.26 (t, 2H), 6 6.98 (d,

4H), § 6.95 (d, 2H), 54.65 (4, 2H)
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Similar procedure to synthesize 6 was applied.
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8 (2.40 g, 4.8 mmol) was obtained from 7 (2.31 g, 5.0 mmol) in 96% yield.
12: 'H-NMR (400 MHz, CDCl;): 6 7.88 (d, 4H), & 7.51 (d, 2H), 67.35 (t, 2H), 67.25 (t, 2H), 67.03 (d,
4H), 66.95 (d, 2H), 64.59 (s, 4H)
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M4
Similar procedure to synthesize M1 was applied.
M4 (2.29 g, 3.7 mmol) was obtained from 8 (2.0 g, 4.0 mmol) in 93% yield.

M4: 'H-NMR (400 MHz, DMSO-dy): & 8.02 (d, 4H), 3 7.75 (d, 1H), §7.59 (t, 2H), §7.39 (t, 2H),



§7.25 (d, 4H), 87.11 (d, 2H), $4.60 (s, 4H), 3.11 (s, 9H),

Methoxymethyl-2-bromo-5-iodo-benzyl ether (9)
Similar procedure to synthesize 1 was applied. 9 (10.9 g, 30.4 mmol) was obtained from 2-bromo-5-

iodo-benzylalcohol (10.0 g. 32 mmol) in 95% yield.
9: 'TH-NMR (400 MHz, CDCl;): 6 7.82 (s, 1H), 6 7.46 (d, 1H), & 7.25 (d, 1H), 64.77 (s, 2H), 34.60 (s,

2H), §3.43 (s, 3H)
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Mg (753 mg, 31 mmol) was introduced in tow-necked 100 ml round flask and dried in
vacuum by heating. lodobenzene (6.12 g, 30 mmol) in anhydrous THF (30 ml) was added
under nitrogen. The solution was stirred at room temperature and the reaction started. The
solution was further stirred for 2 h and 30 min at 40 °C. Then, methoxymethyl-2-bromo-5-iodo-
benzyl ether (10.7 g. 30 mmol) and Ni (dppp)Cl, (108 mg, 0.2 mmol) was added in the solution and
stirred for 12 h at room temperature.

The reaction was quenched by adding water (2.0 ml) and the solvent was removed under
vacuum. The residue was extracted with dichloromethane and washed with water several
time. The solvent was removed and column chromatography of the residue on silica gel (eluent:
CHCl;: hexane = 1:1) afforded 10 (5.62 g, 18.3 mmol) in 61% yield.

10: '"H-NMR (400 MHz, CDCLy): 8 7.72 (s, 1H), 87.62-7.57 (m, 3H), 5 7.44 (t, 2H), § 7.39-7.34 (m,



2H), 54.80 (s, 2H), 84.73 (s, 2H), §3.45 (s, 3H)

11

Similar procedure to synthesize 2 was applied.

11 (5.79 g, 12.2 mmol) was obtained from 10 (4.61 g, 15 mmol), 4,4’-dihydroxyl-diphenyl sulfone
(3.75g, 15 mmol) in 81% yield.

11: 'H-NMR (400 MHz, CDCl;): § 7.85-7.75 (m, 5H), 8 7.59 (d, 2H), 87.52 (d, 1H),6 7.45 (t, 2H),

§7.36 (t, 1H), & 7.01 (d, 3H), 5 6.89 (d, 2H), 84.65 (s, 2H), $4.60 (s, 3H), 53.30 (s, 3H)
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Similar procedure to synthesize 4 was applied.

12 (4.51 g, 9.2 mmol) was obtained from 11 (4.77 g, 10 mmol) in 92% yield.

12: '"H-NMR (400 MHz, CDCl;): 4 7.86 (d, 4H), 7.76 (s, 1H), 6 7.59 (d, 2H), 87.52 (d, 1H), 87.45 (t,

2H), § 7.36 (t, 1H), § 7.03-6.95 (m, SH), 54.65 (s, 2H), 4.60 (s, 3H), 53.85 (s, 3H), 53.30 (s, 3H)

13
Similar procedure to synthesize 5 was applied.
13 (3.78 g, 8.5 mmol) was obtained from 12 (4.42 g, 9.0 mmol) in 94% yield.

13: 'H-NMR (400 MHz, CDCLy): & 7.87 (d, 4H), 7.75 (s, 1H), 8 7.59 (d, 2H), 87.52 (d, 1H), 87.45 (t,



2H), § 7.36 (t, 1H), § 7.03-6.95 (m, SH), 84.71 (s, 3H), 53.85 (s, 3H)

14

Similar procedure to synthesize 6 was applied.
14 (3.61 g, 7.76 mmol) was obtained from 13 (3.57 g, 8.0 mmol) in 97% yield.
14: 'H-NMR (400 MHz, CDCl5): 6 7.88 (d, 4H), 7.72 (s, 1H), 6 7.57 (d, 2H), 67.54 (d, 1H), 87.46 (t,

2H), § 7.37 (t, 1H), § 7.07 (d, 2H), 5 7.00-6.96 (m, 3H), 54.63 (s, 2H), 3.85 (s, 3H)

M5

Similar procedure to synthesize M1 was applied.

MS (3.49 g, 6.65 mmol) was obtained from 14 (3.25 g, 7.0 mmol) in 95% yield.

MS5: 'H-NMR (400 MHz, CDCl;): 8.19 (s, 1H), & 7.89 (d, 4H), 8 7.70 (d, 1H), §7.61 (d, 2H), §7.44 (t,

2H), 5 7.36 (t, 1H), 8 7.05 (m, 3H), 8 6.99 (d, 2H), 55.05 (s, 2H), 53.85 (s, 3H), 3.45 (s, 9H)
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6 (778 mg, 2.0 mmol) and p-hydroxybenzylalcohol (348 mg, 2.8 mmol) and anhydrous K,CO; (415

15

mg, 3.0 mmol) was dissolved into anhydrous DMF (20 ml). The mixture was stirred for 24 h at 40 °C
and quenched by adding water. The mixture was extracted with dichloromethane (40 ml x 3) and the

combined solution was washed with water (50 ml x 4). The solvent was removed on a rotary



evaporator and dried under vacuum to obtain 9 (820 mg, 1.72 mmol) in 86% yield.
15: 'H-NMR (400 MHz, CDCl;): §7.85 (d, 4H), 67.62 (d, 1H), 87.37 (t, 1H), 67.27 (t, 1H), 67.20 (d,

2H), §7.18-6.96 (m, 5H), 86.77 (d, 2H), 55.04 (s, 2H), 54.58 (s, 2H), 53.85 (s, 3H)
(0]
Il /
(@] S (@]
QOO
Q 16
Cl

Similar procedure to synthesize 6 was applied.

16

16 (809 mg, 1.63 mmol) was obtained from 15 (820 mg, 1.72 mmol) in 95% yield.
16: 'H-NMR (400 MHz, CDCl;): 67.85 (d, 4H), 67.59 (d, 1H), 87.36 (t, 1H), 87.26 (t, 1H), §7.22 (d,
2H), 67.00-6.96 (m, SH), 86.78 (d, 2H), 65.03 (s, 2H), 84.52 (s, 2H), 83.85 (s, 3H)
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Similar procedure to synthesize M1 was applied.
M6 (806 mg, 1.46 mmol) was obtained from 10 (743 mg, 1.5 mmol) in 97% yield.
M6: 'H-NMR (400 MHz, DMSO-dy): 67.87 (d, 4H), 67.66 (d, 1H), 67.49 (t, IH), 67.39-7.30 (m, 3H),
07.15-7.13 (m, 3H), 67.05 (d, 2H), 86.94 (d, 2H), 65.08 (s, 2H), 84.46 (s, 2H), 63.82 (s, 3H), 62.99 (s,
9H

39
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P
Similar procedure to synthesize M1 was applied.
P (1.07 g, 3.85 mmol) was obtained from 2-phenoxybenzylchloride (855 mg, 4.0 mmol) in 96% yield.

P: 'H-NMR (400 MHz, DMSO-dq): 57.52 (t, 1H), 57.42-7.38 (m, 2H), 57.36 (d, 1H), 87.27 (d, 1H),



§7.16 (t, 2H), 57.05 (d, 2H), 54.68 (s, 2H), 53.10 (s, 9H)
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Acetic anhydride (12.3g, 120 mmol) and triethylamine (30.3 g, 300 mmol) were added to o-cresol
(10.8 g, 100 mmol) in CH,Cl, (80 ml). The mixture was stirred for 12 h at 25 °C and diluted with
ethyl acetate. The mixture was washed with water three times and dried with MgSQO,. After filtration,
the solvent in the filtrate was removed to obtain 17 (12.9 g, 93 mmol) in 93% yield.

17: 'H-NMR (400 MHz, CDCl;): $7.23 (t, 1H), 87.20 (d, 1H), 87.15 (t, 1H), §7.00 (d, 1H), 62.32 (s,

3H), §2.17 (s, 3H),

N-bromosuccinimide (1.78 g, 10 mml) and azobisisobutyronitrile (10 mg) were added to 17 (1.38 g,
10 mmol) in CCl, (30ml). The mixture was stirred at 80 °C for 4 h after flowing nitrogen for 15 min.
After the conversion reached to around 80% (checked by H NMR), the mixture was concentrated on a
rotary evaporator. Hexane was added to the residue and the resulting solution was filtered to remove
succinimide and unreacted N-bromosuccinmide. The filtrate was concentrated on a rotary evaporator.
The residue was dissolved in THF and stirred for 2 h at 25 °C by adding 30 wt% trimethyl amine
aqueous (2.5ml).The mixture was concentrated on a rotary evaporator. The residue was dissolved in
water (80 ml) , washed with chloroform (10 ml x 3) to remove unreacted 17 and dried on a rotary
evaporator to obtain L (1.6 g, 5.6 mmol) in 56% yield.

L: '"H-NMR (400 MHz, CDCLy): §7.88 (d, 1H), 7.53 (t, 1H), 87.35 (t, 1H), §7.23 (d, 1H), 55.09 (s,



2H), §3.44 (s, 9H), 52.58 (s, 3H),



Scheme S1. Synthesis of L1
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Figure S1. '"H NMR spectra of synthetic intermediate of M1-M6, P and L in CDCl;
(a)1(b)2(c)3(d)4 (e)5 () 6 (g) M1 (h) M2* (1) M3* (j) 7 (k) 8 (1) M4* (m) 9 (n) 10 (o) 11
(p) 12 (q) 13 (r) 14(s) M5 (t) 15 (u) 16 (v) M6* (w) P* (x) 17 (y) L

* 'H NMR spectra in DMSO-d,
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