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1. General Procedure

All reactions were carried out under an argon atmosphere with dehydrated solvents
under anhydrous conditions, unless otherwise noted. For reactions that require heating,
oil bath was used as the heat source. Dehydrated THF and CH2Cl. were purchased from
Kanto Chemical Co., Inc. Other solvents were dehydrated and distilled according to
standard protocols. Yields refer to chromatographically and spectroscopically
(*H-NMR) homogeneous materials unless otherwise stated. Reagents were obtained
from commercial suppliers and used without further purification, unless otherwise noted.

Reactions were monitored by thin-layer chromatography (TLC) carried out on Silica
gel plates (Merck Kieselgel 60 F254) or Silica gel plates (Fuji Silysia Chemical Co.,
Ltd.). Column chromatography was performed on Silica gel 60N (Kanto Chemical Co.,
Inc., spherical, neutral, 63-210 um) or flash column chromatography was performed on
Silica gel 60N (Kanto Chemical Co., Inc., spherical, neutral, 40-50 um). The eluents
employed are reported as volume: volume percentages. Gel permeation chromatography
(GPC) was performed on a JAI LC-908 equipped with JAIGEL-2H using CHCI3 as an
eluent.

Melting points (mp) were taken with Yazawa BY-2 and are reported uncorrected. In
parentheses after melting point, the recrystallization solvents are shown. Proton nuclear
magnetic resonance (*H NMR) spectra were recorded using JEOL JMN-AL400 (400
MHZz) and a JEOL ECA-600 (600 MHz) spectrometers. Chemical shift (o) is reported in
parts per million (ppm) downfield relative to tetramethylsilane (TMS). Coupling
constants (J) are reported in Hz. Multiplicities are reported using the following
abbreviations: s, singlet; d, doublet; t, triplet; g, quartet; qui, quintet; m, multiplet; br s,
broad singlet; br d, broad doublet; dd, double doublet; dt, double triplet; td, triple
doublet; dg, double quartet; sept, septet. Carbon-13 nuclear magnetic resonance (**C

NMR) spectra were recorded using JEOL JMN-AL400 (100 MHz) and a JEOL



ECA-600 (150 MHz) spectrometers. Chemical shift is reported in ppm relative to the
center line of the triplet of CDCl3 (77.10 ppm). Lithium-7 nuclear magnetic resonance
('Li NMR) spectra were recorded using a JEOL ECA-600 (233 MHz) spectrometer.
LiCl/D.0O was used as an external standard (0 ppm).

Infrared spectra (IR) were obtained on a JASCO FT-IR-410 at 4.0 cm™ resolution and
are reported in wavenumbers. High resolution mass spectra (HRMS) were recorded on a
JMS-AX500, JMS-700 or Thermo Scientific Exactive Mass Spectrometers using
electron impact (EI), fast atom bombardment (FAB) and electrospray ionization (ESI),
respectively. Low resolution mass spectra (MS) were recorded on JEOL JMS-DX303 or
JMS-700. HPLC was performed by Hitachi L-7610 as a degasser, Hitachi L-7100 as a
pump, Hitachi L-7300 as a column oven and Hitachi L-7400 as an UV/Vis detector at
370 nm using Inertsil® CX column (GL Sciences) for monitoring reaction mixture,
n-NAP column (Nacalai Tesque) or Buckyprep-M column (Nacalai Tesque) for

separating, and Buckyprep column (Nacalai Tesque) for confirming purity.

2. Synthesis of dieneazide 1

MsCI
NaBH4 NaN3 Et3N
Iy DMF CH,Cl,
l s —_— HO\/\/\| _— HO\/\/\N3 —_— MSO\/\/\N3
(o) 0°Ctort 80 °C 0°Ctort
overnight S1 12h S2 6 h, quant. S3
97% (2 steps)
4-CI-AZADO*"BF,
MeCN
3-cyclohexene-1methanol , 3 h;
NaH 'PrOH;
DMF O\/ evaporation; ©\/
0°Ctort O~ DBU O,
12 h, 90% MeCN
S4 0°Ctort 1

5h, 61%
4-azidobutan-1-ol (S2)
To a suspension of NaBH4 (680 mg, 18 mmol) in THF (72 mL) was added I> (9.1 g, 36

mmol) in THF (30 mL) slowly at 0 °C. The reaction mixture was allowed to reach room



temperature and stirred overnight. The solution was quenched with H,O (50 mL) sat.
Na2S20s ag. (50 mL). The mixture was extracted with Et,O (50 mL x 3), washed with
brine (50 mL), and dried over MgSOs. The organic layer was concentrated under
vacuum to give alcohol S1. The product was used in the following step without further
purification.

To a solution of alcohol S1 in DMF (84 mL) was added NaN3z (10 g, 154 mmol) at
room temperature. The reaction mixture was heated to reflux and stirred for 12 h. The
solution was quenched with sat. H,O (50 mL). The mixture was extracted with Et2O (50
mL x 3), washed with brine (50 mL), and dried over MgSOa. The organic layer was
concentrated under vacuum to give alcohol S2. (4.04 g, 35.1 mmol, 97% for 2 steps).

Characterization data were in agreement with previously reported values?.

4-azidobutyl methanesulfonate (S3)

To a solution of alcohol S2 (4.04 g, 35.1 mmol) and EtsN (9.9 mL, 70.1 mmol) in
CHClI> (58 mL) was added MsCI (4.1 mL, 52.6 mmol) at 0 °C. The mixture was stirred
at room temperature for 6 h. The mixture was quenched with H2O and extracted with
CHCl; (3 times). The organic layer was washed with brine, dried over MgSO4 and
evaporated. The residue was purified with flash column chromatography (AcOEt :
hexane = 1 : 4 to 1:2) to afford azide S3 (7.17 g, quant.) as a yellow oil.

Characterization data were in agreement with previously reported values?.

4-((4-azidobutoxy)methyl)cyclohex-1-ene (S4)

To a suspension of NaH (60%, 89 g, 44 mmol) in DMF (100 mL),
3-cyclohexene-1-methanol (5.18 mL, 44 mmol) was added slowly at 0 °C. The
suspension was stirred for 30 min at room temperature. azide S3 (7.0 g, 37 mmol) in

DMF (23 mL) was added to the suspension slowly at the same temperature. The mixture



was stirred for 12 h at room temperature. The mixture was quenched with sat. aq.
NH4ClI and extracted with Et.O (3 times). The organic layer was washed with brine and
dried over MgSOs and evaporated. The residue was purified with column
chromatography (AcOEt : hexane = 1 : 20) to afford azide S4 (6.6 g, 31.5 mmol, 90%)
as a colorless oil. Characterization data were in agreement with previously reported

values?.

5-((4-azidobutoxy)methyl)cyclohexa-1,3-diene (1)

To a solution of azide S4 (209 mg, 0.1 mmol) in MeCN (2 mL) was added
4-CI-AZADO'BF4? (328 mg, 1.2 mmol) at ambient temperature. The reaction mixture
was stirred at the same temperature for 3 h. 'PrOH (0.92 mL, 12 mmol) was added to the
reaction mixture and the mixture was stirred for 5 min (The color of the reaction
mixture was changed from yellow to colorless). The mixture was concentrated at
reduced pressure and the resulting residue was dissolved in MeCN (4 mL). DBU (0.45
mL, 3.0 mmol) was added to the reaction mixture at 0 °C and stirred for 5 h at room
temperature. The mixture was quenched with sat. NaHCO3 aq. and extracted with
CHCIs (3 times). The organic layer was washed with brine, dried over MgSO4 and
evaporated. The residue was purified with flash column chromatography (AcOEt :
hexane = 1 : 50) to dieneazide linker 1 (126.9 mg, 0.61 mmol, 61%) as a colorless oil.

Characterization data were in agreement with previously reported values?.

3. Preparation of alkynes
Phenylacetylene and 4-methoxyphenylacetylene were purchased from commercial
suppliers and used as received. Alkyne S6, S8, S11, S12, S16, S20, S23, and S26 were

prepared according to the previous literatures as follows.



TMS acetylene

Pd(PPh,),Cl, (3 Mol%)  TMS K,COs4 S
Br\@\ Cul (10 mol%) A MeOH/THF \\©\
> — >
NMe, Et;N it
100 °C NMe,  3h,96% NMe,
24 h, 76% S5 S6

N,N-dimethyl-4-((trimethylsilyl)ethynyl)aniline (S5)

To a solution of 4-bromo-N,N-dimethylaniline (1.00 g, 5.00 mmol) and TMS acetylene
(1.06 mL, 7.49 mmol) in EtsN (20 mL) was added Pd(Phz)>Cl> (105 mg, 0.150 mmol),
Cul (95.2 mg, 0.500 mmol), and PPhs (13.1 mg, 0.500 mmol). The reaction mixture was
stirred at 100 °C for 24 h. After reaction was completed the catalyst was removed by
filtration through Celite (AcOEt : hexane = 1 : 1) and the filtrate was evaporated. The
residue was purified with flash column chromatography (CH2Cl; : hexane = 1 : 5) to
afford 4-ethynyl-N,N-dimethylaniline S5 (732 mg, 3.80 mmol, 76%) as a yellow solid.

Characterization data were in agreement with previously reported values®.

4-ethynyl-N,N-dimethylaniline (S6)

To solution of N,N-dimethyl-4-((trimethylsilyl)ethynyl)aniline S5 (52.2 mg, 0.240
mmol) in MeOH (1 mL) was added K>COs (35 mg, 0.253 mmol) and stirred at room
temperature for 2 h. The insoluble precipitate was removed by filtration and filtrate was
poured into saturated aqueous NH4Cl. The mixture was extracted AcOEt (three times),
washed brine (once), and dried over Na>;SOa. The solution was separated by filtration
and the filtrate was concentrated under vacuum. The residue was purified with flash
column  chromatography (CH2Cl, : hexane = 1 : 4) to afford
4-ethynyl-N,N-dimethylaniline S6 (32.2 mg, 0.222 mmol, 93%) as a yellow solid.

Characterization data were in agreement with previously reported values®.



Mel TMS acetylene
KoCO3 Pd(PPh3),Cl, (1 mol%) T™S

Br\@\ MeCN Br Cul (1 mol%) A

—_— :
SH reflux SMe EtsN/THF

12 h, 97% 45 °C SMe
s7 18 h, 71% S8
K,CO3

MeOH/THF \\
—_—

rt
30 min, 94% SMe

S9

(4-bromophenyl)(methyl)sulfane (S7)

To a solution 4-bromobenzenethiol (1.50 g, 7.93 mmol) and iodemethane (989 pL,
15.9 mmol) in MeCN (13 mL) was added K.COz (2.12 g, 15.9 mmol). The reaction
mixture was stirred reflux for 12 h. the reaction mixture was cooled to room
temperature, extracted with AcOEt (three times), washed water (once) and brine (once),
and dried over MgSOs After removing the solvent under vacuum,
(4-bromophenyl)(methyl)sulfane S7 (1566 mg, 7.71 mmol, 97%) was obtained as a

yellow oil. Characterization data were in agreement with previously reported values®.

trimethyl((4-(methylthio)phenyl)ethynyl)silane (S8)

To a solution of (4-bromophenyl)(methyl)sulfane S7 (494 mg, 2.43 mmol) and TMS
acetylene (521 uL, 3.69 mmol) in EtsN/THF (1:1) (5.5 mL) was added Pd(Phsz)2Cl>
(28.4 mg, 24.6 pmol) and Cul (4.69 mg, 24.6 umol). The reaction mixture was stirred at
45 °C for 18 h. After reaction was completed the catalyst was removed by filtration
through Celite (AcOEt : hexane =1 : 1) and the filtrate was evaporated. The residue was
dissolved in AcOEt and water. The mixture was extracted with AcOEt (three times),
washed water (once) and brine (once), and dried over MgSQOa, The residue was purified
with flash column chromatography (AcOEt : hexane = 1 : 10) to afford
trimethyl((4-(methylthio)phenyl)ethynyl)silane S8 (386 mg, 1.75 mmol, 72%) as a

brown oil. Characterization data were in agreement with previously reported values®.



(4-ethynylphenyl)(methyl)sulfane (S9)

To solution of trimethyl((4-(methylthio)phenyl)ethynyl)silane S8 (100 mg, 0.453
mmol) in MeOH/THF (1:1) (1 mL) was added K>COs (125 mg, 0.907 mmol) and stirred
at room temperature for 30 min. The insoluble precipitate was removed by filtration.
The mixture was extracted AcOEt (three times), washed brine (once), and dried over
Na>SO4. The solution was separated by filtration and the filtrate was concentrated under
vacuum. The residue was purified with flash column chromatography (CH2Cl> : hexane
=1:4) to afford (4-ethynylphenyl)(methyl)sulfane S9 (63.5 mg, 0.428 mmol, 94%) as a

colorless solid. Characterization data were in agreement with previously reported

values?.
TMS acetylene
Pd(PPhs),Cl, (3 mol%) T™S K,COs S
'\©\ cul (5 mol%) AN MeOH \\©\
’ o —_—
NO, EtsN rt
rt NO, 3h, 92% NO,
12 h, quant. $10 s

trimethyl((4-nitrophenyl)ethynyl)silane (S10)

To a solution of 1-iodo-4-nitrobenzene (1.00 g, 4.02 mmol) and TMS acetylene (850
uL, 6.02 mmol) in EtsN (13 mL) was added Pd(Phz)2Cl. (84.6 mg, 0.121 mmol) and
Cul (38.3 mg, 0.201 mmol). The reaction mixture was stirred at room temperature for
12 h. After reaction was completed the catalyst was removed by filtration through Celite
(AcOEt : hexane = 1 : 1) and the filtrate was evaporated. The residue was purified with
flash column chromatography (CH2Cl: : hexane = 1 : 2) and recrystallized (CHCI5) to
afford trimethyl((4-nitrophenyl)ethynyl)silane S10 (944 mg, quant.) as a yellow solid.

Characterization data were in agreement with previously reported values®.

1-ethynyl-4-nitrobenzene S11

To solution of trimethyl((4-nitrophenyl)ethynyl)silane S10 (265 mg, 1.12 mmol) in



MeOH (12 mL) was added K>COsz (150 mg, 1.09 mmol) and stirred at room
temperature for 3 h. The reaction mixture was evaporated under vacuum. The solids
were dissolved in AcOEt, washed 10% HCI and brine, and dried over MgSOas. The
solution was concentrated under vacuum. The residue was purified with flash column
chromatography (CH2Cl, : hexane = 1 : 2) and recrystallized (CHCI3) to afford
1-ethynyl-4-nitrobenzene S11(165 mg, 1.11 mmol, 92%) as a yellow solid.

Characterization data were in agreement with previously reported values®.

1) LDA, THF
-78°C,1h
2) diethyl chloro phosphate
o 3) LDA, THF =
-78°Ctort

12 h, 58% S12
1-ethynyladamantane (S12)

In a heat gun-dried three-necked round-bottom flask, diisopropyl amine (943 uL,
6.73 mmol) in THF (6 mL) was —78 °C followed by dropwise addition of "BuL.i (3.95
mL, 6.17 mmol) in hexane (1.56 M). After 1 h of stiring the LDA was ready-for use. A
solution of adamantly methyl ketone (1.00 g, 5.61 mmol) in THF (3 mL) was added
dropewise at —78 °C to LDA a solution as a prepared above. After stirring 1 h chloro
diethyl phosphate (834 uL, 5.78 mmol) was added dropwise via syringe pump. The
cooling bath was removed and the reaction mixture was allowed to warm to room
temperature. After 3 h of stiring the reaction mixture was added dropwise to a second
LDA solution as prepared above form diisopropyl amine (1.52 mL, 10.9 mmol) and
"BuLi in hexane (1.56 M) at —78 °C. The cooling bath was removed and solution was
stired for 12 h. The reaction was quenched by addition of water (20 mL). The mixture
was extracted with hexane (four times). The combained organic extracts were washed

with ice-cold aqueous HCI (1 M) (twice) and saturated NaHCO3 (twice). After drying

over NaxSOg4 and filtration over Celite, solvents were removed under vacuum. The crude



product was obtained as slightly yellow oil. The residue was purified with flash column
chromatraphy (AcOEt : hexane = 1 : 50) to afford 1-ethynyladamantane S12 (527 mg,
3.29 mmol, 58%) as a white solid. Characterization data were in agreement with

previously reported values®.

1) POCl;
AcClI o DME
AICl3 10°C,26 h
> Me >
CH,Clp 2) NaOAc/H,0
—-78°Ctort 94%

1.5h,57% s13

I | KOH
I ‘O . I ‘O dioxane ‘O
cl O‘ cl O‘ re‘ﬂuxoo O‘
2 h, 90%
S14 s15 s16
1-acetylpyrene (S13)

To a solution of Pyrene (500 mg, 2.47 mmol) and AICI; in CH2Cl, (100 mL) was
added AcCl (439 pL, 6.18 mmol) slowly at —78 °C. The mixture was stirred for 1.5 h at
the room temperature. After the reaction, it was poured into ice water, stirred well,
separated, and the aqueous phase was extracted CH2Cl; (three times). The organic phase
was washed with 1M HCI (twice), dried over MgSO4 and evaporated. The residue was
purified with flash column chromatography (AcOEt : hexane = 1 : 4) to afford
1-(pyren-1-yl)ethan-1-one S13 (348 mg, 1.42 mmol, 58%) as a yellow solid.

Characterization data were in agreement with previously reported values’.

3-(1-Pyrenyl)-3-chloro-2-propenal (S14) and (S15)
The Vilsmeier reagent prepared from DMF (1.6 mL) and POCIs (730 uL, 7.86 mmol)
upon cooling with a water bath was added dropwise under argon to a stirred solution of

1-acetylpyrene S13 (398 mg, 1.63 mmol) in DMF (2.4 mL) within 20 min. The mixture

10



was strirred for 20 h at room temperature. After the reaction, it was poured on ice, pH
was adjusted to 6 by adding AcONa- 3H.0 and extracted with CHCl; (three times). The
organic phase was washed with water (six times), dried MgSOa, and evaporated. The
residue was purified with flash column chromatography (AcOEt : hexane = 1 : 4) to
afford 3-(1-Pyrenyl)-3-chloro-2-propenal S14 and S15 (550 mg, 1.55 mmol, 94%) as a

yellow solid. Characterization data were in agreement with previously reported values®.

1-ethynylpyrene (S16)

To a solution of 1-ethynylpyrene S14 and S15 (154 mg, 0.516 mmol) in dioxane (2.6
mL) was added finely powdered KOH (31.8 mg, 0.568 mmol) at room temperature. The
mixture was refluxed for 2 h, cooled to room tempature, diluted with 5% aqueous
solution of citric acid, and evaporated. The residue was distributed between water and
CHCl;, the organic phase was washed with water, dried MgSOa, and evaporated. The
residue was purified with flash column chromatography (CH2Cl : hexane = 1 : 6) to
afford 1-ethynylpyrene S16 (69.0 mg, 0.308 mmol, 90%) as a yellow solid.

Characterization data were in agreement with previously reported values®.

Alkyne S20, S23 and S26 were newly prepared as follows.

NaN3 H2

OAc AcCl OAc TBAHS OAC pd/C

o} rt o CH,Cl, MeOH

AcO —_—T AcO —_— AcO (@) —_——
AcO AcO AcO N3
AcHN 16 h AcHN rt ACHN rt
80% Cl 1h,97% 4 h, 90%
S17 S18

propiolic acid

OAc DCC
CH,CI
AcO O T ACO&/
NH, AcO

AcHN 2h, 58%
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2-acetamido-2-deoxy-3, 4, 6-tri-O-acetyl-a-D-glucopyranosyl chloride (S17)

N-Acetyl glucosamine (10.0 g, 45.2 mmol) was added to stirring acetyl chloride (20
mL) and resulting suspension was stirred magnetically for 16 h. Chloroform was then
added to the amber solution and the resulting solution was poured into ice and water
with stirring. The organic layer was immediately separated and run into saturated
aqueous NaHCOg and ice with stirring, the neutralization being completed in separating
funnel. The organic layer was then separated and dried for 10 min. the organic layer was
then filtered with suction and the residue washed thoroughly with dichloromethane. The
resulting organic solution was concentrated approximately under vacuum. Anhydrous
ether was then added and the product crystallized out immediately. The product was
stoppered and left to stand at room temperature for 16 h. The pale yellow solid was then
filtered with suction, washed with anhydrous ether, and allowed to dry for 5 min to
afford the crude product which is subsequently purified by flash chromatography
(AcOEt only) to afford 2-acetamido-2-deoxy-3, 4, 6-tri-O-acetyl-a-D-glucopyranosyl
chloride S17 (13.2 g, 36.2 mmol, 80%) as a colorless solid. Characterization data were

in agreement with previously reported values®.

2-acetamido-2-deoxy-3, 4, 6-tri-O-acetyl-5-D-glucopyranosyl azide (S18)

To solution of the 2-acetamido-2-deoxy-3, 4, 6-tri-O-acetyl-a-D-glucopyranosyl
chloride S17 (5.0 g, 13.7 mmol), TBAHS (4.65 g, 13.7 mmol), and sodium azide (2.67 g,
41.1 mmol) in dichloromethane (50.0 mL) was added saturated aqueous NaHCO3 (50.0
mL). The resulting biphasic solution was stirred vigorously at room temperature for 1 h.
Ethyl acetate was added and the organic layer was separated and washed saturated
aqueous NaHCOg3 (once), water (twice), and brine (once). The organic phase was then
dried over Na>SO4 and solvent removed under vacuum to afford 2-acetamido-2-deoxy-3,

4, 6-tri-O-acetyl-a-D-glucopyranosyl azide S18 (4.95 g, 13.3 mmol, 97%) as a white

12



solid. Characterization data were in agreement with previously reported values®.

2-acetamido-2-deoxy-3, 4, 6-tri-O-acetyl-A-D-glucopyranosyl amine (S19)

A solution of the 2-acetamido-2-deoxy-3, 4, 6-tri-O-acetyl-a-D-glucopyranosyl azide
S18 (303 mg, 0.806 mmol) in anhydrous MeOH (5.0 mL) was catalytically
hydrogenated with Pd/C (30 mg) under the hydrogen balloon for 4 h. The catalyst was
removed by filtration through Celite and the filtrate was evaporated to dryness under
vacuum to afford 2-acetamido-2-deoxy-3, 4, 6-tri-O-acetyl-a-D-glucopyranosyl amine
S19 (252 mg, 0.728 mmol, 90%) as a white amorphous. Characterization data were in

agreement with previously reported values®.

5-acetamido-2-(acetoxymethyl)-6-propiolamidotetrahydro-2H-pyran-3,4-diyl diacetate
(S20)

To a solution of 2-Acetamido-2-Deoxy-3, 4, 6-tri-O-acetyl-a-D-glucopyranosyl amine
S19 (232 mg, 0.0670 mmol) and propiolic acid (9.38 ul, 0.134 mmol) in
dichloromethane (0.67 mL) was added slowly DCC (15.2 mg, 0.0737 mmol) in
dichloromethane (0.67 mL) at 0 °C. The mixture was stirred for 2 h at room temperature.
After the reaction, it was poured into water, stirred well, separated, and the aqueous
phase was extracted AcOEt (three times). The organic phase was washed with water
(twice), brine (once), dried over MgSO4 and evaporated. The residue was purified with
flash column chromatography (AcOEt only) to afford
5-acetamido-2-(acetoxymethyl)-6-propiolamidotetrahydro-2H-pyran-3,4-diyl  diacetate
S20 (15.6 mg, 0.0392 mmol, 58%) as a white amorphous.

IR (neat) 3271, 3062, 2118, 1747, 1650 cm™. *H-NMR (400 MHz, CDCl3): § 7.46 (d, J
= 8.3 Hz, 1H), 6.13 (d, J = 8.0 Hz, 1H), 5.15-5.03 (m, 3H), 4.30 (dd, J = 12.4, 4.6 Hz,
1H), 4.20-4.13 (m, 1H), 4.10 (dd, J = 12.4, 2.2 Hz, 1H), 3.76 (ddd, J = 9.5, 4.4, 2.2 Hz,

13



1H), 2.89 (s, 1H), 2.10 (s, 3H), 2.08 (s, 3H), 2.05 (s, 3H), 1.99 (s, 3H). BC{*H}-NMR
(100 MHz, CDCls): § 172.2, 172.0, 170.7, 169.2, 152.5, 80.0, 76.4, 75.3, 73.6, 72.8,
67.6, 61.6, 53.2, 23.1, 20.70, 20.67, 20.6. HRMS (FAB) m/z: [M+H]* Calcd. for

C17H23N209 399.1391, found: 399.1404.

O/\‘ . 02(CO)s

\
0 CeF13 R1 N2 0

S
e oOMe @)—PAUNTQ Aut (20 mol%) MeO OMe
N Me N Me
N DCE/HFIP N

MS4A
®) Cl rt @) Cl

15 min, 42%

/,’

s21 522
] O
TEMPO*-BF, MeO OMe
MeCN N ve
—» N

—40 °C
45 min, 63% o al

Functionalized indomethacin methyl ester S22

Two-necked flask containing MS4A (50 mg) was dried using heat gun under vacuum
and then cooled to room temperature. After done heating and cooling three times, in the
flask was added indomethacin methyl ester S21 (50 pumol), reagent R1 (61 mg, 75
pumol), DCE (1.0 mL), and HFIP (0.1 mL) at room temperature. To the reaction mixture
was added gold catalyst Aul (20 mol%) and stirred at the same temperature for 15 min.
The reaction mixture was quenched with sat. NaHCO3 aqg. (2 mL), and extracted with
CH2CI> (5 mL x 3). The combined organic layers were dried over MgSQsa, filtered, and
concentrated under vacuum. The residue was purified by silica gel column
chromatography (AcOEt : hexane = 1 : 50 to AcOEt : hexane = 1 : 20) to give the
desired product S22 (14.52 mg, 20.9 pmol, 42%). Characterization data were in

agreement with previously reported values'®.
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Propargylated indomethacin methyl ester S23

To a solution of S22 (33 mg, 48 umol) in MeCN (5 mL) was added TEMPO*BF (0.5
eq x 9) every 5 min at —40 °C. After completion of the reaction, the reaction was
quenched with sat. NaHCOs ag. (2 mL) and extracted with AcOEt (4 mL x 3). The
combined organic layers were washed with brine, dried over MgSQsa, filtered, and
concentrated under vacuum. The residue was purified by silica gel column
chromatography (AcOEt : hexane = 1 : 10 to AcOEt : hexane =1 : 4) to give the desired
product. S23 (12.32 mg, 30.1 pmol, 63%).
IH-NMR (400 MHz, CDCls): & 7.67 (d, J = 8.2 Hz, 2H), 7.46 (d, J = 8.2 Hz, 2H), 6.96
(d, J = 8.9 Hz, 1H), 6.72 (d, J = 8.9 Hz, 1H), 4.03 (s, 2H), 3.95 (d, J = 2.4 Hz, 2H), 3.86
(s, 3H), 3.72 (s, 3H), 2.34 (s, 3H), 2.07 (t, J = 2.4 Hz, 1H). BC{*H}-NMR (100 MHz,
CDCls): 6 172.1, 168.2, 152.9, 139.4, 137.1, 133.9, 131.8, 131.3, 129.1, 128.5, 115.8,
113.3, 112.1, 108.4, 83.6, 69.1, 57.1, 52.2, 31.1, 14.6, 13.2. HRMS (EI) m/z: [M]* Calcd.

for C23CIH20NO4 409.1081, found: 409.1076.

(0]
COZ(CO)B
O\ (OC)sC
602,
"o A ’»)’/\9 H
O : c6F13_ R1 O 5
< o < o
(0] F PAUNTfZ Au1 (25 mol%) (o)
I H 3 i H

H O o H O
DCE
MeO OMe MS4A MeO OMe
rt
OMe 15 min, 29% OMe
S24 S25
///\9 ’
O g
TEMPO*BF, < o)
MeCN o
—_— i H
—40°C ©
45 min, 57%
MeO OMe
OMe

S26
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Functionalized podophyllotoxin S25

Two-necked flask containing MS4A (50 mg) was dried using heat gun under vacuum
and then cooled to room temperature. After done heating and cooling three times, in the
flask was added podophyllotoxin S24 (50 umol), reagent R1 (61 mg, 75 pmol), DCE
(1.0 mL) at room temperature. To the reaction mixture was added gold catalyst Aul (25
mol%) and stirred at the same temperature for 15 min. The reaction mixture was
quenched with sat. NaHCOs ag. (2 mL), and extracted with CH>Cl> (5 mL x 3). The
combined organic layers were dried over MgSOs, filtered, and concentrated under
vacuum. The residue was purified by silica gel column chromatography (AcOEt :
hexane =1 : 20 to AcOEt : hexane = 1 : 4) to give a desired product S25 (10.72 mg,
14.5 pmol, 29%). Characterization data were in agreement with previously reported

values?.

Propargylated podophyllotoxin S26

To a solution of S25 (10.7 mg, 14.5 pmol) in MeCN (1.5 mL) was added
TEMPO™BF; (0.5 eq x 9) every 5 min at —40 °C. After completion of the reaction, the
reaction was quenched with sat. NaHCOs ag. (2 mL) and extracted with AcOEt (4 mL x
3). The combined organic layers were washed with brine, dried over MgSQsg, filtered,
and concentrated under vacuum. The residue was purified by silica gel column
chromatography (AcOEt : hexane = 1 : 8 to AcOEt : hexane = 1 : 2) to give a desired
product. S26 (3.75 mg, 8.29 umol, 57%).
IR (neat) 1774, 1715 cm™.*H-NMR (400 MHz, CDCls): § 7.07 (s, 1H), 6.51 (s, 1H),
6.38 (s, 2H), 5.98 (s, 1H), 6.38 (s, 1H), 4.85 (d, J = 9.2 Hz, 1H), 4.66 (t, J = 7.2 Hz, 1H),
4.58 (d, J = 4.3 Hz, 1H), 4.39 (dd, J = 15.9, 2.4 Hz, 1H), 4.21-4.15 (m, 2H), 3.81 (s, 3H),
3.75 (s, 6H), 3.02-2.91 (m, 1H), 2.84 (dd, J = 14.5, 4.8 Hz, 1H), 2.53 (t, J = 2.4 Hz, 1H).
BC{'H}-NMR (100 MHz, CDCls): § 173.9, 152.7, 147.9, 147.6, 137.2, 135.2, 132.1,
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130.4, 109.6, 108.1, 107.3, 101.4, 79.5, 78.9, 75.6, 71.4, 60.7, 56.22, 56.15, 45.6, 44.0,

38.0. HRMS (EI) m/z: [M*] Calcd. for CasH240g 452.1471, found: 452.1472.

4. Huisgen annulation

General procedure 1: Huisgen annulation

To solution of dieneazide 1 in 'BuOH/H20 (1:1, 0.07 M) was added alkyne (1.2 eq of
dieneazide 1), CuSQO4-5H,0 (5 mol%), Ca-ascorbate (10 mol%) at room temperature.
The reaction mixture was stirred at room temperature for 24-60 h. After the reaction
was completed, the mixture was concentrated under vacuum. The residue was purified

with silica gel column chromatography to afford corresponding diene derivatives 4.

1-(4-(cyclohexa-2,4-dien-1-ylmethoxy)butyl)-4-phenyl-1H-1,2,3-triazole (4a)

The reaction was conducted based on General procedure 1
©\/O\/\/\N N

N using dieneazide 1 (30.2 mg, 0.146 mmol) and

i \_b phenylacetylene and the reaction time was 24 h. The

mixture was concentrated under vacuum and the residue

was purified with silica gel column chromatography (AcOEt : hexane = 1 : 4) to afford
the desired product 4a (39.2 mg, 0.127 mmol, 87%) as a colorless oil.

IR (neat) 3131, 3034, 2937, 2859, 1609 cm™. *H-NMR (600 MHz, CDCl3): 6 7.83 (d, J

= 7.8 Hz, 2H), 7.77 (s, 1H), 7.42 (t, J = 7.6 Hz, 2H), 7.32(t, J = 7.3 Hz, 1H), 5.95-5.91

(m, 1H), 5.89-5.85 (m, 1H), 5.75 (dt, J = 9.3, 4.5 Hz, 1H), 5.67 (dd, J = 9.8, 4.3 Hz, 1H),

4.45 (t, J = 7.1 Hz, 2H), 3.47 (t, J = 6.1 Hz, 2H), 3.38 (t, J = 8.3 Hz, 1H), 3.34 (dd, J =

8.8, 6.3 Hz, 1H), 2.59 (br s, 1H), 2.25 (dddd, J = 17.4, 8.6, 4.7, 1.6 Hz 1H), 2.16-2.14

(m, 1H), 2.10-2.02 (m, 2H), 1.63 (quin, J = 5.8 Hz, 2H). 3C{*H}-NMR (100 MHz,

CDClz): 6147.7, 130.7, 128.8, 128.0, 127.5, 125.7, 125.5, 124.9, 123.9, 119.5, 73.1,

70.1, 50.2, 33.5, 27.5, 26.5, 25.5. HRMS (EI) m/z: [M]* Calcd. for C19H23N30 309.1841,
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found: 309.1871.

1-(4-(cyclohexa-2,4-dien-1-ylmethoxy)butyl)-4-(4-methoxyphenyl)-1H-1,2,3-triazole

(4b)
©\/ The reaction was conducted based on General
O\/\/\N'}N procedure 1 using dieneazide 1 (14.7 mg, 0.0709 mmol)
" \_b and 1-ethynyl-4-methoxybenzene and the reaction time
OMe

was 24 h. The mixture was concentrated under vacuum
and the residue was purified with silica gel column chromatography (AcOEt : hexane =
1 : 4) to afford the desired product 47 (22.9 mg, 0.0675 mmol, 95%) as a colorless oil.
IR (neat) 3132, 3036, 2940, 2859, 2045, 1721 cm™*. H-NMR (400 MHz, CDCls): & 7.75
(d, J = 8.8 Hz, 2H), 7.69 (s, 1H), 6.96 (d, J = 8.8 Hz, 2H), 5.95-5.91 (m, 1H), 5.89-5.85
(m, 1H), 5.76 (dt, J = 9.3, 3.4 Hz, 1H), 5.67 (dd, J = 9.5, 3.7 Hz, 1H), 4.43 (t, J = 7.1 Hz,
2H), 3.84 (s, 3H), 3.46 (t, J = 6.1 Hz, 2H), 3.38 (t, J = 8.0 Hz, 1H), 3.34 (dd, J = 9.0, 6.1
Hz, 1H), 2.59 (br s, 1H), 2.25 (dddd, J = 17.4, 8.5, 4.6, 1.6 Hz 1H), 2.16-2.14 (m, 1H),
2.06 (quin, J = 5.5 Hz, 2H), 1.63 (quin, J = 5.6 Hz, 2H). BC{*H}-NMR (100 MHz,
CDCls): 6 159.5, 147.6, 127.0, 125.5, 124.9, 123.5, 118.8, 114.2, 73.1, 70.1, 55.3, 50.1,
33.4, 27.5, 26.5, 25.4. HRMS (EI) m/z: [M]* Calcd. for C20H25N302 339.1947, found:
339.1929.

4-(1-(4-(cyclohexa-2,4-dien-1-ylmethoxy)butyl)-1H-1,2,3-triazol-4-yl)-N,N-dimethylanil
ine (4c)

The reaction was conducted based on General
©\’0\N\N " procedure 1 using dieneazide 1 (15.0 mg, 0.0724 mmol)

and 4-ethynyl-N,N-dimethylaniline (S6) and the reaction
4c
NMe2 time was 24 h. The mixture was concentrated under
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vacuum and the residue was purified with silica gel column chromatography (AcOEt :
hexane = 1 : 4) to afford the desired product 4c (22.5 mg, 0.0638 mmol, 88%) as a
brown oil.

IR (neat) 3035, 2935, 2864, 2361, 1618 cm™. *H-NMR (400 MHz, CDCls): § 7.70 (d, J
= 8.7 Hz, 2H), 7.63 (s, 1H), 6.77 (d, J = 9.3 Hz, 2H), 5.95-5.91 (m, 1H), 5.88 - 5.85 (m,
1H), 5.76 (dt, J = 9.3, 4.4 Hz, 1H), 5.67 (dd, J = 9.2, 3.9 Hz, 1H), 4.46 (t, J = 7.1 Hz,
2H), 3.45 (t, J = 6.1 Hz, 2H), 3.37 (t, J = 7.8 Hz, 1H), 3.34 (dd, J = 9.0, 6.1 Hz, 1H),
2.99 (s, 6H), 2.59 (br s, 1H), 2.26 (dddd, J = 17.5, 8.7, 4.7, 1.6 Hz 1H), 2.15-2.11 (m,
1H), 2.10-2.00 (m, 2H), 2.04 (quin, J = 6.4 Hz, 2H). *C{*H}-NMR (100 MHz, CDCl5):
0 150.3, 148.1, 128.4, 127.5, 126.6, 125.5, 124.8, 123.9, 118.1, 112.5, 73.0, 70.1, 50.0,
40.5, 33.4, 27.5, 26.5, 25.4. HRMS (EI) m/z: [M]" Calcd. for C21H2sNsO 352.2263,

found: 352.2259.

1-(4-(cyclohexa-2,4-dien-1-ylmethoxy)butyl)-4-(4-(methylthio)phenyl)-1H-1,2,3-triazole
(4d)

©\/ The reaction was conducted based on General

OW\N'E procedure 1 using dieneazide 1 (14.8 mg, 0.0714 mmol)

» \_b and (4-ethynylphenyl)(methyl)sulfane (S9) and the

reaction time was 24 h. The mixture was concentrated

under vacuum and the residue was purified with silica gel column chromatography

(AcOEt : hexane =1 : 4) to afford the desired product 4d (18.3 mg, 0.0545 mmol, 76%)
as a yellow oil.

IR (neat) 3083, 3036, 2858, 1718 cm™. *H-NMR (400 MHz, CDCls): § 7.75 (d, J = 8.3

Hz, 2H), 7.74 (s, 1H), 7.30 (d, J = 8.8 Hz, 2H), 5.95-5.92 (m, 1H), 5.89 - 5.85 (m, 1H),

5.76 (dt, J = 9.8, 4.4 Hz, 1H), 5.66 (dd, J = 9.3, 3.9 Hz, 1H), 4.44 (t, J = 7.3 Hz, 2H),
3.46 (t, J = 6.1 Hz, 2H), 3.40-3.32 (m, 2H), 2.59 (brs, 1H), 2.51 (s, 3H), 2.25 (dddd, J =
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17.2,8.7,4.9, 1.6 Hz 1H), 2.16-2.15 (m, 1H), 2.05 (quin, J = 7.3 Hz, 2H), 1.63 (quin, J
= 6.4 Hz, 2H). BC{*H}-NMR (100 MHz, CDCls): § 147.3, 138.4, 127.56, 127.49, 126.8,
126.0, 125.5, 124.9, 123.9, 119.3, 73.1, 70.1, 50.2, 33.5, 27.5, 26.5, 25.4, 15.8. HRMS

(EI) m/z: [M]* Calcd. for C20H2sN30S 355.1718, found: 355.16944.

1-(4-(cyclohexa-2,4-dien-1-ylmethoxy)butyl)-4-(4-nitrophenyl)-1H-1,2,3-triazole (4e)

©\/ The reaction was conducted based on General
O~ N ) ) )
o/ procedure 1 using dieneazide 1 (15.1 mg, 0.0728 mmol)
. \_b and 1-ethynyl-4-nitrobenzene (S11) and the reaction time
NO,

was 24 h. The mixture was concentrated under vacuum
and the residue was purified with silica gel column chromatography (AcOEt : hexane =
1 : 4) to the desired product 4e (20.2 mg, 0.0545 mmol, 78%) as a brown oil.
IR (neat) 3132, 3035, 2939, 2860, 1606, 1518 cm™. 'H-NMR (400 MHz, CDCls): & 8.29
(d, J = 8.8 Hz, 2H), 8.00 (d, J = 8.8 Hz, 2H), 7.95 (s, 1H), 5.96-5.92 (m, 1H), 5.90-5.86
(m, 1H), 5.77 (dt, J = 9.3, 4.5 Hz, 1H), 5.67 (dd, J = 9.5, 3.7 Hz, 1H), 4.50 (t, J = 7.1 Hz,
2H), 3.49 (t, J = 5.9 Hz, 2H), 3.40 (t, J = 8.3 Hz, 1H), 3.36 (dd, J = 9.0, 6.1 Hz, 1H),
2.60 (br s, 1H), 2.26 (dddd, J = 17.4, 8.7, 4.6, 1.6 Hz 1H), 2.17-2.16 (m, 1H), 2.14-2.06
(m, 2H), 1.65 (quin, J = 6.3 Hz, 2H). 3C{*H}-NMR (100 MHz, CDCls): 5 180.0, 137.0,
127.5,126.1, 125.6, 125.0, 124.3, 124.0, 122.2, 121.2, 73.2, 70.2, 50.4, 33.5, 27.6, 26.5,

25.5. HRMS (EI) m/z: [M]* Calcd. for C19H2:N403 353.1636, found: 354.1634.

4-((1s,3s)-adamantan-1-yl)-1-(4-(cyclohexa-2,4-dien-1-ylmethoxy)butyl)-1H-1,2,3-

triazole (4f)

©\/O N The reaction was conducted based on General procedure 1
V\/\N, *N

using dieneazide 1 (15.0 mg, 0.0724 mmol) and

4f 1-ethynyladamantane (S12) and the reaction time was 24 h.
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The mixture was concentrated under vacuum and the residue was purified with silica gel
column chromatography (AcOEt : hexane =1 : 4) to afford the desired product 4f (25.0
mg, 0.0680 mmol, 94%) as a colorless oil.

IR (neat) 3130, 3034, 2904, 2849, 1680 cm™. *H-NMR (400 MHz, CDCls): § 7.22 (s,
1H), 5.95-5.91 (m, 1H), 5.89-5.86 (m, 1H), 5.76 (dt, J = 9.7, 4.6 Hz, 1H), 5.67 (dd, J =
9.7, 3.9 Hz, 1H), 4.35 (t, J = 7.2 Hz, 2H), 3.45 (d, J = 6.3 Hz, 1H), 3.43 (d, J = 6.2 Hz,
1H), 3.37 (t, J = 7.7 Hz, 1H), 3.33 (dd, J = 8.4, 5.6 Hz, 1H), 2.58 (br s, 1H), 2.26 (dddd,
J=16.4,9.1, 4.8, 1.6 Hz 1H), 2.16-2.11 (m, 1H), 2.07-2.02 (m, 2H), 1.98-1.84 (m, 8H),
1.78-1.75 (m, 7H), 1.60 (quin, J = 6.8 Hz, 2H). ¥C{*H}-NMR (100 MHz, CDCls): &
157.9, 127.50, 125.5, 124.8, 123.9, 118.1, 73.1, 70.1, 49.9, 42.6, 36.7, 33.4, 32.6, 28.5,
27.5, 26.6, 25.5. HRMS (EI) m/z; [M]* Calcd. for CasHaNsO 366.2546, found:
366.2552.

1-(4-(cyclohexa-2,4-dien-1-ylmethoxy)butyl)-4-(pyren-1-yl)-1H-1,2,3-triazole (4g)
©\/ The reaction was conducted based on General
O\/\/\N'}N procedure 1 using dieneazide 1 (15.0 mg, 0.0724
4 ng mmol) and 1-ethynylpyrene (S16). The solvent was
changed to MeOH/CH,CI2/H.O (1:8:1) and the
reaction time was 24 h. The mixture was concentrated under vacuum and the residue
was purified with silica gel column chromatography solvent (AcOEt : hexane =1 : 4) to
afford the desired product 4g (23.2 mg, 0.0535 mmol, 74%) as a yellow oily solid.
IR (neat) 3132, 3038, 2938, 2860, 2242, 2095, 1925, 1798, 1723, 1605 cm™. *H-NMR
(400 MHz, CDCls): & 8.70 (d, J = 9.3 Hz, 1H), 8.27-7.93 (m, 8H), 7.93 (s, 1H),
5.95-5.91 (m, 1H), 5.88-5.85 (m, 1H), 5.75 (dt, J = 9.3, 4.5 Hz, 1H), 5.69 (dd, J = 7.6,

1.7 Hz, 1H), 4.58 (t, J = 7.0 Hz, 2H), 3.52 (t, J = 6.1 Hz, 2H), 3.41 (t, J = 8.3 Hz, 1H),

3.37 (dd, J = 8.8, 5.9 Hz, 1H), 2.61 (brs, 1H), 2.27 (dddd, J = 20.1, 9.1, 5.1, 2.7 Hz 1H),
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2.20-2.11 (m, 3H), 1.73 (quin, J = 5.7 Hz, 2H). *C{*H}-NMR (100 MHz, CDCl3): &
147.4,131.4, 131.3, 130.9, 128.6, 128.1, 127.8, 127.7, 127.5, 127.4, 127.2, 126.1, 125.6,
125.41, 125.37, 125.1, 124.94, 124.87, 124.83, 124.79, 123.9, 122.9, 73.1, 70.2, 50.4,
335, 27.7, 26.7, 25.5. HRMS (EI) m/z: [M]* Calcd. for CagH27NsO 433.2154, found:

433.2162.

(2R,3S,4R,5R,6R)-5-acetamido-2-(acetoxymethyl)-6-(1-(4-(cyclohexa-2,4-dien-1-ylmeth
oxy)butyl)-1H-1,2,3-triazole-4-carboxamido)tetrahydro-2H-pyran-3,4-diyl diacetate
(4h)

OAc

\/@ The reaction was conducted based on General
H N N N/\/\/O

procedure 1 using dieneazide 1 (7.38 mg, 35.6

>3
(@]
3
%\
Z
X

4h umol) and acetylated glucosamine derivative
S20 and the reaction time was 24 h. The mixture was concentrated under vacuum and
the residue was purified with silica gel column chromatography (AcOEt only) to afford
the desired product 4h (13.2 mg, 21.8 umol, 61%) as a white oil.
IR (neat) 3302, 3130, 2949, 2854, 2451, 1795, 1743, 1638 cm™. 'H-NMR (600 MHz,
CD30D): § 8.32 (s, 1H), 5.81-5.79 (m, 1H), 5.76-5.74 (m, 1H), 5.64 (dt, J = 9.6, 4.6 Hz,
1H), 5.56 (dd, J = 9.6, 3.4 Hz, 1H), 5.33 (d, J = 9.6 Hz, 1H), 5.20 (dd, J = 10.6, 9.2 Hz,
1H), 4.96 (dd, J = 9.6 Hz, 1H), 4.39 (t, J = 7.2 Hz, 2H), 4.19 (dd, J = 10.9, 3.4 Hz, 1H),
4.13 (dd, J = 10.3 Hz, 1H), 4.02 (dd, J = 12.3, 1.4 Hz, 1H), 3.84-3.81 (m, 1H),
3.37-3.35 (M, 2H), 3.24-3.21 (m, 2H), 2.43 (br s, 1H), 2.12 (dddd, J = 17.4, 8.5, 4.8, 1.7
Hz 1H), 2.02-1.99 (m, 1H), 1.93-1.90 (m, 11H), 1.75 (s, 3H), 1.49 (quin, J = 5.3 Hz,
2H). 3C{*H}-NMR (100 MHz, CDsOD): § 174.0, 172.4, 171.8, 171.3, 162.8, 143.0,
128.6, 127.8, 126.4, 125.9, 125.0, 119.7, 81.8, 79.8, 74.7, 74.5, 74.0, 71.1, 70.0, 63.3,
54.0, 51.4, 34.7, 28.4, 27.5, 26.4, 22.5, 20.6. HRMS (FAB) m/z: [M]* Calcd. for

C28H40Ns010 606.2775, found: 606.2767.
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Huisgen annulated indomethacin derivative 4i

©\/ The reaction was conducted based on General
O\/\/\N'EN o procedure 1 using dieneazide 1 (7.5 mg, 36

MeO A M(:Me umol) and propargylated indomethacin methyl

. ON)\Q\U ester S23. The solvent was changed to

'BUOH/MeOH/CHCI3/H,0 (2:1:1:1, 0.03 M)
and the reaction time was 60 h. The mixture was concentrated under vacuum and the
residue was purified with silica gel column chromatography (AcOEt : hexane =1 : 4 to
ACcOEt : hexane = 1 : 1) to afford the desired product 4i (15.55 mg, 25.2 umol, 84%) as
a colorless oil.

IH-NMR (400 MHz, CDCls): & 7.66 (d, J = 8.2 Hz, 2H), 7.46 (d, J = 8.2 Hz, 2H), 7.06
(s, 1H), 7.02 (d, J = 8.9 Hz, 1H), 6.73 (d, J = 8.2 Hz, 2H), 5.92-5.83 (m, 2H), 5.75-5.70
(m, 1H), 5.63 (dd, J = 9.7, 3.9 Hz, 1H), 4.43 (s, 2H), 4.25 (d, J = 7.2 Hz, 2H), 3.97 (s,
2H), 3.82 (s, 3H), 3.67 (s, 3H), 3.40 (t, J = 6.3 Hz, 2H), 3.36-3.28 (m, 2H), 2.62-2.47 (m,
1H), 2.29-2.18 (m, 1H), 2.26 (s, 3H), 2.12-2.06 (m, 1H), 1.02 (quin, J = 7.2 Hz, 2H),
1.59-1.52 (m, 2H). 3C{"H}-NMR (100 MHz, CDCls): § 172.1, 168.3, 153.4, 147.9,
139.4, 136.8, 134.0, 131.8, 131.3, 129.1, 128.8, 127.5, 125.5, 124.9, 123.9, 121.6, 118.4,
112.9, 112.6, 107.9, 73.0, 70.1, 56.7, 52.1, 50.0, 33.4, 31.1, 27.4, 26.6, 25.4, 13.3.

HRMS (EI): [M]* Calcd. for CsaH37CIN4Os 616.2452, found: 616.2433.

Huisgen annulated podophyllotoxin derivative 4j
©\/O N The reaction was conducted based on General
\/\/\N N
procedure 1 using dieneazide 1 (2.1 mg, 11 pmol) and
<omo propargylated podophyllotoxin S26. and the reaction
° i Hp time was 48 h. The mixture was concentrated under

MeO/@OMe vacuum and the residue was purified with silica gel

4j OMe
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column chromatography (AcOEt : hexane = 1 : 3 to AcOEt : hexane = 2 : 1) to afford
the desired product 4j (3.93 mg, 5.96 umol, 72%) as a colorless oil.

IH-NMR (600 MHz, CDCls): & 7.63 (s, 1H), 6.99 (s, 1H), 6.51 (s, 1H), 6.40 (s, 2H),
5.96 (d, J = 1.2 Hz, 1H), 5.95 (d, J = 1.2 Hz, 1H), 5.94-5.91 (m, 1H), 5.88-5.85 (m, 1H),
5.77-5.73 (m, 1H), 5.66 (dd, J = 9.7, 3.9 Hz, 1H), 4.82 (d, J = 9.2 Hz, 1H), 4.78 (d, J =
11.8 Hz, 1H), 4.69 (d, J = 11.8 Hz, 1H), 4.59-4.55 (m, 2H), 4.43 (t, J = 7.2 Hz, 2H),
4.15 (td, J = 9.4, 1.4 Hz, 1H), 3.81 (s, 3H), 3.75 (s, 6H), 3.46 (t, J = 5.8 Hz, 2H),
3.40-3.32 (m, 2H), 3.03-2.92 (m, 1H), 2.84 (dd, J = 14.5, 4.8 Hz, 1H), 2.65-2.52 (m,
1H), 2.26 (dddd, J = 17.4, 8.7, 4.8, 1.4 Hz 1H), 2.16-2.10 (m, 1H), 2.04 (quin, J = 7.2
Hz, 2H), 1.65-1.58 (m, 2H). 23C{*H}-NMR (100 MHz, CDCls): § 174.0, 152.6, 147.8,
147.6, 144.5, 137.2, 135.3, 131.9, 130.6, 127.5, 125.5, 124.9, 123.9, 122.5, 110.0, 108.2,
107.2, 101.4, 79.2, 73.1, 71.3, 70.1, 62.0, 60.7, 56.2, 50.3, 45.6, 44.0, 38.0, 33.5, 27.6,

26.6, 25.5. HRMS (EI) m/z: [M]" Calcd. for C3sHa1N3Og 659.2843, found: 659.2837.

5. Preparation of Li*@Ceo bis(trifleoromethanesulfonyl)imide ("NTf2) salt 2

LiNTf,
CH,Cl,
—_——
rt, in dark
1h, 94%

S27 2
To a solution of Li*@Cso hexafluorophosphate (PFe) salt S27 (20.3 mg, 23.2 umol) in
CH2CI> (10 mL) was added LiNTf2 (33.3 mg, 116 umol) at room temperature. The
reaction mixture was sonication for 1 min and stirred for 1 h under darkness. After the
color of reaction mixture was changed from dark black to purple, the solution was
concentrated in vacuum. To the black residue was added CH.Cl>. Then, recrystallized
by vapor diffusion of Et,O to afford Li*@Ceo bis (trifluoromethane sulfonyl) imide

(NTT,) salt 2 (22.2 mg, 21.9 umol, 94%) as a black solid. Characterization data were in
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agreement with previously reported values'!,

6. Diels-Alder reactions

General procedure 2: Diels-Alder reaction

To solution of Li*f@Ceo 2 (5.0 umol) in CH2Cl. (2.5 mL) was slowly added the solution
of diene (4.0 pmol) in CH2Cl> (2.5 mL) at 0 °C. The reaction mixture was stirred at
room temperature for 24 h under darkness. The mixture was concentrated under vacuum.
Purification of the product was performed by HPLC. From the collected fraction,
solvent was evaporated in vacuum. To the black residue containing white solid LiNTT>
was added CH2Cl; (ca. 0.5 mL). Reprecipitation by addition of Et,O afforded Li*@Ceo
derivatives as a black solid. Note that, most of obtained products were containing Et,O
(see 'H-NMR charts) due to coordination to Li*@Ceo unit. Protons of obtained products
5a-j were assigned putatively (see 'H-NMR charts). 3C{*H}-NMR spectra were not

provided because of the paucity of obtained compounds except for 5a.

<HPLC conditions>

column: t-NAP (0.46 cm x 25 cm)

Eluent: 2.5 mM in LiNTf2 PhCI-CH3CN (1:3)
Flow rate: 1.0 mL/min

Detection: UV 350 nm

Temperature: 35 °C

Injection: 10 pL (reaction tracking), 200 pL (preparative)
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Li*@Ceo—phenyl derivative (5a)

The reaction was conducted based on General

N'NI procedure 2 using Li*@Ceo 2 and diene 4a.
N

j\© Reprecipitation by addition of Et,O afforded

Li*@Ceo-phenyl derivative 5a (2.49 mg, 1.89 umol,

5a

46%) as a black solid.

IH-NMR (700 MHz, CD2Cly): & 7.85 (s, 1H), 7.79 (d, J = 7.2 Hz, 2H), 7.42-7.38 (m,
3H), 7.31 (dd, J = 7.3 Hz, 1H), 7.25 (t, J = 7.5 Hz, 1H), 4.50-4.46 (m, 3H), 4.31-4.30 (m,
1H), 3.70-3.56 (m, 5H), 3.26 (ddd, J = 14.1, 10.0, 2.6, 1H), 2.14-2.10 (m, 2H), 1.81
(ddd, J = 14.2, 4.9, 3.1 Hz, 1H), 1.74 (quin, J = 8.9 Hz, 2H). BC{*H}-NMR (175 MHz,
CD.Clp): 6 157.9, 157.8, 157.1, 156.9, 147.8, 147.5, 147.4, 146.52, 146.49, 146.42,
146.35, 146.3, 146.21, 146.18, 146.16, 146.1, 145.80, 145.76, 145.6, 145.5, 145.4,
145.3, 145.2, 1451, 144.6, 144.44, 144 41, 144.2, 143.3, 143.0, 142.9, 142.8, 142.2,
142.0, 141.81, 141.79, 141.7, 142.6, 141.5, 140.1, 140.0, 139.8, 137.6, 137.4, 136.5,
136.4, 134.0., 131.3, 129.3, 128.4, 125.9, 121.3, 120.3, 119.5, 77.7, 77.5, 74.6, 71.7,
71.4, 70.9, 50.6, 45.8, 44.5, 38.4, 29.8, 28.0, 27.0. (Carbon signal of Tf group is too
small to detect in this measurement.) 'Li-NMR (233 MHz, CD2Cly): § —13.6 (s). HRMS

(ESI) m/z: [M-NTf2]" Calcd. for C7oH23LiN3O" 1036.1996, found: 1036.1995.

Li*@Cgo—4-anisolyl derivative (5b)

The reaction was conducted based on
N'NI General procedure 2 using Li*@Ce 2 and
N
j\©\ diene 4b. Reprecipitation by addition of Et,O
OMe

afforded Li*@Ceo-4-anisolyl derivative 5b

5b

(1.58 mg, 1.17 umol, 27%) as a black solid.

IH-NMR (600 MHz, CD.Cl2): & 7.68 (s, 1H), 7.69 (d, J = 8.2 Hz, 2H), 7.31 (t, J = 7.2
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Hz, 1H), 7.17 (t, J = 7.2 Hz, 1H), 6.85 (d, J = 8.2 Hz, 2H), 4.40-4.37 (m, 3H), 4.22 (t, J
= 3.4 Hz, 1H), 3.73 (s, 3H), 3.60-3.49 (m, 5H), 3.18 (td, J = 11.9, 1.7 Hz, 1H), 2.03
(quin, J = 3.8 Hz, 2H), 1.72 (dt, J = 14.0, 4.1 Hz, 1H), 1.65 (quin, J = 7.0 Hz, 2H).
"Li-NMR (233 MHz, CD2Cl,): § —13.6 (s). HRMS (ESI) m/z: [M-NTf2]* Calcd. for
CeoH2sLiN3O* 1166.2101, found:1166.2097.

BC{*H}-NMR data was not provided because of the paucity of the compound.

Li*@Cso— N,N-dimethylaniline derivative (5c)

The reaction was conducted based on

0N
N'NI General procedure 2 using Li*@Ceo 2 and
N
j\©\ diene 4c. Reprecipitation by addition of Et.O
NMEZ
afforded Li*@Ceo-N,N-dimethylaniline

5¢

derivative 5¢ (3.67 mg, 2.70 umol, 66%) as a black solid.

'H-NMR (600 MHz, CD2Cl,): § 7.72 (s, 1H), 7.63 (d, J = 8.2 Hz, 2H), 7.39 (t, J = 7.5
Hz, 1H), 7.24 (t, J = 7.5 Hz, 1H), 6.78 (d, J = 8.2 Hz, 2H), 4.47-4.44 (m, 3H), 4.29 (t, J
= 3.4 Hz, 1H), 3.68-3.55 (m, 5H), 3.25 (td, J = 12.0, 1.0 Hz, 1H), 2.97 (s, 6H),
2.14-2.06 (m, 2H), 1.79 (dt, J = 14.2, 3.6 Hz, 1H), 1.74 (quin, J = 6.7 Hz, 2H).
"Li-NMR (233 MHz, CD,Cl,):  —-13.6 (s). HRMS (ESI) m/z: [M-NTf,]* Calcd. for
Ce1H2sLiN4O* 1079.2418, found: 1079.2411.

BC{*H}-NMR data was not provided because of the paucity of the compound.

Li*@Ceso—4-(methylthio)phenyl derivative (5d)
The reaction was conducted based on
General procedure 2 using Li*@Ceo 2 and

diene 4d. Reprecipitation by addition of Et2O

afforded Li*@Ceo-4-(methylthio)phenyl
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derivative 5d (3.32 mg, 2.44 umol, 64%) as a black solid.

IH-NMR (600 MHz, CD2Cl2): & 7.83 (s, 1H), 7.71 (d, J = 8.9 Hz, 2H), 7.39 (t, J = 7.3
Hz, 1H), 7.27-7.23 (m, 3H), 4.48 (t, J = 7.2 Hz, 2H), 4.44 (d, J = 6.2 Hz, 1H), 4.30 (t, J
= 3.4 Hz, 1H), 3.67-3.57 (m, 5H), 3.25 (td, J = 11.6, 1.0 Hz, 1H), 2.49 (s, 3H),
2.14-2.09 (m, 2H), 1.80 (dt, J = 14.0, 3.8 Hz, 1H), 1.74 (quin, J = 6.8 Hz, 2H).
"Li-NMR (233 MHz, CD2Cl,): § —13.6 (s). HRMS (ESI) m/z: [M-NTf,]* Calcd. for
CeoH2sLiN3O* 1082.1873, found: 1082.1834.

BC{*H}-NMR data was not provided because of the paucity of the compound.

Li*@Ceo—4-nitrophenyl derivative (5e)
The reaction was conducted based on General
procedure 2 using Li*@Ceo 2 and diene 4e.

Reprecipitation by addition of Et,O afforded

Li*@Ceo-4-nitrophenyl derivative 5e (2.66 mg,

1.95 pmol, 52%) as a black solid.

IH-NMR (600 MHz, CD:Clo): 5 8.26 (d, J = 8.9 Hz, 2H), 8.05 (s, 1H), 8.00 (d, J = 8.9
Hz, 2H), 7.39 (t, = 7.5 Hz, 1H), 7.25 (t, J = 7.5 Hz, 1H), 4.53 (t, J = 7.2 Hz, 2H), 4.46
(d, J = 6.2 Hz, 1H), 4.31 (t, = 2.7 Hz, 1H), 3.70-3.58 (m, 5H), 3.27 (td, J = 11.3 Hz,
1H), 2.14 (quin, J = 6.8 Hz, 2H), 1.82 (dt, J = 14.2, 3.9 Hz, 1H), 1.74 (quin, J = 6.8 Hz,
2H). "Li-NMR (233 MHz, CD2Cly): § —13.6 (s). HRMS (ESI) m/z: [M-NTf2]* Calcd.
for CzoH2:LiN4O* 1081.1846, found: 1081.1800.

BC{*H}-NMR data was not provided because of the paucity of the compound.
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Li*@Ceso—adamantyl derivative (5f)
The reaction was conducted based on General
procedure 2 using Li"@Ceo 2 and diene A4f.

Reprecipitation by addition of Et,O afforded

Li*@Cso-adamantyl derivative 5f (2.36 mg, 1.72
umol, 42%) as a black solid.

IH-NMR (600 MHz, CDCly): & 7.42-7.39 (m, 2H), 7.26 (t, J = 7.5 Hz, 1H), 4.47 (d, J =
6.0 Hz, 1H), 4.42 (t, J = 7.2 Hz, 2H), 4.32 (t, J = 3.1 Hz, 1H), 3.71 (s, 2H), 3.63-3.45 (m,
5H), 3.28 (ddd, J = 14.0, 9.9, 2.7 Hz, 1H), 2.12-2.06 (m, 5H), 2.00 (s, 6H), 1.85-1.76 (m,
7H), 1.69 (quin, J = 7.0 Hz, 2H). "Li-NMR (233 MHz, CD,Cly): § -13.6 (s). HRMS
(ESI) m/z: [M-NTf2]" Calcd. for CesHasLiN3O* 1094.2771, found: 1094.2778.

BC{*H}-NMR data was not provided because of the paucity of the compound.

Li*@Ceo—pyrenyl derivative (5g)

The reaction was conducted based on
General procedure 2 using Li*@Ceo 2 and

diene 4g. Reprecipitation by addition of Et2O

afforded Li*@Ceo-pyrenyl derivative 5g
(3.68 mg, 2.55 umol, 64%) as a black solid.

IH-NMR (600 MHz, CD2Cl,): & 8.60 (d, J = 8.9 Hz, 1H), 8.15-8.08 (m, 4H), 8.03-7.92
(m, 5H), 7.26 (t, J = 7.2 Hz, 1H), 7.13 (t, J = 7.2 Hz, 1H), 4.58 (quin d, J = 9.6, 5.2 Hz,
2H), 4.26 (d, J = 6.8 Hz, 1H), 4.11 (t, J = 3.1 Hz, 1H), 3.64 (ddd, J = 19.3, 9.7, 5.3 Hz,
2H), 3.54-3.49 (m, 3H), 3.08 (ddd, J = 13.6, 8.8, 2.5 Hz, 1H), 2.17 (quin, J = 7.3 Hz,
2H), 1.79-1.78 (m, 2H), 1.66 (dt, J = 14.5, 3.6 Hz, 1H). "Li-NMR (233 MHz, CD.Cl,):
3 —14.0 (s). HRMS (ESI) m/z: [M-NTf,]* Calcd. for CggH27LiN3O" 1160.2309, found:

1160.2274.

29



BC{*H}-NMR data was not provided because of the paucity of the compound.

Li*@Cso—glucosamine derivative (5h)
The reaction was conducted based
on General procedure 2 using

Li'f@Ceéo 2 and diene 4h.

*XLINTf, L . .
sh NTh, Reprecipitation by addition of Et,0O

afforded Li*@Cseo-glucosamine derivative 5h (5.68 mg, 3.50 umol, 68%) as a black
solid. Yield was calculated as a mono LiNTf, adduct.

IH-NMR (600 MHz, CD2Cly): & 8.25-8.24 (m, 2H), 7.40 (t, J = 7.5 Hz, 1H), 7.26 (t, J =
7.5 Hz, 1H), 6.45 (d, J = 8.2 Hz, 1H), 5.38 (t, J = 9.2 Hz, 1H), 5.24 (t, J = 9.9 Hz, 1H),
5.10 (t, J = 9.9 Hz, 1H), 4.51 (t, J = 7.2 Hz, 2H), 4.46 (d, J = 6.1 Hz, 1H), 4.31 (t, J =
3.4 Hz, 1H), 4.22-4.15 (m, 2H), 4.10 (d, J = 12.3 Hz, 1H), 3.86 (dt, J = 9.7, 3.2 Hz, 1H),
3.71 (brs, 1H), 3.63-3.58 (m, 5H), 3.28 (td, J = 12.3, 3.8 Hz, 1H), 2.12-2.09 (m, 2H),
2.05-2.03 (m, 9H), 1.90 (s, 3H), 1.69 (quin, J = 6.5 Hz, 2H). "Li-NMR (233 MHz,
CD:Cl): & —0.28 (s), —13.6 (s). HRMS (ESI) m/z: [M-LiNTf>-NTf.]* Calcd. for
CesH39LiNsO10" 1332.2851, found: 1332.2800.

BC{*H}-NMR data was not provided because of the paucity of the compound.

Li*@Cso—indomethacin derivative (5i)

The reaction was conducted based on
General procedure 2 using Li*f@Ceo 2
and diene 4i. Reprecipitation by addition

of Et,O afforded Li*@Cso-indomethacin

" derivative 5i (5.82 mg, 2.97 pmol, 74%)

as a black solid.



IH-NMR (600 MHz, CD2Cly): § 7.64 (d, J = 8.5 Hz, 2H), 7.49 (d, J = 8.5 Hz, 2H), 7.39
(t, 3 = 7.0 Hz, 1H), 7.24 (t, J = 7.0 Hz, 1H), 7.22 (s, 1H), 7.02 (d, J = 9.0 Hz, 1H), 6.73
(d, J = 9.0 Hz, 1H), 4.48 (d, J = 6.0 Hz, 1H), 4.33-4.29 (m, 5H), 3.99 (d, J = 2.5 Hz,
2H), 3.82 (s, 3H), 3.72-3.66 (m, 1H), 3.65 (s, 3H), 3.63-3.54 (m, 4H), 3.24 (td, J = 9.5,
2.5 Hz, 1H), 2.23 (s, 3H), 2.01 (quin, J = 7.0 Hz, 2H), 1.79 (dt, J = 14.5, 4.5 Hz, 1H),
1.67 (quin, J = 6.5 Hz, 2H). "Li-NMR (233 MHz, CD:Cl,): & —13.6 (s). HRMS (ESI)
m/z: [M-NTf;]" Calcd. for CosHs7CILIN4Os® 1343.2607, found: 1343.2622.

BC{*H}-NMR data was not provided because of the paucity of the compound.

Li*@Ceo— podophyllotoxin derivative (5j)
0™ The reaction was conducted based on

N, | General procedure 2 using Li*f@Ceo 2 and

<O]©O:\<\O diene 4i. Purification of the product was
o
iH

~ © performed by Buckyprep-M column instead of
MeO/Q\OMe

5§ n-NAP column. Reprecipitation by addition of
Et,O afforded Li*@Cso-podophyllotoxin derivative 5i (1.12 mg, 0.672 pmol, 17%) as a
black solid.

IH-NMR (600 MHz, CD2Cly): § 7.72 (s, 1H), 7.39 (dd, J = 7.5, 4.8 Hz, 1H), 7.26 (t, J =
7.5 Hz, 1H), 7.03 (d, J = 3.4 Hz, 1H), 6.47 (s, 1H), 6.36 (s, 2H), 5.95 (s, 2H), 4.81 (d, J
= 8.9 Hz, 1H), 4.74 (d, J = 11.6, 1H), 4.70 (d, J = 11.6, 1H), 4.55 (d, J = 4.8 Hz, 1H),
4.50-4.47 (m, 4H), 4.31 (d, J = 5.5 Hz, 1H), 4.08 (t, J = 9.6 Hz, 1H), 3.71 (s, 3H), 3.70
(s, 6H), 3.67-3.57 (m, 5H), 3.28 (t, J = 11.6 Hz, 1H), 2.98-2.91 (m, 1H), 3.24 (dd, J =
14.4, 4.8 Hz, 1H), 2.11 (quin, J = 6.8 Hz, 2H), 1.83 (dt, J = 14.4, 4.1 Hz, 1H), 1.71
(quin, J = 6.8 Hz, 2H). "Li-NMR (233 MHz, CD,Cly): & -13.6 (s). HRMS (ESI) m/z:
[M-NTf,]* Calcd. for CosHa1LiN30g" 1386.2997, found: 1386.2985.

BC{*H}-NMR data was not provided because of the paucity of the compound.
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7. Purity of Li*@Cso-small molecule adducts
<HPLC conditions for confirming purity>
column: Buckyprep (0.46 cm x 25 cm)

Eluent: 30 mM in LiNTf, PhCI-CH3CN (19:1)
Flow rate: 1.0 mL/min

Detection: UV 337 nm

Temperature: 50 °C

Injection: 10 uL

HPLC chart of Li*@Ceo0 2

mAbs

501

251

-

007 T 2% T T sl T T Tis T T 00T T s T TR0 T U175 T T 000 225 T min

HPLC chart of bis-adduct of Li*@Ceo 2 and diene 4a

mAbs 3
2504
2004
1501
1001

501

07““v‘“‘v““v“"v““v““v‘“‘v““v““v““
0.0 2.5 5.0 1.5 10.0 12.5 15.0 17.5 20.0 2.5 min
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HPLC chart of Li*@Cso-small molecule adduct 5a

mAbs
759

504

251

o

000 " 25 50 7577100 0125 0 U150 175 200 225 20 215 min

ESI-MS spectrum of Li*@Cso-small molecule adduct 5a

C:\Xcalibur\.. \data\fujiki\SF-Ph LiC60 1211212022 5-16'50 PM

SF-PhLIC60#81 RT: 0.28 AV: 1 NL: 5.23E8
T: FTMS + p ESI Full ms [150.00-2000.00]
1036.1970 m/z: [5a-NTf, ]* Calcd. for C7gH»3LiIN;O" 1036.1996

z=7?
1 . .

0 m/z: [Li*@Cgg]" Calcd. for CgolLi* 727.0155

90 m/z: [bis-adduct (Li*@Cgo+4a+4a)]* Calcd. for CogHagLiNGO," 1345.3837
80

70

60

50

40

30

20

10 727.0057 803.5396 931.6982 1095.2794 1214.2008 1952.0745

z=1 _z=? z=? z=1 z=? 7=?
‘ T T T [ T T T [ T T T [ T T T [ T T T [ T T T [ T T T
600 800 1000 1200 1400 1600 1800
m/z

HPLC chart of Li*@Cso-small molecule adduct 5f

mAbs 1

1501

100+

504
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ESI-MS spectrum of Li*@Cso-small molecule adduct 5f

C:\Xcalibun\...\data\fujiki\SF-Ad LiC60 1211212022 5:02:03 PM

SF-Ad LIC60 #28 RT: 0.10 AV: 1 NL: 2.94E8
T: FTMS + p ESI Full ms [150.00-2000.00]

1094.2753 m/z: [5f—NTf, ]* Calcd. for Cg3H33LiN;O* 1094.2771

z=1
100 i .
m/z: [Li*@Cgg]* Calcd. for CgolLi* 727.0155
90
m/z: [bis-adduct (Li* @Cgq+4f+4f)]" Calcd. for C1pgHggLiNgO," 1461.5402
80
70
60
50
40
30
20
10 727.0116  859.6041 1039.7100 { 1128.2346 1421.9690 1521.9677 1621.9672
z=1 z=1 z=? _z=1 z=1 z=1 z=?
0 [ T T T [ T T T [ — T an T [ T T T [\ T T T [ T T [ T T
600 800 1000 1200 1400 1600 1800

m/z

HPLC chart of Li*@Cso-small molecule adduct 5i

mAbs
5004

4004

3004

2004

1001

Cl

00" " 2% T T s T T 75 T U000 T T 125 T U0 1ms 000
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ESI-MS spectrum of Li*@Cso-small molecule adduct 5i

SF-indometacin deri. LiIC60_221213094443

SF-indometacin deri. LIC60_221213094443 #21 R
T: FTMS + p ESI Full ms [150.00-2000.00]

12/13/2022 9:44:43 AM

1344.2599
100 2t
% m/z: [5i-NTf, |* Calcd. for Cg4H37CILIN,Os* 1343.2607
80 m/z: [Li*@Cgq]* Calcd. for Cgoli* 727.0155
70 m/z: [bis-adduct (Li*@Cgq+4i+4i)]*
Calcd. for CyagH74LiNgO 10" 1959.5060
60
50
672.1328
40 z=2
30
20
10 1036.1978 1375.2458
767.3029 931.7097 z=1 1234.6107 z=1 1647.1638
R | z=1 z=1 1 z=? [ z=1
‘ T T T [ T T T [ T T T [ T T T [ T T T [ T T T [ T T T
600 800 1000 1200 1400 1600 1800

m/z

Purified Li*@Cso-small molecule adducts were pure form by confirming HPLC,

ESI-MS, H-NMR, and ‘Li-NMR (NMR spectra are shown in section 10. NMR

spectra.).
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8. Table of 'Li-NMR

"Li-NMR spectra of lithium-ion endohedral fullerenes showed high-field signals due to

the shielding effect of the n-conjugated system of Ceo.

compound solvent "Li-NMR
(ppm)?
5a-f, 5i, 5j CD,Cl, -13.6
59 CD,Cl, -0.28,-14.0
5h CD,Cl, -14.0
Li*@Cgo("NTF,) 2 CD,Cl, -10.1°
Li*@Cego(CgHg)("PFe) CD,Cl, -13.5¢
[5,6]-Li*@Cg1Phy("NTf,) d4-o-dichlorobenzene -10.6¢
[6,6]-Li*@Cg1Phy("NTf,) d4-o-dichlorobenzene -12.44
LicCl THF 0.48¢
LiBr THF 0.59¢
LiHMDS THF 0.78¢
Li*"CPh; THF -0.45¢

aLiCI/D,0 was used as an external standard (0 ppm).; Psee ref 11.; Ssee ref 12.;
dsee ref 13.;%see ref 14.

[Li*@Ceo(CeHg)IPFg™

[5,6]-Li*@Cg1Ph2("NTf;)

36
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