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ABSTRACT: CuI-catalyzed reaction of C60 with tertiary amines by
using air as the sole oxidant has been developed. Spiro-linked
methanofullerenes bearing cyclic amides and fullerenoalkanals can be
obtained selectively using the cyclic and acyclic amines as starting
materials, respectively. The reactions show a wide functional group
tolerance. In addition, four ([6,6]-phenyl-C61-butyric acid methyl ester)
analogues can be easily prepared through the developed method.

■ INTRODUCTION

Tertiary amine derivatives are ubiquitous in nature. The direct
functionalization of C(sp3)−H bonds of tertiary amines
represents an attractive protocol for the synthesis of complex
N-containing moieties as it avoids the introduction of an active
group and thus shortens the number of reaction steps. Among
them, direct α-functionalization of tertiary amines has been
well explored as an efficient and conventional way to
synthesize tertiary amine derivatives through either capture
of the in situ generated iminium intermediates1 under
oxidative conditions or trap of α-aminoalkyl radical inter-
mediates under photo-redox catalytic conditions,2 as well
based on direct α-metalation.3 In contrast to the flourishing α-
functionalizations, β-functionalization of tertiary amines is
significantly limited owing to the relatively inert C−H bonds.
As far as we know, most of the developed β-functionalization
relies on the in situ generated nucleophilic enamines as key
intermediates followed by reactions with appropriate electro-
philes4 or coupling with nucleophiles.5 Recently, a copper-
catalyzed β-functionalization of tertiary amines with thiophe-
nols has been reported via an enamine radical cation process.6

Although the promising chemistry of tertiary amines has been
exploited, further improvement for application is still in
demand such as development of novel transformation, use of
ubiquitous metals instead of precious metals, and extension of
the limited substrate scope. In addition, compared to the
specific functionalization of α- or β-tertiary amines, α,β-
difunctionalization of tertiary amines is extremely rare, which
needs to be further explored.7 The preparation of spiro
compounds at the β-position of tertiary amines is still blank.
On the other hand, the remarkable potential of organo-

fullerenes in materials and biomedical science, electronic
devices, and nanotechnology8 has made organic modification

of fullerenes receive more attention.9,10 In this respect, the
transition metal-promoted or -catalyzed reaction has repre-
sented a powerful tool to functionalize fullerenes including
radical reactions,11 C−H activation,12 and asymmetric
reactions.13 Over the past few years, Cu(I/II)-promoted
transformation of C60 has gradually attracted increasing
attention.9a,14 We have been interested in this field and have
developed several new methods for the functionalization of
C60.

15 Most recently, we reported an interesting CuI-catalyzed
reaction of C60 with aminoalcohols.15e 4-/5-Aminoalcohols
displayed an entirely different reactivity from 2-/3-amino-
alcohols, providing the surprising spiro-linked methanofuller-
enes bearing cyclic amides through cyclic enamine inter-
mediates. Unfortunately, most of the cyclic enamines are
unstable and the 4-/5-aminoalcohols are not easily available,
which limits the application of this method. In contrast, the
tertiary amines are either commercially available or can be
easily prepared from the reactions of secondary amines with
halide compounds. Inspired by the aformentioned β-
functionalization of tertiary amines, in which the enamines
were generated as the key intermediates catalyzed by Pt, Ru,
Pd, Cu, or Fe,4−6 we herein reported the CuI-catalyzed
functionalization of C60 with tertiary amines (Scheme 1).

■ RESULTS AND DISCUSSION

We began our study by investigating the reactions of C60 with
N-benzylpyrrolidine 1a in the presence of various copper
catalysts and ligands (Table 1). In a preliminary attempt, the
reaction of C60 with 2 equiv of 1a was carried out in the
presence of 0.2 equiv of CuI in chlorobenzene at 120 °C. No
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reaction occurred by even prolonging the reaction time to 20
h, indicating that CuI alone could not trigger the reaction
(Table 1, entry 1). Next, the combination of CuI with different
ligands was tried because the catalytic system varied greatly
with the substrate structure, as has been observed in our
previous research.15 Using Phen (1,10-phenanthroline) or Bpy
(2,2′-bipyridine) as ligands afforded the anticipated product 2a
in 12 and 37% yield, respectively (Table 1, entries 2 and 3). A
further ligand screening revealed that DMAP was the most
effective, giving 64% yield of 2a (Table 1, entry 6); however,
the combination of CuI with pyridine, lutidine, or TMEDA
displayed no catalytic activity (Table 1, entries 4, 5, and 7). It
should be noted that O2 played a crucial role in this reaction
because the yield decreased significantly to 6% when the
reaction was carried out under a N2 atmosphere (Table 1,
entry 8). With the DMAP as the ligand, other copper salts were
also examined. CuCl and CuBr were inferior to CuI, giving 27
and 52% yield of 2a, respectively (Table 1, entries 9 and 10).
Cu2O, Cu(CH3CN)4PF6, and Cu(OAc)2 showed no catalytic
activity (Table 1, entries 11−13), and CuCl2 only furnished
11% production of 2a (Table 1, entry 14). The DMAP was
identified as a ligand rather than a base because no reaction
occurred when K2CO3 or Cs2CO3 was used instead of DMAP.
Under the optimized reaction conditions (Table 1, entry 6),

various N-substituted pyrrolidines were subjected to the

reaction to assess the generality of the CuI-catalyzed reaction
(Table 2). Either an electron-donating or an electron-

withdrawing group on the phenyl ring of the benzyl group
had little influence on the reaction (2b−d). Heteroaryl groups
such as 2-thienyl, 2-furyl, and 3-pyridyl were also examined.
Only N-(2-thienyl)pyrrolidine gave product 2l in 11% yield.
Various functional groups such as cyano, ester, vinyl, or
phenoxy group were well tolerated, giving 2f−i in satisfactory
yields. A terminal hydroxyl or amino group (−CH2CH2OH,
−CH2CH2NH2) on the nitrogen atom of pyrrolidine would
result in no formation of the desired product. When they were
pre-transformed to the OTBS or NHBoc group, the
anticipated products 2j and 2k could be obtained in 18 and
16% yield, respectively. Next, various N-substituted piperidines
1m−p were tested. N-Benzyl and N-butyl piperidines gave
good yields of 2m or 2n. When an ester group was connected
at the 4-position of the piperidine ring, product 2o was
obtained in a very low yield. Changing the ester group to the
hydroxyl group led to a complete failure of the reaction (2p,
0%). Changing the 4-hydroxyl group to the 4-hydroxymethyl
group led to the formation of a single product; however, the
NMR analysis showed that it was the spiro compound 2s
(Scheme 2). N-Benzylmorpholine could also react with C60 to
provide 2q in 12% yield. When the cyclic amine was further
extended to a seven-membered ring, that is, N-benzylazepane
1r, no analogous reaction occurred (2r, 0%).

Scheme 1. Functionalization of Tertiary Amines

Table 1. Survey of the Reaction Conditionsa

entry additive molar ratiob time (h) yieldc

1 CuI 1:2:0.2 24 0
2 CuI, Phen 1:2:0.2:0.2 24 12 (74)
3 CuI, Bpy 1:2:0.2:0.2 24 37 (63)
4 CuI, pyridine 1:2:0.2:0.2 24 0
5 CuI, lutidine 1:2:0.2:0.4 24 0
6 CuI, DMAP 1:2:0.2:0.4 24 64 (79)
7 CuI, TMDEA 1:2:0.2:0.2 24 trace
8[d] CuI, DMAP 1:2:0.2:0.4 24 6 (88)
9 CuCl, DMAP 1:2:0.2:0.4 24 27 (84)
10 CuBr, DMAP 1:2:0.2:0.4 24 52 (74)
11 Cu2O, DMAP 1:2:0.2:0.4 24 0
12 Cu(CH3CN)4PF6, DMAP 1:2:0.2:0.4 24 0
13 Cu(OAc)2, DMAP 1:2:0.2:0.4 24 trace
14 CuCl2, DMAP 1:2:0.2:0.4 24 11 (69)

aC60 (36 mg), other reactants and reagents, 10 mL of chlorobenzene,
120 °C, and air. bC60/1a/[Cu]/additives.

cIsolated yield; the values in
parentheses are based on consumed C60.

dOperated under a N2
atmosphere.

Table 2. CuI-Catalyzed Reaction of Cyclic Tertiary Amines
with C60

a

aThe yield refers to an isolated yield. bUnder an O2 atmosphere.

The Journal of Organic Chemistry Article

DOI: 10.1021/acs.joc.9b00335
J. Org. Chem. XXXX, XXX, XXX−XXX

B

http://dx.doi.org/10.1021/acs.joc.9b00335


Encouraged by the exciting results, we next turned our
attention to acyclic tertiary amines (Table 3). First, the tri(n-

propyl)amine 3a and tri(n-butyl)amine 3b were tested.
Surprisingly, no methanofullerne product bearing an amide
group was formed. Instead, fullerenoalkanals 4a and 4b were
obtained in 47 and 44% yield, respectively. Other tertiary
amines 3c−e with different lengths of alkyl chains could also
provide corresponding fullerenoalkanals 4c−e in acceptable
yields. Vinyl, alkoxyl, OTBS, and ester groups were well
tolerated in the reaction, albeit the 4g was isolated in a very
low yield (9%).
Although the Bingel reaction and the reaction of C60 with

diazo compounds were the most widely used methods to
access methanofullerenes, the substrates of the Bingel reaction
were restricted to active methylene compounds bearing two
electron-withdrawing groups and the latter always yielded
fulleroides as byproducts.16 Fullerenoalkanals have been
prepared from the reaction of C60 with stabilized dimethylsul-
fonium α-formylalkylide or 2-bromoenol silyl ethers.17

However, the starting materials were not easily available and
needed to be synthesized from aldehydes through 2−3 steps of
the reaction. The BF3·Et2O-promoted conversion of C60-fused
dihydrofurans was an alternative method, but C60-fused
dihydrofurans needed to be synthesized from C60 and a large
excess amount of BF3·Et2O (200 equiv) was required.18

It was noteworthy that the reaction of C60 with methyl 5-
(dimethylamino)pentanoate 3i gave 37% yield of 4i. The
compound 4i had a structural similarity to PCBM ([6,6]-
phenyl-C61-butyric acid methyl ester), which had been
identified as the most representative electron acceptor material
frequently used in organic photovoltaic devices (OPVs).19 In
addition, the existence of a formyl group made it easily
transformable to various PCBM analogues. The reaction of 4i
with tosylhydrazide gave 5a in 90% yield. Also, the BF3·Et2O-
catalyzed reaction of 4i with indole or 5-chloroindole furnished
5b or 5c in 85 or 69% yield, respectively. These PCBM
analogues might show potential use in OPVs (Scheme 3).

In a previously reported copper-catalyzed regioselective β-
functionalization of tertiary amines with thiophenols by Pan’s
group, a radical cation mechanism was proposed based on the
radical-trapping experiments.6 We speculated that the for-
mation of 2 and 4 underwent a similar reaction pathway.
However, when 3 equiv of TEMPO (2,2,6,6-tetramethyl-1-
piperidinyloxy) or BHT (2,6-ditertbutyl-4-methylphenol) as a
radical inhibitor was added to the standard reaction of C60 with
1a, no obvious inhibition effect was observed, which was
opposed to the radical mechanism (Scheme 4). The TEMPO

had no influence on the reaction and the addition of BHT
resulted in a longer reaction time and a slightly lower yield. At
present, the exact mechanism is still unclear. A similar reaction
mechanism as reported in our previous work involving
enamines as the key intermediate also could not be ruled
out.15e However, surely an imine cation intermediate 6 or 9
must be involved in the reaction. For the cyclic tertiary amine,
the generated intermediate 6 underwent addition with H2O
and subsequent oxidation with Cu(II) to afford 3. In the case

Scheme 2. Reaction of N-Methyl-4-piperidinemethanol with
C60

Table 3. CuI-Catalyzed Reaction of Acyclic Tertiary Amines
with C60

Scheme 3. Transformation of 4i to PCBM Analogues

Scheme 4. Free Radical Capture Experiments
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of acyclic tertiary amines, hydrolysis of the intermediate 9
furnished fullerenoalkanal 4 (Scheme 5). The formation of 2s
also proved the existence of 6.

■ CONCLUSIONS
In summary, a unique α,β-difunctionalization of tertiary amines
via CuI-catalyzed reaction with C60 is disclosed. Aerobic
oxygen is used as the only external oxidant and DMAP ligand
addition is found to be crucial to the reaction. The cyclic and
acyclic tertiary amines show different reactivities and afford
selectively the spiro-linked methanofullerenes bearing cyclic
amides and fullerenoalkanals, respectively. To the best of our
knowledge, this is perhaps the simplest and most convenient
method to access these two kinds of organofullerenes. It is in
sharp contrast to the previously reported photoreactions or
thermal reactions of C60, which afford the fulleropyrrolidines or
cyclopentane-fused fullerene derivatives.20 The abundance of
commercially available tertiary amines further shows the
practical synthetic value of this approach. Furthermore, four
potential PCBM types of OPV candidates were prepared
through the developed method.

■ EXPERIMENTAL SECTION
General Information. 1H and 13C NMR (proton broadband

decoupling) spectra were recorded on a 400/500 MHz (100/125
MHz for 13C NMR) spectrometer at ambient temperature, using
tetramethylsilane as an internal standard. Flash column chromatog-
raphy was performed over silica gel (200−300 mesh). High-resolution
mass spectrometry (HRMS) for those non-fullerene products was
performed on a Thermo Scientific LTQ Orbitrap XL equipped with
an ESI source (positive mode). Matrix-assisted laser desorption
ionization time-of-flight mass spectrometry (MALDI-TOF MS) for
organofullerenes was performed in a positive ion mode using DCTB
E-(2-[3-(4-tertbutylphenyl)-2-methyl-2-propenylidene]malononitrile)
as the matrix. UV−vis spectra were recorded on a Shimadzu UV-2401
spectrometer with CHCl3 as the solvent.
Starting materials 1a, 1e, 1n, 1q, 3b, 3h, 3i,21 1b, 1c, 1i, 1l, 3f,22 1f,

1g,23 1h,24 and 1m25 were prepared according to the reported
procedures.
Preparation of 1d (Scheme S1a). Step 1: A mixture of 4-

hydroxybenzaldehyde (1.22 g, 10 mmol), tert-butyldimethylsilyl
chloride (1.50 g, 10 mmol), and imidazole (884 mg, 13 mmol) in
methylene dichloride (15 mL) was stirred at room temperature for 12
h. After completion of the reaction, an aqueous solution of sodium
hydroxide (10 mL × 2 mol/L) and water (30 mL) was added, and the
mixture was extracted with methylene dichloride (3 × 25 mL). The

combined organic layers were dried with anhydrous sodium sulfate,
filtered, and evaporated in vacuo. The residue was purified by column
chromatography with ethyl acetate/petroleum ether (1:6) as the
eluent to give the product 4-OTBS-benzaldehyde. Step 2: A mixture
of 4-OTBS-benzaldehyde (1.89 g, 8 mmol), pyrrolidine (1.32 mL, 16
mmol), and sodium triacetoxyborohydride (2.54 g, 12 mmol) in 1,2-
dichloroethane (15 mL) was stirred at room temperature under a
nitrogen atmosphere for 4 h. Water (40 mL) was added, and the
mixture was extracted with methylene dichloride (3 × 25 mL). The
combined organic layers were dried with anhydrous sodium sulfate,
filtered, and evaporated in vacuo. The residue was purified by column
chromatography with CH2Cl2/MeOH (30:1) as the eluent to give the
1d (0.82 g, 35%, pale yellow liquid).

1d: 1H NMR (300 MHz, CDCl3): δ 7.17 (d, J = 8.4 Hz, 2H), 6.77
(d, J = 8.4 Hz, 2H), 3.53 (s, 2H), 2.44−2.53 (m, 4H), 1.72−1.82 (m,
4H), 0.98 (s, 9H), 0.18 (s, 6H); 13C NMR (75 MHz, CDCl3): δ
154.7, 132.1, 130.2, 119.9, 60.3, 54.2, 25.8, 23.5, 18.3, −4.3; HRMS
(ESI) m/z: [M + H]+ calcd for C17H30NOSi, 292.2097; found,
292.2088.

Preparation of 1j (Scheme S1b). Step 1: A mixture of 2-
bromoethanol (0.71 mL, 10 mmol), tert-butyldimethylsilyl chloride
(1.50 g, 10 mmol), and imidazole (884 mg, 13 mmol) in methylene
dichloride (15 mL) was stirred under a N2 atmosphere at room
temperature for 12 h. Water (50 mL) was added, and the mixture was
extracted with methylene dichloride (3 × 25 mL). The combined
organic layers were dried with anhydrous sodium sulfate, filtered, and
evaporated in vacuo. The residue was purified by column
chromatography with ethyl acetate/petroleum ether (1:3) as the
eluent to give the product 2-bromoethoxy(tert-butyl)dimethylsilane.
Step 2: A mixture of 2-bromoethoxy(tert-butyl)dimethylsilane (1.90 g,
8 mmol), pyrrolidine (0.99 mL, 12 mmol), and K2CO3 (1.1 g, 8
mmol) in acetonitrile (15 mL) was stirred at room temperature for 4
h; water (50 mL) was added and the mixture was extracted with
methylene dichloride (3 × 25 mL). The combined organic layers were
dried with anhydrous sodium sulfate, filtered, and evaporated in
vacuo. The residue was purified by column chromatography with
CH2Cl2/MeOH (15:1) as the eluent to give the 1j (1.21 g, 66%, pale
yellow liquid).

1j: 1H NMR (300 MHz, CDCl3): δ 3.75 (t, J = 6.8 Hz, 2H), 2.61
(t, J = 6.8 Hz, 2H), 2.52−2.57 (m, 4H), 1.73−1.78 (m, 4H), 0.89 (s,
9H), 0.05 (s, 6H); 13C NMR (75 MHz, CDCl3): δ 62.7, 58.5, 55.0,
26.1, 25.8, 23.6, 18.446, −5.2; HRMS (ESI) m/z: [M + H]+ calcd for
C12H28NOSi, 230.1940; found, 230.1934.

Preparation of 1k26 (Scheme S1c). A mixture of N-(2-
aminoethyl)pyrrolidine (0.48 mL, 4 mmol) and (Boc)2O (0.92 mL,
4 mmol) in tetrahydrofuran (15 mL) was stirred at room temperature
for 10 h. Water (40 mL) was added and the mixture was extracted
with methylene dichloride (3 × 25 mL). The combined organic layers
were dried with anhydrous sodium sulfate, filtered, and evaporated in
vacuo. The residue was purified by column chromatography with
ethyl acetate/petroleum ether (1:2) with CH2Cl2/MeOH (15:1) as
the eluent to give the product 1k (0.67 g, 78%, pale yellow liquid).

1k: 1H NMR (300 MHz, CDCl3): δ 5.08 (s, 1H), 3.23 (dd, J = 5.8,
11.5 Hz, 2H), 2.56 (t, J = 7.0 Hz, 2H), 2.48−2.52 (m, 4H), 2.07 (s,
2H), 1.74−1.78 (m, 4H), 1.43 (s, 9H).

Preparation of 3g (Scheme S1d). Step 1: A mixture of 6-chloro-
1-hexanol (1.3 mL, 10 mmol), tert-butyldimethylsilyl chloride (1.5 g,
10 mmol), and imidazole (884 mg, 13 mmol) in methylene
dichloride(15 mL) was stirred at room temperature for 12 h. Water
(40 mL) was added, and the mixture was extracted with methylene
dichloride (3 × 25 mL). The combined organic layers were dried with
anhydrous sodium sulfate, filtered, and evaporated in vacuo. The
residue was purified by column chromatography with ethyl acetate/
petroleum ether = 1/6 as the eluent to give the TBS protected 6-
chloro-1-hexanol. Step 2: A mixture of the TBS protected 6-chloro-1-
hexanol (2.00 g, 8 mmol), aqueous solution of dimethylamine (40%,
2.75 mL, 16 mmol), and potassium carbonate (1.10 g, 8 mmol) in
acetonitrile (15 mL) was stirred at room temperature for 4 h; water
(50 mL) was added, and the mixture was extracted with methylene
dichloride (3 × 25 mL). The combined organic layers were dried with

Scheme 5. Plausible Intermediate
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anhydrous sodium sulfate, filtered, and evaporated in vacuo. The
residue was purified by column chromatography with CH2Cl2/MeOH
(15:1) as the eluent to give the 3g (1.41 g, 68%, pale yellow liquid).
3g: 1H NMR (300 MHz, CDCl3): δ 3.76 (t, J = 6.2 Hz, 2H), 2.84

(t, J = 8.1 Hz, 2H), 2.24 (t, J = 7.4 Hz, 2H), 2.21 (s, 6H), 1.40−1.59
(m, 4H), 1.22−1.40 (m, 4H), 0.89 (s, 9H), 0.05 (s, 6H); 13C NMR
(75 MHz, CDCl3): δ 63.3, 59.9, 45.5, 32.9, 27.8, 27.4, 26.0, 25.9, 18.4,
−5.2; HRMS (ESI) m/z: [M + H]+ calcd for C14H34NOSi, 260.2410;
found, 260.2402.
General Procedure for the CuI-Catalyzed Reaction of C60

with Tertiary Amines. A mixture of C60 (36.0 mg, 0.05 mmol),
tertiary amines (0.1 mmol), CuI (1.9 mg, 0.01 mmol), and DMAP
(2.5 mg, 0.02 mmol) was stirred vigorously in 10 mL of
chlorobenzene in a tube (Φ18 × 150 mm) at 120 °C for a given
time (for 1a−n, 1p, and 1s, under open air; for 1o and 1q, under an
O2 atmosphere). The solvent was removed in vacuo and the residue
was purified on a silica gel column with CS2−CS2/toluene−toluene/
EA as the eluent (gradient elution) to give unreacted C60 and
products 2a−o, 2q, 2s, and 4a−i.
2a15e (brown solid, 28.6 mg, 64%): 1H NMR (400 MHz, CS2−

CDCl3): δ 7.32−7.46 (m, 5H), 4.74 (s, 2H), 3.76 (t, J = 7.1 Hz, 2H),
3.23 (t, J = 7.1 Hz, 2H); 13C NMR (100 MHz, CS2−CDCl3): δ
168.21, 146.63, 145.46, 145.34, 145.31, 145.15, 145.08, 145.04,
145.02, 144.94, 144.69, 144.51, 144.49, 144.45, 144.05, 143.99,
143.56, 143.52, 143.09, 143.00, 142.94, 142.70, 142.27, 142.12,
142.08, 141.97, 141.91, 141.14, 141.00, 140.94, 137.18, 135.77,
129.04, 128.67, 128.13, 76.22 (sp3-C of C60), 47.82, 44.19, 43.24,
24.99.
2b (Brown solid, 21.2 mg, 46%, mp > 300 °C): 1H NMR (300

MHz, CS2−CDCl3): δ 7.37 (d, J = 7.9 Hz, 2H), 6.93 (d, J = 8.0 Hz,
2H), 4.69 (s, 2H), 3.84 (s, 3H), 3.77 (t, J = 7.1 Hz, 2H), 3.24 (t, J =
7.1 Hz, 2H); 13C NMR (100 MHz, CS2−CDCl3): δ 168.05, 159.40,
146.66, 145.51, 145.33, 145.31, 145.13, 145.07, 145.02, 144.99,
144.92, 144.67, 144.49, 144.46, 144.45, 144.43, 144.03, 143.97,
143.55, 143.50, 143.08, 142.98, 142.93, 142.69, 142.25, 142.07,
141.96, 141.90, 141.11, 140.97, 140.91, 137.16, 130.02, 127.77,
114.35, 76.27 (sp3-C of C60), 55.10, 47.21, 44.33, 43.09, 24.96; UV−
vis (CHCl3): λmax/nm 260, 328, 429, 496, 687; HRMS (MALDI-
TOFMS) m/z: M+ calcd for C72H13NO2, 923.0946; found, 923.0935.
2c (brown solid, 28.1 mg, 59%, mp > 300 °C): 1H NMR (300

MHz, CS2−CDCl3): δ 8.10 (d, J = 8.2 Hz, 2H), 7.54 (d, J = 8.2 Hz,
2H), 4.81 (s, 2H), 3.94 (s, 3H), 3.80 (t, J = 7.1 Hz, 2H), 3.28 (t, J =
7.1 Hz, 2H); 13C NMR (100 MHz, CS2−CDCl3): δ 168.70, 166.40,
146.55, 145.39, 145.34, 145.20, 145.10, 145.07, 145.00, 144.74,
144.57, 144.55, 144.52, 144.49, 144.13, 144.03, 143.61, 143.55,
143.14, 143.06, 143.00, 142.76, 142.30, 142.13, 142.01, 141.95,
141.19, 141.06, 140.91, 140.89, 137.26, 130.39, 130.03, 128.53, 76.10
(sp3-C of C60), 52.13, 47.57, 43.97, 43.43, 24.99; UV−vis (CHCl3):
λmax/nm 259, 327, 429, 495, 688; HRMS (MALDI-TOFMS) m/z:
M+ calcd for C73H13NO3, 951.0895; found, 951.0891.
2d (brown solid, 31.2 mg, 61%, mp > 300 °C): 1H NMR (500

MHz, CS2−CDCl3): δ 7.27 (d, J = 8.3 Hz, 2H), 6.82 (d, J = 8.4 Hz,
2H), 4.64 (s, 2H), 3.73 (t, J = 7.2 Hz, 2H), 3.20 (t, J = 7.1 Hz, 2H),
0.98 (s, 9H), 0.21 (s, 6H); 13C NMR (100 MHz, CS2−CDCl3): δ
167.92, 155.45, 146.65, 145.49, 145.31, 145.28, 145.09, 145.04,
144.98, 144.96, 144.88, 144.63, 144.45, 144.43, 144.39, 143.99,
143.94, 143.52, 143.47, 143.04, 142.95, 142.89, 142.65, 142.22,
142.04, 141.91, 141.87, 141.08, 140.92, 137.13, 129.91, 128.38,
120.45, 76.27 (sp3-C of C60), 47.22, 44.30, 43.10, 25.68, 24.95, 18.13,
−4.31; UV−vis (CHCl3): λmax/nm 260, 328, 429, 497, 688; HRMS
(MALDI-TOFMS) m/z: M+ calcd for C77H25NO2Si, 1023.1655;
found, 1023.1655.
2e (brown solid, 24.5 mg, 57%, mp > 300 °C): 1H NMR (300

MHz, CS2−CDCl3): δ 3.88 (t, J = 7.1 Hz, 2H), 3.58 (t, J = 7.5 Hz,
2H), 3.27 (t, J = 7.1 Hz, 2H), 1.75 (quint, J = 7.1 Hz, 2H), 1.51 (sext,
J = 7.5 Hz, 2H), 1.05 (t, J = 7.3 Hz, 3H); 13C NMR (125 MHz, CS2−
CDCl3): δ 168.19, 146.79, 145.61, 145.41, 145.36, 145.18, 145.14,
145.07, 145.04, 144.96, 144.73, 144.54, 144.51, 144.48, 144.05,
144.03, 143.60, 143.57, 143.11, 143.03, 142.98, 142.72, 142.31,
142.12, 142.01, 141.97, 141.17, 141.00, 137.18, 76.38 (sp3-C of C60),

44.43, 43.84, 43.66, 29.69, 25.19, 20.61, 14.07; UV−vis (CHCl3):
λmax/nm 260, 328, 429, 493, 687; HRMS (MALDI-TOFMS) m/z:
M+ calcd for C68H13NO, 859.0997; found, 859.0979.

2f (brown solid, 24.0 mg, 54%, mp > 300 °C): 1H NMR (300
MHz, CS2−CDCl3): δ 3.99 (t, J = 7.1 Hz, 2H), 3.88 (t, J = 6.6 Hz,
2H), 3.77 (s, 3H), 3.28 (t, J = 7.1 Hz, 2H), 2.84 (t, J = 6.5 Hz, 2H);
13C NMR (100 MHz, CS2−CDCl3): δ 171.75, 168.54, 146.56,
145.37, 145.30, 145.24, 145.11, 145.01, 144.97, 144.91, 144.65,
144.46, 144.42, 144.00, 143.95, 143.53, 143.48, 143.05, 142.97,
142.91, 142.67, 142.22, 142.05, 141.89, 141.12, 140.95, 140.83,
137.16, 76.11 (sp3-C of C60), 51.81, 44.73, 43.94, 39.87, 32.51, 25.27;
HRMS (MALDI-TOFMS) m/z: M+ calcd for C68H11NO3, 889.0739;
found, 889.0727.

2g (brown solid, 24.0 mg, 56%, mp > 300 °C; the pure 2g has a
very poor solubility in CS2 or 1,2-dichlorobenzene. The 1H NMR
spectrum was obtained from the reaction mixture without
purification): 1H NMR (300 MHz, CS2−CDCl3): δ 4.13 (t, J = 7.1
Hz, 2H), 3.90 (t, J = 6.4 Hz, 2H), 3.31 (t, J = 7.1 Hz, 2H), 2.90 (t, J =
6.3 Hz, 2H); HRMS (MALDI-TOFMS) m/z: M+ calcd for
C67H8N2O, 856.0637; found, 856.0628.

2h (brown solid, 23.4 mg, 50%, mp > 300 °C): 1H NMR (300
MHz, CS2−CDCl3): δ 7.26 (t, J = 8.0 Hz, 2H), 6.87−6.97 (m, 3H),
4.17 (t, J = 5.9 Hz, 2H), 3.96 (t, J = 7.0 Hz, 2H), 3.82 (t, J = 7.0 Hz,
2H), 3.28 (t, J = 7.0 Hz, 2H), 2.30 (quint, J = 6.5 Hz, 2H); 13C NMR
(100 MHz, CS2−C6D6): δ 168.58, 158.57, 146.66, 145.49, 145.36,
145.32, 145.14, 145.06, 145.03, 144.99, 144.92, 144.67, 144.50,
144.47, 144.43, 144.01, 143.98, 143.56, 143.49, 143.07, 142.99,
142.93, 142.68, 142.25, 142.08, 141.92, 141.09, 140.92, 140.89,
140.85, 137.17, 129.58, 121.03, 114.44, 76.23 (sp3-C of C60), 65.45,
44.28, 44.23, 41.46, 27.51, 25.18; UV−vis (CHCl3): λmax/nm 261,
328, 429, 495, 688; HRMS (MALDI-TOFMS) m/z: M+ calcd for
C73H15NO2, 937.1103; found, 937.1099.

2i (brown solid, 19.1 mg, 40%, mp > 300 °C): 1H NMR (400
MHz, CS2−CDCl3): δ 5.79 (ddt, J = 17.0, 10.3, 6.7 Hz, 1H), 4.99
(dq, J = 17.0, 1.4 Hz, 1H), 4.93 (d, J = 10.3 Hz, 1H), 3.90 (t, J = 7.0
Hz, 2H), 3.59 (t, J = 7.5 Hz, 2H), 3.29 (t, J = 7.0 Hz, 2H), 2.05 (q, J =
7.0 Hz, 2H), 1.78 (quint, J = 7.4 Hz, 2H), 1.28−1.54 (m, 12H); 13C
NMR (100 MHz, CS2−CDCl3): δ 168.19, 146.75, 145.58, 145.37,
145.32, 145.14, 145.09, 145.03, 145.00, 144.93, 144.69, 144.51,
144.48, 144.44, 144.01, 143.99, 143.57, 143.53, 143.08, 142.99,
142.94, 142.69, 142.27, 142.08, 141.96, 141.93, 141.13, 140.96,
140.93, 138.93, 137.15, 114.32, 76.32 (sp3-C of C60), 44.41, 43.89,
43.80, 34.02, 29.78, 29.69, 29.58, 29.36, 29.16, 27.60, 27.27, 25.12;
UV−vis (CHCl3): λmax/nm 259, 331, 429, 494, 687; HRMS
(MALDI-TOFMS) m/z: M+ calcd for C75H25NO, 955.1936; found,
955.1922.

2j (brown solid, 8.7 mg, 18%, mp > 300 °C): 1H NMR (300 MHz,
CS2−CDCl3): δ 4.06 (t, J = 7.1 Hz, 2H), 3.99 (t, J = 5.2 Hz, 2H),
3.71 (t, J = 5.2 Hz, 2H), 3.28 (t, J = 7.1 Hz, 2H), 0.98 (s, 9H), 0.18 (s,
6H); 13C NMR (100 MHz, CS2−CDCl3): δ 168.62, 146.79, 145.65,
145.39, 145.16, 145.09, 145.05, 145.01, 144.95, 144.69, 144.54,
144.49, 144.46, 144.03, 144.00, 143.59, 143.52, 143.09, 143.00,
142.96, 142.72, 142.27, 142.10, 141.99, 141.96, 141.15, 140.97,
140.83, 137.21, 76.33 (sp3-C of C60), 61.74, 46.51, 45.79, 44.31,
25.98, 25.35, 18.24, −5.18; UV−vis (CHCl3): λmax/nm 258, 328, 429,
493, 689; HRMS (MALDI-TOFMS) m/z: M+ calcd for
C72H23NO2Si, 961.1498; found, 961.1487.

2k (brown solid, 7.6 mg, 16%, mp > 300 °C): 1H NMR (300 MHz,
CS2−CDCl3−DMSO-d6): δ 6.31 (t, J = 5.3 Hz, 1H), 3.93 (t, J = 7.0
Hz, 2H), 3.60 (t, J = 6.8 Hz, 2H), 3.39 (q, J = 5.7 Hz, 2H), 3.22 (t, J =
7.0 Hz, 2H), 1.43 (s, 9H); 13C NMR (125 MHz, CS2−CDCl3−
DMSO-d6): δ 167.32, 155.12, 146.22, 145.09, 144.54, 144.50, 144.15,
144.08, 144.01, 143.99, 143.69, 143.67, 143.59, 143.47, 143.46,
143.04, 143.02, 142.66, 142.52, 142.14, 142.06, 142.01, 141.98,
141.79, 141.31, 141.20, 141.11, 140.82, 140.18, 140.02, 139.89,
136.27, 75.85 (sp3-C of C60), 43.89, 43.12, 43.07, 37.22, 27.68, 24.41;
UV−vis (CHCl3): λmax/nm 260, 328, 429, 493, 687; HRMS
(MALDI-TOFMS) m/z: M+ calcd for C71H18N2O3, 946.1317;
found, 946.1311.
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2l (brown solid, 4.9 mg, 11%, mp > 300 °C): 1H NMR (300 MHz,
CS2−CDCl3): δ 7.33 (dd, J = 5.1, 1.2 Hz, 1H), 7.16 (dd, J = 3.5, 1.2
Hz, 1H), 7.05 (dd, J = 5.1, 3.5 Hz, 1H), 4.94 (s, 2H), 3.88 (t, J = 7.1
Hz, 2H), 3.27 (t, J = 7.1 Hz, 2H); 13C NMR (100 MHz, CS2−
CDCl3): δ 167.91, 146.55, 145.38, 145.33, 145.28, 145.14, 145.06,
145.03, 145.01, 144.93, 144.68, 144.49, 144.45, 144.05, 143.98,
143.55, 143.51, 143.08, 142.99, 142.93, 142.69, 142.26, 142.07,
141.95, 141.90, 141.13, 140.99, 140.91, 137.84, 137.18, 127.61,
127.26, 126.14, 76.10 (sp3-C of C60), 44.06, 43.13, 41.97, 24.97; UV−
vis (CHCl3): λmax/nm 260, 328, 429, 495, 689; HRMS (MALDI-
TOFMS) m/z: M+ calcd for C69H9NOS, 899.0405; found, 899.0405.
2m (brown solid, 27.7 mg, 61%, mp > 300 °C): 1H NMR (300

MHz, CS2−CDCl3): δ 7.24−7.40 (m, 5H), 4.81 (s, 2H), 3.68 (t, J =
6.3 Hz, 2H), 2.99−3.07 (m, 2H), 2.30−2.41 (m, 2H); 13C NMR (100
MHz, CS2−CDCl3): δ 164.88, 147.20, 146.41, 145.43, 145.21,
145.08, 145.04, 144.99, 144.88, 144.68, 144.50, 144.47, 144.44,
143.98, 143.51, 143.37, 143.06, 142.96, 142.93, 142.84, 142.52,
142.22, 142.00, 141.72, 141.62, 141.16, 140.88, 140.58, 137.78,
136.69, 128.82, 128.35, 127.75, 76.56 (sp3-C of C60), 50.98, 47.32,
44.94, 25.26, 22.39; UV−vis (CHCl3): λmax/nm 259, 328, 429, 495,
688; HRMS (MALDI-TOFMS) m/z: M+ calcd for C72H13NO,
907.0997; found, 907.0989.
2n15e (brown solid, 16.2 mg, 37%): 1H NMR (300 MHz, CS2−

CDCl3): δ 3.80 (t, J = 6.3 Hz, 2H), 3.61 (t, J = 7.6 Hz, 2H), 2.94−
3.10 (m, 2H), 2.33−2.50 (m, 2H), 1.65−1.82 (m, 2H), 1.35−1.54
(m, 2H), 1.03 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CS2−
CDCl3): δ 164.61, 147.36, 146.55, 145.48, 145.27, 145.11, 145.06,
144.99, 144.90, 144.71, 144.55, 144.47, 144.46, 144.00, 143.95,
143.54, 143.40, 143.08, 142.99, 142.95, 142.86, 142.54, 142.25,
142.03, 141.78, 141.66, 141.08, 140.89, 140.58, 137.78, 76.66 (sp3-C
of C60), 48.16, 48.03, 44.98, 29.58, 25.28, 22.54, 20.62, 14.20.
2o (brown solid, 3.6 mg, 8%, mp > 300 °C): 1H NMR (300 MHz,

CS2−CDCl3): δ 4.36 (q, J = 7.1 Hz, 2H), 4.25 (t, J = 4.0 Hz, 1H),
3.62−3.84 (m, 2H), 3.18 (s, 3H), 2.62−2.82 (m, 2H), 1.36 (t, J = 7.0
Hz, 3H); 13C NMR (100 MHz, CS2−CDCl3): δ 170.62, 163.86,
148.63, 147.73, 145.35, 145.28, 145.26, 145.24, 145.18, 145.16,
145.14, 145.11, 145.07, 145.02, 144.90, 144.86, 144.83, 144.71,
144.65, 144.58, 144.52, 144.45, 144.40, 144.24, 144.16, 143.96,
143.67, 143.52, 143.44, 143.39, 143.10, 143.04, 143.00, 142.97,
142.91, 142.85, 142.56, 142.44, 142.32, 142.21, 142.17, 141.93,
141.88, 141.69, 141.65, 141.58, 141.03, 140.96, 140.92, 140.70,
140.62, 138.06, 136.83, 75.81 (sp3-C of C60), 75.10 (sp3-C of C60),
61.88, 47.24, 44.71, 41.02, 35.40, 24.59, 14.53; UV−vis (CHCl3):
λmax/nm 259, 328, 428, 492, 688; HRMS (MALDI-TOFMS) m/z:
M+ calcd for C69H13NO3, 903.0895; found, 903.0887.
2q (brown solid, 5.5 mg, 12%, mp > 300 °C): 1H NMR (300 MHz,

CS2−CDCl3): δ 7.37−7.48 (m, 5H), 4.91 (s, 2H), 4.50 (t, J = 5.3 Hz,
2H), 3.80 (t, J = 5.3 Hz, 2H); 13C NMR (100 MHz, CS2−CDCl3): δ
162.71, 145.49, 145.37, 145.16, 145.13, 145.00, 144.99, 144.68,
144.58, 144.56, 144.23, 144.13, 144.01, 143.74, 143.41, 143.05,
143.03, 142.91, 142.89, 142.33, 142.17, 142.15, 141.84, 141.16,
141.10, 140.78, 140.75, 138.71, 135.69, 129.11, 128.72, 128.24, 77.07
(sp3-C of C60), 72.35, 64.66, 50.46, 46.36; UV−vis (CHCl3): λmax/nm
259, 328, 430, 491, 684; HRMS (MALDI-TOFMS) m/z: M+ calcd
for C71H11NO2, 909.0790; found, 909.0790.
2s (brown solid, 9.7 mg, 23%, mp > 300 °C): 1H NMR (300 MHz,

CS2−CDCl3): δ 5.31 (s, 1H), 4.58 (ddd, J = 8.1, 4.5, 2.0 Hz, 1H),
4.32 (d, J = 8.1 Hz, 1H), 3.36 (td, J = 4.2, 2.0 Hz, 1H), 3.10 (dd, J =
11.4, 5.7 Hz, 1H), 2.93 (td, J = 11.9, 4.9 Hz, 1H), 2.59−2.71 (m, 1H),
2.60 (s, 3H), 2.06 (dt, J = 13.4, 4.1 Hz, 1H); 13C NMR (100 MHz,
CS2−CDCl3): δ 148.87, 147.72, 146.14, 145.71, 145.66, 145.55,
145.46, 145.35, 145.04, 144.97, 144.91, 144.72, 144.68, 144.62,
144.59, 144.57, 144.22, 144.12, 144.08, 144.04, 143.52, 143.44,
143.22, 143.18, 143.05, 142.98, 142.91, 142.54, 142.26, 142.23,
142.19, 142.13, 141.17, 141.08, 141.06, 141.01, 137.50, 137.27,
136.90, 136.29, 92.17, 80.70 (sp3-C of C60), 78.21 (sp3-C of C60),
70.54, 55.17, 46.82, 42.87, 36.38, 28.04; UV−vis (CHCl3): λmax/nm
261, 327, 429, 494, 686; HRMS (MALDI-TOFMS) m/z: M+ calcd
for C67H11NO, 845.0841; found, 845.0841.

4a16 (brown solid, 18.2 mg, 47%): 1H NMR (300 MHz, CS2−
CDCl3): δ 10.60 (s, 1H), 2.36 (s, 3H).

4b15b (brown solid, 17.4 mg, 44%): 1H NMR (300 MHz, CS2−
CDCl3): δ 10.59 (s, 1H), 2.88 (q, J = 7.2 Hz, 2H), 1.55 (t, J = 7.3 Hz,
3H); 13C NMR (125 MHz, CS2−CDCl3): δ 193.80, 146.81, 145.85,
145.36, 145.34, 145.27, 145.25, 145.08, 144.81, 144.75, 144.74,
144.72, 144.69, 144.52, 143.86, 143.80, 143.30, 143.19, 143.13,
143.06, 143.05, 142.17, 142.09, 142.07, 141.66, 141.24, 141.16,
138.12, 137.93, 75.31 (sp3-C of C60), 51.09, 19.51, 12.29.

4c (brown solid, 12.3 mg, 29%, mp > 300 °C): 1H NMR (300
MHz, CS2−CDCl3): δ 10.58 (s, 1H), 2.81 (t, J = 8.2 Hz, 2H), 1.88−
2.03 (m, 2H), 1.61 (quint, J = 7.3 Hz, 2H), 1.37−1.52 (m, 4H), 0.97
(t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CS2−CDCl3): δ 194.20,
146.97, 145.94, 145.39, 145.38, 145.30, 145.28, 145.11, 144.84,
144.79, 144.76, 144.75, 144.72, 144.55, 143.91, 143.84, 143.33,
143.22, 143.16, 143.09, 143.07, 142.20, 142.12, 141.71, 141.25,
141.19, 138.11, 137.97, 75.33 (sp3-C of C60), 50.39, 31.90, 29.93,
27.85, 26.06, 22.98, 14.35; UV−vis (CHCl3): λmax/nm 260, 327, 429,
493, 689; HRMS (MALDI-TOFMS) m/z: M+ calcd for C68H14O,
846.1045; found, 846.1040.

4d (brown solid, 11.8 mg, 27%, mp > 300 °C): 1H NMR (300
MHz, CS2−CDCl3): δ 10.57 (s, 1H), 2.81 (t, J = 8.0 Hz, 2H), 1.83−
2.07 (m, 2H), 1.54−1.72 (m, 2H), 1.19−1.43 (m, 8H), 0.93 (t, J =
7.1 Hz, 3H); 13C NMR (100 MHz, CS2−CDCl3): δ 193.85, 146.91,
145.87, 145.33, 145.24, 145.23, 145.06, 144.78, 144.73, 144.70,
144.66, 144.50, 143.85, 143.78, 143.28, 143.17, 143.11, 143.03,
143.01, 142.15, 142.06, 141.65, 141.21, 141.14, 138.04, 137.91, 75.28
(sp3-C of C60), 50.32, 32.13, 30.25, 29.71, 29.56, 27.85, 26.01, 23.07,
14.42; UV−vis (CHCl3): λmax/nm 259, 328, 429, 498, 691; HRMS
(MALDI-TOFMS) m/z: M+ calcd for C70H18O, 874.1358; found,
874.1344.

4e (brown solid, 11.7 mg, 26%, mp > 300 °C): 1H NMR (300
MHz, CS2−CDCl3): δ 10.57 (s, 1H), 2.81 (t, J = 8.0 Hz, 2H), 1.95
(quint, J = 7.7 Hz, 2H), 1.61 (quint, J = 7.2 Hz, 2H), 1.22−1.53 (m,
12H), 0.92 (t, J = 6.6 Hz, 3H); 13C NMR (125 MHz, CS2−CDCl3): δ
193.95, 146.95, 145.91, 145.37, 145.28, 145.26, 145.09, 144.82,
144.79, 144.77, 144.74, 144.69, 144.53, 143.89, 143.82, 143.32,
143.20, 143.15, 143.08, 143.07, 143.05, 142.19, 142.10, 141.69,
141.24, 141.17, 138.08, 137.95, 75.33 (sp3-C of C60), 50.38, 32.17,
30.24, 29.90, 29.89, 29.75, 29.65, 27.86, 26.04, 23.06, 14.41; UV−vis
(CHCl3): λmax/nm 260, 327, 429, 492, 689; HRMS (MALDI-
TOFMS) m/z: M+ calcd for C72H22O, 902.1671; found, 902.1665.

4f (brown solid, 15.1 mg, 34%, mp > 300 °C): 1H NMR (300
MHz, CS2−CDCl3): δ 10.58 (s, 1H), 5.82 (ddt, J = 17.0, 10.3, 6.6 Hz,
1H), 5.01 (J = 17.1, 1.7 Hz, 1H), 4.94 (ddt, J = 10.2, 2.2, 1.2 Hz, 1H),
2.81 (t, J = 8.1 Hz, 2H), 2.08 (t, J = 6.6 Hz, 2H), 1.88−2.02 (m, 2H),
1.54−1.67 (m, 2H), 1.33−1.50 (m, 6H); 13C NMR (100 MHz, CS2−
CDCl3): δ 194.35, 146.99, 145.96, 145.42, 145.33, 145.31, 145.13,
144.87, 144.82, 144.79, 144.77, 144.73, 144.57, 143.93, 143.86,
143.36, 143.25, 143.19, 143.11, 143.10, 143.09, 142.22, 142.15,
141.74, 141.27, 141.21, 138.98, 138.13, 138.00, 114.43, 75.35 (sp3-C
of C60), 50.40, 34.00, 30.15, 29.55, 29.30, 29.14, 27.83, 26.04; UV−vis
(CHCl3): λmax/nm 259, 327, 429, 489, 689; HRMS (MALDI-
TOFMS) m/z: M+ calcd for C71H18O, 886.1358; found, 886.1355.

4g (brown solid, 4.3 mg, 9%, mp > 300 °C): 1H NMR (300 MHz,
CS2−CDCl3): δ 10.59 (s, 1H), 3.76 (t, J = 6.2 Hz, 2H), 2.84 (t, J =
8.1 Hz, 2H), 1.96−2.10 (m, 2H), 1.75−1.88 (m, 2H), 0.90 (s, 9H),
0.10 (s, 6H); 13C NMR (100 MHz, CS2−CDCl3): δ 194.52, 147.02,
145.99, 145.47, 145.38, 145.36, 145.18, 144.92, 144.86, 144.82,
144.78, 144.63, 143.98, 143.92, 143.40, 143.30, 143.23, 143.16,
143.14, 142.27, 142.22, 142.19, 141.78, 141.31, 141.26, 138.20,
138.06, 75.35 (sp3-C of C60), 62.75, 50.44, 33.29, 26.07, 25.95, 24.35,
18.39, −5.08; UV−vis (CHCl3): λmax/nm 259, 327, 429, 485, 688;
HRMS (MALDI-TOFMS) m/z: M+ calcd for C72H24O2Si, 948.1546;
found, 948.1538.

4h (brown solid, 8.6 mg, 21%, mp > 300 °C): 1H NMR (300 MHz,
CS2−CDCl3): δ 10.49 (s, 1H), 3.99 (t, J = 6.2 Hz, 2H), 3.51 (s, 3H),
3.17 (t, J = 6.1 Hz, 2H); 13C NMR (100 MHz, CS2−CDCl3): δ
193.68, 146.71, 146.00, 145.42, 145.32, 145.20, 144.89, 144.87,
144.81, 144.76, 144.74, 144.57, 143.97, 143.84, 143.36, 143.28,
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143.25, 143.14, 143.06, 142.28, 142.19, 142.17, 141.81, 141.27,
141.24, 138.22, 138.08, 75.00 (sp3-C of C60), 70.32, 59.21, 48.93,
27.33; UV−vis (CHCl3): λmax/nm 259, 327, 429, 486, 687; HRMS
(MALDI-TOFMS) m/z: M+ calcd for C65H8O2, 820.0524; found,
820.0520.
4i (brown solid, 15.9 mg, 37%, mp > 300 °C): 1H NMR (300

MHz, CS2−CDCl3): δ 10.60 (s, 1H), 3.73 (s, 3H), 2.80−2.92 (m,
2H), 2.64 (t, J = 7.4 Hz, 2H), 2.22−2.36 (m, 2H); 13C NMR (100
MHz, CDCl3): δ 194.88, 173.52, 146.85, 145.87, 145.57, 145.54,
145.49, 145.47, 145.46, 145.20, 145.00, 144.94, 144.90, 144.81,
144.73, 144.05, 143.99, 143.48, 143.36, 143.30, 143.23, 143.21,
142.32, 142.24, 141.82, 141.40, 141.33, 138.30, 138.15, 75.06 (sp3-C
of C60), 51.93, 49.58, 34.18, 25.40, 23.02; UV−vis (CHCl3): λmax/nm
260, 328, 429, 496, 692; HRMS (MALDI-TOFMS) m/z: M+ calcd
for C67H10O3, 862.0630; found, 862.0630.
Reaction of 4i with 4-Methylbenzenesulfonhydrazide for

the Synthesis of 5a. A mixture of 4i (10 mg, 0.0125 mmol) and 4-
methylbenzenesulfonhydrazide (37.2 mg, 0.2 mmol) in chloroform
(10 mL) was stirred at room temperature for 4 h. Upon completion of
the reaction determined by TLC, the solvent was evaporated under
reduced pressure and the residue was purified by column
chromatography with toluene/ethyl acetate (5:1) as the eluent to
give the product 5a (11.6 mg, 90%).
5a (brown solid, 11.6 mg, 90%, mp > 300 °C): 1H NMR (300

MHz, CS2-DMSO-d6): δ 11.52 (s, 1H), 8.16 (s, 1H), 7.77 (d, J = 7.6
Hz, 2H), 7.54 (s, 1H), 3.69 (s, 3H), 2.40−2.54 (m, 6H), 2.11−2.13
(m, 3H); 13C NMR (125 MHz, CS2−CDCl3−DMSO-d6); δ 171.76,
146.68, 146.35, 144.63, 144.52, 144.30, 144.12, 143.87, 143.80,
143.63, 143.57, 143.55, 143.16, 142.83, 142.18, 142.10, 142.03,
141.60 (br), 141.21, 140.96, 140.12, 139.91, 137.07, 136.23, 135.50,
128.74, 127.02 (br), 76.70 (sp3-C of C60), 50.51, 44.53, 32.94, 27.47,
21.66, 20.86; UV−vis (CHCl3): λmax/nm 259, 328, 431; HRMS
(MALDI-TOFMS) m/z: M+ calcd for C74H18N2O4S, 1030.0987;
found, 1030.0985.
General Procedure for the Reaction of 4i with Indole and 5-

Chloroindole. A mixture of 4i (10 mg, 0.0125 mmol), indole (0.1
mmol), and BF3·Et2O (15 μL, 0.125 mmol) in chloroform (10 mL)
was stirred at room temperature for 4 h. Upon completion of the
reaction determined by TLC, diethyl amine (0.5 mL) was added
slowly under stirring, and then the solvent was evaporated under
reduced pressure and the residue was purified by column
chromatography with toluene/ethyl acetate (5:1) as the eluent to
give the products 5b (11.5 mg, 85%) or 5c (9.9 mg, 69%).
5b (brown solid, 11.5 mg, 85%, mp > 300 °C): 1H NMR (300

MHz, CS2−CDCl3−DMSO-d6): δ 9.94 (s, 2H), 7.35 (s, 2H), 7.22−
7.31 (m, 4H), 6.97 (t, J = 7.4 Hz, 2H), 6.77 (t, J = 7.2 Hz, 2H), 6.05
(s, 1H), 3.45 (s, 3H), 2.88 (t, J = 7.8 Hz, 2H), 1.92 (t, J = 6.9 Hz,
2H), 1.36−1.52 (m, 2H); 13C NMR (100 MHz, CS2−CDCl3−
DMSO-d6): δ 172.17, 148.93, 148.19, 145.12, 145.01, 144.69, 144.59,
144.55, 144.17, 143.95, 143.74, 143.62, 143.28, 143.19, 142.60,
142.48, 142.45, 142.37, 142.34, 141.84, 141.70, 141.57, 140.41,
140.34, 136.88, 136.26, 126.97, 123.39, 121.23, 119.69, 118.63,
115.59, 111.12, 80.56 (sp3-C of C60), 50.60, 49.64, 35.98, 34.01,
29.31, 23.86; UV−vis (CHCl3): λmax/nm 260, 327, 431, 689; HRMS
(MALDI-TOFMS) m/z: M+ calcd for C83H22N2O2, 1078.1681;
found, 1078.1677.
5c (brown solid, 9.9 mg, 69%, mp > 300 °C): 1H NMR (400 MHz,

CS2−CDCl3): δ 8.34 (s, 2H), 7.54 (d, J = 1.9 Hz, 2H), 7.43 (d, J =
1.7 Hz, 2H), 7.34 (d, J = 8.6 Hz, 2H), 7.14 (dd, J = 8.6, 1.9 Hz, 2H),
6.07 (s, 1H), 3.59 (s, 3H), 2.93−3.01 (m, 2H), 2.09 (t, J = 7.1 Hz,
2H), 1.51−1.60 (m, 2H); 13C NMR (100 MHz, CS2−CDCl3): δ
173.04, 148.63, 148.11, 145.42, 145.33, 145.26, 145.23, 145.20,
145.18, 144.95, 144.78, 144.60, 144.41, 144.34, 143.82, 143.75,
143.21, 143.19, 143.10, 143.06, 142.97, 142.95, 142.36, 142.15,
142.13, 141.15, 141.01, 137.45, 137.43, 134.89, 128.41, 125.83,
124.86, 123.04, 119.81, 116.33, 112.45, 80.29 (sp3-C of C60), 51.37,
48.90, 36.27, 34.54, 29.70, 24.34; UV−vis (CHCl3): λmax/nm 258,
327, 432, 692; HRMS (MALDI-TOFMS) m/z: M+ calcd for
C83H20N2O2Cl2, 1146.0902; found, 1146.0894.
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