O ( ‘The Journal of Organic Chemistry
Subscriber access provided by READING UNIV

Synthesis of Fullerotetrahydroquinolines via [4+2] Cycloaddition
Reaction of [60]Fullerene with in Situ Generated Aza-o-quinone Methides
Sheng-Peng Jiang, Wen-Qiang Lu, Zhan Liu, and Guan-Wu Wang
J. Org. Chem., Just Accepted Manuscript « DOI: 10.1021/acs.joc.7b02897 « Publication Date (Web): 23 Jan 2018
Downloaded from http://pubs.acs.org on January 23, 2018

Just Accepted

“Just Accepted” manuscripts have been peer-reviewed and accepted for publication. They are posted
online prior to technical editing, formatting for publication and author proofing. The American Chemical
Society provides “Just Accepted” as a free service to the research community to expedite the
dissemination of scientific material as soon as possible after acceptance. “Just Accepted” manuscripts
appear in full in PDF format accompanied by an HTML abstract. “Just Accepted” manuscripts have been
fully peer reviewed, but should not be considered the official version of record. They are accessible to all
readers and citable by the Digital Object Identifier (DOI®). “Just Accepted” is an optional service offered
to authors. Therefore, the “Just Accepted” Web site may not include all articles that will be published
in the journal. After a manuscript is technically edited and formatted, it will be removed from the “Just
Accepted” Web site and published as an ASAP article. Note that technical editing may introduce minor
changes to the manuscript text and/or graphics which could affect content, and all legal disclaimers
and ethical guidelines that apply to the journal pertain. ACS cannot be held responsible for errors
or conseqguences arising from the use of information contained in these “Just Accepted” manuscripts.

The Journal of Organic Chemistry is published by the American Chemical Society.
1155 Sixteenth Street N.W., Washington, DC 20036

Published by American Chemical Society. Copyright © American Chemical Society.
However, no copyright claim is made to original U.S. Government works, or works
produced by employees of any Commonwealth realm Crown government in the course
of their duties.

N4 ACS Publications



Page 1 of 37

oNOYTULT D WN =

The Journal of Organic Chemistry

Synthesis of Fullerotetrahydroquinolines via [4+2]
Cycloaddition Reaction of [60]Fullerene with in Situ Generated

Aza-o-quinone Methides

Sheng-Peng Jiang,” Wen-Qiang Lu,’ Zhan Liu,” and Guan-Wu Wang*™

fcas Key Laboratory of Soft Matter Chemistry, iChEM (Collaborative Innovation
Center of Chemistry for Energy Materials), Hefei National Laboratory for Physical
Sciences at Microscale, and Department of Chemistry, University of Science and
Technology of China, Hefei, Anhui 230026, P. R. China
tState Key Laboratory of Applied Organic Chemistry, Lanzhou University, Lanzhou,

Gansu 730000, P. R. China

ABSTRACT

R2
Y Cl Cu,0 (20 mol %)
ZSNHSO,R?  1,10-phen (30 mol %)
A,3-6h, CB (6 mL)

An efficient [4+2] cycloaddition reaction of [60]fullerene with the in situ generated
aza-o-quinone methides from N-(ortho-chloromethyl)aryl sulfonamides with the
assistance of CuO has been developed to afford a series of

fullerotetrahydroquinolines. This strategy exhibits a broad substrate scope and
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excellent functional group tolerance. A tentative reaction pathway for the formation of

fullerotetrahydroquinolines is proposed on the basis of the experimental results.

INTRODUCTION

As a consequence of the huge potential applications in materials, biology, and
nanoscience, fullerene derivatives have continued to capture the interest of chemists
worldwide.! As a result, numerous efforts have been devoted to the efficient
construction of various organofullerenes during the past two decades. Among them,
[4+2] cycloaddition is one of the most commonly used methods to synthesize
[60]fullerene (Ceo)-fused six-membered carbocyclic derivatives.” However, reports on
the formation of Cgo-fused six-membered heterocyclic derivatives via [4+2]
cycloaddition are relatively limited.’ In the early 1990s, Eguchi and co-workers
reported hetero-Diels-Alder reactions of Cgy yielding Cgp-fused dihydropyran and
dihydrothiopyran derivatives through the C-O and C-S bond formation,
respectively.”®° In 1998, the Martin group realized the first synthesis of
nitrogen-bonded Cgp derivatives via hetero-Diels-Alder reaction of Cgy with
o-aminobenzyl alcohols, which were prepared by the reaction of aldehydes with
N-methylanilinochlorophenylborane in refluxing o-dichlorobenzene for 5 h.*® Since
then, there has been no report on the hetero-Diels-Alder reaction of Cgy. Therefore,

the development of a more straightforward, reliable, and practical method for the
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synthesis of diverse Cgo-fused six-membered heterocyclic derivatives through [4+2]

cycloaddition is desirable and challenging.

On the other hand, ortho-quinone methides (0QMs) are versatile intermediates
and have been found extensive applications in organic chemistry due to their highly
polarized and quite reactive properties.* The cycloaddition reaction of 0QMs with
various dienophiles provides a facile and efficient method for the construction of
heterocyclic compounds. Compared to the well-developed o0QMs, the related reports
on analogous aza-o-quinone methides (a0QMs) as reactive intermediates in the
cycloaddition are much less investigated. To date, several methods have been
developed for the formation of a0QMs by photolysis,” pyrolysis,® fluoride-induced
elimination,” and base-promoted elimination.® To the best of our knowledge, the in
situ formation of aoQMs assisted by a metal oxide has never been reported.
Additionally, it is well recognized that Cgy behaves as an electron-deficient olefin and
undergoes various types of cycloaddition reactions.”” We envisioned that Cgo should
react with the in situ generated aoQMs to form nitrogen-bearing six-membered
organofullerenes. In view of our continuing interest in fullerene chemistry,”'® herein
we report the synthesis of fullerotetrahydroquinolines through hetero-Diels-Alder
reaction of Cg with the in situ generated aoQMs from N-(ortho-chloromethyl)aryl

sulfonamides with the assistance of Cu,O.

RESULTS AND DISCUSSION
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We initiated our study with the model reaction of Cg (0.05 mmol) and
N-(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide 1a (2.0 equiv) in
anhydrous chlorobenzene (CB) at 120 °C under an open-air atmosphere (Table 1). The
anticipated product 2a could be isolated in 3% yield without any additive (entry 1). It
was reported that aoQMs could be efficiently generated in situ under basic
conditions.® Therefore, we conducted the reaction in the presence of Na,CO; (2.0
equiv), and the yield of 2a was increased to 13% (entry 2). The yield could be further
improved to 21% when K,CO; was used (entry 3). To our disappointment, Cs,COs,
which was frequently employed as the base for the in situ generation of a0QMs from

8a-c,e-h

N-(ortho-chloromethyl)aryl amides, could hardly promote the formation of 2a
(entry 4). In continuing our interest in copper-involved functionalizations of Ceo,'
when Cu,O (2.0 equiv) was utilized to replace K,COs, a better yield of 33% was
obtained (entry 5 vs entry 3). To further improve the practicability of the reaction, a
catalytic amount (0.2 equiv) of Cu,O was used. Unfortunately, the yield of 2a dropped
dramatically to 19% (entry 6). To our delight, the yield was increased to 25% when
0.2 equiv of 1,10-phenanthroline (1,10-phen) was added as a ligand to the reaction
(entry 7), and the yield was further improved to 33% when 0.3 equiv of 1,10-phen
was employed (entry 8). Nevertheless, increasing the amount of 1,10-phen to 0.4
equiv led to a slight decrease of the product yield to 26% (entry 9). It was not
beneficial to the formation of 2a when the amount of Cu,O was decreased from 0.2
equiv to 0.1 equiv, giving 2a in only 17% yield (entry 10). Increasing the loading of

Cu,0 to 0.3 equiv did not afford a better result (entry 11 vs entry 8). Next,

ACS Paragon Plus Environment

Page 4 of 37



Page 5 of 37

oNOYTULT D WN =

The Journal of Organic Chemistry

2,2-bipyridyl (bpy) was employed as the ligand, the yield was decreased slightly to
28%, whereas the yield dropped obviously by replacing with triphenylphosphine
(PPh3), providing 2a in only 15% yield (entries 12 and 13 vs entry 8). Different
copper salts were subsequently evaluated and attempted to further enhance the
product yield. To our disappointment, Cu(I) salts such as CuCN, CuSCN, CuCl, CuBr,
and Cul could not facilitate the reaction (entries 14-18 vs entry 1). Similar poor
results were obtained when CuO, Cu(OTf),, Cu(OAc);"H,O, and CuCl, were
employed (entries 19-22). The decrease or increase of the loading of substrate 1a was
not beneficial to the improvement of the yield, giving 2a in 27% and 28% yields,
respectively (entries 23 and 24). Reducing or elevating the temperature both
decreased the reaction efficiency, providing 2a in 24% and 27% yields, respectively
(entries 25 and 26). In addition, the variation of the reaction time was also
investigated, and the results demonstrated that the reaction time of 3.0 h was the best
(entries 27 and 28 vs entry 8). Carrying out the reaction under a dry air atmosphere
led to a slightly reduced yield of 28% (Table 1, entry 29 vs entry 8). Similarly, the
desired product 2a was isolated in 28% yield under an oxygen atmosphere (Table 1,
entry 30 vs entry 8). It is noteworthy that a decreased yield of 25% was obtained
under a nitrogen atmosphere, indicating that the open-air atmosphere had certain
beneficial influence on the reaction efficiency (Table 1, entry 31 vs entry 8). Thus, the
optimal reaction conditions were a molar ratio of 1/2/0.2/0.3 for the reagents Cg, 1a,
Cu0, and 1,10-phen, and a temperature of 120 °C for 3 h in anhydrous

chlorobenzene (6 mL) under an open-air atmosphere.
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Table 1. Optimization of Reaction Conditions”

L
+
NHTs

copper, additive

A, CB (6 mL)
1a
entry copper/additive molar ratio” yield (%)°
1 / 1:2:0:0 3(75)
2 Na,CO; 1:2:0:2 13 (57)
3 K>CO; 1:2:0:2 21 (75)
4 Cs,CO3 1:2:0:2 3(43)
5 Cu,O 1:2:2:0 33(77)
6 Cu,O 1:2:0.2:0 19 (70)
7 Cu,0/1,10-phen 1:2:0.2:0.2 25 (74)
8 Cu,0/1,10-phen 1:2:0.2:0.3 33 (83)
9 Cu,0/1,10-phen 1:2:0.2:0.4 26 (74)
10 Cu,0/1,10-phen 1:2:0.1:0.15 17 (68)
11 Cu,0/1,10-phen 1:2:0.3:0.45 33 (73)
12 Cu,O/bpy 1:2:0.2:0.3 28 (72)
13 Cu,O/PPhs 1:2:0.2:0.3 15 (71)
14 CuCN/1,10-phen 1:2:0.2:0.3 6 (67)
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15 CuSCN/1,10-phen 1:2:0.2:0.3 4 (67)

16 CuCl/1,10-phen 1:2:0.2:0.3 3 (33)

oNOYTULT D WN =

9 17 CuBr/1,10-phen 1:2:0.2:0.3 4 (67)
12 18 Cul/1,10-phen 1:2:0.2:0.3 3 (50)
15 19 CuO/1,10-phen 1:2:0.2:0.3 14 (74)
20 Cu(OTf),/1,10-phen 1:2:0.2:0.3 3(75)
20 21 Cu(OAc),-H,0/1,10-phen 1:2:0.2:0.3 3 (75)
23 22 CuCly/1,10-phen 1:2:0.2:0.3 3(99)
26 23 Cu,0/1,10-phen 1:1.5:0.2:0.3 27 (75)
24 Cu,0/1,10-phen 1:2.5:0.2:0.3 28 (61)
31 257 Cu,0/1,10-phen 1:2:0.2:0.3 24 (83)
34 26° Cu,0/1,10-phen 1:2:0.2:0.3 27 (64)
37 27 Cu,0/1,10-phen 1:2:0.2:0.3 25 (68)
28¢ Cu,0/1,10-phen 1:2:0.2:0.3 27 (84)
42 29" Cu,0/1,10-phen 1:2:0.2:0.3 28 (88)
45 30° Cu,0/1,10-phen 1:2:0.2:0.3 28 (85)
48 3V Cu,0/1,10-phen 1:2:0.2:0.3 25(71)
51 “Unless otherwise noted, the reactions were performed in anhydrous chlorobenzene (6

53 mL) at 120°C under an open-air atmosphere for 3.0 h. "Molar ratio referred to

56 Ceo/1a/copper/additive. “Isolated yields. Values in parentheses were based on the

7
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consumed Cgo. “The reaction was performed at 110 °C. “The reaction was performed
at 130 °C. 'The reaction time was 4.0 h. ¥The reaction time was 2.0 h. "The reaction
was performed under a dry air atmosphere. ‘The reaction was performed under an

oxygen atmosphere.’The reaction was performed under a nitrogen atmosphere.

The substrate scope of this transformation was then investigated under the
optimized reaction conditions, and the results are presented in Table 2. At first, the
reaction of Cgy with N-(2-(chloromethyl)aryl)-4-methylbenzenesulfonamides 1
bearing different substituents on the aromatic ring was examined. The reaction
showed good tolerance for diverse electron-donating or electron-withdrawing groups
at different positions on the aromatic ring of substrates 1, giving the corresponding
products 2b—f in 23-36% yields. The substrates with electron-donating substituents
(1c—e) generally exhibited higher reactivity than that with an electron-withdrawing
group (1f), probably because the electron-donating substituents would make the
aoQMs more electron-rich and thus facilitated the subsequent cycloaddition with
electron-deficient Cgp. In addition, the influence of the substituents at different
positions of the aromatic ring was not obvious except for the substituent at the
ortho-position of the sulfonamide moiety due to steric effect. For example, a higher
reaction temperature of 140 °C was essential for 1b to achieve the synthetically
valuable product yield It is worth noting that the disubstituted
N-(2-(chloromethyl)aryl)-4-methylbenzenesulfonamide le with two  strong

electron-donating methoxy groups efficiently afforded cycloadduct 2e in 36% yield.

8
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The chloro atom on the phenyl ring could be tolerated under the optimal reaction
conditions, and can be utilized for further functionalizations at a later stage using
cross-coupling protocols. Moreover, substrate 1g with a phenyl substituent at the
benzylic position also proceeded well to produce the corresponding product 2g, albeit

in a relatively lower yield.

Table 2. Results for the [4+2] Cycloaddition Reaction of Cgy with la—g""’

Cl Cu,0 (20 mol %)
NHTs 1,10-phen (30 mol %)
120 °C, CB (6 mL)

2e, 3 h, 36% (75%) 2f, 3 h, 30% (77%)°

= 'i'S
2g, 6 h, 20% (61%)%¢

“Unless otherwise noted, the reactions were performed with Cgp (0.05 mmol), 1 (0.10
mmol), CuyO (0.01 mmol), and 1,10-phen (0.015 mmol) in anhydrous chlorobenzene

(6 mL) at 120 °C under an open-air atmosphere. PIsolated yields. Values in
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parentheses were based on the consumed Cg. “The reaction was performed at 140 °C.

“Molar ratio of Ce0/1/Cu0/1,10-phen is 1/2/0.5/0.75.

To further expand the scope of this transformation, N-(2-(chloromethyl)phenyl)
sulfonamides 1 with a wide range of different sulfonamide moieties were then
examined, and the results are shown in Table 3. The substrates 1h—p with both
electron-rich and electron-deficient sulfonamide groups underwent -effective
transformations, giving the corresponding products 2h—p in 26-34% yields. The o-
and m-methyl substituted substrates (1i and 1j) proceeded well with good yields of
32% and 31%, respectively, which were nearly the same as that (33%) of product 2a,
suggesting that the steric effect of the substituents on the aromatic ring of the
sulfonamide moiety was negligible. Nevertheless, the electronic nature of the
substituents on the phenyl ring of the sulfonamide moiety had an obvious influence on
the reaction. For example, substrates 1k and 1m bearing either a strong
electron-donating or electron-withdrawing group at the 4-position decreased the
reaction conversion and required a higher reaction temperature of 140 °C to produce
2k and 2m in 26% and 28% yields, respectively. Electron-rich heterocycle-containing
sulfonamide 1n was also a suitable substrate for this transformation, affording 2n in
33% yield. When the arylsulfonamide group of the substrates was changed to an
alkylsulfonamide moiety as in the cases of 1o and 1p, the transformations also
proceeded well, providing the corresponding products 20 and 2p in 29% and 31%

yields, respectively.

10
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Table 3. Results for the [4+2] Cycloaddition Reaction of Cg with 1h—p”’b

oNOYTULT D WN =

Cu,0 (20 mol %)
1,10-phen (30 mol %)
120 °C, CB (6 mL)

20 2h, 3 h, 34% (72%) 2i, 3 h, 32% (80%) 2j, 3h, 31% (79%)

29 2k, 5 h, 26% (76%)° 21,3 h, 30% (91%)

37 2n, 3 h, 33% (89%)° 20, 3 h, 29% (85%) 2p, 3 h, 31% (78%)

40 “Unless otherwise noted, the reactions were performed with Cgo (0.05 mmol), 1 (0.10
43 mmol), Cu,O (0.01 mmol), and 1,10-phen (0.015 mmol) in anhydrous chlorobenzene
45 (6 mL) at 120 °C under an open-air atmosphere. ’Isolated yields. Values in

parentheses were based on the consumed Cg. “The reaction was performed at 140 °C.

53 The structures of products 2a—p were unambiguously characterized by using

HRMS (MALDI-TOF), 'H NMR, *C NMR, FT-IR, and UV-vis spectra. All HRMS of

11
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these products exhibited the correct [M]" peaks. Their '"H NMR spectra displayed the
expected chemical shifts as well as the splitting patterns for all protons. The BC NMR
spectra of 2a—p exhibited more than 49 peaks in the range of 157—133 ppm for the 58
sp>-carbons of the fullerene cage and two peaks at 82—67 ppm for the two sp>-carbons
of the fullerene skeleton, consistent with the C, symmetry of their molecular
structures. To further confirm the structure, the HSQC and HMBC spectra were
carried out using 2c¢ as a representative example. The HSQC spectrum of 2¢
displayed that the protons at 4.80 ppm and 4.05 ppm had correlations with the
carbon at 42.2 ppm. The HMBC spectrum of 2¢ showed that the protons at 4.80
ppm and 4.05 ppm were correlated with the two sp>-carbons of Cg at 80.3 ppm
and 67.9 ppm. These 2D-NMR results were fully consistent with that 2¢ had a
structure of fullerotetrahydroquinoline. The UV-vis spectra of 2a—p exhibited a peak

at 433-434 nm, which is the characteristic absorption for 1,2-adducts of Cgy.

To gain insight for the reaction mechanism of this transformation, some control
experiments were conducted (Scheme 1). Addition of the well-known radical
scavenger 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO, 2.0 equiv) to the reaction
mixture had nearly negligible effect on the transformation, giving 2a in 30% yield.
Additionally, when 2,6-ditertbutyl-4-methyiphenol (BHT, 2.0 equiv) was used as the
radical scavenger, the formation of 2a could not be prohibited significantly either, and
2a was isolated in 22% yield. The above observations indicated that radical species
may be not involved in this transformation. Previous work has shown that Ce is an
excellent electrophile and reacts with a variety of nucleophilic reagents. The acidic N—

12
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H proton could be deprotonated under basic conditions to give the sulfonamide anion,
which  may undergo nucleophilic attack to Cg to afford the
fullerotetrahydroquinolines. To test this hypothesis, we did the following control
experiments. The reaction of Cgy with 1a in the presence of benzyl chloride (2 equiv)
was performed under the standard conditions, and nearly the same yield (32%) of 2a
as that (33%) in the absence of benzyl chloride was obtained. The possible benzylated
product 2a-CH,Ph, which would be formed by the initial nucleophilic attack of the
sulfonamide anion to Cgy followed by intramolecular SN2 reaction to benzyl chloride,
could not be identified. Furthermore, the reaction of Cg with N-phenyl
para-toluenesulfonylamine in the presence/absence of benzyl chloride were
conducted under otherwise the same conditions, and no fullerene product could be
isolated. On the other hand, treatment of 1a with 2,3-dihydrofuran under the optimal
reaction conditions could deliver the [4+2] cycloaddition product 3a in 46% yield
(Scheme 1). Considering the electro-rich nature of 2,3-dihydrofuran, the possibility
through nucleophilic addition of 1a to 2,3-dihydrofuran to give 3a was negligible. The
above results suggested that a stepwise reaction mechanism involving the initial
nucleophilic attack of the sulfonamide anion to Cg could be excluded, and thus the

formation of 2 should proceed most likely via a hetero-Diels-Alder process.

Scheme 1. Control Experiments

13
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. @\Am standard conditions
NHTs TEMPO (2.0 equiv)

1a

. ©\ACI standard conditions
NHTs BHT (2.0 equiv)

1a
stangl_ard
. @\Am + PhCH,CI conditions
NHTs
1a

Cu,0 (10 mol %
CL2 + & oty OL L9
NHTs o) 1,10-phen (15 mol %) N~ O
CB (6 mL),120°C, 2 h Ts
1a 3a, 46%

Furthermore, after the reaction was completed, we observed a green copper
precipitate, which was the same as that formed from the control reaction of 1a with
Cu,0 and 1,10-phen at 120 °C for 3 h in CB. The electron paramagnetic resonance
(EPR) experiment of the green solid in DMSO suggested that a Cu(Il) species
existed."" The X-Ray diffraction experiment further confirmed that the single crystal 4
grown from the green copper solid was a complex of 1,10-phen and CuCl, (see the
Supporting Information).”> To gain deep insight into the mechanism, X-ray

photoelectron spectroscopy (XPS) was used to investigate the oxidation state of the

14
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copper solid obtained from the reaction mixture. The binding energy (BE) peak at
~934 ¢V was assigned to a Cu®" species.”> The BE peak at ~931.5 eV suggested the
presence of a Cu' or Cu’° species.13 Because Cu 2ps;, XPS could not differentiate Cu’
from Cu’, Auger Cu LMM spectrum was used to confirm the presence of Cu” at BE ~
571 eV, and no Cu’ species was present in our system because there was no BE peak
at ~568 eV in the Auger Cu LMM spectrum (see the Supporting Information).'* Thus,
the copper solid obtained from the reaction mixture should consist of Cu(phen)Cl, and
Cu,0. The XPS experiment was also employed to study the oxidation state of the
copper species for the reaction under a nitrogen atmosphere. The results indicated that
no Cu’ species was generated and Cu,0, CuCl, and Cu(phen)Cl, were observed (see
the Supporting Information).

The possible pathway for the formation of a0QM and 4 is shown in Scheme 2.
The removal of HCI from substrate 1a generates the aoQM intermediate, likely with
the assistance of Cu,O. The reaction of Cu,O and HCI provides CuCl, which is
converted to CuCl, in the presence of HCI and O,. Then 4 is produced when CuCl, is

coordinated with 1,10-phen (Scheme 2).

Scheme 2. Formation of a0QM and Complex 4

15
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2HCI + Cu,O — 2CuCl + H,O

4CuCl + 4HCI + O, — 4CuCl, + 2H,0

7
N Cl
CuCl, _1,10-phen Qu/\
N <CI

S |

4

On the basis of the above experimental results and literature precedents,® a
plausible reaction mechanism of this transformation is presented in Scheme 3. First,
the a0QM intermediate A could be generated in situ from N-(ortho-chloromethyl)aryl
sulfonamide 1 with the assistance of Cu,O and 1,10-phen, accompanied by the
simultaneous release of complex 4 and H,O. Although the exact role played by Cu,O
is not very clear, it may behave as a base for the removal of HCI from 1, and also
consumes the generated HCI to generate CuCl and eventually complex 4 in the
presence of O, and 1,10-phen. Intermediate A then undergoes the hetero-Diels-Alder

reaction with Cg to provide the desired product 2.

Scheme 3. Proposed Reaction Mechanism for the Formation of 2

16
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R1_(j\)\c| Cu,0/1,10-phen R1—/ =
“ANNHSORD )\ N 3
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CONCLUSION

In summary, we have successfully developed an efficient and convenient method for
the synthesis of fullerotetrahydroquinolines from the hetero-Diels-Alder reaction of
Ceo with the in situ  generated aza-o-quinone  methides from
N-(ortho-chloromethyl)aryl sulfonamides with the assistance of catalytic amounts of
Cu,0 and 1,10-phenanthroline, which are more efficient than the commonly used
inorganic bases such as Cs,COs, Na,COs, and K,COs. This is the first example of the
metal oxide-induced in situ formation of aza-o-quinone methides. The present method

features a broad substrate scope and good functional group tolerance.

EXPERIMENTAL SECTION

General Methods. '"H NMR spectra were referenced to residual DMSO at 2.50 ppm
or TMS at 0.00 ppm, while BC NMR spectra were referenced to residual DMSO at
39.50 ppm, CHCI,CHCI, at 72.80 ppm, or CHCl; at 77.16 ppm. High-resolution mass
spectra (HRMS) were obtained by MALDI-TOF in a positive mode or ESI-FT-ICR in

a positive mode.
17
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General Procedure for the Synthesis of 2a—p from the Reaction of Cg with
la—p. A mixture of Cg (0.05 mmol), N-(2-(chloromethyl)aryl)-sulfonamide 1 (0.10
mmol), CuO (0.01 mmol), and 1,10-phenanthroline (1,10-phen) (0.015 mmol) was
dissolved in anhydrous chlorobenzene (6 mL). Then the solution was vigorously
stirred at the desired temperature and stopped at the designated time. The resulting
solution was evaporated in vacuo, and the residue was then separated on a silica gel
column. The recovered Cqy was firstly collected with CS; as the eluent. Then the
eluent was changed to CS,/CH,Cl, (15:1 v/v unless specified) to separate out the
desired product 2.

Fullerotetrahydroquinoline 2a. By following the general procedure, the reaction of
Coeo (359 mg, 0.05 mmol) with
N-(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide 1a (29.7 mg, 0.10 mmol),
Cu,0 (1.5 mg, 0.01 mmol), and 1,10-phen (3.0 mg, 0.015 mmol) at 120 °C for 3.0 h
afforded recovered Cgp (21.5 mg, 60%) and 2a (16.0 mg, 33%): amorphous brown
solid; "H NMR (400 MHz, CS, with DMSO-d; as the external reference) 8 7.64 (d, J
= 8.2 Hz, 2H), 7.58 (d, J = 7.6 Hz, 1H), 7.41-7.30 (m, 3H), 7.04 (d, J = 8.2 Hz, 2H),
4.35 (d, J = 13.6 Hz, 1H), 3.75 (d, J = 13.6 Hz, 1H), 2.23 (s, 3H); °C NMR (100
MHz, CS, with DMSO-ds as the external reference) 6 156.0, 153.9, 151.8, 147.5,
146.9, 146.7, 145.94, 14591, 145.8, 145.7, 145.53, 145.48, 145.46, 145.3, 145.04,
145.03, 145.0, 144.9, 144.69, 144.68, 144.65, 144.61, 144.58, 144.4, 144.1, 143.87,
143.85, 143.84, 143.1, 143.0, 142.8, 142.4, 142.1, 142.0, 141.94, 141.88, 141.8, 141.7,
141.6, 141.5, 141.3, 141.02, 140.98, 140.94, 140.8, 140.5, 140.3, 139.8, 139.2, 138.94,
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138.89, 138.3, 137.4, 137.3, 136.6, 135.8, 135.4, 134.4, 129.8, 128.9, 128.2, 128.0,
127.74, 127.69, 80.7 (sp’-C of C), 68.4 (sp>-C of Cep), 43.0, 21.2; FT-IR v/em™ (KBr)
1333 (§=0), 1159 (5=0), 814 (N-S); UV-vis (CHCl3) Amax/nm (log ) 258 (5.05), 317
(4.60), 434 (3.43), 697 (2.65); HRMS (MALDI-TOF) m/z calcd for C74H;3NO,S [M]"
979.0662, found 979.0653.

Fullerotetrahydroquinoline 2b. By following the general procedure, the reaction of
Ceo (35.8 mg, 0.05 mmol) with
N-(2-(chloromethyl)-6-methylphenyl)-4-methylbenzenesulfonamide 1b (30.7 mg,
0.10 mmol), Cu,O (3.7 mg, 0.025 mmol), and 1,10-phen (7.3 mg, 0.0375 mmol) at
140 °C for 6.0 h afforded recovered Cgp (26.1 mg, 73%) and 2b (11.4 mg, 23%):
amorphous brown solid; '"H NMR (400 MHz, CS, with DMSO-ds as the external
reference) 0 7.98 (d, J = 8.2 Hz, 2H), 7.49-7.41 (m, 3H), 7.24 (d, J = 8.2 Hz, 2H),
5.14 (d, J = 13.7 Hz, 1H), 3.99 (d, J = 13.7 Hz, 1H), 2.71 (s, 3H), 2.44 (s, 3H); °C
NMR (100 MHz, CS, with DMSO-d; as the external reference) 0 156.4, 154.3, 151.6,
147.5, 146.9, 146.5, 146.00, 145.96, 145.8, 145.7, 145.55, 145.53, 145.48, 1454,
145.2, 145.02, 144.96, 144.9, 144.74, 144.71, 144.66, 144.5, 144.2, 144.0, 143.84,
143.81, 143.3, 143.0, 142.9, 142.5, 142.15, 142.06, 142.05, 142.02, 141.9, 141.8,
141.63, 141.62, 141.60, 141.4, 141.1, 141.02, 140.96, 140.9, 140.5, 140.1, 139.9,
139.3, 139.1, 138.6, 138.52, 138.47, 137.9, 137.41, 137.36, 136.0, 135.6, 134.3, 130.1,
128.8, 128.6, 128.4, 126.0, 81.0 (sp’-C of Cg), 67.7 (sp>-C of Cep), 43.6, 21.3, 19.0;
FT-IR v/em™ (KBr) 1335 (S=0), 1158 (S=0), 809 (N-S); UV-vis (CHCl3) Ama/nm
(log €) 258 (5.12), 318 (4.67), 434 (3.50), 696 (2.70); HRMS (MALDI-TOF) m/z
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caled for C7sHsNO,S [M]"993.0818, found 993.0807.

Fullerotetrahydroquinoline 2c. By following the general procedure, the reaction of
Ceo (35.8 mg, 0.05 mmol) with
N-(2-(chloromethyl)-5-methylphenyl)-4-methylbenzenesulfonamide 1c (31.0 mg,
0.10 mmol), Cu,O (1.5 mg, 0.01 mmol), and 1,10-phen (2.9 mg, 0.015 mmol) at 120
°C for 3.0 h afforded recovered Cg (21.1 mg, 59%) and 2¢ (14.5 mg, 29%):
amorphous brown solid; "H NMR (400 MHz, CDCI,CDCl) ¢ 7.93 (d, J = 8.2 Hz,
2H), 7.68 (s, 1H), 7.51 (d, J = 7.6 Hz, 1H), 7.38 (d, J = 7.6 Hz, 1H), 7.25 (d, J = 8.2
Hz, 2H), 4.80 (d, J = 13.7 Hz, 1H), 4.05 (d, J = 13.7 Hz, 1H), 2.55 (s, 3H), 2.33 (s,
3H); *C NMR (100 MHz, CDCL,CDCL,) d 155.6, 153.5, 151.0, 147.0, 146.4, 145.47,
145.45, 145.42, 145.3, 145.1, 145.04, 144.99, 144.98, 144.94, 144.85, 144.44, 144.41,
144.34, 144.32, 144.23, 144.19, 144.15, 144.11, 143.8, 143.6, 143.45, 143.42, 143.3,
143.2, 142.7, 142.4, 141.9, 141.6, 141.5, 141.45, 141.43, 141.36, 141.3, 141.14,
141.11, 141.0, 140.8, 140.47, 140.43, 140.37, 140.3, 140.1, 139.6, 139.3, 138.7, 138.3,
137.85, 137.81, 137.5, 137.0, 136.5, 135.1, 135.0, 133.7, 133.1, 129.4, 129.0, 128.7,
127.4, 127.3, 80.3 (sp’-C of Cq), 67.9 (sp>-C of Cgp), 42.2, 20.7, 20.6; FT-IR v/em™
(KBr) 1337 (S=0), 1158 (S=0), 809 (N-S); UV-vis (CHCl3) Ama/nm (log &) 258
(5.09), 317 (4.65), 434 (3.52), 694 (2.70); HRMS (MALDI-TOF) m/z caled for
C75H1sNO,S [M]"993.0818, found 993.0811.

Fullerotetrahydroquinoline 2d. By following the general procedure, the reaction of
Ceo (359 mg, 0.05 mmol) with
N-(2-(chloromethyl)-4-methylphenyl)-4-methylbenzenesulfonamide 1d (30.8 mg,

20

ACS Paragon Plus Environment

Page 20 of 37



Page 21 of 37

oNOYTULT D WN =

The Journal of Organic Chemistry

0.10 mmol), Cu,O (1.5 mg, 0.01 mmol), and 1,10-phen (3.0 mg, 0.015 mmol) at 120
°C for 3.0 h afforded recovered Cq (17.4 mg, 48%) and 2d (17.1 mg, 35%):
amorphous brown solid; '"H NMR (400 MHz, CDCL,CDClp) ¢ 7.91 (d, J = 8.2 Hz,
2H), 7.75 (d, J = 8.5 Hz, 1H), 7.46-7.37 (m, 2H), 7.25 (d, J = 8.2 Hz, 2H), 4.75 (d, J
=13.7 Hz, 1H), 4.01 (d, J = 13.7 Hz, 1H), 2.52 (s, 3H), 2.34 (s, 3H); >*C NMR (100
MHz, CDCL,CDCl,) 6 155.6, 153.6, 151.2, 147.1, 146.4, 145.6, 145.49, 145.45, 145.4,
145.2, 145.1, 145.04, 145.02, 144.99, 144.9, 144.49, 144.46, 144.43, 144.39, 144.24,
144.19, 144.16, 143.8, 143.7, 143.5, 143.44, 143.36, 143.3, 142.8, 142.4, 141.9, 141.6,
141.54, 141.50, 141.47, 141.4, 141.3, 141.2, 141.10, 141.09, 140.8, 140.52, 140.48,
140.44, 140.3, 140.1, 139.7, 139.4, 138.7, 138.44, 138.38, 137.3, 137.0, 136.6, 136.0,
135.3, 135.1, 135.0, 133.8, 128.8, 128.7, 128.5, 128.4, 127.3, 80.4 (sp’-C of Cq), 67.8
(sp>-C of Cgp), 42.6, 20.7; FT-IR viem™ (KBr) 1333 (S=0), 1159 (S=0), 814 (N-S);
UV-vis (CHCl3) Amax/nm (log €) 258 (5.10), 317 (4.66), 434 (3.55), 694 (2.65); HRMS
(MALDI-TOF) m/z calcd for C75H;sNO,S [M]" 993.0818, found 993.0809.
Fullerotetrahydroquinoline 2e. By following the general procedure, the reaction of
Ceo (35.7 mg, 0.05 mmol) with
N-(2-(chloromethyl)-4,5-dimethoxyphenyl)-4-methylbenzenesulfonamide 1e (35.5
mg, 0.10 mmol), Cu;O (1.6 mg, 0.01 mmol), and 1,10-phen (3.0 mg, 0.015 mmol) at
120 °C for 3.0 h afforded recovered Cgo (18.4 mg, 52%) and 2e (18.7 mg, 36%) with
CS,/CH,Cl, (10:1, v/v) as the eluent for silica gel column purification: amorphous
brown solid; "H NMR (400 MHz, CDC1,CDCl,) § 7.91 (d, J = 8.2 Hz, 2H), 7.34 (s,
1H), 7.29 (d, J = 8.2 Hz, 2H), 7.05 (s, 1H), 4.50 (d, J = 13.8 Hz, 1H), 4.00 (s, 3H),
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3.98 (s, 3H), 3.94 (d, J = 13.8 Hz, 1H), 2.37 (s, 3H); “C NMR (100 MHz,
CDCLL,CDCl,) o 155.5, 153.5, 151.2, 148.5, 147.8, 147.1, 146.4, 145.8, 145.5, 145.4,
145.2, 145.1, 145.05, 145.02, 144.9, 144.5, 144.44, 144.38, 144.3, 144.2, 143.9,
143.64, 143.57, 143.44, 143.38, 143.3, 142.8, 142.5, 141.9, 141.7, 141.6, 141.48,
141.45, 141.4, 141.3, 141.25, 141.15, 141.1, 140.8, 140.55, 140.48, 140.3, 140.2,
139.9, 139.3, 138.7, 138.4, 136.9, 136.8, 136.6, 135.1, 135.0, 133.9, 130.3, 128.9,
128.8, 127.3, 112.6, 109.8, 80.7 (sp’-C of Cgo), 68.1 (sp>-C of Cgo), 55.5, 55.3, 42.3,
20.8; FT-IR v/em™ (KBr) 1329 (S=0), 1160 (S=0), 810 (N-S); UV-vis (CHCL)
Amax/nm (log €) 258 (5.09), 318 (4.62), 433 (3.51), 696 (2.65); HRMS (MALDI-TOF)
m/z calcd for C76H17NO4S [M]" 1039.0873, found 1039.0862.
Fullerotetrahydroquinoline 2f. By following the general procedure, the reaction of
Ceo (35.8 mg, 0.05 mmol) with
N-(4-chloro-2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide 1f (33.2 mg, 0.10
mmol), Cu,O (1.5 mg, 0.01 mmol), and 1,10-phen (3.1 mg, 0.015 mmol) at 140 °C for
3.0 h afforded recovered Cep (21.9 mg, 61%) and 2f (14.9 mg, 30%): amorphous
brown solid; "H NMR (400 MHz, CDCL,CDCl,) 6 7.90 (d, J = 8.0 Hz, 2H), 7.84 (d, J
=8.2 Hz, 1H), 7.66-7.57 (m, 2H), 7.27 (d, J = 8.0 Hz, 2H), 4.66 (d, J = 13.8 Hz, 1H),
4.02 (d, J = 13.8 Hz, 1H), 2.35 (s, 3H); °C NMR (100 MHz, CDCI,CDCl,) § 154.8,
153.0, 150.7, 147.1, 146.5, 145.52, 145.50, 145.4, 145.2, 145.15, 145.12, 145.08,
145.05, 144.9, 144.50, 144.49, 144.4, 144.3, 144.24, 144.20, 144.19, 144.0, 143.9,
143.8, 143.6, 143.4, 143.34, 143.28, 142.5, 142.2, 141.9, 141.65, 141.57, 141.55,
141.51, 141.45, 141.25, 141.19, 141.17, 141.12, 141.07, 140.9, 140.55, 140.52,
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140.48, 140.3, 140.1, 139.7, 139.4, 138.8, 138.5, 138.0, 137.2, 136.70, 136.68, 136.6,
134.97, 134.95, 133.8, 133.6, 130.6, 128.9, 128.0, 127.8, 127.3, 80.4 (sp>-C of Céo),
67.6 (sp>-C of Cgp), 42.3, 20.8; FT-IR v/em™ (KBr) 1334 (S=0), 1158 (S=0)816 (N-
S), 662 (C-CI); UV-vis (CHCl3) Amax/nm (log €) 258 (5.09), 318 (4.64), 433 (3.495),
691 (2.70); HRMS (MALDI-TOF) m/z caled for C74H2NO,S*>Cl [M]" 1013.0272,
found 1013.0259.

Fullerotetrahydroquinoline 2g. By following the general procedure, the reaction of
Ceo (35.6 mg, 0.05 mmol) with
N-(2-(chloro(phenyl)methyl)phenyl)-4-methylbenzenesulfonamide 1g (37.2 mg, 0.10
mmol), Cu,O (3.6 mg, 0.025 mmol), and 1,10-phen (7.3 mg, 0.0375 mmol) at 140 °C
for 6.0 h afforded recovered Cg (24.0 mg, 67%) and 2g (10.5 mg, 20%): amorphous
brown solid; "H NMR (400 MHz, CDC1,CDCl,) 6 8.00 (d, J= 7.7 Hz, 1H), 7.93 (d, J
= 8.2 Hz, 2H), 7.71 (d, J = 7.7 Hz, 1H), 7.66 (t, J = 7.6 Hz, 1H), 7.55 (t, J = 7.6 Hz,
1H), 7.38-7.19 (m, 7H), 5.80 (s, 1H), 2.40 (s, 3H); "C NMR (100 MHz,
CDCLCDCL) ¢ 152.1, 151.3, 151.1, 146.9, 146.4, 146.3, 145.5, 145.45, 145.43,
145.37, 145.3, 145.02, 144.98, 144.9, 144.7, 144.45, 144.44, 144.40, 144.3, 144.24,
144.17, 144.14, 144.09, 144.06, 144.0, 143.7, 143.4, 143.33, 143.27, 143.24, 142.4,
141.8, 141.6, 141.48, 141.46, 141.4, 141.3, 141.2, 141.1, 140.9, 140.8, 140.7, 140.5,
140.2, 140.0, 139.9, 139.7, 138.7, 137.9, 137.6, 137.5, 137.0, 136.5, 136.0, 134.8,
134.6, 134.0, 132.8, 129.5, 129.0, 127.8, 127.5, 127.3, 127.2, 126.5, 81.4 (sp>-C of
Ceo), 73.2 (sp>-C of Cep), 54.7, 20.6; FT-IR v/iem™ (KBr) 1339 (S=0), 1162 (S=0),
810 (N-S); UV-vis (CHCl3) Amax/nm (log €) 258 (5.12), 319 (4.71), 434 (3.49), 694
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(2.65); HRMS (MALDI-TOF) m/z caled for CgoH;7NO,S [M]" 1055.0975, found
1055.0992.

Fullerotetrahydroquinoline 2h. By following the general procedure, the reaction of
Ceo (35.6 mg, 0.05 mmol) with N-(2-(chloromethyl)phenyl)benzenesulfonamide 1h
(28.4 mg, 0.10 mmol), CuO (1.5 mg, 0.01 mmol), and 1,10-phen (2.9 mg, 0.015
mmol) at 120 °C for 3.0 h afforded recovered Cgy (18.9 mg, 53%) and 2h (16.1 mg,
34%): amorphous brown solid; 'H NMR (400 MHz, CDCI1,CDCl,) 6 8.05(d, J=7.3
Hz, 2H), 7.88 (d, J = 7.5 Hz, 1H), 7.66—7.56 (m, 3H), 7.55-7.43 (m, 3H), 4.82 (d, J =
13.7 Hz, 1H), 4.08 (d, J = 13.7 Hz, 1H); °C NMR (100 MHz, CDCL,CDCl,) 6 155.2,
153.3, 150.8, 147.0, 146.3, 145.43, 145.37, 145.3, 145.2, 145.1, 144.99, 144.95,
144.93, 144.92, 144.8, 144.41, 144.37, 144.35, 144.14, 144.10, 144.06, 143.8, 143.6,
143.4, 143.22, 143.15, 142.6, 142.2, 141.8, 141.54, 141.47, 141.44, 141.40, 141.3,
141.2, 141.06, 141.02, 141.00, 140.7, 140.43, 140.40, 140.32, 140.26, 139.9, 139.5,
139.3, 138.7, 138.3, 137.9, 137.5, 136.6, 136.3, 135.0, 134.9, 133.6, 132.2, 128.9,
128.2, 128.1, 127.74, 127.72, 127.2, 80.3 (sp>-C of Cg), 67.8 (sp>-C of Cy), 42.5;
FT-IR v/em™ (KBr) 1328 (S=0), 1156 (S=0), 820 (N-S); UV-vis (CHCl3) Apa/nm
(log €) 258 (5.13), 318 (4.69), 433 (3.50), 696 (2.70); HRMS (MALDI-TOF) m/z
caled for C73H;;1NO,S [M]" 965.0505, found 965.0516.

Fullerotetrahydroquinoline 2i. By following the general procedure, the reaction of
Coeo (36.0 mg, 0.05 mmol) with
N-(2-(chloromethyl)phenyl)-2-methylbenzenesulfonamide 1i (30.0 mg, 0.10 mmol),
Cu,0 (1.5 mg, 0.01 mmol), and 1,10-phen (2.9 mg, 0.015 mmol) at 120 °C for 3.0 h
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afforded recovered Cqo (21.5 mg, 60%) and 2i (15.8 mg, 32%): amorphous brown
solid; "H NMR (400 MHz, CDCLL,CDCL,) 6 8.17 (d, J = 7.5 Hz, 1H), 7.95-7.89 (m,
1H), 7.70-7.66 (m, 1H), 7.65-7.57 (m, 2H), 7.36 (t, J = 7.5 Hz, 1H), 7.26-7.18 (m,
2H), 5.44 (d, J=13.8 Hz, 1H), 4.17 (d, J = 13.8 Hz, 1H), 2.92 (s, 3H); °C NMR (100
MHz, CDCL,CDCl,) ¢ 155.7, 153.5, 151.0, 147.1, 146.4, 145.5, 145.4, 145.3, 145.1,
145.04, 145.02, 144.98, 144.95, 144.5, 144.4, 144.22, 144.18, 144.1, 143.8, 143.72,
143.66, 143.5, 143.3, 143.2, 142.7, 142.1, 141.8, 141.6, 141.51, 141.46, 141.44,
141.38, 141.2, 141.15, 141.06, 141.03, 141.00, 140.8, 140.5, 140.3, 140.0, 139.42,
139.37, 138.7, 138.34, 138.26, 137.9, 137.7, 137.4, 137.1, 136.6, 135.1, 135.0, 133.6,
132.7, 131.8, 131.2, 129.0, 128.3, 128.2, 127.7, 125.3, 80.5 (sp>-C of Cq), 67.5
(sp>-C of Cg), 42.7, 20.1; FT-IR v/em™ (KBr) 1328 (S=0), 1157 (S=0), 822 (N-S);
UV-vis (CHCl3) Amax/nm (log €) 258 (5.05), 318 (4.62), 434 (3.45), 697 (2.65); HRMS
(MALDI-TOF) m/z calcd for C74H13NO,S [M]" 979.0662, found 979.0646.
Fullerotetrahydroquinoline 2j. By following the general procedure, the reaction of
Ceo (35.8 mg, 0.05 mmol) with
N-(2-(chloromethyl)phenyl)-3-methylbenzenesulfonamide 1j (29.4 mg, 0.10 mmol),
Cu,0 (1.5 mg, 0.01 mmol), and 1,10-phen (2.9 mg, 0.015 mmol) at 120 °C for 3.0 h
afforded recovered Cep (21.7 mg, 61%) and 2j (15.3 mg, 31%): amorphous brown
solid; '"H NMR (400 MHz, CS; with DMSO-d as the external reference) 0 7.62—7.55
(m, 3H), 7.43-7.29 (m, 3H), 7.18-7.07 (m, 2H), 4.43 (d, J = 13.6 Hz, 1H), 3.77 (d, J
=13.6 Hz, 1H), 2.19 (s, 3H); >C NMR (100 MHz, CS, with DMSO-dj as the external
reference) 0 156.0, 154.0, 151.8, 147.5, 146.9, 146.5, 145.99, 145.96, 145.9, 145.7,
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145.6, 145.52, 145.50, 145.3, 145.1, 145.02, 145.00, 144.9, 144.73, 144.72, 144.67,
144.66, 144.5, 144.1, 143.93, 143.88, 143.86, 143.2, 143.0, 142.5, 142.13, 142.11,
142.05, 142.0, 141.9, 141.8, 141.73, 141.68, 141.6, 141.3, 141.1, 141.0, 140.9, 140.5,
140.3, 139.9, 139.3, 138.94, 138.88, 138.4, 137.7, 137.2, 136.7, 135.8, 135.5, 134.4,
132.8, 129.8, 128.5, 128.35, 128.28, 128.1, 127.8, 124.9, 80.6 (sp>-C of Cg), 68.4
(sp>-C of Cg), 43.0, 21.0; FT-IR v/em™ (KBr) 1339 (S=0), 1162 (S=0), 818 (N-S);
UV-vis (CHCl3) Amax/nm (log €) 258 (5.02), 318 (4.57), 434 (3.39), 696 (2.60); HRMS
(MALDI-TOF) m/z calcd for C74H13NO,S [M]" 979.0662, found 979.0651.
Fullerotetrahydroquinoline 2k. By following the general procedure, the reaction of
Coeo (35.7 mg, 0.05 mmol) with
N-(2-(chloromethyl)phenyl)-4-methoxybenzenesulfonamide 1k (31.0 mg, 0.10 mmol),
Cu,0 (1.5 mg, 0.01 mmol), and 1,10-phen (3.0 mg, 0.015 mmol) at 140 °C for 5.0 h
afforded recovered Cep (23.5 mg, 66%) and 2k (12.6 mg, 26%) with CS,/CH,Cl,
(10:1, v/v) as the eluent for silica gel column purification: amorphous brown solid; 'H
NMR (400 MHz, CDC1,CDCl,) ¢ 7.97 (d, J = 9.0 Hz, 2H), 7.90-7.85 (m, 1H), 7.66—
7.55 (m, 3H), 6.92 (d, J=9.0 Hz, 2H), 4.84 (d, /= 13.7 Hz, 1H), 4.09 (d, J = 13.7 Hz,
1H), 3.78 (s, 3H); >C NMR (100 MHz, CDCLCDCl,) 6 162.2, 155.5, 153.4, 151.1,
147.1, 146.4, 145.54, 145.47, 145.4, 145.3, 145.2, 145.1, 145.01, 145.00, 144.97,
144.8, 144.44, 144.40, 144.39, 144.3, 144.22, 144.20, 144.1, 143.8, 143.6, 143.4,
143.31, 143.25, 142.7, 142.4, 141.9, 141.6, 141.52, 141.49, 141.45, 141.40, 141.3,
141.13, 141.08, 141.05, 140.8, 140.51, 140.45, 140.4, 140.3, 140.1, 139.7, 139.4,
138.7, 138.4, 138.2, 137.2, 136.7, 136.2, 135.0, 133.7, 131.4, 129.5, 129.1, 128.2,
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127.80, 127.76, 113.4, 80.3 (sp>-C of Ce), 67.9 (sp’-C of Cg), 54.9, 42.5; FT-IR
viem™ (KBr) 1327 (S=0), 1152 (S=0), 828 (N-S); UV-vis (CHCI3) Apa/nm (log ¢)
257 (5.13), 318 (4.66), 434 (3.50), 697 (2.70); HRMS (MALDI-TOF) m/z calcd for
C74H13NO3S [M]"995.0611, found 995.0601.

Fullerotetrahydroquinoline 2l. By following the general procedure, the reaction of
Ceo (359 mg, 0.05 mmol) with
4-chloro-N-(2-(chloromethyl)phenyl)benzenesulfonamide 11 (31.4 mg, 0.10 mmol),
Cu,0 (1.5 mg, 0.01 mmol), and 1,10-phen (3.0 mg, 0.015 mmol) at 120 °C for 3.0 h
afforded recovered Cgy (23.9 mg, 67%) and 21 (15.1 mg, 30%): amorphous brown
solid; '"H NMR (400 MHz, CDCL,CDCl,) 6 8.03 (d, J = 8.6 Hz, 2H), 7.90 (d, J = 7.5
Hz, 1H), 7.72-7.61 (m, 3H), 7.50 (d, J = 8.6 Hz, 2H), 4.82 (d, J = 13.8 Hz, 1H), 4.15
(d, J=13.8 Hz, 1H); >C NMR (100 MHz, CDCL,CDCL,) § 155.1, 153.2, 150.6, 147.0,
146.4, 145.5, 145.4, 145.3, 145.13, 145.09, 145.03, 144.99, 144.97, 144.9, 144.5,
144.41, 144.39, 144.3, 144.18, 144.15, 144.09, 144.07, 144.0, 143.8, 143.6, 143.4,
143.24, 143.18, 142.5, 142.1, 141.9, 141.6, 141.52, 141.48, 141.45, 141.38, 141.2,
141.1, 141.04, 141.02, 140.8, 140.5, 140.44, 140.43, 140.3, 139.9, 139.6, 139.4, 138.8,
138.7, 138.6, 138.4, 137.8, 137.4, 136.7, 136.2, 135.1, 134.9, 133.6, 128.9, 128.5,
128.3, 127.8, 127.7, 80.5 (sp>-C of Cq), 67.8 (sp>-C of Cgp), 42.6; FT-IR v/ecm™ (KBr)
1346 (S=0), 1163 (S=0), 820 (N-S), 740 (C-CI); UV-vis (CHCl3) Amax/nm (log €) 258
(5.09), 318 (4.64), 433 (3.46), 697 (2.74); HRMS (MALDI-TOF) m/z caled for
C73H,0NO,S*>C1 [M]" 999.0115, found 999.0107.

Fullerotetrahydroquinoline 2m. By following the general procedure, the reaction of
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Ceo (35.8 mg, 0.05 mmol) with
N-(2-(chloromethyl)phenyl)-4-nitrobenzenesulfonamide 1m (32.5 mg, 0.10 mmol),
Cu,0 (1.5 mg, 0.01 mmol), and 1,10-phen (3.0 mg, 0.015 mmol) at 140 °C for 5.0 h
afforded recovered Cq (22.1 mg, 62%) and 2m (13.9 mg, 28%) with CS,/CH,Cl,
(10:1, v/v) as the eluent for silica gel column purification: amorphous brown solid; 'H
NMR (400 MHz, CDCL,CDCL,) ¢ 8.31 (d, J = 8.9 Hz, 2H), 8.26 (d, J = 8.9 Hz, 2H),
7.91-7.86 (m, 1H), 7.71-7.60 (m, 3H), 4.78 (d, J= 13.8 Hz, 1H), 4.15 (d, J = 13.8 Hz,
1H); °C NMR (100 MHz, CDC1,CDCly) d 154.8, 153.1, 150.1, 148.9, 147.1, 146.4,
145.9, 145.6, 145.5, 145.3, 145.2, 145.10, 145.08, 145.06, 145.02, 144.53, 144.47,
144.44, 144.30, 144.26, 144.13, 144.06, 144.0, 143.9, 143.8, 143.7, 143.5, 143.3,
143.1, 142.5, 141.9, 141.8, 141.7, 141.6, 141.54, 141.52, 141.47, 141.2, 141.14,
141.08, 141.0, 140.9, 140.6, 140.50, 140.49, 140.3, 140.0, 139.5, 138.8, 138.5, 137.9,
137.3, 136.6, 136.3, 135.3, 134.7, 133.5, 128.8, 128.7, 128.5, 128.13, 128.11, 123.3,
80.9 (sp>-C of Cep), 67.7 (sp’-C of Cq), 42.6; FT-IR v/iem™ (KBr) 1514 (NO,), 1336
(85=0), 1164 (S=0), 826 (N-S); UV-vis (CHCl3) Amax/nm (log &) 257 (5.01), 318
(4.56), 434 (3.33), 695 (2.65); HRMS (MALDI-TOF) m/z calcd for C73HioN204S
[M]" 1010.0356, found 1010.0342.

Fullerotetrahydroquinoline 2n. By following the general procedure, the reaction of
Ceo (35.9 mg, 0.05 mmol) with N-(2-(chloromethyl)phenyl)thiophene-2-sulfonamide
1n (28.9 mg, 0.10 mmol), Cu,O (1.5 mg, 0.01 mmol), and 1,10-phen (3.1 mg, 0.015
mmol) at 140 °C for 3.0 h afforded recovered Cgy (22.6 mg, 63%) and 2n (16.2 mg,
33%): amorphous brown solid; 'H NMR (400 MHz, CDCI1,CDCl,) 6 7.87 (d, J=7.4
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Hz, 1H), 7.75-7.70 (m, 1H), 7.69-7.55 (m, 4H), 7.03 (t, J/ = 4.4 Hz, 1H), 4.66 (d, J =
13.8 Hz, 1H), 4.10 (d, J = 13.8 Hz, 1H); °C NMR (100 MHz, CDCL,CDCl,) § 155.2,
153.3, 150.6, 147.1, 146.4, 145.5, 145.4, 145.3, 145.2, 145.07, 145.05, 145.02, 144.99,
144.9, 144.5, 144.44, 144.39, 144.23, 144.17, 144.15, 144.13, 144.11, 143.8, 143.6,
143.4, 143.30, 143.26, 142.7, 142.5, 141.9, 141.6, 141.53, 141.46, 141.4, 141.3, 141.2,
141.1, 141.0, 140.9, 140.8, 140.54, 140.45, 140.44, 140.3, 140.0, 139.7, 139.3, 138.7,
138.3, 137.9, 137.3, 136.8, 135.9, 135.08, 135.07, 133.64, 133.57, 133.2, 129.2, 128.4,
127.9, 127.8, 126.7, 80.7 (sp>-C of Co), 67.9 (sp>-C of Cgp), 42.4; FT-IR v/cm™ (KBr)
1346 (S=0), 1159 (S=0), 821 (N-S); UV-vis (CHCl3) Amax/nm (log €) 258 (5.06), 318
(4.61), 433 (3.41), 695 (2.60); HRMS (MALDI-TOF) m/z calcd for C7;HoNO,S, [M]"
971.0069, found 971.0056.

Fullerotetrahydroquinoline 20. By following the general procedure, the reaction of
Ceo (35.6 mg, 0.05 mmol) with N-(2-(chloromethyl)phenyl)methanesulfonamide 1o
(21.8 mg, 0.10 mmol), Cu,O (1.5 mg, 0.01 mmol), and 1,10-phen (3.0 mg, 0.015
mmol) at 120 °C for 3.0 h afforded recovered Cgo (23.6 mg, 66%) and 20 (13.1 mg,
29%): amorphous brown solid; '"H NMR (400 MHz, CDCL,CDCl,) § 7.72-7.63 (m,
2H), 7.62-7.53 (m, 2H), 5.09 (d, J = 13.7 Hz, 1H), 4.23 (d, J = 13.7 Hz, 1H), 3.58 (s,
3H); *C NMR (100 MHz, CDCI,CDCl,) 6 155.0, 153.2, 150.9, 147.1, 146.5, 145.6,
145.5, 145.4, 145.2, 145.12, 145.08, 145.04, 144.9, 144.6, 144.5, 144.44, 144.42,
144.3, 144.22, 144.15, 144.1, 143.92, 143.87, 143.8, 143.5, 143.34, 143.26, 142.7,
142.2, 142.0, 141.7, 141.6, 141.52, 141.45, 141.22, 141.20, 141.15, 141.1, 140.9,
140.7, 140.6, 140.40, 140.36, 140.1, 140.0, 139.4, 138.9, 138.7, 138.6, 138.5, 137.7,
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136.4, 135.2, 133.6, 128.1, 128.0, 127.9, 127.8, 80.9 (sp’-C of Cq), 68.0 (sp>-C of
Ceo), 45.1, 42.9; FT-IR v/em™ (KBr) 1341 (S=0), 1156 (S=0), 825 (N-S); UV-vis
(CHCI3) Amax/nm (log &) 258 (5.05), 318 (4.59), 433 (3.41), 696 (2.60); HRMS
(MALDI-TOF) m/z calcd for CesHoNO,S [M]™ 903.0349, found 903.0333.
Fullerotetrahydroquinoline 2p. By following the general procedure, the reaction of
Ceo (35.7 mg, 0.05 mmol) with N-(2-(chloromethyl)phenyl)butane-1-sulfonamide 1p
(25.7 mg, 0.10 mmol), CuO (1.5 mg, 0.01 mmol), and 1,10-phen (2.9 mg, 0.015
mmol) at 120 °C for 3.0 h afforded recovered Cgo (21.3 mg, 60%) and 2p (14.6 mg,
31%): amorphous brown solid; '"H NMR (400 MHz, CDCL,CDCl,) & 7.68-7.64 (m,
1H), 7.63-7.53 (m, 3H), 5.21 (d, J = 13.7 Hz, 1H), 4.21 (d, J = 13.7 Hz, 1H), 3.66—
3.57 (m, 1H), 3.55-3.45 (m, 1H), 2.18-2.06 (m, 2H), 1.54-1.37 (m, 2H), 0.87 (t, J =
7.3 Hz, 3H); °C NMR (100 MHz, CDCL,CDCl,) § 155.2, 153.3, 151.1, 147.1, 146.5,
145.6, 145.5, 145.3, 145.2, 145.12, 145.06, 145.02, 144.97, 144.9, 144.6, 144.5, 144.4,
144.30, 144.27, 144.22, 144.17, 144.16, 143.84, 143.80, 143.7, 143.6, 143.3, 143.2,
142.7, 142.1, 142.0, 141.7, 141.6, 141.5, 141.4, 141.21, 141.18, 141.14, 141.0, 140.9,
140.7, 140.6, 140.4, 140.1, 139.9, 139.4, 139.2, 139.1, 138.7, 138.6, 137.5, 137.1,
135.4, 135.3, 133.5, 128.1, 128.0, 127.9, 127.8, 80.9 (sp’-C of Ce), 67.7 (sp>-C of
Ceo), 56.1, 42.9, 25.2, 20.3, 12.6; FT-IR v/em™ (KBr) 1334 (S=0), 1145 (S=0), 828
(N=S); UV-vis (CHCl3) Apax/nm (log €) 258 (5.01), 317 (4.54), 433 (3.37), 697 (2.60);
HRMS (MALDI-TOF) m/z caled for C71H;sNO,S [M]™ 945.0818, found 945.0808.
Attempted Radical Scavenging Experiments.
A mixture of Ceo (35.7 mg, 0.05 mmol),
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N-(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide 1a (29.1 mg, 0.10 mmol),
Cu,0 (1.5 mg, 0.01 mmol), 1,10-phen (3.0 mg, 0.015 mmol), and TEMPO (15.6 mg,
0.10 mmol) was dissolved in anhydrous chlorobenzene (6 mL). Then the solution was
vigorously stirred at 120 °C for 2 h. The resulting solution was evaporated in vacuo,
and the residue was then separated on a silica gel column with CS; as the eluent to
give the recovered Cg (20.3 mg, 57%) and then 2a (14.5 mg, 30%) with CS,/CH,Cl,
(15:1 v/v) as the eluent.

A mixture of Ceo (35.9 mg, 0.05 mmol),
N-(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide 1a (29.4 mg, 0.10 mmol),
Cu,0 (1.5 mg, 0.01 mmol), 1,10-phen (3.1 mg, 0.015 mmol), and BHT (21.9 mg, 0.10
mmol) was dissolved in anhydrous chlorobenzene (6 mL). Then the solution was
vigorously stirred at 120 °C for 2 h. The resulting solution was evaporated in vacuo,
and the residue was then separated on a silica gel column with CS; as the eluent to
give the recovered Cg (26.3 mg, 73%) and then 2a (10.8 mg, 22%) with CS,/CH,Cl,
(15:1 v/v) as the eluent.

Reaction of Cg) with 1a in the Presence of Benzyl Chloride.

By following the general procedure, the reaction of Cg (35.7 mg, 0.05 mmol) with
N-(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide 1a (29.5 mg, 0.10 mmol),
benzyl chloride (11.5 pL, 0.10 mmol), Cu,O (1.6 mg, 0.01 mmol), and 1,10-phen (3.1
mg, 0.015 mmol) at 120 °C for 3.0 h afforded recovered Ce (23.2 mg, 65%) and 2a
(15.3 mg, 32%).

Reaction of Cg with N-Phenyl para-Toluenesulfonylamine in the
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Presence/Absence of Benzyl Chloride.

A mixture of Cg (35.8 mg, 0.05 mmol), N-phenyl para-toluenesulfonylam (24.7
mg, 0.10 mmol), benzyl chloride (11.5 pL, 0.10 mmol), CuO (1.5 mg, 0.01 mmol),
and 1,10-phen (3.0 mg, 0.015 mmol) was dissolved in anhydrous chlorobenzene (6
mL). Then the solution was vigorously stirred at 120 °C for 3 h. No fullerene products
could be identified.

A mixture of Cg (35.9 mg, 0.05 mmol), N-phenyl para-toluenesulfonylam (24.8
mg, 0.10 mmol), CuO (1.5 mg, 0.01 mmol), and 1,10-phen (3.1 mg, 0.015 mmol)
was dissolved in anhydrous chlorobenzene (6 mL). Then the solution was vigorously
stirred at 120 °C for 3 h. No fullerene products could be identified.

Preparation of 3a. A mixture of
N-(2-(chloromethyl)phenyl)-4-methylbenzenesulfonamide 1a (89.0 mg, 0.30 mmol),
2,3-dihydro-furan (226.8 pL, 3.0 mmol), CuyO (4.3 mg, 0.03 mmol), and 1,10-phen
(8.9 mg, 0.045 mmol) in anhydrous chlorobenzene (6 mL) was heated at 120 °C for 2
h. The reaction mixture was cooled to room temperature and most of the solvent was
evaporated in vacuo. The residue was purified by column chromatography (SiO,,
PE/EtOAc = 10:1) to afford 3a™ as white solid (45.6 mg, 46%); 'H NMR (400 MHz,
CDCl3) 6 7.66 (d, J = 8.2 Hz, 2H), 7.43 (d, /= 7.7 Hz, 1H), 7.23 (d, J = 8.2 Hz, 2H),
7.19 (dd, J=7.7, 0.8 Hz, 1H), 7.11 (td, J = 7.4, 1.0 Hz, 1H), 7.05 (d, /= 7.3 Hz, 1H),
6.18 (d, J= 8.4 Hz, 1H), 3.64-3.54 (m, 2H), 3.08-2.98 (m, 1H), 2.40 (s, 3H), 2.36 (dd,
J=14.7,2.1 Hz, 1H), 2.15 (dd, J = 14.7, 4.9 Hz, 1H), 1.91-1.82 (m, 1H), 1.37-1.26
(m, 1H); °C NMR (100 MHz, CDCl;) & 143.6, 138.5, 136.2, 132.6, 129.8, 128.9,
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127.5, 127.0, 126.2, 125.7, 89.4, 67.6, 41.1, 29.3, 29.2, 21.6; HRMS (ESI-FT-ICR)

m/z calcd for CigH,0NO3S [M+H]" 330.1158, found 330.1164.

oNOYTULT D WN =

11 ASSOCIATED CONTENT

Supporting Information

16 The Supporting Information is available free of charge on the ACS Publications
18 website at DOI:

21 NMR spectra of products 2a-p and 3a, EPR spectrum and XPS spectra of the copper
23 species from reaction mixtures (PDF)

26 X-ray crystallographic data for 4 (CIF)

AUTHOR INFORMATION
33 Corresponding Author:

*Email: gwang@ustc.edu.cn

40 Notes

43 The authors declare no competing financial interest.

ACKNOWLEDGEMENTS
50 We are grateful for financial support from the National Natural Science Foundation of

China (Nos. 21572211 and 21132007).

33

60 ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry Page 34 of 37

REFERENCES

(1) For reviews, see: (a) Nakamura, E.; Isobe, H. Acc. Chem. Res. 2003, 36, 807.
(b) Thilgen, C.; Diederich, F. Chem. Rev. 2006, 106, 5049. (c) Giacalone, F.; Martin,
N. Chem. Rev. 2006, 106, 5136. (d) Matsuo, Y.; Nakamura, E. Chem. Rev. 2008, 108,
3016. (e) Guldi, D. M_; Illescas, B. M.; Atienza, C. M.; Wielopolski, M.; Martin, N.
Chem. Soc. Rev. 2009, 38, 1587. (f) Li, C.-Z.; Yip, H.-L.; Jen, A. K.-Y. J. Mater. Chem.
2012, 22, 4161. (g) Zhu, S.-E; Li, F.; Wang, G.-W. Chem. Soc. Rev. 2013, 42, 7535.

(2) For representative examples, see: (a) Rubin, Y.; Khan, S.; Freedberg, D. 1.;
Yeretzian, C. J. Am. Chem. Soc. 1993, 115, 344. (b) Prato, M.; Suzuki, T.; Foroudian,
H.; Li, Q.; Khemani, K.; Wudl, F.; Leonetti, J.; Little, R. D.; White, T.; Rickborn, B.;
Yamago, S.; Nakamura, E. J. Am. Chem. Soc. 1993, 115, 1594. (c) Belik, P.; Giigel,
A.; Spickermann, J.; Miillen, K. Angew. Chem. Int. Ed. Engl 1993, 32, 78. (d)
Fernandez-Paniagua, U. M.; Illescas, B.; Martin, N.; Seoane, C.; de la Cruz, P.; de la
Hoz, A.; Langa, F. J. Org. Chem. 1997, 62, 3705. (e) Murata, Y.; Kato, N.; Fujiwara,
K.; Komatsu, K. J. Org. Chem. 1999, 64, 3483. (f) Yang, H.-T.; Ren, W.-L.; Miao,
C.-B.; Dong, C.-P,; Yang, Y.; Xi, H.-T.; Meng, Q.; Jiang, Y.; Sun, X.-Q. J. Org. Chem.
2013, 78, 1163.

(3) (a) Ohno, M.; Azuma, T.; Eguchi, S. Chem. Lett. 1993, 1833. (b) Ohno, M.;
Kojima, S.; Eguchi, S. J. Chem. Soc., Chem. Commun. 1995, 565. (c) Ohno, M.;
Kojima, S.; Shirakawa, Y.; Eguchi, S. Tetrahedron Letter. 1995, 36, 6899. (d) Ohno,

M.; Kojima, S.; Shirakawa, Y.; Eguchi, S. Tetrahedron Letter. 1996, 37, 9211. (¢)

34

ACS Paragon Plus Environment



Page 35 of 37 The Journal of Organic Chemistry

Martin, N.; Martinez-Grau, A.; Sanchez, L.; Seoane, C.; Torres, M. J. Org. Chem.

1998, 63, 8074.

oNOYTULT D WN =

(4) For reviews, see: (a) Water, R. W. V. D.; Pettus, T. R. R. Tetrahedron 2002,
11 58, 5367. (b) Pathak, T. P.; Sigman, M. S. J. Org. Chem. 2011, 76, 9210. (c) Bai,
13 W.-1.; David, J. G.; Feng, Z.-G.; Weaver, M. G.; Wu, K.-L.; Pettus, T. R. R. Acc.
16 Chem. Res. 2014, 47, 3655. (d) Jaworski, A. A.; Scheidt, K. A. J. Org. Chem. 2016,
18 81,10145.

21 (5) (a) Burgess, E. M.; McCullagh, L. J. A4m. Chem. Soc. 1966, 88, 1580. (b)
23 Ikeda, M.; Matsugashita, S.; Tabusa, F.; Ishibashi, H.; Tamura, Y. J. Chem. Soc.,
Chem. Commun. 1975, 575. (¢) Lancaster, M.; Smith, D. J. H. J. Chem. Soc., Chem.
28 Commun. 1980, 471.

(6) (a) Bowen, R. D.; Davies, D. E.; Fishwick, C. W. G.; Glasbey, T. O.; Noyce,
33 S. J.; Storr, R. C. Tetrahedron Letter. 1982, 23, 4501. (b) Wojciechowski, K.
35 Tetrahedron 1993, 49, 7277. (c) Wiebe, J. M.; Caillé, A. S.; Trimble, L.; Lau, C. K.
38 Tetrahedron 1996, 52, 11705.

40 (7) Tto, Y.; Miyata, S.; Nakatsuka, M.; Saegusa, T. J. Am. Chem. Soc. 1981, 103,
43 5250.

45 (8) (a) Steinhagen, H.; Corey, E. J. Angew. Chem. Int. Ed. 1999, 38, 1928. (b)
Steinhagen, H.; Corey, E. J. Org. Lett. 1999, 1, 823. (c) Yang, Q.-Q.; Xiao, C.; Lu,
50 L.-Q.; An, J.; Tan, F.; Li, B.-]J.; Xiao, W.-J. Angew. Chem. Int. Ed. 2012, 51, 9137. (d)
Huang, H.; Yang, Y.; Zhang, X.; Zeng, W.; Liang, Y. Tetrahedron Letter. 2013, 54,
55 6049. (e) Lee, A.; Younai, A.; Price, C. K.; Izquierdo, J.; Mishra, R. K.; Scheidt, K. A.
35

60 ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry

J. Am. Chem. Soc. 2014, 136, 10589. (f) Hovey, M. T.; Check, C. T.; Sipher, A. F;
Scheidt, K. A. Angew. Chem. Int. Ed. 2014, 53, 9603. (g) Zhan, G.; Shi, M.-L.; He,
Q.; Du, W.; Chen, Y.-C. Org. Lett. 2015, 17, 4750. (h) Liu, J.-Y.; Lu, H.; Li, C.-G;
Liang, Y.-M.; Xu, P.-F. Synlett 2016, 27, 1287. (i) Zhi, Y.; Zhao, K.; Shu, T.; Enders,
D. Synthesis 2016, 48, 238.

(9) For a recent review, see: (a) Wang, G.-W. Top. Organometal. Chem. 2016, 55,
119. For recent representative works, see: (b) Xiao, Y.; Zhu, S.-E; Liu, D.-J.; Suzuki,
M.; Lu, X.; Wang, G.-W. Angew. Chem. Int. Ed. 2014, 53, 3006. (c) Zhou, D.-B.;
Wang, G.-W. Org. Lett. 2016, 18, 2616. (d) Li, F.; Wang, J.-J.; Wang, G.-W. Chem.
Commun. 2017, 53, 1852.

(10) For copper-catalyzed/promoted reactions of Cg, see: (a) Jiang, S.-P.; Su,
Y.-T.; Liu, K.-Q.; Wu, Q.-H.; Wang, G.-W. Chem. Commun. 2015, 51, 6548. (b) Jiang,
S.-P.; Zhang, M.; Wang. C.-Y.; Yang, S.; Wang, G.-W. Org. Lett. 2017, 19, 5110. (c)
Jiang, S.-P.; Wu, Q.-H.; Wang, G.-W. J. Org. Chem. 2017, 82, 10823.

(11) (a) Chen, P.; Fujisawa, K.; Solomon, E. 1. J. Am. Chem. Soc. 2000, 122,
10177. (b) Zhang, G.; Yi, H.; Zhang, G.; Deng, Y.; Bai, R.; Zhang, H.; Miller, J. T,;
Kropf, A. J.; Bunel, E. E.; Lei, A. J. Am. Chem. Soc. 2014, 136, 924. (c) Hall, N.;
Orio, M.; Gennari, M.; Wills, C.; Molton, F.; Philouze, C.; Jameson, G. B.; Halcrow,
M. A.; Blackman, A. G.; Duboc, C. Inorg. Chem. 2016, 55, 1497.

(12) The CCDC number of compound 4 is 1557962. For more details, see the

Supporting Information.

36

ACS Paragon Plus Environment

Page 36 of 37



Page 37 of 37 The Journal of Organic Chemistry

(13) (a) lijima, J.; Lim, J.-W.; Hong, S.-H.; Suzuki, S.; Mimura, K.; Isshiki, M.

Appl. Surf- Sci. 2006, 253, 2825. (b) Platzman, 1.; Brener, R.; Haick, H.; Tannenbaum,

oNOYTULT D WN =

R. J. Phys. Chem. C 2008, 112, 1101. (c) Liu, P;; Hensen, E. J. M. J. Am. Chem. Soc.
11 2013, 735, 14032. (d) Gao, F.; Wang, Y.; Wang, X.; Wang, S. RSC Adv. 2016, 6,
13 34439,

16 (14) Stickle, J. F.; Sobol, P. E.; Bomben, K. D. Handbook of X-Ray
18 Photoelectron Spectroscopy; Chastain, J., Ed.; Perkin-Elmer Corporation Physical

21 Electronics Division: Eden Prairie, MN, 1992; pp 220—221.

37

60 ACS Paragon Plus Environment



