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Benzylic Oxidation Catalyzed by Cobalt(ll)-Terpyridine
Coordination Polymers

Liu, Jianqi Fan, Weiwei™* Xiong, Hangxing Jiang, Jingyun Zhan, Hongju
(College of Chemical Engineering and Pharmacy, Jingchu University of Technology, Jingmen, Hubei 448000)

Abstract Direct benzylic C—H oxidation for the synthesis of aromatic ketones was developed. Employing cobalt(II)-ter-
pyridine coordination polymers as catalyst, ferz-butyl hydroperoxide (TBHP) as oxidant and Na,CO3 as activator, 19 aromatic
ketones were prepared with good to excellent yields (78%~99%) in water. The reaction showed a broad range of substrates
with good functional group tolerance and chemical selectivity. By control experiments, a trapping experiment using
2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) and detection of intermediates during reaction, a reasonable radical mechanism
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for this type of reaction was also demonstrated.
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1 Introduction

Direct C—H oxidation is one of the most fundamental
and valuable transformations in organic synthesis.['*] For
decades, applying direct C—H oxidation for the synthesis
of ketones has attracted extensive research interest, as ar-
omatic ketones are important intermediates for the synthe-
sis of pharmaceuticals, natural products, agrochemicals,
etc. For example, benzoylpyridines are key intermediates
for the synthesis of many pharmaceutical products.**! For
metal-catalyzed C—H oxidation, plenty of transition-metal
catalysts have been developed, such as Ru,[’l Re,[®! Ay,
Cu’[IO] CO,[”] Fe,[12—13] Mn,[‘4"5] Ni’[lé] Cr,[l7] Zn’[18] and
V.11 as well as Pd-Cul®” and Mo-Cu?! bimetal systems.
In addition, several metal-free catalytic systems have been
reported, including N-hydroxyphthalimide/O,,??! N-hetero-
cyclic carbenes,?¥ I/pyridine/BuOOH (TBHP),**! and
KBr-Oxone,>>?! etc. Despite significant progress, there
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are still many challenges to overcome for catalytic C—H
oxidation. It is a growing concern that most reaction media
are environmentally unfriendly, although in most known
examples the reactions were carried out under mild condi-
tions. Towards a perspective of green chemistry, the use of
benign oxidizers (O,, H,O,, TBHP, efc.) and greener sol-
vents such as H,O and alcohols are desired.”-?":%)

In metal catalysis, the replacement of noble metals with
earth-abundant metals is a desirable aim. Employing ni-
trogen based ligands instead of expensive, air-sensitive and
toxic phosphorus ligands is also highly anticipated. To
address this, a group of cobalt and manganese coordination
polymers based on readily available 4'-(4-pyridyl)-
2,2".6',2"-terpyridine ligands have been previously devel-
oped by the Zhang group.l*>33! These catalysts were air-
and bench-stable, and exhibited excellent catalytic effi-
ciency for carbonyl, alkene and alkyne hydroboration or
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hydrofunctionalization. We were interested in exploring
whether such metal coordination polymers could be uti-
lized in oxidation catalysis. Herein, we report the facile
and mild oxidation of benzylic C—H bonds of aryl ketones
with TBHP in aqueous media.

Recently, a metal-free TBHP system for benzylic oxida-
tion has been revealed,* however, excessive oxidant (12
equiv.) and high temperature were required. Although sev-
eral Co(Il) catalysts for benzylic C—H oxidation with
TBHP, including Co(acac),, Co(II) porphyrin and Co(II)
complex with 2,4,6-tris(2-pyridyl)-1,3,5-triazine, have also
appeared®7 (Scheme 1), none of them could be applied
in aqueous media. Our study provides an alternative Co(II)
catalyst with high catalytic activity in aqueous media, and
also proposes a new model of direct C—H oxidation that
employs one-dimensional (1-D) coordination polymer (CP)
instead of conventional small molecules.

Previous work: [COII]
'BUOOH %

R™ R

Solvent R R’

Typical catalysts:

Co(acac SEAN
co@cack - _ «@»o«@»ccw o o
in acetone

in acetonitriler

Xiao, 2013 |nLéia’czect)(1r;Itrller Farzaneh, 2019
This work:
[Co"-CP]/Na,CO;4
BUOOH
RrR ———

water R™ R

co'-cp

Scheme 1 Benzylic C—H oxidation with BuOOH catalyzed by
Co(IT) complexes

2 Results and discussion

To evaluate the catalytic efficiency of coordination
polymer 1, the oxidation of diphenylmethane was selected
as a model reaction. The influence of reaction conditions,
including the catalysts, oxidants, activators and solvents
was investigated (Table 1). It was pleased to observe that
diphenylmethane could be efficiently oxidized by TBHP in
water using 1 as a catalyst in the presence of Na,COs,
leading to complete conversion to benzophenone (Entry 1).
Control experiments revealed that no product was observed
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in the absence of catalyst (Entry 2) and a much lower yield
of 35% was observed with CoCl,*6H,0 as a catalyst (Entry
3), proving the role of 1 as an effective catalyst. It was
further found that the choice of oxidizer is crucial to high
efficiency. In the absence of TBHP or replacing it with
other oxidizers (O, H,0,, ‘BuOOBu), the oxidation of
diphenylmethane did not occur at all (Entries 4~7). The
solvent effect was also found to be significant. The yields
dramatically fall in other solvents such as MeCN, MeOH,
dioxane or EtOH (Entries 8~11). Adding a base as an
activator is also a key to high efficiency, which could sig-
nificantly increase yield from 13% to 99% (Entries 1 and
12). But the selection of base additive was found to be less
important. The reactions with K,COs;, NaOH, Et;N or
‘BuOK as an activator were all effective, offering excellent
yields ranging from 90% to 99% (Entries 13~16).

Table 1 Optimization of reaction conditions”

O
Oxidant
Solvent, 70 °C

Oxidant Activator Solvent Time/h Yield?/%

Entry Catalyst

1 1 TBHP Na.CO; H:0 7 >99
2 — TBHP NaxCO3 H20 10 —
3 CoCl*6HO TBHP NaxCOs HO 10 35
4 1 — Na2COs;  H20 10 —
5 1 (03 Na2CO;  H20 10 —
6 1 H202 NaxCOs H20 10 —
7 1 ‘BuOOBu Na:CO3; Hx0 10 —
8 1 TBHP NaxCOs MeCN 10 62
9 1 TBHP NaxCOs MeOH 10 33
10 1 TBHP NaxCOs; Dioxane 10 6
11 1 TBHP NaxCO; EtOH 10 11
12 1 TBHP — H20 7 13
13 1 TBHP K2COs  H20 7 >99
14 1 TBHP NaOH H:0 7 >99
15 1 TBHP Et:N H20 7 >99
16 1 TBHP ‘BuOK  H0 7 90

© 2021 Chinese Chemical Society & SIOC, CAS

@ All reactions were performed on a 1-mmol scale in 3 mL solvent with 3
mol% catalyst, 5 equiv. oxidant and 3 mol% activator. ? Determined by GC
analysis with decane as an internal standard. ¢ Oxygen balloon.

Under the optimal reaction conditions, the scope of
benzylic substrates was investigated, and the results are
summarized in Table 2. For diphenylmethane type sub-
strates (Table 2, 2a~2c¢), substituted benzophenones were
observed with excellent yields (95%~99%), and function-
al groups such as Cl and COOH were tolerated, even
though it was assumed that the introduction of COOH
group would consume the alkali activator and thus inhibit-
ed the reaction. One possible explanation is that the sub-
strate is insoluble in water and the tardy neutralization re-
action could not prevent the activator from promoting the
catalytic process. For fluorene type substrates (2d~2g),
the reaction afforded oxidation products with high to ex-
cellent yields (80%~99%) and some electron-withdrawing
groups (Br and acetyl) were tolerant. However, the intro-
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duction of stronger electron-withdrawing group such as
NO, caused an evident decline of yield (2g). 9,10-Dihydro-
anthracene was oxidized completely on its both benzyl
sites to afford anthraquinone with a high yield (2h).
4-Benzylpyridine and xanthene were also suitable for this
method, showing excellent yields (2i, 2j). In addition, the
catalytic method has been successfully applied to
ethylbenzene and its derivatives, and good to excellent
yields (78%~95%) were observed (2k~2s). Both elec-
tron-donating group (OCH3) and electron-withdrawing
groups (Cl, Br, I) were tolerated, while in the case of
2-bromoethylbenzene the yield was slightly lower, possi-

ARTICLE
bly due to the steric effect (2s).

The oxidation protocol was also applied for a gram-scale
synthesis. Under the same reaction condition, a 10 mmol
scale of diphenylmethane (1.68 g) was oxidized complete-
ly, resulting in the production of 2a in 97% isolated yield.

Finally, the possible mechanism was investigated to gain
insights into the oxidative process. As the yield did not
vary under the N, atmosphere, and the substrate could not
be oxidized by O, (Table 1, Entry 5), the TBHP is the main
oxidant. In a trapping experiment using 2,2,6,6-tetra-
methylpiperidine-1-oxyl (TEMPO), the TEMPO adduct 4
was confirmed by LC-MS (Scheme 2, a). That indicated

Table 2 Substrate scope for the benzylic oxidation?

TBHP (5 quiv.)

1 (3 mol%)
Na,CO3 (3 mol%)

(o}

H,O,70°C, 7 h

99%” ( 9%0) 9% (99% 8% 5%

85% 80% 99%¢ 5%) 97% (96%)

93% (90%) 99% 86% 97% (88%)

«2* g @* @* »@ﬁ A

98% (87%)

Br ot

9% 9% 95% (93%) 9% 8%
o
21
99% (97%) 97% (95%) 96%¢ (89%)

Br

2q 2r 2s
95% (89%) 96% (90%) 84% (78%)

@ All reactions were performed on a 1-mmol scale in 3 mL solvent. ® Yield determined by GC analysis with decane as an internal standard. ¢Isolated yield. ¢ Yield
determined by '"H NMR with 1,4-dioxane as an internal standard. ¢ 8 equiv. of TBHP was added.

(a)
optimal condition

TEMPO (2.5 equiv.)

o

TBHP (4 equiv.)
1 (3 mol%)

H,0,70°C,7h

()

Na,CO3 (3 mol%)

optimal condition

_ >

o

4 (31%)
LC-MS conflrmed

““#‘

(16%)

5 (44%) 2h 56%
0O0Bu
2a 42% 6 (27%)

Scheme 2 Trapping experiment (a), incomplete oxidation of 9,10-dihydroanthracene (b) and diphenylmethane (c)
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the abstraction of benzylic hydrogen through a radical
mechanism during the reaction. This is also supported by
the incomplete oxidation of 9,10-dihydroanthracene. When
TBHP was inadequate (4 equiv. instead of 8 equiv.), the
dehydrogenated product anthracene (5) was obtained as a
byproduct (Scheme 2, b). During the oxidation of diphe-
nylmethane, a key peroxide intermediate 6 was also ob-
served (Scheme 2, ¢). It was isolated and confirmed by 'H
NMR and *C NMR spectroscopies.

Based on the above results, a plausible reaction mecha-
nism was proposed as shown in Scheme 3. Firstly, Co(II)
complex could react with TBHP to form a Co(III)-peroxy
adduct, releasing ‘BuOOe¢ and ‘BuO+ while regenerating the
Co(II) complex.[38391 Then the abstraction of benzylic hy-
drogen took place, affording radical 7 resulting from the
reaction with ‘BuQe."?!l The newly generated ‘BuOO-
could also abstract benzylic hydrogens, but the rate was
much less than that of BuOs.[*] Therefore, it would main-
ly react with radical 7 to form the peroxide intermediate 6.
Finally, 6 decomposed to give the resulting ketone prod-
uct.2134 1t was believed that the Co(Il) coordination poly-
mers might have facilitated the decomposition of peroxide
intermediate 6, as it was known that its spontaneous de-
composition could only be carried out at a much higher
temperature (130 °C) with longer reaction time.4

‘BUOOH
_—0
BuO \

BUOO- H
= Co catalyst
BuoO -
G
“otBu >< O\H

H,O0 ‘BUOOH
P BuO- .
Ph” Ph Ph”_Ph
7
confirmed by trapping
experiments with TEMPO
’BuOO'J
i
o OO'Bu
I
Ph)kPh - '‘BuOH Ph 6 Ph

isolated and confirmed
by 'H and '3C NMR

Scheme 3 Possible reaction mechanism

3 Conclusions

In summary, an efficient procedure for the benzylic ox-
idation in water, using cobalt(II)-terpyridine coordination
polymer as a catalyst and TBHP as an oxidant was devel-
oped. A broad scope of substrates have been explored and
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good to excellent yields of the corresponding ketone prod-
ucts were obtained. Further studies on the structural modi-
fication of the current coordination polymer catalyst for
improved performance in more challenging direct C—H
oxidation reactions are underway.

4 Experimental section

4.1 Materials and methods

All the Chemicals and solvents were purchased from
commercial suppliers and used as purchased without any
further purification. Unless stated otherwise, all the reac-
tions were carried out in a 10 mL test tube with rubber
stopper under air atmosphere. 'H NMR and *C NMR
spectra were recorded on a Bruker Avance 111 HD 400MHz
spectrometer at ambient temperature with CDCI; as sol-
vent. For the calculation of conversions of some substrates,
dioxane was added as the internal standard. Conversions of
most substrates were determined by a TRACE 1300 gas
chromatography equipped with a Phenomenex Zebron
ZB-1701 capillary column. Mass spectrometry (LC-MS)
was performed on a Thermo Scientific LCQ Fleet lon Trap
Mass Spectrometer.

4.2 Preparation of Co(ll) coordination polymer (cat-
alyst)

Co(II) coordination polymer was prepared according the
literatures.32-331  4'-(4-Pyridyl)-2,2":6',2"-terpyridine (310
mg, 1 mmol) was dissolved in 40 mL of CH,Cl, and then
placed in a 100 mL test tube. After 20 mL of MeOH was
layered on the top of the solution, a solution of
CoCl,*6H,0 (238 mg, 1 mmol) in MeOH (40 mL) was
slowly added. The tube was sealed and stored at room
temperature. Four weeks later, the crystals were collected
and washed with EtOH, and then dried in vacuo. Finally,
light brown crystals were obtained (285 mg, 52% yield)
and the structure was confirmed by a X-ray single crystal
diffractometer.

4.3 General oxidation procedure

Substrate (1 mmol), TBHP (0.65 g, 70% in water),
Co(1I) coordination polymer (13 mg, 0.03 mmol based on
Co(L)Cl,), Na,COs (3.2 mg, 0.03 mmol) and water (3 mL)
were added to a 10 mL test tube equipped with a stir bar.
The reaction mixture was stirred at 70 C for 7 h. After
the reaction, the reaction mixture was cooled down to
room temperature and extracted 3 times with CH,Cl, (10~
15 mL). The CHCl, solution was diluted and analyzed by
GC with decane as an internal standard. For substrates 2¢,
2h and 21, the CH,Cl, solution was evaporated and ana-
lyzed by 'H NMR with 1,4-dioxane as an internal standard.

In a repeat experiment, the CH,Cl, solution was dried
with anhydrous sodium sulfate and then evaporated. The
crude product was purified through silica gel column
chromatography using petroleum ether and ethyl acetate as
eluent.

Benzophenone (2a): White solid (181 mg, 99% yield).
m.p. 46~48 C(lit.[ 47.5~479 C); 'H NMR (400

Chin. J. Org. Chem. 2021, 41, 4409~4414
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MHz, CDCls) d: 7.80 (dt, J=8.4, 1.6 Hz, 4H), 7.63~7.53
(m, 2H), 7.52~7.43 (m, 4H); '3C NMR (101 MHz,
CDCls) 0: 196.82, 137.52, 132.44, 130.07, 128.27.

(4-Chlorophenyl)(phenyl)methanone (2b): White solid
(216 mg, 99% yield). m.p. 75~78 °C (lit.*1 77.8 ~
78.4 °C); 'H NMR (400 MHz, CDCls) §: 7.80~7.70 (m,
4H), 7.64~7.57 (m, 1H), 7.52~7.42 (m, 4H); '*C NMR
(101 MHz, CDCl3) o: 195.43, 138.85, 137.19, 135.83,
132.63, 131.45,129.91, 128.61, 128.39.

2-Benzoylbenzoic acid (2¢):*? White solid (215 mg,
95% yield). m.p. 126~128 ‘C(123~125 C); 'H NMR
(400 MHz, CDCl;) o: 8.07 (d, J=7.8 Hz, 1H), 7.68 (ddd,
J=10.3, 8.7, 4.2 Hz, 3H), 7.56 (ddd, /=10.2, 8.4, 4.3 Hz,
2H), 7.40 (dd, J=16.4, 8.5 Hz, 3H); '*C NMR (101 MHz,
CDCly) o: 197.11, 170.71, 142.60, 136.96, 133.28,
133.26 ~132.94 (m), 130.92, 129.58, 129.45, 128.48,
127.85, 127.71.

9H-Fluoren-9-one (2d): Yellow solid (1789 mg, 99%
yield). m.p. 83~84 C(lit.*}1 79~81 °C); 'H NMR (400
MHz, CDCl3) d: 7.65~7.56 (m, 2H), 7.48~7.39 (m, 4H),
7.30~7.20 (m, 2H); '3C NMR (101 MHz, CDCl;) é:
193.97, 144.42,134.72, 134.12, 129.09, 124.31, 120.34.

2-Bromo-9H-fluoren-9-one (2e): Yellow solid (241 mg,
93% yield). m.p. 145~146 C(lit.*¥ 143~146 C); 'H
NMR (400 MHz, CDCl;) é: 7.76 (d, J=1.8 Hz, 1H), 7.66
(dt, J=7.3, 0.8 Hz, 1H), 7.61 (dd, J=7.9, 1.9 Hz, 1H),
7.53~7.49 (m, 2H), 7.40 (d, J=7.9 Hz, 1H), 7.32 (ddd,
J=74,5.0, 3.5 Hz, 1H); 3C NMR (101 MHz, CDCl;) 4:
192.44, 143.68, 143.01, 137.11, 135.76, 135.05, 133.69,
129.44, 127.58, 124.63, 122.92, 121.74, 120.45.

2-Acetyl-9H-fluoren-9-one (2f): Yellow solid (218 mg,
98% yield). m.p. 156~158 C(lit.* 153~156 C); 'H
NMR (400 MHz, CDCl;) ¢: 8.29~8.05 (m, 2H), 7.73 (d,
J=7.4 Hz, 1H), 7.64 (dd, J=11.4, 4.0 Hz, 2H), 7.56 (tt,
J=38.9, 4.4 Hz, 1H), 7.40 (td, J=7.4, 1.0 Hz, 1H), 2.65 (s,
3H); 3C NMR (101 MHz, CDCl3) J: 196.64, 192.79,
148.50, 143.26, 137.78, 135.06, 134.92, 134.87, 134.31,
130.25, 124.68, 124.19, 121.29, 120.46, 26.78.

2-Nitro-9H-fluoren-9-one (2g): Yellow solid (180 mg,
80% yield). m.p. 220~222 C(lit.* 222~223 C); 'H
NMR (400 MHz, CDCls) o: 8.49 (d, /=2.1 Hz, 1H), 8.42
(dd, J=8.2, 2.2 Hz, 1H), 7.82~7.75 (m, 1H), 7.72~7.66
(m, 2H), 7.62 (td, J=17.5, 1.1 Hz, 1H), 7.46 (td, J=7.4, 1.0
Hz, 1H); *C NMR (101 MHz, CDCl;) §: 190.97, 149.74,
148.73, 142.30, 135.46, 135.03, 134.98, 131.02, 129.96,
125.12,121.80, 120.72, 119.58.

Anthracene-9,10-dione (2h): Yellow-green solid (198
mg, 95% yield). mp. 279 ~ 281 °C (lit.! 277.9 ~
278.4 C); '"H NMR (400 MHz, CDCl;) J: 8.32 (dt, J=
7.0, 3.5 Hz, 4H), 7.84~7.78 (m, 4H); '*C NMR (101
MHz, CDCl;) d: 183.18, 134.14, 133.52, 127.24.

Phenyl(pyridin-4-yl)methanone (2i): Yellow solid (176
mg, 96% yield). m.p. 69~71 C(it.* 68~70 C); 'H
NMR (400 MHz, CDCl) J: 8.82 (dd, /=4.4, 1.6 Hz, 2H),
7.90~7.77 (m, 2H), 7.72~7.62 (m, 1H), 7.59 (dd, J=4.4,
1.6 Hz, 2H), 7.56~7.49 (m, 2H); '*C NMR (101 MHz,
CDCls) 0: 195.21, 150.40, 144.37, 135.89, 133.58, 130.17,
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128.69, 122.91.

9H-Xanthen-9-one (2j): Beige solid (190 mg, 97%
yield). mp. 172~174 C(lit 172.9~173.4 C); 'H
NMR (400 MHz, CDCls) 6: 8.36 (dd, J=8.0, 1.6 Hz, 2H),
7.74 (ddd, J=8.7, 7.1, 1.7 Hz, 2H), 7.51 (dd, J=8.4, 0.6
Hz, 2H), 7.39 (ddd, J=8.1, 7.2, 1.0 Hz, 2H); '3C NMR
(101 MHz, CDCls) ¢: 177.27, 156.21, 134.84, 126.77,
123.93, 121.88, 118.00.

Acetophenone (2k):"' Colorless oil (115 mg, 95%
yield). "H NMR (400 MHz, CDCL3) &: 7.97 (dt, J=8.5, 1.7
Hz, 2H), 7.61~7.53 (m, 1H), 7.52~7.42 (m, 2H), 2.61 (s,
3H); 3C NMR (101 MHz, CDCly) & 19825, 137.11,
133.16, 128.60, 128.34, 26.68.

1-Naphthalen-1-yl-ethanone (21):*! Colorless oil (151
mg, 89% yield). 'H NMR (400 MHz, CDCly) &: 8.83~
8.69 (m, 1H), 7.96~7.81 (m, 3H), 7.58 (ddd, J=38.5, 6.8,
1.5 Hz, 1H), 7.52~7.41 (m, 2H), 2.70 (s, 3H); *C NMR
(101 MHz, CDCls) ¢: 201.81, 135.34, 133.93, 133.02,
130.09, 128.70, 128.38, 128.02, 126.40, 125.97, 124.30,
29.94.

4-Acetylbiphenyl (2m): Beige solid (176 mg, 90%
yield). mp. 120~122 ‘C(lit/ 128.4~128.8 C); 'H
NMR (400 MHz, CDCL3) &: 8.10~7.99 (m, 2H), 7.73~
7.67 (m, 2H), 7.67~7.60 (m, 2H), 7.53~7.45 (m, 2H),
7.41 (d, J=17.3 Hz, 1H), 2.65 (s, 3H); '3C NMR (101 MHz,
CDCl) 0: 197.8, 145.8, 139.88, 135.8, 128.9, 128.9, 128.2,
127.2,127.2, 26.6.

1-(4-Methoxyphenyl)ethanone (2n): White solid (129
mg, 86% yield). m.p. 37~38 “C(lit.[1 38.2~38.5 C); 'H
NMR (400 MHz, CDCl3) J: 7.96~7.89 (m, 2H), 6.96~
6.88 (m, 2H), 3.85 (s, 3H), 2.54 (s, 3H); *C NMR (101
MHz, CDCl) d: 196.76, 163.47, 130.57, 130.27, 113.66,
55.44,26.33.

1-(4-Chlorophenyl)ethanone (20):?!1 Colorless oil (136
mg, 88% yield). 'H NMR (400 MHz, CDCly) &: 7.94~
7.78 (m, 2H), 7.40 (dd, J=38.9, 2.2 Hz, 2H), 2.57 (s, 3H);
3C NMR (101 MHz, CDCl;) J: 196.69, 139.41, 135.33,
129.69, 128.79, 26.49.

1-(4-Bromophenyl)ethenone (2p): White solid (173 mg,
87% yield). m.p. 50~52 C (lit!! 51.4~522 C); 'H
NMR (400 MHz, CDCl3) J: 7.85~7.77 (m, 2H), 7.62~
7.53 (m, 2H), 2.58 (s, 3H); 13C NMR (101 MHz, CDCL) 6
197.00, 135.77, 131.87, 129.85, 128.29, 26.57.

1-(4-lodophenyl)ethanone (2q): Beige solid (219 mg,
89% vyield). m.p. 82~84 ‘C(lit! 84.4~848 C); 'H
NMR (400 MHz, CDCl3) J: 7.89~7.76 (m, 2H), 7.73~
7.60 (m, 2H), 2.58 (s, 3H); 13C NMR (101 MHz, CDCL) &
197.3,137.9, 136.3, 129.7, 101.1, 26.4.

1-(3-Bromophenyl)ethanone (2r):?"7 Yellow oil (191
mg, 90% yield). 'H NMR (400 MHz, CDCL) : 8.07 (t,
J=1.8 Hz, 1H), 7.93~7.81 (m, 1H), 7.68 (ddd, J=38.0,
2.0, 1.0 Hz, 1H), 7.34 (t, J=7.9 Hz, 1H), 2.59 (s, 3H); 1*C
NMR (101 MHz, CDCl3) ¢: 196.60, 138.76, 135.94,
131.33, 130.21, 126.87, 122.94, 26.63.

1-(2-Bromophenyl)ethanone (2s):2! Yellow oil (167
mg, 78% yield). 'H NMR (400 MHz, CDCl3) &: 7.61 (dd,
J=179, 1.0 Hz, 1H), 7.47 (dd, J=7.6, 1.7 Hz, 1H), 7.37
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(td, J=17.5, 1.1 Hz, 1H), 7.32~7.26 (m, 1H), 2.63 (s, 3H);
BC NMR (101 MHz, CDCl;) d: 201.42, 141.46, 133.86,
131.83,128.94, 127.47, 118.92, 30.36.

4.4 Gram-scale reaction

Diphenylmethane (1.7 g), TBHP (6.5 g, 70% in water),
Co(Il) coordination polymer (100 mg), Na,CO; (30 mg)
and water (30 mL) were added to a 100 mL flask equipped
with a stir bar. The reaction mixture was stirred at 70 C
for 7 h. After the reaction, the reaction mixture was cooled
down to room temperature and extracted 3 times with
CH)Cl, (15 mL). The CH,Cl, solution was then evapo-
rated. The crude product was purified through silica gel
column chromatography using petroleum ether and ethyl
acetate as eluent.

4.5 Trapping experiment

4-Benzylpyridine (169 mg, 1 mmol), TBHP (0.65 g,
70% in water), TEMPO (780 mg, 5 mmol), Co(II) coordi-
nation polymer (13 mg, 0.03 mmol based on Co(L)Cl),
Na,COs (3.2 mg, 0.03 mmol) and water (3 mL) were added
to a 10 mL test tube equipped with a stir bar. The reaction
mixture was stirred at 70 ‘C for 7 h. After the reaction,
the reaction mixture was cooled down to room temperature
and extracted 3 times with CH,Cl, (10~15 mL). The
CH,Cl; solution was diluted and analyzed by LC-MS. The
products were isolated by silica gel column chromatog-
raphy using petroleum ether and ethyl acetate as eluent.

Supporting Information Preparation of catalyst, 'H
NMR and 3C NMR spectra, LC-MS spectrum. The Sup-
porting Information is available free of charge via the In-
ternet at http://sioc-journal.cn.
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