R F F R

ACTA CHIMICA SINICA DOI: 10.6023/A19050189

ERTRIIFRE SRR B BERSBIKR N

M2 - & oa ,a,b
HEE M e
(P EMRFZZA TR IR A N TAEE R E SRR = 22/ 730000)
C R R FAR 210023)

WE OE7 MDA TR B R 0 e B S I S N B R ORI, 1A
WHIIBGEAE TR AR S BRI o SRR O E W, 35 S B A0 kAR A A R, 193] —
Y C2 B E BT A, S Ttz 8 R AR RN, TS A ) e 3 S S AL A R L
b, Ak R BAT VIR RAERAE BRI R . XIOERE RS U E R S APy L1
BB IZ BN,

REgE  H RS C—H A Bl SRR, BT AR

Radical-Promoted Cross Dehydrogenative Coupling of Ketones and Esters

with Electron—Rich Heteroarenes
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Abstract The cross dehydrogenative coupling (CDC) via highly selective C—H bond functionalization represents one of
the most atom-economical, environmentally-benign and efficient synthetic strategies. For a long time, the cleavage of C—H
bonds initiated by free radicals has been regarded as unselective and useless. However, more and more studies have shown
that free radical mediated strategies could also achieve C—H bond functionalization in high selectivity recently. In general,
it’s well-known that nucleophilic free radical species tend to extract hydrogen atoms on electron-deficient C—H bonds, while
electrophilic free radicals abstract hydrogen atoms on electron-rich C—H bonds. A recent study by our group shows that after
thermal decomposition of peroxy tert-butyl ether, the electron-rich methyl radicals are produced. Then the radical cleavage of
the C(sp’)—H bond in ketone/ester would happen prior to the a-carbonyl-C—H bond. Subsequently, the electrophilic
o-carbonyl-C-centered radical selectively reacted with electron-rich olefins to afford new C—C bonds. Here, a free-radical
initiated highly selective cross dehydrogenative coupling reaction of simple ketones and esters with electron-rich het-
eroarenes was demonstrated. The ketones and esters were used as solvent, and they would afford the corresponding
o-carbonyl C-centered radicals, which then add to heteroaromatics leading to a series of C(2)-functionalized heterocycles.
The chemoselectivity of this system was well-controlled by application of the polar effect of free radicals. In addition, this
protocol features fast, simple operation, good functional group tolerance and site specific etc. The potential of this method
was demonstrated through the synthesis of non-steroidal anti-inflammatory and analgesic drug tolmetin. It is expected to have
wide applications in synthetic organic chemistry. Typical reaction conditions are as follows: a mixture of heteroarenes (1
equiv., 0.20 mmol), TBPA (3 equiv., 0.06 mmol) and ketones/esters (6 mL) was heated under reflux at 130 “C for about 1 h.
After completion of the reaction, the crude product was cooled to room temperature, the excess solvent was recovered by
rotary evaporator and the residue was further purified by column chromatography on silica gel to obtain the desired product
(eluent: petroleum ether/ethyl acetate).

Keywords free radical; C—H activation; ketone and ester; cross dehydrogenative coupling (CDC); electron-rich het-
eroarene
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Table 1 Optimization of the reaction

o -
@ e} /k catalyst WO
+ E——
N\ )ko radical initiator N\

Entry Radical initiator ~ Peroxide (equiv.) Sol./mL#hTem./C Yield"/%
1 Fe(acac); (10 mol%) TBHP(decane) 3) 5 12 130 8

2 Fe(acac); (10 mol%)  DTBP (3) 5 12 130 25
3 Fe(acac); (10 mol%)  K,S,05 (3) 512 130 0
4 TFe(acac); (10 mol%)  DCP(3) 5 12 130 39
5 Fe(acac); (10 mol%)  TBPA (3) 5 1 130 38
6 — DCP (3) 5 12 130 24
7 — TBPA (3) 5 1 130 54
8 — TBPA (3) 4 1 130 45
9 — TBPA (3) 6 1 130 60
10 — TBPA (3) 7 1 130 sl
11 — TBPA (3) 6 2 130 47
12 — TBPA (2) 6 1 130 32
13 — TBPA (3) 6 1 120 26

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“Reaction conditions: N-methyl indole (1 equiv., 0.2 mmol), fert-butyl acetate
as solvent, sealed tube, unless otherwise noted; b Isolated yields.
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Table 2 Radical CDC reaction of ketones and esters with N-heterocycles.

"""""" 3 equiv. TBPA o)
& o) Sean TBPA_ (M)
R'(OR)  130°C1h --

________ X R'(OR’)
X =0,NR R
1, 60%” (21%) 2,46% (20%) 3, 65%(17%) 4,49% (32%) 5, 56% (28%) 6, 48% (44%)
7,61% ( 9% 8, 30% (26%) 9, 54% (37%) 10, 42% (36%) 11, 59% (25%)
COOH OH Br
o—
N N
A\ N o} D
° o N ) D o
\ \ 0o \ O
12, 74% (26%) 13, 76% (24%) 14, 73% 15. 839 16, 62% 17, 42% (16%)
, (]

\O Boc

\Bn Ph
18, 44% (33%) 19, 40% 20, 22% (24%) 21,72%

N IS %@m QTNX@DJ\‘

23, 41% (28%) 25, 40% (26%)

22, 54% (36%)

24, 38% (18%) 26,29% (28%) 75% (23%)
o)
NC o/
A\
N\
0, 0,
28, 40% (21%) 29, 46% (41%) 30, 34% (35%) 3. 51 % (19%) 32, 54% (17%) 33, 64%
o)
- w §
Ph™ 0

34, 42% (21%) 35, 35% (25%) 36, 44% (20%) 37, 31% (30%) 38, 30% (36%)

“Reaction condition: heteroarene (1 equiv., 0.2 mmol), TBPA (3 equiv., 0.6 mmol), ester/ketone as solvent (6 mL), 130 °C, 1 h, sealed tube; furan (1 equiv., 0.2
mmol), Cul (10% mol, 0.02 mmol), ketones as solvent (5 mL), Np, 115 C, 12 h, sealed tube, unless otherwise noted. b Isolated yields. © Recovery of starting materi-

als (rsm).
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Btk R AR 0-C(sp’)—H AL B (27~32). 4 5% BEAN, 2 N AT DABR] b S8l v 2% AR . lan, an
T ) 5 S o S A S I LR 38 47 (33 ~38). AN X R FE Scheme 2 fli7w, iz HZJ7 A Mo B IR, nTb+0f
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ND
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_—
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\ 6 mL
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yield of 33: 16%
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B3 HLEBIT

Scheme 3 Mechanistic studies
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