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Advances in Free-Radical Promoted C(sp®)—C(sp?)
Bond Conversion

Wu, Jintao Liu, Zhongquan™
(College of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023)

Abstract Efficient C—C bond conversion might bring innovation to clean energy and circular economy. In the past several
decades, developments of relatively chemical active carbon-carbon multibond conversion have been made. However, the
research progress on effective functionalization of inert C(sp*)—C(sp®) bond is heavy going. The advances in this area from a
free-radical chemistry point of view are summarized, which can help researchers who are interested in this topic to understand
it quickly. The progesses as well as the corresponding mechanisms for free-radical promoted selective cleavage of saturated
C—C bonds in alcohols and ethers, amines, aryl alkanes and simple alkanes are demonstrated. In each part, the explorations

are depicted according to the initiating manners such as thermochemistry, photochemistry and electrochemistry.
Keywords free-radical chemistry; C—C bond activation; photochemistry; electrochemistry; alcohol and ether; amine; aryl

alkane; simple alkane
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Scheme 1 Main pathway of C(sp*)—C(sp®) radical breaking in
tertiary alcohols
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Scheme 2 Main method for metal ion to promote the oxidation
and ring opening of 1-methoxycyclopropanol
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BG4, W4E 5, Narasaka 25060 70 I AFR[4.1.0]5¢
FE-1-B% 9 7E Mn(pic)s FAL A T T URAES SRR, A
B BER ) 10 (Scheme 4).
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Scheme 3 Reaction mechanism of oxidation ring opening of
phenyl cyclopropanol
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Scheme 4 Intramolecular ring-opening and cyclization of cy-
clopropanols
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1174 14 (Scheme 5).
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Scheme 5 Synthesis mechanism of y-carbonyl benzoquinone
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Scheme 6 Silver-catalyzed ring-opening strategy for the syn-
thesis of y-fluorinated ketones
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Scheme 7 Plausible mechanism of the synthesis of y-fluorinated
ketones
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(Scheme 8). AT HLEZAL A4 1 - HLAREF ) S M £,
A2 AR S BT i A e () A

18 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

R!' OH Mn(OAc)s, Bipy o
TMSN3, BI-OH
R? . ; N3
CH3CN, r.t. or 70 C R
21 R?
22
N -
BI-OH Bipy

B8 A T A A B R S
Scheme 8 Manganese-catalyzed oxidative azidation of cyclo-
butanols
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Scheme 9 Proposed reaction mechanism of azidation of cyclo-
butanols
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Scheme 10 Manganese-catalyzed oxidative ring-opening cya-
nation of cyclobutanols
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1.
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B 11 PE C(OH)—C AL 24 iR

Scheme 11 Oxidative C(OH)—C bond cleavage of secondary
alcohols to acids
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Scheme 12  Nitrogen dioxide catalyzed aerobic oxidative
cleavage of C(OH)—C bond of secondary alcohols to acids
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15).
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(Scheme 16).
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Scheme 13 Plausible reaction pathway for the acrobic oxidative cleavage and functionalization of C(OH)—C bond

Chin. J. Org. Chem. 2022, 42, 16~32

© 2022 Chinese Chemical Society & SIOC, CAS

19

http://sioc-journal.cn/



BIKE

[Cu], K,CO4
OH 1,10-phen, NIS 0

RZ + MeOH - _
R1)\/ 4 A DMSO, 0, 140°C R'" O
40 “

B 14  C(OH)—C BEIA SR R AR 1L S S
Scheme 14 Aecrobic oxidative cleavage and esterification of
C(OH)—C bond
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Scheme 15 Metal-free chemoselective oxidative dehomologa-
tion of primary alcohols
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Scheme 16 Successive C(sp®)—C(sp*) bond cleavage in pri-
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H
cat. 02 R
R [
7 OH 70 R/gO
44 46 a7
MeOH
T ouaen L
oxidation
RJ\O/ R O/
45 48

B 17 Co-NC-900 #EXFIMEA A MATRE C—C BIELLRM
R T BE S N g AR

Scheme 17 Possible reaction pathway of co-nc-900 catalyst for
catalytic oxidation of primary alcohol and continuous cleavage of
C—C bond to ester
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Scheme 18 Photocatalyzed ring opening fluorination of cyclo-
propanols
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Scheme 19 Proposed mechanism for photocatalyzed site-sele-
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Scheme 20 Synthesis of 1,8-dicarbonyl compounds
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Scheme 21 Catalytic ring-opening of cyclic alcohols enabled
by PCET activation of strong O—H bond
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Scheme 22 Possible mechanism of catalytic ring-opening of
cyclic alcohols via PCET
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Scheme 23 Selective C(sp’)—C(sp?) bond cleavage and alky-
nylation of linear alcohols
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Scheme 24 Plausible mechanism of selective C(sp>)—C(sp®)
bond cleavage alkynylation of linear alcohols
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Fe4k [ V. (Scheme 25).

OH cat CeCly 7H,0 5
cat. TBACI, DBAD Nidatd
MeCN, 19 h o) NHBoc
Bleu LEDs 70
69 68% yield
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Scheme 25 Photocatalytic C(sp’)—C(sp*) bond cleavage and
amination of 2-methylcyclohexanol
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2019 4F, Knowles PR HPHRIE | /EEREZAAE T, 2-
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B3R 26 2-FHEEIE Ul 2R S AL IR
Scheme 26 Proposed mechanism for the cleavage and amina-
tion of 2-methylcyclohexanol

OH cat. [Ir(dF(CF3)ppy)2(5,5'-d(CF3)bpy)]PFg

H cat PBu,*(MeO),POO", cat. TRIP-SH
0.05 mol/L in toluene, Blue LEDs, r.t.
AG” > +33 kd/mol 77
76 84% yield

B 27 Ol 2- PR CEE R 1L
Scheme 27 Photocatalytic isomerization of 2-methylcyclo-
hexanol

Bk, 2015 4, Hirao WEAHPHRIE TTERT WOLFE T T,
I A AR 4 B AL AL ) 81, SEEL T ARFRMERIARR &R
WERLJy T 4546 78 R C(sp?)—C(sp?) Bt ML ¢, 153
FLA N ANE A TR S B 79 HEREEZS 80
(Scheme 28).
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B 28 PEEWS S5 MIEFENGHE C(sp®)—C(sp’) BEARLAR
Scheme 28 Selective photocatalytic C(sp*)—C(sp*) bond clea-
vage with vanadium complexes
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giheme 29 Cleavage of C(sp®>)—C(sp®) bonds in primary alco-
hols for heteroaryl C—H alkylation
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Scheme 32 Copper-catalyzed aerobic oxidative cleavage of
C(sp®)—C(sp?) bond of dioxane
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Scheme 36 Possible mechanism of deconstructive halogenation of cyclic amines by C(sp*)—C(sp?) bond selective cleavage
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Scheme 39 Proposed mechanism accounting for the formation of N-nitroso esters
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Scheme 42 Proposed mechanism for C(sp®)—C(sp®) bond
cleavage

I\(Ie
o) N.
Y\ (\NMezcat [Ru(bpy)3]Cly-6H,0 Me
~_0 NMe, neat, air, 8 h o
HO visible light
132 133 K/OH

B 43 AT ik C(sp®)—C(sp?) BT 4RI 3R A5 [
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Scheme 57 Mechanism of electrochemical oxidation of ring
opening of phenylcyclopropane
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AL (Scheme 58).
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Scheme 58 Reactional pathways of electrochemical methoxyla-
tion of 1,2-di-(p-tertbutylphenyl)-ethane
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Scheme 59 Electrochemical 1,3-difunctionalization of arylcy-
clopropanes
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Scheme 60 Cyclohexane oxidized to produce adipic acid
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Scheme 61 Cyclohexane to adipic acid by ozone and UV light
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Scheme 62 Synthesis of adipic acid via organocatalytic direct
oxidation of cyclohexane
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