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Recent Progress in C(sp®)—H Asymmetric Oxidation Catalyzed by
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Abstract C—H oxidation represents one of the most important reactions in organic chemistry. In particular, asymmetric C—
H oxidation, which can directly convert simple alkanes into chiral alcohols, ketones, aldehydes and so on, provides more
economic and efficient access to the synthesis of complex molecules. Although increasing efforts have been devoted to this
area, asymmetric C—H oxidation is still far away from the goal due to the inert nature of C—H and the subtle
stereo-difference of C—H bonds. The factors that dictate the selectivity of asymmetric C—H oxidation, mechanism of the C—
H oxidation catalyzed by enzyme and some successful examples achieved by biomimetic metal complexes bearing various

ligands are reviewed.

Keywords C—H oxidation; metal complex; asymmetric oxidation
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Scheme 1 Challenges associated with asymmetric C(sp’)—H
oxidation
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kJ/mol. {HAEREME, LRk E AL o i C—H
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FE, NEFERIEY C—H Ak Bk A 1 M7 a0

1.2 BFSHER C—H EHR ISR

AT HAFRMER C—H #BEA AR, Hifl
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fERA C—H B A AR BEEAL . 2507
HAEAE — Sy B AR, PROnmREE . e I e A
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RN E R R A C—H AL SR (Scheme 3).
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WIRE T FEMPESHE =% C—H W& HEER
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SN i T A

JiE R A AL A WA R BB A LA R TR
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Scheme 2 FT7i.
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Scheme 2 Relationship between BDE of C—H bonds and the reactivity of different C—H in oxidation
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Scheme 3  Site-selectivity of C—H oxidation influenced by inductive effect
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FAARR RS0, 76 1.1 equiv i BRIMER T, SEBLT N-2
FEME M LE(15) 1) C—H AR M. (Scheme 4, B). 1% L& 512451
BRI TiF FRUNAE C—H EAL NI AL Ak B B
FEC B ) FE AR .
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/\/\/\NHQ e ——
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T 13 BF,
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| i)
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CN_/ 2S04 (aq quiv.) CNJ N
CH;CN,pH=2~3 SOE' < + 7
15 16
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CuCl, (1.0 equiv.)
—_—
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CN—O/_OH B> 20:1
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B 4 HHESHTn C—H E RN
Scheme 4 Remote C—H oxidation induced by ammonium
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Scheme 5 Site-selectivity of C—H oxidation influenced by
directing-group
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me | OhC H,0; (1.2 equiv.)
Me 5 AcOH (0.5 equiv.)
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* H
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: Me,, H
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Scheme 6 Site-selectivity of C—H oxidation influenced by
steric hindrance

Chin. J. Org. Chem. 2020, 40, 3686~3696



Chinese Journal of Organic Chemistry

REVIEW

v, W T VUSRS AL C—H Afb, 458 ER: C8)
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AEMEMLF], C—H BNRNAEAE B AL E. X
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Scheme 7 Site-selectivity of C—H oxidation influenced by
strain release
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Scheme 8 Mechanism of hydroxylation catalyzed by CYP 450
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B, AT TN A 43, 5280 TAEANE
A&, AR 2,6- — &t ne Z A 42 AT, 2R
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S B AN, AR, fEEIRAM T 2-K 3
TE(40) LA 54% 077 N 27% 1) ee W AL AT 41, 4%
R SRR 10 CHER B REEKE] 23%, KNP
Sof e 1 T 7 51 38% (Scheme 10). [F4E, Sz & B R
#HUIF) F] Halterman % & RS0k 180 B SR AS 1 1) 1S K A2,
il 2% AR B AT A9 45, 552 T HAEAL C—H &k
S A RE. AR 2,6- — &tk ne &AL
YIREATH). 1EZMETREPIE T, 2R, 62%
(72 R E AN, MOk SN 72%, 10 EEER L
1.67 : 1 (Scheme 11).

OH (0]
©/\ 39 (0.1 mol%) :
_— > +
PhIO (0.1 equiv.) ©/\
DCM,0°C, 1h
36 37 38
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M = Mn: 77% yield, 26% ee, A/K = 1.3:1
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IR P A1 RE
Scheme 9 Asymmetric C—H oxidation catalyzed by porphyrin
complex modified using binaphthyl skeleton
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Scheme 11 Asymmetric benzylic C—H oxidation catalyzed by
porphyrin-Ru complex
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ARG &) 46 (Scheme 12). 78 LXUE/K N AL 4
PR, ZHEBEAL C—H AL S UASEZEL. P
FREEBI N 1.3 1 1, BEFEYIH ee N 38%. BEJq, At 116 H

OH O
©/\ 46 (0.1 mol%)
T "
oxidant, MeOH
[o}
36 25°C,7h a4 38

H,0, (5.0 equiv.) 88% conv., 38% ee, AIK = 1.3:1

PhI(OAc), (0.1 equiv.)  46% conv., 75% ee, A/K = 91:1

B 12 ARIETERN RIS & VI £ C—H SR
Scheme 12 Asymmetric benzylic C—H oxidation catalyzed by
water-soluble porphyrin-Mn complex
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TR IR T 3 1A A R WRET BE A R T SR B T A
JEIIARTI RN EA N, fE# R, HFHE Ru ML
49 (EALIZIR ALY 47 (1) C—H BRI R a4
RFasE, w5 R aldol RN, SHURMI P AR,
XM R A REE. R, fESE C—H FAALRNE,
SOk R BIRARE T Swern Ak B S ERILIE (PCC)
AALII A T 4k s Ah, KRB =M. 1X—k
BER KSR & T TR 48 (R, HR SR ik
PP LA (Scheme 13, A). 2018 4F, 1% R 4H >
FIARCL I SR, SRB T 3,3- F3E-3 4- — S e TE T (50)
HI*SAL C—H %84k S M (Scheme 13, B). 5 BRI 5 A0 15| W
(AL C—H SRR, 1 B Al AR 2 48 AL
7, HP=E AR =Y. Bk, AbA1 K% I Ak £
N B 3-2K 3 H FEEEER (SR AL C—H ASK R AL
J N H1(Scheme 13, C), % % B [ 5% B %k 8 4 1] ks
99941241,

49 (1 mol%)

_— =
oxidant (2.2 equiv.)
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=
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©I.
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Scheme 13 Asymmetric C—H oxidation catalyzed by porphyrin complex modified using amide
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1996 4, Katsuki 58541206 ik - 1k 156 25 7 42 11
salen-Mn BC& 9N H 27606 C—H AL H. Al 1i8
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0%k T PR 251 28 A R B A R T AR C—H B4k %
MRS SRR, FRER, BRI AN B,
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AN 1-28 35 2B (Scheme 14, A). 1998 4E, lifi]1 i@t
X P O AR A T M DT G R, TR T AL
FI R SIAEF AR E, BBl 7 DAk 57 R
ML BE R L0 R C—H AL S (Scheme 14,
B, C). X% 4& @A AWMk i A 4 e 1 2%
KRR C—H 24k R M.

A

Salen-Mn 54 (2 mol%)

) OH
PhIO (1.0 equiv.) H

o

37

o

36

CeHsCl, 10°C, 1.5 h

22% yield, 53% ee

H 0 CgF5lO (1.0 equiv.) H OH 0 o
: Salen-Mn 59 (2 mol%) N Jones
<I>NJJ\/Ph CCNJ\/Ph_, A Ph
B CH3CN, -25°C, 17 h A T
H H H
48% vyield, 75% ee
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Murahashi ¥ &4 21 2004 448 F b T PEBEZS 5 42
F salen FLAAMFIERDK, H52 7 HAEEH 60 M7~ C—
H AL v H AL PE BE(Scheme 15). 1EE B T
FEAR Z2 A R IR I RLEh SR B . A1 1,5-=
TR CUEEK I (62) HE £ 1) S IR 77 28 RO e 2 14, HoiZ
JRRE =) ) B B A9 A5 B T — e R L R4,
ZREABY2R T salen-Mn Bt & 07E C(sp’)—H K24}
FREAA R B AL TR RE. B T8 A LA R R A AT
Ah, FERAE R, AL T 0.5 equiv. [ 4-2K B0
BEMY) 66 Kt RBLFEEAIERNE. RE@T %
X FRAL I S, 2- F - 1,3- 2R L P ot (64) T LAEE 46
FIEE 65, (2 S S = e A0 ik FE VRS AS R 2 N

He <
S =
W=,

5 fmURSBREAY —FHNGRREASY
HEALE C(sp’)—H FRFRANR L

R R L4, BLA LB IS PR O g5, i
T BT R PR A LSRG, Sl ik
BL AR IEHE R P AR C—H AL N — B
AHALEZEERE B bR, BR 1IN E 2RSSR salen
R, AR TR 2R LR, WA

H 7R,

B
Salen-Mn 55 (2 rr.lol%) H QH
PhIO (1.0 equiv.) F
(Lp (s
CgHsCl, -30 °C, 65 h B
H
52 53

61% yield, 90% ee

B 14 B SR Salen-Mn BCE ML IIAXIFR C—H AL
Scheme 14 Asymmetric C—H hydroxylation catalyzed by salen-Mn complex modified using binaphthyl skeleton
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Salen-Mn 63 (0.2 mol% )

PhIO (0.1 equiv.)
additive (0.25 equiv.)

D

60

DCM,-30°C, 7 h
61
N

(/ ) 25% vyield, 34% ee, AIK =4.1:1
additive = N—z
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OH

0

Salen-Mn 67 (5 mol%)
PhIO (4 equiv.)
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64
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Ph

‘ * :
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24% yield, 22% ee
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Scheme 15 Asymmetric C—H oxidation catalyzed by salen-Mn complex bridged using binaphthol

2 () G R AT R, 30 4 ) 4 SR TG 0 ) A ALV MR A i
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E—— TR O AT E R, RS
TR R ALE e S AR —— R Bt e A XK C—H ik
N, SRS TSR RS SR. X — VR T 24
FRAGIISRBE, M8 W R S B, BRCUbEr) C—
H AR ATE COYNLIMT A2 C(4)7(Scheme 16, A). H#5ll
T 8 L RE G i R T ) L, B TR o IR SR VS N 7
B, CQRYRLEA IR 17 28 90%, Xf BUEFEENEA 90%
WFAEMAT 2 N4 &80 &470/H,0, AL A N 1k R
o LR BRVN N R e 5 I P AR 3 428 11k 117) 2 2 R
KB 2018 4, BATHRAA I LIIRE AL SR R, TR
NHFFE T BRUN INFAAE A XS BRSO R AR AR A UK
FALERI AL AT RERY Mn-OOH ##h, SRIGE LR
FRAH BN A ) O—O B, dFmifi2:— 0 F/KE K
Mn=0 V&R EAA; TR, BRECA.7E 4 o, AR
R AR A KR 858 71, KALBR AR ER KA B T42
oSS NE FH tof FSE 3F

HAF, Costas IEREHPYL 2R T 1,4- —HBURHIFR T
Bl C—H & M. S5 RERH: 1 4-I=CHUR R 71—
AN B i 25 P B SR A D RS, T 5 — AN 3 A AR
14- S AR R 72 WA RE & AE [ B (Scheme 16, B)
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X — g AR T —FOUER e 4R 7 s, A3 Ak
— 7, WARTIUEE T MR Mkl C—H Ak M
R 1,34l 5K R IR F 6 C—H Ak B R
AR

Bryliakov I8 41 IE R 4ERIE T 4K 2% C—H
A SR EE R AT = 96 2 SR FEAB A R DY 4 ST
AW 76 AT, Ho T R 4L BRI (Scheme
17). T 3 S = ) Bl e g, AT T 0.35
equiv.[t] H,O, EEALT, 15H Boc-L-JilfiZ B2 AN 7).
SR RS 25 A A N R SR AU R
31%, PR CEEFIZR BRI LLEIN 10 1.2, KLEER
TRV 76%. 1X— R M5 Ryl 7RV 6% 48
FC AP AT, B K R 2t 8T, B s N7 i)
SONARZ T, C—H AN AR S5 B AE TR B B
S A M AR I 7).

BATRBAPE L L+ 2 Ehth—ER T8
RSO RR AR R AR, FERLAUL R 21 38 5 B B s
LA RE S, RET — R85 THl%. Hheefis
1 DY 15 UG A S B R A, IR S L S MITE I R IR 4
IR HR R B TG v AR A T PR RS R AR S S e
HBN % Fixsenf s sal, BATE R C—H
AR FREEM B Beit T —R A AR & )
77, ST RS E, KI L ERATAE 1%
B 4 () BC 2470 82 (S-peb-Mn)7E SR IZ IR Y C—H &
S B B A R A AL PE BB (Scheme 18). 7N TGHE
A VA=) IR BRIE R FT Ik 94%, TLICIRIA
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Scheme 16 Asymmetric C—H oxidation catalyzed by tetradentate nitrogen complex modified using tri-isopropylsilyl group

Boc-L-proline (1.0 equiv.) S-peb-Mn 82 (0.5 mol%)
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©/\ 02 035 equiv) ©)J\ _ /%kOH 78 (14.0 equiv.)
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(L d

"
/ "™~/
CRH,CO—{ N7 byrg N )—OCH,CF

76

B 17 =5 QIR 0 T-VE e g 7 4800 14 %URC S P e
I C—H bR B
Scheme 17 Asymmetric C—H oxidation catalyzed by tetra-

dentate nitrogen complex modified using trifluoroethoxyl group N RR N/é OH
C—H L= BbE TT i 98%. (45— M 2, 80 iy
AR, 115 NER C—H, (LRI P10 S e 1P 10 98% oo
Ut T RS HO 2 BT R BB PES JHAh, [34\/

R 57 RE IR0 C—H UL R =2 H, [

FRATREE IR, BOJE, RAVEHE—EH5 T & A ,/n\\/N

R IEEL A C—H AL L Holn, A9 T (j/”mm tﬁ
PEZITE 4> T AR 74 o e A AL VMR S A

W 20 T B BB 2 1 C—H ALY, 45 5 R . R -
Z—kkx%m%ﬂ*%”/tugl %Lmié’iﬂﬂ%ﬂﬂ‘@ﬂﬁﬁ% %&B ?ﬁ?ﬁﬁ% Eﬁ 18 WHEBRATED S-peb-Mn A AL ) C—H EAb %
UG AL M TR, 4 R R B (IR R

e Scheme 18 Asymmetric C—H oxidation catalyzed by S-peb-
R, ZRBLLL 22%~41% 1172 23R 15 T MR PR b ] Mn complex derived from L-proline

1) C—H A=, MBUERERIE 99%. SR A N R DL = 5% C—H,
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Scheme 19 C—H Oxidation of adamantane catalyzed by
Mn-PDP complex modified using tri-isobutylsilane
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