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Research Progress of O—H Insertion Reaction Based on Diazo Ester
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Abstract The research progress of O—H insertion reaction of diazo esters catalyzed by homogeneous transition metal, non-
metal and heterogeneous catalysts in the past 10 years is reviewed. The structures and catalytic systems of various catalysts and
their applications in drug development and organic synthesis are described. The substrate diazo ester is easy to prepare, the
catalyst is cheap and easy to obtain, and the carbenoid intermediate formed in the reaction process has high reactivity. There-
fore, the O—H insertion reaction can occur under mild conditions with efficient construction of C—O bond in considerable
yield and enantioselectivity, which is conducive to the development and synthesis of chiral drugs. Finally, transition-metal-
catalyzed O—H insertion and green synthesis are prospected.

Keywords diazo ester; O—H insertion reaction; C—O bond; homogeneous catalysis; heterogeneous catalysis
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HEAMSHmAUEY, Wil 4R R EmA O—H #,
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P I ) PR SR A, B T I 24 S LT R U B
BERR G2 MBX-1027°), #5551 R 5 R U2 (1] 1),
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MBX-102
use as hypoglycemic,
hypolipidemic drugs.
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Figure 1 Representative drugs containing phenoxy esters

ARk, Y2 E WA A A R E R
EYEBRAAED ) O—H #li AN N7 THE 1R 2 1) T
E, U A RS T SRR TR, TR 10
FRIELERRU AT C—O0 I RN BT,
IR A Z AT 202K, 0T SN HLEE R AE 245 4)
A B3 T NP EAT BT R A 4.

1 HFEEEFTEL O—HBARE

2010 4F, & HLARUR RZH S DLk /B PR SO0 s A 1
AR AKIFR O—H Ff AL Z 55016 56 P a-HE %A
R PR R B R T BB R TR e AR ). $
L 5 mol% FeCly4H,0 F1 6 mol% T HE A XU I b i i
1c AfELTI(Scheme 1, a), H A 6 mol% NaBArg, &
40 C R FEA7 AT RE R Y # JE (Scheme 1, b), AT
A SN 5 AT 3545 T R (85% ~ 95%) B T Xof Ik 328 4% 1
(93%~99% ee). EHAF M, JE I AR b A
SR AEAXTHR O—H # A N, {H Fe/(Sa,S,S)-1¢ J57]
DL R AL TR B S o- R R R IY O—H #i N
L, I3RS T R (86% ~ 92%) FIAR B 11 o W ik B 1
(89%~95% ee). BLAN, Z HIIL A W HiE ik Bk B DD i fk
K O—H NN, LA 6 mol%[HI(Sa,S,S)-1a ik k. 5
mol% FeCly»dH,O AMEALH, 1EAH RSB S&A4F T ] s
LI o- EEHE 57K O—H i NN (Scheme 1, ¢), I

Clofibrate
Hypolipidemis
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IR 55 1 [P 26 (90%) FIAL 75 1R Bl ik 1% (95%  ee).
Horb, RBLFEY)(R)-ARE Bk R G (Sa) 2 i % (il /N R
RAEANH I SULAS T 8 Aok (| 44, T b A 4 1) e
AR, IR PP ERAE A I KA KT FR A N2 ] £ % B2
YA 30& 42 (Scheme 1, d).

(b) 5 mol% FeCl,-4H,0

N, 6 mol% (S,,S,S)-1c RS\O

o 6 mol% NaBArg
~ + R30OH ONg
& CHCl3, 40 °C
o]

2a 3 4

© 5 mol% FeCly-4H,0

6 mol% (S,,S,S)-1a

N OH
2 6 mol% NaBAr
R1)H\/0\ Rz * HO—— R1)}(O\R2
CHCly, 40 °C
0
2 5
@ CH

OH NsClI ON;
| 0. DMAP, Et:N WO\ 7
o} CH,Cl,, 0 °C o Acetone, 20 °C
cl 90% cl 85%
5a, 95% ee 6
Cl  CO,Me

SRS
S
Clopidogrel 8, 93% ee

B 1  H BRI R AL A B O—H fA
Scheme 1 Asymmetric O—H insertion catalyzed by Iron/spiro
dioxazoline

Al 47, Woo i 41V LA Y 2 K& b mbk &4 4k, 4k (11D)
[Fe(TPP)CIMESEALH, HHEALFIFIED 1 mol%I, 7£
40 CRE M HIHE T, Fe(TPP)Cl A XA 2-H
BoK LTRFER(MPDAsS) SEE O—H A, R
i& 88% (Scheme 2, a). {HIS—IRIZ, LN IEYAR
PRI BN RS R B R UOR IR RN, S N4 3 1) 7= 4 A
O—H N~ 10a Al C—H 4N =4 11 KRREY), H
ELA5 53704 6 & 1 (Scheme 2, b). T2k nbk{E (Y, O—H 4
NS FIHLEE AT BE K 218k nh oA = S0k S s, —
B BES R REEY, Bam AR R -
R BTS2 ).
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(a) N, OR
(O ROH 1 mol% Fe(TPP)CI (ONg
o CH,Cl,, 40 °C o
X 9 3 X 10

X =Me, OMe; R = i-Pr, cyclohexyl, Et, n-Pr, Ph

| |

| 0._0 Oy 0

0O OH 1 mol% Fe(TPP)CI I

+ - s +

;:A | /K CH,Cl5,20°C 0”7 MAryl Aryl

N ry
9 3a 10a 11
Aryl = p-XCgH, (X = H, CI, Me, OMe)

B2 PUZEE RS AL ZR(I) [Fe(TPP)CIHE AL I O—H i

R pi

Scheme 2 O—H insertion reaction catalyzed by tetraphenyl
porphyrin ferric(III) chloride [Fe(TPP)Cl]

2011 4F, KspARURARZE ST T 1 A B A IR
BEAII RSP O—H A, Z L5075 5 LLE A
IR — W RSN IE T e O R SR AT S 8 2% F 07
ik, IFE L CuOTE {ENHEALT Cu BTE, (S,.8,9)- 1e 4
Fedk, 25 CHF & ke N A, PR Tk
89%, ee M TTIL 91%. FAG LI RN 26 1F N AT IR
i (Scheme 3, a), S AR ERAMRIESIET
P 52 97 35 RT SRAS 0 I B (84% ~98% ee).

1M R IR AR O—H 3l A S N HLEEATIAERT 7T .
EAF— IR, HEEBHRE S WK O—H iR E
A =B 17 AL 2R BN (k/kp =1.5) (Scheme 3, b), it
B <5 A IS T T 1 B T e S Y PR 22 3R,

(a) (CuOTf),-toluene (5 mol%)
N, (S2,S.S)-1¢ (6 mol%) OR2
0,
R1)J\P/OM9 + R20H NaBAr (6 mzl %) R1J\*P,OME
(B\OMe CH,Cl,, 25°C (ljl\OMe
12 3 13
(b) (CuQTf),-toluene (5 mol%)
N, MeOH (S4,S,S)-1c (6 mol%)
OMe , (2.5 equiv.) NaBAre (6 mol%)
Pl
IOI OMe MeOD CH,Cl,, 25 °C
(2.5 equiv.) 80%
12a
60% H
4
(D)H OMe
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6\0Me
13a
kH/kD =15

B3 BRGNS O—H AR

Scheme 3 Copper-catalyzed O—H insertion reaction of diazo

phosphonates
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2015 4, Btienne 25" {3 T A [TpMCu(thf)] (14)
FARFK [T Cu(L) )L & AL 5 28R LR AR I
O—H AN, RNFERT 2 h WoEmk. L, &
Y R L ZBE(EDA) (2b) i AR A K i) B R
LR 2.1 N,C(Ph)(CO,Et) (2¢)J5, C(Ph)(CO,Et) 57K O
—H A 5 oA TR FE =), X R G RN
TR 7 — MY R St (Scheme 4).
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N OH
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1 O~ + HO —M >4 O, + —
R Et ch.Ol R Et
0 AL} Ho o) R!
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2 5 R2
2b:R'=H <2% >98%
H_ 2c:R'=Ph  >98% <2%
_B-
TpMS —

B 4 [Tp“Cu(thf)] K [Tp*Cu(L)]Hc &4 i Ak i) = 5 5 K
) O—H A B
Scheme 4 O—H insertion reaction of diazo ester and water
catalyzed by [TpM*Cu(thf)] and [Tp*Cu(L)] complex
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Scheme 5 General catalytic cycle reaction mechanism
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3 (Scheme 6): MEALFIATIA 14 5 RS thf FCAR PAAE A
AN TpMSCu] (17)HIRIAA, 1% Hp AR T4 2¢ Fli R LASR A
gmawy 15, Wi E AR T 5 AR R
Wi AT ZE A% 18, 117 15, 17 A1 18 22 [AIFEA4E — & [ T4
CLAAOR T 17 A1 18 (15 2 05 4 i --R 52 16. 16 155 H,0
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Scheme 6 [Tp™“Cu(thf)] catalytic reaction mechanism
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VIt & (Scheme 7, a). T4 NEIRIEZIM 2, BTG RN
HRA5 B R FIUAL R (68% ~ 89%) Al i Xof W i £ (96% ~
99% ee), UiBHZR AR BAJFHIETER o-75 H-a-
7 AR GRERA RO, EA IR, RN EIN
O—H A=Y 19 1T LIRS 5y 345 ol %5 P L 221
b & 9)(Scheme 7, b), Bii0: 2-(Z8 LB E-2-E3E)-2- 7 2.
P& 1 16 (19a) 72 B2 P A J52 b 7K i ] 45 31— Fh BB 0 1
RSRIF IR AR 205 K a-KIE-o- AT R E L 2
PR FF R (19b) ik JE il 75 B EE 21, IXFFEE S V6 T7 RS (5%
(TP 25 FC BTG TT AL,
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AL AR O—H 3l AN SALHI AN 2E, 2
W AR S5 B 7R k/kp 9 5.7 (Scheme 7, ¢), By O—H
BRI C—H BRI U SN BRI 5 B8,

SN 220 HE W P — 2 B 3 2 RS R RN
(@) 5 mol% [Pd(PhCN),Cl,]
6 mol% (S,,S,S)-1a .
N —— 12 mol% NaBArg o~
RJH(O\Rz 5A M.S. A
CHCls, 40 °C RT COR
o) 5
2 3
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:
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cl”
Tomoxetine
© 5 mol% [PA(PhCN),Cl]
N, 6 mol% (S,,S,S)-1a
12 mol% NaBArg
CO,Me + OH(D)
5AM.S.
2a 3b CHCl3, 40 °C
3 equiv.
H/D =11
85% H
(DH,, 0/@
CO,Me
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kH/kD =57

B 7 FHEEIOOEPEREL AL S AR o5 FEH A
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Scheme 7 Asymmetric insertion of O—H bond of a-aryl-diazo
esters into phenol compounds catalyzed by the chiral spiro diox-
azoline palladium complex
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T AR FR O—H Hl AN SSL. %550 A 2- it e -3 -1
AR B a2 M — el R, & A T P Foa g
it fA& L1 A1 L3 (Scheme 8, a). 7E[Pd(PhCN),CL A1 L1 f]
AL, LU CHCL, R, 78 30 C R a1g 2
FU R IERENE, B 90% MU ZEF 94%HH] ee. E R fE N
FAF T AL DT R BB AT FRAE A K O—H B, 77
19¢ ZATIA 90%, ee {HTIIL 94%, T4 LA RES AIEY)
B, SONASEI =) 19d R AR 96%, S ik FEPE AT
X 98% (Scheme 8, b). &2, i BRI R H A&
B R PR 7 R LT (R0 i 6

d.r.>20:1

(zzm-i reaction conditions (ggo | | Cu
\oH a,borc o<, DMF 160°C

Cn-ACBP
n=0 Condition a: (i) TsCl, Pyr; (ii) 2-iodopyridin-3-ol, NaH, DMF
n=1 Condition b: 2-iodopyridin-3-ol, PPh3, DIAD, THF
n =2 Condition c: (i) MsCl, Et3N; (ii) 2-iodopyridin-3-ol, NaH, DMF
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z N o) N 2 N
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O N o—Z "N O N
\l \I \l

(Ra,S,S)-C3-ACBP (L1) (R5,S,S)-C2-ACBP (L2) (R,,S,S)-C4-ACBP (L3)
59% overall yield 23% overall yield 46% overall yield
confirmed by X-ray analysis by Milani in 1996

N [PA(PhCN),Cl], L1 5
2 R
)K[(O . RO.OH NaBArg, 5AM.S. o~
R’ ~R2 - T e~ %
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‘O~ o)
Y Y
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Scheme 8 Asymmetric O—H insertion of phenols catalyzed by
dipyridine ligands
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HEFE oK I -a- B R CIRES FR B T SRR Pk L1k
SN SAE, IR E L 5.0 mol% PA(PhCN),Cl, K 5.0
mol% (S,5)-L4 AMEALF], 12 mol% NaBAry AEMNFHI,
200 mg 5 A 4> TR AR FRI B Ak, LA 2.0 mL CHCly/
IR D V=1 D )RER, RNEE 30 CHmtE R M
A FHERERPAYET, FIHEE a7 -0 BEEL
Bk 2 SR ey 3 HTIRYHIE, KN ee {HWIA
98%, WF AL 97% (Scheme 9).

N, Pd(PhCN),Cl, R
(S,S)-L4, NaBArg o~
R Osg2 *+ ROH 1
CHClg/toluene (V:V = 1:1) R >NCO,R2
e} 2!
30°C, 5AMS
2 3 19
R'=Ph

1

OO
\
o8

(S.5)-L4

B 9 FE 2,2 TRRMEEC A AR BRI AL E AN T
R BRI O—H H AR
Scheme 9 Enantioselective O—H insertion reactions of phe-
nolic compounds and aryl diazo esters catalyzed by the chiral
2,2'-diimidazole ligand

2016 4, B CREAIX Rh Al Cu IR
O—H M C—H BHET 1 41 KBS 7T, 1525 U
AUEE MR (Cu-box) 4 L e XUEEPE IR (Cu-pybox) . — 5K
B R BE(Rh-TC) N EE A, A I AL R I AN o5
R CTR TR S5 Il 2% 22 o B8 (DFT) i 5
7931 7 Rh-TC R FE ML O—H BRI RS A2 F1 5 B
BEMT, IR S SRR EAT ELAL, W] T Rh,
Cu Al Au < FEAE T A7 25 A A8 7 THIAAE 22 57 1O SR A

AR G A R T SRR O A AR RE DT T A R
— M U R PR B R AR B SR . R R
BN A R 7 f) A AL R P10, S A Y
“CHERL XU R PSS AT B A B 2R 4 Y
£ H@iay).

2014 4F, SBRAMREA RIS T — AN A
il ) S AL AL 2 e B 2R FE DT BN - 07 R AU
SRR, VLB FIERERR 2h P(OAr)s NECiE, &R
AAARVE Dy “ORBRBRIEE 77, S EME KRR 3b) M
BERK LB FEEa)) O—H NN, ZMMLL 5
mol% PhsPAUNTE, HEALT, LA =S EE(DCM) A&,
Wi T SO 30 min, A EAE O—H BN ) 4a LL K
SRS AP e RS BEE A RN 4) 22 (Scheme 10).
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OH
N 5 mol% PPhsAuNTf,
_——— + (@)
*Ph”” >CO,Me DCM, r.t., 30 min P
MeO,C~ “Ph
Ph” ~CO,Me
3b 2a 22 4a
28% 35%

E O—H insertion
' with 5 mol% Cu' !
i or2mol% Cu'

B 10 4. ki O—H N RS BB FE M
Scheme 10 Obvious chemoselectivity observed in O—H inser-
tion reaction catalyzed by gold and copper

2018 4, Bourissou Z5EPOHRE T XA B S 10 4
(DEC A PIR0 FITARAG 1 SO P RN AR A, 1% 5256 B Sk
FAEFEmay. —MNPN)UKBAE S BRI 2¢ M,
A REZREL, TEVER BB Fr=9). mY AR 2¢ 5
[(P,P)AUNTE )45 54 23 B, AT AE =) -8 A0 &F
LR A WI[(P,P)Au=C(Ph)CO,Et]" (24) (Scheme 11, b).
Ba R 24 (1) X SHERATI b s R W, AB-BRil ke 2t — ik
BL AR (DPCb) 5 4 LA R 77 LA T B = A7 o- AR 4
EEEEY, iy P—Au—P =ML FHSEH, P—
Au—P B4 90.26(4)°, P—Au—C 4 130.92(8)°F
138.47(8)°. FEHF LA LE—MFHFHEET P—
Au—P P, AR LTS5 REH 03P,

BB, N T VPN (PP)RCAAR B A B AL X R 5248 A )
SRR RE R, S8 FH — S AR M I i AL S N3k
TR, KR SmBLEDR O—H AR 4
JRP KBy BF, WU RN B IR R AR T SRR 19e
(SR 2 h JG U A 60%)(Scheme 11, ¢). ), AT iFSE
G RREERMEN C—H 5 O—H #l A BE RSB,
LI ERE TN =W PR ERNLAEY 2¢-CFs, J1E S
mol%Z5 &4 23 1A T F 2 BB, WK T o 2Ky
(P N, BN & REARRSERME C—H 5 O—H
NG LRI 7 TR B 1) B E . RS R, Thae
LI 25-CF5 S2bR F& FEZ = M1(68% Ml ), 75k
fik 19e-CF; 1A /> 5:(32%)(Scheme 11, d). %45 i W]
¥ - RIS 5 B E RS 52 (P N) BB & (PP)BC A4 (1 4 i 44
SSA =AY o~ R AP VAT [1)(Scheme
11, a). MXF=RAE WA S5 U R =
SRR RE SN Al B, 2 e 5] ANE B B2 8
My REAL, EBRUA T R SR A R Y B
FI(O—H X C—H i), IXLe4s Bk —BAE sk 7 ik
T H AT R ELAE X G Ak 2 R R % S 06 ik R AiF
o- ARG R T, FER R IEAT T IR T, R T
LA LA (1) S
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”2 23 P\@ >*0Et
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COEt — = / NTF,
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4 @ o1
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e NP e el
23 oo
(c) .
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O
2 \
i + AUNTh o
Ph” " ~CO,Et P\NiP r.t._,2h_ (i‘,/H
"PrN/\J r O—H insertion Ph”~ CO,Et
2c 23 198, 60%
@ Nps . CO,Et
OH 2302 [(P,P)AUNTF,] 23 /@
e k 5 mol% o +
{ rt,30°C e
R F3C CF3 Arf \CozEt
rF\ --------
3b 2¢-CF3 OH 19e-CF3
32%
H
ArF~CCO,Et
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ER 11 SBESGYRENL O—H AR

Scheme 11 O—H insertion reaction catalyzed by the synthetic
gold complex

2019 #E, Nemoto " Hi3#E T MR ALk 5 UL
BRI A SR RGNS, I B 1B T A
AR SRIATL AR AR5 3 (R V. 125556 LA R ) A1 2-
@-RAEF)2-FHBA R P B R, BLIS)-
TRIPAg) A AT, #1T O—H i ANHER M
PR, AR, MENGTIN 20 mol% AgNTH & 10
mol% (S)-Xylyl-BINAP Ff, S A 20 mol% H,O, LA
CH,CL NI, W TN 5 h &5 Rl B Rk
RN A FATIRDY . BA %GB FIUREER a-7%
H-a- BRI 2 EHT1Z O—H A, 74 19f it
5 85%, HEA@XTBUEFENEOL 19 er). AR
—UE D) REAL I R ER An 19g. T AN B SRR, WiTR
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B RUT I 2-H A I 23R T R R AR A th T R
R RIFMUCE 19h FIRERA 76%). XF T RE i K
Ui, LM A T LG AL R A B e R S, 0 19i
RN 91%, er N 91 & 9 (Scheme 12).

BT RS E IR, 12058 X i T
SSHLEE. AgNTE, F1(S)-Xylyl-BINAP (#J5i ff & tL A
20 DR T BA TR R A UZ R 4 A )
AT —MRE RO R— AR ER, B—AMRIE
T O E NS 5 W F T AR SRR IR, AN B B
T\ B IKAS TR ANRJE 7 U [F) A S B  FR 54
L, BRAGIEAGRE, $a X gk kB, AR — R
WHER o753 -a-75 A SERE.

AgNT, (20 mol%)
H,0 (20 mol%)

I 3
. (S)Xyly-BINAP (10 mol%) R Oy o2
R1)K[(O\ R2 + RSOH R1>ﬁ(
(e} CH,Cl, (0.02 moliL), r.t., 5 h i
: ’ 19
R'=Ar

Ar

|
OO I:,,Ar

N

|
OO ArAr

(S)-Xylyl-BINAP:

Ar = 3,5-M82-C6H3 Me

I,Dh
o H
~__OMe
o, H
o] mowle
Me
Br ©
19f 19g

85% vyield, 91:9 e.r.

Fh
o, H
0 Br ©

19h 19i
76% yield, 95:5 e.r. 91% yield, 91:9 e.r.

83% yield, 96:4 e.r.

E=X 12 BA FIEBERC AR SR S YA O—H
AN
Scheme 12 O—H insertion reaction catalyzed by a homogene-
ous binuclear silver complex with chiral phosphorus ligands

2011 4E, Lacour %24 T [CpRu(CH;CN)s][PF¢]
(26) (Cp=CsHs)FInth mg -3 fge /it i~ s AR A L5~
L8 HEMN a-HEIRIEL SN, F5hle ol o
T2l 27, 193] 7 O—H AR N Y55 . B A0 4
B . SRS SEAIR N, G FRIER, Dy ik 1%
PERALSRAE T RIS, 5 Rh(IDA Cu(DBC &404H L, CpRu
EAL TR S S FE SR, b P SR, 12500 2- T -
3- L9 4R LBRQ2Ta)i T 2KEE R, 1E 2.5 mol% 26 Al
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2.5 mol% L5 [IMEA/ER T, 60 'CF <M 45 min. 24 R'
RPREERT, PR B ICE AT IA 75% (Scheme 13).

.
<< | prs e 9 S
MeCN»RUC ROM | N7
MeCN N, _N
26 27 L5
Ph o o o
N N— | N
N Ph Ph ~N
L6 L7 L8
O O 26 (2.5 mol%) o o
)H(U\ + ROH L5 (2.5 mol%) J\)}\
EtO T eooc  EO
N OR!
27a 3 28

B 13 [CpRu(CH;CN);][PFs] (Cp=CsHs) A IE -V iz /m;
IR PR B T A AEAL AR - TESURIE AL A 1 1053
Scheme 13 Decomposition of a-diazo carbonyl compounds
catalyzed by [CpRu(CH;CN);][PFs] (Cp=CsHs) and pyridine-
imine/pyridine-oxazolin ligands

58 Lewis BR —(FLAUAREE)MLE B(CoFs); &Ik
THRHEAL T, EVFZ A R AL R N T A5 2 12 b
H, Bk, TP, Bz @& B(CeFs)s AL
R B S 7 FH TRk B

2018 4, JHEERBAPI AR B(CoFs)znH,0
TR AT AR 5K O—H HhA . %S A
DA R O TR £ 18 R SR R AT B DL S L 2 i e,
SR RAE o- B R IEAE, FER LT 1R
NI, 7R T R EAR R SE . B, (R B 2%
PR, i A B AU ) 45 R SR HEAT S JEE (Scheme
14, a). R EZEERIR FX0 A7 BUARES 1) o PR T
IV SUESRTE S AR P Pt AR e
(71 (o7 EUA RS F JEE ) S AL 4 &I ORGSR e
PR ITE 65%~80% 2 [A]; THF B AR 43 50h
FREE. SRAdE. RIS AL, AH R 35 3145
R BRILZ AN, IR MR EAGTR S SOR A%
F T 2K F1 B U8R ) O—H #di A JSi(Scheme 14, b), 1E
TR 1,2- 5 LKE(DCE)H, LAB(CgFs)ye nH,0 Jufiifl
A, AT, WAL 29 WWEN 65%.
TMAE 2¢ 5K R, BIEAE H 2 34 Brensted BRF
flE 4L 7, HCl Al HOTE H) e B2 2 & 45 R IR T
B(CeFs);onH,0, 1 B VB W] REXT e B 45 SR A S 35 5.
DRI, 6 DL bS8 R SClRARoE 20, 1% R A 42
T PARMBOR S R HLH (Scheme 14, ¢): &5, B %S 2¢ A7
B B(CoFs)yonH,0 Jii 74k, TERH 4K 30, #:45 H,0 X
)k 30 HEAT R AZ BT, 193] Sh(Ej1E a); ST
[, B B(CeFs)senH,0 1EAM I REHEALT, B(CoFs)se
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nH,O A PUE 2¢ 5T AR BOE PERH B 1R [al4A 30", [F]
I, KBS S B R E 2¢, )BT 2¢ FOBRFH S T rh
O, BeJE, B Ny, B4 3274 Sb(#42 b).

(a) N OH
B(C4Fs)3 (2 mol%)
R'I)K”/O\RQ —_— R'] O\RZ
H,0, 40 °C
(0] (6]
2 5
R'= C6H4X' R? = Et
Cl
5c, 85% 5d, 80% 5e, 65%
C6F5 3 nHQO OH Ph
(2 mol%
©)\Vf ~dry DCE, 40°C COE
c (0.6 mmol) 3b (0.4 mmol) 29, 65% (5b, 9%)
Ny OH
OEt , H,0 HX (2 mol%) OFEt
0,
S H,0, 40 °C, 24 h o
2¢ (0.2 mmol) 5b
X =Cl, 5%
X=0Tf, 1%
(c)
path a
H,O +
N2 N OH
B(CeFs)anHz0 | \__|?
Ph)l\(oa—. Ph/}\mogt _.Ph)\n/oa
o "o o
2c 30 5b
path b: H-
"0-@)
Na B(C4Fs)s nH,0 . HF o
61 5)3°NM2 o+ o’
Ph)kH/OEt—. N '/o;t S OEt
0 Ph)kﬂ/ 0
2¢c o) 5b
30’

B 14 B(CeFs);*nH,0 ALK O—H $fi N S L& H % B

l
:Itfime 14 Homogeneous O—H insertion reaction catalyzed
by B(C¢Fs);°nH,0 and its proposed mechanism

2014 4F, Mattson BELPNESL T IRAZ AL 75 B &
ROIREEK O—H 4N SR — MR8 A R HEAL ).
TG, TSR MR A A [R] R IR O 0 45 B R A A ) —
FIERIR 33, 1T 2.5 mol%[) —HIMERIR 33 {3 A% LA
91%H R ME AL S L H) 7 . FEAS B s R HE AL TR /S,
DA 4- S8 L A B 20 1R TR (2d) O S B2 0 R 3R AT iR
Wy FE(Scheme 15, a). {HIS —$HEHIZ, ZLBbHH T
Al BE A HEAL A HLI (Scheme 15, b): LI 2 M 5
TR IR 5 B2 1 2 R (O—H) I FL A T 4, T 4% &4
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34272 4i 45 Bronsted Bt B AL S WIAEAE I T,
XFPEC AR 2 A HLER PR MR 58, B &) 36
AT . T %52 35, 35 TR EENAEY S
IR A R E I - O RN AR AR =9, %7205
WIERAR 33 HIS5AH AT R AR IREE, =Rk AL 1E
R,

(@) MeO

MeO o o
. j)\ 2.5mol% 33 OMe
OMe ' 10~ >R PhMe, 23 °C H O
N2 24 h o=
R
2d 31 32
F\B/F CFs
L Q)
N” N CFs
H H
33

i | R F CFs
O—H insertion g

JOJ\
H-g-—H Ar?
Q- NN CF
N H H 3
33

\ 5

®N H H O
N/ ©0— H\N/Arz +
A\ N2
s "o
Ar'

B 15 RN R O—H 4 A S BB S SEHL
il
Scheme 15 Homogeneous O—H insertion reaction catalyzed

by difluoroboronate urea and its proposed reaction mechanism

2010 4E, Valdes B @ZHPM24 W BFEAL &4 R T
KRR AR TR IE RSN, Z55
T 56 LUK B X 2R () f ARG YRR A JER 4 SR A
N-XF F 2R B et s 1 i, 24 BL K,COs Ak, B
PhF VAT, o OB s R A, B i iy kAT I ¥
JE(Eq. 1), JERZRM, XPIC 48 15T 9 5B 1)
C—O B L, CABRAR 3t i o file, TERRR =4
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O—H ##h, 2 —JRIB I IR A VIE L BEAL A R )
W7

NNHTs K,CO3, PhF o
1 JIR , * R°OH . 1 1)
R' R MW, 185°C 1 A\po
37 3 1~3h 38

2 ZRELFIEL O—HBARN

2016 4, FRp B RS PISeEl T DL FLAR E K
bk 4 JR— A LB 22 (I-PMOFs) & 2tk O—H AR
S, %S0 A A BRI IR AL 77 (Scheme 16, a), #KAF
WK K] B A [Ir(COD)Cl], 5 MhMRECAR ) S RETT 4R, 7331
UGy Tr(1ID) JiE T AN ELAL 1 Ir(Por)(CO)CL. 7E 1,2,4-
=& &, TCPPCO,Me 5[Ir(COD)CI], LA# 5 ()& kb Ay
1:1.2, 7£190 ‘C F ¥ 24 h, A4 I(TCPPCO,Me)-
(CO)CI. Ir(TCPPCO,Me)(CO)CI1 W 7E KOH ¥4 HH /K fik,
BrF454 1) CO, K I(TCPP)CL. #£%, In(TCPP)Cl 5
ZrCly £ N,N-—F BBt 2 (DMF)H, 15K R I A7 78
T, F 120 CF &M 48 h, 15 340 8 iR 4k
(Ir-PMOF-39(Zr)).

B X B RAT ST L3R B, Ir-PMOF-39(Zr) /& PCN-
224 SRR, ANA Zr JRTFER )\ w @R 7, B —
A ZrgOg I\, HARA Zr 7 DB AN K
oy OH(EX H,0), A Zrs #ERHE — > -5 7 5, )\
HARFIANNLERE TSN AE I(TCPP)CL BLAR 74
TR EMFRE, LT Ir-PMOF-39(Zr)ff) 3D 45 #4)..

B, N TRIRERAIDINKRLE O—H A
AL ERE, LA 1 mol% [Ir]f Ir-PMOF-39(Zr) N1k 711,
AL . 4-HEFEEMA 4-RAEM 5 ER IR B
(EDA)¥] O—H FARRM, =i FE DCM H R 10
min, ALY 40a. 40b F1 40¢ YR 7514 56%-
63%#1 70% (Scheme 16b).

2018 4E, FRRH ISP HRIE T I-PMOF-41(Hf)
fE4)JEFE O—H AR MG, %5050
Ir(TCPP)C1 [TCPP=PU(4-FRF: )M JE AN PCN-224
B4, 19 2 2 FLAKID-IH Ik 43 J& A L E 22 (Ie-PMOF-
41). 1ZH R EA PR IR D2, BN
U I(TCPP)CL A EEl, T Rfb A e 2 R 3R AT .
B LK R N R 2R R (EDA)Y IR I REEE N 2
DRREY), LA Ir-PMOF-41(HE) A Ak 77 57 % B 1
kA, BIEMIFREIEE A 4 11, TN 0.8 mol% [Ir]
) Ir-PMOF-41(Hf), L\ DCM 7N 9 min I, #&
R TTIE 80%. e FIH B A B AL G 42 FIH REfL
KR 31 ITIRVINE, 5 4-F K FER N4
43a R TTIE 79%, 5 =5 LER(TFA) VL4 43b UK
L[5 91% (Scheme 17, a).
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(a) MeOOC COOMe

QL ()

/Y CH3CH,COOH
N T,

N
H 140 °C

MeOOC TCPPCO,Me COOMe

COOMe

MeOOC

L

COOMe

[Ir(COD)CI],
1,2,4-trichlorobenzene

190°C, 24 h

o = Q

MeOOC COOMe
Ir(TCPPCO,Me)(CO)CI

HOOC COOH

Q)

KOH

THF/CH30H/H,0
reflux

Ir-PMOF-39(Zr) Ar—0Q

(b) ArOH + EDA
DCM, r.t. 4;—002'3

3 2b

©/O\/C02Et /©/O\/C02Et /O/O\/COZEt
MeO Br

40a, 56% 40b, 63% 40c, 70%

B 16 KIS E—AHLE ZEH 5 A O—H AN
Scheme 16 Synthesis of iridium porphyrin metal organic frame-
work and O—H insertion reaction

SSHLER N 2 E R EY) EDA E%5 Ir-PMOF-
41(HO) &2 )8 A3 LB 22 Fb 0 4K (LLD)- I IR sz 3 2E B4R 5
44PN SR et T A R R 45 57 46 JiARERI O—
H 4, 347 1,2-H TR d 2 (Scheme 17, b)P,

2018 4F, ASpARRMADHRIE 7RI T AT
WL A5 F VA BEIRR 10 R A A R, 1 s
T - AR R O—H 48 AN FRIE N N, 1% 525
L o 35 -or- B 250 R RS I M A R T A A B £ e 7
ST, BZHE, LA 1 mol% Rhy(TPA), A1 2 mol%iZ
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(a) o)
o O~ Ir-PMOF-41(Hf
. +NSY R r-PMOF-41(Hf)_ R)J\O/\H/O\R'
R” “OH o) S
31 42 43
o 0
O\/ F>HJ\ (0}
() ~
Jona ndii-an't
0 F o}
43a, 79% 43b, 91%
N
b) 2
H)J\COZEt
H
Ir(Por) (Por)lr:<
CO,Et

44
(0]
\ k*
H H

| | |
H-C-CO,Et 12.Hshift ©C-CO,Et (Por)lr—C—CO,Et
o ~ 0 D 0
TR H'@ R H'@ R
(0] (0] (0]
46 45

B 17  I-PMOF-41(HOMEALKT O—H i A\ S 87 A H SipL
il

Scheme 17 O—H insertion reaction catalyzed by Ir-PMOF-
41(Hf) and its reaction mechanism

R (R)-47a NAEALF, 25 CF T &5 T /e b e f:.
BETE RN AT TR, X A EHRIE N o- 25 25 A1
AR AT R0 R, FEXFEE 5 O—H i N B
PRSI T R A B 4 Ak (Scheme 18).

N, 1 mol% Rhy(TPA), OBn

2 mol% (R)-47a
CHClIz, 25 °C, 5 min

(0] (0]
48 3d 49
47a: R = 10-Phenyl-9-anthryl
47b: R = 1-Pyrenyl
(R)-47
N, 1 mol% Rhy(TPA), OR'
Me , ROH 2 mol% (R)-47a or 47b * Me
o]
o CHCI3, 25°C o
48a 3 50

R 18 AEFMUXEEL G S TR R M R S
M3 O—H 4 N\ S

Scheme 18 O—H insertion of diazoketones with alcohols
co-catalyzed by achiral dirhodium complexes and chiral spiro
phosphoric acid

2020 4F, RSFAEREACI L AEF S A S
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TR Bl T VR AL 7R, DK e 5 B o0
BB AR AT, SCEL T R WOk R O—H 1
NN %S08 8 4 LAK A 2- 25 60 R HP g A R 7R e
WNIEAT B IR LAk TR, IR 6,6'-X(10-2K3£-9-
B BRI M BEIR(S)-51 BLA R IR, JEF i &
RN A A P T B R AR T R P R RO R B, O
A AR N 2, LA Rhy(esp),/S1 MEALF, 2-2K
Be-2-THEEE MR, 0 °C FAE CHCL R B i
1N ZEAE TN a-kidE(Scheme 19, a) & o-JfidiE 5 %S
(Scheme 19, b)#HATIEM IR, KA B A =4 ]

HT&BE M FIER IR
(a) 9
N, Rhy(esp), (1 mol%) OH
R! (S)-51a (1 mol%) * 1
Alkyl)ﬁ(o + HO > Alkyl OR
CHCI3, 0°C, <1 min
(e} (e}
53 54
R = C(Me),Ph
51a: Ar = 10-Ph-9-anthracenyl
51b: Ar = 2,4,6-(Me)3CgH,
51
() Rhy(TPA)4 (1 mol%)
RY N, (R)-51b (1 mol%) R OH

H,O or (S)-52 (1 mol%) J\(k
N + M2 3 2
RSJ\/U\COsz CHCl5, 0°C, <1 min R COR

RS R®
56

Ar = 10-Ph-9-anthracenyl

BR 19 TR EGY) S THERIR o T MR B L 1

O—H #fi N [
Scheme 19 O—H insertion catalyzed by achiral dirhodium
complexes and chiral phosphoric acids or chiral phosphoramides

B F EEIRIEL AR O—H AN R K S,
& JR AL TR B e A (ER 2 Jm Ak B 5 5, R,
A BB — B AT e & B 7 ik O—H
N

2018 4, Burtoloso 25 Ui FH R AL — S Ak Tk 7 2 1)
HCIO, VE AL FSZEL T O—H A, %525 14 2%
PL o~ R K £ R IS AN 2K F R A Y SR IR AT e
N AR R, IR I HClO, [ & 78 — A (230~
400 H)Pe3STay i m Nt R, T8 B SR FE. T
i AL IR RN IR E, LL0.3
mol% HCI0,-SiO, AL, CARE AR, 25 C TR
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. B TE IR ON 2 A T 1 S xSk AT IR
Ji&, 2R R IR PR R B Y AT 3R AR R AP U EE (95% A 88%)
(Scheme 20, a), H XX EEH ML EWITEIT RV E
(Scheme 20, b), & 4L T IR EEEE 2e K MIF
R AF(90%), T 25 W FEF- 25 [ TR (1 2 26U 26 1 2 T 7=
ISR PR (75% 11 69%). BEAN, 2 AN ) i 3 2 2 1)
FEERAED 2h BT 4N N B A 3RS R YR
(83%).

N2 R\

@) 0. _0.30 mol% HCIO,Si0,
o)

1.5 equiv. ROH
60 min., 25 °C
2a 4
e O/\/\Ph

Ph” O
o\
o)

4b, 95%

2e 2f
Br N> N,
ONg (o)
O (0]
2g 2h

|o.3o mol% HCIO,-SiO,

1.5 equiv. ROH
60 min, 25°C
0 >Ph Ph" 0
Q)YO\ @JYO\

; 19j, 90% 19k, 75% ;
E Br O~ “Ph 0Bn E
E N o 5
: o) 0 i
E 191, 69% 19m, 83% 5

B 20 HCIO,-SiO, ALK O—H Fli A SN A 41 Jié
Scheme 20 Scope of substrates of O—H insertion reaction
catalyzed by HC104-SiO,

YE# AN HCIO4-SiO, AL O—H #l A RIHLER Jy: i
T St EEEANE, Si 5 Cl=0 HH AR FRAL TER
NTCIREEE, AT HCIO, ISR HLPE. HEUL S8
Bronsted MR 71k, EMER P EA 57, Bi)E, 2OR
Bl AR A 57, 2 — 0 TRAUEEGE T4 58, 24
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Ja 15 2] B AR =4 e AR AT 59 (Scheme 21).

___________ 0 9]
o ! . R P R
R: Ho Q" Qon R T =k
R : >Si._Sil +N
H: 070" 7 0O i N,
R O, O, N
59
2 - O O A ’p
Cl R R o:Cls
HO.i 1.OHR R HO.I  1.OH
S8 e
QO 1°0° 10 ¥ R 0] OO e
58 % 57
N2 R
3

B 21 HCIO,-SiO, fi AL ) O—H A S ML)
Scheme 21 Mechanism of O—H insertion reaction catalyzed
by HCI0,-SiO,

B, FATREAPT R H Bt 213 B gt {5
Te A g AR i T S2 B T B AR 2R A &) 5 36
) O—H AN 1ZSE50H RS R4S MR
e SRR AR T SOV e AR A BHSWHTE R HEAL R, FF -
75 A AR N B ) O—H Hh. S8 SR -2
FRAPIG VB HEAT B, DA 46 % AR 2 T 5P PO V0 A
WAL B, DA 2-EA-2-K LR OB 5 R E iR
VAT B R S R S e . R AL A SW-I( 5
B2 HCIO, SUMETT TR AL, JRDFRE Y n(FE R
Big) @ n(®)=1: 1.6, DCE NI&EFH, 70 “CJ 4 h IR
AL, FESACR TS 95%. TERAER BT, X
HABRM A MBS A VIEAT IR 3 FE(Eq. 2).

N, .R®
(0]
R3OH + R1J\”/O\R2 SW- . o, ©@
DCE,70°C,air R R
© ol
3 2 19

R3 = CgH4X

SIS O—H NP2 5 KIR G KA S HI A=9)
TEEREAT T R, SHEEY 60a~60f Al 61a~61c(JE AP
) 3¢ S A1 JE AN 3d ) O—H i A\ F=40)idE4T 1 4R 4N i
IR 28 15 PE VP (Schemes 22, 23).

TR T LAY 3¢ 3d. 60a~60f £l 61a~61c X [
19755 20 il (HL-60) T8 41 B (SMMC-7721) «  Jifi e 41 it
(A-549).  FL I 40 L (MCE-7) R 45 7 926 40 . (SW480) £
AN B IREPE, 45 R IR 2 ik & % HL-60
SMMC-7721. A-549. MCF-7 Fl1 SW-480 #ii}fii % FE 8
HHAEZE RO IPTI AR E M, PR B I S 2
(DDP) I HMI B2 (ICs) AT LLER, WI AT 61a 1 61c(FH
JEANEY Y O—H 48BN ) A S AR i, BN
TELEE LG R 29 AT e
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R1JL\H/O\‘R2 * R?
~
0 O
2 =
= = =
HO (6]
O/\/ OE iu\o/\(j
60a, 85% 60b, 80% 60c, 70%
= =
HO
HO (6] HO
oj)\
60d, 75% 60e, 72% 60f, 60%

B 22 EAMSEANRK O—H fHA R

Scheme 22 O—H insertion reaction between diazo ester and magnolol

N2
Standard conditions
1
R OH R2
R1
=

61a, 41% 61b, 38% 61c, 43%

B 23 S S HEAE ) O—H A R

Scheme 23 O—H insertion reaction between diazo ester and honokiol

MALEY) 3¢, 3d. 60a~60f Fl 61a~61c [T 40T PHE.
PENIE T 2 B (LPS) RN B 4E 264.7 B R4 ™ A — RPN, A1 H A AT BRI R
AEINOS 5 K NO BIF=AE R VP, g5 R nT %0, JEANS A MALE. &2 A fERBFFGEIN SW-1 i, HELED
FE AN (1) K35 O—H $: N F=PI{EST 2% J5 T 2 A S 2¢ BEE A UIE &R R C, RamiatteEfE C
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AR 3b 1) O—H fHh, 53| Efk E A1 H &5k
P4 DEY. B 4 R W T K T R 1 A4 F.
HHT SW-I fil O—H 2 [A] [ B E B O JE+ 1B
TAEHB R oo R 5%, £ O—HIHAT Y 4d, H
A REALT] SW-T I SEMUEALIERS. 1842 B: BT SW-I f#
FITTREVE N Lewis BY Bronsted B8, 3% m KMy ER .
[RIbE, 25 i) /e A& MR E S &Y 2¢ T
PEFH T R T3 HIOL SR 5 T R AR 8 7 Boaki bR 7 1 i =
BAED, BT, HR Y 4d (Scheme 24).

3 R&EERE

LR T 10 SRR AREmMZ A
AEFR AL U AR R AL A V0K O—H 4N L A F 7T
HOR, WEALT Bttt & . A REA . KR

 sw ST

Ji& S SLATLER K2 24 N FH 35 D77 TR SR BEAT R SE IR,
N O—H NN G AE LY A LG IR S5
AR, O—H HHASRSHG 1R E KRR, (A5R17
FE—SEA R (1) SIARAEAL Hh Ao I < R AL ) A 2 TR
HArig B ot 2= FHREME RN R MR, 2)
DS I S /1 = o R R Y W N A R S R iR
BR; Q)X T2 AL, RIS N RR I 5 19 LA SR LT
AL TR SR (B B, SRR ANBURT DA s R0 58 JR B
SEA] CLSCEL BRI PR A (4) B AT B RIE 2 &
JR TG HERR E AR, AN T 2T R A
REZERANRPII. B, MT O—H A RBK,
RRBATERT FHRE SRR MR, T
HIRRCE B, FFE LR & AR ] 26 55 7 T 5
FHE 2N

"
O=Cl
"

Il
(e}

inonic pair H

B 24 SW-I AL AR SR G P O—H 4 A\ AT BEAIH LA

Scheme 24 Proposed mechanism of the O—H insertion reaction between diazo esters and phenols catalyzed by SW-I
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