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Abstract

Chiral aryl oxa-compounds are extremely important in medicinal chemistry and clinical therapies.
The asymmetric reactions of phenols with different substrates are important methodologies to
synthesize such species. With phenols as nucleophilic reagents, the chiral catalysts-catalyzed
asymmetric reactions, such as substitution, Oxa-Michael addition, ring-opening, Wacker-Type cyc-
lization, O-H insertion, can be developed by reacting with different substrates to obtain such
compounds. Recently, the asymmetric C-O bond formation with phenols has made a great
progress. This paper will focus on the progress of the asymmetric C-O bond formation with phe-
nols.
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1. 5]

T HEE RN AR —RELERNRIE TG, EAYMEMIGRIBT EAE L EZEWIEN.
KRTT IR T AW E BAAE TV 2 5 NRA TR R 298, i FAEGUIATR i 314 2570
PEYT[(R)-Fluoxetine]. BEI&PEVT[(R)-Duloxetine]. V697 miMLAGZ54) MBX-102 & N JZ =45 H055[1] [2] [3] [4]
i 1)e BRI, XX EYIIE BT T, AU SHESN A G2 22 AU gk 2, B0 R,
HAWHE R E L.

T EIRAE P N ARV B B, DR an o] 18] 5 806 O SR B W I F st A9 JE o B
13 5 AN ) ) R S R AE A RTFR R R IRIF MR A I E g e . EFHEMEARIRER T, DB e
FZART, 5 AN ) ) IR SR A PT  AE AN K BRI TR 2 05 FE 454K . Oxa-Michael JIEG FF35 . Wacker-Type #4L.
O-H i NEJAF T HE RN ED . LK, S E5ANIK C-O IEREIS T —E b, A0 %
E A E SN2

2. &5 IR C-0 BRMR K
2.1. KRR

SR, By BAT RS SR e — R DU R 1A AR S LB R 2 o (B A AR ALV T R
Py th T 5 3 PR B ) R SR R AR RO, B I R R AL S . Bk, AE TR R/ E

CF,

i

\
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Scheme 1. Typical chiral aryloxy-drugs
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T, By SERE SR AR NIE PR TR ARG Y. BRI B AT A VF 2 RS %3
SNLHATAT ST A H BRGERE , AXARE ISR N EZAEH Py Rhy Rus I HFPEREATIREAT AL
BEAh, N TR A AN X R AU MLt A 413

2.1.1. Pd &L BR R 2

FLPE 1997 4E, Sinou /N[5 HRIE A AR 5 T 1E BB C AR (R, R)-1 4L ZE By 5 38 O FE R IR IR & A2 A KPR EL
RN, 3K1F 95%HIU % 5 85% ee (Equation (1)), SHRFREEARELEL, 2B A SR I 1 K o) i 6 Bk 44
AR,

0COo,Me OPh
Pd,dbag/(R,R)-1
* PhOH ———————» 0

THF, 1t

§@§
(RR)1
)7, Trost URREZI[6] [7]45 Hoberg B FL/MA[SINAEFICS, $)-1 2L (S, S)-6 XHH) 15 3-FF M e i
B TR R B R R AN AR HEAT T 1N R G I 7T, ] SR A AT B4k 2 e B 1 5 0 il -4 (Equation (2))
WA#E 1 mol% Pd,dbas 5 3 mol% (S, $)-6 S b m] K15 ik KT 20:1 B XA K 91% ee. LE4b, Trost
WL IE B Pd AR 7T A S AREAR S N, 2 FH 380 1 28 9F S AL A 0 B A b 9]

OCO,Et 1 mol% Pd,dba, OAr

R! CO,Me  3moal% (S,S)-6 R! co,Me
‘ 5mol% TBAT, ArOH ‘ ?
et bl
RZOR® DCM, 25°C R27R3
5 7

up to >20:1 regioselectivity

and 91% ee
o )
S e 70
Cmme L)

(S,5)6

B 7 DABRIRES 1 M i MR SOSLERA,  2007 4 Overman BREZH[ 1074538 3 F =5 T W s 1 M
L5 B R AEASKE R A B (Equation (3)), [FIFEIUS T ANEERUBT SCE R TR (/] 1 mol% 8
NF MR, B3R ik 97% IR S 97% ee (5 1). WE 1 ATLLEH, MHAARRARN =H2
VG IV 2 P e B X JS L PR S RS R PRSI AN K, (BB N ISR AT R R o 4 224 4 A 7 R BBA R ) =5
LB 6 D9 B LSS 5 s S T AR FROMACR 5 T 24 46 P 575 2 BUA PR = S B S 2 1 S 2 R A
SRR T 30% R (52 1, entry 15)o FRIMGIZAE A A4 80068 55 S BRI = 50 2 B9t S0 2 156 P By A QAN X
S NLEAT —5E R R

R!

CCly N, 1mol% 5 = )
W= obed, it 9N @
/TR HO SR G !

38°C XxR
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Table 1. Scope of the [(S)-COP-OAc],-Catalyzed Asymmetric Synthesis of Allylic Aryl Ethers with Precursors Containing
Additional Functionality

= 1. [(S)-COP-OAc), WA E B RERIRT AT X FR & UM A A 75 Bl

Entry R R 1 Yield [%] Ee [%]
1 CH,OTBDPS 4-OMe 11a 82 97
2 CH,OTBS H 11b 81 96
3 CH,OTBS 4-Me 1le 70 97
4 CH,OTBS 4-Cl 11d 90 96
5 CH,OTBS 4-OAc 1le 97 96
6 CH,OTBS 2,6-F 1f 97 90
7 CH,OTBS 3-OMe 11g 80 97
8 CH,OTBS 1-naphtyl 11h 61 98
9 (CH,),0TBS H 1i 87 90
10 (CH,),0TBS 4-OAc 11 97 92
11 CH,CH,Ph H 11k 91 95
12 CH,CH,Ph 4-OAc 1l 97 92
13 CH,CH,0Ac H 11m 91 92
14 CH,CH,0Ac 4-OAc 11n 93 96
15 CeHyy 4-OAc 110 30 90

== At &8 (Galanthamine), P&MHE(Morphine), A [Fl(Codeine) } i EL K] (Thebaine) & — 2% 5 B K F 4 4
FZIP11]e T HRIKIEA R, KA FRE O SET 250 B A 2 IS . 2013 4, Ojima
/N 12]HRTE A FH4E S DPPBA (S)-14 AL -5 PR 0 BERER 8 R A 2 AR AR IR SE A B T F il &
IR HE T 245 1) S Hh [R] 4 (Equaation (4))

OMe

OH
Br
HO Pd@iycy, OV
12 0.,
(5114
— ",
TBDPSO_ * DMF, 0 °C Br
> T%yield HO

o_ O
()15

97% ee
13 Ar = mexylyl

(5114

2.1.2. Ir ALK R B2

BRARAN, BRIy AR FREAR SN o 2003 4E, Hartwig SRR 13 13R3E 18 FH 4% 5 T VERCZE My T 2R
) U T A2 11 Py 5 B R T (1) /R X PR BUA S5 B (Equiation (5)) 4 T 8 NS (R SR A% RE 7, E %0 0/ &
FA B 04 J@ SRV Nzl R, WEAREs R W, 1 1.0 mol% [Ir(COD)CI], PAJ 2.0 mol% (R,, R., R.)-16,
SN AIERAE 99/1 B IX L FEME [ 97% ee (G5 2).
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Table 2. Enantioselective Allylic Etherification with Aryloxides Catalyzed by Ir-16
F 2. Ir-16 EXFEEN AWM AN FRGREBL

Entry R, R? R, M =LiorNa 19/20 Yield [%] Ee [%]
1 Ph, Me 2-Me 96/4 87 95
2 Ph, Me 4-Me 98/2 91 95
3 Ph, Me 4-MeO 98/2 88 97
4 Ph, Me 3-MeO 95/5 84 96
5 Ph, Me 3-Ph 96/4 76 95
6 Ph, Me 2-Ph 96/4 65 93
7 Ph, Me 3-Me;N 99/1 56 97
8 Ph, Me 3,4-(OCH,0) 99/1 65 94
9 Ph, Me 2,4-Me, 98/2 85 95
10 Ph, Me 2,4,6-Me; 93/7 82 93
11 Ph, Et 4-Br 96/4 91 90
12 Ph, Et 4-Cl 93/7 96 92
13 Ph, Et 4-Br,3-Me 95/5 89 87
14 Ph, Et 4-CF; 90/10 922 80
15 2-MeOCH,, Me H 98/2 79 75
16 4-MeOCqH,, Me H 97/3 70 86
17 n-Pr, Me H 92/8 93 92
18 n-Pr, Me 2-Me 87/13 86 90
19 n-Pr, Me 4-MeO 90/10 73 85

2004 4, Carreria /NH[ 14100 DATFPEF 78 9 J5URE, 185 B3R S5 AR BT 2 A0 R & T PERUG FL A4 21 ()2
R 2), T HEA I 5 0 T R R R ) AN KRR S U SR, AT 3RAF 45%~92% ee. H B2, Uozumi
R [ 15 55 o A A5z BELA [0 F 5k U I A 22 823 (B2 33 2) JH Ty 5 4 7 e e 1 T 1 4 2 AR vt
FREV SR, AT SRASAS [44SR AR =4

Scheme 2. Chiral diene and N, P ligands
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2.1.3. Ru R &k B

ETHEAL AR R B S BB A H]3E - 2008 4, Onitsuka /N[ 1613538 8 FH &ACKVE N OB YD, LA
53 9 5 A2 AR I AR PR BUAR S B (Equation (6))e PAT-PEFMEAT AR, SR AT 3RS KT 20/1 1) X I8k
B K 80%~95% ee.

OR?
(S)-24 or 30 RIS
RN + ROH ———— 27 majory ()
25 26 K;CO3, THF +
30 °C, 24h RIX"0R2
28 (minor)
+ +
ol PFy S

t-Bu
<> ‘o)

R
MeCNu---%U\P) MeCNw7 U\S

MeCN  pp, ke
(S)'24 30
Me

FEZIN T, AEZ IR T A2 AL SN S | A Rl L B G5 M EAT 1N, FEBLIERE B 1T
REM S SILER . AR AR OB S R AT 24 S 25 1 I SRAHIE I R IE B8 1 5 TV 10 S SE AT 4
28, RJEME NSRRI S MO T S S b ()44 29, AT SRAG T P4 27 (st 3).

2013 4, Trost PRELZL[17]MIFRIE 1A ] T 1k i i S5 T S 09 Bk, 5 B 755 Onitsuka /N4 iR TE T
PRET A TS5 SR ALL A8 28 TR0 A M U3 T3 — A 67 (A6 771 30 (Equation (6)) #EALIZIRBL, 3R1G T 68%~

94% ee.

2.1.4. Rh LB & B
SHURET M LR, B A AT U S AR T8 AR 482 . 2016 4, Breit /MNAHREEH 2.5 mol%
[Rh(cod)Cl], 55 5.0 mol% (R,R)-Quinoxp 141y 5 Bk B B 11 A XS AR HUAR S %2 18] (Equation (7).

7
R1 25 moi% [Rhcod)Clp, R @\
OCOZMe /O 5.0 mol% (R,R)-QuUinoXp X O
7
" Ho DCM, rt, 24h rr O

31 33

t-Bu
t-Bu

(RR) Qumoxp

WFF I SOSATFE B0 N HEAT, OB AT ERAT ik 99% M5 99% ee, AN R IR AL 1A Z200 R Az BE 4
T IEECBRBR R AL TS R A . BRAN, AZAEAL R R P 5 AL R R R (S 5 4).

2.1.5. (N FRUBKR R

H5&BMHEAARLILE, N TR A S, AR EEE, M 2000 45 AT, g-H
Bk — R EEPIAER, AMUATHTEIT 4IRS 19], FRH AT CUH T g0 B G201, bz
EWINAL 24 AT BB IS . 2009 4E, Chemielewski MR 2 1 13I8 18 FH S0 4 fE AL Y 36 5
4- R B IR T 35 A RIS LA B T WEA G4 37 SR & SR A 3RS 1 rh &5 R 28 Bk
% 3% 1 (Equation (8)).



=0 R
{ O

R + R@\ 01eq.34 \= R )
H 0 OH toluene, rt 48h H
35 36 37

OMe = upto 77% yield
50% ee

2z

MGCKI Ph,
) (S)24 Rl
9R 25
RIS
27 (major)
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Scheme 3. Possible mechanism
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86 yield, 97% ee 83 yield, 96% ee 99 yield, 96% ee 88 yield, 99% ee
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80 yield, 98% ee 77 yield, 99% ee 15 yield, 85% ee 92 yield, 90% e
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Scheme 4. Rhodium-catalyzed asymmetric oxygen-allylation of phenols

R 4. EVEFANIREER RN
2.2. Oxa-Michael JMEX

W /N> TAEALTTIR A R, Oxa-Michael fIEGE I R S L RIANKI AR HEAL S N 2R A 22 — o A H T



EER, HAT Oxa-Michael AXFRINES N 3 LAE A HL/N T HEA T K AR 73 1 TR 843 N R TG S S
BT 2RI AR AL A
2.2.1. 5FI8 Oxa-Michael jiNX

V2 RIRT= W) S A ZPIE A S 3 B 2R 5T S & 42 [22], A A L8280 — At &9 R
B CEAR OB INECR O T [23],  UTAE RO AT #2006 £|5 Arvidsson UREZH [ 244k T8 {1 FH ek 1k
e EH(S)-38 1AL S ARl 5 AN LT B A XS R Oxa-Michael JISGS BT, 153 1 PR A2 s S FRIHAC 28 R Sho ke
L FE 5 AN B AE (Equation (9)).

1
38 (l0molsy - N Yo
R~ —ia ©9)
OH CH,Cl, e} R2
Ph “o
R'=H R2= Phenyl [ \/ E Ph Up to 70% yield
0,
R' = OMe R?= p-Nitropheny| N oTMs 90% ee
R2 = o-Nitrophenyl 38

R?= propyl

B J5 A A [7) VR 2L A5 FH 8 I 751 G 41 i 2 2K FR R B(R)-Mosher acid [25] [26]80A R HL/IN T AL 57
[27][28] [29] [30] [31] (i 5) FH TR B LASE R 12 5 L IR 1 5 %o I ade #3642k o

B T AN R R SERAD,  FABAS AL S ) A XTFR Oxa-Michael SR MG HRIE, 2014 4F,
Xu VR [32] 3B FUEB A S 47 (A0 200 55 i % R S A7 Je 15 AR ANV 600 e £y A S R s S L
(Equation (10)), K19 T HAFIOMEALSE RGEE 3). BEAL, RNATCAERACRIEF, SO,

[F7E 2014 4, Ramachary B33 ]UHRIE T f# FH(R)-38 fALAT R FHUR RIS IR e 5 L8 R A
Z 1 B IH Oxa-Michael MRV . WILL 2.1 54152 OR300 08 9 R BLIRA, LA 20 mol% (R)-38
AT, RS 7O A T 2RI A A& P (Equation (11)).

NG o) 47 (20 mol%
| 2 4-CF,C3H,COOH :
N+ (d0molve) et S (10)
RT R2 brine, rt Ao
¥ 2 2
Z > OH R YR — R2 SR
48 49

VD
N

H 47

2014 4F, Peng HJT FT/NAL[34] MIAKE A= 14 J7 1t e b A s S R R AL & W 15 i 2 04 e 1 22 40 o B
Oxa-Michael I8, [T 3RS 92%~96% ee (Equation (12)).

NHBoc 54 (10 mo|%) NHBoc

NO, NO

+ K,CO 2

R1LC N SO, Tol Jl/ —>2 s R1_: N (12)
L OH R? CHCI;, 0°C AN~ R2

55
R'=H, Me, X AIkyI Aryl %j j:( /@/
L@H
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Scheme 5. Organocatalyst—catalyzed asymmetric Oxa-Michael reaction of unsaturated aldehydes

RRE 5. N FEATIR FAEFEERAXFFR Oxa-Michael fIlAR R B2

Table 3. Scope of the cascade reaction of 48 with 49 promoted by catalyst 47 in brine
2 3. BRI 47 1L 48 5 49 BRI

Entry R, R% R® Product Yield [%)] ee [%]
1 H,H,H 50a 98 98
4 5-F, H, H 50b 96 96
3 5-Cl, H, H 50c 94 96
4 5-Br, H, H 50d 97 96
5 3-Cl-5-Cl, H, H 50e 95 93
6 3-Br-5-Cl, H, H 50f 92 96
7 3-Br-5-Br, H, H 50¢g 94 96
8 3-Me-5-CL, H, H 50h 93 96
9 3-OMe-5-Br, H, H 50i 91 99
10 3-MeO, H, H 50§ 90 97
11 3-EtO, H, H 50k 92 96
12 4-MeO, H, H 501 93 92
13 5-Me, H, H 50m 93 97
14 5-MeO, H, H 50n 90 96
15 6-MeO, H, H 500 64 96
16 H, Me, H 50p 60 94
17 H, H, Me 50q 97 98

2015 4F, Jorgensen YRR [3 51 FH KA FEAEBEL G VAL 1-250 B Rk 5 AN RIS 28 1, 617
SN 1, 4-Oxa-Michael H RN & TR IF AL G, 15 7 AR AR B Z R . i, B
20 mol% 54 58 AL, 5 mol% DABCO AHMNG, KNS T 94%~99% ee (V5 6).

2.2.2. 5rFHA Oxa-Michael AL

Kk 15y Z (B ) HREE Oxa-Michael BIA R, 437 A Oxa-Michael JIA S B A i iE
(+)-Erythrococcamide B #&—2KHA K ISR ZY[36]. 2014 4F, Takemoto HEIZH 374 (i H T 1A%
JIRHEAL T 61 AL AR 62 & BT TR IF R A Y 63, [ M. F] 3115 93% - 96% ee (Equation (13)).



CHO 4 Naphthol or

= Sesamol i
58 (20 moi%)
# DABCO(Bmol%) NaBH,
MeOH

CHCly, 4°C
R = Alkyl, Aryl Ar

59 .
N SiPh, 60
Ar = 3,5(CFy),CgHs
58

Scheme 6. Organocatalyst-catalyzed asymmetric cascade reaction of unsaturated al-
dehydes with naphthol or sesamol

REIES 6. N FHEALFIE AN TRFNES 5 200 2 2 RRER Y AN X3 FR 28 BX S Y

[F] B4 25 R A AN FR 7V %4 B T (+)-Erythrococcamide Bo 7245 )2, 1EIZARE PR T 3715
FHEANTCERAIR, Z AR FIRE ] & BRI IR, (P X RIS SRS A AR

OH 20 mol% 61

RL X 3,5-(CF3)2-CgH3B(OH), o ‘ \7R
_ _~_OH 2omoie M . M
MTBE/CCI, (19)

62 it 63
R=H,Me, OMe,Br ~ Me s 93%~ 96% ee
@NLNWQ
he H H
PN
61

BEJG I 2015 4, ZUREABSERE A T IR IF1E 8 64 AL A AN IZ KA R 7201
Oxa-Michael JiH A5 S B E & B 1 il 46 UL 71 3% ) S B [R) A4 (Equation (14))

Me 20 mol% 61
OH 3,5-(CF3),"CgH3B(OH), O
oo 2omoe L
4 " 14
A~ MNome  MTBECCL 0 me O
rt 66
65 o_ 0 90 yield, 93% ee
%
g8
\
e
H H
PN
64

4-HURTT HZIF AL SRV 2 B RS R IR s 2 M R G B 2R(39] [40]. 2RI &
PEERA Z TG, I fa 5 & iz S w7t B A EE AR L. 2016 4, Enders PR8I
[41 4538 3 TP BR IR A AL ) 67 ASXEFRAEAL B 15 ¢ ZLAT AR O R A 2B 3 3k Oxa-Michael JNERR N 5 1,6-
TSI B 5 il LA G e 22 K TR PR TR IR AL S . UMK S 68 D9 SUSERRA), 5 AN [R) BRUA G A | e A
WEVIRNINFRAT T AR R (GE 4).

5 mol% 67

T oO—
O ~N toluene, RT
OH Boc




Table 4. Evaluation of the substrate scope
&= 4. RYSEEFE

Entry R Yield [%] Dr ee [%]
1 5-H 89 17:1 99
2 5-Me 63 13:1 98
3 5-OMe 58 10:1 96
4 5-F 86 >20:1 98
5 5-Cl 92 >20:1 98
6 5-Br 94 >20:1 98
7 5-1 91 >20:1 97
8 5-NO, 98 >20:1 98
9 5-OCF; 92 >20:1 96
10 6-Cl 94 >20:1 97
2.3. IR

B 5 BRI IR ST — K AT WL U o A 5 SR AR FO A PR A S 57 T 3R 75 4 2
FHRALAY, SIA R R 2 2 A AR[42]. F AT S R M SR e A K
AR T3 S«

2.3.1. B 5HERHH AR

FAE 199 4, Jacobsen B9t/ [43 438 {5 H T+ M B A0 & W A K R ALY 5 34 S0 R Joe B 30 e 1
(Equation (16)), FERGEMZM: N AR 91%~99% eeo A2 AL FH AR Al 2- F 48 8 2 )y B 757 JL
EAR IR S PR e G 2R R B S A ot S BN RE R A

OH

OH
R B le) R (R RT1) R B O\/kR1
L M e MTBE T (16)

R =Br, OMe Me, NO, R'=B8r, alkyl MS3A

72 73 Q 74
N =
NV
t-Bu o~ Mo t+-Bu
t-Bu t-B
M = Co[OC(CF3)3)(H20)
(R, RT1)

2.3.2. S EFMEK R B XFRAER

My b5 S % B UK M A AR FR R RIS -1 — A5k &9, 2 B AYE G DA R A %4
M B2 [44] [45] [46] [47]. F-7E 2000 4F, Lautens P#E4H 3 £ 5 (R)-(S)-PPF-Pr-Bu2 i ALY 5 B UK 7 45 (1)
NS FRIF IR SN [48], SNLLE [\ 444 R AT AE 3 R I 18] Y 315K T 90% ee HIFF 3R P2 4)(Equation (17)). HfF
45 SR Wy 1 B0 T BA I S ISR AR B RCR ITREIA, A & KD T 5.0 equiv B, MITE 8 h AAds
BEARTHAGTE A, U Y& T 5.0 equiv B, R HEAT 5d J5 RN IR BB . BEEEF LK
DUINNE 2498 D077 G BudNT R 38 0 S5 8 PR3t 14 T AS 52 00 =00 Wi B 1 (49



0.5 mol%

o
[Rh(COD)Cl},
X
% 7 qomom ‘O
+ D #-| P -
Vo PPF-PtBU, (20 -
THF, 80°C OH
7S X=F, CLBrICN Me, 4 Ll
OMe, CF;, COCH, Z:Pt-Buz
76
PPh,
Fe
=

(R)~(S)-PPF-Pt-Bu,

B S N R ARGE S TV 2 AR ST TSR B T R SR B OKOR H 5 PRE BO AN KRR T S
Rigk, AR T[50] [51] [52]s Pt[53]M% PA[54]5 AN FKIFHERAS A T Z RN ABAHKIRIE. 5
Rh ALLHEE, Tr 5 Pt fEAGI B 5 B UK R 4 A AN XS RO 20 s L S5 it PRI, e ER TRV, S BEAEAE AN
Rese e, BAER 5 RN Zn(OTH2 fEA N, Pd MEALBIASSS BRI FR S8 l 2E 300 N AR, 3RAF I
B WOE R IF I = [54], TR A i R B AR .

2.4. Wacker-Type ¥4t

ANKIFR Wacker-Type Pk i 87— R i #2556 5 4 0 R AR 4 N IME RIS F 1 A R M &9, R 1% %
RLEA LA B BT BB SN E . 1997 4, Hayashi SELL[S5]IhIRE 7 {#H Pd 5 F MR 4 78 4
X FRELL Wacker-Type ¥46 [ ¥. (Equation (18)), 3R1S T 90%~97% ee. 2004 4, Yamamoto /@141 U 37
FHFVE Sn AL EWIAXS BRI Wacker-Type I N A R SR 7 1) 4 (+)-8-epi-Puupehedione [56].

Me  Pd(OCOCFj),

Me
X s
xS A LY _Me (18
T e benzoguinone = (19)
Z~ol"
79

MeOH 80

X=H, F, Me, Ph OO o
\ lH
N -

i-Pr, %,
” “i-Pr

Hr[ N
2 g9
78

2.5. O-H &N

Wy 15 2RI B WD AN FR A N SR FH R A B I R & A BOT1E 2 2007 4, Zhou
WA STIIRIEMSH Cu 5FHIEARAAMIE AR O-H A kit ERREERGEFHARLEY
(Equation (19)). WF7EEREH: FH 5 mol% CuCl 5 6 mol% (Sa, S, S)-81, =AM T, W S5kikkE
FRIE TR ARG AL A N P2, BRI 2 5 P 5 26 o UK T BB O S S SR R PR UL R 5 %
RS AHEAR (G 5).

5 mol% CuCl
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Scheme 7. Chiral ligands used in asymmetric Ring-Opening reaction
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Table 5. Asymmetric Catalytic Carbenoid Insertion into O-H Bonds of Phenols
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Entry
1
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R!
Ph
0-MePh
0-MeOPh
o-PhPh
m-MePh
m-MeOPh
m-BrPh
m-PhPh
p-MePh
p-MeOPh
p-tBuPh
p-CIPh
p-BrPh
p-MeO,CPh
2,4-diMePh
3,5-diPhPh
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Ph(CH,);
PhCH=CHCH,
Ph
Ph
Ph

R2

R3
Et
Et
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Et
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Me

Me

Bu

84
84a
84b
84c
84d
84e
84f
84¢g
84h
84i
84j
84k
841
84m
84n
840
84p
84q
84r
84s
84t
84u
84v
84w

Yield (%)
87
71
68
83
79
71
78
82
88
78
70
83
85
62
80
84
77
83
63
85
71
70
80

ee (%)
99
98
95
99.2
99.3
99
99
99
99
99
98
99.1
99.6
99
99
99
99.1
98
59
61
10
98
99
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Scheme 9. Asymmetric coupling reaction of phenol with allylic alcohol

R 9. BYSHEREBR AR EE

AT BIARIFR C-O B U NAT A BLRARIE, EMEACBCRBUR,  H AT K S SR AT R, Atk
KRR = B A LN 7 T AT T I A TR C-O HIE B RAT /& — IURA EURHE AT 5

ARE NN JE B EIASKTRR C-O ST S SRR FERT LA LR JLASJ5 T T«
(DB F AT A KRBT TR AR s LR D RkiE, (HH T2 T IR sl A R iet-& AR A
A I TARAE B VAT AR RS 5 | %38 KBRS AR A
MO LR AT G, it S R R ) TR AR AL R (2) H AT R AL Y



ikl %

AXFR C-O BETE R MAT AL B AL B v, ARG AR R, BRI, b — 2D R R A e ) & S M
AT AR AL S SRR RO S R A R B 5B R OG QYA LI T AT H AT 32 EA A Tolk
e AL BRSO R, PRI A AT U A AL 737 AR 7 AR o e e i B [RS8k s
B2, TSR EWE TR LEVRAEP R EEN, Kk, R B —2D BT e
Tri ERIQUHT, Biha S 2 A R TR AR ST T I 2 5 A R C-O BT B 2 — I
FEHEAMERBT AR, RAEERIISEE L.

24

i

JRUHE 2K AR R E L IX 3 42(21562004)

S E @k (References)

(1]

(2]

(10]

[11]

Rej, RK., Das, T., Hazra, S. and Nanda, S. (2013) Chemoenzymatic Asymmetric Synthesis of Fluoxetine, Atomox-
etine, Nisoxetine, and Duloxetine. Tetrahedron: Asymmetry, 24, 913.

Wenthur, C.J., Bennett, M.R. and Lindsley, C.W. (2014) Classics in Chemical Neuroscience: Fluoxetine (Prozac). ACS
Chemical Neuroscience, 5, 14-23. https://doi.org/10.1021/cn400186j

Calow, A.D.J., Fernandez, E. and Whiting, A. (2014) Total Synthesis of Fluoxetine and Duloxetine through an in Situ
Imine Formation/Borylation/Transimination and Reduction Approach. Organic & Biomolecular Chemistry, 12, 6121-
6127. https:/doi.org/10.1039/C40B01142B

Motloch, P., Valterov, I. and Kotora, M. (2014) Enantioselective Allylation of Thiophene-2-Carbaldehyde: Formal
Total Synthesis of Duloxetine. Advanced Synthesis & Catalysis, 356, 199-204. https://doi.org/10.1002/adsc.201300849

Iourtchenko, A. and Sinou, D. (1997) Asymmetric Palladium(0)-Catalyzed Synthesis of allylic Ethers. Journal of Mo-
lecular Catalysis A: Chemical, 122, 91.

Trost, B.M. and Toste, F.D. (1998) Asymmetric O- and C-Alkylation of Phenols. Journal of the American Chemical
Society, 120, 815-816. https://doi.org/10.1021/ja972453i

Trost, B.M. and Brennan, M.K. (2007) Palladium-Catalyzed Regio- and Enantioselective Allylic Alkylation of Bis Al-

lylic Carbonates Derived from Morita-Baylis-Hillman Adducts. Organic Letters, 9, 3961-3964.
https://doi.org/10.1021/01701585b

Dong, Y., Teesdale-Spittle, P. and Hoberg, J.O. (2005) Regioselective Palladium-Catalyzed Allylic Alkylations. Te-
trahedron Letters, 46, 353.

Trost, B.M., Shen, H.C., Dong, L., Surivet, J.-P. and Sylvain, C. (2004) Synthesis of Chiral Chromans by the Pd-Cat-
alyzed Asymmetric Allylic Alkylation (AAA): Scope, Mechanism, and Applications. Journal of the American Chemi-
cal Society, 126, 11966-11983. https://doi.org/10.1021/ja048078t

Kirsch, S.F., Overman, L.E. and White, N.S. (2007) Catalytic Asymmetric Synthesis of Allylic Aryl Ethers. Organic
Letters, 9,911-913. https://doi.org/10.1021/01070110b

Marco-Contelles, J., Carreiras, M.C., Rodriguez, C., Villarroya, M. and Garcia, A.G. (2006) Synthesis and Pharma-
cology of Galantamine. Chemical Reviews, 106, 116-133. https://doi.org/10.1021/cr040415t

Zang, Y. and Ojima, 1. (2013) Pd-Catalyzed Asymmetric Allylic Etherification Using Chiral Biphenol-Based Diphos-
phinite Ligands and Its Application for The Formal Total Synthesis of (—)-Galanthamine. The Journal of Organic
Chemistry, 78, 4013-4018. https://doi.org/10.1021/j0400355j

Lopez, F., Ohmura, T. and Hartwig, J.F. (2003) Regio- and Enantioselective Iridium-Catalyzed Intermolecular Allylic
Etherification of Achiral Allylic Carbonates with Phenoxides. Journal of the American Chemical Society, 125, 3426-
3427. https://doi.org/10.1021/ja029790y

Fischer, C., Defieber, C., Suzuki, T. and Carreira, E.M. (2004) Readily Available [2.2.2]-Bicyclooctadienes as New
Chiral Ligands for Ir(I): Catalytic, Kinetic Resolution of Allyl Carbonates. Journal of the American Chemical Society,
126, 1628-1629. https://doi.org/10.1021/ja0390707

Kimura, M. and Uozumi, Y. (2007) Development of New P-Chiral Phosphorodiamidite Ligands Having a Pyrro-
lo[1,2-c]diazaphosphol-1-one Unit and Their Application to Regio- and Enantioselective Iridium-Catalyzed Allylic
Etherification. The Journal of Organic Chemistry, 72, 707-714. https://doi.org/10.1021/j00615403

Onitsuka, K., Okuda, H. and Sasai, H. (2008) Regio- and Enantioselective O-Allylation of Phenol and Alcohol Cata-
lyzed by a Planar-Chiral Cyclopentadienyl Ruthenium Complex. Angewandte Chemie International Edition, 47, 1454.



https://doi.org/10.1021/cn400186j
https://doi.org/10.1039/C4OB01142B
https://doi.org/10.1002/adsc.201300849
https://doi.org/10.1021/ja972453i
https://doi.org/10.1021/ol701585b
https://doi.org/10.1021/ja048078t
https://doi.org/10.1021/ol070110b
https://doi.org/10.1021/cr040415t
https://doi.org/10.1021/jo400355j
https://doi.org/10.1021/ja029790y
https://doi.org/10.1021/ja0390707
https://doi.org/10.1021/jo0615403

[18]

[19]

(20]

(21]

[26]

[27]

(28]

https://doi.org/10.1021/j00615403

Trost, B.M., Rao, M. and Dieskau, A.P. (2013) A Chiral Sulfoxide-Ligated Ruthenium Complex for Asymmetric Ca-
talysis: Enantio- and Regioselective Allylic Substitution. Journal of the American Chemical Society, 135, 18697-18704.
https://doi.org/10.1021/ja411310w

Li, C. and Breit, B. (2016) Rhodium-Catalyzed Dynamic Kinetic Asymmetric Allylation of Phenols and 2-Hydrox-
ypyridines. Chemistry: A European Journal, 22, 14655-14663. https://doi.org/10.1002/chem.201603532

Lysek, R., Borsuk, K., Furman, B., Kaluza, Z., Kazimierski, A. and Chmielewski, M. (2004) Strategies for the Stereo-

controlled Formation of Oxygen Analogues of Penicillins and Cephalosporins. Current Medicinal Chemistry, 11, 1813-
1835. https://doi.org/10.2174/0929867043364883

Veinberg, G., Vorona, M., Shestakova, 1., Kanepe, I. and Lukevics, E. (2003) article title. Current Medicinal Chemistry,
10, 1741-1757. https://doi.org/10.2174/0929867033457089

Koziol, A., Furman, B., Frelek, J., Znica, M.W., Altieri, E. and Chmielewski, M. (2009) Chiral Base-Catalyzed Enan-
tioselective Synthesis of 4-Aryloxyazetidinones and 3,4-Benzo-5-oxacephams. The Journal of Organic Chemistry, 74,
5687-5690. https://doi.org/10.1021/j0900821b

Nicolaou, K.C., Pfefferkorn, J.A., Roecker, A.J., Cao, G.-Q., Barluenga, S. and Mitchell, H.J. (2000) Natural Prod-

uct-Like Libraries Based on Privileged Structures I: General Principles and Solid Phase Synthesis of Benzopyrans.
Journal of the American Chemical Society, 122, 9939-9953. https://doi.org/10.1021/ja002033k

Van Gemert, B. (1999) Benzo and Naphthopyrans (Chromenes). In: Crano, J.C. and Guglielmetti, R.J., Eds., Organic
Photochromic and Thermochromic Compounds, Vol. 1, Chapter 3, Plenum, New York, 111-140.

Govender, T., Hojabri, L., Moghaddam, F.M. and Arvidsson, P.I. (2006) Organocatalytic Synthesis of Chiral Benzo-
pyrans. Tetrahedron: Asymmetry, 17, 1763.

Sund, H., Ibrahem, I., Zhao, G.-L., Eriksson, L. and Cordova, A. (2007) Catalytic Enantioselective Domino Oxa -
Michael/Aldol Condensations: Asymmetric Synthesis of Benzopyran Derivatives. Chemistry: A European Journal, 13,
574-581. https://doi.org/10.1002/chem.200600572

Luo, S.-P., Li, Z.-B., Wang, L.-P., Guo, Y., Xia, A.-B. and Xu, D.-Q. (2009) Chiral Amine/Chiral Acid as an Excellent
Organocatalytic System for the Enantioselective Tandem Oxa-Michael-Aldol Reaction. Organic & Biomolecular
Chemistry, 7, 4539-4546. https://doi.org/10.1039/b910835a

Li, H., Wang, J., E-Nunu, T., Zu, L., Jiang, W., Wei, S. and Wang, W. (2007) One-Pot Approach to Chiral Chromenes
via Enantioselective Organocatalytic Domino Oxa-Michael-Aldol Reaction. Chemical Communications, 38, 507.
https://doi.org/10.1002/chin.200721117

Shen, H., Yang, K.-F., Shi, Z.-H., Jiang, J.-X., Lai, G.-Q. and Xu, L.-W. (2011) Recyclable Tertiary Amine Modified
Diarylprolinol Ether as Aminocatalyst for the Sequential Asymmetric Synthesis of Functionalized Cyclohexanes and
Chromenes. European Journal of Organic Chemistry, 2011, 5031-5038. https://doi.org/10.1002/ejoc.201100613

Zhao, H.-W., Yang, Z., Yue, Y.-Y., Li, H.-L., Song, X.-Q., Sheng, Z.-H., Meng, W. and Guo, X.-Y. (2014) Asymme-

tric Direct Michael Reactions of Cyclohexanone with Aromatic Nitroolefins in Water Catalyzed by Novel Axially Un-
fixed Biaryl-Based Bifunctional Organocatalysts. Synlett, 25, 293-297. https://doi.org/10.1055/s-0033-1340289

Feng, Y.-H., Luo, R.-S., Nie, L., Weng, J. and Lu, G. (2014) Chiral Diphenylperhydroindolinol Silyl Ether Catalyzed
Domino Oxa-Michael-Aldol Condensations for the Asymmetric Synthesis of Benzopyrans. Tetrahedron: Asymmetry,
25, 523.

Liu, K. and Jiang, X. (2015) Regioselective and Enantioselective Domino Aldol-Oxa-Michael Reactions to Construct
Quaternary (Chroman) Stereocenters. European Journal of Organic Chemistry, 2015, 6423-6428.
https://doi.org/10.1002/€joc.201501065

Xia, A.-B., Wu, C., Wang, T., Zhang, Y.-P., Du, X.-H., Zhong, A.-G., Xu, D.-Q. and Xu, Z.-Y. (2014) Enantioselec-
tive Cascade Oxa-Michael-Michael Reactions of 2-Hydroxynitrostyrenes with Enones Using a Prolinol Thioether Cat-
alyst. Advanced Synthesis & Catalysis, 356, 1753-1760. https://doi.org/10.1002/adsc.201301114

Ramachary, D.B., Reddy, P.S. and Prasad, M.S. (2014) Neighboring Ortho-Hydroxy Group Directed Catalytic Asym-
metric Triple Domino Reactions of Acetaldehyde with (E)-2-(2-Nitrovinyl)phenols. European Journal of Organic
Chemistry, 2014, 3076-3081. https://doi.org/10.1002/ejoc.201402182

Zheng, B., Hou, W. and Peng, Y. (2014) Asymmetric Oxa-Michael-Aza-Henry Cascade Reaction of 2-Hydroxyaryl-
Substituted a-Amido Sulfones and Nitroolefins Mediated by Chiral Squaramides. ChemCatChem, 6, 2527-2530.
https://doi.org/10.1002/cctc.201402236

Poulsen, P.H., Feu, K.S., Paz, B.M., Jensen, F. and Jergensen, K.A. (2015) Organocatalytic Asymmetric 1,6-Addi-
tion/1,4-Addition Sequence to 2,4-Dienals for the Synthesis of Chiral Chromans. Angewandte Chemie International
Edition, 54, 8203-8207. https://doi.org/10.1002/anie.201503370



https://doi.org/10.1021/jo0615403
https://doi.org/10.1021/ja411310w
https://doi.org/10.1002/chem.201603532
https://doi.org/10.2174/0929867043364883
https://doi.org/10.2174/0929867033457089
https://doi.org/10.1021/jo900821b
https://doi.org/10.1021/ja002033k
https://doi.org/10.1002/chem.200600572
https://doi.org/10.1039/b910835a
https://doi.org/10.1002/chin.200721117
https://doi.org/10.1002/ejoc.201100613
https://doi.org/10.1055/s-0033-1340289
https://doi.org/10.1002/ejoc.201501065
https://doi.org/10.1002/adsc.201301114
https://doi.org/10.1002/ejoc.201402182
https://doi.org/10.1002/cctc.201402236
https://doi.org/10.1002/anie.201503370

ikl %

[36]

[37]

[38]

[39]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

Latif, Z., Hartley, T.G., Rice, M.J., Waigh, R.D. and Waterman, P.G. (1998) Novel and Insecticidal Isobutylamides
from Dinosperma-Erythrococca. Journal of Natural Products, 61, 614-619. https://doi.org/10.1021/np9705569

Azuma, T., Murata, A., Kobayashi, Y., Inokuma, T. and Takemoto, Y. (2014) A Dual Arylboronic Acid-Amino-
thiourea Catalytic System for the Asymmetric Intramolecular Hetero-Michael Reaction of a,f-Unsaturated Carboxylic
Acids. Organic Letters, 16, 4256-4259. https://doi.org/10.1021/01501954r

Kobayashi, Y., Kuramoto, R. and Takemoto, Y. (2015) Catalytic Asymmetric Formal Synthesis of Beraprost. Beilstein
Journal of Organic Chemistry, 11, 2654-2660. https://doi.org/10.3762/bjoc.11.285

Sawadjoon, S., Kittakoop, P., Kirtikara, K., Vichai, V., Tanticharoen, M. and Thebtaranonth, Y. (2002) Atropisomeric
Myristinins: Selective COX-2 Inhibitors and Antifungal Agents from Myristica cinnamomea. The Journal of Organic
Chemistry, 67, 5470-5475. https://doi.org/10.1021/j0020045d

Maloney, D.J., Deng, J.-Z., Starck, S.R., Gao, Z. and Hecht, S.M. (2005) (+)-Myristinin A, a Naturally Occurring DNA
Polymerase Beta Inhibitor and Potent DNA-Damaging Agent. Journal of the American Chemical Society, 127, 4140-
4141. https://doi.org/10.1021/ja042727]

Zhao, K., Zhi, Y., Shu, T., Valkonen, A., Rissanen, K. and Enders, D. (2016) Organocatalytic Domino
Oxa-Michael/1,6-Addition Reactions: Asymmetric Synthesis of Chromans Bearing Oxindole Scaffolds. Angewandte
Chemie International Edition, 55, 12104-12108. https://doi.org/10.1002/anie.201606947

Wright, J.L., Gregory, T.F., Heftner, T.G., MacKenzie, R.G., Pugsley, T.A., Meulen, S.V. and Wise, L.D. (1997) Dis-
covery of Selective Dopamine D4 Receptor Antagonists-1-Aryloxy-3-(4-Aryloxypiperidinyl)-2-Propanols. Bioorganic
& Medicinal Chemistry Letters, 7, 1377-1380. https://doi.org/10.1016/S0960-894X(97)00233-3

Ready, J.M. and Jacobsen, E.N. (1999) Asymmetric Catalytic Synthesis of a-Aryloxy Alcohols: Kinetic Resolution of
Terminal Epoxides via Highly Enantioselective Ring-Opening with Phenols. Journal of the American Chemical Society,
121, 6086-6087. https://doi.org/10.1016/S0960-894X(97)00233-3

Snyder, S.E. (1995) Synthesis and Evaluation of 6,7-Dihydroxy-2,3,4,8,9,13b-hexahydro-1H-benzo[6,7]cyclohepta
[1,2,3-ef][3]benzazepine,6,7-dihydroxy-1,2,3,4,8,12b-hexahydroanthr[ 10,4a,4-cd]azepine, and 10-(aminomethyl)-
9,10-dihydro-1,2-Dihydroxyanthracene as Conformationally Restricted Analogs of Beta-Phenyldopamine. Journal of
Medicinal Chemistry, 38, 2395-2409. https://doi.org/10.1021/jm00013a015

Kamal, A. and Gayatri, L. (1996) An Efficient Method for 44-Anilino-4’-Demethylepipodophyllotoxins: Synthesis of
NPF and W-68. Tetrahedron Letters, 37, 3359.

Kim, K., Guo, Y. and Sulikowski, G.A. (1995) Synthetic Studies of the Angucycline Antibiotics. Stereocontrolled As-
sembly of the SF 2315B Ring System. The Journal of Organic Chemistry, 60, 6866-6871.
https://doi.org/10.1021/j000126a043

Perrone, R. (1995) High Affinity and Selectivity on 5-HT1A Receptor of 1-Aryl-4-[(1-tetralin)alkyl]piperazines.
Journal of Medicinal Chemistry, 38, 942-949. https://doi.org/10.1021/jm00006a013

Lautens, M., Fagnou, K. and Taylor, M. (2000) Regioselective Palladium-Catalyzed Arylation of 2-Furaldehyde. Or-
ganic Letters, 2, 1677-1680. https://doi.org/10.1021/01005729r

Lautens, M., Fagnou, K. and Yang, D. (2003) Rhodium-Catalyzed Asymmetric Ring Opening Reactions of Oxabicyc-
lic Alkenes: Application of Halide Effects in the Development of a General Process. Journal of the American Chemical
Society, 125, 14884-14892. https://doi.org/10.1021/ja034845x

Fang, S., Liang, X., Long, Y., Li, X., Yang, D., Wang, S. and Li, C. (2012) Iridium-Catalyzed Asymmetric Ring-
Opening of Azabicyclic Alkenes with Phenols. Organometallics, 31, 3113-3118. https://doi.org/10.1021/0m3000295

Cheng, H. and Yang, D. (2012) Iridium-Catalyzed Asymmetric Ring-Opening of Oxabenzonorbornadienes with Phe-
nols. The Journal of Organic Chemistry, 77, 9756-9765. https://doi.org/10.1021/j03018507

Li, S., Chen, H., Yang, Q., Yu, L., Fan, C., Zhou, Y., Wang, J. and Fan, B. (2013) Iridium/NMDPP Catalyzed Asym-
metric Ring-Opening Reaction of Oxabenzonorbornadienes with Phenolic or Naphtholic Nucleophiles. Asian Journal
of Organic Chemistry, 2, 494-497. https://doi.org/10.1002/ajoc.201300077

Meng, L., Yang, W., Pan, X., Tao, M., Cheng, G., Wang, S., Zeng, H., Long, Y. and Yang, D. (2015) Platinum-Cata-
lyzed Asymmetric Ring-Opening Reactions of Oxabenzonorbornadienes with Phenols. The Journal of Organic Chemi-
stry, 80, 2503-2512. https://doi.org/10.1021/acs.joc.5b00065

Li, S., Xu, J.,, Fan, B., Lu, Z., Zeng, C., Bian, Z., Zhou, Y. and Wang, J. (2015) Palladium/Zinc Co-Catalyzed Syn-
Stereoselectively Asymmetric Ring-Opening Reaction of Oxabenzonorbornadienes with Phenols. Chemistry: A Euro-
pean Journal, 21, 9003-9007. https://doi.org/10.1002/chem.201500816

Uozumi, Y., Kato, K. and Hayashi, T. (1997) Catalytic Asymmetric Wacker-Type Cyclization. Journal of the Ameri-
can Chemical Society, 119, 5063-5064. https://doi.org/10.1021/ja9701366

Ishibashi, H., Ishihara, K. and Yamamoto, H. (2004) A New Artificial Cyclase for Polyprenoids: Enantioselective To-



https://doi.org/10.1021/np9705569
https://doi.org/10.1021/ol501954r
https://doi.org/10.3762/bjoc.11.285
https://doi.org/10.1021/jo020045d
https://doi.org/10.1021/ja042727j
https://doi.org/10.1002/anie.201606947
https://doi.org/10.1016/S0960-894X(97)00233-3
https://doi.org/10.1016/S0960-894X(97)00233-3
https://doi.org/10.1021/jm00013a015
https://doi.org/10.1021/jo00126a043
https://doi.org/10.1021/jm00006a013
https://doi.org/10.1021/ol005729r
https://doi.org/10.1021/ja034845x
https://doi.org/10.1021/om3000295
https://doi.org/10.1021/jo3018507
https://doi.org/10.1002/ajoc.201300077
https://doi.org/10.1021/acs.joc.5b00065
https://doi.org/10.1002/chem.201500816
https://doi.org/10.1021/ja9701366

tal Synthesis of (—)-Chromazonarol, (+)-8-epi-Puupehedione, and (-)-11’-Deoxytaondiol Methyl Ether. Journal of the
American Chemical Society, 126, 11122-11123. https://doi.org/10.1021/ja0472026

[57] Chen, C., Zhu, S.-F., Liu, B., Wang, L.-X. and Zhou, Q.-L. (2007) Highly Enantioselective Insertion of Carbenoids in-
to O-H Bonds of Phenols: An Efficient Approach to Chiral a-Aryloxycarboxylic Esters. Journal of the American
Chemical Society, 129, 12616-12617. https://doi.org/10.1021/ja074729k

[58] Xie, X.-L., Zhu, S.-F., Guo, J.-X., Cai, Y. and Zhou, Q.-L. (2014) Enantioselective Palladium-Catalyzed Insertion of
a-Aryl-a-diazoacetates into the OlBOND]H Bonds of Phenols. Angewandte Chemie International Edition, 53, 2978-
2981. https://doi.org/10.1002/anie.201309820

[59] Graham, T.J.A. and Doyle, A.G. (2012) Nickel-Catalyzed Cross-Coupling of Chromene Acetals and Boronic Acids.
Organic Letters, 14, 1616-1619. https://doi.org/10.1021/01300364s

[60] Jiang, L., Jia, T., Wang, M., Liao, J. and Cao, P. (2015) Pd-Catalyzed Enantioselective Hydroalkoxylation of Alkox-
yallenes with Phenol for Construction of Acyclic O,0-Acetals. Organic Letters, 17, 1070-1073.
https://doi.org/10.1021/acs.orglett.5b00146

[61] Race, N.J., Schwalm, C.S., Nakamuro, T. and Sigman, M.S. (2016) Palladium-Catalyzed Enantioselective Intermole-
cular Coupling of Phenols and Allylic Alcohols. Journal of the American Chemical Society, 138, 15881-15884.
https://doi.org/10.1021/jacs.6b11486

Hans X
WA RREBEZI RS :

BRARTEWARSS (QQ. . HEF E )
R VL HC i A & AT

24 /N DLN R AR ) BT B 1]

JAF (A LR 3R ST

AV AT I

IR

. e S SUHE TR

PhEE S http://www.hanspub.org/Submission.aspx

HAFIMEAE: jocr@hanspub.org

NoUnALDb -



https://doi.org/10.1021/ja0472026
https://doi.org/10.1021/ja074729k
https://doi.org/10.1002/anie.201309820
https://doi.org/10.1021/ol300364s
https://doi.org/10.1021/acs.orglett.5b00146
https://doi.org/10.1021/jacs.6b11486
http://www.hanspub.org/Submission.aspx
mailto:jocr@hanspub.org

	Progress on Asymmetric C-O Bond Formation with Phenols
	Abstract
	Keywords
	酚参与的不对称C-O键形成研究进展
	摘  要
	关键词
	1. 引言
	2. 酚参与的不对称C-O键形成反应
	2.1. 取代反应
	2.1.1. Pd催化取代反应
	2.1.2. Ir催化取代反应
	2.1.3. Ru催化取代反应
	2.1.4. Rh催化取代反应
	2.1.5. 小分子催化取代反应

	2.2. Oxa-Michael加成
	2.2.1. 分子间Oxa-Michael加成
	2.2.2. 分子内Oxa-Michael加成

	2.3. 开环
	2.3.1. 酚与环氧丙环的不对称开环
	2.3.2. 酚与氧杂降冰片烯的不对称开环

	2.4. Wacker-Type环化
	2.5. O-H插入
	2.6. 氢烷氧基化
	2.7. 偶联

	3. 展望
	致  谢
	参考文献 (References)

