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Advances in Catalytic Asymmetric Reactions Involving
o-Hydroxybenzyl Alcohols

Wang, Haiqing™ Yang, Shuang’™ Zhang, Yuchen™* Shi, Feng™“*
(“School of Chemistry and Materials Science, Jiangsu Normal University, Xuzhou, Jiangsu 221116)
(? School of Petrochemical Engineering, Changzhou University, Changzhou, Jiangsu 213164)

Abstract Ortho-quinone methides (0-QMs) belong to a class of highly reactive organic intermediates, which play an im-
portant role in catalytic asymmetric formations of carbon-carbon bond and carbon-heteroatom bond. However, 0-QMs are
highly unstable, which led to the underdevelopment of catalytic asymmetric reactions involving o-QMs. The utilization of
some precursors for in situ generating 0-QMs is a solution to address this challenging issue. Therefore, the development of
catalytic asymmetric reactions involving in situ generated 0o-QMs has absorbed great attention from the chemists. The key to
develop such reactions is to exploit easily available and stable precursors of 0-QMs. Ortho-hydroxybenzyl alcohols are a kind
of 0-QM precursors with unique advantages. Hence, the catalytic asymmetric [4-+n] cycloadditions, tandem cyclizations and
nucleophilic additions of o-hydroxybenzyl alcohols have developed very rapidly in recent years, which have become efficient
strategies for the synthesis of chiral oxygen-containing heterocycles and arylmethane derivatives. The catalytic asymmetric
reactions involving o-hydroxybenzyl alcohols are summarized, which will open a new window for the design of new type of
o-hydroxybenzyl alcohols and their involved catalytic asymmetric reactions.

Keywords o-hydroxybenzyl alcohol; o-quinone methide; asymmetric catalysis; cycloaddition; cyclization; addition
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(a) Advantages of o-hydroxybenzyl alcohols as 0-QM precursors
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(b) Reactivities of o-hydroxybenzyl alcohols as 0-QM precursors
R

. Nu. C{PNU\‘
R ;
L O‘E
OH =
©\)\ Cat* d
OH
O

o-hydroxybenzyl -H;0
alcohols 0-QMs

[4+n] cycloaddition
tandem cyclization

R
L

OH
conjugate addition
B2 AREREAE N 0-QMs Hi #0340 Js iR 14

Scheme 2 Advantages and reactivities of o-hydroxybenzyl
alcohols as the precursors of 0-QMs

W AT R NI X S 5 R A AN R S A (AT
(B, AR ARSI NI 2 5 A A AR U
MR HEAT 7328, AT MEAAR TR+ n] IR
L E3 BRI S LA RS S B = KK

1 PEETESSHELTINRR X RHAH
RIE

2011 4, Rueping HRAIZLIO1 YO AR ¥ 35 % M
TR, AA T 205 BRI AR I 1
YERIEY), SEBL T FIHBEBEIZ(R)-C1 AL 21 AR
FRIGAFIUC N, e, Exf kB Al 7+
PEZE IR ATA ) 2 (Scheme 3). AF I J S AL FE
& ORI AR A BRI 1 78 T MBIk e 4 T o
T, SRIEHHATRUK, PEA B IE S T, 5 FHE
WML B TR S I TXF, B s R A0 T NIRME
SRNAFEN =YY 2. 8 T ARSI ) R BHLER, 13 i
H 2R AL AR R I (S)-1a ENEY), (EAEF ML)
PIVER ™ R AR BIAMNETE =2 rac-2a. X B JERHF
PETCIEAR BB =W, P31 A2l T PR A 7t
ATHR B, 1K — 25 FAIE W12 S B 2 48 D7 B OF 25 1 14 1
&, MAZ Sn2 RIS, EAERENE, EiX
JNEH, SRR BRI AR AEN o-QMs kS 5k

http://sioc-journal.cn/ 975



BIKE

JS2, AELRE A2 S5 S AR T P ik i T SR v P ) BRI B
N AL TAER BT, XX R A N2 5
AR SRS 7 IR EAE .

2 OH
ol Z g1 (R)-C1 (5~ 10 mol%) R
! toluene, -78 °C

=

o~ "R

2
1 up to 94% yield, 96% ee
Ph R

o)

®
o/ \
NR2 //
O\
07N\
H R

o\
(Cr
Ph
(R)-C1

chiral contact ion pair

Me

(S)-1a rac-2a

BRI AR NS 5 R AR B Y2 B SR
Scheme 3 Catalytic asymmetric allyl substitution reaction of
o-hydroxybenzyl alcohols

JUFAHTEIET A, Bach PR TISEIL | F VLRI fH AL
BT IR AT 2R RRE 3 5010 4 (A FRAE-52
(Friedel-Crafts)ii 310 5 . (Scheme 4). {2 i i 4% i 5
BRI 1 A ¥R B I AE T AT B TR R A AL R -
SRR SN 2 22 PR OE RS TR AR, TR Sn2 B
JLFRI IR EARAZ S ) 25 SR I AN S Rl B A8 (ee fHL B
=N T7%), AESR 2N AT B L B

OH OH 5

T BIMRIE RN 0-QMs BIAZ 5 LAY
PRI SE, T HX S BEALEREAT T WP IR, R4
FEIRBEAEN 0-QMs  FIA S5 I AL AN KBRS ML T
IR IEIT— A H X BT TE U,

2 PEEFESSHELAITRM4+ nEF R
kM

2.1 SPEEFESSHEXA TR + 238Nk & R
AR IR NE SV e & 2 5 i A AS

X R[4+ 2150 018 S5z 7 s ) k- 2 S L e 2 7 B 2
Felg, IX — YU AR K AR U R, 5 AR AL
RAEMEAASKIFR[4 + 2] 00 B8R B 1) — 76 & B i 32 22
AFEE IR W R E VA E B Rk a1, A3
LA 7 R AT 1A 9N,
211 ARBEAFELEZATPEEANLSHOBELT
AR [44 25 Ao B R

H 2011 4 Rueping iR R Bach PR TICT
LRIERIE S 5 RN RIERIE 2 5, 4MREER S
5 AR IR R B — B A # iR, B 2014 4F,
Schnelder PR ZH B Z AR IS T e i, SEB T

— AR FR LR RE S 5 I A X R K [4+ 2R ek
}ir(Scheme 5). Schneider VR @IZH DA77 L HUAR I 4B F2 5
REE 6 A1 1,3- [ 7 5% 8 KA, FETFIEREER(R)-C6 1)
AT, @il “—BE” RS, mrEER.
IEFEVEHL G R T S50 2 R TR R AT AR 9 B
10. TEEHEMERERI R 6 72T MR /EH T JEAL AR

gres

~ C5 (10 mol%)

R
N 4 AMS, PhCF3, r.t.
R \

up to 99% yield
up to 77% ee

R1

Fond

Qo Oy

95% yield, 28% ee 23% yield, 77% ee

3 4
G
OO (R)-C2, G = H
o\P//O (R)-C3, G = Ph
o “OH(R)-C4, G = p-NO,-CqHy
OO (R)-C5, G = 2,4,6-(i-Pr)3-CqHyp
G
Me
C@/ v
OH, = OH, ¥ =
Meom MeO

90% yield, 37% ee quant. yield, 50% ee
Catalyzed by (R)-C4 Catalyzed by (R)-C5

= 4

b‘&
MeO

Catalyzed by (R)-C5

B[¥7 F R 55 05| W AL AN X AR Friedel-Crafts %384k [ b

Catalyzed by (R)-C2 Catalyzed by (R

96% yield, 8% ee
Catalyzed by (R)-C5

87% yield, 53% ee
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M 0-QMs HRjaMA A, FYEBERRE T S A R RS A
0-QMs HHalfEE 1,3- 06, &R M ATAARGEREPE R H] 1) 5%
B 1% TAE B RSEEL T AR R B R R A AL A X AR Ak
SSHIR A, I TS TAEESTIX I 0-QMs HIATE
ASKIFRIEA G b BB ZGER, (E3E 12U & .
NG, Rueping PRAIHPIHARIE [ 48R R IE
1,3-F4 O (R A AN KRR [4 -+ 203 I AR B2, 5 Sch-
neider PRAAH TAE A [ Z 4 7E T, Rueping PRE4H {5 H

& BhAAN ERPETRINFIE 00T, SEMARFIEREE 6 5
1,3-38 & Wi 8a F M A A XF FR[4 + 2] 5 0 Bk J 2
(Scheme 6). {HfFF R 2, @IS TOH RN %40, 1EH
ESEIL T C)-HUX 1L,3-FR = 11 BRI,
%—Xﬂﬁ’%ﬁﬁ‘ﬁ*ﬂEllfﬁlﬂ%iiﬁ‘fiﬂﬂAﬁﬁT Z M BA WA
TR F ORISR ALY 12, BN H A
T R i FH Y C(S)Mﬁﬁgx 7 R 1,3-

MO AR REE A T RN

TR B B ) T YRR Z (R)-CT AR AT, RERBAEA
1
o (R)-C7 (5 mol%) R Q
o-xylene, -10 °C N o
o]
R! 8 10a
a up to 79% yield
N OH + up to 98% ee
R‘i/ R'" 0O
OH o] (1) (R)-C5 (5-10 mol%)
6 b\ MgSO;, toluene, -20°C
|
(2) FeCls, 4 AMS, r.t. Z >0 R2
0 R? 12
1 up to 83% yield

(R)-C7, G = 2-naphthyl

I O | Ph

up to >98:2 dr, 96% ee

61% vyield
>98:2 dr, 91% ee

49% vyield
>98:2 dr, 90% ee

68% vyield
5:1 dr, 96/95% ee

B 6 APFAEFRES 1,3-P OB I B AR FR[4 -+ 21900 B e B
Scheme 6 Catalytic asymmetric [4+2] cycloaddition of o-hydroxybenzyl alcohols with 1,3-cyclohexanediones

Chin. J. Org. Chem. 2023, 43,974~999 © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/ 977



BIKE

7f Schneider WIZH A1 Rueping & ZH i IX AN AL
T AR, S5 BRAAR A0 FR B R R R AL = AR 0-QMs A2
SRS SRR TR AR, 1% R R AT IR BRI 2 5 A
SRRSO BT TR T A S R, X I T AE R A
JeoR T AR FE TR RE S 5 B AL AS KRR R0 s B LE A4
TS R ST T R A R R S, 5l T
TAEEA MR S ) E, HILERE T 2Rt
1 2 55 H AT FR[4 -+ n] 2R R .

FERTTH FRIARGE 1, AR 2 5 A TR R
ISR &K FH VAT B R 1) s — e X, T & )8 S
A BN T U AL SRR R & R A T T I 2
FEMEUOL W] DL ST IR 2 B — Ak A R DL SE B AN X
FrEE4k. 2016 4F, Schneider PARALNM R FH M0 RR 5 4
JREERI P R EAG SR, SEIL T A0FR 2 NEE 6 5 o-H A
13 A FRI4+ 2D B, - e %o B B b & 7 1
—RINAG=AESEFHEPOMAHTAEY 14
(Scheme 7). % EA m M EFAGE, (EFHIER
IR 0-QMs HlEfR A AE R FE i = A M — il
FEVIKAE SRR, SRR 5= P A B Y R M4
SamtarfE C, AR AE T BEAEALIE IR R . 1%
JRREANAS g B ] 4 A 5 s AE AT 52 R i 2 5 R A AR
SRS RS TV, T ER T T AR AR RS S
AXFFR R B AR, 30 SR 2K 0-QMs i
PRAEAE ALK AR B B HH 1 58 KR 4

2016 47, BRiNZR KA 1E#HI2RIE T FIERERR(R)-
C9 AL T AR REE 6 ST AR 15 A FR[4 42130

TR R, 7= 26 K e o B Bk At Bl agt 36 1 b A
BT — R FE A A T EATEY) 16 (Scheme 8). {E#
WRTEIE SN FYERE IR A = AR H, BRI ikel itk
FEE 6 JRAIAE AR 0-QMs HIEIFR A, {RIERY G 15 ik
BRI R D, DR Sk A fl D [FIEE B,
NI 42 il 48 2% Diels-Alder J . I SEAREREPE. 122w H
BHRIFPRERTEE, 5. 2G5, Zdtolikidt
AR AR R M 2 R A T e by, (3 — 2112,
2015 4E, A7 WU BIZHD200 8 2258 F AR ¥R 3L 2K 20 E N o-
QMs FifE, 7EF MR TP RS, Sl T
BR¥EFE IR LA SN B AN KT R[4+ 218 sl s vz,
NFHFERE RN A WO EZ R T —
EVGRDIRE

b AL RN 2 5 AL A KRR [4+ 2138 0 =
LA AN T 8L FH T T P 2 5 7S T0 4 R B A A S X AR
FgE, % TTAEE T T 2SR SR a0 S
A1 F5 FE R W R AL AN S FR[4 -+ 23R AR B 2018 4,
Kim @A HRGE T FHERIR(R)-CO fiEfL T AR
B 6a 5 S-HAER 17 AR 2[4+ 21R IRl s vz, 5K
T T 05 ORI A 18 B RO Bk B A
(Scheme 9). 7EULRMiH, p-HAlE 17 fEFPEBERIEH T
P PR T A B ()44 B, Bl 5 32E 5 0-QMs HH [E) 44 A 7593
HEAR F, FAE Sc(OThs 1EH N RA 51 WAL M,
RAER T IR AT A 18, %N N A
B VAT AR WS V0 T 5 R IR SR I I (1) v 0T B JE
PEG R HE T R SR

R1

R! o
AN 2
o0 o e
Z > 0H N,
6 13
[Rh]
(R)-C8 o

2
L NJWLQR
H.0 g [RN]

[Rhy(OAC)4] (2 mol%) z OH )
(R)-C8 (5mol%) R mcozR
CHCl3, rt., 6~8h F g~ = OH
Ar
14
up to 87% yield
G up to >95:5 dr
OO up to 98:2 er
0-°
N\
Sou
G
G = 3,5-(CF3),-CgH3
(R)-C8

S
R o [Rn]
RZ
N /)\&002
X _O.
O~ HaoH
A H /
o_0 c
P
0,0

B 7 AR - AR HEACA R[4+ 21 IS B

Scheme 7 Catalytic asymmetric [4+2] cycloaddition of o-hydroxybenzyl alcohols with a-diazoesters

978 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Chin. J. Org. Chem. 2023, 43,974~999



Chinese Journal of Organic Chemistry

=v=0

0 (R)-C9
(5 or 10 mol%)

R3
| N ‘hy 2
R NHCOR
Z 00

o}
OH N% toluene, 0 °C
5 K G 16
up to 98% yield
,/O up to >95:5 dr, 98% ee
dehydration tautomerization O; P
O° OH
OO ring open
] G
R? G = 9-anthracenyl 1
A~ R (R)-C3 T R
R o N NG
R— SR
A © H «H/O b ~F (e} O>7
\ 7, ) OH
o
0.0
Ph
CO,Et
"'NHCOR?
Me o~ "0
R? = p-MeOCgH, R?= p-MeOCgHy4 R? = p-MeOCgHy4 R? = p-MeOCgH,4

92% yield 93% yield

>95:5 dr, 91% ee

82% yield
86:14 dr, 93% ee

70% yield
>95:5 dr, 91% ee

91:9 dr, 98% ee

B 8 ALERHE R I AR B REAL AN FR[4 -+ 2100 B S
Scheme 8 Catalytic asymmetric [4+2] cycloaddition of o-hydroxybenzyl alcohols with azlactones

(1) (R)-C9 (10 mol%) ar
CHCl3, rt., 12 h X
R D M ’ R ‘
L OH  (2) Sc(OTf); (50 mol%) Ao
0
60°C, 12 h 18
up to 81% yield
-CO, up to 94% ee
J H20 -H,0
Sc(OThHs| -H0
=
i o JLA 1 A O
x [ r
\O H E | N Ar1
R—r P
O\ //o OH
P
L 0.0 F 1

B9 SBRIERAEL B-HH R I A A XS BRI 2[4 -+ 20500 A S
Scheme 9 Catalytic asymmetric formal [4+2] cycloaddition of o-hydroxybenzyl alcohols with S-keto acids

A, Schneider PREHZHIIE 2018 S HSLHL T F1% P 2 A — R 5 T AT B TR IR 5 SR ) 22 T R

BERR(R)-C6 AL T SRFRIE NI 6 5773 L% 19 KL
AKEFR[4+ 20 IR B, i 2: e #E, DUk
T S e AN R SE AR R A i T PR SR E A 20
(Scheme 10). {A1F—HRMIIZ, 1EZ HTHRIE 48 F2 FL R T
Z 5 ALK R[4+ 20 D0 RS B R, 3 T 7 R
EMES T AT EY). R RN, VEE A H 1%
TAEDE NIGEERTE, ¥R T2 5108 R M &R H
B &P iE TG L

TEARFR I RIE S 5 A BRI B R, SR

Chin. J. Org. Chem. 2023, 43,974~999

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

BECE RSB, P RL, AR B ) T AR o 5
W A7 ) T SRBE T 1 A B T IR A A 1 R A 3 Y
PRI R B E . B-BRER RS A& — 2 F MBI AE LA
FALHIZEIZ G, 1 SEBL p-BRPRIE ' i IR F 3k 1k
B W) 5 AR R I I M AL AN KRR [4+ 2138 0 AR B,
2018 4, Schneider @84 USRI M bR FH T 1k 4 AL
A C10, SEPL T ABERILREE 6 5 B-HHERTR 21 FIAXTHR
[4-+ 23RN M (Scheme 11). fEiZ% M rf, PR
) C10 VE N — SR MEAL ), HA A0 BRI . A

http://sioc-journal.cn/ 979



BH=E SFiR5HRE
R i}
Ar (1) (R)-C6 (10 mol%) N Ar
R NOH J; CHCla, rt. R
L ; H Xp (2)PCC,DCM, rt N0 X0
o] 20
6 19 up to 91% yield
‘ up to >20:1 dr, 94:6 er
B R A ] Pcc'
L, ¢ R*
S No o) X Ar
) / R
H N 2
H‘o o 0~ OH
N/
)4
0-0

B 10 PRI 07 R Z B A AL AN X R[4+ 2 A S 7
Scheme 10 Catalytic asymmetric [4+2] cycloaddition of o-hydroxybenzyl alcohols with aryl substituted acetaldehydes

/
n=12

In
6 X=0,8,CH,
2

1
2 H,0 Cc10
TfOH
R! P\ P
@
/ / ;) \
R o O
}-:|OTf b O'Bu
X+,

AR 11

RW
- CO,Bu
o, X
C10 (5 mol%) R 7: %
toluene, r.t. = O n
OH

2+ 22
OO '\thh up to 99% yield
up to >95:5 dr

up to >99% ee

WFEIEREELS B-BR I A AL AN X FR[44 2038 s s vz

Scheme 11 Catalytic asymmetric [4+2] cycloaddition of o-hydroxybenzyl alcohols with S-keto esters

BT AR O PR . bR T T PR A 0 S Y 5
BCALAEF, 3 BOKECRER M3 5%, A5 B & 7 T8 &
TfOH, LI ARERETREMIGL. SRR, KEC AR
55 AR AR E AT B TRR O, SCE TR - R
Bs (4. X — B 70 AR AT 4 ) S S R i 3
Bl F 3580 T IR A AR RN IE S 5 AL A SRR
I, P TEF R AR R RE S 5 5 B AL AN X FR B
HA BN G~ ER.
2.1.2 ARBEAFEE LG €T HIZREN T AT AR[4+2]
IR Am R B

B TR RG24, B BT E AR
AT DA A B RIS A 1) — e & B, R
554058 B AW I M AL AS X AR [4 -+ 20 I A s 92 30 4 S A
R EAF o T,

2015 4, Schneider R ZHOE SZIFEBERR 1L

SRR BEACEEAN 1,3- R T 2[4+ 20 I R e B g

980 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

filh b, SRR 23 18 — o & i, scil 7 HS
SRFRIENREE 6 TEFHEMERR(R)-C11 AL R FIASKI R[4+
2PN R (Scheme 12), BAsHI™ 3, 055 H XS
T 5 1 AR Bl e R S IR T DU R I R R R R
A 24 WREE. FEUL N, FHERERR(R)-C11 iEd A
YEA RIS 0-QMs HR A S R 23, T2 il
SN SEARIEFENE. AR R, 2N RS H
YEFEET, AMUGEE R RE % IEH T I B, 1 H 20 %
AR 9 AT, B3RS H 45 2 A0 S A0 g 3 1k %
75 [P AE X Wik Bk,

JUFIRIES, ARG ITIR A 3- F Bk -2- ) S g Wk
25 ENE B TIRE, SSHLTARIEREE 6 1FA 0-QMs
AR S 5 1018 B AT AR T 7% SR 4% Diels-
Alder P, DL r= 28 A0 5 0 = E T e 436 1 AT ik
PEYEM R T B S AN T O R I A e
4% 26 (Scheme 13)U'8. A1V EMIE, MEALAXFRZH

Chin. J. Org. Chem. 2023, 43,974~999



Chinese Journal of Organic Chemistry

=v=0

X
(
A n R)-C11 (5 mol%
R-L oH + |2 (R) ( o) ‘
P DCM, r.t.
OH NHCOCH;
6 =1,2.X=CH,, O, S G
n=t.2 2 O 24
o 0 up to 83% yield
(R)-C11 PN up to >99:1 dr, >99:1 er

e
G

(R)—C11, G= CGMe5

Ph
f
I o o
0 O NH
NH \[r
o) \Iof o
88% yield 74% yield 77% yield

>08:2 dr, 94:6 er 97:3dr, 81:19 er

BR 12 ARFRIEREE S PRI L I HE AL AN FR[4 4200 B 2

96:4 dr, 81:19 er

Scheme 12 Catalytic asymmetric [4+2] cycloaddition between o-hydroxybenzyl alcohols with cyclic enamines

R2 R
R2
R / Rl A
X OH + _ R)-C9 (10 mol% > o
R— P HN DCE, 25°C
OH = | AN/ \
NN 26 =Xo
6 25 R ;
up to 99% yield

up to >95:5 dr, 99.5:0.5 er

B 13 ABFRIEREE 5 3-H AL 200 BE 5] Wk I HEAL AN KT B[4 -+ 21940 B S B
Scheme 13 Catalytic asymmetric [4-+2] cycloaddition of o-hydroxybenzyl alcohols with 3-methyl-2-vinylindoles

Diels-Alder 5 WA FEAFEON R, T HEAL AN FR S HL
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Diels-Alder 37T BRIGEFEMEAE LS. B, fEi%%
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2015 4, Rueping P @41 102U FH 2K 2.4 27 15 ARG
et e, £ F BB ®R)-C12 AL, LBl T4k
FNWE 6 HARTEALIRIE 27 BB TR S L 175 SR 1)
4 2% Diels-Alder < ¥ (Scheme 14, a), PARIFHIWCE.
F5 X BRI WO PR A T DDA il B 2 28,
AFTR N, ARSI R B B A T AR LN T AL
A B B REH, 75 2 5 1 HLR AL 1 AS SRR R
W LR AR AR, TR CRE T
A B IR AL R AR RIS 5 A BRI BN, T

(a) Reuping's work

P32 1) S % 28 T VAT B R IR R B Ve AL PR AN IR . T
ESETAE, Rueping UREZFEH T AL 500754k i
WA, BRI A i NH 2 [ i SR
. 0-QMs H R A )RS, I S R B A ) AU ad i
X BT ECALAE IS AL 0-QMs HP TR 30 FE 3L, AT
TR F IS o-QMs HIBLEY, 413 T 0-QMs H
(AR 55—, M85 207 R BELA endo 175 0-QMs
FR A R A SRR SONE,  FE SR BIL T I oL R o7 A 3 B 1k
. 1R KIA T T 4RI RS 5 A
XPAR[4 -+ 21PN B s B )Y L, T HL3= 5 1 A B
RERR BRIV AR SR AR 72 N 2%, N ARTE IR R S 5 1M
XK Diels-Alder N HEAE T B sk, (H75—42M
&, 2016 4, APUEEADPHIRIE T FHEREER(R)-C13
AL R AR IE R 6 FIARFRIE T 205 29 AL AXIFR
[4+ 20 IR B, SR Ae) T PR DU & i 2 g flt 17—
FhA5 772 (Scheme 14, b). 5 Reuping TAF AT A )
f&, AREREER AR MR FE T DL TR R, A
MR IE AL, FT AN PR A ABE A T M 1 7)) 7
A B A A

R']
R H
(R)-C12 (5 mol%) :
LONTOH e @ NS 4AMS S
R _ + = toluene, -60 °C 2 X
OH 28 | )
X
6 27 up to 96% yield  R?
up to >49:1 dr, 99% ee
O 3
0 R—Z & T O
OF L;:l:i OSFg
0~ NHTf 0-._,.N ©
H™ e
endo
: o
(R)-C12, G = 1-naphthyl R2
(b) Shi's work
R1
RT
(R)-C13 (5 mol%) .
R STTOH o TN 3AMS R
L + L DCE, 50 °C
OH OH
30
6 29 up to 78% yield  R?
up to >95:5 dr, 72% ee
SiPhs B R N, ]
o G
O\P//o Ri ‘
0" "oH NN 0
\\ H
i'i’ Ho &
(R)-C13 s ¥
R)- .
g,0

B 14 AFRIENEE 50K LIRS FR[4 4 208 0 A5 7
Scheme 14 Catalytic asymmetric [4+2] cycloaddition of o-hydroxybenzyl alcohols with styrenes
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2015 4, A HGREZH RO s T B R (R)-CS
AL R AR IR 6 505 BAIEEN 31 HIA X FR[4+2]
IR R, e fnbf i Fe vk i 8 1 F DA
A BUH 42 32 (Scheme 15). 5 Schneider BRHZHOIST
A0 R 5 N I 5 T R O R D[4+ 2134 I s s B A [,
X TAESEIL 7 IR IEER C()A CQYRLIL B, T AN
1 CQ)F COMEEL R B fEE NIRRT N Lk
BRI T ROBAE Y, 24 N LB B A,
W og 7O R R e, R B2, Rk
A CQ)F COYIMMEI M. 24 N BRI 55 3k
I, BRIEFTEPE S L, A S KA C(HAT CQR)RIFME R
N AEAERIAE, MEEERT) CQ)R CRYNRLIAb M
W, T C(OAT CQRYBEFIME R MR HRIE, 1258 SE
T B B R S A0 R I I AL AN R C() R
CQMIIE SN, M IR B A A KRR C(1)F C(2)h7
b SR TR A AR A, & AR O
i 2 5 [ 0L DX IR 36 1 1 45 S 0 1 BT SR Mg . 2017 4E,
Pan 1580 40 P12 SRS 40 F2 31 5 EIRR I e 2 18] AN
FRIA+ 2] IR B, i Wi F v A3 21 7 AR R F
PERIEMEIR AT AR, E&E T2 MR .

T S AN R A A 11 SR A BRCEL AT AR R MR I
FHERIR W) — B2 B2 TAEE 3R E1 9L 2017
F, BRAFERBHPSLI T AR IR S 5 AR
X TR [4 21380 BRI B 7 B BT 1 R SR 72 40 v 1) 8

(Scheme 16). Paeoveitol &M I ZRAT H1 43 55 H R 1 B 22
KIRF=Y), VR B F R (R)-C14 fiEfL FAT R IR
M 33 55 3- K IR F NS 34 (AN KR S HEL - 75 SR R 48U 2%
Diels-Alder [V, SZFL T Pacoveitol 35 [t ik 64
G BT R IR, 1% NAY T SO AR A A
R R] o %of e e 328 1 5545 Paeoveitol R 73 b o it S A 47K,
KK$EE T Paeoveitol G RUME, A7 2K H b iR & 22
HIRIR =D A AR T A I eng, BoR T AR
FHES 5 AL AT RRER I RS B 1 S A P

2017 4F, FMEMHIRBAPIRH O T7 5L 36
TERAREWRIRRE, BT FHHRER)-C15 1SR MiEiL
WS, SEPLZIMG R SALRETEE 6 MIAXIFR[4+2]3F
ORI BE, W ok B B S T R R R AR
HZE TR IR T4 37 (Scheme 17). E %k 2453 75
FEBREE 36 1FNE B IEIR R A& P2 R 2
G T2 Bl AT e B3 Ak, AT )42 3145 0 LU i i1k
ANKEFR A B TR W 15 2 1) F- 1k e e JGRT AR 9. RIF=4
37a nfLLEE A D R B, AR 2,3-AREURH)
FHEALENTEY 39 DLEFHEAEATEY 40. EHEFEE
M2, 0SB HER N R & px 24k 59, W
BURH A X e B AR AR S R, X
A SR S ST AR I B I A ] 1% R S AN O T
Bt (B S8Rt 7 A i SR, RNt E T
A B BRI R0 V7% A SRS RO IE 9 P 2
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1 R" N
R 1 H ‘
- 9 .
N o . 2 | ) (R)-C5 (10 mol%) Rl B |
R—— toluene, MgSO4 -
% OH HN 3 50°C (0)
2
6 Ar 31 3

up to 98% yield
all >95:5 E/Z, up to 97:3 er

Schneider's work
R" O

HN,
24 Ac

R

ﬁ
HN
R2

R1
O
I
Z OH
N
o)
)
2 N
PRt

make C=N bond more
electrophilic than C=0

make C=N bond less
electrophilic than C=0

H
B*-H

C(2) and C(3)-cyclization

@ This work
Ar
1 -
R1 N,AI’ R N
R2= Ar -H,0 XN
S * R-L ‘
L~
O
32

C(1) and C(2)-cyclization

B 15 ARFRIE T 57 BLI A 14 DX IRt 56 1 (R AL AN S PR [4 42190 B S 2

Scheme 15 Regioselective catalytic asymmetric [4+2] cycloaddition of o-hydroxybenzyl alcohols with aryl enaminones
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(R)-C14 (5 mol%)
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DCM, r.t.

OH
HO
OH ¢}

33 34

DCM, r.t

(S)-C14 (5 mol%)
It O OH

SOH

OH 35a
(—)-Paeoveitol
92% yield, >99:1 dr, 90% ee

G = 1-naphthyl
(R)-C14

OH  3sp
(+)-Paeoveitol
93% yield, >99:1 dr, 89% ee

BRI 16 & TARFRIE WY 5 3- KRR T B AL AN TR [4 -+ 21000 B & B Paeoveitol
Scheme 16 Synthesis of pacoveitol via catalytic asymmetric [4+42] cycloaddition of o-hydroxybenzyl alcohols with 3-benzofuryl

methanols

"’SO,Ph

37a o
92% ee 93%,

R
R)-C15 (10 mol% X
X 0H+l (RC15( °3 R-I- OOH
_ SAr 4 AMS, DCM, -20 °C = o~ “sAr
37
up to 91% vyield
up to > 30:1 dr, 96% ee R)-C15

2% ee

= 9 phenanthrenyl

94%, 91% ee

©©

0% 0% ee

MgBI'Z NEt3
60 °C 48 h

B 17 AFFRIEERTE Y AR HE R I 10 P AL AN XS R[4+ 2038 I s S L
Scheme 17 Catalytic asymmetric [4+2] cycloaddition of o-hydroxybenzyl alcohols with vinyl thioethers

2019 4F, SRS IRMAPISZEL T F R (R)-C16
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T RIS Diels-Alder [N, &K T HA L FiEd
O =05 B R FF L AT 2E 4 42 (Scheme 18, a). 2020 4,
AT R A ZH SRR A 2 PR A 2500 2 Sl R T8 T AR
FEARNE 5 A8 PR B ZE M AL AN KT AR S 4% Diels- Alder
FE, X TAEAY A L) g T 1 R ke 1 SRR A T
R AeEng, [FE S E T AR EEZE SR TE AL XS FRER N
Jﬁfir*ﬂﬁr% 2019 4F, Schneider {RRRA R T —

REA 7GR TR AR IR 43, SCHL T F1
RER M AL BE AL B D 1) 20 T AN R[4+ 2138 I S
J¥i(Scheme 18, b). {EIZKMH, JEAHIRIEH) Z/E F5Y
SR IR . E R IR PI(E)-43 A R T IEk
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(a) Zhang's work R

7

R A Ar G

Ar o ‘ G
N oH N (R)-C16 (5 mol%) -~ R! O oM 90 O ‘
LU + = ~
AN _ OO OH 4 AMS, toluene “/OO OH O/P\\N/P\O O‘
OH ‘O
6 G

M 42
up to 93% yield (R)-C16, G = 3,5-(CF3),-CgH3

up to >19:1 dr, 99% ee

G
R’ OO 0
P
O (R)-C17 (10 mol%) o o
R OHKL Et,0, 55 °C OO
OH Ph (exo,trans)-44 ~ G
(E)-43 up to >99% yield G = 2,6-Mep-4-Ph-CgH,
up to 94:6 dr, 96:4 er (R)-C17

R)-C18 (10 mol%)

S
S G
O O
o’ OH
OH Ph (endo,cis)-44 G

R‘—\ OHﬁ MTBE, 55 °C

(2)-43 up to >99% yield R)-C18, G = 1-naphthyl
up to >98:2 dr, 76:24 er

B 18 ARFRIERIEE 5 57 B0 I A AL AN TR [4 -+ 21300 B B b
Scheme 18 Catalytic asymmetric [4+2] cycloadditions of o-hydroxybenzyl alcohols with aryl alkenes

Biosynthetic route of tetracyclic isochroman polyketide

OH O
@ ‘ o Enzyme @
o-QM
'Buc .
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OH 4+R2ft XH (5 mol%)
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X 450 NR DCM 6°C
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up to 82% yield
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ANF T £
Rf\ -
(I) ____________
A [scLy
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Scheme 19  Catalytic asymmetric [4+2] cycloaddition of o-hydroxybenzyl alcohols with 2-propargyl benzyl alcohols
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49b
up to 82% yield
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B 20 ZAAFEIBUR IR I 2 R I b R mobR e ) HE A AN R R[4+ 2130 B S B
Scheme 20 Catalytic asymmetric [4+2] cycloaddition of vinyl substituted o-hydroxybenzyl alcohols with alkynyl alcohols or alkynyl

amines
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KRR FEREE rac-50 19NN, AT CLSEELZ S S (i
WA TRy N, RIS A5 2 FHER AL 51 A1k
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= o}
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47 56 R2
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07 Y7 3

CF4CO,H
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[Ir(cod)Cl], (4 mol%)
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. OH .
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=
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Scheme 21 Catalytic asymmetric [4+2] cycloaddition of o-hydroxybenzyl alcohols with o-alkynylacetophenones
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WR T O FERR AT R R R AR N & R A AR A i
WS 51T FRIR IR S R, [R5 P IR 4
FA G B AR T — Tl iy 25 ) SRS
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61 {EAGIEM Y, £ FHERIR®R)-C20 LT, K
LT ARFRFETEEE 6 2 5 ML A X AR 4+ 3P MBS L,
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(Scheme 23). % N EF B FIEYE TSR, I H
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SFFRSE, AR T 2- M5 Wk R REAY 2 1) e 35e-35¢],

0
1 o OHN
- [ AN -
il A OH . Ref X NH (R)-C19 (6 mol%) R J \
L O DCM, 25 °C = X
OH , R2
6 59 )

up to 88% vyield
up to 3.6:1 dr, 93% ee

988

0]
‘ OH’?\I O OH'_-}l
O Me !
Ph Ph
64% vyield 87% vyield
2.5:1 dr, 93% ee 3.6:1dr,91% ee
0 (0]
‘ o Q ‘ OH':‘\l !
Me Ph Cl
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BRI 22 ARFRIENIE S 3- 31 FF I 3 5] Mkl ) (AL AN R[4+ 2130 B S b

Scheme 22 Catalytic asymmetric [4+2] cycloaddition of o-hydroxybenzyl alcohols with 3-methylene isoindolinones
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G
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up to 95% yield
up to 98% ee
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Scheme 23  Catalytic asymmetric [4+3] cycloaddition of o-hydroxybenzyl alcohols with 2-indolylmethanols

H 2016 4 Schneider SR8 ZHM k38 1 1 51 F PEBEER
5& B R TR ELES 5 AR I %
N2 5, R — BN\ S AH DS R 7T AR, 2020
4F, Schneider V4 8 2H POV R 8 i =14 ol I A B8 1) [ 4
sk, Sl T AR IERRE 6 5 a-HAERTAEY) 65 1)
KR4+ 3R INER B, = 2e AR Bk 14
R B R A B T B = AN TF L (RS AT
Rl O AR R )\ JC R FME S 66 (Scheme 24).
A 2 HEDU 1) s N LB A T o R s £ 210 2 B " R T Al
0-QMs Hfalfk A, &JEEEIEL o- AR Sifa e M fc
IFREE I ST R R L, B K AEARTRR[4+ 3130
IR B, ABARER IS, FIHEM R B2 AP
T RIRF=W) S i E 1, SR 2R B 2R AL AN
o FR ) g — H2 A LA R S B R BT DA
Schneider ¥R XA TAE N — DR FPEE M40
BRI T A RN, A, i TR — R T
T [5]E £ SR B AE AR F2 HE R BE 2 5 () A0 AN O R s
IR,

3 PHREFESSHECATIRBRIMRN

it 5 0 AR B 2 51 (A AN R R R
BETUIZHRN, A2 TAR# AR AR AL A ]
DA 9 DU 6 A5 B e 2 5 A A 0 R[4 + ) 50 R
Rz, W] LS 55 AR R IR A B
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3 R'" CO,R®
R’ COR™  (R)}-C11 (10mol%) R ?
Rhy(0AC), (5 mol%) 1\ ™

; X
NN ToH, Nz T 2 TR 3
| P o CHCl3, 40 °C =
OH o

R2 66 R’
6 65 up to 96% yield
. up to >20:1 dr
(R)-C11 \ (RA] 97:3 er
R €] 3
R _____ [Rn]_ COR
NNF @
oL
A H R?Z L
"

BR 24 PRI o-ERBRI LA FRA+ 3R
S
Scheme 24 Catalytic asymmetric [4+3] cycloaddition of o-
hydroxybenzyl alcohols with a-diazoesters

2018 4, Schneider ¥R &4 BTS2 T F M W R
(R)-C21 AL T ARFEFERIE 6 15 o- AU 67 I A FRE
HE[4+ TR BRIRME SR, i BRIE B & i T 2,3-
SRR S 68 (Scheme 25). IX/E—NETUHM)
S, A AR RA a- R 67 {F8—IuE i
B, SIS FR[4+ 13RI B, {H 2
IR NS E] T AT 68. 1 HEDN AT RE Y 5
A1 s AL 2 - o B 2T 67 1F A i A% a7t L4 42 4
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W 6 AAE A M, ESRA ME A R
B A IR R (path @), T A2 R 2 T B 1 IR
(path b), BEFRF Lk N. BEJS, kR A N
FEER A BT TR T oA O, TRt AU AL R A 5
FHPY 68. TERMT RIS, EF RO RO
A R TR, AL R RO Tt T

FEM 7RI, SN A BERAF AR IR, X — IR
BT N AT g4k ik IE 25 R R AR O (il R

2019 4F, Ryu PR B8 i TV 2% 5 He 4 1) 5
W, SEHLT 7 EEEUR AR IR T 6a A o- TE A 69 1)
KRR e/ 73+ N B HE L )R (Scheme 26, a).
e N, FrEEER C22 1F AR B e ik 7, 8

(e}
G 1 16) Ar
OO 0 N OH + Ar (R)-C21 (10 mol%) R = R
oK R ‘ toluene, MgSOy, rt. L~
o~ OH = N, 0
OH 68
6 67 up to 82% yield
G up to 91:9 dr, 99:1 er
G= 2,4,6-Me3-CGH2
(R)-C21
1 1 OsAr
R R'" O
& Ar| O-alkylation & ) R?
A N yla _ : N
R% s R ) b/' - Ar C-alkylation R 5
e o] path a X aN path b =
expected OH
o
82% yleld 35% y|eld

86:14 dr, 98:2 er no reaction

B 25 ABFRIEEREES - B A HEAC A PR EHE[4+ 1 BR L R

Scheme 25 Catalytic asymmetric rearrangement [4+ 1] tandem cyclization of o-hydroxybenzyl alcohols with a-diazones

79:21 dr, 89:11 er

(a) Catalytic asymmetric cyclopropanation/intramolecular rearrangement reaction

¥ €22 (20 mol%) R CO,R?
1 2 mol
‘ A OH + RTCOZR —°> R‘i\ A
R-— DCM, 3 AMS L
Non N -40°C, 2 h 7o ©
6a 69 up to 95% yield
up to >20:1 dr, >99% ee
CO,t-Bu Ogt -Bu CO,t-Bu COzt -Bu
Ar = 3,5-M62-CGH3
91 % yield 70% yield 8% yield CF3 91% yield - c22 -

>20:1 dr, 98% ee >20:1 dr, 92% ee >20:1 dr, 99% ee >20:1 dr, 9% ee

(b) Catalytic asymmetric cyclopropanation/[1,5]-hydrogen shift reaction

alky! OH alkyl
N, 22 (20 mol%) COR’
RA N OH rR2_J . 8AMsS i % ‘
L COR DCM, -50 °C = 2
72

up to 96% yield
up to >20:1 Z/E, >99% ee

SWFLILREES o- 55U IO HE AL ASKE R B 1B B b

B 26

Scheme 26 Catalytic asymmetric tandem reaction of o-hydroxybenzyl alcohols with a-diazoesters
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IS A IS 0-QMs, MTTSREIL T 5B N7 A4k i 48 1
oz, 5 B3R Schneider AR BSVA LR THIA I
FHEG, %R BEAH TR B RS VG, A A R
T R LR R D SR AR IS R A R R I AR B
EH TR A, SSLAREFEE R T 2,3- Kt
WRIEATAYD 70. NAZ )G, ZRBAPVR I, B8
LA 1) 5 B R R, O ) X I PR 2 R AR R
A RO A PR R A RN, R KR
[1,5]-EGE R I B, d3 28w S 4 ik 5 0 15 31 24
Rauhut-Currier X M. 74 72 (Scheme 26, b).

b A0 R F R IEAR S AL R, B TAEE 46
WITHT AR Y, I RES 51 AU A
MFRIRBE. 2019 4F, X FERRAH O T T — 8 B 1) bk
FEAL PR 73, UL T HAEFHASRRE C23 #Hik
T 5 oS- AN 74 FASGIRR B BRAAL R SE, a0 Bide
FEVEHA R T — A L Al SO F R 0T
)\ TTHBEE S 75 (Scheme 27). %M 3 ARL I A ik
0-QMs HIAAR IFE, 1E# 45 EHEWHHERE Tl 6En)
SOVALEE: B, FHERRE C22 iEil af- AR
74T S R B B R (AR Q, 2 T A L AT FR R R

91% ee

MesI ®
€23 (10 mol%) S, /N\N
DIPEA BF, 4/(
4AMS, 24°C, 36 h RN
X =0, DCM
X =NTs, THF R” 75 =
up to 85% yield Cc23

73 R I R Ui T S IHS T R4 R, B S 48 7 IR
N, fe 449 BRI AT AE R IDE — 05 2 )\ T W BT A= 4)
75. SN BB EYE T, R — A5
PRI E LG, RNATR R IR 34T, A, fE
T D I 1 R PN R S SR PR TSa B A I — 2R
B R BRI AL S T6. (EARIERNE, /Ut
PN B R SR 22 R AR T RN B iR 245 0 P L 5 A LG
(BRI IS R AR LE AR P R AN B S A BLAEF, &
XK R MEAA PR+ AP, % T
WP RN, o R R A T B A PR T
PEMPIC S BRI E 42, M2 B R T R A
WV, [RIT R IIT AZ2He J Q00 F2 5 1 1) bR Jse I
1, NRBEREEREES S P ARIR S S 18
J7 .

2021 4F, XS TP U 5 o 4 2 A0 TRl SEE
T CIEFAR RN 47 50T B I 77 ) ER ERER AL
AN & S =D SR SE: Y A E T B L S A |
fig-5 42 78 (Scheme 28, a). TEH NN T T ki
T RS, fEE )8 e F Zn PR REAL T, L0404
FORRE 47 ST R FFBERG 77 o R AR TN AL

up to >98:2 dr, 99% ee ——

98%, 91% ee

BR 27 HREEFRIENEE S o, - AEMIE AL AN R B BRI AL S B
Scheme 27 Catalytic asymmetric tandem cyclization of alkynyl-substituted o-hydroxybenzyl alcohols with a,f-unsaturated aldehydes
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Ir(cod)CI]z (4 mol%) c24 O
2t7/4 2 (16 mol%) (10 mol%) o
n(OTf), (25 mol%) DCM, 0 °C O:P—N |
DCM, r.t.
78 O
up to 98% yield
up to 15:1 dr, >99% ee L2
-
alylation r ol fragmentation ° O
enantiocontro diastereocontrol
N
Ar 7
AN 1 '
= o NH 0
- ~ T
: 7 hemiketalizati N :
s X - emiketalization R%
R o] Z N0
OH S C
50°C, 12 h
[Ir( cod )Cl], (4 mol%)
(16 mol%)
N Z20(0Th, @25 mo%) , 180
Ar = 4- MeCGH4 DCM, rt. ©24 (10 mol%) 90%, 2:1 dr, 99% (99%) ee
77a — 78a
DCM, 0°C 90%, 15:1 dr, 99% ee
(c) = A
0]
O o [Ir(cod)CI], (4 mol%) 2 Y- NHAr
" "OoH L2 (16 mol%) Ac,0, DMAP N :
R + N-Ar ———— R
= NHBoc H Zn(OTf),, DCM, rt.  pyridine, DCM, r.t. = '\\j 6Ac
79 77 Boc
80

up to 75% yield

up to >20:1 dr, >99% ee

B 28  ARFRIEWEE SN T AL AL AN X AR R BRI S

Scheme 28 Catalytic asymmetric tandem cyclization of o-hydroxybenzyl alcohols with cyclobutanone carboxamides

RN, BG83 oy 1 IR AL R R AS B 2 i 1 R R A S.
TX ol v P AN AR D AR AR S T 1 XU R g T e A e 71
C23 iGth, RATFHIRNL, 23228 AT LT
AW 78, TR IT T XU e T T I A A R 0 7 F
(Scheme 28, b), {E#H 24 1Y) 47a 5 77a fEAINFHE
75 B & AR A R0 2% A R B ROBE, R I 3 AL R A% v U
. AT BOE BRI ) T8a, (I PRI AT IR
EPEMEARA A2 01 dr); T 2N TP 5 e fie A AL )
C24 I, 1% RN 8 LA S ) JE XS ik £ 11 3545 74
78a (15 1 1 dr). BRI, 1EFUNZNAESE S TR
PRI AL SEIIL T R g R 1 s i, 7R B S R
T B RAEAL T SEBL T FERT R IE B (A ), %45t
ST EA R TR sAh, I8 B R T A
ZERE P IAIAA S (Scheme 28, c)fF 3 1 F-H: U A &bk 3+ 24
THEATAEY) 80, X — 45 WAL T R BLJIFE, [F]
DAt R g i 5 e ) T 1 DY S R O A T e i AR R
T RN,
TR T 38 V2 AR AE T AR B AR . R
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SRP=ANZEY o1, T SR I AN X R AL 2
2 BCNA LG B — A BB AR o, R
P 05 B AT FR A B R R AR sk, AT
TR T B R P A AL AN O R R R AT O A — AN T
EH T 2055 B B AE 2R I B S 4 A R A AN X AR
H B S, B TAE & a2 28R 3k
J5 TR 2R AN R R . 2022 4, IR G
YHIITE FERERR(R)-C25 AL T, SEEL T AR ERE 6
5 1-R3E-2-Z51 81 MIAKTFR B BERL SN, A
EEEE R T O R AR S R T R ——
SO0 2515 48 82 (Scheme 29). 1EFH 454 FGHE IR
T AR R BN FUEBEIRVEAL 1- LB E-2-25 T LA
K 0-QMs HAMA, JRAE =3 R A2+ 2) 3 IRl s B 75 2
WTHtH R T, iz REATRE, ATLR A 4n
HL IR RS BB T 25 20 A U, & faid on
AL FE 1S 25 0 S - 20T 82, fEH Il
MR =20 N, K 82a AL T BG4 83,
AT LS T RY) 84 55 85 TEALMEAL T IASXT BRI
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AL, EARE R, 2R N AR T B
NEES 5 ) JER B A A FR B ERIAE RS, T HL
%WT R R AR T B T SR A AL AN KR AL 2,

AR FEFE N IE 2 5 M A AN X PR S5 N A A i 5 1
IR G T 2

4 PVERETEHESSHECRTIFRNLR X

BFRILREEA DT S S AN FR[4+n] 1AL
SR IR OB, T HL AT AR SR AZ G A A A A
XERRAIRSE S, MR RAZ B AR SEAH, WL NS
75 2R AR TR A S A% ) R A AN BRI B L.
41 WMEETESFREFZLAFOELTIFRINLR
]

FE =07 3 HBEAT A2 — BE R IR W) (A% 0 4
ey, R DU EAT EE R Bk, A

(R)-C25 (5 mol%), MgCl, R
CCl4/CHCI,-CHCI,

FRAJE T M =05 B b & 42 g8 1 & e 2= TAE & o
FUR DRI, T A0 BRI 5 07 B ol A% R i A
X PR N BB N R L Fe R R 12 S B 4 ) — o v 2K B
&

H 2011 4F Bach TREHTHRIE | H B AR
EUARHS| R R A AL AN X BRI B R N2 5, — B AR R
NI 7R R AR E. BRI 2015 4F, FhEH IR AL eI
RN A T R R A AT R F U (R,
Ar)[P AR RN EE 87 TR N4, DA d4a il
A, TEFHEBERR(R)-C26 LT SLHL T4 RE RIS S
HIEAASKERR 0SSR, DA 75 AR ST 26 00 ey ) o6 Bk a2 456
PEIRTS T Tt =5 BT A 88 (Scheme 30). 1E#
JE I 4 ) SR B R M MLER AT TR, SEIG A R R A,
AAR R BRI R L ECE I R NH LB R A5, RO
EAREIE W AT, fESLIERE 2 b, RS T T ReIE

Ph
& OO .

10°C, 10 h

CZSJ H,0

up to 95% yield
up to >20:1 dr, 99% ee

axial to central
chirality transfer|

N @ ;
. 0 20 R
H\ ”H—J Ri/ |
O NN
P Ph
u

three steps

central to axial
chirality conversion

83
66%, 6:1 dr, 97% ee

[Pd(allyl)Cl], (1 mol%)
83 (2 mol%)

OAc CO,Me BSA, K,CO; Mifiij:COZMe
A + o, X
Ph Ph CoMe DCM, 0°C Ph \\86 Ph
84 85

76% yield, 82% ee

B 29 ABFRIEEREEE 1-Zedk-2- 2510 AL AR A R IAAL S R
Scheme 29 Catalytic asymmetric tandem cyclization of o-hydroxybenzyl alcohols with 1-ethynyl-2-naphthols
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PR TR R L SR RIS AL 0-QMs R
PRSI S 2400, AR ASE = 3 A0 A AN 0 R SR A% I RS .
PRI oy R0 — 2D OB, it mT LUK ™4 88a Fe Al
A7 AR T P L R IF LR HE S AT R 89. 5
Bach URAALH) TAEFA L, PR UREIAL 13X — B 78 1
VEAMAE ST AR FENE 20 05 T A 1 BRIt e, i HL
T LA i X TR 58 P 5 ol 2 4 22 A 1) T T =05 R R e
ey, EONEENE, SRFHRT PO H

FE AL BRI FUAE . 1% AR LLANE B ) =2
NJERE, 1A R A R B AL, SEBL T ARIRIR
SRR T AR B e R 3T

(R)-C26
(10 mol%) A ‘

[FI4F, Schneider {4020 47145 R FH 15| ok 4a F1ZET} 90
ERE BT RIEZIAG, K7 AREEREE 6a =
5 (1) Z PP A FRIEAZ ISR BE, - ey i e £ 14 b
BT Z R T =05 P A S 91 Al 92
(Scheme 31, a). fJ5, RI. ZKEEFEEWERA 3-HAH|
WRAERSEAZ AT, ST 7R R BL 2017 4F, AR
PR O F e i ol (e i 93 AF Rk, seBEl T+
PEREER(S)-C27 AL FARFRIEREE 6 MfHAL A XS ARk
S, TR ARG A BT AT AR B T = 05 R
KERTAEY) 94 (Scheme 31, b). HEFERE, B, A%
WHERIME CQR)-BZME, (HIRAE I R N 21 3R I H

G = 9-phenanthryl
(R)-C26

r
=
O ow#@ DCE, 0°C,48h L L ATF
R—r Z~N DCE,0°C, 48 h = OH N N
H

88
up to 99% vyield
up to 97% ee

MeO OH N
H

(R)-88a, 91% ee

Selectfluor
NaHCO3

MeCN, 0 °C tort. O | O
MeO O ”

89
64%, 90% ee

B 30 OO &5 22 T 5 M WA ) A A X A B 2

Scheme 30 Catalytic asymmetric addition reaction of disubstituted o-hydroxybenzyl alcohols with indoles

a) Schneider's work

(:Ik(g) T
OH cs 5mol%) N~

CH20|2 r.t.
up to 92% yield
up to 99:1 er

S)-C27 (15 mol%
toluene 4AMS

70 ~90 °C

XN OH
R2--
=
OH 90
(R)-C6 (5 mol%)
CH2C|2, 4 A MS, r.t. 92
up to 97% yield
up to 99:1 er
(I
O~ 0

G = 9-anthracenyl
(S)-C27

up to 99% yield R
up to 98% ee

B 31 ABFRIENEE S W AT T R A AR BRI B

Scheme 31 Catalytic asymmetric addition reactions of o-hydroxybenzyl alcohols with electron-rich arenes
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CQ)-SRIZME, NI ROEE . AIES S5HHTEAA T
RIEGALSRAL T A IR R, RIRIX R R, #AFME =
75 5L e R IR A PR A R BRI T v R SRS

[ERRFRIENIE S S AR TR RN, B T8
A5 FH I T PR BEIR 55 TV AT B TR R AL 2 A, AL22 AR
FIERR T HANSER I AEARI. 2016 4F, 1H/NBIERE
AIOTE YRS T ¢ Sy R A SR I8 - 40 e i R
S5 EAARFRR R, SEIT SRR 6 5 N-Jt
He-3- IS W 95 FOHEALAS XS I RS ¥ (Scheme 32). £
BE iR, FERE S R HE AL TR AN DU A AR FR I R T
) 0-QMs HrAME, RIS 0-QMs Hral AR HBCALE
FHAZ ] 5 AN BRI B S B ST AR 6. (AR RN
K&, B ZHTARIE I FEBE R AL A OGS B, N-HUAR
| T JE i TR BRRR G AL, AR SEEL5 ARFR LRl
{1 e o B A 0 B S L. TG AE G AR, T B
M A F EE AL 0-QMs, RIVATH2 ] S5 37 fpoo ade . B
Ub, N-FOACHS et BE 25 502 S, e of G 56 7 b A5 3
77 96. BLAL, A IR 95a I, T DL B 23
T AL NG B FE IR )\ T Eakh 97, %t
FCLARIRGE T AR FRIE NI 2 5 AN TR 52 A A A
A, RN T 07 R Al i F L

il Tk T e A% T PR S i T e e A2 UK B T
R TR, 2R SRS AR M 2 R 3 A Pk
PESSL ey, i TG A A R ) G5 A4 R a5 (o AT
TIeR IR BT NH L), B e i 2R LA
AR ST £ A J P — 7 2% (A F 7E k4341,

TEAT IR R R TF- 1 3- 5 B Wi 2R Bt 98 TAE R A 2
62,2019 4R, B ESLET AR R 6 5 3-55
FGI 98 AL ASX RN AR R, e ke B i 358 1 i )
BT E R TF A O TR 3-ZE A RE A 99
(Scheme 33), HUtK & T 1L ) &3l Iy 27 5 A0 A i 4
TP 3-75 B0 W SRR SRS . A KA R il T
ZE-WIATAEY) 99a AT MEBE L] 100, JEiET
0-QMs tb&4 101 #1 Morita-Baylis-Hillman g 102 [
SRR [4F TR0 RSB B8 T 12 AR AL 7 O (A 5 R 5
UG ek FR N, MSRHIT I 3-ZE LM AL B R
AR, TR AKX RR & B B R 0 8L AT 5t
1% TAE A 9 M A AS o R ) 2 ey 3 P g i 2R
A, T ELUE B T TP 0| B SRR AR BT A
AT B A B 7y, R T T I A 2 1
@[43@54].

TEALAFTFR Friedel-Crafts ke 4k [ B A2 5 M-S Ak
W — R E RS, H, MR 2 5 A AR
Friedel-Crafts Ke& b B AEH A HR, 1% 3522 i Tk
H BB EAZE  TERRPE A T AR AR e PE 4 IR
IRl R 551, 2022 4, Ryu BRELSOHRIE T F 8% 5 #r
1% C29 ik T ABFRHE R IE 6 15 KR 104 ¥ A XTFR Friedel-
Crafts Bl N, skt WUk PR & R T — R 5 F1
2-HUARIEATAE Y 105 (Scheme 34). %N B A 1R I/
JERPERVEE, AT, S BRI A0 2 IR R Re %
Z 5 N, Mg T UE SRR 2 5 OB

:
R' R2 R2 \
. dk% N ScOTHL3 (Emol%) s i N,/ o
i ‘ ‘
P oH Z N THF, 5 AMS, LiBr & N R
%3 40°C, 3d k3

96

e

O

Ar’ \H/
Ar = 2 6-Pry-4-Br-CgH,

up to 99% yield
up to 99% ee

0]

N

+

wN
.
O y

H “Ar

L3

i sz@m
\
%
=
R@ —

I —
N
3
O soLar R

Ph 5, (NSCOTNyL3, 5AMS 0
r . o
oH N THF, LiBr, 40°C, 3 d
+ (2) Cs,CO3, acetone -
N -
OH \
6¢c 95a

L,

40°C, 8h \ _Ph
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B 32 FIEB o R AL R ARFRIE NS 3-SR (AN BRI i S b2

Scheme 32 Asymmetric addition reaction of o-hydroxybenzyl alcohols with 3-substituted indole catalyzed by chiral Lewis acid
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, 7
1 —
TN OH
7 OH . (S)—CZB (10 mol%)
R S CHCI,CHCl,/p-xylene
OH % NH 5AMS, 25°C
6
98
up to 97% yield 6= ?g{‘é“ggce”y'
up to >95:5 dr, 98:2 er
3 steps
OMe
OMe 100
99a 43% overall yield
>95:5 dr, 95:5 er >95:5 dr, 99.6:0.4 er
<o o OBoc <o O CO,Bn
CO,Bn 100 (20 mol% Y,
AL kw 2 @omot) _ < )
o CHCl,, 35 °C —
101 Bh 102 103 Ph
75%, >95:5 dr, 90:10 er
B 33 ANFRIEREEL 3-Z8 H05] W (1) (R A6 AN XA A e 2
Scheme 33 Catalytic asymmetric addition reaction of o-hydroxybenzyl alcohols with 3-naphthyl indoles
R1 R1
C29 (3 mol%) o
N OH OB 3AMS R =
R— P + |l X , toluene, -78 °C P on R?
OH R up to 99% yield
6 104 up to >99% ee 105

Ph Et
H Ar o ©
WAr \ \_/
*N. .0 OH OH
g B 94%, 98% ee 71%, 98% ee
X~ Ph Ph Ph |
Ar = 2,3-M62-C6H3 O N
SR Ot
C29 OH OH
52%, 92% ee 99%, 91% ee
BIZK 34 QP FRIE T 5 R B4 fE AL AN POl Bl S 7

Scheme 34 Catalytic asymmetric addition reaction of o-hydroxybenzyl alcohols with furans

4.2
_\_\L

PEETES H F 2L R EL R FRINEL R

ARFEFEE S 5 R A SRR N A, SR FH SR
R 2 BRI E %GR, TR TRzl AR AME R
GER MY, HE 2015 4, NVEFEEHPISZI T
FIHBERR A N R Z R 106 540 IR 6 1A XS
RN, SEAA IR B RSB T & 48 i b
M B (Scheme 35, a). [HEAERENZ, HT C—0
BT B A2 AT 30 e B DA SRR A A R SO
WEPE, AL AR FR S A Michael JNRGS B B AT
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AR K HIPRARNE. 12 5 AR Dy g o 73X — Pkl 1]
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BT EEPE, ST 110 54052 FETEE 6 ML
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SEHL T 9 B R B Ty R ) L
etk NTYER AL AS R FR G BB AL T 3 S s

R1
R20OH 106 ,
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107
up to 95% yield
up to 99:1 er
R1
R! R3SH 108
(R)-C26 (10 mol%) 7 SR® (b)
X OH R—1r
R—- 3 AMS, CHCI, ZoH
Z0oH -20°C,4d 109
6 up to 95% yield
up to 92:8 er
R1
R*NH, 110
(R)-C30 (10 mol%) R N7 YNHR? ©
RW =Ar = OH
DCE, 5 AMS "M
-10°C, 24 h up to 98% yield

up to >99% ee

G = 9-phenanthryl
(R)-C26
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