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1.3 fF M S FRIFMEFIER
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2.1 Pictet-Spengler iz B2

2.2 %AKi&ER K ( Domino reactions)
2.3{BEXKZ R ( Coupling reactions)

2.4 %G 3% ( Transfer hydrogenations)
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0B 11 FHREAERIHE

LEtdELY

P
I Iﬁﬂ%ﬁfh‘z"hm

< ] adjust the stereo and
electronic effects

C | Brensted acidic site

| Lewis basic site

0 &
% chiral 'pocket' to provide the

chiral microenvironment

chiral scaffold

substrate recognition site
B MRS E — IR, HRTpEBEMSERME LA (P-OHEE) 0
Lewistigftiim (P=0O%B5>) Bk

B FEEERRIFEEREBEENTE, HMHENEEBETFEAR
HYSZIAFNRE FiER

@ Tian Group Yang Xiaoyu, et al. Asian J. Org. Chem. 2021, 10, 692-710.
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B L2 ShFRS MBS N LIRS

a. kinetic resolution (KR)

k

R
(R)-A » (R)-B s-factor = Keasi/Ksiow
fast
ﬁ up to 50% yield In[(1-C)(1-eesw)]
s-factor =
ks In[(1-C)(1+eesw)]
(S)-A oo ~ (S)-B C, conversion
slow

b. dynamic kinetic resolution (DKR)

kr
(R)-A > (R)-B
T fast krac >> kfast >> kslow
k
l rac K up to 100% vyield
(S)-A ---oeeeeeeeeaees - (S)-B
slow

LetgErg

EeREER=50%

FERTISRREMNDE
XIBRIA 2 RERZRAIELAI (ke/ks) MZEDATF20
LR R ERIBITS0%AT, PR T

EIEWE=R=100%
SN NFIRD ROZEA LAY, BEMRIREXIBRIEEE
XTBR{R S MORZRAIEE B (ke/ks) RIZEDARTF20

SNEIRIE (Kroo) MEDFTEARTIRIETIYE (k)
AU RERER

Yang Xiaoyu, et al. Asian J. Org. Chem. 2021, 10, 692-710. 4
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Sporandol

FTEL R

OH O

O‘O

Knipholone

TERRIENE

@ Tian Group

OH O OH
Me i I I OH
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o
Me l I ! OH
OH O OH
Skyrin

B MfEEsETT

OH OH O

HOIIOMe
HOIIOMe

OH OH O

Cephalochromin

rEtHERR

MeO

MeO
MeO

MeO

Schizandrin

nEHH!

OMe OH O

OMe OH O

Nigerone

TBMEATEE

TR T & b 24w 5 b
OH

OH
Gossypol

EZPRZ5Y)

OMe Me

Kotanin

MEEEE

Marisa C. Kozlowski, et al. Chem. Soc. Rev. 2009, 38(11):3193-207.
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Pictet-Spenglerz V219115 w453 Amé Pictet #1 Theodor Spengler ENRIRIERIR-FHH
CRREREFE ToHREMNESY) (WEE) E5BIMER1,2,3 4-TNEREWMNRLN, WER-KIEEITE
YIF0B-BE T EN SHRENL SYRIRVBEIR M B #FR/IPictet-Spenglerfz iz, EMAIELIT
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BR 2.1 &TFPictet-Spengler R RIMVEHFMBE  (RY i 4ilus

2.1.1 FEUAFSEILRIPI ctet-Spenglertifb RRLAS XTI IRZEEE ESCINGM I T4 V-5 B I5] R
I ifRE=

' (d) Gu,[1%al 2017

PdCl,
Oe TADDOL o
(a) OMOM pivalic acid nmnm P-N N-Ph
,, D WS
BnO Y I CSzCOg, DC—E
& Q D *'~
M
\ \——® Ar = 4-PhCgH,
= R R
H CO;Me @ tr (e) Shilﬂﬁb] 2019 R
abecarnil®! vincamine!®) / H ‘O
Anxiety disorder ~ Peripheral vasodilator Ph N O o ‘R 0 0
{c) Enantioselective Pictet-Spengler Reaction List,['"] 2006 (X = NH, Cat = CPA) Ph \ - " o R‘DH
up to 98% vyield, 96% e.e. 3\ ‘O
R 1 Cat R'  Jacobsen,[122120 2009, 2017 O " R
R2 = (R Rdcro R |R1 (X = NH, Cat = BzOH/thiourea) H R’ = 2-Naphthyl
N / \ XH N / *.,I up to 94% yield, 99% e.e. -
(f) This work -
N 3 Seidel,['2¢] 2016 R R
H (X = O, Cat = chiral amine salt/bisthiourea) R Oe
up to 90% yield, 91% e.e. NH CPA 0 .0
: \ 2 paraformaldehyde P
N N o o TOH
. I
via Dynamic Kinetic Resolution CPAR

@ Tian Group Yongseok Kwon, et al. Angew. Chem. Int. Ed. 2021, 60, 12279-12283.




' 2.1 EFPictet-Spengler & M3 ZE3hF 14 5 3= IRI o0 4 o 24 01 5 B

eMa paraformaldehyde
52 ﬁ ‘;E o lf _ Me
. I ] = (1.5 equiv)
II 3’:{# \M MH2 P1-10 (10 mol%) - \_F."' ‘&‘_%/NH
= N

M PhMe, rt, 424 h R
Eb— Y =AY
") wneme O e (56— PSS RIRH 5 PHEPILRE LAY
‘R= 2b: R = NHEn =
1o R = NHen | SWAPURERE, ZERTN, 7
P1: R =24,6-PryCgH; \ RY =R\
R' P2 R = 3.5-PhyCtly ; FiERKimm N RNEFEESERL, BFF2
P3: R’ = 3,5-(CF;)CeHs |
O O  P&R =40MeCeH, : FHRIME N
: R =4-'BuCgH, 1
v EEssener | a. BRfERD
P1-9 P9: R =24 ,6-CysCgHz | (CHz) X (CHz)mX (CH ) _x.
m 2/m

Entry 1 Catalyst Yield [%]" ee [%]“ (CHZ)n H (CH’Z),,
1 la P1 ((R)—TRIP) 2a, 86 22 .
2 1b P1 ((R)—TRIP) 2b, 90 87 . ) .
3 1b P2 2b, 91 60 - . it
4 1b P3 2b, 86 48 anti g cyclic
5 1b P4 2b, 71 6 b. IXE
6 1b P5 2b, 81 8
7 1b P6 2b, 82 4 (CHz)m (CH2)mX (CHz)m =X
8 b P7 2b, 59 66 R? (CH:)n (CHy),
9 1b P8 2b, 98 73
10 1b P9 2b, 99 94
11 1b P10 2b, 97 121 (CH2),,
[a] Reaction conditions: 1 (0.050 mmol, 1.0 equiv), paraformaldehyde “anti" gaUChe CYc"C

(0.075 mmol, 1.5 equiv), P1—-10 (0.005 mmol, 10 mol %), PhMe
(0.5 mL, 0.1 M). [b] Isolated yields. [c] Enantiomeric excesses were
determined by chiral-phase HPLC analysis. [d] The opposite enantiomer

@ Tian Group was obtained as a major enantiomer. Yongseok Kwon, et al. Angew. Chem. Int. Ed. 2021, 60, 12279-12283. 9
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1. [EHtaRE

Ar

O\ ,-O

IP\I
O OH
ST ¢ S ST
R Ar R!
\| HzN Ar=2.4,6-(Cy)3CeHz \ NH
N P9 (10 mol%)

o)

+ 1l
R3 RS CH, R? R
toluene, 2 °C

Y

R4 R4
RS 26-99%, 30-98% ee RS

R'=Me, H

R'R" = (CHy)s

R? =H, Cl, OMe

R® = NHBn, NBn,, NHMe, NHBz, NHCO,Me, BnHNCH,
R*=H, Me

R®=H, Me, CF5

R®=H, OMe

> R3=NBn, 26% yield, 56% e.e.
» R*=Me 90% yield, 30% e.e.
» R6=OMe 12h, 45% yield, 93% e.e.

19h, 83% yield, 36% e.e.
@ Tian Group

\\ NH: P9 (20 mol%) \\_NH
N + ArCHO - N

Ar
RHN @ toluene, 80 °C RHN \@

79-98%, 60-82% de, >99% ee

Ar= D-02N06H4, p-FgCCqu,, p-NCCsH4,
p-MeOZCCEH41 m-NCC5H4
R=Bn, Bz

> FEFC
> R

Yongseok Kwon, et al. Angew. Chem. Int. Ed. 2021, 60, 12279-12283.
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Iv. NEBHR
Me Me
..-MOH A, i :. 4--Me
Q—{\("k( | 0o Ve @—C"“
N H =31 § » N
BnHN R ot ' “N— BnHN R
1= 1(R=H) i Ar | 2b (R = H)
Il (R = OMe) 2k (R = OMe)
For |, fast l
For ll, slow
Me Me
~Me - —-J".-Mc
@’f{w . withoutPs o N Y
N H slow N
R NHBn R J._NHBn
@ ontd (R = H) ) ent2b(R=H)
entl (R = OMe) ent-2k (R = OMe)
> PHKERE /]

| > Br >>CH, > Cl > NO, > COOH >> NH,> OCH, > OH > F >H

@ Tian Group Yongseok Kwon, et al. Angew. Chem. Int. Ed. 2021, 60, 12279-12283. 11
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y -

[Rie

 rEtgExE

\ar

V. SEME Compd. 1Cso (M)
A549  MDA-MB-231 SK-Hep-1 SNU-638
MeO Me
(+)-2b 11+2.9 10+3.1 11+19  9.4+26 : . \Me
(£)-2d > 50 > 50 > 50 =50 @_Q;(NH
(+)-2e 23463 13433 13418 2544 N
(+)-2h 12+3.1 9.5+1.9 10+2.4 57+0.94 BnHN
(£)-2i 34415  25+078  2.6+063 2.4+1.]
(+£)-2m 11433 10+2.8 12439 58417 20
(+)-20 26+067 25+069 25+0.84 2.6+0.88
(+)-2p 26+093 39413  26+072 2.7+09]
Doxorubicin (nM) 24412 78+16 98 +23 3617 > ZOE’\JG’I‘%FEE‘S%%D”UH:.'
A549 SK-Hep-1 RFHED=EGE
100 1 - o 1001 & L -+ Jo

E = gni-20 § ] = gni-2o
z z > HFMHRYent-20f8ELT 20
s H BB E R IR T
° ° 2-3f%

| S ——r R Y NE—— S——

=0.5 0.0 0.5 1.0 1.5 20 =0.5 0.0 0.5 1.0 15 20

Log [compound] (ph) Log [compound] (pM)

[a] A549: Human lung cancer cell line; MDA-MB-231: Human breast
cancer cell line; SK-Hep-1: Human liver cancer cell line; SNU-638:
Human stomach cancer cell line. [b] Data are represented as means +
SD. The results are representative of three independent experiments.
Measured by the SRB method."”

¢
Yongseok Kwon, et al. Angew. Chem. Int. Ed. 2021, 60, 12279-12283. l 2



B 2.1 EFPictet-Spengler & iz s F 14 B4 (RY evsri it

2.1.2 @I TENNFIF S BIVE S kBB EIE RIS TR S
L ARE=

(a) Atroposelective bromination (Asano/Matsubara, 2015)  F,C (c) Asymmelric control of a stereogenic center (Hiemstra, 2014)

o " X,
e j
M DD N-bromoacetamide | - w‘h m O 0O
@ Cat. F4C - NH. iy RCHO, CPA MeO “ “Nps Bl
MelD E o TOH
up o 95% yield
up to 88% e.e. Ar
Cat. (d) This work CPA
) R
- MeO , MeO .
L] R 'R"|-Excellent enantioselectivity
Stoltz/\Virgil, 2013, 2019 H NH (up to 99% ee)
Fernandez/Lassaletta, 2013, 2016 MeD NHz (CH.0), CPA W e Sirfgle regioisomer observed
¢ - :
X=H R FhiMe R -Dynamic kinetic resolution
Murai, 2000 ‘Enantiodivergence
You, 2014, 2016, 2019, 2020

Fernandez/Lassaletta, 2020

n REME—MRRFIMEEY, BUTRA. EVEHENS
PRI R
ZHRRISEMRETENTEEZ TR

FEMFIE IR BRI C-CIZRE RI4HRT A IR

)
@ Tian Group Yongseok Kwon, et al. Org Lett. 2022, 24(4):1077-1082. 1 3
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11. SR{HTFi1%

Ar
) o
e ™

1a

Ar
P1-9

entry catalyst

=T T = L =

—_— = =
b = D

Pl
P2
P3
P4
Ps
Po6
P7
P8
P9
Pl
Pt
P

Me
Me

NH,

NHEz

pe
[=

temp (°C) conc (M) }fieldh

s0
80
80
80
80
s0
80
80
50
60
ol
60

(CHZO), (1.5 equiv)

P1
P2

P3:
P4:

P5

P6&:

P7

Pa:

P9

P1-9 (10 mol%)
-

Phie

‘R= 2'4,6JPI'3C5H2
‘R= 2,4,6-0"!,"306"'2
R = S-anthracenyl
R = 9-phenanthryl
:R= 4-EEUCEH4

R = 4-OMeCgH,
:R= 4-CF3C5H4

R= 3.5-Ph2C5H3
:R= 3.5-(CF3)2C6H3

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.01

Me

undesirable

oxXigaaton

MeO

MeD

of 2a (%)

50
50
14
<15
18
<15
15
24
26
45
67
83

o Me
= ]’-'Me
NHBz

3a

ee’ of 2a (%)

96
95
70
nd”
(31)°
nd”
(54)°
(24)°
(14)°
97
96
96

M‘?f‘?
,-J UI

> XSGR MEURTREICFIZRIA L33 -
PBRIENE, TREKBEANTREFHY
BREEXTNER TP EEE(FR.

> %P(F%Za_ﬂ))\?_ =i MERIFIERE
BT RARRMIREERK3a.

Yongseok Kwon, et al. Org Lett. 2022, 24(4):1077-1082.
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1. [EE4aRE

R3 R’
R1
R4 NH,

Ar
OO O

N
P
AN
99 ”
Ar
Ar = 2,4,6-PrzCgH,
9 P1 (10 mol%)
CH, B}
toluene
60°C or 80°C
31-94%, 17-99% ee R’
R'=Me, H
R2 = Me, H
R3 = OMe
R* = OMe, OBz, O'Pr;
R® = OMe, H
R®=Me, CI. H
R’ = Me, F, CF3, H
R® = Me, H

R® = NHBz, NHCO,Me, NHMe, NHBn, NMe,, OH, Me, Ph

& N LetgErg

R e b 24 o s i

»
Yongseok Kwon, et al. Org Lett. 2022, 24(4):1077-1082. l ]



Iv. NEHR

(CH20)y,

Fhide P1

el

100 50 1] i
Enantiomeric excess (%)

60 0r80°C g3l

50

(b)

a5

ar

O

Ot

a6

100

B 2.1 EFPictet-Spengler & iz s F 14 B4

P1 (fast)
P7 (disfavored)

Yongseok Kwon, et al. Org Lett. 2022, 24(4):1077-1082.

p—t= gn-2
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B 22 EFSKERMMBMTHERR (R o' it

ZHKIERN BB, BEXEEE—E, AEESEHEFY), BT RESK,
EESESIGIRN, SEREANS TR, SERNOSREMEL, ITHNESXER
RIAMYEEUEERAIER, WEEARRNER. IXFIEHIRE.

I FERBRECHNISSNNZEESHD RN

COooD
% CO0H  RiNH, @) . P RiNC(3) L, S .
1! R1_ R i .-""NR
R - L = =+
ZCHO | step a ;
+NHR2 NHE
1 10 o
N N
step b [
Ol e
e /~NHR?
o Stg, 13 NR? 4 ©
= NHJH%.E 4 0
NHR
14 st:pd RIS O
d e e NHHH
12 NHR?

@ Tian Group Zhu Jieping, et al. Angew. Chem. Int. Ed. 2016, 55, 5282-5285. l 7



B 22 AT SKERNMERFHBE T

2.2.1 F M BAET R ER B (L M EN 7S 5h /1 3 0 192 PR TE A SR F R B R LA
BEET

2003F9R ALFRAF L b, A%}

200847 B,k LB CEARAT IEL

2008 F8HE12HEEBARFUFENSHFEIE,
2009F1H-20115F12H EESEFrBenjamin ListiRER
HNEELFHAR;

201251 B-2%5, =M EAREERR R

IS,

SEEINE AR ERIBT NS FENFIT EEE

1L A=Y

KREFANSFEENMINSREFEF RN =
=N IEHI AT

@ Tian Group Jiang Gaoxi, et al. Chem. Commun. 2020, 56, 7265—-7268.. l 8



B 22 BT SRERNMEMTEE R

-1 =1
L ﬁﬁ%ﬁm
a. Typical axially chiral amides in bioactive molecules and chiral ligands.

COOH
MeO. : jl .I-Pr iPr
R1’ .\ p
OMe x
f PPh2 %’ :
CN ‘

Cl
NK1 antagonist

Indometacin derivative

Anti-inflammatory drug P,0-ligand Xing-Phos ligand

b. Dynamic kinetic resolution of axially chiral naphthamides.
.

IP
~iPr .I-'Pr
OH O N
~iPr
CHO

O- alkylatlon
by biscinchona

;Pr

(0]
OMe
‘ . 2 COzEt

. Pholocycloaddnmn Bromination by .
by Sharpless AD reaction  with 9-CNAN  peptide-catalysis  alkaloid catalysis OWer fotatlﬂna'_bamer
Walsh, 2002 Sakamoto, 2005  Miller, 2013  Paton & Smith; Li, 2019  Challenging

| D

u iE?’TEE@%é@%HﬁmM%E%ETEE“””WT XIFRIEIL
PEREZAIFRZ

B ERRHNFEZ LSS

B BEISHNFRD AR

B ESHEEAHTEIESERIEE

@ Tian Group

& N XL XY

c. Dynamic kinetic resolution of axially chiral 2-formyl naphthamide
(i) by stoichiometric amount of proline-based diamine (4-step from proline). Clayden 1999

RIgELEmEE

iPr i o :'Pg’”:,r_ P
Na& e
- ﬂ" W ” “?
via
| J CHO NHPh
< 90 kJ/mol toluene, reflux, 24 h

88% yleld‘ 9,1 d.r.
(i) by L-proline-catalyzed asymmetric aldol reaction with acetone. Walsh, 2004

i,Pr o jer
IFr—=N
g #%oH 0

O _N_.
H ~iPr o L-proline (20 mol %)

room temperature

77-95% ee, 1.6:1~8.0:1d.r.
(iii) This work: by CBA-catalyzed dynamic kinetic resolution with pyrrolylaniline.

Pr
i )
O N
H ~iPr N
CHO + ©/NH
|O‘ R——
=

CBA (5.0 mol %)
room temperature

up to 99% vyield
s high stereoselectivity » high yield s amide's chiral axis chiral amine »gram-scale up to > 20:1 d.r.; 96% ee

Jiang Gaoxi, et al. Chem. Commun. 2020, 56, 7265—-7268..
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\ar

11. S5k

CBA (5.0 mol %)
solvent (0.1 M), rt, 8h

i-Pr

Al ¥ =0H A5 X =0H

A2, % = NHTT Ad, X = NHTf AB, X = NHTf AT
entry CBA salvent vield (%)" d.r.f a.r”
16 AS n-hexane 98 =20:1 a93.7

BEFF: =BT, 0.1mmolfg1a50.15mmolf2atElESi=hLL5.0
Mol %HFBIBEESAS NEMF, &ERK3aa, 7= H98%, d.r>20:1, er
79937

¢
@ Tian Group Jiang Gaoxi, et al. Chem. Commun. 2020, 56, 7265-7268. 2'0
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111 ie¥aiaE

NH>

Ar
),
N

Pr‘
o OH
@ .
Ar
Ar = 2,4,6-(-Pr)3CgHa

A5 | (5 mol%)

Y

n-hexane, r.t.

91-98%, 50->90% de, 70->99% ee

R'=H, Me, F, Cl, Br, CF4
R?=H, Me, F, Cl, Br, CF3, OMe
R®=H, Me, F

R®R* = (CHy),

& N J_»wf%«‘éﬁf%

RIgELEmEE

2

Jiang Gaoxi, et al. Chem. Commun. 2020, 56, 7265-7268.. &

1
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Iv. iNBHR

iPr

iPr

3aa
21.548.5 e.r.

iFr
|F"r 0 I iPr

W Jaa
264763 er

<Py ~iPr |F'rp,i 0
AI?CIE A5 (5.0 mal %) N
CHO -
@“Hz e CLI TR
Y

B REYRA' BT RIRAINERE B 22 MR S RIES NETEL
m FRESREHIASK R NAYE— PR B F R ER

|Fr
‘*IF‘r {Phﬂ]zpo H iPr—p _0
~iPr A5 (5.0 mol %] (10.0 mol %)
CHO | M-Hexane N-Hexane "
10% pan rt,10 h G
A!

|

& W et HELS

Im&m%m b

) . . ¢) )
@ Tian Group Jiang Gaoxi, et al. Chem. Commun. 2020, 56, 7265—-7268.. 44w
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Iv. iNBHR

VS

TS-A: favored

l

iPr

B TS-AWTS-BESF, N-BRBMELISESEE
FER Az e

@ Tian Group Jiang Gaoxi, et al. Chem. Commun. 2020, 56, 7265-7268..
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0% 23 ETRBRNWEMTEER {RY e i e
2.3.1 Hi[a F - GBI S R : INERRIEYREL AR ITTRINE R &
HEZH

1994.9-1998.7 &AHl, ITAIMERFZHER
2001.9-2004.7 wit, ;IAIBBRFHFR
2010.9-2013.7 {&x, BMNKESHERIFIIAKRE
BEtEFxR (Bh: BRET. &5EE)

2012.8-2013.2 ipEEFEE, FiIBEEFEIXRE (&
Jfi: Loh Teck-Peng)

2004.7-2015.7  BpZr. HIm. 8IEdR, ;ITHImEXE
2015.8-F& Bi%Z, 1AM EAE

R SRS,
R I

FMZVIR L N
FUZIR D R AT TR G TNEw N

¢
@ Tian Group Shi Feng, et al. Angew. Chem. Int. Ed. 2019, 58, 15104-15110. 24
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I ﬁﬁ%ﬂ BE

a) Profile of catalytic asymmetric construction of axially chiral biaryl scaffolds

Underdeveloped and more challenging:
® Construction of heteroaromatic biaryls
@ Construction of five-membered biaryls

Well-developed: % o
g e ~ f"'?\ x 'r_:?\ 'r_Z-ﬁ\

g, 5 O 5 e >I</ RR % x/)\R‘ o x/)\r«*6

PN R' | uPgrade P2 R? I I
r [::) F 7 | P ( R® R7
LY oLy
- g o |
bt h L“\‘ - \

six-membered XY=CN X LN

biaryl scaffolds six-membered X,Y=C/N, Z=C,N, O, S
- d heterobiaryls five-membered heterobiaryls

o

i-Pr [ (@] PA,
g ke 1
‘/ N N-Bn !‘/_\' :r;
NHSOzMe Me N
glucocorticoid receptor HCV NS5B polymerase antioxidant & chiral phosphine
antagonist inhibitor antibacterial catalysts

@ Tian Group

c¢) Previous strategy: coupling indole ring with naphthyl! or phenyl ring
Our strategy: coupling 2-indolylmethanols with 2-naphthols or phenols

{/\ 1 ’; ‘ _____>CPA =
— R -.- -
. \‘ > \\.,_
¢ 2 5. o
NF N \Al’
H
Tan's strategy: coupling 2-substituted indoles with azonaphthalenes

NJ
.. g > /\/—qj Rb —Q-EA—’ H CO:RA
N ¥ <N. 3 ¥
H N "CO.R* R B b il R2
/"\N

H

> A S EEZRIINER N
b, RAEEEFEEESiREE
EFNTc—EEEER

[) Y.
Shi Feng, et al. Angew. Chem. Int. Ed. 2019, 58, 15104-15110. 25)
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IL &gt

This strategy: nucleophilic addition of racemic naphthyl-indoles

bulky substituent  bulky electrophiles

I f
g R

[
S E 3
free rotation hindered rotation
4 - steric
N Cat* DKR congestion

N

H nucleophilic

rapid racemization

stable axial chirality

Hhdk:

1) SHMABEXEEERAIEER

2) EEFEGIERFIHE R hIRTIREEE

3) FAINEIEERE R EHHEF R OF S

@ Tian Group

a) using azodicarboxylates
as electrophiles

E
R'0,C”
CPA
N\
P > N
2 H
OR __ nucleophilic addition =
N N 2 f
J P QL. T
N HO OH
OR N
| CI—" o5
CPA 54 " o-QM
b) using o-hydroxybenzyl alcohols H--O_ 0-H
as electrophiles b 4
L. nucleophilic addition _

¢
Shi Feng, et al. Angew. Chem. Int. Ed. 2019, 58, 15104-15110. 26
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1. SF{TmiE

—

4a, G=4-CiCgH, G
G 4b, G = 2-Naphthyl
OG 4c, G = 1-Naphthyl o o
0_0 4d, G = 9-Phenanthrenyl :P:’

4e, G =9-Anthracenyl

P
o “OH4f, G =24 ,6-(-Pr)Catb
CO 4g, G = SiPhy
G 4h, G = 3,5-(CF3)CgHs

(S)-4 4i, G=3,5-(Me);CgH; (S)-5
4j, G=3,5-(Ph)CeHs = 2.4.6-(F _ .
4k, G =2,4 6-(Me):CsHy 5a,G= 246-(-PrCeHy 6a, G = 2,4,6-(Pr)sCeHy

G d4a, G =4-CICeH,
Oe 4b, G = 2-Naphthyl
O, .0 4c, G=1-Naphthyl
P' 4d, G = 9-Phenanthrenyl
o OH 4e, G = 9-Anthracenyl O OH
OO Af, G =2 4 6-(FPriCeHe
G 4g, G=SiPhy G
(S)4 4h, G =9-Anthracenyl, X=S (S)-5
5b, G = 9-Anthracenyl

6b, G =9-Anthracenyl

e s emes
CR N,COzR X mol% 4-6 ORCOZR1 OH % 10 mol% 4-6
B + JII‘:.I 7
(o Ros e T NHOOR! "\/OME sohent T
NH NH HO \ additives
1 2 3
] yield _ - T yield _ ;
entry 3 R (1) R (2) X Cat. solvent T (°C) ) er entry Cat. solvent additives la:2a ) dr’ er
(%) Q) (%)
44“*  3pb  Tf(1b)  Bn(2b) 10 af DCM (0.1 M) 25 86 97:3 38 6b 1:4 5 AMS 1:1.2 25 93 >95:5 95:5

EESF: BER25°C, 1b52bRigRILY,
7913, BFIAR0IMBE S8R, EAFA
10 mol%RIFEURERAS, HINFI LA T

@ Tian Group

E{EEE: BER25°C, 7Ta58apgiskity
1:1.2, &7 9CHCI,CHCI, / p-xylene =1:4,
551910 mol%RYFEIEEER6D, 7NN /85A
DFE
2'¢

Shi Feng, et al. Angew. Chem. Int. Ed. 2019, 58, 15104-15110.
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Iv. [RHaRE

L,

Ar = 2.4.6—?—PI’305H2
4f (10 mol%)
5A MS

|

CH,Cl,, 25 °C

50-98%, 82-96% ee

R'=Bn, Et, i-Pr
R?=Tf, Me, Ts
R¥*=H, F, Cl

R5
OR?

RE
¢
COR'
N ~
R N
NH

R*=H, Me, F, Cl, OMe, CO,Me

R5 = H, OMe
RE=H, Br, Me, Ph
R’ = H, OMe, Ph

NHCO,

RG

& N

LEtHERY

ol R TR

(o
R oH HO

+
)

R4

R5

R HO R*
NH

50-97%, >90% de, 82-96% ee

R'=H,Cl

R? = 0-MeOCgH,, m-MeOCgH,, p-

R® = Me, OMe
RY=H,F Cl
R®=H, F, Me
R® = H, OMe
R"=H, F, Me

Ar = 9-anthracenyl

6b (10 mol%)
5A MS

DCE/p-xylene, 25 °C

(-Bu)CgH4, p-MeQCgH,4, 2-thienyl, Me

Shi Feng, et al. Angew. Chem. Int. Ed. 2019, 58, 15104-15110.
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V. HNIBHAF

10 mol% (S)-4f
DCM, 4 AMS, 25°C

»  No reaction

o RER > e FBIRAON - HE R 2 B AR

PN e oo aAms e e REE MR R

> EHTRRIREON -HE RIS R B2 S A A
AT S T BB A S TN R AT B R i R
PR E TR

1a 2d

90 -
OH O 10 mol% (S)-6b

OH
+ -
R HO CHCLCHCL/p-xylene
N.Er MeO 5AMS, 25°C
8a

OMe 10 mol% (S)-6b

\ t
O ' O CHCLCHCI/p-xylene
NH
MeO 5AMS, 25°C )
7a 8h 9ah 2(.)
0%, 64:36 dr, 60:40 59:41 .
. [6040er(3941€0 g Feng, et al. Angew. Chem. Int. Ed. 2019, 58, 15104-15110.




o
OMe
Ra CO,Et

I
=" \*‘fN‘NHCO?Et
P

(Ry)-3aa

OMe

{ERE R IRER TR F/o3= R I {ERBRE TEE E 93RRI

6
@ Tian Group Shi Feng, et al. Angew. Chem. Int. Ed. 2019, 58, 15104-15110. 3()
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\} rx. l

e. ¥{LRIF f. &Mz

Derivation of axially chiral naphthyl-indole products:
OMe OTf l I OMe
COzEI CO;Bn ,COzBn
N,
NHCO Et MeO “NHCO,Bn
L 2 ;8 NHCOzan O N 2

co = _PhMgBr, THF

BBry DCM 3ib
DCM, 0°C IC_g,D =4 .44 ug/mL ICgq = 40.00 ug/mL ICsq = 75.47 ug/mL
R = H: 9aa, >95:5 dr, 95:5 er OO OO
R = Me: 9fa, >95:5 dr, 95:5 er OMe
OMe - CO.Bn
pewm, 0 °c | T0 /02 AN
e NN “NHCO,Bn
O F Q My NHCOBn NH 2
- NP F
Pd(OAc), e 3pb
d
OMe DIPEA ICQO =12.76 Ug-[mL IC50 =62.31 ug:‘mL
DMSO,120 °C
OMe
R = H: 12aa, 85%, >95.5 dr, 95:5 er 3 ; : ;
(99.8:0.2 er after re Jlization) 70%, >95:5 dr, 99.8:0.2 er 72%, >95:5 dr, 99.6:04 er
R = Me: 12fa, 62%, >95.5 dr, 95:5 er
(>99.9:0.1 er after recrystallization)
w7 e —N =
Application of chiral phosphine 14 as an organocatalyst for [4+1] cyclization: 3 d aij C F - 7#LH7§E2EHH@E,\JE\.E )&%éﬁﬂﬂ@%’l\é—t
,O-;].,/; T/O OBoc 0~ ~0, £O08n
Bn  20mol% 14 ¢
b NN+ WCO’B“ — O N Y
CHCl3, 35°C
15 Fi’h 16 17  Ph

75%, >95:5dr, 90:10 er

)
@ Tian Group Shi Feng, et al. Angew. Chem. Int. Ed. 2019, 58, 15104-15110. 3 l
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2.3.2 i o) F14£3,3 - MBIk B RV IT SEA A TR E

A6 g e
L fREE -0 |
a) CPA-catalyzed coupling reaction of 2-naphthols with 2-indolylmethanols a) Design of new indole-based axially chiral biaryl backbones

=
H

. CPA OH
A - R0 :

H Ar
Mo axial chirality With axial chirality
CPA-catalyzed lin rearrangement ' ' [ naphthalen s
b} yzed coupling and g reactions of indoles with azonaphthalenes 3.3 bisindole 2.2".substituted 3,3"bisindole
\ S
RS OG H b) Challenges in constructing five-membered axially chiral biaryl skeletons
,N‘_ J:-'::“._
i‘b H COR? TR 0 U 5
L‘ | _ e high barriers for rotation Vi [ ,;,"L, R3 » low barriers for rotation

AN
2 R R"‘@jung ‘)l(:b R", conformationaly stable j:’ e conformationaly less stable
=M. Y.
N~ "COR*

2 o widely developed * underdeveloped
o = | R idely P ET,C\YR"

b&:_,’ e '-’I.' 1'\ 7
LT

X, ¥Y=C/N XY=CNZ=CN,O

- . six-membered biaryls five-membered biaryls

" GG OMOM i @G OMOM B 7£3,3"-WE|REZRAY2, 2 - ES I AP P ARIRFIRE
P O . PN | FIRESBIE SRR, PO/ AEE EbEs

: G N >: a C Nj@ m S5ZEF7ITHRIFENGEEWCEYAELL, Tt

IS R B B ESARORERS N, SEY
@) Tian Group R NG AT NS 32

Shi Feng, et al. Angew. Chem. Int. Ed. 2019, 58, 3014-3020.

c) Palladium-catalyzed dynamic kinetic intramelecular C-H cyclization
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L. BE&it

o
@Dﬁ%,ﬂ 1©§?
B-H

bulky substituent bulky electrophiles

2, 3'-bisindole with
axialand centralchiraldy

= slenc
congestion
_ Cat*
H nuclaophilic
Mo axial chirality With axial chirality

Z-sunstituted 3 3-bisindale 2, 2"-substituted 3,3 -bisindole

Challenges: (1) selection of bulky and reactive electrophiles to generate axial chirality

i.2) chaice of competent chiral catalyst to control the enantioselectivity nue ,_;.jr_.h licaddition rearcmatization

Pk :
1) BRAFEAR, EHEAVFEER, LUSINEE FREfIesiaEd
2) EFREEIERIFIHENT SRS R DAY E AN LA
@ Tian Group 33

Shi Feng, et al. Angew. Chem. Int. Ed. 2019, 58, 3014-3020.
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V. SFiHTH%

RI I_Jaﬁﬁrhé'um'ﬁ

4a,G = 4-CICH;

G
OG G' _,O 4b G=1 NEI..,h”'Ij”

dc, G = Z-Naphthyl

4, G =2 4 6-(-PriCaH,

N
P o OH
o DH4d G = 9-Phenanthranyl ‘g
gg de, G = 9-Anthracenyl G
G

. ' G
O, 0
P

i 5a, G = 2-Naphthyl — 2 Naohthy
(S)4 49, G=SiPhs ) ii?_l-éa o o G.:f?ﬂf o
Ph H= B M '{:;},:'
AR _ o {OH xmol% 4-6, T°C
A + .lx-’ : \ solvent, additives
xu TN
H
1a 2a
entry  Cat, solvent  additives’™ T (°C) X yvield (%) drl?  eel®
22 (R)-5a  toluene 5 AM.S. 30 5 93 >95:5 97

BE7330°C, 1a52aRyiiitt/at1:1.2, BRI/
z|:, 1&143?.‘]735 mol%HIFEUM.ER5a, RINFIAASAD Fi

Shi Feng, et al. Angew. Chem. Int. Ed. 2019, 58, 3014-3020.
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V. [BYIRRE

\__O
P

%
A
2-Naph
5a (5 mol%)
5A MS

R 2-Naph
- (I
» 0
5

toluene, 30 °C

R'=H, CI, OMe

R2 = H, Cl, OMe

R®=H, Me

R* = Ph,CH, (p-FCgH4)-CH, (p-t-BuCgH4),CH, (p-Tol },CH,
(m-FCgH4),CH, (o-Tol),CH, (m-MeOCgH,),CH
R5 =H, Cl, OMe

R® = H, Br, OMe

R”=H, Br

R®=H, F, Me

R®=H,F

R'°=H, OMe, F, Cl

R'" = Bn, Ph, Me, H

R'2 = H, OMe, Me

R'® =H, Br, OMe

R =H, F, Me

&~ rEtgEry
. o
TR T & wi rte 24wt 5 b
43-95%, >90% de, 81->99% ee
. P Y, <4
Shi Feng, et al. Angew. Chem. Int. Ed. 2019, 58, 3014-3020. b5
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VI {IBH%

5mol% (R)-5a, 30°C
toluene, 5 A MS
6
59%, >95:5 dr, 9B%ee o
5mol% (R)-5a, 30°C .
oluene SAMS No reacticn nucleophilic addition
rearomatization i\‘ (R)-5a
(S,HR)-3aa

5mol% {R)-5a, 30°C
toluene, 54 MS -

> SHE(ER
> BFXIER

83%, =95:5dr, 71% ee

6
@ Tian Group Shi Feng, et al. Angew. Chem. Int. Ed. 2019, 58, 3014-3020. 36
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2.3.3 BIF 13,3 - WEIE A EA AT FRE B

Ar' = 9-phenanthrenyl
CAP (10 mol%)
Na,SO,, HFIP

DCE, 10°C

40-79%, 70-88% ee

Ar? = Ph, m-MeOCgH,4, m-FCgHy, p-FCgH,4
R'=H, 5-Br, 5'-Me, 5-OMe

R?=H, 5-CI, 5-Me, 5-OMe, 6-Br, 7-Me
R®=H, 5-F, 5-Cl, 5-Br, 5-Me, 5-OMe
R*=H, Me

6
Shi Feng, et al. J. Org. Chem. 2020, 85, 10152-10166. 37
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LEtdELY

TRY eus i o st i

2.3.4 EFH = FOFERS,3 -Gk AR FEME S IABRLLPT A R IR 05 3% B8 i 571

Ar' = 9-phenanthrenyl

CAP (10 mol%)

MgSO,, PhF
+ o
R* NBoc HFIP, 0 °C
N
—_—
N O
,'23 47-81%,

Ar? = Ph, p-FCgH4, m-FCgH4, p-Tol, m-Tol, o-Tol
R'=H, 7-Br, 6-Cl, 6-OMe, 5-Cl, 5-Me
R?=5-0OMe, 6'-Me, 7-Me

R® = Bn, Me, allyl, Ph

R*=H, 7-Cl, 6-Br, 6-OMe, 5-Cl, 5-Me

64->90% de, 76-96% ee

|
CH(CFa)2

nucleophilic addition

)
Shi Feng, et al. Chin. J. Chem. 2020, 38, 583-589. 38
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1980,
1985,
1988,
1992,
1994,
1985,

AR, REKF
B, REXF
BRI, ZERAF
HaFE, HBEXE
AR, FIHRKF
2%, FIFRKF

eI

BRI AR Takahiko Aklyama

FIREAF
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L. A RS S

This work
* catalytic
« enantiodivergent
v *over stoichiometric
~ __ »less studied
S C—

DKR O cross-coupling A B
strategy A B strategy "f
c D . catalytic X
O * many examples o \@/ D

C:

« catalytic

« several examples

OH
racemic
asymmetric
transfer hydrogenation
ring
“Ar  opening

_'—h-

ring

closing
dynamic
equilibrium L -

racemic racemic
racemization kinetic resolution
= up to 94% ee
@ Tian Group

1) ease of ring-opening

3) easy modification

of aniline moiety 2) high affinity to CPA

[T R

> BT SRR

>>‘ﬁ§1ﬁ5$ﬁ%&%%ﬂﬁ%¥ﬂﬁ

> REREBDHEIRZTER, X—fFEagaEr™
E-/IJF]}iF' ERRZIPN L SrnES

Takahiko Akiyama, et al. Angew. Chem. Int. Ed. 2016, 55, 11642-11646
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3,
I1. SEA%iHi% 6 (10 mol %)
B (1.1 equiv) O H
:1 .5 equiv) Me “Ar
-#o. M.S. OH
toluene, RT

3aa: Ar = 2 HOCeHn
3ab: Ar = 2-HO-4-CF3CgH3
o0y o
X

x

2 2
0O HN i D:CHCOZR

Ba:R'= 9a; R‘ = Et

6: binaphthyl skeleton Bh: R = CF3 9h: RZ = jPr

T: Hg-binaphthyl skeleton
Entry Catalyst (X) Yield [24] ee [%]"
1 2,4,6-(iPr),C¢H, (6a) 75 33
2 9-anthryl (6b) 30 30
3 2,4-(CF;),CH, (6¢c) 86 47
4 4-PhCiH, (6d) 74 13
5 SiPh, (6e) 91 59
6 Si(3-FC;H,); (1) 75 73
7t Si(3-FCH.); (61) 72 81
gleel Si(3-FCyH.); (6) 83 84
gleed] Si(3-FCgH,); (6 1) 98 90

[a] Unless otherwise noted, all reactions were conducted with the lactol
5a (0.10 mmol), hydroxyaniline 8a (0.11 mmol), and Hantzsch ester 9a
(0.15 mmol) in the presence of 10 mol % 6 and 4A M.S. in toluene
(1.0 mL) at room temperature. [b] Enantiomeric ratio was determined by
HPLC analysis using a chiral stationary phase. [c] 5A M.S. was employed
instead of 4A M.S. [d] 0.01 M. [e] 0.005 M. [f] 2-Amino-5-(triflucrome-
thyl)phenol (8 b) was employed instead of 8a. M.S. =molecular sieves.

@ Tian Group

O H 6f {10 mol %)
e “Ar 9a (1.5 equiv)
o SAMS
‘ toluene
(0.005 M)
1a RT, 24 h
Ar= 2-HOCgH,
1.1 equiv
HoN .~ OH
=
CF; 10
Tb (10 mol %)

b (1.5 equiv) _ Me
5AMS. OH
toluene

RT, 24 h
4a
guant. 93% ee
[m]p® = -38.9
{c 0.970, CHCly)

Me

3laa

75%, B5% ee
cf. 83%, B4% ee (from 5a)

o~ -2,

3ab
98%, 90% ee
(@)™ = +29.7
{c 0,120, CHCl3)

> SaSatEERIIRASEH T, ER3aaltr

Rileel@) L FHEE

> PRIERMIEFIEE R E ST

41
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& N et dELY

RIgELEmEE

1. iR

Si(m-FCgHy)s
X,

-0

R?
O P g R2
o OH
" NH CFs 2
R » NH CF,

Si(m—FC5H4}3

X >
O 6f (10 mol%) » NH CFs o oH
3 4 5A MS
? ? - O OH  Ho R® R

+ toluene, rt.
R4

Et0,C COE R?
m 74->99%, 77-94% ee PrO,C CO,iPr
~ . XX
N

R'=H, Me, i-Pr, Cl

RZ=H, Me N
R®=H, Me, CI

R*=H, Me

@ Tian Group Takahiko Akiyama, et al. Angew. Chem. Int. Ed. 2016, 55, 11642—11646

Ar
(1),

AY
™

Ar R2
NHQCH

5A MS
OH OH

Ar = 9-anthracenyl O
6b (10 mol%) "

toluene, rt.
RS R4
75->99%, 86-94% ee

R'=H, Me, i-Pr, CI
R?=H, Me

R*=H, Me, Cl
R*=H, Me

42
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Iv. iIEHR

O u O _N fasymmetnc

A “Ar A “Ar ; reduchon

(4 O 0 tast C O OH OH
1 2

fast kg > kg :
Clx o OV
A “Ar A Z A ‘A S “Ar
’ —. »
1 ent-2 ent-3

................

: racemization step
7”771 transfer hydrogenation step

> ZEERUEHANTRER S RN ES EERISSNFHHIE
> 253K ent- 2R FHEFIE B S Z IBBIE SRR NIERZE

[ ‘Iﬁlla%ﬁ

Lw%%?f%
' 24 W1

Takahiko Akiyama, et al. Angew. Chem. Int. Ed. 2016, 55, 11642-11646
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R,
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el
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[Ro»

B RFEEREFSKATY. EWMEES FINSHFFIEIERL
FIROEE, IRERIAFRBIEET SIS HFERNE
1M B SRRV AR 2 R

B @idPictet-SpenglerRRi, ZXKiEg/RM., (BIARRM, %
SH—R5BRG L 7 C-NiFES52. PRt EEEhEE
BIR. NE|REL%E. TEEBREHMF SRR

B {EMFIEERAMEETER, HR 7 SITEIMFEIR
Ww, A{FERYECERILAEINEESZFERIBEHE

B RR 7 FESRBRNFANTMIZMFEERAER, RIH
ERMBERSEYEISE. BFX. ZFEFEFERFR
dE T BRI I

Lkt &ELY

o
° O N\ CO,H

HCV NS5B polymerase

\ inhibitor

~

J

A

Cli

Et

L

CN

\ NK1 antagonist J

Acid

g A
0\ .
s

Chiral Phosphoric

~

P/
“OH

J
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