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N Introduction: Noncovalent Interactions

M Introduction: Noncovalent Interactions

FEMAAEIAER: IG5 THRENGSTANEH A5 T A & 2
NI RERER—RZMEMG—FER. HEEMBORRZLAETECERT AT
T, T 25 EA: #9848 Z4E A (electrostatic interactions). FE/&%E A
(Van der Waals interactions) . 1 23i & (n-effects) . VAR BAK 2R
(Hydrophobic effects) .

> 7 %48 Z4E F (electrostatic interactions)
(1) HTHEER: SRELAMRFTORTNHT RS T ORI,

lon-lon
(i-i)

TRES
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N Introduction: Noncovalent Interactions

¥
N
03—

B Introduction: Noncovalent Interactions
> # %48 E4F A (electrostatic interactions)

(2) #4E: Z4% (H-bond) 2 —A#P4s e LA EAER, € R34 EA) AR
FTERARNEW., 3 RGA. ARARTZIEGBRATHAS] /1. RA R
RMEROGRT TR R A4, AR E SRR TR AMHEEMX, @i
S K3, BT R A R AEAR R, A R A S AEE 5T, R A A 4R 55, A e
nHERSROE QBRAAE, B4 RAEGREDH), X T A (5 AAL)
AR E K, A7 AE A 77 55 T R

N O F
Hydrogen-Bond 30 34 4.0
x;...H;Y ‘ P S Cl
C=0. 2730A C=0. 2831A SFGRI AXY <=s UL 2.2 26 31
) ) Hydrogen—-Bond
\0 2 \N
2.7-3.0A, 39% 28-31A 35A
$=0--H—0 $=0-:-H—N N-H...TC C-H...Tl Coa-H...F-C
| o 3.8 A
@N‘:T_?f‘io N-H...F-C C-H...0 Cg-H...0=C
28328 O-H...F-C C—H (sp or sp? in Ar)
<Nz H—N Ca—H in proteins
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N Introduction: Noncovalent Interactions

B Introduction: Noncovalent Interactions
> # %48 E4F A (electrostatic interactions)

(3) B4k: —FHAGIELMARIAER S, L4 EF M5 5% B IR
RIS, BRAH, RARTFEAKRE ABRT L, ©F6&ES QW
RHA, A FRARTRGOHE, ARTETELTH, HREHIELRK
5EF TR EERBROHBELMERG . HSAEML, RERTFREINRY

Mr B W89 AAE A 3 AR,
Halogen-Bond
" 3.0-34 A
C=0 -+ CI—C
30-35 A
C=0 -:-- Br—C
29-35 A
Il =0 - I—¢
stronger
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Introduction: Noncovalent Interactions

B |Introduction: Noncovalent Interactions
> 44 # (Van der Waals interactions)
RS TRMER AP AEET P HS T RJR T Z 65— 55 5l 69 &
PR B . M RATEAEE AR, N CEIE R, B atAAS. dTHERLE
ARG B, TeARE ) — A A AR T = 6938 K 3 AR,

Van der Waals forces

~ r Jf
BL12) 7] % 7 AT
Keesom forces Debye forces London dispersion forces
Dipole-Dipole Dipole-induced Dipole induced Dipole-induced Dipole
(D-D) (D-iD) (iD-iD)

Ge (.@ g:+ 3 -::+ — + 3
H\

H—Cl .- H—Cl O " Xe @ @
H

The Xiao Group



Introduction: Noncovalent Interactions

M Introduction: Noncovalent Interactions

nt X3 N (m-effects)

=3 = VA A% % £ 71,
MEAERUBRRE-TTAEAER ., &

A EAE R A Ko

| 7O |

<
>

displaced stacking

edge- to face
° 36 3.8 A

<=

i n-ntEAER.

\fﬁ'ﬂz,

fB&F-nA] H-F-n
, TREE5EH ST (R) 9N ERA

R.«%
o
3.8-4.4 A
+ G\‘ —_— eee
D na C—R
in plane
@ R = alkyl group
above plane only C
| above plane
R o
I!I/H e 36-42 A
e 3440 A <>
@ R = alkyl group
or OR (OMe)
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N Introduction: Noncovalent Interactions
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B Introduction: Noncovalent Interactions
> HAK#E (Hydrophobic effects)
LB FEAKMEGEREEKF, KAKI D4R KR ARG = 8] 45 5K
PEOGIE T, EHRAKEERGGE BKSTEHm— AN RMAE LGN, SHFEAKME
BERREN, INRENERERGEREDILERT SO PRAERR T
EREkBE ), AR KSTHERRY, OHOKSTEIL S, RFHL
¥R, EFIARKR
Hydrophobic effect

~ m -',-'

LN

Two hydrophobic surfaces come
together to exclude water




Organo Metal
cataysis catalysis

o/ Introduction: Noncovalent Interactions

B Introduction: Noncovalent Interactions
» Noncovalent interactions in metal complex catalysis

3 : Noncovalent interactions
18t coordination - ~«_

sphere \ |

)

>unnnnnno

- >
Steric interactions @

R

é

» Distance dependencies of the representative noncovalent interactions

noncovalent interactions energy dependence on distance
steric repulsion 1/r'?
hydrogen bond complicated, ~1/7*
ion pair 1/r
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NCls-Assisted Ferrocenyl Phosphine Ligands

[ Early reports
» Gold-catalyzed asymmetric aldol reaction

r [ 8a: NR; = NM ]
H1 GG 2 Me NR. : 2 = -7
CO,R2 '[f_"” ‘:‘ HexNC)2]BF, (31) K 2R SN NRg = NER
R'CHO =+ ( (8) - o N * £is-30 Q%;CH3 8¢: NAy= N
N=C: CHillp25°C ~F Fe “PPhy D
208 R = Me 30 <Z—FPh 8d: NR;=N O
ogh: 7% - Bt frans-(45.5A) L )
ratio of % ee of
entry aldehyde L* trans/cis trans-30 X
1 PhCHO 8a  90/10 91
2 PhCHO 8b 89/11 93 HCH
3  PhCHO 8¢  94/6 95 M2
4  PhCHO 8d 955 95 .
) ¢ 8d  95/5 96 L" = Fe PPh;
o CHO
Ome @-—Ppn
8 C}m 8d  92/8 92 2
Ma -
7 Co-omo 8d 96/ 95 _ ratio of % ee of
L* XinL* trans/cis trans-30
cl CHO
8 oo il it - 32a NMe(CH;);NMe; 89/11 23
9 on oo 8d 8317 86 32b NMe(CH,);NEt; B6/14 26
10 MeCHO 8a 78/22 a7 h NME‘C HECHEDH ﬁgfal 3? |
11 ﬁggg g: 84/16 gg 5h NMe, 68/32 racemic
1 11 .
13 i-BuCHO A oed & 5§ OMe 86/14 racemic
14  i-PrCHO 8a  99/1 94
15 t-BuCHO 8d  100/0 97
16 (E)-n-PrCH=CHCHO &8d 87/13 92

Ito, Y.; Sawamura, M.; Hayashi, T. J. Am. Chem. Soc. 1986, 108, 6405

. B2, KE. BT \ The Xiao Group




NCls-Assisted Ferrocenyl Phosphine Ligands

M Early reports
» Gold-catalyzed asymmetric aldol reaction

( )
! moi% CO,R2 Me NR 8a: NR; = NMa;
CO,R2 [f”‘”‘H“”G’?]EF‘ (31) R K SN NRg = NER
R'CHO + ( L (8) o N * cie-30 Q‘é"‘cm 8¢: NR; = ND
N=C: CHillp25°C ~F Fe “PPHS \—/
20a: % = Me 30 <Z>—FPn, B NRz= N ©
20b: A = Et trans-(45,5A) L )




NCls-Assisted Ferrocenyl Phosphine Ligands

M Early reports
» Palladium-catalyzed allylic alkylation

OAc NaCH(COMe) (m-C3Hg),PdCI,/L* CH(COMe),
+ a €e)r >
Y THF, 40°C A~
Ar = Ph up to 97% yield
Ar = 1-naph 90% ee

@-Pph2 N

C ?—Pth G
“H

Hayashi, T. Tetrahedron Lett. 1986, 27, 191

The Xiao Group



NCls-Assisted Ferrocenyl Phosphine Ligands

B Zhang group’s work

CFs Zhaophos
g Hydrogenation
J_L (C=C of neutral substrates)
@Lﬁ N CF4 (C=N of ionic substrates)
Fe "PPh (Carbocations)
2 Reductive amination R e, ot e
PPh, Decarboxylative allylation - ", Coordination
o Pd e Interaction

PC)—‘; .

Noncovalent

ST
1 ,@

.
.""'lllliﬂ'..

PC ; CFs %
Y2 Wudaphos Sr S /@\ : T T
Hydrogenation : @/‘\ A
P 1Me [C:C. of ar_:ryrlic acids} .: N H “

- H H i : 0=P=H
.+ (C=C of ethenylsulfonates) Fe PPh; #| mteraction . NMe,
n Ll
" A Pth Rh .. : IIIIIIIIIIII h' . I
Fe  NMe, -, & | i H-bonding 1| ", EFS NMe, W“da‘"‘“s 3
*e, o H : SPO-Wudaphos +
‘e, .Ehaophos.._.-‘ ; lon paring .-.__ st
PPh, SPO-Wudaphos Hydrogenation Natural products
H'}l"d roge nation Reductive amination - Bioactive molecules
O=p=-=H {C-C of ECW‘"C Elﬂiﬁﬁl,i Decarboxylative allylation Pharmaceuticals

.« (C=C of ethenylphosphonic acids)

Fe  NMe,

Zhang, X. et al Acc. Chem. Res. 2020, 53, 1905

_ BRfE. EZ. K£. 51T \ The Xiao Group




NCls-Assisted Ferrocenyl Phosphine Ligands

] Zhaophos
» Design and synthesis of Zhaophos

@LNH 1) Et;0, n-Buli

v

(RJ-[R}-E (96%) H

interactions

. N~ OAc
Fo | 2) Et,O, TMEDA, n—BuLl_; Fo e | (GHEG%)EO Fe “PPh,
100 °
) 3) Ph,PClI S ppy, @\Pphg
L1
X
R
7N NH5 in MeOH NH2 CH,Cl, H
100 °C PPha Isnthlcu:yanateflsocyanate Fe PPhy
PPh
L2 e PPh,
c . T T P PP E PP PLIPL TP
““NMe; Metal-Zhaophos S” Ar
'T' H-bonding
Y

H, Neutral Acceptor
SN(CHy) R X X=NO,

Fe “Li¢ =i —@-a— -,  (COR

I ! (CO)OR

8(R,R) i

Y

lonic Acceptor

o+
e
|:{1’J\R2"J R +

EH IL:\\ Eﬁ\ ng

K/, —

ST

The Xiao Group



NCls-Assisted Ferrocenyl Phosphine Ligands

l'Zhaophos

» Asymmetric Hydrogenation of Neutral Substrates

@ g [Rh(COD)CI/(Re, Sy)-Zhaophos (b) [Rh(COD)CIl,/L
R ([Rh]: 1 mol%) R «~ NO, _(Rh:1mol%) NO,
R‘JK\‘/N 2 LPrOH, H, (5 atm) R"l\’m2 FProH, Ha (5 atm)
........ 1 2N3SC 2| At BMMNEC N2
Rll
NO, NO, o NO; L4: R = NMe,, L5: R = NH;, L6: R = OH,
R OG C : R 15% yield, 8% ee 3% yield, ND 8% yield, ND
Fe Pth
R" = Me, Et 98% yield 96% yield @‘Pth
10 examples 99% e 98% ee
90~99% yield,86~99% ee CFy CF;
. P{'Bu
© NHAC Rh(NBD);BF¢/(S¢, Ry)-Zhaophos yqac : (Buz .. 1%, ND s
NG, AIRhL: 1 or 4 mol%) ™ Fe PPh, L7 wi 3. NR J
R” ~""~2"CH.Cl, H, (50 atm) R 2 &> FaC NN CF3
4 24 h, rt 5
I\?.IHAc NHAc NHAC | R: CF3 CF4
o e e | S O
R N R
© NN CF
R = n-Pr, i-Pr, Cy FIE PPh ' _ 3 _ _ =

12 examples 95% yield 3 examples : B E S b LI0X=S L1 X=S

up to 1000 TON 90% ee 94~95% yield PPh, e HEL ot p el

93~96% yield, 92~96% ee 80~91% ee 75% ee 98% ee 96% ee 85% ee

Zhang, X. et al Org. Lett. 2013, 15, 4014

BE. K.

?ﬁ

ITORA Y

HR

K/, —

=17 \The Xiao Group
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NCls-Assisted Ferrocenyl Phosphine Ligands

B Wudaphos
» Design and synthesis of Wudaphos

o
Br
z Ij P 'Me
- tBuLj PCl; _ CIMg MeMgClI .

T NMe, L, s - -

| i

Fe Fe  NMe,
& =

(One-Pot) 61% yield

2‘?{% @ High tunability

-

P 'Me r .
n-BuLi e ;?r\ﬂ{u i Easy preparation
CIPR, g 3 4 T & M Air stability
dr > 99:1 o NMe; :

85% yield

N CYZ
Metal-Wudaphos Three hindered model Me, | L ?
‘P S
lon pairing interactions Rh —

Fe

NHMe, Fe,__Rh__Ri i R H

: = [P
00 Rg Ry Me,HN o=

R' "R?




NCls-Assisted Ferrocenyl Phosphine Ligands

o Wudaphos

» Asymmetric hydrogenation via noncovalent ion pair interaction

RJJ\002H

[Rh(nbd)]BF,
(1 mol%)

Wudaphos
(1.1 mol%)

©/-\CDOH /@’;‘DOOH Q’-\cm;(@/\cow
3b ad

Conv.% = 99
ea% =08

M@”*,QA

Comr % >89
ea.% —_QB

DOH  MeDOG., A H
/©/\: ~""COOH @\/z\m
F OH

3h

Conv.% > 89
ee% = 9&

Gonv%?':'lﬂ

ee.% =97

Conv.% > 99
ee.% =98

3c
Conv.% = 99
ee.% =98

Cn:-mr% > 99
@e.% = 96

3i
Conv.% > 99
ea.% = 92

coon

Conv.% > 99
eat% =199

Conv.% > 99
ee.% =97

3

Conv.% > 99
ea.% =80

Cnrw % =09
e % = 85

R” NCOLH
(S)

up to 99% conv.
up to 99% ee

P'Cyz




NCls-Assisted Ferrocenyl Phosphine Ligands

B SPO-Wudaphos
» Design and synthesis of SPO-Wudaphos

PR2 PR2
) t-BuLi/Et,0, PCl,
: Li =  0=pP=H 0=p-H
= NMe, * ~
y 2 , NaOH aqg. : o :
&> R,P Fe  NMe, Fe  NMe,
R= Ph, ES% ylEld, dr=1:1 {SCI Hp. HF} {SC1 Rm SP}
(One-pot) L3 SPO-Wudaphos (R= Ph)
_|+
HO BF,
, F.  _PPh,
EtOH, rt Fé e
SPO-Wudaphos ————»  Rh

) Rh(NBD),BF, = Me,N
R= Ph Q?Rh[smj-Wudaphus]{NBD]lElF4

Metal-SPO-Wudaphos

Ry T oo A P
0 H-bonding d e Pieln N
sy, 3 Ll
.

00C
lon pairing pi )

FAfE, EZF. K The Xiao Group
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NCls-Assisted Ferrocenyl Phosphine Ligands

IISPO-Wudaphos

» Asymmetric hydrogenation

I
R COOH

1

a) Results using ligands without the hydroxy group:

(0]
Rh(NBD),BF4/L
COOH >
S/C = 200, EtOH
1a Hy 10 bar, rt, 12 h
Q\Pth
P'I’OH
Fe  NMe,
L2 L3
> 99% Conv. > 99% Conv.
-85% ee -63% ee

PPh, c) Substrate effect:

18% Conv.

0
Rh(NBD),BF /L1 JJ\/L
™ R COOH

H,, 10 bar, S/C = 200

b) Base effect:

Q\Pth

Ospy,,
Fe NM
EtOH. 6 h, rt Z ¥ e
0
up to >99% Conv. (.0 v danhos
>99% ee (Sc. Rec. Rp)

0
O [Rh(NBD),]BF4/L1
H o
COOH ) 00 S/C = 200, EtOH
a

Hy 10 bar, rt, 12 h

0}
©/U\1COOH
2a

CSzCO3‘ 20% Conv.
0.5 equiv : 7% ee

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

NEt;, i >99% Conv.
1.0 equiv__: 38% ee

(0]
Rh(NBD)»]BF 4/L1
COOMe [Rh( )2]BF 4 <
2 SIC = 200, EtOH

Hy 10 bar, rt, 12 h

Rh(NBD),]BF4/L1
coon IRNNBD);IBFyL1
10 S/C = 200, EtOH

Hp 10 bar, rt, 12 h

Zhang, X. et al Angew. Chem. Int

BA{E. BF. KE. 51T

COOMe

£

> 99% Conv.
81% ee

©/\/\coor|
3

71% Conv.
41% ee

. Ed. 2017, 56, 6808

=1T \.The Xiao Group



NCls-Assisted Ferrocenyl Phosphine Ligands

m FeUrPhos
» Design and synthesis of FeUrPhos F.C

CF3 CF4

/“fph Ph, 0
é*Pth TFA,THF O P 7y Neo (_ Ng
! PPh
Fe 2 CH,Cl,, Et;N O
PPh;

Fe
i | |
= Fe
M N >
(S, Sp)-Phosferrox (S.Sp)-FeUrPhos

FsC

CF5
e A
9]
o HO. o M A _oH P, NH
F&C NN - >\_
Q

=N
thp—é (a) TFA, THF thpé

| |
Fe  (b) KOH, MeOH Fe EDCI, DMAP, Et;N, CH;_CI;_ O:é
Ph,P
Vi i 2

l

o] |

(R, Rp)-Phosferrox P (Re) <
(S,Rp)-FeUrPhos

Zi, W. -W. et al J. Am. Chem. Soc. 2021, 143, 1038

FR1E. B, KL, EH1T \ The Xiao Group




NCls-Assisted Ferrocenyl Phosphine Ligands

. FeUrPh 0S Fol
» Asymmetric (3 + 2) annulation DCFB
0 - DX
OJ( Pdx(dba)s-HCCls (5 mol%) Ny LI 7
0 ON AR L' (12mol%) 0
AN Y ol
R RZ NO; o
VMCCs up to 99% ee o
>20:1dr (S,Rp)-Ph-FeUrPhos

P
~ P,
Q Pd ™~ ,-Pd
| S=07 = . Pd 0-;
g OShe :‘%\Ph NO ) I Q:H—-;c)—-':\Tl\Ph "t' O’
N _— o Wi
}"H‘N j\lH‘ Ny )‘N O3 “N
o &N
o}
Q—CFE’ Q—CF3
FiC TsB Fol intc t:F3
Int A

= ® P. Al O
=~ @i pd—)
O Ph / | [l Ph
H Ry
O o . o S =0 “Ph
— = 7N\;:\__ H-O0=N NO
-~ ! :A
N L
'T' N |-||’ observed
p N }—N Ja
IntD c:i Fs TSE CF3

Zi, W. -W. et al J. Am. Chem. Soc. 2021, 143, 1038

BRfE. EZ. K£. 51T \ The Xiao Group
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NCls-Assisted Cinchona-Derived Ligands

(k//.\' .‘!m‘;\’\ WO

B Cinchona-Derived Amino Phosphine
» Design and synthesis of Cinchona-Derived Amino Phosphine

PPhy

CO.H
A A
HoN i = DCC, DMAP " HN =
_N CH,Cl, @ P
(9]
PPhy
83% vyield
chiral chTraI
scaffold scaffold
[M] . =
>N PZ
R [M] R'
Bransted ) Lewis
base .; acid

Dixon, D. J. et al 3. Am. Chem. Soc. 2011, 133, 1710

BRfE. EZ. K£. 51T \ The Xiao Group



NCls-Assisted Cinchona-Derived Ligands

B Cinchona-Derived Amino Phosphine
» Asymmetric Aldol Reaction
ligand (5.0 mol %)*

i‘ . 9 Ag,O (25mol %) O N o N
- > q 20r |\ {oR?
CN”™ "CO,R?2 R¥® 'H AcOEt or MTBE R3 HCOZR 3 cRo R
4AMS, -20°C 2
R'=H R'#H
Dixon (2011) 8 examples 8 examples
up to 96 % ee up to 98 % ee

*epi-cinchonine-derived ligand

ligating site
ML ;
0 PPh; o 0 PPh, ()<H N
NH R'O,C”~ ~NC HN---..pp.---""O 0" >N
Ar - I )=
/\ R H g N ,+ (\l R COzR
/ T ~0” “OR'
- — Basic site 5 i B

Dixon, D. J. et al 3. Am. Chem. Soc. 2011, 133, 1710

BRfE. EZ. K£. 51T \ The Xiao Group



NCls-Assisted Cinchona-Derived Ligands

] Clnchona Derived Amino Phosphine
» Asymmetric Aldol Reaction

0 1a (5 mol%) O/R\
OR Ag20 (2.5 mol%) : é
CN J‘L » 1wy
N QT M.S. (4A) EtOAc = T

2 CO.R
O 72 h, —20 °C R
R={Bu 2a 3 trans-4
R=Et 2b
R=Me 2c up to 84% vyield, 98% ee, 96:4 d.r.
- ot
O _><=Ph
Ve” > pH . & Oé) NthBu
- A
3a Ag,0 A9, O "N
N Ar N PcPh |, Phi)—
N Ph Me CO,tBu
CN  CO»tBu 0O
s (4R,5S)-4a

Dixon, D. J. et al Angew. Chem. Int. Ed. 2015, 54, 1




NCls-Assisted Cinchona-Derived Ligands

lClnchona Derived Amino Phosphine
» Further applications

further applications - representative examples

d) .P(O)Phs e) 0 f) .P(O)Ph» g) .P(O)Phsy
I A B B
Ar/l\lu‘le Ph Et Ar Me Ar Me

t-BuO-»C NC
t-BuO,C.__NC t-BuO,C.__NC 2 T Ts.__NC
Phg(O}Pa.Nf% N O&N HN /’%N Phg(O}P-.
Ar"‘j' r\ Ph“}" f\ Ar“‘J' {'”ME “) i
Me CO,t-Bu Et CO,t-Bu Me CO,t-Bu N
(Ar = 4-MeCgHy) (Ar = 4-CICgHy)
Dixon 2014 Dixon 2015 Dixon 2016 Dixon 2018
78 % yield 76 % yield 80 % yield 99 % yield
9:1 dr 9:1 dr 89 % ee >19:1 dr
98 % ee 98 % ee . . 94 % ee

(following deprotection)




e ) NCls-Assisted Cinchona-Derived Ligands

Figure S2. Crystal structure of complex la-AgOAc (dimer indicating the polymeric chain
structure in the solid state).

Figure S1. Crystal structure of complex 1a-AgOAc with highlighted intramolecular H-bond.

Dixon, D. J. et al Chem. Commun. 2016, 52, 10632

FR1E. B, KL, EH1T \ The Xiao Group




N-H

A

Ar N 'E'_'_A_El-..,P/Pr
7 NY@
Ph
o]
€D,Cl, 253 K "

11.0 10.5 100 95 90 85 80 75 7.0 65 5,0”5.5 50 45 40 35 3.0 25 20 15 10 05 0.0

innmi

) Jl_.l_

Dixon, D. J. et al Chem. Commun. 2016, 52, 10632

BAfE, BEx., XK The Xiao Group




NCls-Assisted Cinchona-Derived Ligands

B Cinchona-Derived Amino Phosphine
6.2 *'P-NMR spectra

(o]
! N '///
Ar I'»'«L_:\ >
\_ ¥ > J=537Hz A
N ,_'.,r - .
© M
}\ J=597 Hz
Tl
}Ar N'E"AC\ //Dr
\ / N P
— \rg 2
Ph
(o}
T—
1 20
12 TN
OMe 744
o iy
X 8 »’f"‘/e
9
S SNH PPh, 1
N. =~ o? /l\

e =

T T T T T T T T T T T T T T T T T
18 16 14 12 10 8 6 4 0 -2 -4 -6 -8 -10 -12 -14 -16 -18 -20
f1 (ppm)

1P NMR at 253 K (including proposed binding mode) of 1) Free ligand 1a: §*'P = -10.4; 2) 1la-AgOAc: *'P = 3.6, 1)197Ag% P
= 597 Hz; 3) Ligand 1 +1 eq of AgOAc + 1 eq. of methylisocyanoacetate: 6*'P = 2.0, '1'7Ag%!P = 537 Hz.

Dixon, D. J. et al Chem. Commun. 2016, 52, 10632

FR1E. B, KL, EH1T \ The Xiao Group




NCls-Assisted Cinchona-Derived Ligands

lClnchona Derived Amino Phosphine

1a + AQGAC

DPF-‘-.N#'%N

Arlﬁ"hﬂa
Me'  CO.R

Catalytic cycle




NCls-Assisted Cinchona-Derived Ligands

B Cinchona-Derived Amino Phosphine
» Synthesis of Axially Chiral 3-Arylpyrroles

PN Ag20 (10 mol %)
« " ligand (20 mol %) 4
/\ 1 KsPO, (2.0 equiv.) R
CN + — 2 -
COR QTCOR THF:TBME (1:4)
5AMS,0°C
R3
22 examples
Zhu (2019) up to 96 % ee
b) ligand c) representative examples
! HN HN
Y | \ 9
MeO . EtO,C COPh EtO,C COAr

Nl : OMe

: . ! OMe Z

N& o 5 (Ar = 4-OMeC¢H,)
| 52 % yield 43 % yield
' 91 % ee 91 % ee

Zhu, J. et al Angew. Chem. Int. Ed. 2019, 58, 1494

BRfE. EZ. K£. 51T \ The Xiao Group
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B Cinchona-Derived Amino Phosphine
» Synthesis of Axially Chiral 3-Arylpyrroles

ARTE



B Cinchona-Derived Picolinamide
» Design and synthesis of Cinchona-Derived Picolinamide

\\\/M /N\/M

N i H N
H,N 4-Chloropicolinic acid . N
DCC, DMAP (cat) Cl
7 DCM, r.t, 1 h © ~
g _ |
N N
74% vield

tuning of picolinamide group
(improved enantioselectivity)




NCls-Assisted Cinchona-Derived Ligands

B Cinchona-Derived Picolinamide
» Asymmetric Aldol Reaction

Cu(OAc), (10 mol %) I‘D(O)th
0 ligand (10 mol %) R2 NH p3
N- P (©O)Phy MOWS TMSOH (12 equiv) A
| - = R
R,J\Rz R® \ 4 THF, -20°Cto 0 °C
Nakamura (2013) 20 examples
up to 97 % ee

d) representative examples
P(O)Phy P(O)Ph, P(O)Ph, P(O)Ph;
me, NH Me, NH Me, NH Me, NH

Cl
@) @) 0]
85 % yield 93 % vyield 88 % yield 99 % yield
97 % ee 95 % ee 94 % ee 95 % ee

Nakamura, S. et al Angew. Chem. Int. Ed. 2013, 52, 5557

FAfE. BEx. XK = The Xiao Group




NCls-Assisted Cinchona-Derived Ligands

B Cinchona-Derived Picolinamide
» Asymmetric Aldol Reaction

RR
N [~ —
. +
R 0 RR
HN C’)\o H-N
1a Ph :
N Ph.l ) .
‘"Px ,‘CUH-.‘,H
| P Me =N ToT _’/N
Cu(OAc), Ph \ _
cl 3h J - " | Ohe
o . R complex C
Me “H_/ —0 "R
B N) ) {3, H-k
A0~ T~ \ A0~ G
1" _—/ \ ¥ ME O
4 \ 0y
complex A TMSOAc complex B Ph...N-__ I‘I.I'R
\ th’ﬁ \H‘ H
5§ )
4a Cu )
TME",ZCJI\ AcO” T TN
2a N
TMSOH CDmp'EX D

Nakamura, S. et al Angew. Chem. Int. Ed. 2013, 52, 5557
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» NCls-Assisted Chiral-at-lIridium Octahedral Complex

>

The Xiao Group



NCls-Assisted chiral-at-iridium octahedral complex
O Ch|ral at-iridium octahedral complex

» Design and synthesis of chiral-at- |r|d|um octahedral complex

Ro I — :
HoH
o)

: X\H :> "'/ * \\N =
+ é_ /

\
(‘ NU l N 4
R
R2
Organic
H-Bonding Catalyst

Chiral-At-Metal Octahedral
H-Bonding Catalyst

S4a c
| w0 NH4PFg, CH3CN
I, 7
[ :I _/ ]

« FaC cFy |
. FiC @ CF,
R o@’ "Nl Y-

w
N
1
Y

B

FaC @ CF3
Single diastereomer || ¢ T %
A-S6a-d

Single enantiomer
BAFF24-

A-Ir11-7

Meggers, E. et al J. Am. Chem. Soc. 2013, 135, 10598
EH IL:\\ Eﬁ\ ng

K/, —

ST

The Xiao Group



NCls-Assisted chiral-at-iridium octahedral complex

B Chiral-at-iridium octahedral complex

» Asymmetric hydrogenation

fBUOzC OszU
| |
N

H
2(1.1eq)
cat. A-Ir1-7
X -NO» - NO,
1a toluene (R)-3a
entry catalyst ~ loading (mol %) ¢ (h) conv. (%)°  ee (%)
1 A-Irl 20 22 92 63 o ’Q_R1—|+ cat | R R2 R3
2 A-Ir2 20 24 82 70 dl BAIF,[*-Ir1 [CFLOR A =
3 AIr3 20 20 94 84 X A-Ir2 |CH,OH nBu  H
4 A-lrd 20 7 96 90 '| Nz A-IF3 [CH,OH Ph H
5 A-IrS 20 1 100 99 'r\N, A-Ir4 | CH,OH COCF, H
6 AIrS 1 20 96 98 N—X 3 A-Ir5|CHOH COCF; Ph
7 A-Iré 1 14 04 99 N H HN‘R A-Ir6 | CH,OH COCF; 3,5-Me,CzH,
'8 A-Ir7 20 20 <20 0 | R’ 0@—R1 A-r7 | H Ph H |

“Reaction conditions: mixtures of 1a (0.10 mmol), 2 (0.11 mmol),
and catalyst (1—20 mol %) in toluene (0.10 mL, 1.0 M) were stirred at
room temperature (18—20 °C) under argon. YDetermined by 'H
NMR analysis. “Determined by chiral HPLC analysis.

Meggers, E. et al J. Am. Chem. Soc. 2013, 135, 10598

BRfE. BEZF. K.

K/, —

ST

The Xiao Group



NCls-Assisted chiral-at-iridium octahedral complex

B Chiral-at-iridium octahedral complex

» Asymmetric hydrogenation b) catayst
3 3
i R HR catalyst (0.1 - 1.0 mol %) R’
+ -
REJ\‘“%/NDI! Me” "N~ "Me  Toluene, 18 °Cto 20 °C R?"\/Nm2
H
(R® = -CO,t-Bu)

1 | | 0
Gong and Meggers (2013) g g i | O

up to 99 % ee

¢) proposed interactions involved

e
Me LH™
R3-~—N
H ZMe
HIR?
H
H

Meggers, E. et al J. Am. Chem. Soc. 2013, 135, 10598

BRfE. EZ. K£. 51T \ The Xiao Group



NCls-Assisted chiral-at-iridium octahedral complex

B Chiral-at-iridium octahedral complex
» Asymmetric aza-Henry reactions

b) catalyst

catalyst NO,
NO, Boc. (0.25 mol - 0.75 mol %) " R2
J ' N : <R
R1 H R2 Toluene, - 65 °Cto - 45 °C N
H™ "Boc
Gong and Meggers (2014) 17 examples § ‘ ° OH

up to 98 % ee n-Hex” " Nn-Hex
1 (Ar = 3,5-t-Bu,CgH3)

¢) proposed interactions involved

.
W
\
\“‘
)
\
"

Meggers, E. et al Nat. Commun.. 2014, 5, 5431

BRfE. EZ. K£. 51T \ The Xiao Group



O Chlral at-iridium octahedral complex
> Asymmetric photoredox catalysis | S D e

0 A-Ir2 (2 mol%) | o
R! visible light \I)K/‘\ § i
&’)\/ + Br OEWG SLENG <\\l: i EWG CC\N*“C\
\ 1 ‘ N Me
N, )
HE
1

Na,HPO, (1 C1 equiv. N R r C i
40 ° : .
2 3a-o 2
" \ Br-
/ \n [Ir]
[Ir] / \—
R A-lr2 [W Asymmetric
N | catalysis |||
B EWG
3 / PS“‘\K
/[Ir]\ SET SET A~
1 [N catalysis
\ PSVPS* PS ||
IV EWG .
Visible light

Meggers, E. et al Nature 2014, 515, 100

The Xiao Group



NCls-Assisted chiral-at-iridium octahedral complex

B Chiral-at-iridium octahedral complex
» Design and synthesis of chiral-at-iridium octahedral complex

Synthesis and Resolution of Neutral Iridium Complexes

2.25 equiv.

i’*\ ::i R
FsC \ Y/
N

CF; FiC X
w
N
. WGl | . R
51-83 L L M, |

IrClyexH,O Ir s
e 2-methoxyethanol:H,0 \CI/|
(2:1, 0.05 M) N R
130°C, 12 h = |
CFy Fio” X

dF(CF34)ppy:S15
2,4-F/CF4(CF,)ppy:S16
tF(CF3)ppy: 817

CF3

2.2-2.5 equiv.
HO
N=

18 X =0 (S4)
X =S (S5)

$15-817 e '
(0 or 2.2 equiv. AgOT) < | T~ \/_/ X
10 equiv. EtzN N
0.025 M or 0.01 M EtOH |Me—
95°C, 12 h SN cr, Me

dF(CF3)ppy, X = O: (A,S)-518 (A,S)-S18
dF(CF3)ppy, X = S: (A,5)-819 (A,5)-519
2,4-FICF5(CF3)ppy, X = S: (A,S)-820 (A,S)-S20
tF(CF3)ppy, X = S: (A,S)-821 (A,5)-S21

Yoon, T. P. et al J. Am. Chem. Soc. 2017, 139, 17186

EH’?%\ E%\ skgg\ ’ﬁ?j_- The Xiao GrOUp




NCls-Assisted chiral-at-iridium octahedral complex

B Chiral-at-iridium octahedral complex
» Design and synthesis of chiral-at-iridium octahedral complex

CF, <| PFG\
| ~
N~
r"lr'".“
2.5 equiv. R | \h{/ p
O "
S
—N N"NH S CFs
$6-S14 §22a-522j
5.0 equiv. NH4PFg 1) LOequw.NaBAﬁ? R
5.0 equiv. TFA or > CH,Cly, rt, 5 min__
0.01 M MeCN
65°C, 5 h 2) H20

CFj3

5a-5h, 6a, 6b

S$23a-S23j J

Yoon, T. P. et al J. Am. Chem. Soc. 2017, 139, 17186

BRfE. EZ. K£. 51T \ The Xiao Group



B Chiral-at-iridium octahedral complex
» Asymmetric intramolecular [2 + 2] cycloaddition

R3

RZM

R ‘\.0

L
N (0]
R! H

Yoon (2017)

i RS I S
N~ N .=
llrl/
\ P [ir] i
N N
HN o HN o
HN—/< HN
CFs Me
5a 98% yield 5b 93% vyield
49% ee 47% ee?

photocatalyst (1 mol %)
CH,Cls:Pentane (1:1)

5c 24% yield
58% ee

- 78 °C, blue LEDs

NH OH

5d 73% yield
28% ee?

. B3, RE, BT

BArF
r2R?
1l
R H ©
A-5
13 examples
up to 91 % ee
S G X _Me
I l | e
N, .= N = N_ = N’/
[ir] [ {in i
\N/ ) \N/ \N/ \N/-/)
HN HN J N / HN J
SMe Me/
Se 82% yield 5f 91% yield 5g 78% yield Sh 42% yield
69% ee? 69% ee 1% ee 68% ee

Yoon, T. P. et al J. Am. Chem. Soc. 2017, 139, 17186

The Xiao Group
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g,
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NCls-Assisted chiral-at-iridium octahedral complex

B Chiral-at-iridium octahedral complex
» Asymmetric intramolecular [2 + 2] cycloaddition

Titration Study of (+)-5f with 3a. A solution of (£)-5f (1.6 mg, (.93 pmol, 1.0 equiv.) in CD2Clz (450 uL)
was transferred to an NMR tube. Separately, a stock solution of 3a (20.6 mg in 1.5 mL CD:Cl:) was
prepared, and increasing amounts of this solution were titrated into the catalyst solution, acquiring "H NMR
spectra between each titration (Figure S5). The experiment was repeated with fresh stock solutions to
further probe the low-concentration region. The titration was quantified by monitoring the chemical shift
of the NH proton in the catalyst, which moved downfield with increasing [3a]. Analogous experiments
were also performed for (+)-6b in both CD,Cl; and 1:1 CD,Cli:pentane.

3a titration (17 aquiv.} J ‘ L1a

. 8!

A N ’

A N K

A AL §

J }

| M3

' atiration (068 equ) o A L

S, |

5f only l quinolone NH (3a)l

pyrazole NH (5f)

TSR LE Yoon, T, B etal JVAm: Chem. Soc. 2017, 139, 17186

BRfE, EZ. KL, HfT \ The Xiao Group




B Chiral-at-iridium octahedral complex
» Asymmetric intramolecular [2 + 2] cycloaddition

3a titration (17 equiv.) | I 15

] N J - .

) :H!HJl L ) b 48] (ppm)
L m | L) " o ¢ >1.00
e
=

| Ly . g

N (ﬁ N " e 0.60

e s I N S
T PR qub - Al e
] T A N N S I

3a titration (0.68 equiv.)

. - MM i <0.05

saonly )\ l Y ‘ b I
5f only =
J-‘-\__jvm_M_J\_LJ\AA \ W L [t

................................
36 B85 84 83 B2 B1 80 7.9 78 7.7 76 7.5 74 7.3 72 71 7.0 69 68 67 6.6 65 64 63 62 61 60 59 58 57 56 55
f1 (ppm)

Yoon, T. P. et al J. Am. Chem. Soc. 2017, 139, 17186

. The Xiao Group




NCls-Assisted chiral-at-iridium octahedral complex

B Chiral-at-iridium octahedral complex
» Asymmetric intramolecular [2 + 2] cycloaddition

- jsArF - _|BArF

=z | =z
s“N N3 \‘\\N NS l
Ir e
\N 7 \N 72
./ \
HN HN
CF3 CF, CF,
5f 91% yield 6a 76% vyield 6b 38% yield
69% ee 75% ee 89% ee

Yoon, T. P. et al J. Am. Chem. Soc. 2017, 139, 17186

BAfE, B, 3KS The Xiao Group




NCls-Assisted chiral-at-iridium octahedral complex

B Chiral-at-iridium octahedral complex
» Asymmetric intramolecular [2 + 2] cycloaddition

R3

RZM

|\\0

L
N (0]
R! H

Yoon (2017)

Photocatalyst

Excitation and

Intersystem crossing

3
photocatalyst (1 mol %) R: R
CH,Cls:Pentane (1:1) i)
XN J
- 78 °C, blue LEDs | 0
AF SN0
R H

13 examples
up to 91 % ee

Substrate - BArF
a-HOMO’—\
4 — — — LUMO
Dexter
energy transfer
4— - Howo
pLumo S CF3

T, -

Yoon, T. P. et al J. Am. Chem. Soc. 2017, 139, 17186

K/, —

TS, B3, K=,

=17 \The Xiao Group



NCls-Assisted chiral-at-iridium octahedral complex

B Chiral-at-iridium octahedral complex

i N . .
» Asymmetric intramolecular [2 + 2] cycloaddition oF, T BAar
R? i |
3 ' F
X hotocatalyst (1 mol %) R2R |
RSN phctocsast 1 mo L.
| NSy © ' - FF
- 78 °C, blue LEDs 'F
R1// H i
- F |

13 examples

Yoon (2017) up to 91 % ee

H H H H
L . Ij C| = ‘rj Bf < . Ij | = . Ij
o “o o “©
N 8] N o N o N ]
H H H H
4a 4b 4c® 4d

4i 4j 4k 4
>98% yield 93% yield >08% yield >98% yield 98";3 yield 90% yield 86‘}{; yield 820/: yield
91% ee 90% ee 90% ee 79% ee i N 68% ee 0% ee
H H H H Y Y
FsC E )’ Me P J MeO P J , J J J
o o o o o 0 No
from (E)-3m from (Z)-3m 4n 40
de af 4g 4h 85% yield 85% yield >98% yield 71% yield
97% yield >98% yield >98% yield >98% yield 3:1dr 31dr 9 y 3%y
84% ee 82% ee 79% ee 77% ee 80% ee/71% ee 85% ee/75% ee % ee ee

Yoon, T. P. et al J. Am. Chem. Soc. 2017, 139, 17186

FR1E. B, KL, EH1T \ The Xiao Group




My Comments

Non-Covalent
Interactions

@ Lgand

Enantioselective
Transition Metal
Catalysis

B ALEEENBAR LT NIEEMAER, £ —FF 23709 Rk Rk 32 H AT ik
REGEFME, XA KRR AR TEARGTAE P, BRBRA—F LR
EHEE

B HATARAKEIANWIFENMEIERN I EEP T a8, BTHIER
o L —AEEMAEERNEFTL: Pl R4, BTF-nA8EEH
o

lB%i%ﬁﬁkﬁééﬁ%%ﬁ%iﬂk#iﬁﬁﬁﬁm,%%%m
ﬁ&ﬁk%ﬁi%% | EAINAEEMAAEERFARSZ R, R IEL

AR B 5] N RABALAR 3 A A AR K89 R & = 18],

= ;“ ‘ ‘ > The Xiao Group




Thanks for your attention !




(B 1): M RERAh R — i %, R ARSI AR £, FHEmER,: W Bl
B, FrE@WAS,. ERGEMAP MU “p” FormFE, U “P” RormEBFIE. fint, AT
s AR, YRR EN A TR T PO, RATEL “Fe” FaninFk.

AR . SRS
& & s B

Ry Ry Sp Sp
1 ZERTEYEFIEM RN

Fo | 2) Et,O,TMEDA, n—BuLl_; o Joph 2I (c%aéj%)zo - ('::E PPh,
) 3) Ph,PCl SN & pph,
L1
X
R
7N NHs in MeOH = NH; CHC & NN
100 °C e PPhe Isothiocyanate/lsocyanate Fe PPhsy
~ PPh, PPh,

_ FAfE, EZF. K The Xiao Group



Li
];/He BuL'UEtZO H He 7N H/He
» ~NMe, ““NMe g e C~NMe,,

(r)-1 (RJ-(R)-Z (96%)  (r)-(s)-2 (4%)

CH; CH,
QJjN(CHm QJ“N(CH:J:
e Fe ™Li’ —>» Fe ™R
/"
it o O
g | 8(R,R) 9(R,S)
N(CH,),

Fe

O

4
T(R} -
( \ Li~-x(CHy, R ,
= RN,
Ok TOW
BI(R. 8) 9(R,R)

a, R =8i(CH,),
b, R = CH,OH
c, R=C(C.H,),OH

FRiE, BX. K The Xiao Group



8 X-Ray data for the crystal of complex 1a-AgOAc¢ (CCDC 1493438)

Crystal growing of complex la-AgOAc

A 1:1 mixture of amino phosphine la and AgOAc was dissolved in degassed CH,Cl; and
filtered through a microfilter to remove residual silver source. This mixture was added to a vial
with a small hole in the lid to allow slow diffusion. This vial was placed within a Schlenk tube,
hexane was added between the vial and the Schlenk tube, and the Schlenk tube was evacuated
and purged with Argon three kimes. After 4 weeks in the dark at room temperature, several
brown crystals of X-ray quality were present on the surface of the glass.

The Xiao Group



2.1. Synthesis of the Benzoxazole Ligands

OH
i X )
CHO \eo,C NH, /@ >_© DIBAL-H, THF /@:0/)_@
> MeO,C HOH C N

4-Methoxy-TEMPO (5 mol%) 0°C,rt

0,, xylenes, 120 °C S1a (R = H) S2a (R=H)
S1b (R = Ph) S2b (R = Ph)
S1c (R = 3,5-ME2CGH4) S2c {R = 3,5—M8206H4)

Scheme S1. Synthesis route to benzoxazole ligands.

2.2. Synthesis of the Auxiliary (S)-4-Isopropyl-2-(2'-hydroxyphenyl)-2-thiazoline

80% OH

O S
#" j MSCI, Etz;N 3»mj|3r Hel S
C‘. *'fJ'- H N H \ j

H iPr CH,Cl, Acetone N~ "%jp,
o OMOM




AO
\2&*\ <& R
& Phnto

Organo Metal

sssss

3.1. Synthesis of Iridium Complex Precursor Complexes

N

I R
S2a (R = H, R' = CH,OH) 0 Gl 3H.0 b | | ¢

_ [ 3 2 fi, iu!CIIn, -
S2b (R = Ph, R' = CH,OH) /@: > e
S2¢ (R = 3,5-Me,CgHy, R' = CH,0H) R N MeOCH,CH,0H/H,0 C7 | | "G
S2d (R=H, R' = H) (3:1) K_N J

! reflux S5a-d

3.2. Preparation of Iridium Auxiliary Complexes

QoD 22 O 0
E""‘I __:{:h,,,, I,:-C' | c‘@ O,,,JJ o
= |j EIOH, TEA, 85°C ’ “‘“""'#ir
Ex ,p'l" LJ‘EF‘r Nﬁ

S5a-d

A-SBa (R = H, R' = CH,OH)

A-S6a
A-86b (R = Ph, R' = CH,OH) A-S6b
A-S6¢ (R = 3,5Me,CgHy, R' = CH,OH) ASBc
A=56d IR=H, R =H) A=SEd

isalatad far futher use

_ BRfE. EZ. K£. 51T \ The Xiao Group




41¥- 1)/ 77 (Intermolecular Forces)

. Type O,f Typical Interacting species
interaction |energy(kJ/mol) |
p | 5T A
KA YER 1K/
dipole-dipole 0~3 polar molecules
W 1a) 7 Qe
. lar and nonpolar
Induced-dipole po P
= E*jjp 0~1 molecules 247 15 AE )
N VE 51 2 [H]
Dispersion g~ 25 all types of molecules
SN IRV
Hydrogen 530 N, O, F; the link is a shared
bonds = H atom

g REZ) k. 100~600 (kJ/mol™)

The Xiao Group




