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PART 1

Background




N Background
Non-Covalent Interactions (NCls)

Steric repulsion R—CH;, ZE H;C—R
Hydrogen bond >\I—H----O:<

5 &
Halogen bond R—X---X—R' | R—X---Lewis base

@ S
R—NH, O0,C—R

Dispersion

Na Cl
Ion-m interaction :: -
H H H
\N/ 0,

XH-m interaction

<O D>




N Background

NCls between Chiral Ligands and Substrates

Asymmetric Allylation

flap

E

J,\J

@ Alternative e
HN Q :,O LfgandDesrgn @-Pth i

P“‘“"Pd“'i A Pd--- k¢

, chiral % s { L“‘>—F’Ph2 o.
pocket & Vo S i U

tq

flap
Control Based on Attractive Interactions
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Ito, Y. et al. Tetrahedron Lett. 1986, 27, 191-194
Trost, B. M. et al. J. Am. Chem. Soc. 1999, 121, 45454554



‘ Background NCIs between Chiral Ligands and Substrates

Hydrogen Bond Interactions: Ion-Pairing Interactions:

L1 \ 1V vt /0) ( ) La ( h
OMe Rh(NBD)2BF 4/
n-DFP Ag,0 (5 mol%) PPD_NN /?] o (H2(13 bar) ) PPh,
S * 1 O~
CN"Ts )& > R .H /U\)L > /[j\/L SPy
R1"R2 AcOEt (0.1 M), 0°C R? s ] Xy “NH  PPh, R COOH EtOH, 6 h, rt R COOH %
24 h P
up to 98% yield > 99% Conv. € Me,
up to 97% ee L1 up to 99% ee @
N J L4
\§ J

Dixon, D. J. et al. Chem. - Eur. J. 2018, 24, 17660—17664
Zhang, X. et al. Angew. Chem., Int. Ed. 2017, 56, 6808—6812

CuC} {30 mal%) ( )
o L2 HEHiBREy 0 n—n Stacking Interactions:
, KaCO3(30 mol%)  Ho, \_gre Q
R OR + H——Ph ' & R \“+ 111U1 /0)
solvent (0.4 ml) R1>\ N H ?H — _ CS
25°C, 48 h Ph R — N\ FfR'  AgPFs (4 mol%) - )
% vyield R? > F ’
up to 99% yie L2 \ ClCHzCHzcl Aq 3C
up to 94% ee I’
\ J R3 24°C,12h-14d “P-Au-ClI

Sawamura, M. et al. Chem. Sci. 2018, 9, 3484-3493

up to 99% yield
up to 92% ee Q e

Phl=NNs (2 equiv.)

c5 (1 mol%)
R1
R1
10 mol% Ag(PFe) pren X7 5 AgPFs (1 mol%) X Fsc/O\c
12 mol% L3’ Al Rz N * NuH > Rz_: P Fs
- o Z Xy “’NHNs O N PhCF, Nu C5 (Ad- = adamantyl)
CH,Cl,, rt, 26 h N | 24°C,12h-18h N J
H up to 75% yield
up to 98% ee
up to 88% yield

up to 97% ee Echavarren, A. M. et al. J. Am. Chem. Soc. 2019, 141, 11858—11863

Bach, T. et al. J. Am. Chem. Soc. 2020, 142, 7374—7378 5



PART 2

Hydrogen Bond Interactions




v Common Ligands & Catalysts

X" NH PPh, y oo
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@inine-Derived Ligands Prolinol-Derived Ligands Chiral Lactam Ligands /

R
8 "
A LG
, ‘ ) HN_ | N R o

\ I O = ceeeenes
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v Quinine-Derived Ligands o

LN -
..................................

oN

lIIIPh
A)_<002Me oN
i “' Ph e
A Et>_<COZMe

N COR' Phy(0)P<N" XN

——> J, [— Ar.?-(c
CN™ "R 0,t-Bu

M
HN XN
%ﬁ{#w Ari., mMe
M)_<002t-Bu

Phy(0)P<N

Xy NH PPh,

N

Darren Dixon

/ \ \\“‘? <
(University of Oxford) O

Aldol reaction / Mannich reaction
Dixon, D. J. et al. J. Am. Chem. Soc. 2011, 133, 1710-1713

Dixon, D. J. et al. Angew. Chem., Int. Ed. 2014, 53, 3462—3465

Dixon, D. J. et al. Angew. Chem., Int. Ed. 2015, 54, 4895—4898

Dixon, D. J. et al. Chem. Commun. 2016, 52, 10632—10635 8
Dixon, D. J. et al. Chem. - Eur. J. 2018, 24, 17660—17664



‘ Quinine-Derived Ligands—Initial Work

CN CO,Me

Postulated Catalyst Activation Mode:

Dixon, D. J. etal. J. Am. Chem. Soc. 2011, 133,1710-1713

6 \V 111 /o)

L
Ag,0 (2.5 mol%)

oIN

> >_Q(.:.R
MTBE, 4AMS,-20°C g “co,Me

17-48 h

Ligating site

o Ph,

H
Ar
|IIIN rl
12;

ML,
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0

R/U\H
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up to 93% yield
up to 98% ee
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‘ Quinine-Derived Ligands—Possible Interactions

Dixon, D. J. et al. (2014):

o)
CN/A\E/ ~R!

Dixon, D. J. et al. (2015):

o)
CN/A\E/ SR

Dixon, D. J. et al. Angew. Chem., Int. Ed. 2014, 53, 3462—3465
Dixon, D. J. et al. Angew. Chem., Int. Ed. 2015, 54, 4895—4898

_DPP

Ar)l\ R2

7 \&V 111V1/0)

L
Ag,0 (5 mol%)

4A MS, EtOAc
60 h, -20 °C

8 \V 111U1/0)

L
Ag,0 (2.5 mol%)

4A MS, EtOAc
72 h,-20 °C

PPD_ XN

Ar.-)-(c
R2 O,R’

up to 98% yield
up to 99% ee

oNIN

R1")_<C
R2 02R

up to 84% yield
up to 98% ee

-----------------------------------
* .

.,
g -
..................................

10



v Quinine-Derived Ligands—Hydrogen Bond

-----------------------------------
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O N
.................... L
Control Experiments: Structure of L9a-AgOAc:
Ve \POPhz 1) LRBEMAI MEIORC(E meit) N7 NH i
N !
CNJ\COZ’BU Ph)I\Me 2) 1 M HCI, CH2Cl,, 20 °C, 12 h H :
£ “NH PPh, é “UNH PPh,
OMe /% i
XN |
l P <N i~o ISN- PPh,
L9 |
L9c L9d L9e i
Proposed Transition Structure:
Entry 5 Yield (%) ee L 4t
| 2
1 L9a 90 89 :
i DPP }lﬁ
2 L9b 89 20 | 2 @
| N LA
3 L9¢ 23 5 ; ANz
: S T@
4 L9d 75 72 | 4 Ph
5 L9e 86 27 i
i OMe .
11

Dixon, D. J. et al. Chem. Commun. 2016, 52, 10632—10635
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v Quinine-Derived Ligands—DFT Calculations o

- A
. NZ .
L8\|U|||u|/0) - N
N-DF P Ag,0 (5 mol%) PPD_N XN e /Pj
CN/\TS + Jl\ > R1'?_(r
R1” SR2 AcOEt (0.1 M), 0°C R s X" NH PPh,
24 h FZ
up to 97% ee
dr > 95:5 L8

UESCEC (- EtIE
SRR

(85,5 major

Dixon, D. J. et al. Chem. - Eur. J. 2018, 24, 17660—17664 12
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Quinine-Derived Ligands—Chiral Cation L oL
E"- N/ .
)
CF, CF, CF,
3 mol% L10 < H202 < /
FsC CF, . . > FiC CF, F,C CF, @ d/g\o‘
O O 2 equiv. B,Pin, THF/MeOH AN SN
CPME, -10 °C rt k
BPin OH
72% yield
96% ee J
Proposed Interactions: Probing ligand-substrate interactions: Probing ligand-cation interactions:
cF CF; CF,
3 ] 0 o
Temp (°C)  conv. (%) ee (%) HN/go 1.5 mol% [Ir(COD)OMe], HN/gO

Additives (see below) :

a -10 91 91 Bpin
b -10 0 - O O 2 equiv. B,Pin, O O

CPME, -10 °C

(0]
F F
J_\ 0\\ / a 10 >95 73 3 3 F3 F3
— — ~o~ and 3 mol% :
With 3 mol% chiral cation L11: Racemic
\ R=H,a;R=Me, b b 10 > 95 8 0
\\_ / \\\1 / \ With 3 mol% chiral cation 210 > MO1% | 12- 58% ee
1
N/ H HN R
Q Ar = | = | SO;
N N
r
chiral cation (ar = 3,5.tBuCgH;) L11 L12 13

Phipps, R. J. et al. Science 2020, 367, 1246—1251



Prolinol-Derived Ligands

----------------------------
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0
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Masaya Sawamura

Sawamura, M.
Sawamura, M.
Sawamura, M.
Sawamura, M.
Sawamura, M.

(Hokkaido University)

et al. Org. Lett. 2007, 9, 3901-3904

et al. Chem. - Eur. J. 2013, 19, 13547—-13553
et al. Chem. - Eur. J. 2017, 23, 8400—8404
et al. Chem. Sci. 2018, 9, 3484—-3493

etal. Org. Lett. 2019, 21,1717-1721

- femesn

WSIRER

In 2013
o CuOtBu (10 mol%)
ligand (10 mol%)
H t H———SiiPr;
solvent (0.4 ml) s.,-p.-3
250r40°C,48h
94% ee
In 2017
(10 mol%)
~O_+ _Ph Cu(OTf)2
|N ligand (10 mol%)
Ph——H *
Et,NH (1.0 eq)
toluene, -40 °C, 24 h
92% ee
In 2018
CuCl (10 mol%)
o }Iiggrg (10 mol%) (o]
|0
Ph OMe + H_—_Ph 23 (30 mol%) > HO &\\\\OMe
solvent (0.4 ml) P ™"
25°C, 48 h Ph
90% ee
In 2019
(10 mol%)
Cu(OTf)2
or H Ii%?n'\c:é10 mol%)
|\ N \\&NaPh 2" (1.0 eq)
X 5 solvent, 25 °C, 6 h e
92% ee

14



‘ Prolinol-Derived Ligands—Design & Initial Work

Design of Hydrogen-Bonding-Based Catalysts:

P,N,OH-Ligands (L)

CuOtBu (10 mol%) H OH

ligand (10 mol%) o
The Effect of Solvents and Chiral Ligands: O)LH *  H—=—siiPr, > O/x
solvent (0.4 ml) SiiPr,

250r40°C,48h

Entry Ligand Solvent T (°C) Yield (%) e.r.
Q /@ Q @ Q @ 1 L13 toluene 40 43 66:34
Q on Q onle Q on 2 L13 THF 40 32 64:38 EEFIEER
H H H -
@) @) W 3 L13 MeCN 40 18 72:28
4 L13 EtOH 40 70 82:18
L13 L14 L15
L J 5 L13 iPrOH 40 92 83:17 BERMEN (E)
6 L13 fBuOH 40 92 82:18
7 L14 BuOH 40 0 - 3=
8 L15 iPrOH 40 95 94:6
9 L15 iPrOH 25 99 95:5
Sawamura, M. et al. Org. Lett. 2007, 9, 3901-3904 10 L13 1BuOH 25 98 96:4 15

Sawamura, M. et al. Chem. - Eur. J. 2013, 19, 13547—13553
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v Prolinol-Derived Ligands—Mechanism & DFT Calculations O\/OH

0
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Proposed Reaction Pathway: DFT Calculations:

JFRESRIER ¢
(BB NFO-HEREEE)

H OH

g
R /<C\ CuOBu/L/ H—C=C—R2

H—C=C—R? SC R
% / (ROH, solvent)

R H HOR alkyne
- . _H R

IL o Nor exchange S

H 7 \\‘\\ CA"_‘I"RS C|"'|
N> << A
E \t{// g/

/ 4
RZ

aldehyde

binding
proton-assisted
nucleophilic “R3 H/U\R3
addition

R proton
‘\ transfer i
R! :

16

Sawamura, M. et al. Chem. - Eur. J. 2013, 19, 13547—-13553



‘ Prolinol-Derived Ligands—Application

Enantiocontrolled Kinugasa Reaction:

Sawamura, M. et al. Chem. - Eur. J. 2017, 23, 8400—8404

\ 1V 111U /0)

Cu(OT) %
L16 (40 mol%)

Et,NH (1.0 eq)
toluene, -40 °C, 24 h

R o
’
g
R2 \R3

MeO

TS(C-D)

----------------------------
.

0
----------------------------
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‘ Prolinol-Derived Ligands—Application

CuC) 5 sy

K2CO3 (30 mol%)

solvent (0.4 ml)
25°C,48h

o
HO \\\\\\0 R2

R1 A
N Ph

up to 99% yield
up to 94% ee

----------------------------
.

0
----------------------------

99% yield

97% yield
90% ee 92% ee

Sawamura, M. et al. Chem. Sci. 2018, 9, 3484—3493

91% vyield
93% ee

Ph

(o)
[ 0
S P

85% yield

99% yield

18



‘ Prolinol-Derived Ligands—Dispersion Interactions

o
?

\-CO,Me
<

L17-TS-R(t) L17-TS-S(t)

L18-TS-R(c) @% 1.18-TS-S(c)

fEHEBEN (RIWHEEEE)

Sawamura, M. et al. Chem. Sci. 2018, 9, 3484-3493 19
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v Chiral Lactam Scaffolds @:
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Bach, T. et al. (2010)

Bach, T. et al. (2018)

Thorsten Bach
(Technical University of Munich)

Bach, T. et al. (2020)

Bach, T. et al. J. Am. Chem. Soc. 2010, 132, 15911-15913
Bach, T. et al. J. Am. Chem. Soc. 2012, 134, 12869—12878
Bach, T. et al. Angew. Chem., Int. Ed. 2014, 54, 691—695
Bach, T. et al. Angew. Chem., Int. Ed. 2018, 57,2953-2957
Bach, T. et al. J. Am. Chem. Soc. 2020, 142, 73747378 20
Bach, T. et al. Angew. Chem., Int. Ed. 2021, 60, 7920-7926
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‘ Chiral Lactam Scaffolds—Design @:

0
----------------------------

Design of Catalysts:

REEZEN: BRRYESEEEBT

R-H o

.
EREINIMES lellv p, R—H
ISR B EPASORILEL: ﬂ

Felll e- Fell
! <—H n 1
Cys é-Cys

> WSHE(ER (=)

Bach, T. et al. J. Am. Chem. Soc. 2010, 132, 15911-15913 21
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‘ Chiral Lactam Scaffolds—Double Hydrogen Bonds @:
L
Cl N7 I (1.1 eq)

| (1 mol%)
1
@f .
N X0 solvent
R

aR=H: b R =Me
entry substrate  solvent T (°C) product yield (%) ee (%)
1 a benzene 25 2a 71 95
2 b benzene 25 2b 55 <5
3" a benzene 25 2a 68 14
“ JEALHICI9% N-H E % N-Me R b e

Bach, T. et al. J. Am. Chem. Soc. 2010, 132, 15911-15913 22



v Chiral Lactam Scaffolds—DFT Calculations

----------------------------
o
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.

Q
g o
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- =

9
9

Bach, T. et al. J. Am. Chem. Soc. 2012, 134, 12869—-12878

NHligand_O
Oligand_HN

., 1ave awwavn

Si

\

R
oL
2 N o

H

substrate

substrate

distance: 1.85 A
distance: 1.81 A

R

R1 N | \
Re face attack

R2 N o
H

(more stable)

NHli gand_O

Oli gand_HN

substrate

substrate

distance: 1.86 A
distance: 1.77 A

23
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‘ Chiral Lactam Scaffolds—Enantioselective C-H Oxygenation i " NH
PHIO &2 0
20 o) X
DCM, 0°C, 16 h OH
o \
HN R
C20
up tp 99% ee ) g
Control Experiments:
MeO PHIO&Z OT‘%)? MeO
c20 "
MeO PHIOS Sy MeO DCM, 0°C, 16 h LOH
c20 _ .
OH DCM, 0 °C, 16 h OH HN 68% yield HN
+ 99% ee
HN HN
10.0 -
52% yield 45% yield
53% ee 8.0 4
PHIO £2.0
MeO 20 (Sofy
DCM, 0 °C, 16 h
N
b
14% yield
50/0 ee D.D L I ] T T I I ] 1

0 30 60 90 120 150 180 210 240 270
Bach, T. et al. Angew. Chem., Int. Ed. 2018, 57, 2953-2957 t/ min —> 24
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v Chiral Lactam Scaffolds—Oxidation Mechanism @:

0
----------------------------

Substrate with Mn Catalyst:

R R
R—/, R R
i R R~ j 'R
N / H
Groves, J. T. et al. (2007): e _ OH oxygen
\ fg=>  C-Habstraction NJW —~ rebound
\ N’ |n\ N / g@
= |/ — = |/ — I
X X X
Groves, J. T. et al. J. Am. Chem. Soc. 2007, 129, 12416—12417 25

Bach, T. et al. Angew. Chem., Int. Ed. 2018, 57,2953-2957



Bach, T. et al. J. Am. Chem. Soc. 2020, 142, 7374—7378

Phl=NNs (2 equiv.)

10 mol% Ag(PF n
12 mol% L21 ’%WS

CH,Cl,, r.t, 26 h

site for hydrogen bonding

Chiral Lactam Scaffolds—Enantioselective Amination

up to 88% vyield
up to 97% ee

L21

----------------------------
.

0
----------------------------

selective C-H bond insertion

26



PART 3

Ion-Pairing Interactions




v Ion-Pairing Interactions

Distance dependencies of the representative noncovalent interactions

Entry Noncovalent interaction Energy dependence on distance
1 Steric repulsion R—CH;, ZE H;C—R 1/r 12
2 Hydrogen bond >‘1—H----0:< ~1/r?
3 Ion pair R_(r?H3 gZC—R 1/r

Zhang, X. et al. Chem. Sci. 2016, 7, 6669—6673

28



‘ Ion-Pairing Interactions—Initial Work

(o)

1)]\ *  CN“>co,Me
R1"NH

Control Experiments:

@\Pth ©\PPh2

Fe Fe
' PPh, ' PPh,
?\‘ ‘Me @ Me
AN NEL AN
26% ee Racemic
SRS E S0 -NELEF

Ito, Y.; Sawamura, M. et al. J. Am. Chem. Soc. 1986, 108, 6405—6406
Togni, A. et al. J. Org. Chem. 1990, 55, 1649—1664

-\ 111U170)

[Au(CyNC)zk BE40
( VLZZ)%ll %)

CH,Cl,, 25 °C

Ion-Pairing Interaction:

*

up to 97% ee

@\Pth

Fe

: PPh,
@<’Me
N
~ NONE,

L22

Togni, A. et al. (1990):

+
\N/«\/NHWEZ

——
; PPh,
e
! :\Au

29



‘ Ion-Pairing Interactions—Ammonium Derivative Ligand

o
o

Py
V4

Nos

Reaction Process:

Ooi, T. et al. Nat. Chem. 2014, 6, 4751

CN

RZ’\)\
2 Co,Et

Pdy(dba)s CHCI3
(Pd 25 mak)

L23

Toluene

-+

dL

up to 99% vyield
up to 99% ee

> @

.

:%u@

17

(Ar'  B- naphthyl Ar 3C6H4)
J

4 \
N+ B P
N
! R 'PdL

NS_N\}\\l/
\_ J

WEFIHER

30



‘ Ion-Pairing Interactions—Ammonium Derivative Ligand

Ooi, T. et al. Nat. Chem. 2014, 6, 4751

Pdy(dba)s CHCl,
j\ (Pd 2.5 mol%) Ph oN
1 (o)
NosN” o .\ CN ligand (5 mol%) NosN cN
Ph \/\ >
CO,Et Toluene, r.t., 1 h
2 | 2|
4 )\
Arl
X-
OO /Me 2a-X (Ar' iArZ =Ph) _
N R 17 } 2~
Ph, ¥ 26X (Ar1 = BN cr
+NMe, OO 2eX (Ar!_ _ 3%t
B 1 i 2 H
X- Art Ar22 2d-X (Ar'  B-Naph, Ar 3C¢ 4)
1-X 2-X
\ J
Entry Ligand Yield (%) ee (%)
1 PPh, 43 -
2 1-Br 99 -
3 2a-Br 94 63
4 2b-Br 99 63
5 2¢c-Br 99 57
6 2d-Br 99 75
7 2d-Cl 99 72
8 2d-1 (L23) 99 90

N-5Pd&S&

X-5Pd&ES

31



v Ion-Pairing Interactions—Wudaphos

( )
Rh(NBD)2BF4/Wudaphos PCy,
H -
Jj\ 2 (1 bar) _ : CH,
/\ \\\‘\
R COOH EtOH, 6 h, rt R COOH |:| .
e  NMe,
up to 99% ee
L24, Wudaphos
\_ J
Design of Ligands:
@PRZZ N o MG
gt ©) . s
©
Py o= Clw—[. = |=
€  NMe, ﬂ R3” NR4
Bl - mREFERD KBREE LR =5pR

Zhang, X. et al. Chem. Sci. 2016, 7, 6669—6673 32



‘ Ion-Pairing Interactions—Wudaphos

Control Experiments:

EIEEFXHERD
¥ R RIRY 2N

Zhang, X. et al. Chem. Sci. 2016, 7, 66696673

a) chain length effect:

COOH
COOH COOH

> 99% Conv. > 99% Conv. > 99% Conv.
98% ee 7% ee 3% ee

b) noncovalent ion pair interaction:

Rh(NBD)ZBF4/Wudaphos

COOMe > ~CoOMe
Ha(1 bar), 6 h, rt

No reaction!

Rh(NBD)2BF4/Wudaphos

COOH > “NCOOH
Ha(1 bar), 6 h, rt

Base

(0.5 equiv.): .
.70 > % =
s,C0, (1.0 equiv.): Conv.% > 99, ee% =79

NEt, Conv.% =91,ee% =0

Cc

.

Pcyz

"1CH,
“‘\\\
R

e NMe,

L24, Wudaphos

J




v Ion-Pairing Interactions—Wudaphos

3D Models (L25):

Zhang, X. et al. Chem. Sci. 2016, 7, 6669—6673

Favored

Ej\wh2

'CH,
F|e NMe,

L25

34



v Ion-Pairing Interactions—Wudaphos

o
R/U\)]\COOH

favored

Zhang, X. et al. Angew. Chem., Int. Ed. 2017, 56, 6808—6812

Rh(NBD)2BF4/L.26
Hz (10 bar)

EtOH, 6 h, rt

TS1R (1461A)

AG o 0.0

Ion pair

2 H-bonds

Favored

(0

> /lk/L
R COOH

>99% Conv.
up to 99% ee

H-bond
H-bond (1.745A
(1.341A) v

TS1S

2.1 kcal/mol

3 H-bonds
(no Ion pair)
Disfavored

S
P

e NMe,

(1.700A)

L26, SPO-Wudaphos
\

disfavored

35



PART 4

7T—7t Stacking Interactions




‘ t—7 Stacking Interactions—Sidearm Strategy

@ /Agco R3
+

N+ 2 2

Z SNCOR! R O,R3

1= o-CF

R 3CeHs-, R®

10 mol% Ni(ClOy),

12 mol% L27

AT R -2 omk

Tang, Y. et al. Angew. Chem., Int. Ed. 2013, 52, 1452-1456

4A MS, DME
40 °C, N,
= tBuCH -
2
iR
(Sidearm)
i —

up to 98% ee
>20:1dr

L27

37



‘ t—7 Stacking Interactions—Sidearm Strategy

The Coordination Model (DFT):

Kinetic Resolution Experiments:

Tang, Y. et al. Angew. Chem., Int. Ed. 2013, 52, 1452-1456

49% yield
d.r. > 20:1
91% ee
Ni(C104)2/L27
> +
4A MS, DME
40 °C. N, CO,R? 49% yield
50% conv. )>< COzR? 88% ee
PH
(R)P

(S)-tIBEIEE

38



v T—7 Stacking Interactions—Sidearm Strategy

RE
(m-THEFRYERR)

\ R = {BuCH, /

IE1RE
(ZS[AJHRE)

Tang, Y. et al. Angew. Chem., Int. Ed. 2013, 52, 1452-1456 Complex S 0.0 Complex R 1.7

39



‘ t—7 Stacking Interactions—Sidearm Strategy

Control Experiments:

X o , CO,R? Ni(ClOa4)2/L
©

4A MS, DME
40 °C, N,
R1™ O_CF3CSH4-, R2™ tBuCH2- aR=Ph: b R =Me
a)L _L28, R =Ph (3) 73% yield (74% conv., 120 h), 42% ee, d.r. = 14:1 BT - TR EF
b)L L27, R =Me (b), 35% vyield (40 C, 10 d), 25% ee, d.r. > 25:1 X R RIRYRZ R
L27 L28

Tang, Y. et al. Angew. Chem., Int. Ed. 2013, 52, 1452-1456

40



v T—7 Stacking Interactions—Enyne Cyclization

C29 \"I' 11Vl /0}
— ) \
R/~ — N\ ¥ri AgPFs (4 mol%) - cF,
© > Ad 3
N\ CICH,CH,CI Ad :
R3 24 °C,12h-14d P-Au-ClI
up to 99% yield
0 up to 92% ee Q N
c29 (1 mol%) .
Ar )
Ar
Z AgPFs (1 mol%) O
S + NuH o R iy
' PhCF = 3
7S 24°C,12h - 18 h Nu Fs
up to 75% yield . C29 (Ad- = adamantyl) )
up to 98% ee
Design of Catalysts:
Reactive
Center
I Ad
Adq.'

: E Biphenyl Scaffold  cpiral o rma
Chiral Information Outer-sphere as Holder/Anchor Ch”aﬁ,g’ ;?;'38”0”
far away from e for Chiral Reactive Cent
Nucleophilic Attack eactive Center

Reactive Center Information

Echavarren, A. M. et al. J. Am. Chem. Soc. 2019, 141, 11858—11863 41



‘ T—7m Stacking Interactions—Enyne Cyclization

R2 —
R2
\
R3
/
~"
R1-L
AN
Control Experiments:
MeO,C
MeO,C

Echavarren, A. M. et al. J. Am. Chem. Soc. 2019, 141, 11858—11863

o Cc29

C29 \< 11Vl /0)
( )
AgPFe (4 mol%) CF,
> Ad F,C
CICH,CH,CI . Ad_=
24°C,12h-14d P-Au—ClI
up to 99% yield
(1 mol%) up to 92% ee N
C29 >
0 Ar S
AgPFe (1 mol%) N
> L F\C
Z 3
24 °CP:]§E3 18 h Nu Fy
up to 75% yield . C29 (Ad- = adamantyl)

up to 98% ee

\< 1ivi /o)

AgPFs (4 mol%)
>

CICH,CH,ClI
24°C,12h-14d

55% yield, 34% ee

o
c29 (4 mol%)
AgPFe (4 mol%) ‘

PhCF,

24°C,12h-18h OH

68% yield, 90% ee

42



‘ T—7 Stacking Interactions—Enyne Cyclization

DFT Calculations: a MeO OMe

CF3

orientation A (AG = 2.7)
AG¥F=7.0

C-C bond
formation
3.62A \ . .
=TT
interaction

=TT
interaction

Echavarren, A. M. et al. J. Am. Chem. Soc. 2019, 141, 11858—11863

AG¥=45

— > NCI Plots
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‘ T—7 Stacking Interactions—Enyne Cyclization

DFT Calculations:
alculations b MeO OMe

1Bu
[ \i-Au_p.-tBu

FsC

orientation A (AG = 0)
AGY =42

3.32A
-1 interaction

C-C bond
formation

353A

n=n-interaction

Echavarren, A. M. et al. J. Am. Chem. Soc. 2019, 141, 11858—11863

orientation B (AG = 4.4)
AGY=6.7
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‘ t—7 Stacking Interactions—Arene-Perfluoroarene

0 F F Pd(TFA)2 \ 1V 111V1 /O} 0 F F
[>—-/<1 L30 (15 mol%)
H F * Arl VAT H F
A92CO3 ’ -
NaTFA (50 mol%) , \_Kr
0.1 M Hex/CHCI;
80 C,24h up to 92% yield
up to 95% ee
Design of Ligands:
p-Tol n-TiEE{EM: A,\r}—\{
o=¢ e
\1: Pd
Ar \ ,,/////
H, //
H 0
Hﬁug

0=< FiEaeE

Colobert, F. et al. ACS Catal. 2019, 9, 2532-2542

F

(o)

p-Tol

o=

Ar__<‘
H

:<

(Ar = -4-tBu-CsHa)

L30

Pl

f

m M
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v t—7 Stacking Interactions—Arene-Perfluoroarene

Proposed Mechanism:

Colobert, F. et al. ACS Catal. 2019, 9, 2532-2542

Ar
H>—\ .0

N s
+
\n/ \Pd/ pTol

O @

pre-dia2

TS-dia2

Ar
VN\ / “pTol '
*H Pd Arye
e/ \ PR
N N'\.
“Ar Ar,:
H & O
O Ar,-X
X
__» Pd-dia1 . &rd
Ar
Ar, H

H\ .0 Hosd (N-ArF
PV T S

— It
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v t—7 Stacking Interactions—Arene-Perfluoroarene

3.487 A 3.384 A

DFT Calculations: NCI Plots:

i 403 jcm™

pre-dia1 pre-dia2 !

x g’ f " !

e \ !

I i

. EEEWEX !

A~ s

3.745 A 3.353 A

TS-dia1

Colobert, F. et al. ACS Catal. 2019, 9, 2532-2542



v Summary

- Hydrogen Bond Interactions: >\I—H----0:<

: : . : @ Q
- NClIs between Chiral Ligands and Substrates - Ion-Pairing Interactions: R—NH, O,C—R

- m—m Stacking Interactions: @ @
O O

- Hydrogen Bond Interactions ———» N “NH  PPh, 4 OH
N CtVR
Quinine-Derived Ligands Prolinol-Derived Ligands Chiral Lactam Ligands

. [Ligand Design} ——— Non-Covalent Interactions —— DFT Calculations & Control Experiments
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