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Host-Guest Chemistry

Supramolecular Chemistry Host-Guest Chemistry

Host-Guest interaction :

- electrostatic interactions

- dipole-dipole interactions
- hydrogen bond

- hydrophobic interactions

fragile and reversible

Stronger with multiple bonds

Host Guest

Paul J. Lusby, et al., J. Am. Chem. Soc. 2018, 140, 2862. Joost N. H. Reek, et al., J. Am. Chem. Soc. 2015, 137, 2680.



Classical Supramolecular Chemistry

» Examples of classical host molecules OH

%0 (\oﬁ % :

7 3 [
L)
L k/o\)
15-crown-5-ether 18-crown-6-ether \Zﬁ
Encapsulate <\\:§/ HO7 5 OH  Cavities are hydrophobic.

a-cyclodextrin

: . : a-CD
»(D Reactions using cyclodextrin as a host ( )
0,CH3 O,CH3 O,CH3
O = Eﬁ
' 4 : ™
Host for organic molecules
a-CD .
\ / Various organic molecules are encapsulated.
H
HOCI Structure known by X-rays.
@ @ L Easy to synthesize derivatives )

( p-selective chlorination reaction )

4
Ronald Breslow and Peter Campbell, J. Am. Chem. Soc. 1969, 91, 3085.



Classical Supramolecular Chemistry

»(2) Reactions using cyclodextrin derivativies

/©/ OAc a-cyclodextrin-PCA-Ni?* /©/ OH
.
O,N 0.10 M acetate buffer (pH 5.17) O,N
4 times faster than with PCA-Ni?*
103 times faster than under no catalyst

OH
HO O o)
oH%Y%o /A
HO o0 , M/ P o. /4
OH o) N O-N, N=
O HO o ‘Ni

N .
. 50 ...Ni‘,.o ."N i o
(o) S, _ ) / N\ /N_O
N N-O
Ho—"\('},, OH </:>_// _
5 o’ — PCA-Ni?*
OH (pyridine-carboxaldoxime)

o] OHgy HO OH
(o)
HO a-cyclodextrin-PCA-Ni?*

Encapsulate phenyl groups

Extremely close to the reaction center

Breslow, R. and Overman, L. E., J. Am. Chem. Soc. 1970, 92, 1075.



Classical Supramolecular Chemistry
»(3 Application to Catalytic Reactions

Problem | Both guest and product have affinity to Host

1 (20 mol%) N OH
| N * >
OOO mesitylene-d,, o)
S
o
kcat/kuncat =34
exposure

maleimide-1 complex
P

Y~ ReCuMm Y Product : Dissociation due to steric hindrance
(o) (0]

Richard J. Hooley and Julius Rebek Jr., Org. Biomol. Chem. 2007, 5, 3631.



Development of Supramolecular Chemistry

Noncovalent microenvironment catalysts

- Inspired by enzymes
- High chemoselectivity
- High stereoselectivity

organotransition metal catalysts

- Accelerate difficult reactions
- Developed regardless of biology

Integrating them will lead to the development of supramolecular chemistry.

Advantage

Existing Problems

g Different environments from bulk solutions A
Conformational control over the Guest
Shifts in equilibria to generate reactive species

L Dramatic increase in effective concentration )

A\ Host structure is rigid.

A Difficult to synthesize Host with complex structure




Metal-Ligand Self-Assembling Supramolecule

Metallosupramolecular Host : the use of

( Self-assembles into the most stable structure because of reversible bonding\
Organizing force for the construction of symmetric coordination cages
Easy to synthesize derivatives

L More flexible structure than a host consisting only of covalent bonds )

» First reported metal-ligand self-assembling supramolecule

EtO
O M92+
1) MeMgl
2) (COCl), A [NH4"14
o O 3) NH,CIH0

EtOJ\/U\OEt

too small for organic molecule
[ Larger Ligands

Possibility to function as Host Larger Metals

Hans Georg von Schnering, et al., Angew. Chem., Int. Ed. Engl. 1988, 27, 851.



Metal-Ligand Self-Assembling Supramolecule
> Metal-ligand self-assembling Host supramolecule

- [GagLe]'? — Symmetrical structure
Solubility Cavity
Dodecaanionic anion Hydrophobic microenvironment of sufficient size
Soluble in water and Can be used as Host
polar organic solvents Excludes the bulk solution
Guests Flexibility

Cationic/neutral molecules  Movable arene walls via rotation of amide bonds

with hydrophobic groups Encapsulated guests of various shapes.
9

Kenneth N. Raymond, et al., Inorg. Chem. 2009, 48, 111.



The Properties of Metallosupramolecular Hosts

» Iminium formation in water under basic conditions

o
I

R! "R?

R1=Me, Et
R2=Me~C7H15

R® R
N

I

R! "R2

4y

GayLg]'? S
[GasLlel + OH
pH 11~11.5
( Iminium formation in basic water )

Kenneth N. Raymond, et al., J. Am. Chem. Soc. 2006, 728, 14464.

» B-hydroxyphosphonium ion formation in water j

O

PN

-+

@
HPEt;,

——

-

%\ [GasLel'>
BEt; S

undetected
in bulk solution

( B-hydroxyphosphonium ion formation in water)

Kenneth N. Raymond, et al., Eur. J. Org. Chem. 2004, 4552.
in the direction of 10
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2. Unimolecular Reaction with Supramolecule
2-1. Aza-Cope Rearrangement
2-2. Nazarov Cyclization
2-3. Aza-Prins Cyclization



Aza-Cope Rearrangement

37 mol%
D,0O/DMSO-dg=1/99

Aza-Cope rearrangement

kcat/ ku ncat=84

Similar to transition state conformation

Kenneth N. Raymond and F. Dean Toste, et al., J. Am. Chem. Soc. 2018, 140, 6591.



Nazarov Cyclization

7 mol%
D,0/DMSO-dg=1/1, 72°C v o y
™ HN
Nazarov cyclization

o
cat/kuncat_2 1x1 06
Kenneth N. Raymond, etal., J. Am. Chem. Soc. 2010, 132, 6938.

= O

H,0

HO"

@
X\
& @

H,0 13
Kenneth N. Raymond and F. Dean Toste, et al., J. Am. Chem. Soc. 2018, 140, 6591.



Aza-Prins Cyclization

20 mol%
v 7
N Formic Acid H o [Ga4L6]12- Hli
- ; + >
100°C | H H CD;0D/D,0=1/3
rt, 40 h
OH
A
A
H A, +H,0
H,0 -CH,O
Y

S E R~ (B

O Encapsulate
() Conformational control in transition states

David M. Kaphan, F. Dean Toste, Robert G. Bergman, and Kenneth N. Raymond, J. Am. Chem. Soc. 2015, 137, 9202.



Aza-Prins Cyclization

» Deuterium Labeling Study » Effect of N Substitution on Reactivity
1 15 mol%
. ; §§ R4 20 mol% R4 R4
NNs NN .R .R
N7 50% MeOD in D,O s N 0 A NH N
H Q RT, 40h — l L ) > Or
+ /U\ : > Me H” H 25% MeOD in D,02
DCM H
NOE 2 3 6
2 5
1. 15 mol% No deuterium Entry R, R» Product % Conversion®
oo i?corporlatio? 1 (2a) Me Me 3 100
. o . rom soiven
H + RT, 40h - size
| HJ\H 2. NsCl, NEt, 8(2c) Me Et 3 |exclusion %3
DCM D 100% Deuterium 4 (2d) Me n-Pr 3 43
2-ds incorporation 5 (2e) Me n-Bu 3 y 9
5-dy 6 (2f) Me iPr n/a 0c
7 (29) Me Cy n/a oc
- 8 (2h) H i-Pr 3 25
Intramolecular hydrogen transfer was confirmed. o (20) Me Bn 3 51
The methyl group at position 2 was identified as axial. &7
10 (2)) Me D n/a 0
MeO
11 (2k) Me }{\CFs 6 100

NH
N ;, — N® — I
axial ifici i i
H) A\ Me (O Substrate specificity by size exclusion )

David M. Kaphan, F. Dean Toste, Robert G. Bergman, and Kenneth N. Raymond, J. Am. Chem. Soc. 2015, 137, 9202.
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3. Reaction with Metal Encapsulated within Supramolecules
3-1. Development of C(sp3)-C(sp3) Coupling Reaction with Supramolecules
3-2. Development of Coupling Reaction with Cu / Pd in Water
3-3. Selective Catalytic Hydrogenation Independent of Chain Length



Approach to Coupling Reactions with Supramolecule

Traditional Approach Supramolecular approaches

| _R R
<[M]i ;" L-1M17, Q
I RY 'IR
L
R
L _ Ve
| R-Nu L-MI,
T _R o
M7,
X

only the slowest step and not affect the others)




C(sp3)-C(sp?®) Reductive Elimination

» |nitial trial
AT éﬁ
Me Pll, ‘\\I 'lIR
3 ‘Au R

DU » MeszP-Au-l1 + Me—Me
Me Me  MeOH-d,, 25°C L-mi7

k=4.7%x10"% Ms-1
Inhibition of catalyst by Et,P* : k=9.5x1010 Ms"! /(

L =[M] R-R
I 10 mol%
Me,P.., 1 .Me Me;P... . ..Me
3P, gy LY

> u
MesP” po"Me  MeOH-d,, 25°C 17 PMe,

k=1.8x10" Ms™1
Inhibition of catalyst by Et,P* : k=7.9x10° Ms"1

Possible Mechanism
Me Me
Ly, .o X k

/'M\ -~ _ L,—M® —  L,—M® —_— L,—M-X + Me-Me
Me Me \M \M
e e

+ Me—Me

Kenneth N. Raymond, and F. Dean Toste, et al., J. Am. Chem. Soc. 2016, 138, 9682.



C(sp3)-C(sp?®) Reductive Elimination

» Phosphine ligand effects

é 10mol% R.p—Au-I
R3Ph,. ‘\\I

Au o +

Me” “Me  MeOH-d,, 25°C Me—-Me
entry PR, k [Ms™] k’ [Ms-1] +Et,P*
1 PMe; 4.7x10°6 9.5x10-10
2 PEt; 1.5%102 1.8x10°7

3 PPh; no acceleration -

Reaction coordinate Diagrams—Appendix

Reasons for the acceleration of PEt;

- Increased hydrophobicity
- Optimal size for cavity
- Au(II) cation stabilized
— Pre-equilibrium shifts toward favorable

» Other reductive elimination

Qm mol% Me;P—Au-I
MesP.. ol
¥ Au +

Me I 1, ‘\Me
3 .Pt‘

Me
10 mol% 7
Me3P,,,,§tl“\Me Q MesP”  Cl

k=7.6%x10" Ms-1
+
MesP” )\\Me MeOH-d,, 25°C 0

Me)LMe

k=2.2x10-3 Ms™1

Changing the size of the Host molecule
may lead to the respective chemical
selectivity.

Kenneth N. Raymaond, and F. Dean Toste, et al., J. Am. Chem. Soc. 2016, 138, 9682.



Development of Coupling Reaction in Water

\/ \/
PQ Ar—I (20eq) D,O,rt P-cu-1
/CLI—X ’ P@
P N
/
/3 1.0 eq. Ar
&» xe T reductive
B eliminatign
\/ Ar—I \/ oxdation \/
P. P. ® . P\@/|
[ >Cu@ E [ >Cu addition [ Cu,
R R - P” Ar
/\ s\ Ar—l /\

Confirmation of product generation

a. A + = DMPE backbone

o = Co-encapsulated
aryl iodide

¢ = Phosphoniumaryl
I A + = DMPE backbone

\/  Halide abstractor (NaBArF) (2.0 eq.) \/
EP\C B lodobenzene (2.0 eq.) .~ P-cu-1
SUTE rt, 12 h ®

R R

AN / Ar

entry Halide abstractor solvent product
1 + D,O trace
2 - D,O no conversion
3 + DCM not detected
4 - DCM no conversion
5 + MeCN no conversion
6 - MeCN no conversion

Candidate for coupling reactions in water.)

20

F. Dean Toste, et al., J. Am. Chem. Soc. 2019, 141, 1701.



Development of Coupling Reaction in Water

E PEt, Me!

. CI\ _PEt Ar—I (2.0 eq. D,0, rt : :

172 EPpg d,, ’ ( ) - :
Me Cl™ : :

@
1.0eq. ;] Me—PEt; .. -
t CI f reductive

elimination

Ar—I oxdation

Et.P._ ® ” . ®
Et;P. Pd@ S M3 ~Pd addition Et3P,Pd:
Me” e Ar—l Me Ar

Candidate for coupling reactions in water.

Possibility of Pd(IV) complex that can also undergo C(sp?)-C(sp?3) reductive elimination

F. Dean Toste, et al., J. Am. Chem. Soc. 2019, 141, 1701.



Selective Catalytic Hydrogenation

» Difference in reactivity by olefin position

P/ '

[Rh][BF4] 10 mol% ! P\@ o
|: _Rh(COD) BF,:
10 mol% A :
.. RO
AN
H,0, H, G
20 h, rt.
Entry G Unsaturation Conv. [%] Yield [%]
1 —-OH 5-6 >99 928
o _ 4-5 87 (E)
OF  (Eorg >99 85 (2)
3 -OH 34 b
15 10
(V4
4 —OH 84 <5 <s°
(E)
5 —OH 2-3 <5 <5
(Eor 2
6 —NAc 5-6 88 80
0
. /Q 4-5 >99 75
@
0
8 /[( 5-6 >99 92¢
OH

@12h reaction time. Reactions performed at 50 °C. ¢Buffer (pH 8.0)

» Competitive reduction reaction

Only olefins at specific positions can be selectively reduced.

Anionic substrates are also acceptable.

a. [Rh][BF4] 10 mol%
NN
/WOH 10 mol% OH
3 4, 91% yield
vs S +
H,0, H.
AN\OH 20 h, rt WOH
5 95% recovered
AR 10 mol%
3 [Rh][BF4]
VS E— . /\/\/\OH
H-50, H, )
WOH 1h, rt 4, full conversion
5
/WOH 10 mol% WOH
3 [Rh][BF4] 60% recovered
VS —_—> +
H-,0, H,
AN 30 min, rt ANk
6 6, not observed
d. [Rh][BF,] 10 mol%
A/\/\OH 10 mol% NN N0k
3 4, 91% yield
VS —_—— +
S H,0, H, S~
AN N0l 20 h, rt AN o
6 >98% recovered

REACTIVE / UNREACTIVE

( Selectivity occurs even between molecules.)

. Dean Toste, et al., J. Am. Chem. Soc. 2019, 141, 11806.



Selective Catalytic Hydrogenation
> Application to Alkyne

[Rh][BFs] 10 mol%

10 mol%

HZO H,
15 h, 50 °C

/\/\/OH
9, 76% yield
full conv.

~

OH

8, 89% yield

[Rh][BF4] 10 mol%

» Use of larger host

[Rh][BF4] 10 mol%

/\/\/OH
10 mol%

9, 81% yield
—>

+
H,0, Hy
15 h, 50 °C _ OH
7
93%
recovered

[Rh][BF4] 10 mol%

10 mol%

/\/
/\/
\/\/
\/\/ \/\/OH
/_\_\_

—_— >98% recovered
H,O, H, + OH
20 h, rt NN

4, 73% yield
full conv.

REACTIVE / UNREACTIVE

Selectivity similar to alkenes

Position takes precedence over reactivity
in determining selectivity.

10 mol%

ﬁ/\)\/—\/—\/—\/ ~10%
H,0, H. conversion
20 h, 50 °C
20 mol% 0¥©\o -
12
[RhI[BF4] | H,0, H, L 0@ |
Q 20 h, rt

=¥ Q @0

oo HN O

r(")\/—\/—\/ N o 0 'e)
17, 74% vyield 16
Q = Ga(l
( Selectivity can be varied by changing
Reaction proceeds
of the substrate.

. y,

F. Dean Toste, et al., J. Am. Chem. Soc. 2019, 141, 11806.
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4. Stereoselective Reaction by Host Size and Flexibility
4-1. Stereoisomer of Self-Assembly Complex
4-2. Stereoselectivity by Host Size (Prins Reaction)



Stereoisomer of Self-Assembly Complex
Self-Assembly

Complexes consisting of three bidentate ligands

Racemic supramolecules are obtained.

Q Q A-[M(A-A);] A-[M(A-A)3]

AAAA enantiomer

Chiral ligand/chiral guest makes a chiral diastereomeric mixture.

A ] g
diastereomer @ : ! diastereomer
A /\ & ® racemic @
A o e . supramolecules -~
A AT :




Racemic

Enantiopure

——

Stereoselectivity by Host Size

Smaller cavity

\X\ C:I'AM-Nap, 2

\

Larger cavity

(Y CAM

=catecholamide

NH TAM
=terephthallamide

S TAM-Pyr, 4 .

Kenneth N. Raymond, et al., Chem. Sci. 2015, 6, 1383.



Stereoselectivity by Host Size

» Diastereoselectivity » Enantioselectivity

R,

R _0 OH
Me)(:/\( 210 mol% 14 ’O ’CEK M. o Me
X conditions Me 1-10 mol% 1,2,4 = Me n MG>U
(£)-5 >C%/ conditions @

5a;R=H 3¢
Sb; R = nPr ’O\K 0 entry host mol% temp/°C time/h %conv. | % 10 %11 %ee of 11
1% ()1 10 60 28 91 14 86 =
2b°  A4-2 2.5 25 50 92 12 88 61
entry host substrate mol% temp/°C time/h %conv.| %6 %7 %8 %9 3C A2 1 40 16 2 11 89 B
1a® ()1 (+)-5a 10 60 28 7 33 2 11 54 4b°  As4 2 40 16 93 2 98 33
2aP As2 (S)Ba 10 40 23 70 51 1 9 39
38° As2 (R)-5a 40 23 60 | 30 1 8 61 Smaller cavity

42° ()3 (+)-5a 60 48 45 | 24 <« 4 71

5
2

5a° A4 (452 2 60 48 68 | 20 <1 30 50 Larger steric hindrance
5
5

6a¢ As4 (S)-5a 60 48 56 8 <1 34 58 . .
7a¢ A4 (R)-5a 60 48 80 12 <1 30 58 One enantlomer IS more

8a° (£)1 (£}5b 10 50 30 20 | <1° <1e >05' favorable than the other.

928 A42 (#)-5b 2 40 24 60 | <1¢  <1e >95

Enantioselectivity : Small Host

Smaller cavity

Trans conformation destabilized Smaller  Larger
. . . Racemic 1 3
Diasteroselectivity : Large Host _
Enantiopure 2 4

Kenneth N. Raymond, et al., Chem. Sci. 2015, 6, 1383.
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4. Stereoselective Reaction by Host Size and Flexibility

4-3. Stereoselectivity by Host Flexibility (Aza-Darzens Reaction)



Aza-Darzens Reaction with Supramolecule

NH, 0 5 mol%
(o) Rzm)]\ (racemic) \RZ
+ + OEt > N<-Zco,Et
R11LH N, pH 8 H,0, 100 mM K5PO,, - 1“,\; 2

50% MeOH, 16 h
» Mechanism > Scope

Ar\ + H 0}

N L AN R R M R M F
Rk —COsEt === g | >=CO,E EtO 2 e e

M>—co,Et M>—co,t M>—co,t N>—co,Et V>—co,Et

(2a) 82% (2b) 33% (2¢) 29% (2d) 68% (2e) 39%

T O T

Meu..!\ll>_cozEt Et'---.!\ll>_cozEt n-Pr-u..!\ll>_COzEt n-Bu"..{\ll)_COZEt
(3) 68% (4) 71% (5) 63% (6) 14%
trans:cis trans:cis trans:cis trans:cis

20:1 44:1 4.6:1

0 & & n &

N N N N N
Et"'u.l>_C02Et Et""nl>_COZEt Et'"u.l>_C02Et Et""nl>_C02Et Et'"u.l>—COZE

(4a) 71% (4b) 53% (4c) 55% (4d) 54% (4e) 33%
trans:cis trans:cis trans:cis trans:cis trans:cis
24:1 15:1 11:1 16:1

9:1
EN Et E Et 2 Et EN Et EN nPr

Three-component reactions with supramolecular || #>50:t pe.>bcoe g lbcog . Dcog e, bcoe
(8a) 63% (8b) 70% (8¢c) 92% (8d) 60% (8e) 20%

Trans selectivity

Kenneth N. Raymond and F. Dean Toste, et al., J. Am. Chem. Soc. 2020, 142, 733.



New Ga(lll)-Containing Enantiopure Hosts

Enantiopure [GasLg]'? complex

D O=Ga(In) Me D OQ=Ga(ln) o Q=Ga(In) Me o Q=aGa(l) Me S Q=Ga(ll)
% (4,R) 90% (5,R) 74% /b (6,R) 87% b (7,R) 96% b (8,R) 90%

Me D O =aGa(l) Me D O =aGa(l) Me D O=aGa(l) X D O =aGa(l)
(9,R) 90% b (10,R) 82% @ (11,R) 52% b (12,5) 71%

The only difference : Substituents of the ligand near the apex

Relates to the flexibility of the opening

30
Kenneth N. Raymond and F. Dean Toste, et al., J. Am. Chem. Soc. 2020, 142, 733.



<))

% e

% Yield

ASE

Q =aGa(I)
(1,R)

100+
80"
60 -
40 -
20 -

100+
80
60 -
40
20+

p-substituent

Divergent Selectivity in Enantiopure Hosts

NH,

Et: (0] Me\n)j\
+ +

H

AT

Q =aGa()
(5,R)

0]

N,

At

Q =Ga(In)
(6,R)

R, R
2 mol%é .(,5)%_|\]'|_|2 Q !

PD8D,0,100mM kPO, . Nsleo
50% CD,0D, 16 hr ’ Q
At ask A%«EH
Q =Ga(m) Q =Ga(im) Q =Ga(In)
(7,R) (8,R) (9,R)

Difficult to enter the cavity

-

Decrease in both yield and ee

The differences in reactions between
supramolecules are striking.

31

Kenneth N. Raymond and F. Dean Toste, et al., J. Am. Chem. Soc. 2020, 142, 733.



NN
LS

AAG? ee (kcal/mol)

NH 0 2mol%A @
© + Et\fo + Me\n)LOEt Me

1.5mM

—_. A = =N
N-hCDmO

—
o

Relationship between Flexibility and Enantioselectivity

MeQ

H N, pD 8 D,0, 100 mM K3PO4 . |)=—C02Et
50% CD;0D, 16 h
oMe " AAG' %ee
AGi |/
é > -
/©/\ oD 8 D,0, 100 mM K3PO4 /©/\
15 mM 50% CD;0D (13) .

AGHk,,: Optimal model substrate

Chiral center
Large 4-substitution on its aromatic ring

A«w
R

= In(lll) - o
R2=0.87 o
“oéé\ e S-NH
.}2- H- _ |...| | Me
O = Ga(lll) " A %_NH Q
oy el 0
A %’NH oo - /‘/A b
/ O‘&{\ "\\,;l_._| l—ﬁ\~\\\
A "%‘NH N 0
= Al(l) A 2-NH
16.0 16.5 17.0 175 18.0 18.5 19.0

AG* ke (kcal/mol)

32
Kenneth N. Raymond and F. Dean Toste, et al., J. Am. Chem. Soc. 2020, 142, 733.



Relationship between Metal lons and Host Flexibility

» Relationship between metal ions and host flexibility

e ﬁﬂ—
Al

NH -

NH bonding distance : Al-O < Ga-O < In-O
OHN

flexibility : 15 <2 <14
o Q=In(I) 0 = AI(III)
‘% (14) 96% yield ‘x (15) 67% yield

NH, 0 2 mol% (14, R)A 7;5;' Q
R 0 Me\n)L
R, + 2\( + OFt
pD 8 D,0, 100 mM K3;PO, [)LCO Et
50% CD50D, 16 hr

MeOQ,

Q Ve Q Ve Q Me Q Ve Q Ve Q ve - High yields

- High enantioselectivity

(3a) 93% (3b) 78% (3c) 76% (3d) 79% (3e) 85% (3f) 78%
99% ee 99% ee 97% ee 96% ee 89% ee 90% ee . p-SU bstitutes are aIIowed
F NO, OMe
éN Me é Me éN Me EN Me ZN Me EN Me
Etub=COLEt  Ep, | >E=CO,Et Etenl >=CO,Et LACOLEt \1eu P =CO5EL | b | >*=CO,Et
(3g) 73% (3h) 29% (3i) 73% (3j) 92% (3k) 55% (31) 74%
99% ee 91% ee 99% ee 5% ee 93% ee 99% ee

Kenneth N. Raymond and F. Dean Toste, et al., J. Am. Chem. Soc. 2020, 142, 733.
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Summary

\P/ \P/
9 ~Cu-I
=N R N :~ Cu . ®
ax .} N l’ p/ pP=—
| (/@ EH) /\ Ar—l /\Ar
Acceleration of reaction o Reductive Elimination
Selectivity change o Coupling Reactions

(0

-

Stereoselectivity Selective Catalytic

by Host Size and Flexibility Hydrogenation
/WOH NN N0k
3 10 mol% 1 4,91% yield
vs — +
- H,0, H,
ANk 20 h, rt AN

35

6 >98% recovered
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C(sp3)-C(sp?) Reductive Elimination

» Phosphine ligand effects

L = PEt,

Transition State For

""""""""""""""""""""""" :> Background

g Reductive Elimination
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1 PDT g = AAG? for background observed rate = 0.79 kcal/mol (3.8 fold at 298 K)
SM I (c+e)-(b+c)=e-b=AAGH for kg, = 2.2 kcal/mol (38 fold at 298 K)
L"Au ol ® Me ° L— Au—I Difference in binding energy between (PMe3z)Me,Au(lll)* and (PEt;)Me,Au(lll)*
Me” “Me L_A“vMe +1 + b = AAG for binding = e - (e-b) = 2.5-2.2 kcal/mol = 0.3 kcal/mol
Me—Me
Difference in total activation energy relative to backgrounds

f+ g = AAG* for PMe; catalyzed vs. uncatalyzed
e + f = AAG* for PEt; catalyzed vs. uncatalyzed
AAGi=(e +f)-(f+g)=e-g=2.5-0.79 = 1.7 kcal/mol
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Application of Dual Catalysis Cycle
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Development of Coupling Reaction in Water

Confirmation of product generation (Pd complex)
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Selective Catalytic Hydrogenation
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Stereoselectivity by Host Size
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Aza-Darzens Reaction with Supramolecule

NH, 0 5 mol%
o R2 (racemic) R2
+ + OEt > CO Et
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Synthesis of [Ga,Lg]'*

O OH
HN OH
R. O EtOH, KOH
° ¢ —
o “ HN'# + 4 Ga(acac)s 7500
HO NH

NG 0 =cam)

R* “‘L% Et J§ ’1 “‘L\Q “%\@\ '
2Nipr 2 Ph H cy *Ph . Mo 2 ph

(4,R)90% (5,R) 74% (6,R)87% (7,R)96% (8,R)90% (9,R)90%  (10,R)82% (11,R)52% (12,R) 71%

Ligand S4a (0.075 mmol, 6 equiv.) and Ga(acac); (18.4 mg, 0.05 mmol, 4 equiv.) were
dissolved/suspended in degassed wet ethanol (4 mL, 200 uL added H,0) and heated to 72
°C. After 15 minutes, KOH (12.6 mg, 0.225 mmol, 18 equiv.) as a solution in wet ethanol (2 mL,
100 ulL added H,0) was added slowly at 0.015 mL/min via syringe pump to the heterogeneous
reaction. Upon complete addition of KOH, the yellow reaction mixture became a homogeneous
solution, and the reaction was allowed to cool to rt. The host was then precipitated via addition
of diethyl ether (15 mL) to the stirring solution. The yellow solid was then collected by filtration
and washed with diethyl ether (15 mL) to give the desired supramolecular complex.

Kenneth N. Raymond and F. Dean Toste, et al., J. Am. Chem. Soc. 2020, 142, 733.



Aza-Darzens Reaction with a-diazoesters

Ph Ph._Ph
o} (S)-610r (S)62/BHsTHF T
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R =Ph, p-BrCeH4I o-MeCeH4. p-NOz-CGH.;V 3,4-
(OAc),CgH3 2-furyl, 1-naphthyl, "Pr, !Bu, ¢-CgHy1

Scheme 20. Catalytic asymmetric aziridination mediated by chiral boron acid
with biaryl VAPOL and VANOL ligands.
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Divergent Selectivity in Enantiopure Hosts
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Relationship between Flexibility and Enantioselectivity
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