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1. Introduction
a) Transfer Hydrogenation (H,-shuttle)
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b) Generalization of the Shuttle Catalysis Concept

catalyst
3 - B - OB » B
shuttled
group

acceptor donor donor acceptor




Forward reaction
(functionalization)

o S P —
°)

shuttled
group

sacrificial
donor

substrates
(acceptors)

Reverse reaction
(defunctionalization)

D B ="
0]

shuttled
group

sacrificial
acceptor

substrates
(donors)

O+ 3

products by-product

Driving forces

- gas release

- polymerization

- formation of
conjugated system

.

J

3 W

products by-product

Driving forces
- strain release
- chemical trapping




Rh(I)
R/\ + CO + Ho- > R/\)kH
O
Rh(1)
R + CO + HO g R/\)kOH
@)
Rh(l) |
RTX + CO + HO\R. > R/\)kO’R
O o)
Rh(l)
R/\)'LH + / Rl —_— R R'

Willis, M. C. Chem. Rev. 2010, 110, 725
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2. Seminal examples of shuttle catalysis beyond hydrogen transfer:

shuttled group

(PPh3)3RhCI (10 mol%)
2-amino-3-picoline

PN O H (20 or 100 mol%) O H PN
Z "R? > * |2 "Ph
R1U Ph PhMe, 150 °C R1k/l\ R2
acceptor e 11 examples driving force
53;;:: "Z"ra’ 13-98% yield polymerization

Representative examples

O H O H
O H
)'k/l\ Ph
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84% 55% 92%

Jun, C.-H., et al. J. Am. Chem. Soc. 1999, 121, 880
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3. Rhodium catalyzed retro-hydroformylation:
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Dong, V. M, et al. Science 2015, 347, 56
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) O o

4c
6%, 85:15
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o\\ 0 Q
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4e
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5a, nbd
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4, Nickel-catalyzed transfer hydrocyanation reaction:

A Traditional Approach to Interconvert Alkenes and Nitriles
toxic
explosive
gas Hydrocyanation
. 3
i3 T ) ... SR M
versatile Retro-Hydrocyanation ~ Versatile
Hydrocyanation: underexploited in routine chemical synthesis
Retro-Hydrocyanation: challenging, therrnodynamically uphill

BOur Design: HCN-free reversible transfer hydrocyanation

RN+ p~ON Catalyst A~ ON + R
Proposed Mechanism
n
R' N CN 6-.-.-.-.M.- ....... o~ R/\/ CN
oxidative % ‘ reductive
addition 0y %y elimination
n+2 nt2
R'/\/M\CN R/\/M.CN
p-hydride & Y migratory
elimination ) 4 insertion
H-pne2 R Hoppre2
R' afh\.\/\ CN e - R /~}\< CN
R
ligand exchange

Morandi. B., et al. Science 2016, 351, 832




A Thermodynamic Challenge: How can we drive the equilibrium to obtain 1 or 2 selectively ?

Me o cat. Ni(COD),, DPEphos Me R
+ )\(CN cat. AlMe,Cl CN , J\\
2 — = R
; RS Toluene, 16 h " R3

B Hydrocyanation: Formation of gaseous disubstituted alkene best driving force

R . . . .
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A Scope of the Hydrocyanation
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B Late-stage Transfer Hydrocyanation
Me
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A . Ni(COD), (2.5-5 mol%), DPEphos (2.5-5 mol%)
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B Control over Isomerization
74%

S 84% selectivity

NBD 74

CN _|
o N
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H
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R R7 7
R8
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HCN
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Ni(COD), (5 mol%)
DPEphos (5 mol%) H
AlMe,Cl (20 mol%) R’

Me
T, CN +
PhMe, 100-130 °C R2>'\|§R3 Me/K\

36 examples, 45-98%

driving force
gas evolution

HCN

shuttled group

Ni(COD), (2.5-5 mol%)
DPEphos (2.5-5 mol%) 5
AlMe,Cl (10-20 mol%) R

CN
> N R7 + Lb/
PhMe or CgHg, r.t. Rej\j 7 H

21 examples, 64-99% R®

driving force
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5. CO- and HCl-free synthesis of acid chlorides via Palladium catalyzed

Widely Highly versatile RT NR»

i ? R?
available : u / HRO

H O

o [M] .
Rl———=——R2 + CO + HC| ------ > R 3 Cl

R2

Morandi. B., et al. Nat. Chem. 2017, DOI: 10.1038/NCHEM.2798




T o=-=2C

Acceptor Donor Shuttled Donor Acceptor
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Table1 | Scope of the transfer hydrochlorocarbonylation.

5 mol% Pda(dba)s H o
, ) H 8] 10 mol% Xantphos u\ Py
R'————R* + 1775 + Me”™ ™% T
Ve 01 Toens 100G, 16n R 1 c A
2
Isolated after
derivatization
COCI 5
(=]
s = = Me—  Me Me Me PhthN—,  Me
H coc H COCI H cocl H COCI
6, 40% 7, 54% 8, 80%
3, 81% 5 77% Regioselectivity 85/15 Regioselectivity 98/2 Regioselectivity 85/15
78%* (5 mmol scale)
PhthN BzO H
Me Me CocCl cocl |
— — HMW I Ph P
H cocl H cocl —o

~ 9.59% 10, 85% 11, 76% (bfl: 83/17) 12, 71% (b/l: 83/17) 13, 61% (b/l: 86/14)

Regioselectivity 64/36 Regioselectivity 56/44
cocl COcCl COocCl COcCI O TMS
\)\/\/ H. = H CO-Me HML /\/
H.=2 Cl OBn = ’ 0

14, 56% (b/l: 86/14) 15, 89% (b/l: 84/16)

COCl
H. =

COCI

A& CN NPhth

18, 73% (b/l: 89/11) 19, 72% (b/l: 85/15)

O COCl

o % H
=

22, 74% (bl: 85/15)
@ECOCI @com
H H
25, 96%

26, 66%

H
PhthN._A__cocl

30, 45% (Vb: 83/17)

0
Ph/‘\f’l‘o

16, 64% (b/l: 85/15)

O
20, 75% (b/l: 86/14)

COcCl
% H
H
23, 65% (b/: 88/12)
0
COCI
BnN
H
0
27, 96%

H

17, 68% (b/l: 85/15)
F

F © ZH
cocl
21, 71% (bfl: 86/14)

24, 84% (b/l: 86/14)

H

©)\,co-c:| BnO,C” Yy cocl
H

28, 40% (I/b: 84/16) 29, 39% (I/b: 85/15)

Me._~_~_-_.cocCl

31, 28%7 (Vb: 90/10)




Table 2 | One-pot synthesis of carbonyl-containing products from unsaturated substrates.

5 mol% Pdz(dba)s
10 mol% Xantphos H O
H © Toluene, 100 °C, 16 h

e~y X =O0R, SR, NRy, hydrocarbyl

— 1
Then conditions below R

0 E % Q ( %> Q H
H 32 80% H 33, 70% H

iPr
N 57 Me .
Ho H w P
36, 67% 37, 65% 38, 58%

H O OM Me
=] 0 0 Q
G - 0 o Ph
\ i
OMe ’ Ph ’ en H
0,
40, 71% 41, 82% Me H 42, 46% 43, 70%

One-pot Friedel-Crafts (sp?)
1.0 equiv. SnCly, CH3Cly, r.t.
1,3-Dimethoxybenzene

One-pot Sonegashira (sp)
cat. Cul, 2.0 equiv. EtgN, r.t.
=—PFPh

One-pot Suzuki (sp?) One-pot Kumada (sp?)
cat. Pd{PPh3)zCls, 1.2 equiv. K3P04-H0, 80 °C cat. Fe(acac)s, —78 “C tor.t.

PhB(OH), ph - MaCl

"Base (EtyN) was added cat, catalytic; r.t, room temperature.




a 5 mol% Pd,(dba);
10 mol% Xantphos 0. OM
o
Toluene, 100 °C, 16 h
MOBn v . EFLI/\/\
Then MeOH Bn” OBn
Then BnhNHOH 44

B-amino acid precursor®?
70% per step (33% overall)

5 mol% Pdz(dba)s
10 mol% Xantphos

m A Toluene, 100 °C, 16 h ,\",oan
Then

HaN ‘-)I\oan

60% per step (39% overall)

O o8 AcSH
n (ref. 34)
Y
AcS

Acetorphan (pharmaceutical)

O Me O 2.5 mol% Pd,(dba);
5.0 mol% Xantphos
-

Cl
2.0 equiv. NBE

Toluene, 100 °C, 16 h
0] (@] 46, 88%

From dehydrocholic acid New building block




CId3.0
5 mol% Pdy(dba)s C
0 10 mol% Xantphos
131 + 1 - + PN
Ph” " C] Toluene, 100 °C, 16 h 88%
1.0 equiv.
47, 75%
Cl @)
Dg[}% 5 mol% Pdg(dba)ﬂ 80%
o D=
cocl , 4 10 mol% Xantphosh JJ\
+
Me Toluene, 100 °C, 16 h Ph Me
1.0 equiv. 827

48, 76%
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5. Catalytic Transfer Hydromagnesiation:

shuttled group

FeCl3 (2.5 mol%)
MgBr CuBr (5 mOIO/O)

PBuj3 (10 mol%) H
Z R+ Hﬁ Bng\)\R + @

. Et,0, -20 °C
sacrificial .
acceptor donor 6 examples driving force
51-72% yield® ~ more stable than

sacrificial donor

Representative examples

H
BrM
MgBr MgBr g\)\/\/Y\MQBr
H H H

72%° 51%°2 61%°
Ar
NN TCOM 759

H
standard /
conditions Ar Ar Ph
A AN g | AN

H H OH
\ Ar
\/\l/\l 81%
H

@ Hayashi, T., et al. J. Am. Chem. Soc. 2012, 134, 272.




o py
7

5m (1 equiv)

1c (2.4 equiv)
FeCl; (2.5 mol %)
CuBr (5 mol %)
PBus (10 mol %)

ELO, -20°C, 1h [BngOVH;/\MgBrl
1'm
D0 DC}\H/\D
A
9m-d,
80% yield (93%-0)

1c (1 equiv)
FeClj (2.5 mal %)

Et,0,-20°C,1h

Cl CuBr (5 mol %) cl
. PBug(10mal %)
i MgBr
1I

5n (1 equiv)

N
8

50 (1 equiv)

n
Cl
DQO \O\N\
D

9In-d,
72% yield (96%-d)
1c (1 equiv)
FeCl; (2.5 mol %)

PhQP(CHQ)gNMGE (5 mol Gfo)
[Cul(PBus)], (5 mol % Cu)

> Cl
Et,0, —40 °C, 30 min [ \’H\/\MQBI'
20, \/H\/\

9Q'd-|




shuttled group

FeCl, (1 mol%)

H ligand (1 mol%) MgBr Ym\nfp
=
H+ | &

’ BfME!\) THF, r.t. A @ Ij

. 15 examples driving force
acceptor sacrificial ;
donor 26-93% gas evolution
Reaction mechanism
LFE‘C'Z Mg Br
H \)
Ph MgX,
IVIg Br /\F'h

H ||—Fe
MgBr I\’H =~
Heo
P Ph

=

H

RDS

Ph
el

Thomas, S. P., et at. J. Am. Ch%m. Soc. 2012, 134, 11900.
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5. Catalytic Transfer Silacyclopropanation:

t-Bu_ ,{-Bu
8
shuttled group
t-Bu AgOTf (5-10 mol%)
Ripge + si_
t-Bu PhMe, -27 °C
acceplor sactrificial 15 examples, 61-99%
donor driving force
unreactive fowards catalyst
Representative examples
t-Bu

tBu-gj H FBUOL~1 ph 1
H OTIPS Si~t8u Si~¢Bu
-Bu t-Bu
Et

85%, dr 955 67% 0%

Application to one-flask silylene transfer/methyl formate insertion

CBU f;ﬁg%%fs t-Bu ZnBr, (20 mol%) R
R + CDS{ - . B —DMDCH?’
“-Bu R~ HCO,CH, uTYo
78-22 °C B

7 examples, 61-92%

Woerpel, K. A, et al. J. Am. Chem. Soc. 2004, 126, 9993




tBu

Ph;PAg(alkene);OTf

PhiPAg(alkene),OTf

"y >/

N T

tBu-—SI AgPPh;:,
TfO _'

~-Bu

tBu  tBu
TfO‘SI

e
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