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M-Catalyzed Carbonylative Coupling

* Pioneering work by Heck in the 70s

Pd-Catalyzed alkoxycarbonylation

X Pd
CO R-OH >

Pd-Catalyzed amidocarbonylation

X Pd
cO  R-NH, -

Pd-Catalyzed formylation

X Pd
coO Hz >

For review on Pd-ctalyzed carbonylative coupling:

A. Brennfiihrer, H. Neumann, M. Beller, Angew. Chem. Int. Ed. 2009, 48, 4114-4133.
X. F. Wu, H. Neumann, M. Beller, Chem. Soc. Rev. 2011, 40, 4986-5009.

X. F. Wu, H. Neumann, M. Beller, Chem. Rev. 2013, 113, 1-35.

Q. Liu, H. Zhang, A. Lei, Angew. Chem. Int. Ed. 2011, 50, 10788-10799

=0

Iz



M-Catalyzed Carbonylative Coupling

v CO is the most important C1 building block to introduce a carbonyle moiety
v’ Provide a straightforward access to valuable intermediates

H H
H,N H,N OMe
Oxybucopraine Metoclopramide

analgesic antiemetic

~ 90 0 O~__OH
N Cl N\
N=' P
Etomidate Quinmerac

narcotic herbicide

X CO is a Highly toxic gas
X Carbonylation require high pressures of CO
X Extreme caution to handle, store and transport

For review on Pd-ctalyzed carbonylative coupling:

A. Brennfiihrer, H. Neumann, M. Beller, Angew. Chem. Int. Ed. 2009, 48, 4114-4133.
X. F. Wu, H. Neumann, M. Beller, Chem. Soc. Rev. 2011, 40, 4986-5009.

X. F. Wu, H. Neumann, M. Beller, Chem. Rev. 2013, 113, 1-35.

Q. Liu, H. Zhang, A. Lei, Angew. Chem. Int. Ed. 2011, 50, 10788-10799



Carbonylation Reactions with CO-Surrogate

* In-situ generation of CO from aldehydes

- Rh-catalyzed Pauson-Khand type reaction (Kakiuchi and Shibata, 2002)

/—R O [(RhClI(cod)),], dppp
Z + .Co >
\_\\ H™ "CgFs xylene, 130°C
Z=C,N,O
Ph Ph
— —
91% 92%
Bu o Ph é/o
72 /
I,,H
OTBS ©
88% (d.r. 11:1) 77%

Morimoto, T.; Fuji, K.; Tsutsumi, K.; Kakiuchi, K. J. Am. Chem. Soc. 2002, 124, 3806
Shibata, T.; Toshida, N.; Takagi, K. Org. Lett. 2002, 4, 1619
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Carbonylation Reactions with CO-Surrogate

* In-situ generation of CO from aldehydes

- Rh-catalyzed Pauson-Khand type reaction (Kakiuchi and Shibata, 2002)
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Morimoto, T.; Fuji, K.; Tsutsumi, K.; Kakiuchi, K. J. Am. Chem. Soc. 2002, 124, 3806
Shibata, T.; Toshida, N.; Takagi, K. Org. Lett. 2002, 4, 1619



Carbonylation Reactions with CO-Surrogate

* In-situ generation of CO from formamides

- Pd-catalyzed aminocarbonylation of aryl bromides (Alterman, 2002)

o)
Br DMF, Pd(OAc), dppf 1 o
X R imidazole, KOtBu XY N2
Ri—— * H,N" 2 > R~ H
_ 2 1T
MW 180°C, 20 min Z

76% 77% 78%
(o) (o) (0]
c c c
N N N
O oYY g Yd
MeO
94% 82% 70%

Wan, Y.; Alterman, M.; Larhed, M.; Hallberg, A. J. Org. Chem. 2002, 67, 6232



Carbonylation Reactions with CO-Surrogate

* In-situ generation of CO from formamides

- Pd-catalyzed aminocarbonylation of aryl bromides (Alterman, 2002)

(0
1 KOtBu N
/C\ s — CO + N
H A H
m
O
Ar C-—AI’ “
L2Pd |_2pd rzcsN,Rz
H
o .R,
8 H,N
/
Ar-Br L2Pd \N excess amine
L2Pd(0) X \
KOtBu
HOtBu + KX

Wan, Y.; Alterman, M.; Larhed, M.; Hallberg, A. J. Org. Chem. 2002, 67, 6232



Carbonylation Reactions with CO-Surrogate

* In-situ generation of CO from metal carbonyles

- Pd-catalyzed aminocarbonylation of aryl iodide under MW irradiation (Larhed, 2003)

(o]
| CO-source 8 /@
/O Pd(OAc), N
+ H
H.N DBU, THF, 100°C, 15 min
2

Entry CO-source Yield

1 Cr(CO)g 80%
2 Mo(CO)s 84%
3 W(CO); 77%
4 Fe(CO)s 0%
5 Fe;(CO), 0%
6 Co,(CO)s  28%

Mo(CO)g

' R;  Pd(OAc), (10 mol%), DBU Ciy-Re
R4 + HN._ » R, |
R3; THF, MW 150°C, 15 min R;

23 examples
35-95%

Wannberg, J.; Larhed, M. J. Org. Chem. 2003, 68, 5750



Carbonylation Reactions with CO-Surrogate

* In-situ generation of CO from metal carbonyles

0 H
. . NN N-SO:zMe
H6 H ( ©on o H
Br

o X oTf '?2

1~ *  HN_
I/ R3

Ve

N, 0

R4 T * OHN

Mo(CO)g
Pd(OAc), n-BuNH,
NaHCOj; [(t-Bu);PH]BF,

> s
H,O, MW 140°C, 20 min HO
Mo(CO)g
Hermann's palladacycle, Xphos
C52C03

-
dioxane, MW 160°C, 20 min

W(CO)g
Pd(OAc), Xantphos
DMAP, K;PO,

-
dioxane, MW 120°C, 20 min

Wu, X., Ekegren, J. K., Larhed, M. Organometallics 2006, 25, 1434
Odell, L. r.; Savmarker, J.; Larhed, M. Tetrahedron Lett. 2008, 49, 6115
Wieckowska, A.; Fransson, R.; Odell, L. R., Larhed, M. J. Org. Chem. 2011, 76, 978

HIV-1 protease inhibitor (35%)

O
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21 examples
45-93%

11 examples
20-94%



Carbonylation Reactions with CO-Surrogate

* In-situ generation of CO from chloroform
-Pd-catalyzed hydroxycarbonylation of aryl iodide (Alper, 1993; Hull, 2015)

0
' PACI,(PPhs); (5 mol%) C<oH
+ CHCI, >
KOH, H,0, 22°C
92%
Pd(OAc), (5 mol%) o)
DPEphos I
| C R
R,. _R CHCI; (3 SNT2
R1 + 2 N’ 3 3( ) r R1 N
H CsOH.H,0 R,
PhMe, 80°C

38-99%

Moclobemide (99%) CX-546 (99%) Nikethamide (79%)
anti-depressant schizophrenia stimulant

Grushin, V. V.; Alper, H. Organometallics 1993, 12, 3846
Gockel, S. N.; Hull, K. L. Org. Lett. 2015, 17, 3236
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Carbonylation Reactions with CO-Surrogate

* In-situ generation of CO from chloroform
-Pd-catalyzed hydroxycarbonylation of aryl iodide (Alper, 1993; Hull, 2015)

Proposed mechanism for generation of CO

CsOH.H,0
CHCl; — > CI3C

Ar CI-
L,Pd,
X
Ar Cl
- \
Ar X-/ sz,dzc:
X Cl

9 L,Pd(0) 2HO"
C...R
HX + Ar” N7
R3
o Ar 2CI" + H,0
Ra~-R3 X L,Pd=C=0

Grushin, V. V.; Alper, H. Organometallics 1993, 12, 3846
Gockel, S. N.; Hull, K. L. Org. Lett. 2015, 17, 3236
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Carbonylation Reactions with CO-Surrogate

* In-situ generation of CO from arylformate
-Pd-catalyzed alcoxycarbonylation of aryl halide with phenylformate (Manabe, 2012)

o) Pd(OAc), (3 mol%) 9
P(t-Bu)3.HBF, Et;N o
X 4+ J\ >  Ar” “OPh

Ar H” ~OPh MeCN, 80°C

31 examples
62-99%

-Pd-catalyzed alcoxycarbonylation of aryl halide with arylformate (Tsuji, 2012)

o PdCI,(PhCN), (3 mol%) 9
A X J]\ _Ar Xantphos, Et;N - Ar’C‘o’ Ar'
H™ O DMF, 60°C
27 examples
66-97%
Generation of CO :
D E
H O,Ar — CO + Ar'oH

T. Ueda, H. Konishi, K. Manabe, Org. Lett. 2012, 14, 3100-3103.
T. Fujihara, T. Hosoki, Y. Katafuchi, T. lwai, J. Terao, Y. Tsuji, Chem. Commun. 2012, 48, 8012—-8014.

12



Carbonylation Reactions with CO-Surrogate

* In-situ generation of CO from arylformate

-Pd-catalyzed carbonylation of aryl sulfonyl with arylformate (Beller, 2014)

Li, H.; Neumann, H.; Beller, M.; Wu, X.-F. Ang. Chem. Int. Ed. 2014, 53, 1

[Pd] ﬁ
+ Nl.jH — Ar” "Nu
co'™ 5
CiFgSOE .. [Pd]
ArONf

13



Carbonylation Reactions with CO-Surrogate

* In-situ generation of CO from arylformate
-Pd-catalyzed carbonylation of aryl sulfonyl with arylformate (Beller, 2014)

- Carbonylative synthesis of amides

Pd(OAc) (2 mol%) o
dppp (3 mol%) 1 /@‘Rz
o __H @\ C4FgSOF (2), EtsN (3) @C‘N
¢cT + Ry »> R, H
R1~©/ i NH MeCN, 80°C

16 examples
50-96%

- Carbonylative synthesis of alkynones

Pd(OAc) (2 mol%)
dppp (3 mol%)

C4F9SO,F (2), Et;N (3) C
R O\ﬁ,H * R2©\ MecN, 80°C N
eCN,
1 O AN R,

14 examples
54-88%

o

- Carbonylative synthesis of furanones

Pd(OAc) (2 mol%) u
dppp (3 mol%)

O\C/H + R C4F9802F (2), Et3N Q R N =
R1‘©/ 4 ’ NH MeCN, 80°C L Q

2

3 examples

14
Li, H.; Neumann, H.; Beller, M.; Wu, X.-F. Ang. Chem. Int. Ed. 2014, 53, 1 67-76%



Carbonylation Reactions with CO-Surrogate

* In-situ generation of CO from arylformate
-Pd-catalyzed carbonylation of aryl sulfonyl with arylformate (Beller, 2014)

L2Pd
ArOH —> ArONf/’ \\
0
6 -
path a

A P
L,Pd(0) - Lng
Base + NuH o™
NfO™+ ArCOF ArCONu
Base.HONf NuH
Base.HF
_ONf
Base L,Pd
I
H 9
/C\
path b Ar Nu

15
Li, H.; Neumann, H.; Beller, M.; Wu, X.-F. Ang. Chem. Int. Ed. 2014, 53, 1



Carbonylation Reactions with CO-Surrogate

 Ex-situ generation of CO : Two-chamber reactors and CO precursors

Bridge
Chamber 1 CO Diftusion Chamber 2
CO Production co © o CO Consumption
co cO e0 cO CcO
co coO co
(o0 - co
co
CcoO co coO
CO CcO
co coO
CcoO cO
CcoO
x ¢ @
R-X -
R'—Y Catalysis R” “R'
Solid CO Precursor Carbonylation Reaction
COware

Friis, S.; Lindhardt, A. T.; Skrydstrup, T. Acc. Chem. Res. 2016, 49, 594
P. Hermange, A. T. Lindhardt, R. H. Taaning, K. Bjerglund, D. Lupp, T. Skrydstrup, J. Am. Chem. Soc. 2011, 133, 6061
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Carbonylation Reactions with CO-Surrogate

 Ex-situ generation of CO : Two-chamber reactors and CO precursors

- First generation precursor : pivaloyl chloride

CO consuming chamber
Pd(dba)2 (5 mol%)

DiPrPF (3 mol%)
k 7~ + H2N’ 2 + CO ? KN/ C/N\

N" OTs Dioxane, 80°C C” R
A o)
)I\ 15 examples
- v)
Pd(dba), (5 mol%) ./' 48-88%
o) P(tBu); (5 mol%)
o DIPEA (1.5)
~Cl
dioxane, 80°C
€O producing chamber X Pollution of CO consuming
chamber with isobutene gas
Friis, S.; Lindhardt, A. T.; Skrydstrup, T. Acc. Chem. Res. 2016, 49, 594 17

P. Hermange, A. T. Lindhardt, R. H. Taaning, K. Bjerglund, D. Lupp, T. Skrydstrup, J. Am. Chem. Soc. 2011, 133, 6061



Carbonylation Reactions with CO-Surrogate

 Ex-situ generation of CO : Two-chamber reactors and CO precursors

- Second generation precursors : Cogen and SilaCogen

o
1. MeMgl 1. n-BuLi, THF, -78°C 8\C|
2. AcOH, rfx 2. CO, excess
Q.O 3. PdIC, H, Q.O 3. (COCI), DMF, DCM Q.O
y o
7% (3 steps) 91% (3 steps)

COgen
9-methylfluorene-9-carbonyl chloride

1. Li

2. CO, -78°C 9 Labelling from '3C0O, and '4CO,
MePh,SiCl —— Ph‘Si’C‘OH
77% (2 steps) Me” | (0]
Ph = 1l
SilaCcOgen Ph. _C.
methyldiphenylsilacarboxylic acid Q'O Me’sll . OH
Ph
*CoOgen:73% Sila'*COgen : 99%
1“cogen : 88%
Friis, S.; Lindhardt, A. T.; Skrydstrup, T. Acc. Chem. Res. 2016, 49, 594 18

P. Hermange, A. T. Lindhardt, R. H. Taaning, K. Bjerglund, D. Lupp, T. Skrydstrup, J. Am. Chem. Soc. 2011, 133, 6061



Carbonylation Reactions with CO-Surrogate

 Ex-situ generation of CO : Two-chamber reactors and CO precursors

- Application : Pd-catalyzed aminocarbonylation of aryl halide using COgen

CO consuming chamber

Pd(dba), (5 mol%)
PPh; (10 mol%)
R—— Et;N (2) R-—— H
l | + |.|2N’R2 + CO P~ C,N\R
A Dioxane, 80°C "
o)

O
T

C< Pd(dba), (5 mol%)
Cl P(tBu)32(5 mol%) /» Q.O
Q.O DIPEA (1.5)

dioxane, 80°C 9-methylene-fluorene

CO producing chamber

Friis, S.; Lindhardt, A. T.; Skrydstrup, T. Acc. Chem. Res. 2016, 49, 594
P. Hermange, A. T. Lindhardt, R. H. Taaning, K. Bjerglund, D. Lupp, T. Skrydstrup, J. Am. Chem. Soc. 2011, 133, 6061



Carbonylation Reactions with CO-Surrogate

 Ex-situ generation of CO : Two-chamber reactors and CO precursors

- Application : Pd-catalyzed aminocarbonylation of aryl halide using COgen

Preparation of biologically relevant structure :

2 2
C. NEt C.
Xy N2 o N/\
| | H LN
N (0)
PET tracer for melanoma (86%) H3-receptor antagonist (83%)
0 0
[OD/C\O CII:EC\N/\/NEtz
H
(0] H2N OMe
CX-546 (83% Metaclopramide (63%)
2 2
B C. NEt C.
oo oo
H
H,N OMe
Bromopride (65%) Core of PARP1 inh. (84%)

Friis, S.; Lindhardt, A. T.; Skrydstrup, T. Acc. Chem. Res. 2016, 49, 594

eO C‘N
H NMe
eO o M

Itopride (94%)

o

I
ﬁc‘o/\/NEtz
.
N

Butoxycaine (89%)

X -

Loxapine precursor (79%)

n-BuO

20

P. Hermange, A. T. Lindhardt, R. H. Taaning, K. Bjerglund, D. Lupp, T. Skrydstrup, J. Am. Chem. Soc. 2011, 133, 6061



Carbonylation Reactions with CO-Surrogate

 Ex-situ generation of CO : Two-chamber reactors and CO precursors

- Application : Pd-catalyzed carbonylation of aryl halide using SilaCOgen

CO consuming chamber

Aminocarbonylation

Alkoxycarbonylation

CO producing chamber
2
Ph. .Coo,, KF
Me” .' dioxane, 40°C
Ph
Ph,__F
sila-Cogen Me’sll
Ph
o CO (1.5) (0] 9
~ I Pd(dba), PPh; Et;N C.
MOMO Dioxane, 70°C MOMO

O ,O\A
oTs CO (1.5) e

Pd(OAc), dcpp.2HBF,
Ny K,CO; 4A MS AN
| + HO |
= PhMe, 90°C “

Friis, S.; Lindhardt, A. T.; Skrydstrup, T. Acc. Chem. Res. 2016, 49, 594 21
Friis, S.; Taaning, R. H., Lindhardt, A. T.; Skrydstrup, T. J. Am. Chem. Soc. 2011, 133, 18114



Carbonylation Reactions with CO-Surrogate

 Ex-situ generation of CO : Two-chamber reactors and CO precursors

- Application : Pd-catalyzed carbonylation of aryl halide using SilaCOgen

CO (3.0) 0 O
b uN Pd(t-BuP), DBU C\ﬁfN
Double carbonylation Etop/ * I:> THF, rt > EtO\n@/ (o)
o o
91%
CO (1.5)

(0]

[Pd(cinnamyl)Cl], n
! = OMe (ataCXium A, Cy,NMe CFHA OMe
Carbonylative Heck + . >
MeO OMe Dioxane, 95°C MeO OMe

7%

| CO (1.5) (ug
PdCI,(PPh TEA
i i + ///\/\ 2PPhaka > \/\/
Carbonylative Sonogashira
MeO H,0, rt MeO
62%
Friis, S.; Lindhardt, A. T.; Skrydstrup, T. Acc. Chem. Res. 2016, 49, 594 22

Friis, S.; Taaning, R. H., Lindhardt, A. T.; Skrydstrup, T. J. Am. Chem. Soc. 2011, 133, 18114



Carbonylation Reactions Using CO, as CO-Surrogate

HOOGC

Ts Hg |:‘1 (
M
8]
CooH n_ 0\ o RCOOH  ArCOOH RCOOH
5 3
7 N 0 5 /o \

X

T .
m | @ = W, o2
ORI | N S I T R e (P2
7/ N s lea 2 =

Cheap and widely available

I‘ $: industrialized process

HOOC

o
z

A \—coon <

0

E(ewo)igH

0

O_‘ O Stable and less reactive

ONa = .
/xfl‘T =z ["NH NH b e o
S c
=i
COOH ” - 0 ; . 20
HC’@ RCOOH Y=o EN%O Y=o [G)EO )=o
H 0 RO
e

Liu, Q.; Wu, L.; Fleisher, I.; Jackstell, R.; Beller, M. Nat. Commun. 2014, 6, 5933
Morimoto, T.; Kakiuchi, K. Angew. Chem. Int. ed. 2004, 43, 5580
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Carbonylation Reactions Using CO, as CO-Surrogate

* Catalytic production of CO from reduction of CO,

- Using H, as reductant

Tominaga et al., 2000 and Beller et al., 2014 : Ru-catalyzed hydroformylation of alkenes

CO,/H, (60 bar 1:1)
Ru3(CO),5 (0.5 mol%), L*, LiCl
CeH1iz 2 » CeHiz x + CeHiz + CeHiz -
NMP, 130°C, 24h CH,OH CHO

L* 76% (nliso 49:51) 1% 15% TONg,, : 200
MeO
O Q No ligand 33% (n/iso 49:51) 6% 22%  TONg, : <20
O.
P-O
o/
A«
MeO

Leitner et al., 2013 : Rh- catalyzed Hydrocarboxylation of olefins

CO,/H, (70 bar 6:1) 0
@ (RhCI(CO),), (2.4 mol%), PPh; p-TsOH CoH
’
Mel (0.5), AcOH, 180°C

88%

Tominaga, K.-I.; Sasaki, Y. Cat. Commun. 2000, 1, 1
Liu, Q.; Wu, L.; Fleisher, I.; Selent, D.; Franke, R.; Jackstell, R.; Beller, M. Chem. Eur. J. 2014, 20, 6888
Ostapowiz, T. G.; Schmitz, M.; Krystof, M.; Klankermayer, J.; Leitner, W. Angew. Chem. Int. ed. 2013, 52, 12119
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Carbonylation Reactions Using CO, as CO-Surrogate

* Catalytic production of CO from reduction of CO,

- Using H, as reductant

Proposed pathway for the generation of CO :

M
COZ + H2 g CO + H20 (1)
H2 (l?
_» 2
i M] 9 H,CVR (2)
&~ + €O —> _C_R
[M] H,O o
1]
—> C. _R
HO’ N
9 [M] OH
L R * H  —> R (3)
H™ H

Tominaga, K.-l.; Sasaki, Y. Cat. Commun. 2000, 1, 1
Liu, Q.; Wu, L.; Fleisher, I.; Selent, D.; Franke, R.; Jackstell, R.; Beller, M. Chem. Eur. J. 2014, 20, 6888
Ostapowiz, T. G.; Schmitz, M.; Krystof, M.; Klankermayer, J.; Leitner, W. Angew. Chem. Int. ed. 2013, 52, 12119
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Carbonylation Reactions Using CO, as CO-Surrogate

* Catalytic production of CO from reduction of CO,

- Using Alcohol as reductant

Beller et al., 2013 : Ru-catalyzed alkoxycarbonylation of olefins with CO,

CO, (40 bar)/ROH

R’ R'

Ru3(CO),, (1 mol%), [Bmim]CI

R\/ > R\)\C/()R
160°C, 20h 6

36 examples
41-95%

Pathway for the generation of CO T R/\OH

R' o)
[M] [M] I
R YNOH + CO, —» CO + \/R —> [M]/C\/R

Wu, L.; Liu, Q.; Fleisher, I.; Jackstell, R.; Beller, M. Nat. Commun. 2013, 5, 1
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Carbonylation Reactions Using CO, as CO-Surrogate

* Catalytic production of CO from reduction of CO,
- Copper catalyzed oxygen abstraction of diboron or Borosilane
Sadighi et al., 2005

iPrCu(OtBu) o
CO; + pinB—Bpin —— > CO + ,inB” “Bpin

Kleeberg et al., 2011

iPrCu(OtBu) fo)
CO, + pinB-SiMe,Ph —— > CO + inhB” “SiMe,Ph

Proposed catalytic cycle for the Cu-catalyzed reduction of CO, to CO

iPrCu-OtBu + PhMe,Si-Bpin

r tBuO-Bpin
co,
o iPrCu-SiMe,Ph
pinB”  ~SiMe,Ph

o)
PhMe,Si-Bpin Cu‘OJLSiMeZPh

iPrCu-0-SiMe,Ph

Laitar, D. S.; Muller, P., Sadighi, J. P. J. Am. Chem. Soc. 2005, 127,17196  CO
Kleeberg, C.;: Cheung, M. S.: Lin, Z.: Marder, T. B. J. Am. Chem. Soc. 2011, 133, 19060



Fluoride-Catalyzed Conversion of CO, to CO Using Disilanes

E Chamber A E
I CsF (10 mol%) i
(Ph,MeSi), !
1 CO; ———— > CO + (Ph,MeSi),0,
! DMSO, 20°C : |
! : 100% conv. !
Cco
Pd(dpa), (10 mol%) fo)
Ligand (10 mol%) 1l
| X R Base N C‘N’R
RO— * H,N" 2 e R H
= dioxane, 100°C S
Chamber B
o
F (\ )jw
N
468 e 3 o [
i /©/S\N/\/N /©/S‘O/\/N\/
H
SN
/\/\
O NH 12C-97% cl 12 - 99% o 12G - 96%
S 13C - 82% 13C - 98% 13C - 94%
Olaparib Moclobemide Butoxycaine
: o LoD
RN S
BocHN/©/ (0] MeO (o) N
OMe H F
12C-93% 12C - 99% 12C - 76%
13C - 84% 13C -99% BC-77%
Aminohippuric acid Tigan Potent hA,, receptor antagonist

28
Lescot, C.; Nielsen, D. U.; Makaroy, I. S.; Lindhart, A. T.; Daasbjerg, K., Skrydstrup, T. J. Am. Chem. Soc. 2014, 136, 6142



Fluoride-Catalyzed Conversion of CO, to CO Using Disilanes

* Catalytic production of CO from reduction of CO,
- Proposed pathway

Stoechiometric silicon by-product

Ph,MeSiOSiMePh, Ph,MeSi—SiMePh
9 2

thMeS|O ced e
Ph,MeSiF thMeS|—S|MePh2
CO
O
® || O
Cs @/ N T Lo @ Co2

Ph,MeSi——0 <€«— Ph,MeSi” \O Cs

29
Lescot, C.; Nielsen, D. U.; Makaroy, I. S.; Lindhart, A. T.; Daasbjerg, K., Skrydstrup, T. J. Am. Chem. Soc. 2014, 136, 6142



Fluoride-Catalyzed Conversion of CO, to CO Using Disilanes

* Hiyama-Denmark cross-coupling

\ / —rR2

| N Si\o/Y R I A X Pd(O) = | AN NN
—_— + —_— —_— —_—

Y = H or SiMe,Ar

* Cooperative redox activation of CO,/Carbonylative Hiyama-Denmark coupling

Fluoride-catalyzed Carbonylative
reduction of CO, Hiyama-Denmark coupling
TN X
NonActive for Active for R
transmetallation transmetallation G
Pd(acac), (5mol%) 0

Ry—— /\ DMF, 110°C, 1h

N/ P CO, (1.5) \Si/ \Si/ Cu(3-MeSal) (10 mol%) I
S| \—.R1 CsF (1.5) e i X 0" | X " co 4-Mebipy (15 mol%)> ot AN | A o
~ - é — — + — —
X Si g o™ T 2
P

=

30
Lian, Z.; Nielsen, D. U.; Lindhart, A. T.; Daasbjerg, K., Skrydstrup, T. Nat. Commun. 2016, 7, 13782



Fluoride-Catalyzed Conversion of CO, to CO Using Disilanes

* Cooperative redox activation of CO,/Carbonylative Hiyama-Denmark coupling
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Fluoride-Catalyzed Conversion of CO, to CO Using Disilanes

* Cooperative redox activation of CO,/Carbonylative Hiyama-Denmark coupling
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Conclusion
* Ex-situ generation of CO using CO precursor in a double chamber

CO consuming chamber

Pd(dba), (5 mol%)
PPh; (10 mol%)
R—— Et;N (2) R——
l/ | + |.|2N’R2 + CO > '

Dioxane, 80°C

o

1]
C- Pd(dba), (5 mol%)
Cl p(tBu), (5 mol%) Q.O
Q.O DIPEA (1.5)

dioxane, 80°C 9-methylene-fluorene

COgen

CO producing chamber

* Cooperative redox activation of CO,/Carbonylative Hiyama-Denmark coupling

Fluoride-catalyzed Carbonylative
reduction of CO, Hiyama-Denmark coupling
7N X
NonActive for Active for Ry
transmetallation transmetallation F

Pd(acac), (5mol%)

Z CO, (1.5) \ / \/ Cu(3-MeSal) (10 mol%)
\Si/ /@& CsF (1.5) Si.o-Si 4-Mebipy (15 mol%) X
Yy Si R1 + CO »> R——

R4t / \ DMF 110°C, 1h




