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B Reagent-Directing Groups (RDG) in Synthesis

* Hydroformylation

Acc. Chem. Res. 2003, 36, 264;
JACS 2004, 126, 10244.

» Conjugate Addition

Chem. Rev. 2008, in print.

« Allylic Substitution
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117, 5401; Chem. Eur. J. 2006, 12,
6669.
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Homogeneous Metal Catalysis

O = vacant
coordination site

Selectivity through

B Choice of Transition Metal

Bl "Spectator Ligands" - Sterics/Electronics

B Secondary Interactions between Substrate and Catalyst

Bidentate Ligands in Homogeneous Metal Complex Catalysis

B Enantioselectivity B Regioselectivity
PhiyP PLuPh
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MeJ\/U\OMe Me OMe R R/\) * R)m
o
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o linear : branched
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Noyori van Leeuwen
Advantage: Superior Selectivities

Disadvantages:  Multistep Synthesis, Costs




From Monodentate to Bidentate Ligands through Hydrogen Bonding

AH B
HA
monodentate B + [M] + monodentate
Do Do
AH- - -B _
Hydrogen Bonding
B---HA
bidentate
Do\ /Do
(M] Chelation

Emulation of Chelation through Self-Assembly of Monodentate Ligands

classical classical
monodentate bidentate

without non-covalent covalent

attractive ligand-ligand interaction

| >
lonic Interactions Hydrogen Bonding Coordinative Bonding
van Leeuwen (2007) Breit (2003) Reek, van Leeuuwen (2003)

Takacs (2004)
B. Breit, Angew. Chem. Int. Ed. 2005, 44, 6816-25.




The 2-Pyridone - 2-Hydroxypyridine Tautomer System

N__Do Do o) S
| Do = PPh, |
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? Bo o)
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Do = PPh, |
=

B. Breit, W. Seiche, J. Am. Chem. Soc. 2003, 125, 6608.

6-Diphenylphosphino-1H-pyridin-2-on (6-DPPon)

1. KOtBu, toluene, 80 °C

| S 2. NaPPh,, NHg, -78 °C /@\ HCO,H m
' —_—

7 ~ o,

cI” N e 75% 9% php N“0

Ph,P” “N” ~OtBu

Selected bond lengths
C-O=1.244(2) A
C-N=1.377(2) A
Hydrogen Bonds
(OHN) =2.776(1) A




Bidentate Ligands through Self-Assembly

2 eq 6-DPPon
[cis-PtCI>,COD] d » [cis-PtCl>(6-DPPon)s]
CH,Cl,
- COD

Selected bond lengths and angles
P-Pt = 2.2563(6) A and 2.2364(6) A
P-Pt-P = 97.58°

C(15)-0(1) = 1.341(4) A

C(45)-0(2) = 1.259(3) A

Hydrogen Bonds

(NHN) = 3.071(3) A

(OHO) = 2.683(3) A

B. Breit, W. Seiche, J. Am. Chem. Soc. 2003, 125, 6608.

The Test-Reaction: Hydroformylation of 1-Octene

cat. Rh/L

0
_ CO/H, |
Me” NN > Me | ¥ Me
(0] Me

linear branched




Hydroformylation of 1-Octene with the 6-DPPon/Rhodium-Catalyst

0.014 mol% [Rh]

L (0]
CO/H;, I
Me/\/\/\/ — > e I + Me/\/\/\)
(0] Me
linear branched
t-Bu t-Bu
Ligand T Conv. Isom? I:b O O
[°C] [%] [%]
PPh, 65 22 0.3 73:27 o
PPh, 80 08 9 7228 PPhy PPhy
t-Bu-XANTPHOS 65 6 1 98:2 t-Bu-XANTPHOS
t-Bu-XANTPHOS 80 31 2 98:2 0---H-0
(6-DPPon), 65 56 3 97:3
(6-DPPon), 80 96 8 96:4 <:2N H---N>>:>
Rh:L:1-octene (1:20:7000), c(1-octene) = 1.4 M, 4 h, toluene, 10 bar CO/H, (1:1) PPh, PPh,
(6-DPPon),

B. Breit, W. Seiche, J. Am. Chem. Soc. 2003, 125, 6608.

Temperature Dependence of Regioselectivity

0O---H-0
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Me COM, Me | Me
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linear branched
100 -
*
~ 954 L
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é 75
Rh:L:1-octene (1:20:7000), c(1-octene) =
70 1.4 M, 4 h, toluene, 10 bar CO/H, (1:1)
40 60 80 100 120 140

temperature (°C)
B. Breit, W. Seiche, J. Am. Chem. Soc. 2003, 125, 6608.




DFT Calculations of the Rhodium/6-DPPon Catalyst

DFT (B-P86/TZVP//B-P86/SV(P))

Stabilization through hydrogen-bonding:

47 kJ/mol (11.2 kcal/mol)

with A. Schéafer (BASF AG) unpublished results

Functional Group Compatibility

cat. Rh/L Q Me
FeRTX % FGR/\) + FGRJW
O
linear branched
Substrate I:b I:b Substrate I:b I:b
(L =6-DPPon) | (L = PPh,) (L =6-DPPon) | (L =PPh,)
B X 97:3 72:28 HOL 95:5 89:11
NN 96:4 71:29 HO/\% 96:4 77:23
97:3 74:26
MeO,C X
v CRVA 83:17 77:23
\H/W 946 71:29 MeOH as solvent
(0}
j\ HOAM;\ 81:19 -
96:4 69:31
PhHN™ ~O X + 0.5 eq AcOH
Y :
Rh:L:alkene (1:20:1000), c(alkene) = 0.698 M, toluene, 10
OH O bar CO/H, (1:1), 70 °C. Complete conversion in all cases
after 20 h.
o/\(\a/\ a Determined by GC or NMR analysis of the crude reaction
3 95:5 70:30 product.

b|solated as the corresponding y-lactol.
B. Breit, W. Seiche, J. Am. Chem. Soc. 2003, 125, 6608.




First Regioselective Room Temperature/Ambient Pressure Hydroformylation

[Rh(CO),acac] (0.67mol%)
6-DPPon (3.33 mol%)

COM, (1:1, 1 atm) ? Me
FGR/\ THF, 22 OC, 20 h - FGR/\) + FGR)m
(0]

quant.

linear branched

W. Seiche, A. Schuschkowski, B. Breit, Adv. Synth. Cat. 2005, 347, 1488.

First Regioselective Room Temperature/Ambient Pressure Hydroformylation

[Rh(CO),acac] (0.67mol%)
6-DPPon (3.33 mol%)

quant.

COM, (1:1, 1 atm) /\j Me
FGR/% THF, 22 °C, 20 h - FGR + FGR/H
O

linear branched
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W. Seiche, A. Schuschkowski, B. Breit, Adv. Synth. Cat. 2005, 347, 1488.




Catalyst Library through “Self Assembly*“

statistical mixture
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Complementary Hydrogen-Bonding: A Lesson from Nature

H
\
N—H--0
</ MN--H-N
/N
H— G
sugarc O-H=N Guanine
Cytosine
Me O--H—N
</ N—H--N
v~
/
sugar O A
T Adenine
Thymine
An A-T Base Pair Model for Catalyst “Self Assembly*“
o
//\N z |
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Z N A NN Do =
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B. Breit, W. Seiche, Angew. Chem. Int. Ed. 2005, 44, 1640.




Synthesis of Aminopyridine and Isoquinolone Platforms

2 nBuli, THF,
/ 1) NH4OH, A / _10000 /
| 2) PivCI, NEty | then GIPAT, |
N —> Piv, N —> Piv_ N
Br N Br N N Br N N PAr,
H H
Ar = Ph
Ar = p-MeOCgH,
Ar = 3-MeCgH,
Ar = 3,5'(CF3)2CGH3
2 nBuli, THF, H .
o KotBu, Toluol,  BUON NN ABF -100°C Oy N PAr2
80 C | then CIPAT,
X —_—> NS

then aq. HCO,H

Ar=Ph
Ar = p-MeOCgH,4
Ar = 3,5'(CF3)206H3
Ar = 4'FC6H4
B. Breit, W. Seiche, Angew. Chem. Int. Ed. 2005, 44, 1640.

Catalyst "Self Assembly“ - Solid State

D

- COD P{(COD)Cl,

O---H—N 5 "
/ .
/) ' :
S0
Selected bond lengths and angles:
Pt-P1 2.2486(5) A; Pt-P2 2.2437(5) A;

PhoPo  PPh; P1-Pt-P2 102.896(18)°; A
a \C| N-H-N 2.932(2) A, 163(2)°; O-H-N 2.977(2) A, 172(2)°

PPh,  Ph,P

B. Breit, W. Seiche, Angew. Chem. Int. Ed. 2005, 44, 1640.




Catalyst ”Self Assembly“ - in Solution 3'P NMR

"J(P,Pt) = 3658 Hz | | 'J(P,Pt) = 3484 Hz
T
////?////// \i\éi\\\k\
/// //// // \i\\\\\
2J(P,P) = 13 Hz M
SR R I
O---H—N
/
7 N=t-n N \
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~ptC
c” cl U
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B. Breit, W. Seiche, Angew. Chem. Int. Ed. 2005, 44, 1640.

Hydroformylation of Terminal Alkenes

0 PivHN
cat. Rh/L 0 Me
/_ N—H FORX ﬂ» FGR/\) + FGRJW N/_\
PPh, linear branche(c):' PhoP
3-DPPICon 6-DPPAP
Ligand °R llb  Conversion (%)
3-DPPICon CH3(CHy)s 76:24 quant.
6-DPPAP CHs(CHy)s 7228  quant.
3-DPPICon - 6-DPPAP CH;3(CH.)s 94:6 quant.
3-DPPICon - 6-DPPAP HO(CHy,)y 95:5 quant.
3-DPPICon - 6-DPPAP MeO,C(CH,)s 94:6 quant.
3-DPPICon - 6-DPPAP AcO(CH,), 937 quant.

Conditions: [Rh(CO),acac]:ligand:substrate (1:20:1000), 10 bar CO/H, (1:1), toluene
(co(alkene) = 0.7 M), 70°C, 200 g preit W. Seiche, Angew. Chem. Int. Ed. 2005, 44, 1640.




4 x 4 "Self-Assembled* Ligand Library - Hydroformylation

cat. [Rh] / L(3-DPICon)-L(6-DPPAP)

O
|
n-Hex/\)

Me

mrHex N H,/CO (1:1) 10 bar "-Hex)ﬁ
toluene, 80 °C (0]
F.
L el Qo &
A | \©\ ‘ /@\ P N0
Ligand ©\P N“So I A FoC P l N"So "
o . &4
TOF [h-1] OMe FaC CF3 F
3-DPICon a 3-DPICon b 3-DPICon ¢ 3-DPICon d
Q.
pZ .Piv
PN 2425 K 1040 h 2732 h" 2559 h”
94:6¢ 94:6 96:4 95:5
6-DPPAP a
MeO. N
\Q\PINJ\N,PN
“ 2033 b 1058 h' 1281 h" 1772 h"
93:7 92:8 96:4 94:6
OMe
6-DPPAP b
Me NN 3537 h" 1842 b 1808 h” 2287 h'
@ 94:6 93:7 96:4 94:6
M
;-DPPAP Cc
CF3
() .
o e 7439 h” 2695 h” 7465 h™ 8643 h”
Q 96:4 95:5 94:6 96:4
FsC CF3
6-DPPAP d

Extension of the Concept: New Heterocyclic A-T Emulating Templates
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NT N7 Do
H " \‘
. 07" N pea
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L (e ]
H o |' I'
O N.__ Do Ay D\ Do
NN ‘\__4'

Acceptor-Donor Ligands
(LAP)

C. Waloch, J. Wieland, M. Keller, B. Breit, Angew. Chem. Int. Ed. 2007, 46, 3037.




Extension of the Concept: New Heterocyclic A-T Emulating Templates

Donor-Acceptor Ligands
(LPA) = =
R, AN | R, AN
N N
H

S
R\ I)\PPhZ
H N

N7 N7 PPh, PPh,
l" ‘II H
Nl T R = Piv R = Piv R = Piv
v ) CF3CO CF4CO
: . ”
Ay O b

H
N N N

i z \ PPh,
X /
Acceptor-Donor Ligands X

(LP)

C. Waloch, J. Wieland, M. Keller, B. Breit, Angew. Chem. Int. Ed. 2007, 46, 3037.

Catalyst "Self Assembly“ - Solid State

N1-H-+N3 129.0°; N4-H--“N2 153.7°

Selected bond lengths and angles:
Pt-P1 2.2417(6) A; Pt-P2 2.2517(6) A;
P1-Pt-P2 99.01(2)°;

C. Waloch, J. Wieland, M. Keller, B. Breit, Angew. Chem. Int. Ed. 2007, 46, 3037.




Catalyst "Self Assembly“ - Solid State

) N’H"‘O

A\

= *N--H=N

"/

PhoP . PPh2
Pt

/ N\

cl cl

Selected bond lengths and angles:
Pt-P1 2.2609(5) A; Pt-P2 2.2331(6) A;
P1-Pt-P2 97.42(2)°;

N1-H--N2 159.0°; N3-H--O1 166.0°

C. Waloch, J. Wieland, M. Keller, B. Breit, Angew. Chem. Int. Ed. 2007, 46, 3037.

Ligand Backbone Modification: A Methanol-Stable Self-Assembly Platform

cat. [Rh(CO),acac] / LA/LB /\j Me
> +
mHex H,/CO (1:1) 10 bar n-Hex n-Hex)\I
toluene, 80 °C, 5 h o
MeOH

LA/LB Z o 7z N PPh, S o S
Ib Piv ~ | U s | ! o JI />—PPh2 )J\ JI />—PPh2
TOF [h™] SN N7 PP, FiC” N7 N7 PPh, Z NN Fc” N7 N
H H H H
N
Piv_ “H

PP 93.4:6.6 96.2:3.8 95.2:4.8 98.3:1.7 99.4:0.6
©;?N; 82:18 (MeOH) 79:21 (MeOH) 97:3 (MeOH) 96:4 (MeOH)
(o]
N 89.0:11.0 96.2:3.8 96.6:5.4 95.3:4.7 99.1.0.9
| N 85:15 (MeOH)
N

C. Waloch, J. Wieland, M. Keller, B. Breit, Angew. Chem. Int. Ed. 2007, 46, 3037.




Ligand Backbone Modification: A Methanol-Stable Self-Assembly Platform

Donor-Acceptor Ligands

0]
I
K \ /[ FGR/\)
D/\A/\PF\)«h2 maxtrlx " />\PPh2 °
: : I - 99:1 in toluene
. . M i Rh
; ; /[ = H H [/ ] H,/CO 96:4 in MeOH
A\|/D\'/PPh2 Os_N.__PPh,
R X | FER X

Acceptor-Donor Ligands

C. Waloch, J. Wieland, M. Keller, B. Breit, Angew. Chem. Int. Ed. 2007, 46, 3037.

“Self Assembly*“ of Chiral Bidentate Ligands

[M]

N m
i
Ox _N__O :
Y or
LN | | X |
Me \r‘s
(n)2 (mxn)3

Do?, DoP = PAr,Ar,, P(OR),

M. Weis, C. Waloch, W. Seiche, B. Breit, JACS 2006, 128, 4188.




Library of Chiral Phosphine & Phosphonite Ligands

ISUe QW 1 oo
| p NS | s
e 0
Ar -
e\

PivHN PivHN N PivHN N

M

6-APPAP: Ar = o-Anisyl (S,5)-6-DMPAP (S)-6-BIPAP: R = H
6-NPPAP: Ar = 1-Naphthyl (S)-6-MBIPAP: R = Me
(S)-6-TBIPAP: R = p-Tol

Me,

OMe D
P
\ N i z A
NH M
NH e
NH R
(0]

0 0

3-APICon (S,S)-3-DMPICon (R), (S)-3-BIPICon: R = H
(S)-3-MBIPICon: R = Me

M. Weis, C. Waloch, W. Seiche, B. Breit, JACS 2006, 128, 4188.

Parallel-Screening of a 8x10 Catalyst Matrix for Asymmetric Hydrogenation

« Parallel reactor: 6 blocks a 16 reactors
* Adjustment of individual rxn. conditions

* Automated 4 needle dossage system

» Automated sample collection & analysis

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

JO]\ L3/LP (1.1-1.25 mol% each) Me O

MeO H2 *

Ao, - o kI
H

with C. Waloch, M. Weis & C. Jékel (BASF AG) unpublished results




Hydrogenation of Acetamidoacrylate

(S)-3-
BIPICon

(R)-3-
BIPICon

(8)3-
MBIPICon

(S,S)-6-
DMPICon

2-PAIND

3-DPICon

(+)-3-
APICon 72

(-)-3-
APICon 73

Asymmetric Hydrogenation of Acetamidoacrylate - The Winners

0
MeO\n)L H JL Me

o}

94% ee

[Rh(COD),]BF4 Me O
La/Lb MeO < U
H > N” ~Me
5 (1 atm) H
rt, CH,Cl, ¢
¢ o O
PIV"N \N P iﬁ
H ou R
Os_N .P~o
[[o
N

99% ee (Substrate : Cat = 1000 : 1)

M. Weis, C. Waloch, W. Seiche, B. Breit, JACS 2006, 128, 4188.




Homogeneous Metal Catalysis

’ =0T L II"I
[}
---L
O = vacant
coordination site
Selectivity through

B Choice of Transition Metal
B "Spectator Ligands" - Sterics/Electronics
Bl Attractive Interactions between Substrate and Catalyst

Selectivity through Attractive Catalyst/Substrate Interaction
- Chelation with Catalyst-Directing Groups

H Directed branched-selective Hydroformylation of terminal and internal Alkenes

O(o-DPPB) O(o-DPPB)
ﬂ, CHO Intramolecular Process
CO/H,
R R
rsupto98:2

= Covalent

PPh, =o0-DPPB
%0

Catalyst-Directing Group (CDG)

<+ Selectivity == Stoichiometric Amounts of covalent CDG
== Activity

B. Breit, Acc. Chem. Res. 2003, 36, 264-275; B. Breit, C. Griinanger, O. Abillard, Eur. J. Org. Chem. 2007, 2497-2503.




Supramolecular Catalyst: Concept

CATALYSIS RECOGNITION

Supramolecular

= Covalent ! ;
interaction

T. Smejkal, B. Breit, Angew. Chem. 2008, 120, 317.

Selectivity through Attractive Catalyst/Substrate Interaction
- Molecular Recognition

stabilization of TS*

Carboxypeptidase A

4 = Selectivity (typically very high) 2= == Activity (up to 10%° faster)




Supramolecular Catalyst: Carboxypeptidase A

Tyr 248

O i +
H Carboxypeptidase A _
R._O H
N SN\)J\ —

o - My

Catalyst Design

Molecular Modeling

Vs ™ ™
N NH
QCOOH L C X
Ph,P COOH HNT NZ SCH, HoN" NH,
PPh,
N
s N ™
~ . o
P Ph,P~"~” ~COOH Pl
PhP” N7 COOH H HN™
N J J

T. Smejkal, B. Breit, Angew. Chem. 2008, 120, 317.




Catalyst Design

Synthesis:
| X 1. n-BuLi, CH,Cl,, -80° C m 1. n-BuLi, CH,Cl,, -80° C m
o ~Z o
B N B 2. PhyPCl, —> 0° C PhoP” N Br 2.CO,, -30° C Ph,P” “NZ COOH
(90%) (80%)
® ®
+ BI:)OIVTI;NF:\{II'M Php” N7 P _ VTRART Phep” N7
, N?NHQ 2. Nay,CO3, CH,Cly/H,0 N NH,
0,
(60%) HN (87%) 1 m
NH “Boc 2
HNT NBOC
H
T. Smejkal, B. Breit, Angew. Chem. 2008, 120, 317.
Catalyst Design
Synthesis:
‘ X ‘ X
+ BDONT';NRI\ATM PP~ NP 1. TFA, RT S T
E NaNH,  2.NayCOs, CHyClp/H,0 Na _NH
0, \r 2
(80%) o (87%) 8
NH “Boc 2
HNT N-BOC
H

T. Smejkal, B. Breit, Angew. Chem. 2008, 120, 317.




Screening

o
0 0 o N o
[Rh}ligand | J\)\
/\)J\OH - WJ\OH + OH

COMM;

Conditions: [Rh(CO),acac]/ligand/substrate = 1:10:200, c,(substrate) = 0.2 M, THF(2 ml), 10 bar CO/H, (1:1), 40°C, 4 h.

Screening

o
o o ) N o
[Rh]/ligand | )\)]\
/\)J\OH - WI\OH + OH

CO/Hy .

linear branched
Catalyst Activity 35:1 ‘
C23:1
250+
200+ § 3
T | |
L 1501 1 1
o : !
- | |
1007 Selectivity 3 !
b = 48:1 § §
] 1.3:1 14:1 | '
50 1:17 | |
>20:1 . 3
0 -— 7 : :
PPhs NO LIGAND pthjuj\(o pth/E)\fO pth/@\(o o Ao |
PPh,  PPhy HN B NYNHZ L 1 NYNHﬂ
XANTPHOS Q NHp NHe NHp |

Conditions: [Rh(CO),acac]/ligand/substrate = 1:10:200, c,(substrate) = 0.2 M, THF(2 ml), 10 bar CO/H, (1:1), 40°C, 4 h.
T. Smejkal, B. Breit, Angew. Chem. 2008, 120, 317.




Quantification of the “Supramolecular Effect”

o
o o) o) S
[Rh]/ligand | M
MOH Toom. MOH + OH

CO/MH
2 linear branched Selective TSt stabilization:
Ligand:
@\ @ 1.3 : 1 (TOF=30h") -7
p ﬂ ﬂ kJd/mol

@LP /(Nj\fo 25 : 1ﬂ (TOF =250 h'" 5 / \ Os
N NH, | j\

Kirety = 23 Kireny = 1

Conditions: [Rh(CO),acac]/ligand/substrate = 1:10:200, c,(substrate) = 0.2 M, THF(2 ml), 10 bar CO/H, (1:1), 40°C, 4 h.

Probing Molecular Recognition

TOF Regioselectivity

E Li
ntry igand Substrate (h) (llb ratio)
X
Ph,P ‘N/ 0o 2
1 ’ 1 N NH; ~om 250 23
NH,
‘ X
Ligand A0 o
L PPh; / N
Modification 2 N -NH; A~ Aon 12 1.5
NH,
‘ A
~ 0] H, O
Ph,P” N p
3 2 1 Nﬁ/NHz X OH 49 3.6
Substrate NH,
Modification ~ o
A PP NP O ~Home 29 1.1
1 NgNH, (+ ACOH) (34) (1.4)
NH,

Conditions: [Rh(CO),acac]/ligand/substrate = 1:10:200, c,(substrate) = 0.2 M, THF(2 ml), 10 bar CO/H, (1:1), 40°C, 4 h.




Probing Molecular Recognition: Competition Experiment

| X
Ph,p” NP
NYNHZ
o) o) o
P S TR G {
Z OH COM, ] OH
0,9 - o eas
08 | o Inhibition
s ] Y SAGABARASAVRP AN
T 0,7 X
= 06 | o
S i pZ N
£ o —0eq. AcOH PhoP” N H
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Conditions: [Rh(CO),acac]/ligand/substrate = 1:10:200, c,(substrate) = 0.2 M, THF(2 ml), 10 bar CO/H, (1:1), 40°C, 4 h.

Regioselective Hydroformylation of an Internal Alkene
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Conditions: [Rh(CO),acac]/ligand/substrate = 1:10:50, c,(substrate) = 0.2 M, THF(4 ml), 6 bar CO/H, (1:1), RT, 68 h.




Substrate Selectivity

Selective reaction of the

Mixture —>
complementary substrate
N Hydroformylation Regioselectivity
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o
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.

Conditions: [Rh(CO),acac]/ligand/substrate1/substrate2 = 1:20:200:200, c,(substrate) = 0.13 M, THF(6 ml), 4 bar
CO/H, (1:1), RT.

Reaction Site Selectivity
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Conditions: [Rh(CO),acac]/ligand/substrate = 1:10:150, c,(substrate) = 0.2 M, THF(8 ml), 4 bar CO/H, (1:1), 25° C.
T. Smejkal, B. Breit, Angew. Chem. 2008, 120, 317.




Proposed Mechanism - Trap and Bite

T. Smejkal, B. Breit, Angew. Chem. 2008, 120, 317.

Hydroformylation of a,p-unsaturated Carboxylic Acids & Derivatives:
Chemoselectivity & Regiochemistry Issues
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Electronic Control
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Y = OH, OR, NR; etc. Migratory Insertion CHO




Supramolecular Catalyst - Electronic Modification & Reaction of Acrylic Acids

Ligand 1 Proposed catalyst structure
O NH, Catalysis Recognition
= | N/)\NHZ "
x_N ;
T [Rh] ”@
PhyP Binding site | CO/H, - LA
@@
Substrate Oy OH | L _
— Geometric orientation
& New reactivity
R Electronic modification

T. Smejkal, B. Breit, Angew. Chem. 2008, 120, 4010 (selected as “Hot Paper”)

Supramolecular Catalyst - Hydroformylation of a,B-Unsaturated Carboxylic Acids
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Conditions: [Rh(CO),acac]/ligand/substrate = 1:10:200, c,(substrate) = 0.2 M, CH,Cl, (4 ml), 10 bar CO/H, (1:1),
25°C, 24 h.

T. Smejkal, B. Breit, Angew. Chem. 2008, 120, 4010 (selected as “Hot Paper”)




Catalytic Reduction of a,-Unsaturated Carboxylic Acids to Aliphatic Aldehydes

[Rh(CO),acac] (0.5mol%)

1 (5 mol%)
CO/H5 (1:1, 13 bar)

For X\ COOH  DCM,25°C,24h
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T. Smejkal, B. Breit, Angew.
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Chem. 2008, 120, 4010.

Catalyst Control Experiments

[Rh(CO),acac] (0.5mol%)
1 (5 mol%)

. _COOH COM (1:1, 10 bar) CO,H CHO CO,H
Csty” > CoHy CoHai” CsH11/\|/

DCM, 25°C, 24 h

Entry Ligand Conversion [%)]
1 1 100

2 No ligand <1

3 PPhs 32

4P! PPhs 33

5 P[O(0,p-tBu,CeHs)]s 68

6! PPhs/5 (1:1) 8

7 PPhs/Et;N (1:1) 42

8 PPha/6 (1:1) <1

9 PPha/EtsN (1:20) 25

2

3 4 CHO
Yield [%]
2(<1), 3(94)
2(<1) B

~ O

232) " N NH
2(26), 3(3), 4(4) Y
2(33), 3(23), 4(12) 5 N2
" o8
2(<1) N H
2(8), 3(17) 6

[a] Conditions: [Rh(CO),acac]/ligand/2 = 1:10:200, ce(2) = 0.2 M, CH,Cl, (4 ml), 10 bar CO/H, (1:1), 25°C, 24 h. [b]

THF(4 ml), 40 bar CO/H; (1:1). [c] Formation of a suspension was observed.

T. Smejkal, B. Breit, Angew. Chem. 2008, 120, 4010.




Kinetics
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X OH oH * H
3 4

CO/M,
2

Conditions: [Rh(CO),acac]/1/2 = 1:10:30-400, c,(2) = 0.03-0.4 M, CH,CI, (8 ml), 10 bar CO/H, (1:1), 25°C.
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M] [h]
1 0.03 465  >99:1
2 0.05 433 >99:1
3 0.1 599  >99:1
4 0.2 876  99:1
5 0.3 6.27 271
6 0.4 776 21:1
T. Smejkal, B. Breit, Angew. Chem. 2008, 120, 4010.
Proposed Catalytic Cycle
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T. Smejkal, B. Breit, Angew. Chem. 2008, 120, 4010.




