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Solvias — Integrated Services
Creating unique value by utilizing intra-company synergies
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Solvias — Integrated Services
Creating unique value by utilizing intra-company synergies
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Prerequisites towards an Industrial Application

FIND CATALYST LEADS

large variety of ligands (~100 mg)
(Solvias platform: ~500 chiral ligands)

» screen large variety of ligands / catalysts
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Prerequisites towards an Industrial Application
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OPTIMIZE CATALYST LEADS

optimize reaction conditions
optimize ligand structure few ligands (10 g — 100 g)
study catalyst separation
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Prerequisites towards an Industrial Application
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FIND CATALYST LEADS

screen large variety of ligands / catalysts

OPTIMIZE CATALYST LEADS

optimize reaction conditions
optimize ligand structure
study catalyst separation

SCALE UP

pilot

prepare / buy ligand / cat. in kg quantities
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large variety of ligands (~100 mg)
(Solvias platform: ~500 chiral ligands)

few ligands (10 g — 100 g)

one ligand (1 — 100 kgly)
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Prerequisites towards an Industrial Application
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large variety of ligands (~100 mg)
(Solvias platform: ~500 chiral ligands)
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Prerequisites towards an Industrial Application
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FIND CATALYST LEADS

» screen large variety of ligang
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Commercial Solvias Ligand Families
Modular Chiral Ligands
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>100 chiral Solvias ligands are | additional derivatives on demand
commercially available (most ligands are modular)
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Commercial Solvias Ligand Families

Ligands for C-X coupling
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How multiple catalytic
methodologies for C-C and
C-X bond formations benefit
from the well-established
supply chains of ferrocenyl-
based ligands.
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Beyond Asymmetric Hydrogenation

C Asymmetric hydrogenation
(asym.) C-X, C-O cross coupling
(asym.) Hydroamination

(asym.) Hydroacylation
Asymmetric Mannich-type reactions
Asymmetric 1,4-addition

(asym.) Allylic substitution
Asymmetric cycloadditions
Asymmetric ring-opening
Asymmetric reductive coupling
Asymmetric 1,2-addition
Hydroformylation
Alkoxycarbonylation
Carbonylative C-X coupling

C-H activation

Monoarylation of ammonia
a-Arylation of ketones

etc.
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Asymmetric Reductive Addition of Olefins to
Ketones

Why would a metal-cat. reductive coupling of olefin derived nuc. be important?

é a-olefins and carbonyls are orthogonal feedstocks
alternatives to classical carbonyl additions o) [M] cat. H OH
é y RIS |I\ —_— J\/l\
R? reductant R R?
é catalyzed asymmetric variants of Grignard
EtzZnIEt3B
R3SiH
Autotransfer of hydrogen allows alcohol to be H,, iPrOH
reductant and proelectrophile
. Iby-prodlucthfrlee cartt))onyl additi?jn o ~ :})\|4 [M] cat. H OH
- lower alcohols can be converted to higher RTRY , —»
alcohols H, R R"J\)\Rz

||=‘ Krische et al; Science. 2016, 354, 300.
||=. Buchwald et al; JACS 2018, 140, 2007.
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Asymmetric Reductive Addition of Olefins to
Ketones

Why would a metal-cat. reductive coupling of olefin derived nuc. be important?

é a-olefins and carbonyls are orthogonal feedstocks
¢ alternatives to classical carbonyl additions P [M] cat. H OH
—_—
S l\Rz reductant R1J\/kR2
é catalyzed asymmetric variants of Grignard
EtzZnIEt3B
R3SiH
Autotransfer of hydrogen allows alcohol to be H,, iPrOH
reductant and proelectrophile
. Iby-prodlucthfrlee cartl))onyl additizn o ~ j\H [M] cat. H OH
- lower alcohols can be converted to higher RTRY , —»
alcohols Hy R R"J\)\Rz
é Recent precedence in literature - Ketone
allylation with terminal allenes
SL-J011-1 (6 mol%) FsC Ny
0 Rl 7 Cu(OAc); (5 mol%) HO Me Q{P
M Y > Ph>\\(\ O ® WO
Ph™ "Me R2 DMMS (2-3 eq.) RT "R2 FsC =
tBUOH (2 eq.)
0°C to rt, toluene SL-J011-1

||=‘ Krische et al; Science. 2016, 354, 300.
||=‘ Buchwald et al; JACS 2018, 140, 2007.
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Asymmetric Reductive Addition of Olefins to
Ketones

S. L. Buchwald 2016

Cu(OAc), (2 mol%
( )2 ( °) HO,‘Me Ph

o) NS (S,S)-Ph-BPE (5.5 mol%) =
N, e > Ph)\/

Me DMMS (5 eq) N
tBuOH (1 eq)
cyclohexane, 25°C

86% yield, 10:1 dr

96%ee
¢ Ligand plays a crucial role in g2
suppressing the undesired .. R1TN~
3Si-OtBu L-Cu-H
CuH-catalyzed ketone “u-
reduction irreversible, enantio-
RsSiH o determining step
 No exogenous acidic or » L=t 4
basic additives are required = R'™cuL
. . o H R3 R2 . . .
increased functional R1'R\4<OH \ » o diastereoselectivity-
group tolerance RI~LR rge  determining step
tBuOH 0
LCu

||=i Y. Yang, |. B. Perry, G. Lu, P. Liu, S. L. Buchwald, Science 2016, 353, 144-150.
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Buchwald-Hartwig Amination with Ammonia

What is the benefit of an Amination with Ammonia?

R'\ B R' X NH3

Ni(cod), / Josiphos NHR'
P R— + or » RO N
Z 3 :
R CH R'NH,Xx NaOBu (1.5 - 4.5 equiv) “
.‘P; '< 3 80 - 100°C, 7-12 h )
R H X = Cl, Br, OTf 53 - 99%

g Ligand | amine source

SL-J001-1: R=Ph, R"={Bu SL-J001-1| NH; (5 equiv), (NH,),SO4 (1.5 equiv), MeNH5CI (3 equiv)
SL-J004-1: R=Cy, R'=Ph SL-J004-1 | EtNH;CI (3 equiv)

R
N Q\‘;’R‘
i
[Ni(cod),] ’N_Ni_Q ni—C—CN
|

air sensitive fairly air stable

air-stable over months

LD A. Borzenko, N. L. Rotta-Loria, P. M. MacQueen, C. M. Lavoie, R. McDonald, M. Stradiotto, Angew. Chem. Int. Ed. 2015, 54, 3773.
||=‘ R. A. Green, J. F. Hartwig, Angew. Chem. Int. Ed. 2015, 54, 3768.

||=i J. S. K. Clark, C. M. Lavoie, P. M. MacQueen, M. J. Ferguson, M. Stradiotto, Organometallics 2016, 35, 3248.
||=i J. Schranck, J. Rotzler, Org. Proc. Res. Dev. 2015, 19, 1936.
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Buchwald-Hartwig Amination with Ammonia

Amination of Carbamates — a Halogen and Sulfonate free C-N coupling

= directing group ability
low reactivity toward Pd(0)

X = Cl, Br, sulfonate

NH
YOy : SK-J003-1n Ay 2
R=— o + or > R-— _
Z .
(o, NaOBy, oxylene
’ 36-91%
SK-J003-1n
previous reports this work

) (hetero)aryl-X + NH; :_,‘ ................................. .'-.
X=0Brl c . X = carbamate '

= from phenol feedstock

. X =Cl, Br, |, sulfonate easy to prepare
robust

=
L}
.1‘

(hetero)aryl-NH, ™

||=i J. Schranck, P. Furer, V. Hartmann, A. Tlili, Eur. J. Org. Chem. 2017, 3496-3500.
LD P. M. MacQueen, M. Stradiotto, Synlett 2017, 28, 1652-1656.
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solvias

Discover how the
development of - ‘
heterogeneous catalytic
processes benefit from big

data and high-throughput
experimentation.




Heterogeneous Hydrogenation
a Success Story over 120 Years

Easy separation of Available for more than a century Widely used in industrial
products from catalysts and continuously developed reactions

ROBUSTNESS m PRODUCTIVITY

Established services A H, / catalyst B
for metal recovery

Outstanding atom
and
energy efficiency

solvent / additive

Benefit from Solvias’
50 year experience and > 35’000 different
catalytic hydrogenation reactions

C=C, C=C, C=0, C=N, C=N hydrogenolysis
of activated bonds

solvias
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Heterogeneous Catalysis at Solvias

FUNCTIONTO BE HYDROGENATED DESIGN OF EXPERIMENTS

ArC=0| ArX | RCN | C=N |oxime| arom | hetar

Ol 0 Sl 10 5 8 S0 )
o S50 850 S S0 S
S0 W50 (S 0
..G@Q...O.@f
SN

S
BIISIIEINEID

PREPARATION AND
HYDROGENATION

FUNCTIONAL GROUP TO BE RETAINED

ANALYTICS
AND REPORTING

Routine transformation using standard heterogenous catalysts with selectivities >90%

Difficult and/or only in special cases with tailored/modified catalyst and/or 5 <50%

O heterogenous catalyst (modified)

[] homogenous catalyst
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Heterogeneous Catalysis at Solvias
Case study for the application of HTE in Heterogeneous Hydrogenation

R,I_I\ \N,R H2 R‘l_'/ﬁ/\ﬁ’R
Y i (¥
Cl

[cat]
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Heterogeneous Catalysis at Solvias
Case study for the application of HTE in Heterogeneous Hydrogenation

N ,R B R
R1-C A N H, . R X m
\g\fm [cat] \;\/CI

Performance of Thiophene Modified Pt Catalysts

100

7 Selectivity
W Conversion

40

20

Pt/C, E-4709 Pt/CF105 Pt/C F1015
N/W RCB/W
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Heterogeneous Catalysis at Solvias
Case study for the application of HTE in Heterogeneous Hydrogenation

R! = labile C-C bond

Influence of Modifier Loading

Performance of Thiophene Modified Pt Catalysts

100
80
= Selectivit 60

ey e = Selectivity
B Conversion 40 .
W Conversion
20
0
0.125 0.0625 0.0313 PH/C, E4709 PYCF105 PUCF1015
mol% /mol substrate N RCB/W
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solvias

EXTENDED
CATALYST
LIBRARIES

SCALE UP/
PRODUCTION

HIGH-
TROUGHPUT
SCREENING

AND INHOUSE | YOUR PROCESS

KNOW-HOW YOUR PRODUCT

PROCESS- |
DEVELOPMENT N OPTIMIZATION
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www.solvias.com

Florian Bachle, florian.baechle@solvias.com
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