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Introduction

Photoswitchable catalysis in the past

A L

Br

CF3

(E)-("On")

O O
Cat. (2 mol%)
TEA (10 mol%)
-~ NO,
PhMe-dg, 18 h, 30 °C
(365 nm)
Br
(Z): 96%
(E): 21%
CF4
: it
\ B S
D < N N™ ™ CF;
hv' _N \J:'____I:I,f
N
NO,
(Z)_(lloffll)

L. Osorio-Planes, C. Rodriguez-Escrich, M. A. Pericas, Org. Lett. 2014, 16, 1704-1707
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“Photoswitchable” catalysis in the past
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Introduction

Recently

Cat. (2 mol%)

OH OAc OH OAc
Ph/voo A A0 (106q) Ph/voo 5 Ph/voo A Ph/voo A
HO > HO * AcO + AcO
ome PhMe, 18h,rt OMe OMe OMe
(365 nm)*

(E): 62%,2.3:1.1:1.0

(2)*: 74%, 1.0 : 19.8 : 10.1

(E) (2)

D. Niedek, F. R. Erb, C. Topp, A. Seitz, R. C. Wende, A. K. Eckhardt, J. Kind, D. Herold, C. M. Thiele, P. R. Schreiner, 2018, manuscript in preperation.
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This work
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* Synthesis of new catalysts
*  Permutation of amino acids in the peptide-backbone.

* Variation of the catalytic motif.

* Synthesis of standard substrates for oxidations and acylations.
*  Photoswitchable N-terminal proline peptide for selective Aldol reactions.

*  ‘Design of Experiments’ for a selective silylation of (4,6-O-benzylidene)methyl-a-D-mannopyranoside




General Synthetic Strategy
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New Photoswitchable Azo-Oligopeptides
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Acylation

DMAP (10 mol%)

OH OAc OH OAc
Nap™ O Jo  Ac,0(10eq)  NaPTVON g Nap™ S O\ o Nap™ O\ |0
HO > HO * AcO + AcO
CH2C|2, rt, 18 h

OMe OMe OMe MeO

Conversion: 88% 5.0 1.0 1.0

/lvo OH DMAP (10 mol%]) /lVO OAc /lvo OH /lVO OAc
o 0 Acy0 (1.0 eq.) o) 0 o) o} o 0
> + +
HO HO AcO AcO
CH,Cla, 11, 18 h OMe OMe MeO

Conversion: 70% 2.9 2.0 1.0

OH DMAP (10 mol%) OAc OH OAc
N0 0 Ac,0 (1.0 eq.) YO 0 Yo 0 2 0
0 _ 0 . 0 .\ 0
HO - HO AcO AcO
CH,Cly, rt, 18 h

Conversion: 28% 8.5 1.0 4.2




Acylation
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CH,Cly, 72 h, rt
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- OH Ac,0 (1.0 eq.)
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seperation in progress




Acylation

H H i NHBoc
o) N‘\N/©/ E/\H)i%\
H N
\Oi 'NT}/Q/ /N\//
R? R? R? R?
1 OH Cat. (2 mol%) 1 OAc 1 OH 1 OAc
R J%O o Ac,0 (1.0 eq.) R /%O o R /‘%O o R /%O o
OMe OMe OMe MeO
a R'=Ph, R?=H
a-d b R'=Nap, R2=H 2-0 a-d 3-0 a-d 2,3-0 a-d
¢ R'=Me, R?=Me
d R'=H, R2=H
Substrate 2-0 a-df 3-0 a-df 2,3-0 a-dl@ Yield / %olal
a 2.3 1.1 1.0 62
a (365 nm)lbl 1.0 19.8 10.1 74
b 2.0 1.0 2.2 42ld]
b (365 nm)®! 1.0 10.7 9.5 250l
(o 3.9 3.6 1.0 75
c (365 nm)[®l 1.8 4.0 1.0 91
d 4.1 1.7 1.0 44lcl
d (365 nm)[! 1.0 10.4 6.1 54c]

[a] Yield and ratio determined via *H-NMR. [b] Reaction at 0° C. [c] Yield not determined exactly due to some decomposition of the methylidene protecting group.
[d] Low conversion due to solubility issues.
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Acylation
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C. E. Mdller, L. Wanka, K. Jewell, P. R. Schreiner, Angew. Chem. Int. Ed. 2008, 120, 6275-6278.
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Oxidation

Validation of the protocol
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Photoswitchable Aldol-Reaction
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‘Design of Experiments’ for the Selective Silylation of
(4,6-O-benzylidene)methyl-a-D-mannopyranoside, with JIMP® 14 A
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General reaction
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el LS s NN L= S
HO c, Solvent, t, T HO ¥ TMSO * TMSO
OMe OMe OMe OMe
‘Factors Table’
c/molL?t TMSCl/eq. TEA/eq. Nca / MOI% T/°C t/h Solvent
0.01 0.9 - 1 10 1 PhMe
CHCl,
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Catalyst (Cat.) O\ o)

Th” NHBoc
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(0] H N N _ N
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Results of the DoE
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Cat.
ERE e
Ho osovent 7 HO -
OMe OMe

Solvent c/molLt TMSCl/eq. TEA/eq. Cat./mol%
PhMe 0.01 0.9 5 10
PhMe 0.01 2 1 1
PhMe 0.1 0.9 1 10
PhMe 0.1 2 5 1
DMF 0.1 0.9 5 1
DMF 0.1 2 1 10
DMF 0.01 1 1
DMF 0.01 0.9 5 10
CHCl, 0.1 0.9 1 1
CHCl, 0.1 2 5 10
CHCl, 0.01 5 1
CHCl, 0.01 0.9 1 10

Dioxane 0.01 2 1 10

Dioxane 0.01 0.9 5 1

Dioxane 0.1 2 5 10

Dioxane 0.1 0.9 1 1

PR—-0 YA
TMSO *
OMe

T/°C

-10
30
-10
30
-10
30
-10
30
-10
30
-10
30
-10
30
-10
30

/o \
4 o "3/‘\

Ph—X-0 OSMS
0
™SO

OMe
t/h Ratiol@
1 6.6
1 1.7
72 9.4
72 6.8
1 0.2
1
72
712 3.5
1 1.7
1 15
72 7.1
72 4.7
1 /
1 0
72
72 1.6

[a] Yield and ratio determined via *H-NMR.

16



Results of the DoE . ,i
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Cat.
Ph—x-0\ PH Tmsc Ph—x-0 1\ PIMS Ph—x-0\ 9H Ph—x-0\ OTMS
o o) TEA o o) . o o) . o o)
—_—
HO c Solvent t. T HO TMSO TMSO
OMe OMe OMe OMe

Solvent c/molL? TMSCl/eq. TEA/eq. Cat./mol% T/°C t/h Ratiol™

PhMe 0.1 0.9 1 10 -10 72 9.4
CHCIa 0.01 2 5 1 -10 72 7.1

[a] Yield and ratio determined via *H-NMR.
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Results of the DoE

‘Effect Summary’

General reaction

Ph—X~0 og
0
HO

‘Factors Table’

Source

Solvent

Time(1,72)
TMSCI(0,9,2)
Catalyst(0.01,0.1)
Base(1,5)
Temperature(-10,30)
Concentration(0.01,0.1)

LogWorth

1.891 7
1.884 |
0.807 i |
0.701 1 |
0.681 i |
033211 ¢ |
0.051 | !

Cat. (2 mol%)
TMSCI OTMS
TEA(30eq) Ph/%&% .
¢, PhMe, 365 nm
OMe ¢t 10°C OMe
c/mol L? TMSCI / eq.
0.01 0.9
0.1 1.5

Ph—X\-
)

PValue
0.01285
0.01307
0.15590
0.19927
0.20824
0.46548
0.88865

OH OTMS
o Ph/VOO o
-+
TMSO

OMe

t/h

24
72

\
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Results of the DoE

Cat. (2 mol%)
TMSCI (1.5 eq.)

OH OTMS OH
R LT ST L
HO PhMe, 0,01 M, 72 h HO TMSO

OMe 10 °C, 365 nm OMe OMe

21:1

or

1:21
Solvent Cat. / mol% T/°C t/h Ratio[P!
PhMe 2 10 72 21:1:(0)
PhMe 2lal 10 72 3:1:(0)
PhMe 0 10 72 2:1:(0)

OTMS
0
0 )
TMSO

OMe

0.03

Conversion / %
37
74
20

[a]: Cat. = DMAP, [b]: Ratio and Conversion determined via 'H-NMR spectroscopy.
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Summary

* Synthesis and characterization of six completely new photoswitchable azo-peptide organocatalysts, with
various catalytic motifs.

(0] (0]
~o NHBoc NHBoc ~o NHBoc
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N : | Y S
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Cl

*  First hints for the selection of more suitable substrates in the future.

*  Promising results for selective silylation of carbohydrates and further applications of IMP® 14.

®

Statistical Discovery™ From SAS.
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Outlook
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Change of the catalytic motif to aspartic acid, for selective epoxidation reactions.
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P. A. Lichtor, S. J. Miller, Nat. Chem. 2012 , 4, 990-995

2

1



Outlook oo

Finishing the synthesis of new Prolin containing photoswitchable azo-peptides for selective intermolecular
Aldol reactions.
* Potentially viable for other enamin-catalyzed reactions, e.qg. Michael addition or Mannich reaction.
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Outlook « ;

* Optimizing the synthesis, especially the alkylation, of thiazolyl containing azo-peptides for possible
applications as photoswitchable NHC-catalyst e.g., in Stetter reactions.

*  Further optimization for the silylation of (4,6-O-benzylidene)methyl-a-D-mannopyranoside.
* Variation of the electrophile
* Variation of the base

* Application in an one pot orthogonal protection of carbohydrates, polyphenols or polyols in general.
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Outlook A

Strategy for an one pot orthogonal protection of carbohydrates.

Ph—-0—\ OAC Ph—-0— OAC Ph—-0—\ OH Ph—0— OH
0 O e o o _ o Q 0 0
HO R',SiO R',SI0 cat ACO

OMe OMe OMe Cat. / OMe
1:21 21:1 hv hv 20:1
Ph— -0 og
0
HO
OMe
Cat Cat.
PRS0\ PSR Ph—x-0\ Re Ph-5-0\ F4°
o) 0 0
AcO - HO HO
OMe OMe OMe
1:21 2:1
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Diastereoselective Mannich reaction

Y. Li, X. Ren et al., J. Org. Chem., 2016, 81, 9858—-9866
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ao
Educt é@v¥\
-5
with DMAP
-4
without Cat.
-3

Mixture of isolated monosilylated products
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