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Why I am excited about oxygenases?
hey catalyse dream reactions!
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E. Roduner et al. ChemCatChem., 2013, 5, 82-112; F. Hollmann et al., Green Chem., 2011, 13, 226-265.



Peroxygenases: the new stars in

oxyfunctionalization chemistry?
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Appl. Microbiol. Biotechnol., 2006, 71, 276-288;
Curr. Opin. Chem. Biol., 2017, 37, 1-9.




he opportunity: highly selective

oxyfunctionalization reactions!
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CE Paul et al., Bioorg. Med. Chem., 2014, 22,5692-5696; 1. Zachos et al., Chem. Commun., 2015, 51, 1918-1921; E. Churakova et
al.,, Angew. Chem,. Int. Ed., 2011, 50, 10716-10719; M. Poraj-Kobielska et al., Biochem. Pharm., 2011, 82, 789-796.



What are the future challenges?

> In situ H,0, generation
» Biocatalysis = Green Chemistry ?

» Improving STYs




In situ H,0, generation - the state of the art:

Glucose / Glucose oxidase
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R.A. Sheldon et al., Chem. Soc. Rev. 2017, 46, 2678-2691.




In situ H,0, generation - the state of the art:

Glucose / Glucose oxidase
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R.A. Sheldon et al., Chem. Soc. Rev. 2017, 46, 2678-2691.



What about using water as electron donor?

W. Zhang et al. Nature Catal, 2018, DOI:10.1038/s41929-017-0001-5
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W. Zhang et al. Nature Catal., 2018, DOI: 10.1038/s41929-017-0001-5



Can we call this ?

» (Bio!)Catalysis
 Non-hazardous solvent

 Ambient reaction conditions

(UI |

« Photochemistry



But can we certain here? Being a bit more

quantitative using Sheldon’s E-factor

. Y. m(wastes) kg

m(product) kg

R.A. Sheldon Green Chem., 2017, 19, 18ff.



For example...

H 1 AaeUPO / OH
o+ —_— . N
A +1,0; Au-TiO,, hv N
R R R R
Entry product mM ee Yield, % TON Other mM
[%] products
OH
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Conditions: [substrate] = 10.0 mM, [Au-TiO,] = 10 gL,
[AaeUPO] = 150 nM in phosphate buffer (pH 7.0, 60 mM),
T = 30 °C, 70 h, visible light illumination (A > 400 nm).



Summing it all up

mass [g] E-Factor contribution [kg kg™']

_~_-OH
0.009 -

N~
N

0.000042 0.5
N~

0

j 0.0003 0.3
AaeUPO 0.00006 0.007
Au-TiO, 0.1 10.9
H3PO, 0.06 6.5

Sum 18.2




Maybe we should also consider the water used?

mass [g] E-Factor contribution [kg kg™']

_~_-OH
0.009 -

N
N

0.000042 0.5
N~

0

j 0.0003 0.3
AaeUPO 0.00006 0.007
Au-TiO, 0.1 10.9
H3;PO,4 0.06 6.5
H,0 10 1110

Sum 1128



What about energy-related wastes?

mass [g] E-Factor contribution [kg kg™']

/\/OH
0.009 i

\/
PN

0.000042 05
\/

@)

g 0.0003 0.3
AaeUPO 0.00006 0.007
Au-TiO, 0.1 10.9
H,PO, 0.06 6.5
H,0 10 1110
CO, (hv) 9765 1085000

Sum 1.086.000



What are the future challenges?

> In situ H,0, generation
» Biocatalysis = Green Chemistry ?

» Improving STYs




Can we use peroxygenases in hon-aqueous media?
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E. Fernandez Fueyo et al., J. Mol. Catal. B: Enzym., 2016, 134, 347-352.



» Peroxygenases are the new P450 monooxygenases
» more enzymes, more applications are needed

» In situ H,0, generation is crucial
» especially for large-scale applications

> To calculate is better than just to claim!
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Thank you for your attention!
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he nature of the Oxygen Dilemma...

a) Single Electron Mediators

+ ** fast +*$

Mediator * + O, + H¥ ——> Mediator + Oy~
- /2 /2 /2

b) Hydride Transfer Mediators

+* $+ slow +* ++

Mediator-H + O, + HY ——> Mediator + HOOH
-1/2+1/2 + 2/2 7 - -1/2"'1/2 + -1/2+1/2

Holtman and Hollmann ChemBioChem 2016, DOI:10.1002/cbic.201600176.



Why is /n situ H,0, generation important?

F. van Rantwijk et R. Sheldon, Curr. Opin. Biotechnol., 2000, 11(6), 554-564;
B. Valderrama et al.,, Chem. Biol., 2002, 9(5), 555-565.



short glimpse at the peroxygenase mechanism.

Appl. Microbiol. Biotechnol., 2006, 71, 276-288;
Curr. Opin. Chem. Biol., 2017, 37, 1-9.



Before we start —

why am I keen on turnover humbers?

Product price Allowable cost Minimal Minimal
range contribution of productivity productivity
[Euro kgpoquct™*] the catalyst [kgpoduct [TN]

[EI.II'O kgProduct-l] kgCata'YSt-:l]

Pharma >100 10 20 4.000
Fine Chemical >15 1.5 133 26.666
Speciality 5 0.25 800 160.000
Chemical

Bulk Chemical 1 0.05 4000 800.000

n(Product) [mol]
n(Catalyst)

S. Bormann et al., Catal. Sci, Technol., 2015, 5, 2038-2052.

TN =

mol



Wouldn’t methanol be a much better reductant?

O/\—AanPO > @A

: reduction . : -
: 02 catalyst(s) . > H0; H>0 :
/ \‘ : model reaction :
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in situ H,O, generation =
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HO O HO o) .
Hgﬁﬁr*‘ \ g Hm 1 H,0, out of 12 theoretical ones
OH OH OH 0
10, 1 H,0,
Vs.
OH
('3. _ |AOx/ s 6=c=0o _
HT R H /F,E’g)‘(’\ 3 H,0, out of 3 theoretical ones
30, 3 H,0,

Y. Ni et al, Angew. Chem. Int. Ed., 2016, 55, 798-801.



o0 make a long story short: full mineralization of

MeOH to CO,

T < 15 [MeOH] = 5 mM
aeUPO / OH
PpAOX / = e
PpFDM / : ~
(O e () %
4 N =
MeOH CO, 5
+302 +3H20 =
C
)
i -
Q.
-
3
T
time (h)
Catalyst AadUPO  PpAOX POFDM  RjBHB6H  CHFDH NAD
TN 294.700 245.580 1.330 9

Y. Ni et al, Angew. Chem. Int. Ed., 2016, 55, 798-801.



Improving the last step: formate oxidase.

A.S. Bommarius and coworkers, Biochem., 2017, 56, 3800-3807.



