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Biocatalytic retrosynthesis

Nicholas J Turner & Elaine O'Reilly

The recent development of a broad range of biocatalysts that can be applied in organic synthesis has
brought into focus the need to rethink the way in which organic target molecules might be constructed
in the future. To aid synthetic chemists in identifying where biocatalysts might be usefully applied,

we propose that guidelines and rules for ‘biocatalytic retrosynthesis’ be developed and that this new
approach be embedded in the future training and education of organic chemists.
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Nature Chem. Biol., 2013, 9, 285-288; Angew. Chem. Int. Ed., 2017, 56, 8942-8973 (with Erick Carreira).

Retrosynthesis: 1° amines
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Imine Reductases (IREDs)
&
Reductive Aminases (RedAms)
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Cascade reactions with IREDs

CAR - w-TA - IRED tandem reactions

D. Gahloth et al., Nature Chem. Biol, 2017, 13, 975-981.
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Synthesis of chiral piperidines (laboratory) Biosynthesis of chiral piperidines (Nature)
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Reductive amination using IREDs?
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* high enzyme loading

* high amine concentration (>20:1)

* narrow substrate scope

* imine formation not enzyme catalysed

1. T. Huber et al., ChemCatChem, 2014, 6, 2248.
2. P.N. Scheller et al., ChemCatChem, 2015, 7, 3239.
3. D. Wetzl et al., ChemCatChem, 2016, 8, 2023.

Reactivity chart

AspRedAm = Reductive Aminase

* ‘IRED’ from Aspergillus oryzae
* NADPH dependent oxidoreductase
¢ Sequence similarity and structural homology to IREDs

G. Aleku, S.P. France et al., Nature Chem., 2017, 9, 961-969.

Reductive Aminase (RedAm) from A. oryzae
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Kinetics of reductive amination with AspRedAm

Mechanism of AspRedAm?
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Redox neutral cascades for amine alkylation

* Genotoxic alkylating reagents
¢ Further alkylation of amine product
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Biocatalytic asymmetric hydrogen borrowing
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See also: F.-F. Chen, Y.-Y. Li, G.-W. Zheng, J.-H. Xu, ChemCatChem, 2015, 7, 3838-3841.

2° Amine synthesis via hydrogen borrowing?

R3
OH “NH

R"* R?

NADP*
catalytic H,0
ADH NADPH RedAm
o

L R3NH,
2

R" "R

S.L. Montgomery, J. Mangas-Sanchez et al., Angew. Chem. Int. Ed., 2017, 56, 10491-10494.

Biocatalytic asymmetric hydrogen borrowing

« NH, NH,
E :L A [ :L M
R x/\r e x©)\m

X =H, F, Me, MeO; R'=
Me, Et X=CHyorO X=H,F, Me

yields = 30-95% yields = 84-96% yields = 7-96%

e.e.'s up to 99% e.e.'s up to 99% e.e.'s up to 99%

NH,
N
Alkyl” ~Me R”™ "NH,
Alkyl = n-CgHy3, n-CsHy4. n- R = n-C7H4s, n-CgHy3, n-C5Hy4
C4Hg, n-C3H7, iso-C4Hg n-C4Hy, is0-C4Hg, n-C3H7, PhCH,
yields = 66-96% yields = 8-99%
e.e.'s >99%

F.G. Mutti. T. Knaus, N.S. Scrutton, M. Breuer and N.J. Turner, Science, 2015, 349, 1525-1529.

ADH/AspRedAm hydrogen borrowing

NADP* (1 mM)
ADH (1 mg mL™")
1 2 -1 R’ R?
R + _R AspRedAm (2 mg mL™") SN
OH HoN - H
Tris buffer pH 9
(5 mM) (100 mM) 30°C, 24 hours
o
= A e
HN/\© NN HNJ\ HNNZ HN HN HNTN
71% conv. 88% conv. 79% conv. 91% conv. 95% conv.
79% conv. 75% conv.
= A
N N NNF PN
O
63% conv. 21% conv. 79% conv. 60% conv. 0% conv.
2 A
N N NNF N NN
©/\/\H/\© ©/\/\H/\\\ ©/\/\H ©/\/\H ©/\/\H
95% conv. 99% conv. 99% conv. 99% conv. 99% conv.
NN NN AN NN NEE NS A NN N
N N N N
H/\© H/\\\ H H H
96% conv. 99% conv. 99% conv. 92% conv. 57% conv.

S.L. Montgomery, J. Mangas-Sanchez et al., Angew. Chem. Int. Ed., 2017, 56, 10491-10494.



Choline oxidase or CAR + RedAm
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Preparative scale reactions
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N-Alkylation of amines with carboxylic acids
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Preparative scale reactions
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Challenges and opportunities for biocatalysis

* Need to imbed guidelines for route design into synthetic chemistry
(biocatalytic retrosynthesis).

* How many different biocatalyst classes do we have/need to be able
to do multi-step organic synthesis? 50 />250.

* How many distinct retrosynthetic disconnections? (ca. 250).

*  Where are the gaps in biocatalysis — which reactions are under-
represented in the biocatalysis toolbox (C-X bond formation)?

* Cascade reactions present real opportunity for biocatalysis
(difficult with conventional organic reagents/catalysts).

* Need to increase application of biocatalysis in discovery chemistry.
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