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Electrochemistry iIs Synonymous with Sustainability

Electroorganic Chemistry: Solving Synthetic Problems

A. Enabling Complex Synthesis

> Oxidative dimerization offered the most ideal route to dimeric indole alkaloids
> Chemical oxidants afforded little to no conversion on a model substrate
cleanly afforded the dimerized product
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Making Electrochemistry Mai nst r eamée

Why Electrochemistry?

Chemical reaction requires the reorganization of electrons

RN Bond formation
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Electrochemical Amination: A Useful Tool for Green Aryl Amination
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[> 40 examples]
e ‘ [heterocycles]
[water requisite] [high dilution] [organic solvents] [high concentration] [new protoc_:ol]

[limited reactivity space] [expanded reactivity space] [B(OH);-mediated]
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With Dawson group, Pfizer, J. Am. Chem. Soc. 2019, 141, 9998-10006.

B and A (75 mol%) (88% ee) N~ N~
H

2LiBr (0.89 M), DMA (0.1 M), 100 mA, 7 h.
11-Step Synthesis of Teleocidins featuring E  -amination, with H. Nakamura: J. Am. Chem. Soc. 2019, 141, 1494

With Y. Kawamata, J. Vantourout, D. Hickey, H. Nakamura,  Pfizer, Asymchem, NSF E-chem Cent, M. Neurock, H. White, S. Minteer,

J. Am. Chem. Soc. 2019, 141, 6392.
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[1] Li, C. et al. Angew. Chem. Int. Ed. 2017, 56, 13088. [2] Kawamata, Y. et al. J. Am. Chem. Soc. 2019, 141, 6392.

* The reactions are run under air!
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@ No desired product - o
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Trace amount

That amination is such a game changer. | tried 16 different Buchwald conditions and it didn’t work. Never even a trace. With your amination 2.0
protocol it worked the first time in 67% yield. Both coupling partners are crazy as well. | wish you could have seen it. They have multiple acidic
NH and basic heterocyclic N. Looks like explosives essentially. The fact that it worked so well is a bloody miracle! Please send my most sincere
compliments to the team! | am going to do all my aminations now this way.

Regards,

o ) NOVARTIS



Electrochemistry For Medicinal Chemistry: Not a Gimmick

Baran Lab
@BaranLabReads

Dear Industrial Colleagues, Which of these Named
reactions are you most likely to avoid if possible?

Arndt-Eistert

Balz-Schiemann

Birch

Wolf-Kishner

426 votes - Final results




Electrifying a Classic Organic Reaction: Birch

Birch reduction

From Wikipedia, the free encyclopedia
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With B. Peters, S. Beil, Y. Kawamata, K. Rodriguez, S. Reisberg, Pfizer, Asymchem, NSF E-chem Cent, Science 2019, 363, 838.
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Pfizer, Org. Proc. Res. Dev., 2005, 9, 997

53 Kg batch, 2500 L of NH 3,
7/ Kg Lithium
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Figure 1. Schematic diagram for the lithium charging apparatus.

With B. Peters, S. Beil, Y. Kawamata, K. Rodriguez, S. Reisberg, Pfizer, Asymchem, NSF E-chem Cent, Science 2019, 363, 838.



Translating Lessons from  Li-lon Batteries for Organic Synthesis
Li-lon battery additives ~ o~ (‘ B ? A A e
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Li-lon Electroreduction: Simple, Sustainable, Safe
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LiBr in THF, 10 mA, TPPA, DMU HN\( w/ Birch reduction | . T
» R HN . chemo/se!eptxve [ VS \:
Mg(+)/Galvanized ~Me *® ammonia/amine free W ' .
gétze/el wire(-) ©f Al(_;)aféré(-) DMU e mild, scalable (batch e Classic

room temp. _ and flow) SRR  Birch

V.r N

Carbocycles Heterocycles Natural product derivatives

6: 75% (71%) 7: 68% 8, 72%: from PhCH(OH)"Bu 9: 85% 10: 89% (60%) H
[Li] = 98%78 Na-disp./15-c-5 = Na-disp./15-c-6 =NR  Na-disp./15-c-5=NR [Li] = 80%7° 24:39% 25: 76%
Na-disp./15-c-5 = 6% isomers SiGNa = NR SiGNa=NR Na.disp./15-c-5=6% Na-disp./15-¢-5=NR [Li] = 37%"%°

: ~ i SiGNa = isomers SiGNa = NR Na-disp./15-c-5 = NR ’
SiGNa = mono-ene S'GNa e SigNa - NR from dextromethorphan: 59%

OMe Na-Disp/15-c-5 = 13%,;
yea U oy "oy
Me
4: 72%

- -] I}
|_'1 1: gg;"’aﬂ 12: H =TBS, 72% (68%)  15: 70%, from the ketone (L] = 629%8" =
Pl 10 g scale, 74% Na-disp./15-C-5 =<5%  Na-disp./15-c-5 = 10% 26:53% 27: 78% (43%)

Na-disp./15-¢-5 = 15% [Li] = 90%* SiGNa = NR SiGNa = NR [Li] = 32%8¢ [Li] = 82%85

SiGNa =NR Na-disp./15-¢-5 = 7% Na-disp./15-c-5 =  Na-disp./15-¢c-5 = 28%

Me SiGNa = NR pyrrole only, 72%'* SiGNa = NR gl
m SiGNa = NR HO2C "
OH 13, R =TES, 70% 33,
[Li] = 78%* 16: (69%) - AN from dehydroadietic acid: 60%
14: 76% (55%) Na-disp./15-c-5 = <56% Na-disp./1 5 c-5 =26% Na-dis 1:‘,’154?; 50% Na-disp.f1gc-5 = NR; SiGNa = NR
[Li] = 629%3 SiGNa = NR SiGNa = NR P . N?

Na-disp./15-¢-5 = 76% OH SiGNa = NR

SiGNa = NR TES 28: 39% 29: 39%
cozl-l [Li] = 73%?88 [Li] = 62%78

i Na-disp./15-¢c-5 = <6% Na-disp./15-c-5 = N.D.
SiGNa = NR SiGNa = NR 0
OMe
18: 55% 19. 50% (30%) 20: 65% 23: 50% C | |
[Li] = 90%?3 [Li] = 95%?3 Na-disp./15-¢c-5 = NR Me 29: 68% Na-disp/15- - MeO 34

Na-disp./15-¢c-5 = NR Na-disp./15-c-5 =6%  SiGNa =NR 21: 50% (40%) c-5=43% H e
SiGNa = NR SiGNa = NR Na-disp./15-c-5 = [j] = go%f2 SIGNa=NR 30: 45% 40% from estrone: 65%

<5% ) 14 Na- dls 115 -5 =NR [Li] = 85%°2
L Nasdf 3?/5 : N dlssﬁgnslac ENHQQ% SiGNa = <5% Na-disp./15-c-5 = 99%4

With B. Peters, S. Beil, Y. Kawamata, K. Rodriguez, S. Reisberg, Pfizer, Asymchem, NSF E-chem Cent, Science 2019, 363, 838.



Li-lon Electroreduction: Simple, Sustainable, Safe
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With B. Peters, S. Beil, Y. Kawamata, K. Rodriguez, S. Reisberg,

Pfizer, Asymchem, NSF E-chem Cent, Science 2019, 363, 838.



Li-lon Electroreduction: Simple, Sustainable, Safe, Scalable

( ASYMGCHE

[40 gram]

[10 gram]

Longrui Chen

Modular flow setup gram to kilogram scale!!

With B. Peters, S. Beil, Y. Kawamata, K. Rodriguez, S. Reisberg, Pfizer, Asymchem, NSF E-chem Cent, Science 2019, 363, 838.



