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Brief History of Electrosynthesis

From element discovery to fine chemical synthesis

Examples of fine chemicals produced electrochemically:

Examples of chemical elements discovered or isolated electrochemically:

Botte, G. G. Electrochem. Soc. Interface. 2014, 49



Application of Electrochemistry in Organic Synthesis

Representative reviews on electroorganic chemistry: Moeller, K. D. Tetrahedron 2000, 56, 9527; Wright, D. L. et al. Chem. Soc. Rev. 2006, 35, 605;

Yoshida, J. et al. Chem. Rev. 2008, 108, 2265; Baran, P. S. et al. Chem. Rev. 2017, 117, 13230; Waldvogel, S. R. et al. Angew. Chem. Int. Ed. 2018, 57, 5594 
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Overview of Research in the Lin Laboratory

Electrocatalysis as a new avenue for reaction discovery

Catalysis

Promote reaction kinetics

Control chemoselectivity

 Impart stereoselectivity

Electrochemistry

Precise potential control

Direct generation of radical 

intermediates

 Integration of multiple redox events

External temporal control

A review on mediated synthetic electrochemistry: Francke, R.; Little, R. D. Chem. Soc. Rev. 2014, 43, 2492

CATOX

CATRED



A Trilogy of Electrochemical Alkene Azidation

JC Siu, N Fu, S Lin Acc. Chem. Res. 2019, in press
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Research Problem: Synthesis of Vicinal Diamines

Diazidation-reduction provides a potentially general approach to diamines
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Reviews on vicinal diamine synthesis and chemistry: Cardona, F.; Goti, A. Nat. Chem. 2009, 1, 269; 

Lucet, D.; Le Gall, T.; Mioskowski, C. Angew. Chem. Int. Ed. 1998, 37, 2580    
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Initial Proof of Concept

An electrochemically driven radical pathway 

Working hypothesis:

undesired pathways
due to radical promiscuity

desired diazidation
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Initial Proof of Concept

Control experiments shed light on key radical events

Working hypothesis:

Shäfer, H. ACIE 1970, 9, 158
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undesired pathways
due to radical promiscuity

desired diazidation
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Searching for an electrocatalyst to promote the diazidation
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Initial Proof of Concept

Searching for an electrocatalyst to promote the diazidation

Huang, X.; Bergsten, T. M.; Groves, J. T. J. Am. Chem. Soc., 2015, 137, 5300; 

Bunescu, A.; Ha, T. M.; Wang, Q.; Zhu, J. Angew. Chem. Int. Ed. 2017, 56, 10555
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Reaction Discovery

Mn catalyst promotes highly efficient and selective alkene diazidation

N Fu, GS Sauer, A Saha, A Loo, S Lin Science 2017, 357, 575–579 

For an account: JB Parry, N Fu, S Lin Synlett 2018, 257–265



Electrochemical Alkene Diazidation

Reaction setups

N Fu, GS Sauer, S Lin Nature Protoc. 2018, 13, 1725
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Functional Group Compatibility

Echem offers innate functional group selectivity

N Fu, GS Sauer, A Saha, A Loo, S Lin Science 2017, 357, 575–579
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Tandem Diazidation–Reduction for Diamine Synthesis

Toward a safer and more practical protocol for the synthesis of diamines
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Tandem Diazidation–Reduction for Diamine Synthesis

Toward a safer and more practical protocol for the synthesis of diamines

Juno Siu, Justin Ho
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Proposed Reaction Mechanism

Mn-promotes the addition of both N3 groups to the alkene
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Electrochemical Azidooxygenations

Niankai Fu, Juno Siu
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Oxidation of azide anion by TEMPO+

UV-vis and CV reveal the formation of a new charge-transfer adduct

Juno Siu
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Identification of the TEMPO–N3 Adduct

Computational data provides insights into the chemical structure

Greg Sauer, Prof. Kyle Lancaster
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Mechanism of the Electrochemical Azidooxygenation

TEMPO–N3 adduct plays a key role

JC Siu, GS Sauer, A Saha, RL Macey, N Fu, T Chauvirie, KM Lancaster, S Lin JACS 2018, 140, 12511

TEMPO–N3

resting state



TEMPO-Catalyzed Alkene Diazidation

Mechanistic info guides the development of catalytic diazidation
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Diverse Electrocatalytic Alkene Difunctionalizations

JC Siu, N Fu, S Lin Acc. Chem. Res. 2019, in press
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Aaron Loo (now Columbia)

Visiting students:
Leonardo Melo (Univ. of Brasilia)
Anthony Allen (Oberlin; now UMich)
Gisselle Pombar (UCF; now Princeton)
Johannes Harenberg (Munich)
Atsushi Ozaki (Tokyo U of Sci and Tech)
Binyang Jiang (Nankai; now SIOC)
Ian Coates (Bucknell University)
Celeste Tobar (Mt. St. Mary’s; now UCSB)

Funding
Cornell University (Start-up)
Howard and Abby Milstein (Start-up)
NIH (R01 GM130928; GM130928-S01)
NSF CAREER (CHE-1751839)
Office of Naval Research
Eli Lilly
Alfred P. Sloan Foundation
Atkinson Center for a Sustainable Future
ACS Green Chemistry Institute
3M


