New Catalytic Strategies for Selectlve

Organic Electrosynthesis

Song Lin .
Cornell Unlversny |

Chem1cal¥Sc1ences Roundtable Workshop
Washlngton,.vDC
November 18’* 2019

A

wm 1. ‘ 25




Brief History of Electrosynthesis

From element discovery to fine chemical synthesis
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Examples of fine chemicals produced electrochemically:
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Botte, G. G. Electrochem. Soc. Interface. 2014, 49



Application of Electrochemistry in Organic Synthesis
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Representative reviews on electroorganic chemistry: Moeller, K. D. Tetrahedron 2000, 56, 9527; Wright, D. L. et al. Chem. Soc. Rev. 2006, 35, 605;
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Overview of Research in the Lin Laboratory

Electrocatalysis as a new avenue for reaction discovery
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Overview of Research in the Lin Laboratory

Electrocatalysis as a new avenue for reaction discovery

Electrochemistry
» Precise potential control

» Direct generation of radical
intermediates

» Integration of multiple redox events
» External temporal control

P e

CATRED

CATox ;
Catalysis

» Promote reaction kinetics
» Control chemoselectivity
» Impart stereoselectivity

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




A Trilogy of Electrochemical Alkene Azidation
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1st-Generation Alkene Diazidation: Mn Catalysis
R2 MnBr,-4H,0 (5 mol%), NaN; N, R?
. J%r R3 - Ry\ﬁRs
R f LiClO,4, HOAc/MeCN N;
R C(H)IPY(), Eoey = 2.3V, 22 £1 °C R
. J/

JC Siu, N Fu, S Lin Acc. Chem. Res. 2019, in press



A Trilogy of Electrochemical Alkene Azidation

( \

1st-Generation Alkene Diazidation: Mn Catalysis
R2 MnBr,-4H,0 (5 mol%), NaN; N, R?
. J%r R3 - Ry\ﬁRs
R f LiClO,4, HOAc/MeCN N;
R C(H)IPY(), Eoey = 2.3V, 22 £1 °C R
. J/
( \

Electrochemical Azidooxygenation: Mechanistic Investigation

NaN3, TEMPO (1.5 equiv)
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Research Prob

alkene diazidation

N3
> R)\/ N3

Medicinally relevant compounds

lem: Synthesis of Vicinal Diamines

Diazidation-reduction provides a potentially general approach to diamines

reduction (well known) NH,

> NH,

Classic catalysts and ligands
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Initial Proof of Concept
An electrochemically driven radical pathway
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Initial Proof of Concept
Control experiments shed light on key radical events
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Initial Proof of Concept
Control experiments shed light on key radical events

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

.........................................

Working hypothesis: e Ng catalyst-control :
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Reaction Discovery

Mn catalyst promotes highly efficient and selective alkene diazidation

R? . MnBry-4H;0 (5 mol%), NaN; o N N RS
R
] 1
R J\: LiCIO,, HOAG/MeCN Rg\6N3
R C(+)/Pt(-), ECG” = 23 V, 22 + 1 OC R

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

MnBr,-4H,0 (5 mol%), NaN, N, R?

> 19\ﬁR3
LiCIO,, HOAC/MeCN R ToNg

C(+)/P(-), Egey = 2.3V, 22 + 1 °C

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



Reaction Discovery

Mn catalyst promotes highly efficient and selective alkene diazidation
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Functional Group Compatibility
Echem offers innate functional group selectivity
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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
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Proposed Reaction Mechanism
Mn-promotes the addition of both N; groups to the alkene

Pt cathode
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Electrochemical Azidooxygenations

NaN3, TEMPO (1.5 equiv) j;j
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Electrochemical Azidooxygenations
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Electrochemical Azidooxygenations
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Electrochemical Azidooxygenations
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Oxidation of azide anion by TEMPO*

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

TEMPO*

slowly decomposes, t;;, ~ 7 min
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Oxidation of azide anion by TEMPO*

UV-vis and CV reveal the formation of a new charge-transfer adduct
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Identification of the TEMPO-N,; Adduct

Computational data provides insights into the chemical structure
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Greg Sauer, Prof. Kyle Lancaster



Mechanism of the Electrochemical Azidooxygenation
TEMPO-N, adduct plays a key role

K, >> 1 k4 R N TEMPO OTMP
TEMPO* + Ny ———— ~—=—=  TEMPO + Ny ———> g~ M ——— |y,
K_4 Ky, RDS R

TEMPO-N,
resting state

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



TEMPO-Catalyzed Alkene Diazidation
Mechanistic info guides the development of catalytic diazidation

K, >> 1 k4 R CN TEMPO OTMP
TEMPO* + Ny7 ——=— —== TEWPO + Ny ———= p N ——— |\,
k_4 k,, RDS
TEMPO-N,
resting state
J TEMPO-N3 [Mn'"]-N5

% ° %
7(} — . ;jv < 7(&;|T R/.\/N3 R/.\/ Na

10 +e~ 1, +e~ 1

TEMPO~ TEMPO TEMPO*



TEMPO-Catalyzed Alkene Diazidation
Mechanistic info guides the development of catalytic diazidation

K1 R/§ °
TEMPO* + N —— TEMPO + N3 ————— o~ N3
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A TEMPO-N, |
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N3
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TEMPO-Catalyzed Alkene Diazidation

NHAc
c electrolysis CH
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JC Siu, JB Parry, S Lin JACS 2019, 141, 2825



TEMPO-Catalyzed Alkene Diazidation
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JC Siu, JB Parry, S Lin JACS 2019, 141, 2825
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