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Introduction

Thermodynamically limited HAT reactions

Oxidative HAT: X- too weak to break strong N-H bonds

AG° = +15 kcal/mol
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~110 kcal/mol ~95 kcal/mol

Reductive HAT: M-H too strong to form weak O-H bonds
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Gentry, E. C.; Knowles, R. R.* Acc. Chem. Res. 2016, 49, 1546-1556




Introduction

Multi-site proton-coupled electron transfer
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Gentry, E. C.; Knowles, R. R.* Acc. Chem. Res. 2016, 49, 1546-1556




Introduction

Three pathways of PCET mechanism
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Proton-Coupled Electron Transfer in Organic Synthesis

PCET promoted N-H bond-weakening
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Chol, G. J.; Knowles, R. R.* J. Am. Chem. Soc. 2015, 137, 9226-9229




Proton-Coupled Electron Transfer in Organic Synthesis
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Proton-Coupled Electron Transfer in Organic Synthesis

PCET promoted N-H bond-weakening

[Ir(dF(CF3)ppy)2(5,5'-d(CF3)bpy)]PFg (2 mol%) O

H NBu,OP(O)(OBu), (5 mol%)
> Ar)j\

W EWG
NM(\/
Ri Ry [

ZSEWG  PhCF,, Blue LEDs, rt H R1 Ry
OYAr OYAr
P
PCET N HAT NH 7 TEWG
> H —
R2 » R2
R, R,

Choi, G. J.; Zhu, Q.; Miller, D. C.; Gu, C. J.; Knowles, R. R.* Nature 2016, 539, 268-271




Proton-Coupled Electron Transfer in Organic Synthesis

PCET promoted N-H bond-weakening

Ir(dF(CF3)ppy)2(bpy)PFg (3 mol%)
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Zheng, S.; Gutierrez-Bonet, A.; Molander, G. A.* Chem 2019, 5, 339-352




Proton-Coupled Electron Transfer in Organic Synthesis
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PCET promoted O-H bond-weakening
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Ota, E.; Wang, H.; Frye, N. L.; Knowles, R. R.* J. Am. Chem. Soc. 2019, 141, 1457-1462
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Proton-Coupled Electron Transfer in Organic Synthesis
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Proton-Coupled Electron Transfer in Organic Synthesis

PCET promoted reduction of C=C bond
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Prasanna, R.; Guha, S.; Sekar, G.* Org. Lett. 2019, 21, 2650-2653
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Proton-Coupled Electron Transfer in Organic Synthesis

PCET promoted reduction of C=0 bond
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14



Proton-Coupled Electron Transfer in Organic Synthesis
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Project Synopsis

Photocatalyst
R, Base cocatalyst O O R.R
/\\//\ _ Rs HAT cocatalyst \\S// /2 R
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Zhu, Q.; Graff, D. E.; Knowles, R. R.* J. Am. Chem. Soc. 2018, 140, 741-747
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Optimization of Reaction Conditions

Photocatalyst (2 mol%)

0O O C4Ho Base (10 mol%) O\\//O
\/ . ﬁ/ TRIP-SH (30 mol%) Ph_Sxy, C4Ho
IDh\/S\NH M l H/><
2 e Solvent (0.1 M) H Me

blue LEDs, 35-40 °C, 24 h

[Ir-AJPF, [Ir-B]PF, [Ir-CJPF, [Ir-D]PF,
E, (1M1= +130 Ve E, (*Ii)=+0.81 VP E, (*IM/If)= +0.59 Vb E, (*Irl/Ir)= +0.28 VP
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Optimization of Reaction Conditions

Entry Base Photocatalyst Solvent Yield (%)
1 NBu,[(BuO),0OPO] [Ir-A]PFg PhMe 2
2 NBu,[(CF;);CO] [Ir-A]PFg PhMe 85
3 PBu,[(CF;);CO] [Ir-A]PFg PhMe 97
4 PBu,[BzO] [Ir-A]PF, PhMe 41
5 PBu,[BuO] [Ir-A]PF, PhMe 6
6 2,6-lutidine [Ir-A]PF¢ PhMe
7 PBu,[(CF3);CO] [Ir-B]PF4 PhMe 92
8 PBu,[(CF3);CO] [Ir-C]PF4 PhMe 51
9 PBu,[(CF3);CO] [Ir-D]PF4 PhMe 2

10 PBu,[(CF3);CO] [Ir-A]PF, PhCF, 74
11 PBu,[(CF3);CO] [Ir-A]PF, DCM 19
12 PBu,[(CF3);CO] [Ir-A]PF, MeCN 10
13 PBu,[(CF3);CO] [Ir-A]PF, THF 4
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Substrate Scope

[Ir-A]PFg (2 mol%)

[(CF4)sCOIPBU, (10 mol%) o0 0
C4H - N\
\\//0 . 4Hg TRIP-SH (30 mol%) 8 C4Ho
So = X N/><
X" NHp Me PhMe (0.1 M) Ho W We
blue LEDs, 35-40 °C, 48 h
X=C,N,orO
Alkyl sulfonamides
0 0O O O 0 O
P Y Ve YT Y
Ph\/S\N/YCM"g NP \”/Y 4Mo MQYS\N/YQHQ V/ \”/Y 4Ho GK \H/Y 4Ho
oW Ve H Me MeHHMe H Me H Me
1 86% 266% 354% 4 79% 563%

Aryl sulfonamides

|
= Me

6 98% 794% 8 95% 9 92% 10 82%




Substrate Scope

O O O O O O
O\\//o O\\//O \V/J \\S// C.H \V/
S\N/YCA*HQ S\N/YC“HQ S\N/§<C4H9 | A \N/w( 4 /S S\N/YC“HQ
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Ve QAL RV AL Y oh
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Me Me 74 l’\l 0
16 92% 17 95% =N 18 91% 19 64%
F4C from celecoxib from saccharin
Sulfamides
O O O O
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Me\N/S\N/§<C4H9 (\N/S\NNC“HQ ‘/\N/ \N/Y 4Mg K\N/ \N/w( 4Mg
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Boc
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O 0O O O
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Me/\/\O/S\N/w(C“HQ F3C/\O/ \”/5( 4Mg CI3C/\O/ \HN 4Mg
Ho W e H Me H Me
25 85% 26 73% 27 54% 28 99% (1:1 dr)

from topiramate
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Substrate Scope

[Ir-A]PFg (2 mol%)
R, [(CF3)3CO]PBuy (10 mol%)
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from cis-(-)-limonene oxide

21



Proposed Mechanism
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Summary

Ir photocatalyst

o O Ro alkoxide base cocatalyst 0. O R R,
\\S// H R thiol HAT cocatalyst \\S// R
X~ \'Il/ + R Y 3 > X~ \N 3
H R, blue LEDs H R,
X=C,N, O 53 examples, 48-99% yield
PCET O O olefin addition, HAT
- \Y/

direct homolytic activation of strong N-H bonds with BDFEs ranging from 104-108 kcal/mol
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Writing strategy
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Writing strategy
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Representative examples

O We previously leveraged this strategy to generate sulfonamidyl radicals under the joint action of
[Ir(dF(CF3)ppy)2(5,5-d(CF;)bpy)]PFs ([Ir-A]PFs) photocatalyst and tetrabutylammonium dibutyl
phosphate base cocatalyst for the....(Bx&1EF)

O While notable, all three protocols are restricted in scope with respect to either the alkene or
sulfonamide component. (52 BR$IAY)

O Additional mechanistic work aimed at elucidating the precise nature of the electron and proton
transfer steps involved in N-radical formation will require further investigation. (&#8a941Hl)
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