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Phtotoredox Catalysis without Metal-Catalysis



Reaction 1 Background
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Chu, John C. K.; Rovis, Tomislav, Amide-directed photoredox-catalysed C—C bond
formation at unactivated sp3 C—H bonds. Nature 539, 272-275 (2016)
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Chu, John C. K.; Rovis, Tomislav, Amide-directed photoredox-catalysed C—C bond formation at
unactivated sp3 C—H bonds. Nature 539, 272-275 (2016)



Reaction 1 Mechanism
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Chu, John C. K.; Rovis, Tomislav, Amide-directed photoredox-catalysed C—C bond formation at
unactivated sp3 C—H bonds. Nature 539, 272-275 (2016)



Reactionl Site-Selective
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Chu, John C. K.; Rovis, Tomislav, Amide-directed photoredox-catalysed C—C bond formation at
unactivated sp3 C—H bonds. Nature 539, 272-275 (2016)
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Dian-Feng Chen, John C. K. Chu, and Tomislav Rovis, Directed y-C(sp3)—H Alkylation of Carboxylic Acid Derivatives through
Visible Light Photoredox Catalysis. J. Am. Chem. Soc. 2017, 139, 42, 14897—-14900



Reaction 2 Mechanism
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Dian-Feng Chen, John C. K. Chu, and Tomislav Rovis, Directed y-C(sp3)—H Alkylation of Carboxylic Acid Derivatives through
Visible Light Photoredox Catalysis. . Am. Chem. Soc. 2017, 139, 42, 14897—-14900



Reaction 1 Scope

O O o) 0

Me Me Me Me Bu Et e
3aa 75% 3ca 80%, 1:1 d.r.

Chu, John C. K.; Rovis, Tomislav, Amide-directed photoredox-catalysed C—C bond formation at
unactivated sp3 C—H bonds. Nature 539, 272-275 (2016)

Reaction 2 Scope
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3ah: 62% 3bk: 55% 3bl: 78%

Dian-Feng Chen, John C. K. Chu, and Tomislav Rovis, Directed y-C(sp3)—H Alkylation of Carboxylic Acid Derivatives through
Visible Light Photoredox Catalysis. J. Am. Chem. Soc. 2017, 139, 42, 14897-14900
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Reaction 3
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Photoredox-Catalyzed Site-Selective a-C(sp3)-H F ’I"Irl"'“\N Z A: Ir(dF-CF3) R1 = CF;
Alkylation of Primary Amine Derivatives. Angew. Chem. F | SN7 | B: Ir(dF-Me) R! = Me
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Reaction 3 Mechanism

_Tf SHki
HN N ZCO,R Tfe ©
)\ E 9Ll> SN - N
Et H t 1 1 OR
1a radical anion Et /l\/g\ﬂ/
~92 kcal/mol

m 5
-H"'
l + H
O HAT /\ \ |/
)N\ [N® SET
Et | H ['6 HAT HI Vil '

12V o catalysis 100 kcal/mol
| vt / Tfe
STl \\ /-—\ NH

vl PT O OR
P SET Aj Et
.%l. [ N v O

photoredox v.
catalysis g
' T
Il NH

i "
R
X_/ Et/l\/\rfo

Vil O

Ashley, Melissa A.; Yamauchi, Chiaki; Chu, John C. K.; Otsuka, Shinya; Yorimitsu, Hideki ; Rovis, Tomislav,
Photoredox-Catalyzed Site-Selective a-C(sp3)-H Alkylation of Primary Amine Derivatives. Angew. Chem. Int.
Ed.2019, 58, 4002-4006.




Reaction 3 Application
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Ashley, Melissa A.; Yamauchi, Chiaki; Chu, John C. K.; Otsuka, Shinya; Yorimitsu, Hideki ; Rovis, Tomislav,
Photoredox-Catalyzed Site-Selective a-C(sp3)-H Alkylation of Primary Amine Derivatives. Angew. Chem. Int.
Ed.2019, 58, 4002-4006.
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Reaction 4
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Thullen, Scott M.; Rubush, David M.; Rovis, Tomislav, A Photochemical Two-Step Formal [5+2] Cycloaddition: A
Condensation-Ring-Expansion Approach to Substituted Azepanes. Synlett. 2017; 28(20): 2755-2758



Reaction 4 Mechanism
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Thullen, Scott M.; Rubush, David M.; Rovis, Tomislav, A Photochemical Two-Step Formal [5+2] Cycloaddition: A
Condensation-Ring-Expansion Approach to Substituted Azepanes. Synlett. 2017; 28(20): 2755-2758 16



Reaction 4 Application
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Thullen, Scott M.; Rubush, David M.; Rovis, Tomislav, A Photochemical Two-Step Formal [5+2] Cycloaddition: A
Condensation-Ring-Expansion Approach to Substituted Azepanes. Synlett. 2017; 28(20): 2755-2758



Reaction 5
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Liao, J.; Basch, C. H.; Hoerrner, M.E.; Talley, M. R.; Boscoe, B. P.; Tucker, J. W.; Garnsey, M.
R.;Watson, M. P. Deaminative Reductive Cross-Electrophile Couplings of Alkylpyridinium Salts
and Aryl Bromides. Org. Lett. 2019, 21,2941-2946.
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Ashley, Melissa A.; Rovis, Tomislav, Photoredox-Catalyzed Deaminative Alkylation via C—N Bond
Activation of Primary Amines. J. Am. Chem. Soc. 2020, 142,43, 18310-18316.



Reaction 5 Mechanism
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Ashley, Melissa A.; Rovis, Tomislav, Photoredox-Catalyzed Deaminative Alkylation via C-N Bond
Activation of Primary Amines. J. Am. Chem. Soc. 2020, 142,43, 18310—-18316.
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Reaction 6 Background

b) 1% Ru(bpy)sCl,'6H,0, 1 equiv TFA

O 2.2 equiv Hantzch ester _ HaNC A
R1)J\R2 2 equiv 4-CN pyridine, NH; gas R4

R
. MeCN (0.1 M), hv, 60 °C, 15 h g :
NH, NH, NH,
\ _ B
8a, 99% 8b, 80% 8¢, 72%

Rong, J.; Seeberger, P. H.; Gilmore, K. Chemoselective Photoredox Synthesis of Unprotected
Primary Amines Using Ammonia. Org. Lett. 2018, 20, 4081-4085.
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Nicastri, Michael C. ; Lehnherr, Dan ; Lam, Yu-hong ; DiRocco, Daniel A.; Rovis, Tomislav, Synthesis of Sterically
Hindered Primary Amines by Concurrent Tandem Photoredox Catalysis. J. Am. Chem. Soc. 2020, 142, 2,987-998.
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Reaction 6
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Nicastri, Michael C. ; Lehnherr, Dan ; Lam, Yu-hong ; DiRocco, Daniel A.; Rovis, Tomislav, Synthesis of Sterically
Hindered Primary Amines by Concurrent Tandem Photoredox Catalysis. J. Am. Chem. Soc. 2020, 142, 2,987-998.
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Reaction 6 Mechanism

A. Proposed Mechanism - Oxime Reaction "
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Nicastri, Michael C. ; Lehnherr, Dan ; Lam, Yu-hong ; DiRocco, Daniel A.; Rovis, Tomislav, Synthesis of Sterically

Hindered Primary Amines by Concurrent Tandem Photoredox Catalysis. J. Am. Chem. Soc. 2020, 142, 2,987-998.
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Reaction 6 Mechanism

B. Proposed Mechanism - Iminium Reaction
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Nicastri, Michael C. ; Lehnherr, Dan ; Lam, Yu-hong ; DiRocco, Daniel A.; Rovis, Tomislav, Synthesis of Sterically

Hindered Primary Amines by Concurrent Tandem Photoredox Catalysis. J. Am. Chem. Soc. 2020, 142, 2, 987-998.
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Reaction 7
Weaver (JACS, 2014) and Gilmour (JACS, 2015)

blue LED

PR P“’j )

Gilmour (Science, 2020)

0 BN
A @ T )@
PinB R 402 nm 0) R

Singh, K.; Staig, S. J.; Weaver, J. D. Facile Synthesis of ZAlkenes via Uphill Catalysis. J. Am. Chem. Soc. 2014, 136, 5275-5278.

Metternich, J. B.; Gilmour, R. A Bio-Inspired, Catalytic E - Z Isomerization of Activated Olefins. J. Am. Chem. Soc. 2015, 137,
11254-11257.

Molloy, J. J.; Schafer, M.; Wienhold, M.; Morack, T.; Daniliuc, C. G.; Gilmour, R. Boron-Enabled Geometric Isomerization of
Alkenes via Selective Energy-Transfer Catalysis. Science 2020, 369, 302-306.

OH [Ir(dF(CF3)ppy)2(dtbbpy)lPFs  HOo
N (0.5 mol%) *N

| - |
)\AA EtOAc (0.1 M) )\/\/\
Ph 427 nm LEDs, 2 h Ph
EA1 ZIE=113 Z-1

Zhang, Xiao ; Rovis, Tomislav , Photocatalyzed Triplet Sensitization of Oximes Using Visible Light Provides a Route to
Nonclassical Beckmann Rearrangement Products. J. Am. Chem. Soc. 2021, 143, 50, 21211-21217.
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Reaction 7 Application

N’OH g O O
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A (R) TCT/DMF H H
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H
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NBS '\N,’O H C PC, DCM;
e P g B
60 E-8
82%, >20:1 60:61 87%, <1:20 60:61
oﬁ/o
NBS

Zhang, Xiao ; Rovis, Tomislav , Photocatalyzed Triplet Sensitization of Oximes Using Visible Light Provides a Route to
Nonclassical Beckmann Rearrangement Products. J. Am. Chem. Soc. 2021, 143, 50, 21211-21217.
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Reaction 8

AN ~
R'8 SET Ay B SET R'd
o - o — > . — o
RJ@ RJLOH R)LX R)Ly

C. This Work — phosphine radical mediator (X = Ph or OEt)

AN
9 R” “OH 0
X A
ph” i x o) R
Ph e
OH Ph
E%X (PPh,) =
+0.98 V

R=Alkyl — ==
R=Ar — X=Ph

Stache, Erin E.; Ertel, Alyssa B.; Rovis, Tomislav ; Doyle, Abigail G., Generation of Phosphoranyl Radicals via Photoredox
Catalysis Enables Voltage-Independent Activation of Strong C-O Bonds. ACS Catal. 2018, 8,12, 11134-11139.

26



Reaction 8 Mechanism

[ir't [ pT |
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Stache, Erin E.; Ertel, Alyssa B.; Rovis, Tomislav ; Doyle, Abigail G., Generation of Phosphoranyl Radicals via Photoredox

Catalysis Enables Voltage-Independent Activation of Strong C-O Bonds. ACS Catal. 2018, 8,12, 11134-111309.
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Reaction 9

B
L, Q@ |
r L]
R R H-donor
\NJ\R . ~N“O R R\NJ\R
A 4 A
. base D,0 or T,O
amine a-amino radical . 2 labeled amine
93 kcal/mol
on P© i i
o S\)j\ S\)J\
H T,0 H* OMe = TD* OMe
BDE 119 kcal/mol BDE 87 kcal/mol in situ generated
pKa (DMSO) = 32.0 pKa (DMSO) = 14.1 D/T donor

Loh, Y. Y.; Nagao, K.; Hoover, A. J.; Hesk, D.; Rivera, N. R.; Colletti, S. L.; Davies, I. W.; MacMillan, D. W. C.
PhotoredoxCatalyzed Deuteration and Tritiation of Pharmaceutical Compounds. Science 2017, 358, 1182-1187

$

Ir(ppy)s(dtbbpy)PFg (1mMol%)

e Ph,SiSH (10-20 mol<%) J\/L
AN SH )\EWG > AN EWG

T Tol (0.1 M), 2-8 h, Blue leds )

)\I}IJ(/\CogtBu

3, 88% (11:1)

Shen, Yangyang ; Funez-Ardoiz, Ignacio; Schoenebeck, Franziska; Rovis, Tomislav , Site-Selective a-C—H
Functionalization of Trialkylamines via Reversible Hydrogen Atom Transfer Catalysis. J. Am. Chem. Soc. 2021, 143, 45,

18952-18959. 8



Reaction 9 Mechanism

A. DFT computational study of reaction mechanism

— 1%
; ; p weakly N, 2
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N radical N ~]
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i - » t
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CO,1Bu o:" “‘ - [ . . .
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\7 N(P1), ) L polarity match B —
#* ZCOxBU .-, s
0.0, CO,tBu ‘\‘ I \r_."‘ ™ iPr\NJ\ T /Pr\NJ\
. 1 ,—' Yy #7 *
- . I\~ % Q|
iPrs J\ -3.2 S T
N “\ l" -~
| |Pr\NJ\ : . )
S i o Ex,
P Q) Jh
Z "COBu 'S iPrs J\ -11.6 , " P
. N l4 N Q |Pr\N e
— more substituted position VO\CO BU -14.8
2
— less substituted position favored I 4 CO.Bu
1

Shen, Yangyang ; Funez-Ardoiz, Ignacio; Schoenebeck, Franziska; Rovis, Tomislav , Site-Selective a-C—-H
Functionalization of Trialkylamines via Reversible Hydrogen Atom Transfer Catalysis. J. Am. Chem. Soc. 2021, 143, 45,
18952-18959.
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Reaction 9 Mechanism

with iPr;SiSH

. 5" ]
3-Si(iPr) T
~4 : more nucleophilic radical
iy iPr<
Ko l}l ¥
iPra,, / .
N COxtBu  tertiary favored
A AGHAT e »*" .=l radical addition becomes the r.d.s. .
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‘~~\‘ 'o" 7.8 14_':":"—
. e 'l' %\CO tB "::C‘
(Pr)aSiS L 2BU BB
WP e —
00 " s B (PRSISHID 2225 87 ™os  (pygsis
J\ (iPr)3SiSH '_0_4' ‘\\ —","’ %, -
IPr\N ~‘~ " ‘," ~~‘
I IPr\ Q ‘J‘" ~~~s‘
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2 C0,B8 3 e
2lBU | ~ -3
: - : Pr N 0°COtBu iPr< ></\ o4
— more substituted position favored | " N CO,Bu
2 P,

— less substituted position

Shen, Yangyang ; Funez-Ardoiz, Ignacio; Schoenebeck, Franziska; Rovis, Tomislav , Site-Selective a-C—-H
Functionalization of Trialkylamines via Reversible Hydrogen Atom Transfer Catalysis. J. Am. Chem. Soc. 2021, 143, 45,

18952-18959. 30



Reaction 9 Application

Ir(ppy)2(dtbpy)PFg (1 mol%)

from Lidocaine
34, 65%

-
)\R Ph3sSiSH (10 mol%)
Tol (0.1 M) , ~EHD
F, \N’

(L
NC

from Citalopram
35, 55% (dr. ~ 2:1)

SO,Ph

from Benzydamine
36, 63%

from Diltiazem
37, 76% (dr. ~ 1:1)

Shen, Yangyang ; Funez-Ardoiz, Ignacio; Schoenebeck, Franziska; Rovis, Tomislav , Site-Selective a-C—H
Functionalization of Trialkylamines via Reversible Hydrogen Atom Transfer Catalysis. J. Am. Chem. Soc. 2021, 143, 45,

18952-18959.
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Phtotoredox Catalysis with Metal-Catalysis
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Reaction 10

H a)Ti catalyst AN, -Ph
NS 8 Ph™ X N
PR NN Me\'ph _180°C A
b) acylation 07 > Me
73%
55:45 linear:branched
Dorfler, J.; PreuB, T.; Brahms, C.; Scheuer, D.; Doye, S. Dalton Trans. 2015, 44, 12149-12168.
X
Me X
A e Ir(ppy)a(ctbbpy)BF4 Me\N/\I/'\ .
= CO2Et NMP, Blue LED !
Ph Me
X = COOEt 90%
X=H 9%

Miyake, Y.; Nakajima, K.; Nishibayashi, Y. J. Am. Chem. Soc. 2012, 134, 3338-3341.

Blue LED
CoBr; (10 mol%)
J 1 BE (0.5 mot)
R. /\/\/[L .5 mol%
N Me” NN 0R -
1 R 2 CsOPiv, MeCN, 12-20 h

Thullen, Scott M.; Rovis, Tomislav, A Mild Hydroaminoalkylation of Conjugated Dienes Using a Unified Cobalt and
Photoredox Catalytic System. J. Am. Chem. Soc. 2017,139, 43, 15504—-15508.



Reaction 10 Mechanism

Co'l @)
l? Ir! tBu OH
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Co' ©
tBu @)
| N
Co''H
I ﬂ
Cobalt

0 |I’"
S +o Photoredox
)LO R N~
1
R

tBu

%

R |r|||*

'I}I/
R

Thullen, Scott M.; Rovis, Tomislav, A Mild Hydroaminoalkylation of Conjugated Dienes Using a Unified Cobalt and
Photoredox Catalytic System. J. Am. Chem. Soc. 2017,139, 43, 15504-15508.



Reaction 1

R R o)

@]
2~5mol% [Ir]
H R A R
WNJ\CFB ! j) PhCF; Ks;PO, Blue LED g mJ\CFS
R R H EWG 3 T4 EweR R
1.25~3 equiv
Chu, John C. K.; Rovis, Tomislav, Amide-directed photoredox-catalysed C—C bond
formation at unactivated sp3 C—H bonds. Nature 539, 272-275 (2016)
Reaction 11
10mol% Ni(glyme)Cls
12 mol % 4 4-dimethyl-2,2"-bipyridine R
H O 1mol% PC O
N R g Hw
TRA™ Br\/\)J\OEt MeCN KsPO, Blue LEDs e OFt
2 equiv
-Bu

pc [
Thullen, Scott M.; Treacy, Sean M.; Rovis, Tomislav, Regioselective Alkylative Cross-Coupling of Remote Unactivated
C(sp3)-H Bonds. J. Am. Chem. Soc. 2019, 141, 36, 14062—-14067.
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Reaction 11 Mechanism

i
I'™* " Photoredox : >N\N Q
SN ~Br
=N ¥
I Q-Br
Me

Me

\ ] >
Nickel \N:Ni'—x
|
-~ VI
|
15HATQ ,N: III()
! j\j ff
X Q.
® ] H

Thullen, Scott M.; Treacy, Sean M.; Rovis, Tomislav, Regioselective Alkylative Cross-Coupling of Remote Unactivated
C(sp3)-H Bonds. J. Am. Chem. Soc. 2019, 141, 36, 14062-14067.



Reaction 11 Application

B. Sequential Functionalization: EtO
Br

2k0_§
N

H O 23 TFA «
©f: N _A~_Br NN
TFA 0O FI9 H
°N - S
H standard standard @)

H s 4a 45%
1K conditions conditions N > 20:1 dr
(@)
Me
Br
TFA
Me ’ N Me
2j H
TFA . M B
e wgn
H 1a standard conditions 3aj 63%*
s Me Me (0]
TFA
PC *N
. H OEt
K3PO4, MeCN
ethyl acrylate 4b 61%

Thullen, Scott M.; Treacy, Sean M.; Rovis, Tomislav, Regioselective Alkylative Cross-Coupling of Remote Unactivated
C(sp3)-H Bonds. J. Am. Chem. Soc. 2019, 141, 36, 14062-14067.



Reaction 9

Ir(ppy)o(dtbbpy)PFg (1mMol%)

& Jg Ph5SiSH (10-20 mol%) 2 J\/L
' )\EWG > °N EWG

,LH Tol (0.1 M), 2-8 h, Blue leds :

Shen, Yangyang ; Funez-Ardoiz, Ignacio; Schoenebeck, Franziska; Rovis, Tomislav , Site-Selective a-C—-H
Functionalization of Trialkylamines via Reversible Hydrogen Atom Transfer Catalysis. J. Am. Chem. Soc. 2021, 143, 45,

18952-18959. '

Reaction 12
4CzIPN (1 mol%)
NC_Q_BT Ni-1 (5 mol%), /©/\ Q
Na,CO3; (1.0 eq.)
—N ) Dioxane (0.2 M)
Blue-LEDs, 28 °C, 18 h

Cz Bu H,O 12Cr
NC oN ¥ ) g T

4CzIPN Ni-1

Shen, Yangyang ; Rovis, Tomislav , Late-Stage N-Me Selective Arylation of Trialkylamines Enabled by Ni/Photoredox
Dual Catalysis. J. Am. Chem. Soc. 2021,143,40,16364-16369. 38



Reaction 12 Mechanism

\ — o +

N— Br >N~
Ar=—/ [LnNi' e ir?fi?\?ﬁq]
L N|'Br SAr  ion

Ni-4
Br \ JRzH
L NI”I—(
/NI 3 R
N

L,Ni / :IL R=Me
/N\ NW&BD// +

~Ar Br\' N~
-H+L> lll Ni-2 . | LaNi' K/H

R4 Br <«-------- ' L_mstable
Ar-Ar & Ar-H </ L Ni""—H or L Ni'—Ar o minium
\Ukr base

Shen, Yangyang ; Rovis, Tomislav , Late-Stage N-Me Selective Arylation of Trialkylamines Enabled by Ni/Photoredox
Dual Catalysis. J. Am. Chem. Soc. 2021,143,40,16364-16369. 39



Reaction 12 Late-Stage N-Me Selective Arylation

CF,4 R! 1
NC CF R
DA ; 3 : \
N _ A N M

CF a
R'=CF5, R?=H, 24, 84%
22 61% 23 74% A'=H, R%=S0;NH;, 25, 65%
from Tropinone from Hordenine from N N-DMPEA

Shen, Yangyang ; Rovis, Tomislav , Late-Stage N-Me Selective Arylation of Trialkylamines Enabled by Ni/Photoredox
Dual Catalysis. J. Am. Chem. Soc. 2021,143,40,16364-16369. 40



Reaction 5

O OMe 3>L
N OMe
gﬂ\ + H — activation =3 I + SR — @ @ — g)K/\
NHQ H s R

MeO OMe

radical coupling quaternary carbon centers

primary amine redox-active imine partner alkyl - alkyl

Ashley, Melissa A.; Rovis, Tomislav, Photoredox-Catalyzed Deaminative Alkylation via C—N Bond
Activation of Primary Amines. ACS Catal. 2020, 142,43, 18310—-18316.

previous work

redox active (pc g/\
g>?\ I EWG
NH,
+

giN deaminative alkylation

| e NS WOIK=s wnaswsny :
g e N f
HJ\O imine @-» | :

|
| |
activation
L

Reaction 13

Dorsheimer, Julia R. ; Ashley, Melissa A.; Rovis, Tomislav , Dual Nickel/Photoredox-Catalyzed Deaminative Cross-Coupling
of Sterically Hindered Primary Amines. J. Am. Chem. Soc. 2021, 143, 46, 19294-19299. 41



Reaction 13 Mechanism

- f-scission %—O
z
N MeO

/ 0. ctlic—res Outer-sphere/l
SET O'NI —X Reductive
Elimination
I
; Y 33
R
{J S \

photoredox

cycle
\ ’ tBu / X =BrorCl
Oxidative
( IrIlI Addmon
L, .--\_/

Br X
| —R
Z

Dorsheimer, Julia R. ; Ashley, Melissa A.; Rovis, Tomislav , Dual Nickel/Photoredox-Catalyzed Deaminative Cross-Coupling
of Sterically Hindered Primary Amines. J. Am. Chem. Soc. 2021, 143, 46, 19294-19299. 42



Reaction 13 Scope

(0] OMe
amine
giNHz * “j©\ activation ™ >
MeO OMe

Me
Me
Me
@8 O
92%
Me Me
Me
Me
200 ©
84%

gj\N OMe

MeO 1 OMe
2 eq.
M
Me =
Me
N—Me
(12) ©
75%
O
Me Me
N
O
(23)
70%

Br. Z :
+ \_uR
2

Ir cat A (0.5 mol%)
Ni(TMHD), (10 mol%)
nBuyNCI (20 mol%)

KoHPO4 (1 equiv.),
DMSO (0.05M), rt, 48 h
456 nm LEDs

Me

Me
Q)
SO,Me

(5)
86%

BocN

MGOzc

(34)
65%

CF3

Dorsheimer, Julia R. ; Ashley, Melissa A.; Rovis, Tomislav , Dual Nickel/Photoredox-Catalyzed Deaminative Cross-Coupling
of Sterically Hindered Primary Amines. J. Am. Chem. Soc. 2021, 143, 46, 19294-19299.
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Reaction 13 Application

previous synthesis
7 steps
5% overall yield

BPin OMe
n-Buli,
s Br M62804 BOCzo
. O—0O0—"0—-720

Boc Suzuki { BBrs Pd/C, H,
(35) /- : o
‘BocN

O k,c0;

1,0 O

{_(36) OMe)
BocN
Me, NH; deaminative
arylation
N bl O ! Me
Boc activation (37) OTf
mcommercially available
this work
2 steps ALKZ Inhibitors

67% overall yield

Dorsheimer, Julia R. ; Ashley, Melissa A.; Rovis, Tomislav , Dual Nickel/Photoredox-Catalyzed Deaminative Cross-
Coupling of Sterically Hindered Primary Amines. J. Am. Chem. Soc. 2021, 143, 46, 19294-19299.
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Reaction 14 Background

3. Doyle, Wu

I I @
@ M @ 9 x
LoNi''-x —[oxj=— L2N|"' —LMCT > L2Ni"\x Cl

V,=1.21 Vvs. SCE

0O
f Cl or
@ o _Q CI)LOR

Deng, H. P,; Fan, X. Z.; Chen, Z. H.; Xu, Q. H.; Wu, J. Photoinduced Nickel-Catalyzed Chemo- and Regioselective Hydroalkylation
of Internal Alkynes with Ether and Amide a-Hetero C(sp3)-H Bonds. J. Am. Chem. Soc. 2017, 139, 13579-13584.

Ackerman, L. K. G.; Martinez Alvarado, J. |.; Doyle, A. G. Direct C-C Bond Formation from Alkanes Using Ni-Photoredox
Catalysis. J. Am. Chem. Soc. 2018, 140, 14059-14063

D. This Work: Photocatalytic C(sp®)-H Alkylation with Cu Salts

Rs @ cat. CuCl, Rs R4
R H X EWG i
YR e g
R R MeCN, 60°C
2 5
390 nm, N,

Treacy, Sean M.; Rovis, Tomislav, Copper Catalyzed C(sp3)—H Bond Alkylation via Photoinduced Ligand-to-Metal Charge
Transfer. . Am. Chem. Soc. 2021, 143,7,2729-2735
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Reaction 14 Mechanism

L f) ..... I alkane

T
q
o
Q
=
0
- O
m
e
r
Nl
=

e AR / MeCN__ _CI|© Cl
c1” - el LY
/4 HAT
Protodemetallation @ LMCT \

Hcl —7 \ Y Hel

MeCN\Cu,m@
clI” o MeCN.. Cl © @a

= MeCN~  ~CI
OEt I
\ Radical
Metallation 0 2 CO,Et
Tautomerization Addition

OEt |

Treacy, Sean M.; Rovis, Tomislav, Copper Catalyzed C(sp3)-H Bond Alkylation via Photoinduced Ligand-to-Metal Charge
Transfer. J. Am. Chem. Soc. 2021, 143, 7,2729-2735
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Reaction 14 Scope

Rq 20% CuCl, R, R,
~_EWG o L
O . Rz)\r 50% LiCl - R 1\|K|/ EWG

R, MeCN, 60°C -
1 radical acceptor 390 nm, N . ?
C}o
Me
43, 83%, >20:1 dr 44, 72%, 10:1 dr 45, 70%. >20-1 dr
(o)
(o)
Me
Me
46, 57% 15:1 drP 47, 75%, >20:1 dr 48, 67%, >20:1 dr

Treacy, Sean M.; Rovis, Tomislav, Copper Catalyzed C(sp3)—H Bond Alkylation via Photoinduced Ligand-to-Metal Charge
Transfer. . Am. Chem. Soc. 2021, 143,7,2729-2735



Reaction 15
A. Classical approach for N-demethylation34

CICO,Me,NaHCO4

: N"" ‘:

~ '
CHCls, 60 °C ol :©/\ -

I . - ©/\ ' Aowe
=Y : 0% OMe!

J.L - debenzylation | '::;nghlgaﬁﬂéi :
MeO™ "N 1 serve

-----------------

&
"

83%, >20:1
Brine, G. A.; Boldt, K. G.; Hart, C. K.; Carroll, F. . The N-Demethylation of Morphine and Codeine
Using Methyl Chloroformate. Org. Prep. Proced. Int. 1976, 8 (3), 103-106.

B. This work for selective N-demethylation

_ 5CzBN 4 5
©/\N Ni, dtbbpy @ﬁm"' 0
l - - 1 +
4 NaOPiv H Ni-NiCl
H,O, MeCN 42 4b o
C(sp?)-Br . ,
427 nm LEDs  demethylation |  debenzylation

Zhang, Xiao ; Shen, Yangyang; Rovis, Tomislav, Photoinduced Nickel-Catalyzed Selective N-Demethylation of
Trialkylamines Using C(sp2)-Bromides as HAT Reagents. J. Am. Chem. Soc. 2023, 145, 6, 3294-3300
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Reaction 15 Mechanism

A. Proposed catalytic cycle

Ill 0O
~ +
0 "
ArBr LnNiO
L Ni'Ar & B*/ Ni-1 H,0
S A er
+ Br slow NPSar Ni-2 _
. X \I'\"I/
NaOPN// L oI
Nillmx (X = OPW) Ni-6
SAr
Ni-3
EnT X\
T L e oN=
X LNill -
NIT Ni-5
Ni-3* Ni-4
)‘ L Ni'X
Ar® HAT Ill
r ~ b@
I

Zhang, Xiao ; Shen, Yangyang; Rovis, Tomislav, Photoinduced Nickel-Catalyzed Selective N-Demethylation of
Trialkylamines Using C(sp2)-Bromides as HAT Reagents. J. Am. Chem. Soc. 2023, 145, 6, 3294-3300



Reaction 15 Late-Stage Application

" ® Ni PC* "
L""\/;\Br"‘HzO @F L,+\:’/’\H+

L

~ L
Me” \ (Br2) protection Boc” ‘:.
MeO _~ |
Ox S_j_ X
NBoc
NEBoc
~~
23, 61%
f T . 27,60%
rom lIropinone from Dextromethorphan
MeOQ OMe
~
IE\%loc BocN OMe

29, 59% (4:1)¢¢
from Trimipramine

OMe
30, 64% (6:1:1)°¢
from Verapamil

Zhang, Xiao ; Shen, Yangyang; Rovis, Tomislav, Photoinduced Nickel-Catalyzed Selective N-Demethylation of
Trialkylamines Using C(sp2)-Bromides as HAT Reagents. J. Am. Chem. Soc. 2023, 145, 6, 3294-3300
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Reaction 16

_I 2+
N & N

\ N
PMP—Q /N---ésﬁ--:E_:/}PMP Ph

JON=

N/ N\ <\ /,N
Os(bpm(pMeO)ppy),(PFg)2
Os1

[Os())/[Os()]:  1.24V
[Os(I)]/[Os()]:  -0.59V
[Os(I)*)/[Os(ll)]: -0.42V
[Os(IN/[Os(I]:  1.37V

=N 7y

! ON=
’ 5 N
Ty =
Os(bpmppy),(PFs).
Os2

[Os(I)*)/[Os()]:
[Os(I)/[Os(I)]:

1.01V
-0.77v

[Os(I)*}/[Os(lIN)]:
[Os(IN)/[Os(I)]:

-0.52v
1.25V

n

\ N
\ e —
\ /N"'QS: ..... N D—Ph Br

More More
Oxidizing Reducing
Os(bptpy),(PFs)2
Os3
[Os()*)/[Os()]:  0.93V
[Os(I))/[Os(D)]: -0.82V
[Os(I)*)/[Os(lll)]: -0.67V
[Os(IN)/[Os(I)]:  1.08 V

Os(tpy)2(PFe)2
Os4
[Os(I)*)/[Os(I)]): -0.79V
[Os(I))/[Os(lI)]: 0.98V
[Os(11)*)/[Os(1)]: 0.57V
[Os(IN)/[Os()]:  -1.20V

Os(phen);(PFg),
Os5
[Os(I)*)/[Os(lI)]: -0.90V
[Os(I))/[Os(ll)]: 0.90V
[Os(I)*)/[Os(1)]:  0.42V
[Os(IN)/[Os(1)]:  -1.38V

Ravetz, Benjamin D,; Tay, Nicholas E. S.; Joe, Candice L. ; Sezen-Edmonds, Melda ; Schmidt, Michael A. ; Tan, Yichen;
Janey, Jacob M. ; Eastgate, Martin D. ; Rovis, Tomislav, Development of a Platform for Near-Infrared Photoredox
Catalysis. ACS Cent. Sci. 2020, 6, 11, 2053-2059
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Reaction 16 Application

CoBry(PCys)s (5 mol%) EtOC
EtOC — 0s4(0.01 mol%)
X Z > . C>C©
EtOC — Ph DIPEA (30 mol%) Ph
- MeCN (0.1M)
27 28 NIR lamp, 24h 29: 74%

NiBry+glyme (5 mol%) I\Q
Br O 0s5 (0.1 mol%) /©/
> ol
HN DABCO (2 eq.)
Faf DMA (0.4M) rac
33 34 15h, DR lamp R

Ravetz, Benjamin D,; Tay, Nicholas E. S.; Joe, Candice L. ; Sezen-Edmonds, Melda ; Schmidt, Michael A. ; Tan, Yichen;
Janey, Jacob M. ; Eastgate, Martin D. ; Rovis, Tomislav, Development of a Platform for Near-Infrared Photoredox
Catalysis. ACS Cent. Sci. 2020, 6, 11, 2053-2059 53



Reaction 17

Y @
. + HND
1 equiv. 3 equiv.

MeOZC :

(2)

92% (n.d.)

3

Goldschmid, Samantha L.; Soon Tay, Nicholas Eng; Joe, Candice L. ; Lainhart, Brendan C.; Sherwood, Trevor C. ;

NiBry*3H,0 (5 mol%)
Os(phen);(PFg), (0.05 mol%

S

72% (n.d.)

DABCO (1.8 equiv.)
DMSO (0.25M), N,, 18 h
660 nm LEDs

: OMe

(16)

50% (n.d.)

% yield

_N>:©’

H o
N i
S
CF 2 CF

(41)
60%¢ (n.d.)

) Q
= Vo s o
'/ ..I/

H N
N
(% yield) DABCO
)

(18)

97% (n.d.)

Simmons, Eric M. ; Sezen-Edmonds, Melda ; Rovis, Tomislav, Overcoming Photochemical Limitations in
Metallaphotoredox Catalysis: Red-Light-Driven C-N Cross-Coupling. J. Am. Chem. Soc. 2022, 144, 49, 22409-22415

54



Reaction 17 Mechanism

XN Br
@ \ Q H
7 _OATT™ N-@
y BraLNIL__
(1) @
Q H X
N-@
BrL.Ni' () 1 il
k Ni/Ni"" Cycle
DABCO Dark Ni'/NI"" Cy Q

\ o) " No
BrLNi'"
ON S
D@, T
7
DABCO ™ Q
i ‘O

Goldschmid, Samantha L.; Soon Tay, Nicholas Eng; Joe, Candice L. ; Lainhart, Brendan C.; Sherwood, Trevor C. ;
Simmons, Eric M. ; Sezen-Edmonds, Melda ; Rovis, Tomislav, Overcoming Photochemical Limitations in
Metallaphotoredox Catalysis: Red-Light-Driven C-N Cross-Coupling. J. Am. Chem. Soc. 2022, 144, 49, 22409-22415 55



Reaction 17 Application

CF,

(46)

70%P 73%b 41% 55%b

» () O
Ph N,\ Nz IN 0 ~N
N\ MeO-C,, N N F

0 N O 0
o 0 ~ Boc”

50%° 39% 33% 27%

Goldschmid, Samantha L.; Soon Tay, Nicholas Eng; Joe, Candice L. ; Lainhart, Brendan C.; Sherwood, Trevor C. ;
Simmons, Eric M. ; Sezen-Edmonds, Melda ; Rovis, Tomislav , Overcoming Photochemical Limitations in
Metallaphotoredox Catalysis: Red-Light-Driven C-N Cross-Coupling. J. Am. Chem. Soc. 2022, 144, 49, 22409-22415 56



Reaction 18 Background

(a) Reaction optimization

Ruy (5 mol%)

EtO,C
2G, COEL photocatalyst (5 mol%)  EtO2C COsEt

CH,Cl, (0.2 M), rt, 24h

Z X blue LEDs
Mes"N N“Mes Mes“’” N“Mes
I“‘Cl ;I/J“Ci
u=y u=y
cl” | pn ca” /L Ph
Mes-_N N.-Mes MesaN N,Mes
RuCl;(CHPh)(IMes), RuCl,(CHPh)(SIMes), TPPT MesAcrPh (R=Ph)
(Ruy) (Rus) MesAcrMe (R=Me)

Theunissen, Cedric; Ashley, Melissa A.; Rovis, Tomislav, Visible-light-controlled
ruthenium-catalyzed olefin metathesis. J. Am. Chem. Soc. 2019, 141,17,6791-6796.
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Reaction 18 Background

(b) Proposed catalytic cycle

IMes
= Mes—N<N-Mes Et0,C CO,Et
lrvig
Mes—N<_N-Mes a.-RU—CHR
.. - \ /
metathesis
Mes’N N"Mes Mes ~N N“Mes
CI’H Cl‘lr R
CI’RU CHR CI"R

EtO,C CO,Et

- 1l

Et0,C CO:Et

pnh 1 o X
A —\
/@BF4 N N
Mes™ “Mes
Cli; Mes <
TPPT* ci—=RU=CHR Ph Ni?®
I :
hv Ph Ph 5 Mes
Se % Mes~\~"\-Mes |
| ) BFs || \—/ Ph"” 0" “Ph
Ph O Ph Ph (0} Ph Vi
Vv VI
ToET proposed

off-cycle complex

Theunissen, Cedric; Ashley, Melissa A.; Rovis, Tomislav, Visible-light-controlled
ruthenium-catalyzed olefin metathesis. J. Am. Chem. Soc. 2019, 141,17,6791-6796.



Reaction 18

2 mol% [RuCl,(SIMes)(I'PrMe)(Ind)]
BOG  co,et 2 mol% [Os(phen)s][PFel; (051)" EtO,C

CO,Et
Acetone (0.05M), RT
- @ etone ( )
\ v 16h
85% vield
[\
MES'NYN‘MES

Cl.. Ph

RuUu=
Ru = CcI J\
]PF"-N N-‘Pr
Me Me

Cabanero, David C,; Nguyen, Jennifer A.; Cazin, Catherine S. J. ; Nolan,
Steven P ; Rovis, Tomislav, Deep Red to Near-Infrared Light-Controlled
Ruthenium-Catalyzed Olefin Metathesis. ACS Catal. 2023, 13, 7, 4384-4390.
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Reaction 18 Mechanism

a. Proposed mechanism
Precatalyst Activation

™\ M

N_ _N<
Mes~ Mes N N. -
Mes~ Mes : '

Gl RT_ Ph /U\ Ph PreN"N-Pr

cl* = C. Ru + >_(
'F’f*NJ\N-'F’r \<(I) S Me  Me
Me Me

1 I-S

-CI

Y 1@
Mes~™ M
LY Mes ?

os!l S'Ru=CR2 os'" <— 0os!

> [
S
‘ R= ind\( .
\:

orH +0 9
I \
Mes’N N“Mes Mes N

- N-m
------ Cl., Y Cl.. \r es

S,RLI]=CR2
S

\ i
cat. decomp 15 e” species

Metathesis

x # N x

L J
0s'' = Os(phen)s(PFg)o

ind = 2-phenylindenylidene
S = acetone

sl

\

Cabanero, David C.; Nguyen, Jennifer A.; Cazin, Catherine S. J. ; Nolan, Steven P.; Rovis, Tomislav, Deep Red
to Near-Infrared Light-Controlled Ruthenium-Catalyzed Olefin Metathesis. ACS Catal. 2023, 13, 7, 4384—-4390. 60



Reaction 18 Application

x mol% [RuCl,(SIMes)(I'PrMe)(Ind)]

2x1073 mmol [Os(phen)s][PFgl, (Os1) ,m
N
LE’ ; Acetone, RT

660 nm, 20h <5

LI

Mechanism
hv Activation

os! ==— Os'* + [Ru(ll)]® » [Ru(l)] + Qs
Il slow M

Ru=

Initiation
Ru(l)] + Ab > )

i A

- 1@

Ru= OS"' Ru= Propagation
% Os" ‘b\/ LE until TON

Deactivated

(Eq. 1)

(Eq. 2)

(Eq. 3)

Cabanero, David C.; Nguyen, Jennifer A.; Cazin, Catherine S. J. ; Nolan, Steven P.; Rovis, Tomislav, Deep Red

to Near-Infrared Light-Controlled Ruthenium-Catalyzed Olefin Metathesis. ACS Catal. 2023, 13, 7, 4384—-4390.
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Reaction 19 Background

hv * Photoaffinity labelling
N (350 — 450 nm)
3 '
* Photo uncaging

* Photo-induced protein
conjugation

Aryl Azide
Limitations
* Non-selective labelling * Requires high energy light
* No localized activation (i.e. biological microenvironments)

Tay, Nicholas Eng Soon; Ryu, Keun Ah; Weber, John L.; Olow, Aleksandra K.; Cabanero, David C.; Reichman, David R;;
Oslund, Rob C. ; Fadeyi, Olugbeminiyi O. ; Rovis, Tomislav, Targeted activation in localized protein environments via
deep red photoredox catalysis. Nature Chemistry. 15, 101-109 (2023) 62



Reaction 19

Q n-BuNH,
>_®_N3 468-nm LEDs
MeO
3 12 h
E,3)=-1.25V vs SCE MeOH

E.(3) = 62 kcal mol

n-BuNH,
468-nm LEDs

12 h
MeOH

0 n-BuNH,
O>\_©_ S ) 468-nm LEDs
N3
MeO 12 h
MeOH

o /~ \N o
\ N'n- u
H
4, 93% (85%)
+

MeO

@)

s

NH,
MeO
5, 7% (5%)

)

s

NH,

MeO
5, 80% (75%)

3, 17% (13%); 4, (3%)

0
NH,

s

MeO

5, 88% (85%); 3, 12% (10%)

" @ n-BuNH, &
S
>—©—N3 660-nm LEDs %@*"”ﬁ
MeO 12 h MeO
MeOH 5, 50% (45%); 3, 50% (47%)

E(Ir"M =1.21 V vs SCE
E(IrY"") = -0.89 V vs SCE
E; = 60 kcal mol™'

E(Os"") = 0.63 V vs SCE
E(Os"") = -1.05 V vs SCE
E; = 45 kcal mol™’

Tay, Nicholas Eng Soon; Ryu, Keun Ah; Weber, John L.; Olow, Aleksandra K.; Cabanero, David C.; Reichman, David R;;
Oslund, Rob C. ; Fadeyi, Olugbeminiyi O. ; Rovis, Tomislav, Targeted activation in localized protein environments via
deep red photoredox catalysis. Nature Chemistry. 15, 101-109 (2023) 63



Reaction 19 Mechanism

3

=
w

=
w

+
Redox-neutral e N,
Photoredox Catalysis

O

ET O ooy

Tay, Nicholas Eng Soon; Ryu, Keun Ah; Weber, John L.; Olow, Aleksandra K.; Cabanero, David C.; Reichman, David R;;
Oslund, Rob C. ; Fadeyi, Olugbeminiyi O. ; Rovis, Tomislav, Targeted activation in localized protein environments via
deep red photoredox catalysis. Nature Chemistry. 15, 101-109 (2023) 64



Reaction 19 Application
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