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a State-of-the-art in asymmetric a-aminc C(sp®)-H functionalization

a highly valuable
H yet challenging appreach FG

. . N
N enantioselective process f

C(sp®)-rich drug molecules

well established for (thio)amides no general method for M-alkyl anilines

» free N-H bond

» undirected site-
and enantiocontrol
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directed
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(thio)amides highly valuable aniline structures

Eplzﬂ" =15V enantiocontrol versatile building blocks
b Our hypothesis
H H PC-H
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N —_— N PT _J Ph /9\

1 1 \N i

H fast H slow I-II

PC ' back-electron transfer (BET) PC™ proton transfer

Kger : . KpT
radical pair

R) O M

problem B
trat PC
« fast BET process (kget > kpr) strategy
« -amino alkyl radicals R R) FG

d Streamlined drug molecule synthesis

8 w-amino sp® C—H bonds
1 N-H bond

Rapid access to
drug molecules

Cl

Br

glucagon receptor antagonist

single C-H functionalization

are susceplible to overoxidation e e Ph"N without de novo synthesis
aryl ketone photocatalyst d (previously 6 steps)
[ This work: Unified solution for site- and enantioselective C(sp®)-H (hetero)arylation of N-alkyl anilines
sy
BocHN T
\©\ I NHBoc
Br
| Ch' .
electron-rich arenes pr © "l ligang
sluggish oxidative addition .
. Ph. Ph
H 88.3 i-Pr i-Pr L N
Ph. Ph H H
BDE N excited asymmetric

nickel catalysis

(keal/mol) I—I| 89.1 H 85.1 ketone catalysis

N

multiple competitive reaction sites

PC SET/PT

Ni

[ ,@NHBOC
Ph., A Ph h
{ N
H H Br

simultaneous control of
chemo-, site-, and enantioselectivity

1
)

directing-group-free site- and enantiocontrol electronically diverse (hetero)arenes rapid access to drug candidates
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a . OMe H
10% NiBrysglyme Ph Ph
H MeO 13% (R)-L, 13% PC4 “N*/Y
Ph\N/K/\rPh @ 30equivKPO, : . H
! Br H
H H DME, -10°C, 36 h Ph. Ph
1 2 390 nm LEDs {40 W) EW
Eyp™ = +0.50 V vs Ag/AgNO3 "standard conditions”
multiple potential reaction sites electron-rich arene 3a 3b

photostability problem

o * SET/ OH i—Pr) 0 &——— Key design elements —o
) ET/PT H
Ar” Ar : « Mild oxidizing nature minimizes the amine
Ar Ar| or HAT solution o O ,_Er\ overoxidaiton.
HAT « Strongly reducing ability ensures rapid
OH HO ~ Ar PC4 turnover of low-valent nickel species.
" o Ar o
A A AE\,- OH Epp (PC*/PC™) = +0.67 V vs Ag/AgNO;  « Steric hindrance suppresses BET process
reduction dimerization Epi (PC/PC*") = -2.37 V vs Ag/AgNO3 Sl (AT (R
b O o Me O wpr O
Identification of the most
ffecti hotocatalyst
. effective photocatalys . Me Me Me Pr i-Pr
PC1 PC2 PC3 PC4
increasing photocatalyst eﬁ—
Yield and ee (3a): 23% vyield, 95% ee 34% vield, 95% ee 76% yield, 94% ee 82% vield, 95% ee
Ratio (3a : 3b): 1.4:1.0 28:1.0 12.7:1.0 13.7 :1.0
Conversion (2): 52% 62% 96% 100%
c
-Bu £Bu entry variations from standard conditions yield (3a, %)? ee (%)°
; ; 1 None 82 95
N N 2 2.0 equiv of amine 1 74 94
n_prw“,.EN/> <‘N %, n-Pr 3 1.0 equiv of amine 1 53 94
nPr (RYL  n-Pr 4 0°C, instead of -10 °C 69 92
5 under air in a capped vial 82 94
« Facilitating oxidative aqdition of e-rich 6 2% Ir(ppy)2(dtbbpy)PFg, instead of PC4S 0
ArBr to low-valent Ni catalysts .
. . 7 2% Ir[dF(CF3)ppyla{dtbbpy)PFg, instead of PC4° 0
» Regulating enantiocontrol . .
8 No Ni, no light, no PC, or no base 0
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¢ Site selectivity in drug-like molecules = potential HAT-susceptible site(s)

NHBoc No regioisomers were isolated for all cases.
NHBoc
NHBoc
? H Ph. A [ @
Phe Ao~~~ N Ph NN 7
N hig H Ph. A~ ~S
H o) CO,Me NSNS
H
92% vyield, 94% ee 82% yield, 90% ee 70% yield, 89% ee 83% vyield, 94% ee OMe
NHBoc NHBac NHBoc

= O N t_ o] :
Ph. ’\/@ " O : > @ AN
N Ph N o
NHBoc H
84% vield, 94% ee 64% vyield, 85% ee 89% vyield, 93% ee 73% yield, 95% ee, > 10:1 r.r.

N
H

¢ Heteroarenes NHBoc CF; OMe

NHBoc ; NHBoc
. N| = N
' |
Boc ./ _/

s
= /\/\ Ph. A Ph  Ph ; Ph
N N Me NN NN

N /\/\Me H H
79% yield, 92% ee 82% yield, 83% ee 53% yield, 84% ee 74% vyield, 92% ee 64% vyield, 92% ee
7 NBoc o : ¢ Cyclic anilines
= - 1
P AP Ph~N/\/\/F’h NHBoc NHBoc Ph
H H NHBoc
76% vyield, 92% ee 48% yield, 90% ee ' 68% yield, 92% ee 62% yield, 97% ee 70% yield, 84% ee

'
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» Alkenylation

o 65 SRS

Me
Ph“N/\/\Me F’h-.N/\/\Me Ph"N/\/\Me Ph..N/\/\Me Ph“N/\/\Me
H H H H H
48% vyield, 82% ee 52% vield, 82% ee 51% yield, 92% ee 56% vield, 83% ee 63% vyield, 81% ee
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1) PC | Ni
2) ester hydrolysis (LiOH)
Rapid and modular access
to enantioenriched drug molecules
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59% yield over 2 steps, 84% ee
(previously 10 steps)

Traditional de novo synthesis
chiral auxiliary groups required
(previously 8 or 10 linear steps)

Readily scalable to
5.0 mmol scale
1.430 g parent ester

0, 0 0,
63% yield over 2 steps, 85% ee 57% yield, 86% ee

(previously 10 steps)
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58% yield over 2 steps, 85% ee
(previously 8 steps)

40% yield over 2 steps, 84% ee
(previously 8 steps)

b
CIBr Direct enantioselective O HH
a-C(sp®)-H arylation CO.Et
O HH - H N w2
~CO,Et NP H
H H /©)H:N5) 7 (peni N H
O)(hlj H 2 steps from =
H commercial reagents (R)-L1: 73% yield, 98:2 dr
multiple, potential competing sites [{S)-L1: 78% yield, 2:98 dr]
0]
HoN COLEt Traditional
Cl HN w2 de novo synthesis
NaBH, CO,Me * previously 6 steps
O —~ — —~ —~ — —~ « chiral resolution required
N s Ay Ay
Friedel-Crafts EDC
Cl
acylation MsCl NaOH DIPEA, HOA
[ 0 O
CO;Me
COzMe N2
Me H H/\/ Direct enantioselective Me H
Me HN Br G-C(Sp3)—H arylation
O - Me HN
®
T | PG| Ni
O Me l O
1 step from Me - ) Me
P Me 69% yield, 96% ee M
commercial reagents Me e
Me
Me
Me Traditional
Me de novo synthesis
o} \I/\MgBr O H N/\/COZME . previously_v 5 steps_
Me HaN NaOH 2 « chiral resolution required
H ) Fa 2 i) Y i
A\ S S Ay S
MeO,C - reductive
oxidation amination
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