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Introduction

Conventional Cross-Electrophile Coupling
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Nickel-Catalyzed Cross-Electrophile Coupling

A A L (5 mol%)
<" Nonc NiCl,'DME (5 mol%)
: 5 \/\Ar f
Zn (2 equiv.), 40 C B
THF:NEP = 3:1
Ar—X 27 examples
up to 97% vyield

+

Anka-Lufford, L. L.; Prinsell, M. R.; Weix, D. J. J. Org. Chem. 2012, 77, 9989

bpy (6 mol%)

v ' NiCl,'DME (5 mol%) M
seo, - 5o L
z 5 “CF, FeBr2 (0.4 equiv.) z CF,

Mn® (2 equiv.), DMA, rt

34 examples
up to 88% yield bpy

Li, X.; Feng, Z.; Zhang, X. et al. Org. Lett. 2015, 17, 5570
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1
Nickel-Catalyzed Cross-Electrophile Coupling
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Nickel-Catalyzed Asymmetric Reductive Cross-Coupling

L (20 mol%) N o)

CN NiCl,'DME (10 mol%)  pp |\>
Ph + >
\42)\0 | Mn® (3 equiv.) Arz N~

TMSCI (40 mol%)

()

/ Bn
Dioxane, rt, 18 h 24 examples DMMB-PHOX
up to 87% yield Ar = 3,5-Dimethyl-
up to 93% ee 4-methoxyphenyl

Kadunce, N. T.: Reisman, S. E. J. Am. Chem. Soc. 2015, 137,10480

L (20 mol%)

Et
NiBr,-digl (10 I%
)\ + iBry-diglyme (10 mo [ ) (
Ph Cl | Mn® (3 equiv.) > <

TMSCI (0.75 equiv.)
Dioxane, rt, 18 h 28 examples R = 4- Heptyl
up to 85% yield
up to 95% ee

Poremba, K. E.; Kadunce, N. T. Reisman, S. E. et al. J. Am. Chem. Soc. 2017, 139, 5684
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|
Dual-Catalyzed Cross-Electrophile Coupling
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Metallaphotoredox-Catalyzed Cross-Electrophile Coupling
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5 5 R-- - > AN e
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~ DME, blue LEDs, 25 °C, 6 h ! = up to 92% yield
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Metallaphotoredox-Catalyzed Cross-Electrophile Coupling

phen (5 mol%)

N [ NiCl,-DME (2.5 mol% \
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ﬁ/ = DMF (0.1 M) / up to 90% yield

Br blue LEDs, rt, 24 h
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Electrochemical Nickel-Catalyzed Cross-Electrophile Coupling

. é N
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Introduction

Previous studies: limited to 1° and 2 ° alkyl precursors
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Introduction

Nickel-Catalyzed Cross-Electrophile Coupling

This work: 3°, 2° and 1 ° alkyl bromides are viable coupling partners

1
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Optimization of the Reaction Conditions

Me Me

I Br e
pyridine (1.0 equ
Me Nil, (10 mol%), L (10 mol%)

/\)<Br + NH,
MgCl, (1.0 equiv.)
BzO M 2
z © Zn (2.0 equiv.), DMA, rt Me, Me
1 H,N" 0
3-iso B
1.5 equiv. 2 r
t
| AN MeO | AN Bu | N
N N _N o N
R o ©© |,
Z "N = 7N —
< | o
‘Bu R XN YN S S N |
L3 | N
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Optimization of the Reaction Conditions

S MeO S L B
7" - o R Ho_ | @
SO 9 S
\ OH Meo L2 o L3\ ) | N | N A N//’\I"I
= /: H, L4 " A I
| Pl ™ N AN R = CO,Me, L5 s
N Ny N | H | R= OMe, L6
| N 7 Nl F - L8 "~
Entry? Conditions 3/4/3-isoP Yield (%) of 3P
1 L1 / <5
2 L2 / <5
3 L3 100/5/28 10
4 L4 100/10/4 35
5 L5 100/17/1 17
6 L6 100/10/4 46
7 L7 100/7/4 56
8 L8 100/1/4 14
9 5 (10 mol%) instead of Nil,/L 100/6/4 52

aThe reactions were conducted at a 0.15 mmol scale of 2 at a 0.06 M concentration for 12 h. P
Yields and the ratio of 3, 3-iso, and 4 were determined by LC/MS with external calibration.
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Optimization of the Reaction Conditions

A\
em
HO_ | N
2N Ne—
— N il
R &N
| N

4

N~ |
R H, L4 x
\O)k /\i) R =CO,Me, L5 5
R= OMe, L6

Entry? Conditions 3/4/3-isoP Yield (%) of 3P
10 w/o L 100/20/5 20
11¢ Ni(TMHD), instead of Nil, / <5
12¢ Ni(acac), instead of Nil, / <5
13¢ LiCl instead of MgCl, 100/10/3 52
14¢ w/o MgCl, / <5
15¢ w/o pyridine 100/1/1 17
16¢ 3-F pyridine instead of pyridine  100/7/6 44
17¢ DMAP instead of pyridine 100/20/5 24
18¢ Mn instead of Zn 100/10/6 19

aThe reactions were conducted at a 0.15 mmol scale of 2 at a 0.06 M concentration for 12 h. P
Yields and the ratio of 3, 3-iso, and 4 were determined by LC/MS with external calibration. ¢ L7
was used as the ligand.
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Substrate Scope

Reaction scope of alkyl bromides.

I Br pyridine (1.0 equiv.) 0
Nil, (10 mol%), L (10 mol%
N R1/.l~. il, (10 mol%), L (10 mo o): \ N
i, RS MgCl, (1.0 equiv.) H |
Br R Zn (2.0 equiv.), DMA, rt =N N~
6. 1.0 equiv. 1.5 equiv. L8

A. 3° alkyl bromides scope?

Br Br Br Br
\/§(©/ \/>(E>/Me Me_~
Me
Me Me Me Me TsN

R Me Me Me Me Me
7, R = Me, 55% (23:1) [>50:1]
gram scale, 50% (21:1) [»50:1] 9, 45% (16:1) [>50:1] 10, 52% (>50:1) [>50:1] 11, 50% (>50:1) [>50:1] 12, 50% (28:1) [>50:1]
8, R = Et, 41% (24:1) [>50:1] gram scale, 47% (26:1) [>50:1]

B. 2° alkyl bromides scope®

B Br
' Br
Ph
Me

13, 70% (28:1) 14, 60% (>50:1) 15, 60% (>50:1)
d.r. >20:1

C. 1° alkyl bromides®

Br Br NHBoc
BocN
o¢ BuO
BocHN
(0]

18, 57% (12:1) 19, 62% (29:1) 20, 73% (27:1) 21, 75% (>50:1) 22, 72% (>50:1)
[a] 3 equiv. of LiCl was used instead of MgCl, [b] 1.0 equiv. of alkyl bromides was used. [c] L8 (10 mol%) was used instead of L7.
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Substrate Scope

Reaction scope of bromo(iodo)arenes.

! TN %ridinﬁ/“'g?eq:(i)\/') 1% R1'R2 i
N NatOmie L7 0omery INPP PN
Br-m— R17 03 , | R
! — i, R MgCl, (1.0 equiv.) Br— H [
R Zn (2.0 equiv.), DMA, rt L~ _N N_ _~
1.0 equiv. 1.5 equiv.

R
NHBoc NHBoc
Ph BuO BuO
Me Me

23, R=H, 53% (7:1) [>50:1] 26, R=H, 69% (8:1) 29 55% (9:1) 30, 42% (7:1)
24 R = Me, 49% (11:1) [>50:1] 27, R = Me, 66% (23:1)

25, R = OMe, 60% (20:1) [>50:1] 28, R = OMe, 60% (20:1)

Br Br
OMe
NHBoc
Buo Ph NH, Ph
Me Me
le) Me Me o)
31,59% (27:1) 32, 58% (>50:1) [15:1] 33, 52% (25:1) [>50:1] 34, 45% (18:1) [7:1] 35,52% (13:1)

B Br TsN
r
Me
Ph Ph
Me Me Me Me N
Boc

36, 40% (>50:1) [*50:1] 37, 41% (25:1) [>50:1] 38, 48% (>50:1) [>50:1] 39, 57% (>50:1) 40, 49% (27:1)
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Substrate Scope

One-pot iterative C(sp?)-C(sp®) XEC

Br 1 1 4
| Br . rz 4 re ¥ R
/RS = B . >
R2 R (1.5 equiv.), Nil, (10 mol%), L7 (10 mol%) _ R3 ' R4” "R5 (1equiv.) _ R3 R®
pyridine (1 equiv.), MgCl, (1 equiv.), Zn (3 equiv.), DMA, rt' Nil5 (10 mol%), dtbbpy (10 mol%)'
R
1 equiv. R R
Me, Me 0 Me, Me Me, Me Me 0 0
OAc EtO
Ph NH, Ph Ph Ph NH, 8 NH,
(o]
OBn OBn OBn OBn OBn
41, 39% 42, 43% 43, 41% 44, 38% 45, 52%
Me, Me 0 Me, Me Me, Me Me 0
OAc
Ph NH, Ph Ph Ph NH, 0
EtO
8 NH,
(¢]
N N N N
Boc Boc Boc Boc
N
Boc
46, 38% 47, 40% 48, 43% 49, 49% 50, 39%




Synthetic Utility

A. Synthesis of a precursor of (-)-CP 55,940

OMe Me  Me
H> H,
HO HO™ “"CgH,s TRO PdiC "PrSNa THO Pd/C Br, .
@ @ @ o Y @— [previous work]
MsOH 7 steps (33%) or 4 steps (61%)
MeO
CHO OMe
"CeH13MgBr Jones reagent Mey,Zn, TiCl, Br, Br
® @ - o—|— —
n i
CeH13 :
MeO
| Br. nC6H13 Me Me H
Meé Me [this work] 1 step (37%) Me Me
-
MeO
Br

B. Synthesis of a precursor of a modulator of vanilloid VR1 receptor
0]

MeZZn HOzC(CH2)2PPh3C|
"By TiCl, BUuOK
—@ @ @ @— [previous work] 4 steps
methenamine Hy e A
TFA Pd/C OH
Me o
Me
1
Me OEt
"Bu
I Me>‘\Br Br/\/\g/ . kMe )
® 9 [this work] 2 steps (40%)

Br /©/ one-pot programmable synthesis
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Synthetic Utility

C. Synthesis of a precursor of a wrenchnolol derivative

Br
AlCl, _
COocCl N [previous work] 3 steps 14% QT s & .
_‘ . H

H
( ) H ioti
® NBoc )]\ b!°t".' :
low yield (14%) (Boc),0 N N/derlvatlve :
low regioselective (p:m = 7:10) : OH :

0

> > o)
N

Br E O N y

B N 5

r :

| NBoc _INS
ot ble synthesi > 0 ) a wrenchnolol derivative
- one-pot programmable synthesis [this work] 1 step (40%) ¥

Iz
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Control Experiments

Radical clock experiment

| Br / Me
oot

1.0 equiv. 1.0 equiv.

Probing the activation of bromo(iodo)arene

l Br
O~ P
+
N
Br Ts
1.0 equiv. 1.0 equiv.

pyridine (1.0 equiv.) o Me
Nil, (10 mol%), L7 (10 mol%) - o
MgCl, (1.0 equiv.)
Zn (2.0 equiv.), DMA, rt H o Br
52%, d.r. =1.4:1
D NTs

pyridine (1.0 equiv.)
Nil, (10 mol%), L7 (10 mol%)

MgCl, (1.0 equiv.)
Zn (2.0 equiv.), DMA, rt
Br o
20%
single diastereomer

Br
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Proposed Mechanism

_",Br
Lan\X
R1
“"RS
R? IV
'
A
I L,Ni'—X LnNi'"—<«-R3
® 2
X@R
AH =
XI -16.0 Br .
| kcal/mol _ 1 n
LoNi'J Al R
R’ ABr = 7| LN 4R
3.. 1 R2
RO->—ArBr A IX ZnBrX
R2 .<...R3
Vil R2 BrArl
X R’
LnNi'—<---R3
R2
/?‘rBr R’ Vi
LnNi"'—<---R3
® o BrArl

\l
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Calculated Energy Changes

AHF = 10.3 kcal/mol AHF = 9.2 kcal/mol

Br

Br

AHF = 15.4 kcal/mol AH? = 14.4 kcal/mol

AHF = 17.2 keal/mol

AHF = 18.5 kcal/mol
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Summary

Nickel-Catalyzed Cross-Electrophile Coupling

30, 2°, and 1° alkyl bromides;
High C(sp?)-I Selectivity;

Broad substrate scope;

Excellent functional group tolerance.
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Writing Strategy

L 2
I Bsp3ZRLBRTEZA YD
2T B
Rt X BRI B |
NSp AL TR X
L 2

e A2 AR IR R BL H
B I3k

Lead compounds with greater molecular complexity and 3-
dimensionality—which can be assessed based on the relative
abundance of C(sp3®) groups—tend to have higher clinical success
rates, owing to their increased binding specificity with target proteins.
Accordingly, developing general and practical methods that can
unbiasedly introduce various sp3-hybridized carbons to flat aromatic
rings can enrich modern drug discovery programs.

Transition-metal catalyzed cross-couplings are among the most
powerful strategies in forging C(sp?)-C(sp®) bonds, and broadly
available aryl bromides and iodides are two of the most reactive and
useful aryl sources in these cross-coupling reactions.

However, the presence of bromo and iodo substitutions on the same
arene raises the challenge of haloselectivity (differentiating C-I from
C-Br bonds). If the reactivities of iodo and bromo groups on the same
aromatic ring can be readily distinguished, then these two reactive
halides can be used in an iterative and programable manner to
increase the molecular complexity and expand the 3-dimensionality of
flat aromatic rings.
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Writing Strategy

.
o G AL TAE

.
SR T RS

.

RERR KR

In summary, we have developed a highly practical C(sp?)-I selective
XEC of bromo(iodo)arenes with diverse 1°, 2°, and 3° alkyl bromides
under mild conditions.

Beyond the exceptional substrate generality, the wide functional group
compatibility, and the excellent C(sp?)-l selectivity, this XEC is
attractive in that it provide an efficient method to construct aryl
bromide-flanked quaternary carbons. When viewed alongside the
diverse crosscoupling reactions available with aryl bromides, this
C(sp?)-I selective XEC opens access to a broad array of alkyl-
substituted arenes covering a large chemical space.

We anticipate that this C(sp?)-I selective XEC is likely to find wide
applications, including beyond medicinal chemistry, on account of its
ease-of-use and the ready availability of its essential building blocks:
bromo(iodo)arenes and alkyl bromides. Further development and
practical application of this reaction, as well as detailed mechanistic
studies, are currently underway in our laboratory
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Representative Examples

> Additionally, we showcase the practical utility of this C(sp?)-|
selective XEC in--- (JBI--- sz M)

> Mechanistically, we found that --- (MHLFEERIAE)

» When viewed alongside the diverse crosscoupling reactions
available with aryl bromides, --- (M £ M 22)
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Thanks
for your attention !
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