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First atroposelective Chan—-Lam coupling for
the synthesis of axially-chiral C-N linked
biaryls and other boron chemistry

Takashi lkawa
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Today’s Topics

1. First atroposelective Chan—Lam coupling

Et_Et

S?m?7 R
1 B(OH Cy Cy \
| N>_X + \©/ (25 mol%) (50 mol%) N

R2 N > R? R?
MnO, (10 equiv
X = halogene (2.0 equiv) MeOH (2)( 25 ?C 2)2 h
) 25 ’

2. New arylboronic acid derivatives, ArB(Epin)

Et Et

E&Et
A 2 o Pd cat.
// + X N —_—

X = halogen
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Biologically active C—N axially chiral biaryls

KRAS G1,C inhibitor PI3K /g inhibitor Jric acid RXR partial agonist

reabsorption inhibitor
Sotorasib (Amgen) (Gilead)

Lesinurad (AstraZeneca) ant-diabetes type 2

Me N-N N-N

Dales 2tad
N

N/ —— \N
OMe Me —~—— Me
O Me 31 kcal/mol
O CN  (25°C) CN
N
" ome ICs50 = 0.064 uM IC50 = 20 pM
Murrastifoline-F GlyT1 inhibitor



Synthesis of Sotorasib

%\(0 Green Chemistry Challenge: 2022 Greener Reaction Conditions Award

p - N 5 (Amgen)
HN | S HN i N
- ~Z -,
- o)\N N® ~cCl + OJ\N N® ~CI |
i-Pr N Me i-Pr Me
| |
N 2 N_4
M1 (P)-1
Sotorasib . . . .
1) chiral HPLC 2) kinetic resolution
0
F
N i-PrO o HN | X
N
7
u JL ~F — OJ\N N7 Cl -
” H | i-Pr Me racemization
Me cI” N e | at 315 °C
+ N & (at 599 °F)
o racemate barrier: 42.3 kcal/mol
F
HoN | N
P
Cl” N7 ~clI

B. A. Lanman et al. Acc. Chem. Res. 2022, 55, 2892-2903.
https://lwww.epa.gov/greenchemistry/green-chemistry-challenge-2022-greener-reaction-conditions-award



Synthesis of C—N axially chiral biaryls

Enantioselective alkyne cyclization

) . T

|
|
|
/ |
Z PACl, (5.0 mol%) O \ O | PPh,
(R)-SEGPHOS (7.0 mol%) N | PPh,
NH > t-Bu | ( O
t-Bu EtOH, 80 °C, 23 h |
|
: )-SEGPHOS

90%, 83% ee
O. Kitagawa et al. Chem. Eur. J. 2010, 16, 6752—-6755.

Enantioselective Buchwald-Hartwig reaction

Br
0 Cry
\
)N,\ Pd(OAC), (5.0 mol%) N)\CFS

HN™ ~CF3 (S)-BINAP (7.5 mol%) Me
Me r

Cs,COg, toluene, 60 °C

o0,
oy

(S)-BINAP

OMe
OMe 80%, 90%ee

R.-R. Liu et al. Angew. Chem. Int. Ed. 2021, 60, 21718-21722.



Synthesis of C—N axially chiral biaryls

First stereoselective C—N cross-coupling
F Me _
A\ Me X Et NaH, 18-crown-6 C N
+ | P -
” / toluene \ Me
(OC)sCr 100 °C Cr(CO)s
[o]p>" +3.4 38%, [o]p22 +98.0

K. Kamikawa; M. Uemura et al. J. Org. Chem. 2007, 72, 3394—-3402.

Calytic enantioselective C—-N coupling
phenanthryl

0,20
o’P\

Me /= phenanthryl

Br (10 mol%) N /COZMG

Me Ns _CO,M
Heoon oy
N

N CH,CI,/CHCl5, 25 °C
52%, 93% ee

B. Tan et al. Angew. Chem. Int. Ed. 2020, 59, 6775-6779.

Me



C—N coupling for synthesizing biaryls

Ullmann coupling

5 mol% Cu,0 Me e
N Br e o2 =N
E \>—Me . 15 mol% Ligand N\/) : z I
N > B OMe
H t-Bu Cs,CO3 (1.4 equiv) : N |
PEG, n-PrcN[110 °d 1By : N s
95% " Ligand

S. L. Buchwald et al. J. Org. Chem. 2007, 16, 6190-6199.

Buchwald—Hartwig reaction Me

Me O Me

Me P(t-Bu),
i-Pr O i-Pr

—N
2.5 mol% Pd,(dba), [
@ N\> ) m Br 10 mol% Me4t-BuXPhos> m N \@
N N/ K5PO,4 (2.0 equiv) N/
toluene, 24 h
94 % i-Pr
Me4tBuXPhos

S. L. Buchwald et al. Angew. Chem. Int. Ed. 2006, 45, 6523-6527.

Chan-Lam coupling
N

F
R B(OH): Cu(OAc), (150 mol%) N
N> " > /@
Me Me

H 4 A MS, Py, CH,CIJ} rt}air, 2 d
67%

P. Y. S. Lam et al. Tetrahedron Lett. 1998, 39, 2941-2944.




Atroposelective Chan-Lam coupling

B(OH),

N Cu cat., ligand*

|| \>_O + O\©/ >
N
H

||[} General synthesis of C-N axially chiral biaryls

Issues to be solved

1. Hard to couple between hindered substrates
2. Who knows atroposelective Chan-Lam possible?



Racemization barrier around C—-N axis
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23 kcal/mol (Theoretical)

Optimized Geometries at B3LYP/6-31G(d) Level of Theory



Racemization barrier around C—-N axis

N N
P! racemization Y
> N

OMe : OMe

100 OO n o :

ee %

40 S Racemization barrier
20 27.6 kcal/mol

0 300 600 900 1200
time (min)
® 0 °C-MeOH A 30 °C-MeOH ¢ 60 °C-Hex/IPA=6/4



Racemization barriers around C—-N axises

N-arylbenzimidazole N-arylimidazole

Me

oy [y, b T3,

[ -
OM OMe OMe OMe OMe SO0

L 23 kcal/mol 40 kcal/mol 23 kcal/mol 7 kcal/mol 29 kcal/mol 30 kcal/mol
N Q—N N N N
\ \ / / /
N )\CI > [\ Br »\Br

11 kcal/mol 26 kcal/mol 28 kcal/mol 9 kcal/mol 24 kcal/mol 9 kcal/mol

Me
N Q—N N l/—N N
\
N» PO Dg, cl Me— R\ =
eo\é/Me Meo\é/Me MeO. % OO OMe OO OMe ‘ E

23 kcal/mol 35 kcal/mol 35 kcal/mol 25 kcal/mol 41 kcal/mol 29 kcal/mol

98]
=



Additive effect of Chan—Lam coupling
{ 27\—N

©:N\>_Me + B(OHz)zMe Cu, ligand N\ Me

: oxidant, base OQ OMe

additive

solvent etc... [ Up to 5% ]

Cu source Cu(OAc),, Cu(OTf),,Cu(OPiv),, Cu(acac),, Cu(TFA),,
CuBr,, CuCl,, CuSO4, CuFAP, [Cu(DMAP)4II, [Cu(OH)-
TMEDA],Cl,, Cu(MeCN),PFg, CuCl, Cu,0O, Cu,S,

(1.0 equiv) (2.0 equiv)

variable

Cu Complex
air, O,, pyridine N-oxide, Tempo, (t-BuO),
base EtsN, (i-Pr),NEt, pyridine, 4-methylpyridine, 2,6-lutidine,
KoCOg3, K3POy, t-BuOK, N-methylpiperidine, n-Buy,NOH, NaOSiMe;
solvent CH,CI,, MeCN, EtOAc, MeOH, EtOH, 1,4-dioxiane, NMP,
THF, DMF, PhMe, DMSO, H,0, -BuOH
ligand TMEDA, DMAP, NHC derivatives, bipyridines, phosphines,

1,10-phennthroline, iminoarylcarboxylates, iminoarylsulfonates
additive myristic acid, urea, B(OH);
temperature  (t—_100 'C




B(OH),

(:[ NIV OMe

(2.0 equiv)

Cu(NO3),-5H,0 (25 mol%) Q

TMEDA (50 mol%)

oxidant, MeOH
O,, rt, 24 h

Additive effect of Chan—Lam coupling

=Z
!

oxidant (2.0 equiv)

GC yield (%)

GC yield (%)

Agch3

N828204

Mn(OAc),-4H,0

0.5

4

N.D.

3

N.D.

3

N.D.
N.D.
N.D.

MnO, (10 equiv) without O,
(2.0 equiv)
MnO, (10 equiv)
MnO, (100 equiv)

182

28b
62°

aUnder Ar atmosphere. Plsolated yield.

Ba optimal conditions B3N

28 |

MnSO4-H20

m-CPBA

TR Dol N s N =

7

N.D.
N.D.

2
8

ligand : TMEDA

oxidant : MnO,, with O,
solvent :
temperature :

MeOH

s Tm mm m = E—

_— e o o o o .



MnO, addition effect of Chan-Lam coupling

B(OH), Cu(NO3),-5H,0 (25 mol%)
TMEDA (50 mol%)

eIy
N»\R1
R2 R3

(2.0 equiv)

MeOH, O,, rt, 24 h

B!

4 )
QLS.

Cry, Qo

with Mn0O,? 62%"° 99% 73% 54%
without MnO, 5% 2%P 2%?P
\ \ \ \
N)*Br N)‘Me N)*swle N)*Ci
0 0 Re o
with MnO,? 76% 58% 73% 98%
without MnO, 5% 12% 11%P°

aUsing 10 equiv of MnO,. °Determined by GC analysis. Using 100 equiv of MnOs.



Ligand screening (No. 1)

Cu(NOy), + 3H,0 (25 mol%) @»N
Chiral Ligand (50 mol%) »\CI
Cre O S
OMe  MnO, (10 equiv), MeOH OMe

B(OH), O, 1t, 22 h
(2.0 equiv)
Ligand GCyield ee (%)
(%)
PPh
2 21 1.9 2 g é‘ C PPhZ
o” OH yP F
3 26 1.8 O PPh, O i @eH Me
4 36 1.8
3 4
5 11 _08 O\/H q‘
6 12 3.2 N ” HN NO
7 32 -0.3
8 17 29
9 4.2 24
(10 81 57)
11 90 -25

Screened commercially available 70 chiral ligands



Ligand screening (No. 2)

Cu(NO3); * 3H,0 (25 mol%) @»N _________________
N Chiral Ligand (50 mol%) Mg
Cry- - O oL " o X a
H OMe  MnO, (10 equiv), MeOH “/OMe i /2(' ‘J i
B(OH), O, 1t, 22 h Oe : N N |

(2.0 equiv)
Ligand GC yield (%) ee (%) 10 _______
10 81 - 57
12 93 ~ 87
13 48 3B !
14 37 58
15 86 56 0
1. 8751?“
17 94 66m\
18 >905 44
19 85 69 %
T e C%}i """
21 90 (402) 75 (769)
aWithout MnO.. optimized ligand

Screened synthesized 22 chiral BOX ligands



MnO, addition effect of Chan-Lam coupling

Et_ Et

S‘zn)%oj
N N "
B(OH), Cy 40 Cy @7»\
@EN\}U OMe Cu(NOg)y5H,0 N7
+
N MnO, (10 equi > oMe
k | 2 (10 equiv)
(2.0 equiv) MeOH, O,, 25 °C
entry Cu cat : ligand (mol%) MnO, yield (%) ee (%)
1 25:75 + quant 72
3 25:50 + 94 72
5 25:25 + 90 66
7 25:12.5 + 95 48
9 25: 0 + 33 0

a) Determined by 'H NMR.



MnO, addition effect of Chan-Lam coupling

Et_ Et

O O
TN
B(OH), Cy 10 Cy @’Q‘)\
@:NQ—CI . OM"’ Cu(NO3),5H,0 N
H MnO, (10 equiv) > OMe

(2.0 equiv) MeOH, O,, 25 °C
entry Cu cat : ligand (mol%) MnO, yield (%)a) ee (%)
2 25:75 — 54 74
4 25:50 — 37 78
6 25:25 — 22 64
8 25:12.5 — 16 38
10 25: 0 — 9 0

a) Determined by 'H NMR.



Transformation of product bearing bromine

X-ray crystal stracture

CIrs

N =<=pPnh

OMe

78%, >99% ee

>99% ee

85% ee

quant, 97% ee Recrysta"zation 67%, 99% ee



Substrate scope and limitation (No. 1)

B(OH),
N R2
| :l \>_R1 +
N
H
(0.20 mmol) (2.0 equiv)

Et_Et

o8

Cy E)y

Cu(NO3),-3H,0 (25 mol%), (50 mol%)

r o

MnO, (10 equiv)
MeOH, O,, 25 °C, 22 h

Oy, &y
OMe OMOM

90%,2) 75% ee 80%,2) 78% ee
N
N
\
‘ N)\Br N%MG
9%
42%,2) 60% ee 86%,%) 48% ee

Cry.,
OMe

94%.2) 85% ee

@T\F)\SMe

80%,2) 46% ee

Cry,
OMOM

74%.2) 90% ee
Cry.
\
N Ph
o™

44%.2) 52% ee

Cry.,,

quant,® 52% ee

@;&COZMe

17%,2) 39% ee

a) Determined by GC analysis.



Substrate scope and limitation (No. 2)

Et  Et
R )
N N

R2 B(OH), 2

IN‘%R1 + R R* ©y Cy R3 ( I

37~N Cu(NO3),-3H,0 (25 mol%), (50 mol%) N
R H . R5 R4

. MnO, (10 equiv)

(0.20 mmol) (2.0 equiv) MeOH, O,, 25 °C, 22 h

\ \ \
N)\BI" N)\Br N)\Br N»\Br N Br

XS QEEDS SIS SIS |

23%,2) 86% ee quant,® 80% ee 96%,?) 56% ee 44%,2)°) 80% ee
N N N N
!\ / W / W / W
{5 .. S {5,
oo™ g™ o™ cg™
quant,? 62% ee 97%,%) 76% ee 91%,2P) 62% ee quant,® 64% ee

quant,®?) 71% ee
iy
\
N
“OOOme

quant, 4% ee

a) Determined by GC analysis. b) Using 100 equiv of MnO,.



Reaction mechanism of Chan-Lam coupling

Cu(NOz), A
Ar-B(OH),
* 7N
RoNH (
N MeOH
NO3" * /N~ . _NO; Ar-B(OMe),
( ~Cus | +
O, + RyNH N NHR; HomMe
o NO3" pretransmetalation
reoxidation B _
x (N \Cu,SoIv A:I|3(OMe)2
N7 .. “NO _ OMe
m > NOs *<N>Cu‘/NHR
F N () 2_
reductive C 2NOs
Ar-NR, elimination
transmetalation
2NO3~
*(N>C < Ar B(OMe)s
N NR2 disproportionation
E (1) or N~ Ar

%k
oxidation <N/CU\NHR2
()
2NO,
L,CuX MnO, D 3

+ HX L, CuX, 24



Conclusion for Chan—-Lam

First atroposelective Chan—-Lam coupling

Et Et
S(Z'N Nli)7 R
1 B(OH Cy Cy \
RO_N 3 ( )24 Cu(NO3),-3H,0 chiral box Z‘Z/_»\
I \>_X + R R o R X
(25 mol%) (50 mol%) N

R?2 H > R? R
MnO, (10 equiv
X = halogene (2.0 equiv) MeOH (2)( 25 ?C 2)2 h
’ 2 ’

up to >99% vyield
up to 90% ee

v First peer-reviewed atropselective Chan-Lam
V' MnO, signifincantly accelarete coupolings

v Atroposelectivity controlled by bisoxazoline (BOX)

Chem. Commun. 2024, 60, 678-681.



Patureau’s report

MeO

(OF) Cu(MeCN),PFq Q

N
rR1Z | \>_(/le R3
X A + (15 mol%) (20 mol%)

” O
, CsHCO3; or KHCO3 (1.5 equw) \©
(2.0 equiv) DCM/H,0, O, 5 °C or rt

3 days or 7 days

up to 90% yield
up to 92% ee

Patureau and his co-workers reported atroposelective Chan—Lam couplings
right after accepting our paper.

F. W. Patureau et al. Chem. Eur. J. 2024, 30, e202304378.



Atroposelective Buchwald-Hartwig reaction

(1 Q’ t Bu
P‘z‘-Bu
Q O ' o~ X
/ Pd,(dba)s-CHCl; @ . |
/\ | (4 mol%) (10 mol%) ¥ N0
R - R CHO
K3PO4 (2.0 equiv)
MTBE, 90 °C
36 h

up to 89% vyield
up to 94% ee

Then, Li and his co-workers reported atroposelective Buchwald—Hartwign
reaction published in this year.

X. Li etal. J. Am. Chem. Soc. 2024, 146, 16567-16580.
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Today’s Topics

2. New arylboronic acid derivatives, ArB(Epin)

Et

Et
E&Et
~ 7
A 72 o Pd cat. -—R?
// t X ' — N

X = halogen =



Boronic acid derivatives

Suzuki-Miyaura coupling

~ 2 g2 Pd cat. /:—R2
-+ X N [ ’ AN N
9%
X = halogen R

Drawback of aromatic bronic acid
1. Hard to purify and isolate
2. Hard to know exact amount because of dehydration
3. Hard to functionalize aromatic ring

Typical aromatic boronic acid derivatives

0
Me_Me O 0=0
0J3<Me HN O 2 0
5 BF.K ' :
@/B“O Me @ 3 | S B‘” | S B\N
// ~ ~. // Me
R R/ % R

ArB(pin) trifluoroborate ArB(dan) ArB(MIDA) 3,



Concept of this work

N =

I[’,

ArB(Epin) Me

g’:%ﬁ /O‘r}/ﬁltzt
Ar— Ar/gto ::
-ﬁ/

Ar O ol
Me H
ArB(pin) closed form open form
Dynamic protection of empty orbital
Et Et
Et#_kEt Et Et
O
B(OH HO OH éJS<Et
©/( )2 Epin (1.0 equiv) @ ~0" Et
> \ J
benzene Z B EY'
80 °C, 16 h 979  B(EPIN)

32

Not reported before



Synthesis of ArB(Epin): Dehydrative esterification

Et Et 33
Et Et
HO OH
Epin (1.0 equiv)
ArB(OH), 3 ArB(Epin)
CH,CI, (0.10 M)
rt, 16 h
B(Epin) B(Epin) B(Epm) B(Epin) B(Epin)
NC
98% 96% 30/ B(Epin)
: ° 97% X
B(Epin) 94%P)
B(Epin) H
“ 0 N N
/s O N | N N™ S
Br O /\—-2\ ! \—-2‘ / % L .
B(Epi B(Epi B(Epin) B(Epin)
95% (ortho) (Epin) (Epin) . .
99% (meta) 83% 71% 99%°) 80% 76%

99% (para)

Conditions: ArB(OH), (1.0 equiv), Epin (1.0 equiv) in CH5Cl, (0.10 M) at rt for 16 h. a) In benzene (0.10 M) at
80 °C for 16 h. b) Using Epin (2.0 equiv) refluxed in benzene with Dean-Stark for 12 h. ¢) AcOH (0.10 equiv)
was added as an additive and stirred in Et,O at rt for 16 h.



Synthesis of ArB(Epin): Metallation & esterification

34

Et Et
EtHEt
1) "BuLi (1.2 : HO OH
) "Buli (1.2 equiv), ] Epin (1.0 equiv)
THF (0.10 M), =78 °C CH,CI, (0.10 M)
2) B(OMe); (2.0 equiv) rt, 16 h _
ArBr @  ArB(Epin)
Reaction A Reaction B
B(Epin
S«_-B(Epin) O«__B(Epin) (Epin)
@/ @/ MeO
78% 54%2) 0 81%")
F,C N MeO N

Z B(Epin) Z B(Epin)

91%°) 81%°) 89%9)

Conditions: ArBr (1.0 equiv), "BuLi (1.2 equiv), B(OMe)3 (2.0 equiv) in THF (0.10 M) for Reaction A. Epin (1.0 equiv)
in CH,CI, for Reaction B. a) At 40 °C for Reaction B. b) 'PrMgCI-LiCl (1.2 equiv), B(OMe); (2.0 equiv) for Reaction
A. c) "BuLi (1.1 equiv), Et,O (0.10 M) for Reaction A. Epin (1.0 equiv), AcOH (0.10 equiv) for Reaction B. d) ‘BuLi
(4.2 equiv), B(OMe); (2.4 equiv) for Reaction A. Epin (2.0 equiv) in benzene (0.10 M) at 80 °C for 16 h for Reaction B.



Synthesis of ArB(Epin): Miyaura borylation

B,Epin, (3.0 equiv)
KOACc (3.0 equiv)

PdCl,(dppp) (5.0 mol%) 10%AcOEt/Hexane
ArBr > ArB(Epin) "
DMSO (0.10 M) '
80 °C
H

B(Epin) N B(Epin) B(Epin)
Mem/@ O i /©/
O Me)L” '

O
99%2) 84%") 89%° {
Conditions: ArBr (1.0 equiv), PdCIy(dppp) (5.0 mol%), Bo,Epin, (3.0 equiv), KOAc i * 4*_
(3.0 equiv) in DMSO (0.10 M) at 80 °C. a) B,Epin, (1.5 equiv) for 2 h. b) For 24 h. . ]
c) For 2 h, B,pin, B,Epin,
Et Et
Et%——(—Et
HO OH Et Et
HO  OH Epin (2.0 equiv) Et~}-O,  O~J-Et
\ /
B—B e ,B—B\
HO  OH toluene Etg\o O/EEt
reflux B,Epin,

Dean-Stark quant 35



Synthesis of ArB(Epin): C—H borylation (No. 1)

B2Epin; B,Epin,:
[Ir(COD)OMe], i Et Et
H dtbpy B(Ep'“) Et<-O ,O:tEt
> B-B
THF Et—T~0 O~Y“Et
rt, 16 h Et Et
N
©;/)—B(Epm) ©/\/)—B(Ep|n) ©;/)—B(Ep|n) ©;8
B(Epln)
H Boc (Epln)B
(Epin)B~N<B(Epin) N (Epin)B
T \ /Z3 \ / / CO,Et
- B(E
89%3) 98% B(Epin) 790/, 3.b) (Epin) 63%

Conditions: Ar—H (0.20 mmol), B5,Epin, (1.0 equiv), [I(COD)OMe], (3.0 mol%), dtbpy (6.0 mol%) in THF
(0.10 M) at rt for 16 h. a) At 50 °C. b) Used N-Boc pyrrole as a substrate. 36



Synthesis of ArB(Epin): C-H borylation (No. 2)

meta
para A
4 N
R B,(Epin), R R R
[Ir(COD)OMe],, dtbpy
r + +
THF : i .
1 80 °C. 16 h B(Epin) B(Epin) (Epin)B B(Epin)
2B 2C
2A
Substrate 1
Cl Br OoTf CO,Et
1a 1b 1¢cP) ©) 1d°)
Product 2
2Aa : 2Ba+2Ca 2Ab : 2Bb+2Cb 2Ac : 2Bc+2Cc 2Ad : 2Bd+2Cd
(1:6.1) (1:6.3) (1:11.1) (4.4 :1)
85% quant quant 85%

a) Conditions: 3 (0.20 mmol), By(Epin), (1 eq), [Ir(COD)OMe], (3 mol%), dtbpy (6 mol%), THF (0.1 M) at
room tempreture for 16 h. b) Hexane as solvent. ¢) At 50 °C.



Purfication of ArB(pin) and ArB(Epin)

Recovery (%)

@ BIOR); diameter B(OR),
‘ 2.5 cm B(Epin) B(pin)

50 mg - B(OR),
g

98% 81%

N/ \
N
H

BN 99, o
s” ~B(OR), 0 59%

| - |
Eluted with EtOACc } 10 cm

@ quant 66%

Recovered

[ Dsor,| 9% | 22%




Purfication of ArB(pin) and ArB(Epin)

10%AcOEt/Hexane

Recovery (%)

B(OR),
B(Epin) B(pin)

7 08% | 81%

N

H
. @B(OR)z 99% 59%
No tailing

A/—g quant 66%

[ dsory,| 9% | 22%

39



Thin Layer Chromatography (TLC) behavior of

ArB(pin) and ArB(Epin)

5%AcOEt/Hexane 10%AcOEt/Hexane 10%AcOEt/Hexane

¥

B(pin) B(Epin) B(pin) B(Epin)

Me Me B(pin) B(Epin)



Transformation with ArB(Epin) intact

1) CI’O3, HQSO4

B(Epin)
\/@/ 2) MeOH, H,SO,
HO 79%

B(Epin)
y M607(©/

O
DMSO _
r AN
| NaH EtO,C
+ RMgBr 91%
B(Epin) C B(Epin)
R = Et (74%)
ptoI 81%) 93%
Cu(OAc), H
(Epin)B (HO).B CsF (Epin)B N
s O
69% . OMe



Suzuki coupling of ArB(Epin)

B(OR), Pd(OAc),, SPhos, K3PO, Ar
+ Ar-Br > @
toluene/H,0

110 °C, 24 h
yield (%) : yield (%)
entry Product : entry Product
B(OH), B(pin) B(Epin): B(OH), B(pin) B(Epin)
Me I NS
1 é/\@ 73| 95 92 i 5 Nz F | o| 53 96
\ / :
CO,Me 5 ON
CO,Me :
2 O 5 81 04 N
LS L 6 S 15 58
0 : | 99
: N £
3 O/@/QMe 42| 93 95
’d .
/ ; F
o : Cl
OMe D7 0 0 55
4 TN 50 69 99 I N Cl
N, .~ N~

Conditions: ArB(Epin) (1.5 equiv), Pd(OAc), (1.0 mol%), SPhos (2.0 mol%), K3PO4 (2.0 equiv) in toluene/H,O (10/1)

for 24 h at 110 °C.
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Suzuki coupling of ArB(Epin)

B(OR), Pd(OAc),, SPhos, K3PO, Ar
+ Ar-Br

toluene/H,0

110 °C, 24 h
yield (%) : yield (%)
entry Product : entry Product
B(OH), B(pin) B(Epin): B(OH), B(pin) B(Epin)
Me I NS
1 (i?/@ 73 95 |92] N & F 0 53 96
\ / :
CO,Me 5 O
CO,Me
2 O 5 81 94
\ /
o X 15 58 99
~
3 g Me 42 93 95
/
o o
OMe 0 0 55
4 TN 50 69 99 7S Cl
N, -~ N 2

Conditions: ArB(Epin) (1.5 equiv), Pd(OAc), (1.0 mol%), SPhos (2.0 mol%), K3PO4 (2.0 equiv) in toluene/H,O (10/1)

for 24 h at 110 °C.




Conclusion for boronic acids part

B(Epin) ar i EEEC
(o — O = CF S
~B¢

X = B (OH), B(Epin)

- halogen W0202218098

rganic
v’g

Feature of ArB(Epin)

1. Stable on silica gel

2. Enabled functionalization
3. Acid and base stable

4. Enabled Suzuki coupling

wwwwwwww

O__B(pin) O« _B(Epin) Org. Lett. 2022, 24, 3510—3514
<\—/7/ U Most viewed Organic Letters article in 2022
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