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Abstract: A novel, air-stable TADDOLP(O)H derivative bearing
electron-withdrawing substituents allows for efficient Suzuki–
Miyaura cross-couplings with challenging electron-deficient 2-pyr-
idylborates as nucleophiles.
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Heterobiaryls are ubiquitous in natural products, bioactive
compounds and functional materials, and are predomi-
nantly prepared by transition-metal catalyzed cross-cou-
pling reactions.1–3 Particularly, Suzuki–Miyaura reactions
have matured into being indispensable tools because of
their remarkable tolerance of functional groups, as well as
the relatively low toxicity and ready availability of orga-
noboron compounds.4,5 As a result, various efficient pal-
ladium catalysts, which largely rely on the use of electron-
rich tertiary phosphines or phosphine mimetics6,7 as stabi-
lizing ligands, have been developed for this transforma-
tion.5 While these efforts significantly expanded the
generality of Suzuki–Miyaura couplings,8,9 a broadly ap-
plicable protocol for high-yielding cross-coupling reac-
tions of electron-deficient 2-substituted, nitrogen-
containing10,11 organoboron compounds has proven, until
very recently, elusive. Thus, palladium complexes de-
rived from secondary aryl- or alkyl-substituted phosphine
oxides12–15 and chlorides were elegantly shown to allow
for cross-coupling reactions of 2-pyridylborates16 or 2-pyr-
idyl boronic esters.17 We previously reported on the appli-
cation of air-stable, heteroatom-substituted secondary
phosphine oxides (HASPO)18,19 and chlorides as preli-
gands to efficient metal-catalyzed C–C and C–N bond
formation reactions.20 Considering the remarkable phar-
macological activities of 2-pyridyl-substituted arenes, we,
thus, became interested in exploring the use of our HAS-
PO preligands for palladium-catalyzed cross-couplings of
2-pyridylborates. We report our findings on this subject
herein.

At the outset of our studies, we tested various (pre)ligands
in the challenging palladium-catalyzed cross-coupling
reaction of borate 1a with electron-rich bromide 2a. The
use of biaryl monophosphines, such as X-Phos (4),21 did
not significantly affect the outcome of the reaction
(Table 1, entries 1 and 2). However, more promising re-
sults were achieved with sterically hindered diamino

phosphine oxide 520f as preligand (entry 3). A comparable
efficacy was observed for palladium complexes derived
from either unsubstituted TADDOLP(O)H [6a; entry 4;
TADDOL = 4,5-bis(diphenylhydroxymethyl)-2,2-dime-
thyl-1,3-dioxolane]20c,22 or analogs 6b23 and 6c bearing
electron-releasing groups on their arene rings (entries 5
and 6). Interestingly, the use of HASPO preligand 6d,24

which contains electron-deficient aryl-substituents, con-
siderably enhanced the catalytic activity (entry 7). Fur-
thermore, a preligand/palladium ratio of 2:1 (entry 8)
combined with the inorganic base K3PO4 provided opti-
mal results (entries 7–12). Importantly, the use of simple
trisubstituted phosphites, such as 7, as additives had no
beneficial effect on catalytic performance (entry 13),
highlighting the unique reactivity profile of HASPO pre-
ligands.

With an optimized catalytic system in hand, we explored
its scope in Suzuki–Miyaura cross-coupling reactions be-
tween 2-pyridylborate 1a and various aryl bromides 2
(Table 2).25 Electrophiles 2b–e with a range of functional
groups were converted chemoselectively into the desired
products 3b–e (entries 1–4), as were electron-rich bro-
mides 2f and 2g (entries 5 and 6). Furthermore, heteroar-
omatic electrophiles, such as pyrimidyl bromide 2h, were
well tolerated by the catalytic system (entry 7). However,
the sterically more demanding coupling partner 2i led to a
lower yield (entry 8). 

Since the catalytic system derived from preligand 6d
proved valuable for cross-coupling reactions of pyridyl-
borate 1a, we probed its application to the conversion of
substituted nucleophiles 1b–d (Table 3). Notably, various
functionalized aryl bromides could be employed as elec-
trophiles for the cross-coupling reactions with borates 1b–
d (entries 1–7). Likewise, heteroaryl bromide 2h was also
found to be a suitable starting material (entries 8, and 9).
The protocol was not restricted to the use of electron-
deficient electrophiles 2, but also enabled the conversion
of the electron-rich aryl bromide 2a (entries 10 and 11).

In summary, we have reported on the use of a novel, air-
stable HASPO preligand for effective Suzuki–Miyaura
cross-coupling reactions of 2-pyridylborates. Thus, an
electron-deficient TADDOLP(O)H derivative was found
to be broadly applicable to coupling reactions of these
challenging nucleophiles.
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Table 1 Optimization of Palladium-Catalyzed Suzuki–Miyaura Coupling of Borate 1aa

Entry (Pre)Ligand Base Yield (%)b

1 – – K3PO4 24

2 X-Phosc 4 K3PO4 24

3 5 K3PO4 30

4
5
6

Ar = Ph: 6a
Ar = 2-MeC6H4: 6b
Ar = 4-MeC6H4: 6c

K3PO4

K3PO4

K3PO4

31
37
35

7
8
9

10
11
12

Ar = 4-FC6H4: 6d
Ar = 4-FC6H4: 6d
Ar = 4-FC6H4: 6d
Ar = 4-FC6H4: 6d
Ar = 4-FC6H4: 6d
Ar = 4-FC6H4: 6d

K3PO4

K3PO4

Et3N
Na3PO4

KOH
Cs2CO3

52
64d

<5
<5
19
49

13 P(OPh)3 7 K3PO4 14

a Reaction conditions: 1a (0.75 mmol), 2a (0.50 mmol), Pd2(dba)3 (1.0 mol%), (pre)ligand (6.0 mol%), base (1.5 mmol), 1,4-dioxane (2 mL), 
110 °C, 20 h.
b Yield of isolated product.
c X-Phos = 2-dicyclohexyl phosphino-2¢,4¢,6¢-triisopropylbiphenyl.
d Preligand 6d (4.0 mol%).

N B(Oi-Pr)3Li

Br

OMe

1a 2a 3a

N

OMe

+

Pd2(dba)3 (1.0 mol%)
(pre)ligand (6.0 mol%)

base, 1,4-dioxane
110 °C, 20 h

N N
P

Me

Me Me

Me
Me Me

MeMe

OH

O

P

OO

O

Me

ArAr

O

HMe

ArAr

O

P

OO

O

Me

ArAr

O

HMe

ArAr

Table 2 Scope of Suzuki–Miyaura Cross-Coupling Reactions of Borate 1a with Air-Stable Preligand 6da

Entry 2 3 Yield (%)b

1
3,5-(CF3)2C6H3

2b
3b 78

2
4-NCC6H4

2c
3c 87

3
2-NCC6H4

2d
3d 80

Br

2 3

N

Pd2(dba)3 (1.0 mol%)
6d (4.0 mol%)

K3PO4, 1,4-dioxane
110 °C, 24 hR R

N B(Oi-Pr)3Li

1a

+

N
CF3

CF3

N

CN

N

CN
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4
3-(CF3)C6H4

2e 3e 69

5
4-t-BuC6H4

2f 3f 61

6
4-MeC6H4

2g
3g 65

7
5-C4N2H3

2h
3h 81

8
2,4,6-Me3C6H2

2i
3i 30

a Reaction conditions: 1a (0.75 mmol), 2 (0.50 mmol), Pd2(dba)3 (1.0 mol%), 6d (4.0 mol%), K3PO4 (1.5 mmol), 1,4-dioxane (2 mL), 110 °C, 
24 h.
b Yield of isolated product.

Table 2 Scope of Suzuki–Miyaura Cross-Coupling Reactions of Borate 1a with Air-Stable Preligand 6da (continued)

Entry 2 3 Yield (%)b

Br

2 3

N

Pd2(dba)3 (1.0 mol%)
6d (4.0 mol%)

K3PO4, 1,4-dioxane
110 °C, 24 hR R

N B(Oi-Pr)3Li

1a

+

N
CF3

N

t-Bu

N

Me

N

N

N

N

Me

Me Me

Table 3 Preligand 6d for Palladium-Catalyzed Couplings with Substituted Nucleophiles 1a

Entry 1 2 3 Yield (%)b

1
4-Me
1b

3,5-(CF3)2C6H3

2b
3j 67

2
4-Me
1b

4-NCC6H4

2c
3k 57

Br

2 3

N

Pd2(dba)3 (1.5 mol%)
6d (4.0 mol%)

K3PO4, 1,4-dioxane
110 °C, 24 hR2

R2
N B(Oi-Pr)3Li

1

+R1 R1

N
CF3

CF3

Me

N

Me

CN
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3
6-MeO
1c

4-NCC6H4

2c 3l 64

4
4-Me
1b

2-NCC6H4

2d 3m 54

5
4-Me
1b

4-(CF3)C6H4

2j
3n 71

6
6-MeO
1c

4-(CF3)C6H4

2j
3o 68

7
6-MeO
1c

4-FC6H4

2k 3p 66

8
4-Me
1b

5-C4N2H3

2h 3q 63

9
6-MeO
1c

5-C4N2H3

2h
3r 82

10
5-F
1d

4-MeOC6H4

2a
3s 41

11
6-MeO
1c

4-MeOC6H4

2a 3t 62

a Reaction conditions: 1a (0.75 mmol), 2 (0.50 mmol), Pd2(dba)3 (1.5 mol%), 6d (4.0 mol%), K3PO4 (1.5 mmol), 1,4-dioxane (2 mL), 110 °C, 
24 h.
b Yield of isolated product.

Table 3 Preligand 6d for Palladium-Catalyzed Couplings with Substituted Nucleophiles 1a (continued)

Entry 1 2 3 Yield (%)b

Br

2 3

N

Pd2(dba)3 (1.5 mol%)
6d (4.0 mol%)

K3PO4, 1,4-dioxane
110 °C, 24 hR2

R2
N B(Oi-Pr)3Li

1

+R1 R1

N

CN

MeO

N

Me

CN

N

Me

CF3

N

CF3

MeO

N

F

MeO

N

N

N

Me

N

N

NMeO

N

OMe

F

NMeO

OMe
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