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Abstract: A simple, general and efficient method is developed for
the metal-free iodination of arylboronic acids. The protocol uses
very cheap molecular iodine as the halide source and potassium car-
bonate as the base. The method is highly tolerant of various func-
tional groups present in the substrates. Importantly, the iodination
strategy can also be applied very effectively in the one-pot, two-step
synthesis of biaryl derivatives.
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Iodine has generated significant attention in modern oxi-
dation catalysis because of its safety, ease of storage and
handling, and especially due to its chemical properties,
which include the lowest homolytic dissociation energy
and electronegativity among the halogens.1 Aryl iodides
usually show much higher reactivity than the correspond-
ing aryl bromides and chlorides in transition metal cata-
lyzed coupling reactions.2 Unfortunately, the direct
iodination of arenes with iodine is difficult because of the
low reactivity of iodine toward electrophilic substitution.3

Some alternative methods have been developed in which
various auxiliary reagents4 such as chromium(VI) oxide
(CrO3) in acidic solution,4e,f mercuric chloride (HgCl2),

4h

and silver sulfate (Ag2SO4),
4j were used in such iodin-

ations of arenes. However, these reagents do not meet the
following requirements: high efficiency, high regioselec-
tivity, environmentally benign and mild reaction condi-
tions. Organoboron derivatives have drawn considerable
attention because they are generally nontoxic and stable
under atmospheric conditions. With the development of
transition metal catalyzed borylations from aryl triflates,
tosylates and halides,5 and the iridium-catalyzed direct
borylations of arenes via C–H bond activation,6 the ready
availability of numerous organoboron derivatives enhanc-
es the significance of modern organoboron-based chemis-
try.7 Boron–iodine exchange has emerged as a means by
which iodinated arenes can be generated,8 and they in-
clude copper-catalyzed methods with potassium iodide
(KI)8a,b or iodine (I2),

8c and metal-free approaches with
N-iodosuccinimide8d or sodium iodide in the presence of
chloramine-T.8e Therefore, it is very desirable to develop

highly efficient, environmentally benign and inexpensive
approaches to aryl iodides. On the other hand, biaryl de-
rivatives occur widely in biologically active and function-
al molecules,9 and their significance is shown in the
immense economic value of pharmaceuticals,10 agro-
chemicals,11 and liquid crystals for LCD screens.12 There-
fore, it is of high importance to develop convenient and
general methods for the synthesis of biaryl derivatives.
Herein, we report a simple, general and highly effective
method for metal-free iodination of arylboronic acids with
iodine in the presence of a base, and which can be used ef-
ficiently for the synthesis of biaryls from arylboronic ac-
ids.

In order to optimize the reaction conditions, p-tolylboron-
ic acid (1b) was chosen as the model substrate, and the ef-
fects of bases, solvents, the amount of iodine, temperature
and atmosphere were investigated. As shown in Table 1,
the reaction did not occur in the absence of base (Table 1,
entry 1). Four bases were screened in the presence of io-
dine in acetonitrile at 80 °C under a nitrogen atmosphere
(Table 1, entries 2–5), and analytically pure potassium
carbonate (K2CO3) (99%) provided the highest yield (Ta-
ble 1, entry 3). Next the effect of solvents was studied
(compare Table 1, entries 3 and 6–9), and acetonitrile
gave the best result. The amounts of iodine and potassium
carbonate were also changed (compare Table 1, entries 3
and 10–13), and 1.5 equivalents of iodine and two equiv-
alents of potassium carbonate were the best combination.
When the reaction temperature was decreased (Table 1,
entries 14 and 15), lower yields were afforded. The reac-
tion was less efficient under air or oxygen atmospheres
(Table 1, entries 16 and 17). Highly pure potassium car-
bonate (99.997% purity) was used tested in this reaction,
to avoid the possible involvement of other metals,13 and
an 80% yield of the iodide was obtained (Table 1, entry
18), which was similar to the yield achieved when the pre-
vious analytically pure potassium carbonate (99%) was
used. Therefore, the optimal reaction conditions for the io-
dination are as follows: potassium carbonate (2 equiv) as
the base, iodine (1.5 equiv) as the halide source, and ace-
tonitrile as the solvent, with the reaction being carried out
at 80 °C under a nitrogen atmosphere.

Next, the substrate scope of the metal-free iodination of
various arylboronic acids was investigated under the opti-
mized conditions described above. As shown in Table 2,
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the examined substrates provided good to excellent yields
of the iodinated products 2.14 Arylboronic acids contain-
ing electron-withdrawing groups displayed higher reac-
tivity than those containing neutral or electron-donating
groups. The iodination reaction exhibited wide generality
and tolerated various functional groups including ether
(Table 2, entries 7–9), carbon–chlorine bonds (Table 2,
entries 10–12), carbon–fluorine bonds (Table 2, entry 13),
amine (Table 2, entry 14), aldehyde (Table 2, entry 15),
acetyl (Table 2, entry 16), cyano (Table 2, entry 17), ester
(Table 2, entry 18), carboxyl (Table 2, entries 19 and 20),

naphthalene (Table 2, entry 21), and O-heterocyclic (Ta-
ble 2, entry 22) on the arylboronic acid.

Table 1  Base-Promoted Iodination of p-Tolylboronic Acid (1b) to 
give 1-Iodo-4-methylbenzene (2b); Optimization of the Reaction 
Conditionsa

Entry Base (equiv) Solvent I2 (equiv) Temp (°C) Yield (%)b

1 – MeCN 1.5 80 0

2 Na2CO3 (2) MeCN 1.5 80 30

3 K2CO3 (2) MeCN 1.5 80 81

4 Cs2CO3 (2) MeCN 1.5 80 50

5 KOH (2) MeCN 1.5 80 0

6 K2CO3 (2) DMF 1.5 80 22

7 K2CO3 (2) DMSO 1.5 80 25

8 K2CO3 (2) EtOH 1.5 80 trace

9 K2CO3 (2) DCE 1.5 80 15

10 K2CO3 (2) MeCN 1.0 80 51

11 K2CO3 (2) MeCN 2.0 80 81

12 K2CO3 (1) MeCN 1.5 80 21

13 K2CO3 (3) MeCN 1.5 80 80

14 K2CO3 (2) MeCN 1.5 r.t. 7

15 K2CO3 (2) MeCN 1.5 45 38

16 K2CO3 (2) MeCN 1.5 80 30c

17 K2CO3 (2) MeCN 1.5 80 0d

18 K2CO3 (2)e MeCN 1.5 80 80

a Reaction conditions: p-Tolylboronic acid (1b) (0.5 mmol), solvent 
(2 mL), 10 h, N2 atmosphere.
b Yield of isolated product.
c Under an air atmosphere.
d Under an O2 atmosphere.
e Highly pure K2CO3 (99.997% purity) from Alfa Aesar was used.

B(OH)2 + I

2b

I2

1b

Table 2  Potassium Carbonate Promoted Iodination of Arylboronic 
Acidsa 

Entry Boronic acid Time 
(h)

Product Yield 
(%)b

1

1a

10

2a

73

2

1b

10

2b

81

3

1c

10

2c

77

4

1d

10

2d

72

5

1e

12

2e

78

6

1f

12

2f

82

7

1g

12

2g

80

8

1h

12

2h

78

9

1i

12

2i

76

10

1j

9

2j

85

Ar B(OH)2 + I2 Ar I

1 2

K2CO3, MeCN
80 °C, N2

B(OH)2 I

B(OH)2 I

B(OH)2 I

B(OH)2 I

B(OH)2 I

B(OH)2 I

B(OH)2MeO IMeO

B(OH)2

MeO

I

MeO

B(OH)2

OMe

I

OMe

B(OH)2Cl ICl
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11

1k

9

2k

73

12

1l

9

2l

78

13

1m

14

2m

68

14

1n

14

2n

71

15

1o

8

2o

92

16

1p

8

2p

91

17

1q

8

2q

93

18

1r

8

2r

90

19

1s

8

2s

89

20

1t

8

2t

78

21

1u

9

2u

87

Table 2  Potassium Carbonate Promoted Iodination of Arylboronic 
Acidsa  (continued)

Entry Boronic acid Time 
(h)

Product Yield 
(%)b

Ar B(OH)2 + I2 Ar I

1 2

K2CO3, MeCN
80 °C, N2

B(OH)2

Cl

I

Cl

B(OH)2

Cl

I

Cl

B(OH)2

F

F I

F

F

B(OH)2

NH2

I

NH2

B(OH)2OHC IOHC

B(OH)2

O

I

O

B(OH)2NC INC

B(OH)2MeO2C IMeO2C

B(OH)2HO2C IHO2C

B(OH)2

HO2C

I

HO2C

B(OH)2 I

22

1v

9

2v

88

a Reaction conditions: ArB(OH)2 (0.5 mmol), I2 (0.75 mmol), K2CO3 
(1.0 mmol), 80 °C, N2 atmosphere.
b Yield of isolated product.

Table 3  One-Pot Synthesis of Biaryls via Iodination of Arylboronic 
Acids and Palladium-Catalyzed Cross-Couplinga 

Entry  Ar1B(OH)2 (1) Ar2B(OH)2 (1′)  Product (t1, t2,
b yield)c 

1 1f 1b

3a (12 h, 16 h, 82%)

2 1f 1g

3b (12 h, 16 h, 80%)

3 1h 1a

3c (12 h, 14 h, 77%)

4 1h 1b

3d (12 h, 14 h, 82%)

5 1h 1c

3e (12 h, 14 h, 80%)

6 1h 1d

3f (12 h, 14 h, 75%)

Table 2  Potassium Carbonate Promoted Iodination of Arylboronic 
Acidsa  (continued)

Entry Boronic acid Time 
(h)

Product Yield 
(%)b

Ar B(OH)2 + I2 Ar I

1 2

K2CO3, MeCN
80 °C, N2

O

(HO)2B

O

I

Ar1 Ar2

3

(i) I2, K2CO3, MeCN

    80 °C, N2, t1Ar1 B(OH)2

1 Ar2 B(OH)2

(ii) Pd(OAc)2, 80 °C
t2, (1')

OMe

MeO

MeO

MeO

MeO
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Inspired by these excellent results, we subsequently investi-
gated a one-pot, two-step synthesis of biaryls from arylbo-
ronic acids by applying this iodination strategy. As shown in
Table 3, the initial arylboronic acid was first converted into
the corresponding aryl iodide under the established iodin-
ation conditions, and then the second arylboronic acid and
palladium(II) acetate [Pd(OAc)2] were added to the result-
ing solution. After 12–16 hours at 80 °C, the expected bi-

7 1h 1j

3g (12 h, 14 h, 71%)

8 1j 1b

3h (9 h, 15 h, 86%)

9 1j 1d

3i (9 h, 15 h, 78%)

10 1j 1g

3j (9 h, 15 h, 83%)

11 1o 1c

3k (8 h, 12 h, 85%)

12 1o 1e

3l (8 h, 12 h, 83%)

13 1r 1a

3m (8 h, 14 h, 80%)

14 1r 1b

3n (8 h, 14 h, 87%)

15 1r 1c

3o (8 h, 14 h, 78%)

16 1r 1k

3p (8 h, 12 h, 76%)

17 1q 1c

3q (8 h, 12 h, 81%)

Table 3  One-Pot Synthesis of Biaryls via Iodination of Arylboronic 
Acids and Palladium-Catalyzed Cross-Couplinga  (continued)

Entry  Ar1B(OH)2 (1) Ar2B(OH)2 (1′)  Product (t1, t2,
b yield)c 

Ar1 Ar2

3

(i) I2, K2CO3, MeCN

    80 °C, N2, t1Ar1 B(OH)2

1 Ar2 B(OH)2

(ii) Pd(OAc)2, 80 °C
t2, (1')

MeO

Cl

Cl

Cl

Cl OMe

OHC

OHC

MeO2C

MeO2C

MeO2C

MeO2C

Cl

NC

18 1u 1c

3r (9 h, 16 h, 86%)

19 1u 1m

3s (9 h, 16 h, 68%)

20 1u 1p

3t (9 h, 16 h, 79%)

21 1v 1b

3u (9 h, 16 h, 85%)

22 1v 1g

3v (9 h, 16 h, 75%)

a Reaction conditions: Ar1B(OH)2 (0.5 mmol), I2 (0.75 mmol), K2CO3 
(1.0 mmol), Ar2B(OH)2 (0.75 mmol), Pd(OAc)2 (0.025 mmol), 80 °C, 
N2 atmosphere.
b The time taken for the iodination (step 1, t1) is shown first, followed 
by that required for the cross-coupling (step 2, t2).
c Yield of isolated product.

Table 3  One-Pot Synthesis of Biaryls via Iodination of Arylboronic 
Acids and Palladium-Catalyzed Cross-Couplinga  (continued)

Entry  Ar1B(OH)2 (1) Ar2B(OH)2 (1′)  Product (t1, t2,
b yield)c 

Ar1 Ar2

3

(i) I2, K2CO3, MeCN

    80 °C, N2, t1Ar1 B(OH)2

1 Ar2 B(OH)2

(ii) Pd(OAc)2, 80 °C
t2, (1')

F

F

O

O

O

MeO
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aryls 3 were obtained in good to excellent yields.15 The
method exhibited wide tolerance of functional groups in-
cluding ether (Table 3, entries 2–7, 10 and 22), carbon–chlo-
rine bonds (Table 3, entries 7–10 and 16), aldehyde (Table
3, entries 11 and 12), ester (Table 3, entries 13–16), cyano
(Table 3, entry 17), naphthalene (Table 3, entries 18–20),
carbon–fluorine bonds (Table 3, entry 19), acetyl (Table 3,
entry 20), and O-heterocyclic (Table 3, entries 21 and 22) on
the arylboronic acid.

In summary, we have developed a simple, general and ef-
ficient method for the metal-free iodination of arylboronic
acids with iodine in the presence of potassium carbonate
as the base. The method is highly tolerant toward various
functional groups present in the substrates. Importantly,
the iodination strategy could also be applied efficiently to
the one-pot synthesis of biaryl derivatives. These conve-
nient and practical methods should attract attention from
industrial and academic research.
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and concentrated by rotary evaporation. Purification of the 
residue by column chromatography on silica gel provided 
the desired product 2a–v. Data for three representative 
examples are provided. PE = petroleum ether.
1-Iodo-4-methoxybenzene (2g)16

Eluent: PE; yield: 93.6 mg (80%); white solid; mp 49–50 °C. 
1H NMR (300 MHz, CDCl3): δ = 7.54 (d, J = 8.9 Hz, 2 H), 
6.68 (d, J = 8.9 Hz, 2 H), 3.77 (s, 3 H). 13C NMR (75 MHz, 
CDCl3): δ = 159.6, 138.3, 116.5, 82.8, 55.4. EI-MS: m/z 
[M]+ = 234.0.
1-Chloro-3-iodobenzene (2k)17

Eluent: PE; yield: 86.8 mg (73%); yellow oil. 1H NMR (300 
MHz, CDCl3): δ = 7.75 (s, 1 H), 7.60 (d, J = 7.9 Hz, 1 H), 
7.33 (d, J = 7.9 Hz, 1 H), 7.02 (t, J = 7.9 Hz, 1 H). 13C NMR 
(75 MHz, CDCl3): δ = 137.3, 135.8, 135.2, 131.1, 128.1, 
94.3. EI-MS: m/z [M]+ = 237.9.
1-Iododibenzo[b,d]furan (2v)8a

Eluent: PE–EtOAc, 20:1; yield: 129.4 mg (88%); white 
solid; mp 48–49 °C. 1H NMR (300 MHz, CDCl3): δ = 7.90–
7.77 (m, 3 H), 7.65 (d, J = 7.9 Hz, 1 H), 7.47 (d, J = 6.9 Hz, 
1 H), 7.37 (d, J = 6.9 Hz, 1 H), 7.08 (t, J = 7.9 Hz, 1 H). 13C 
NMR (75 MHz, CDCl3): δ = 156.5, 155.7, 136.0, 127.8, 
124.6, 124.5, 124.4, 123.3, 121.3, 120.6, 112.2, 75.6. EI-
MS: m/z [M]+ = 294.0.

(15) Biaryls (3); General Procedure
Arylboronic acid 1 (0.5 mmol) and K2CO3 (1 mmol, 138.0 
mg) were added to a 20 mL Schlenk-tube equipped with a 
magnetic stir bar. The tube was evacuated twice and back-
filled with N2. MeCN (2 mL) and I2 (0.75 mmol, 191 mg) 
were added to the tube at r.t. under a stream of N2, and the 
tube was sealed and placed into a pre-heated oil bath at 80 °C 
for 8–12 h. The resulting solution was cooled to r.t., and then 
arylboronic acid 1′ (0.75 mmol) and Pd(OAc)2 (0.025 mmol, 

5.6 mg) were added, and the mixture stirred at 80 °C for 12–
16 h. The resulting solution was cooled to r.t. and H2O (10 
mL) was added. The aq layer was extracted with EtOAc 
(3 × 5 mL). The combined organic phase was dried over 
anhydrous Na2SO4, filtered and concentrated by rotary 
evaporation, and the residue was purified by column 
chromatography on silica gel to provide the desired product 
3a–v. Data for three representative examples are provided.
3-Methoxy-1,1′-biphenyl (3c)
Eluent: PE–EtOAc, 100:1; yield: 70.8 mg (77%); yellow oil. 
1H NMR (400 MHz, CDCl3): δ = 7.63 (d, J = 6.9 Hz, 2 H), 
7.47 (t, J = 7.3 Hz, 2 H), 7.41–7.37 (m, 2 H), 7.22 (d, = 8.2 
Hz, 1 H), 7.17 (s, 1 H), 6.94 (d, J = 8.2 Hz, 1 H), 3.89 (s, 3 
H). 13C NMR (100 MHz, CDCl3): δ = 160.1, 142.9, 141.2, 
129.9, 128.9, 127.5, 127.3, 119.8, 113.0, 112.8, 55.4. EI-
MS: m/z [M]+ = 184.1.
Methyl 4′-Methyl-[1,1′-biphenyl]-4-carboxylate (3n)
Eluent: PE–EtOAc, 100:1; yield: 98.4 mg (87%); white 
solid; mp 102–103 °C. 1H NMR (400 MHz, CDCl3): 
δ = 8.09 (d, J = 8.7 Hz, 2 H), 7.64 (d, J = 8.2 Hz, 2 H), 7.52 
(d, J = 8.2 Hz, 2 H), 7.27 (d, J = 8.7 Hz, 2 H), 3.93 (s, 3 H), 
2.40 (s, 3 H). 13C NMR (100 MHz, CDCl3): δ = 167.1, 145.7, 
138.2, 137.2, 130.2, 129.7, 128.7, 127.2, 126.9, 52.2, 21.2. 
EI-MS: m/z [M]+ = 226.1.
3′-Methyl-[1,1′-biphenyl]-4-carbonitrile (3q)
Eluent: PE–EtOAc, 100:1; yield: 78.2 mg (81%); colorless 
oil. 1H NMR (400 MHz, CDCl3): δ = 7.71 (d, J = 8.2 Hz, 2 
H), 7.67 (d, J = 8.2 Hz, 2 H), 7.39–7.36 (m, 3 H), 7.23 (d, 
J = 6.0 Hz, 1 H), 2.43 (s, 3 H). 13C NMR (100 MHz, CDCl3): 
δ = 145.9, 139.3, 138.9, 132.6, 129.5, 129.1, 128.1, 127.8, 
124.5, 119.1, 110.9, 21.6. EI-MS: m/z [M]+ = 193.1.

(16) George, W. K.; Arjun, R. M. Tetrahedron Lett. 2004, 45, 
343.

(17) Yang, S. H.; Li, C. S.; Cheng, C. H. J. Org. Chem. 1987, 52, 
691.
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