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Abstract: Annular dibromination of hydroxypyridines with NBS in
acetonitrile followed by bromine-lithium exchange with RLi and
subsequent trapping with H2O or I2 afforded monobromo and bro-
moiodo derivatives in a completely regioselective way. Iodination
of bromo hydroxypyridines with NIS is totally regioselective.
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Polyfunctional pyridines have become essential in many
fields, such as pharmaceutical chemistry,1 transition metal
chemistry,2 optoelectronic3 or luminescent materials4 and
in supramolecular chemistry.5 Bromo and iodopyridines
appear as particularly useful key intermediates for syn-
thesis since they easily undergo regioselective depro-
tonation,6 halogen-metal exchange,7,8 nucleophilic
substitutions,9 and oxidative additions with Pd(0).10

Therefore, the search of new regioselective methods af-
fording halopyridines is a matter of great interest.

The most direct approach to obtain halopyridines is the
electrophilic halogenation starting from the correspond-
ing activated pyridines. In this way Br2 and I2 have been
employed for the highly regioselective bromination and
iodination of 3-hydroxypyridines.11 The usefulness of
NBS in the halogenation of activated aromatic carbocy-
cles has been reported by our group.12 We have also re-
cently reported that NBS in MeCN allows the highly
regioselective monobromination of 2-hydroxypyridine
(1),13 but the method is not successful starting from 4-hy-
droxypyridine (2) and for methyl hydroxypyridines.14

Considering that compounds 1 and 2 could be easily di-
brominated by using 2 equivalents of NBS,13 and taking
into account that regioselective monolithiation of unsub-
stituted dibromopyridines had been reported by several
authors,7a–c,7e we decided to investigate the regioselectivi-
ty of the metal-halogen interchange on dibromo hydroxy-
pyridines as a tool for the regioselective introduction of
any electrophile in the hydroxypyridine rings. Moreover,
the knowledge of the role of the oxygenated function in
modulating the strong regioselectivity control imposed by
the pyridine ring could also be important. In this paper we

report the reactions with H+ and I2 as electrophiles to ob-
tain monobromo and bromoiodo hydroxypyridines in a
completely regioselective way. All the studied com-
pounds are commercially available. The strategy devel-
oped is based on a two-step sequence involving (i)
regioselective annular dibromination with NBS of hy-
droxypyridines 1–6 and (ii) regioselective bromine-lithi-
um exchange of the resulting dibromo derivatives
followed by capture with of H2O or I2 as the electrophiles
(Scheme 1). Alternatively, the synthesis of bromoiodo de-
rivatives have been carried out by reaction of monobromo
pyridines with N-iodosuccinimide, NIS.

Scheme 1

Dibromination of 2-hydroxy and 4-hydroxy pyridines (1
and 2) with NBS in CCl4 had been previously reported.13

Similar results were obtained from the hydroxypyridines
3–6 when they were treated with NBS (2 equiv) in MeCN
(Table 1).

After 1 hour at reflux, all the substrates evolved into the
dibrominated products15 on the positions activated by the
OH group in a very high yields (>86% isolated yields).
The formation of the chain halogenation products was not
detected. Succinimide, the only by-product of these reac-
tions, can be easily removed by successive washing with
MeOH from the reaction crudes containing 7, 9 and 10. As
compounds 8, 11 and 12 are soluble in MeOH, they had to
be purified by chromatography.

With dibromopyridines in hand, the regioselectivity of the
bromine-lithium exchange was then investigated. In a first
attempt we carried out metallation of the sodium salt of
the substrate (formed in situ by addition of 1.2 equiv of
NaH at room temperature) with 1 equivalent of n-BuLi, at
–78 °C.16 Nevertheless, more than 30% of the unaltered
starting product (7–12) was recovered after long periods
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of time. The alternative bromine-lithium exchange per-
formed at –90 ºC by reaction of the O-lithium salts
(formed with 1 equiv of the organollithium) with RLi
gave better results. Various RLi were tested in order to op-
timize the exchange conditions on the dibromopyridines.
It was found that n-BuLi was the best exchange reagent,
except for 8 which reacted better with s-BuLi (Table 2).
The bulky t-BuLi did not give satisfactory results. When
the lithio derivative was treated with water (10 equiv)
only the monobromo derivatives 13–1817 were obtained in
all the examples. It is important to remark that no lithia-
tion of the methyl group18 was observed for methyl py-
ridines 9–12, but dilithium-bromine exchange occured for
7, 8, and 10, thus affording totally debrominated pyridines
in 30%, 9%, and 30% yields, respectively (Table 2, en-
tries 1, 2 and 4). This result could not be avoided by using
1 equivalent of n-BuLi, or by inverting the addition mode
according to the method of Cai,7b which afforded poor
yields of monobromo pyridines. In CH2Cl2

7c no reaction
was observed probably due to the poor solubility of hy-
droxypyridines in this solvent. Compound 12 evolved into
a mixture of 18 with 2-alkyl-3-hydroxy-6-methyl pyridine

(19) and 4-alkyl-2-bromo-3-hydroxy-6-methylpyridine
(20), as a result of the nucleophilic substitution of each
bromine atoms in dibromoderivative 12, by the alkyl
group. The 18:19:20 ratios varied with the size of the
alkyl group (55:25:20 for n-BuLi, 45:44:11 for s-BuLi
and 10:70:20 for t-BuLi) (Scheme 2).

Scheme 2

To the best of our knowledge the herein reported method
is the first allowing the regioselective preparation of 3-
bromo-4-pyridone, 13. For 3,5-dibromo-2-hydroxy py-
ridines 8, 9, and 10 lithiation took place regioselectively
at C-5 position to afford 3-bromo derivatives (Table 2, en-
tries 2–4) that are not available by electrophilic aromatic
substitution of the corresponding hydroxy pyridines. The
regioselectivity of this bromine-lithium exchange is just
the opposite and therefore complementary, to that report-
ed for 3,5-dibromo-2-methoxy pyridine,19,20 which could
be due to the low stability of the carbanions at ortho posi-
tion with respect to the pyridinolate anion. Despite this
fact, the reaction of the 3-hydroxy pyridine (11) only af-
forded compound 17, resulting from the monodebromina-
tion at one ortho position, C-4. This result suggests the
formation of the carbanions at C-6 is even less favored,
which could be due to the strong electronic repulsion of
the lone electron pairs at two contiguous atoms (C-6 and
N). This could also account for the evolution of compound
12, which is unexpectedly prone to the nucleophilic sub-
stitution instead of the bromine-lithium exchange (the car-
banion at C-2 would be highly unstable).

The intermediates derived from 9 and 11, which quantita-
tively evolved into the monobromoderivatives, were also
captured by using I2 as the electrophile (entries 7 and 8,
Table 2). As we can see, the iodination was also complete-
ly regioselective, only affording bromoiodo derivatives
21 and 2220 in high yields.

Since the preparation of bromoiodopyridines only pro-
ceeds successfully with those substrates that undergo
clean monolithiation, and these compounds are highly in-
teresting for the sequential introduction of two different
groups at the pyridine ring, we decided to study the ability
of the N-iodosuccinimide in the regiocontrolled iodina-
tion of monobromo hydroxypyridines. Compounds 13–17
(Table 2) and 5-bromo-2-hydroxypyridine (27), which
had been obtained in the direct regioselective monobromi-
nation of 2-hydroxy pyridine,13 reacted with NIS in
MeCN at reflux (Table 3) to afford exclusively the prod-
ucts of the completely regioselective iodination of the py-
ridine ring at the position activated by the hydroxy
group.20

Table 1 Annular Dibromination of compounds 1–6 with NBS/
MeCN
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As expected, iodination at C-4 of the pyridine ring (4
hours in refluxing acetonitrile; entry 6, Table 3) is slower
than that at C-3 or C-5 (entries 1–5, Table 3). However,
the yields are almost quantitative in all the cases (isolated
yields are usually higher than 90%). Pure bromoiodo de-
rivatives 21 and 23–25 can be easily isolated by washing
the reaction crude with methanol, thus removing NHS.
Derivatives 22 and 26 were purified by column chroma-
tography. As it had been found with NBS, chain iodina-

tion products were not detected in reactions from methyl
derivatives.

In summary, dibromination of 4- and 2-hydroxypyridines
and their subsequent bromine-lithium exchange are both
completely regioselective.The hydrolysis of the interme-
diates provides a new entry to 3-bromohydroxy pyridines,
not available by electrophilic aromatic substitution. The
application of a similar sequence to 3-hydroxy methylpy-
ridines is also completely regioselective, the reactivity or-
der being C-4 > C-6 > C-2. The use of iodine as the
electrophile in these reactions affords bromoiodo deriva-
tives with total and identical regioselectivity, but the syn-
thesis of these compounds can be achieved more
efficiently by nuclear iodination of the bromo hydroxypy-
ridines with NIS in MeCN. The use of both monobromo
and bromoiodo hydroxypyridines with different electro-
philes is currently under study.

Table 2 Regioselective Bromine-Lithium Exchange of Dibromo 
Hydroxypyridines 7–12

Entry Subst. RLi E Product % Ratio 
(yield)a

1 7 n-BuLi H2O

13

70 (52)

2 8 s-BuLi H2O

14

91 (71)

3 9 n-BuLi H2O

15

100 (80)

4 10 n-BuLi H2O

16

70 (50)

5 11 n-BuLi H2O

17

100 (80)

6 12 n-BuLi H2O

18

55 (35)b

7 9 n-BuLi I2

21

100 (60)

8 11 n-BuLi I2

22

100 (65)

a Isolated yield.
b See text.
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Table 3 Annular Iodination of Bromo Hydroxypyridines with NIS in 
MeCN at Reflux

Entry Substrate Time 
(h)

Product % Yielda
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(17) Compounds 13 and 14 had been previously reported.13 
Monobromo hydroxypyridines 15–18 were characterized on 
the basis of their 1H NMR (d in ppm, 300 MHz) and 13C 
NMR (d in ppm, 75 MHz) spectroscopic data and elemental 
analysis.
Compound 15: white solid; mp 220–221 °C (Et2O/hexane); 
1H NMR (CDCl3): 2.38 (s, 3 H, CH3), 6.00 (d, 1 H, J5,4 = 7.5 
Hz, H-C5), 7.72 (d, 1 H, J4,5 = 7.5 Hz, H-C4), 13.24 (br s, 1 
H, OH); 13C NMR (CDCl3): 18.9 (CH3), 106.7 (C-5), 111.2 
(C-3), 143.7 (C-4), 145.8 (C-6), 161.7 (C-2); Anal. Calcd for 
C6H6NOBr: C, 38.32; H, 3.22; N, 7.45. Found: C, 38.52; H, 
3.18; N, 7.45.
Compound 16: white solid; mp 195–196 °C (acetone); 1H 
NMR (DMSO-d6): 2.25 (s, 3 H, CH3), 6.19 (d, 1 H, J5,6 = 6.5 
Hz, H-C5), 7.32 (d, 1 H, J6,5 = 6.5 Hz, H-C6), 11.90 (br s, 1 
H, OH); 13C NMR (DMSO-d6): 23.1 (CH3), 107.9 (C-5), 
116.0 (C-3), 133.0 (C-6), 151.1 (C-4), 158.4 (C-2); Anal. 
Calcd for C6H6NOBr: C, 38.32; H, 3.22; N, 7.45. Found: C, 
38.37; H, 3.22; N, 7.54.
Compound 17: white solid; mp 199–200 °C (Et2O/hexane); 
1H NMR (CDCl3): 2.42 (s, 3 H, CH3), 7.00 (d, 1 H, J4,5 = 8.4 
Hz, H-C4), 7.09 (d, 1 H, J5,4 = 8.4 Hz, H-C5), 9.01 (br s, 1 
H, OH); 13C NMR (CDCl3): 18.7 (CH3), 124.8 and 125.7 (C-
4 and C-5), 128.0 (C-6), 147.5 (C-2), 151.4 (C-3). HRMS 
(EI) calcd for C6H6NOBr: 186.9632. Found 186.9629.
Compound 18: white solid; 1H NMR (DMSO-d6): 2.31 (s, 3 
H, CH3), 7.05 (d, 1 H, J4,5 = 8.1 Hz, H-C4), 7.15 (d, 1 H, 
J5,4 = 8.1 Hz, H-C5); 13C NMR (DMSO-d6): 22.4 (CH3), 
123.3 and 123.9 (C-5 and C-4), 129.0 (C-2), 148,6 and 148.7 
(C-6 and C-3).

(18) For preference for ring lithiation over deprotonation see: 
Carpentier, T. A.; Jenner, P. J.; Leeper, F. J.; Staunton, J. J. 
Chem. Soc., Chem. Commun. 1980, 1227.

(19) (a) Bargar, T. M.; Wilson, T.; Daniel, J. K. J. Heterocycl. 
Chem. 1985, 22, 1583. (b) Tee, O. S.; Paventi, M. J. Am. 
Chem. Soc. 1982, 104, 4142.

(20) Bromoiodo derivatives 21–26 were characterized on the 
basis of their 1H NMR (d in ppm, 300 MHz) and 13C NMR 
(d in ppm, 75 MHz) spectroscopic data and elemental 
analysis.
Compound 21: yellow solid; mp 205–206 °C (acetone/
methanol); 1H NMR (CDCl3): 2.52 (s, 3 H, CH3), 8.03 (s, 
1H, H-C4), 13.47 (br s, 1 H, OH); 13C NMR (CDCl3): 23.9 
(CH3), 68.9 (C-5), 112.4 (C-3), 147.4 (C-6), 151.2 (C-4), 
161.3 (C-2). HRMS (EI) calcd. for C6H5NOBrI: 312.8599. 
Found: 312.8599.
Compound 22: yellow solid; mp 115–116 °C(acetone); 1H 
NMR (DMSO-d6): 2.38 (s, 3 H, CH3), 7.78 (s, 1 H, H-C5), 
9.85 (br s, 1 H, OH); 13C NMR (DMSO-d6): 20.1 (CH3), 
100.9 (C-4), 129.2 (C-6), 134.1 (C-5), 147.2 (C-2), 151.5 (C-
3). HRMS (EI) calcd for C6H5NOBrI: 312.8599. Found: 
312.8603.
Compound 23: yellow solid; 1H NMR (DMSO-d6): 8.24 (d, 
1 H, J2,6 = 0.9 Hz, H-C2), 8.29 (d, 1 H, J2,6 = 0.9 Hz, H-C6); 
13C NMR (DMSO-d6): 89.5 (C-5), 109.3 (C-3), 138.7 (C-2), 
143.1 (C-6), 169.2 (C-4). HRMS (EI) calcd for C5H3NOBrI: 
298.8442. Found 298.8434.
Compound 24: yellow solid; mp 243–244 °C (acetone); 1H 
NMR (DMSO-d6): 7.71 (d, 1 H, J4,6 = 1.7 Hz, H-C4), 8.08 
(d, 1 H, J4,6 = 1.7 Hz, H-C6), 12.29 (br s, 1 H, OH); 13C NMR 
(DMSO-d6): 64.3 (C-5), 116.4 (C-3), 140.7 (C-4), 148.8 (C-
6), 157.5 (C-2). Anal Calcd. for C5H3NOBrI: C, 20.02; H, 
1.01; N, 4.67. Found: C, 19.93; H, 1.02; N, 4.55.
Compound 25: yellow solid; mp 226–227 °C(acetone); 1H 
NMR (DMSO-d6): 7.74 (d, 1 H, J4,6 = 2.4 Hz, H-C4), 8.21 
(d, 1 H, J4,6 = 2.4 Hz, H-C6), 12.23 (br s, 1 H, OH); 13C NMR 
(DMSO-d6): 93.8 (C-5), 97.2 (C-3), 136.8 (C-4), 150.8 (C-
6), 159.0 (C-2). Anal Calcd. for C5H3NOBrI: C, 20.02; H, 
1.01; N, 4.67. Found: C, 19.90; H, 0.96; N, 4.57.
Compound 26: yellow solid; mp 218–220 °C (acetone/
methanol); 1H NMR (DMSO-d6): 2.45 (s, 3 H, CH3), 7.78 (s, 
1 H, H-C6), 12.17 (br s, 1 H, OH); 13C NMR (DMSO-d6): 
29.1 (CH3), 72.3 (C-5), 116.1 (C-3), 139.7 (C-6), 151.4 (C-
4), 157.9 (C-2). HRMS (EI) calcd for C6H5NOBrI: 
312.8599. Found: 312.8592.

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f  

Ill
in

oi
s.

 C
op

yr
ig

ht
ed

 m
at

er
ia

l.


