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A one-pot, high-yielding iodination of hydroxypyridines and
hydroxyquinolines is described. The iodination proceeds
under mild conditions, and the products are obtained in high
yield without the need for chromatographic purification. In
addition, the iodination works on both 2- and 4-hydroxypy-
ridines and -hydroxyquinolines.

Todopyridines are important and valuable intermediates for
the synthesis of both natural products and pharmaceutically
important compounds. Iodopyridines often serve as convenient
precursors for the generation of reactive organometallics such
as organomagnesium and organolithium reagents.' Alternatively,
iodopyridines and iodoquinolines participate in carbon—carbon,
carbon—oxygen, and carbon—nitrogen bond formation via cross-
coupling reactions such as the Suzuki—Miyaira,? Negishi, and
Buchwald—Hartwig* reactions. Iodopyridines also undergo
substitution with (trifluoromethyl) copper reagents to give
trifluoromethyl-substituted heterocycles.” While iodopyridines
are versatile intermediates, their limited commercial availability
requires that they be synthesized from readily available precur-
sors. One of the most common methods for the preparation of
iodopyridines involves lithiation of activated pyridines followed
by quenching with iodine.® The major disadvantage of this
protocol is that sensitive functional groups are not well tolerated
leading to either competing side reactions or decomposition of
either the starting materials or products.” Given the wealth of
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commercially available hydroxypyridines, we reasoned that
suitable activation followed by displacment with iodide would
serve as an attractive method for the construction of both 2-
and 4-iodopyridines. Although several methods exist for the
chlorination® and bromination® of hydroxypyridines, to the best
of our knowledge a direct method for the related iodination does
not exist. The most common method involves a two-step
sequence involving chlorination followed by iodide displace-
ment.'® Given the superior reactivity of iodides versus chlorides
and bromides, methods which provide rapid access to iodopy-
ridines and tolerate a wide range of functional groups are
important synthetic tools. Therefore, we set out to develop a
mild, one-pot, high-yielding iodination of 2- and 4-hydroxy-
pyridines. In this paper, we report a general synthesis of 2- and
4-iodopyridines and extend the methodology to the preparation
of both iodoquinolines and iodoisoquinolines.

Our investigations began with hydroxypyridine 1 as shown
in eq 1. We envisioned that conversion of 1 to a sulfonate ester
would sufficiently activate the hydroxyl group for iodide
displacement under mild conditions.!' Sulfonate esters 2a—c
were prepared in excellent yield by reaction of 1 with the
corresponding sulfonic anhydride (Ms,0, Ts,0, and Tf,0) in
the presence of pyridine.

1.1 equiv R,O
HaC N. _OH 1.15 equiv pyridine H N -
3 s MeCN, it, 224 h  HsC€ s o o
Z > CN 96-98% Z 6N
1 2a R= SOZCF;;
2b R= SOZCH3
2¢ R=S0,Tol

With 2a,b in hand, efforts were focused on the iodination
reaction as shown in Table 1. For example, reaction of 2a,b
with 5 equiv of sodium iodide in refluxing acetonitrile for up

TABLE 1. Optimization Studies for the Iodination of Pyridine 2

5 equiv Nal
1 equiv acid
H;C.__N. _OR H;C.__N |
3 \Ejf MeCN 3 [
—_—
Z > cN Z > eN
2 3
entry substrate acid pka(H,O) time conversion?
no acid 18 h <5%

TFA 0 18 h <5%
MsOH -3 18 h 100%
HCI -8 10 min ~ 100%
TfOH -14 10min  100%

H;C.__N__OTf
e
! %
CN
2a
) H3C\ENJV\OMS no acid <5%
TfOH < 5%
Z > CN ’
2b
H,C.__N__OTs )
3 | N no acid <5%
% cN TfOH <5%
2c

“ Determined by HPLC analysis.
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TABLE 2. One-Pot Iodination of 2-Hydroxypyridines to 2-Iodopyridines
Tf,0, pyridine
N. _OH Me(;,N or toluene N. _OTf Nal, HCI or TfOH N |
| N 0°Ctort,2h . | N rt, 1-12 h _ | =
% - ¥z Z
R R R
entry substrate product yield (%)? entry substrate product yield (%)?
: N._OH NI
HsC._N__OH HsC. NI ) | 5 s s 97¢
1 | _ | _ 94 ' MeO.C Z Pz
CN CN : €0 MeOC™ 5
‘i”3 %H3 | N._OH N !
: 6 | | 90°
AN N b i
2 | P | P 95 : 14 15
Cl o CN Cl 7 CN ' N OH N |
. A A
! 7 | P | _ 959
i CH; CH;
H,C | N _OH HsC | N b | 16 17
3 98 :
Br~ > “CN Br~ 7 “CN : N OH N |
8 9 | 8 » P 949
i (o] Cl
| N\ OH | N\ | E 18 19
4 92°¢ '
Pz = ' N OH N |
NO2 NO; : 9 | | 909
CH, CH; : Z>oMe Z>0oMe
10 1 ] 20 21

“Isolated yields. ” Reactions were carried out at room temperature using 1.1 equiv of concd HCI and 5 equiv of Nal in MeCN. © Reaction was carried
out at room temperature using 1.1 equiv of HCI (2 M solution in Et;0) and 5 equiv of Nal in MeCN. “ Reactions were carried out at room temperature
using 1.1 equiv of HCI (2 M solution in Et,0) and 5 equiv of Nal in toluene.

to 24 h only afforded trace amounts (<5%) of the desired iodide
3. In each case, the starting material was recovered virtually
unchanged, despite the presence of the activating cyano group
present in the 3-position of the ring. In an attempt to further
activate the pyridine ring toward nucleophilic displacement, it
was decided to screen the effect of Brgnsted acids in the reaction
of 2a with sodium iodide.'?> As shown in Table 1, it was
discovered that concd HCl, MsOH, and TfOH led to 3 with
complete conversion when 2 was treated with 1 equiv of acid
in the presence of 5 equiv of Nal at room temperature in
acetonitrile. Interestingly, activation of 2a with TFA resulted
in no detectable reaction, suggesting that the pK, of the acid
employed for activation of the pyridine was crucial for success.'?
We also observed that 1 equiv of acid (HCl, MsOH, or TfOH)
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was needed for complete conversion. In the presence of less
than 1 equiv, conversion corresponded to the amount of acid
added."* This confirmed that protonation of the pyridine nitrogen
was in fact activating the C-2 carbon of 2a for subsequent iodide
addition. Unfortunately, mesylate 2b and tosylate 2¢ were
completely unreactive under these conditions.

Having identified conditions for the iodination of sulfonate
ester 2a, we investigated the possibility of developing a one-
pot procedure for the direct conversion of 1 to 3 (eq 2). It was
discovered that treatment of crude triflate 2a with 5 equiv of
sodium iodide and 1.1 equiv of concd HCI afforded quantitative
conversion to 3 for the one-pot process. The workup of the
reaction involved a simple pH adjustment with 10 M NaOH,
extraction into toluene, and solvent removal to give 3 in 95%
isolated yield and excellent purity'® (>98%) avoiding the need
for further purification by chromatography.'®

1) 1.1 equiv Tf,0
1.15 equiv pyridine

H;C.__N__OH H;C.__N |
| N MeCN,0°Ctort,2 h | ~
_ _ (2)
CN 2) 1.2 equiv HCI CN
1 5equivNal, rt,2h 3
one-pot 95%

The scope and generality of the one-pot iodination procedure
was next examined. As shown in Table 2, the one-pot iodination

(14) With catalytic acid, the iodination could be pushed to completion with
increased temperature (reflux) and reaction time (>7 days).

(15) Purity determined by HPLC and NMR ('H and '*C) analysis.
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unsuccessful due to incomplete triflate (2a) formation.
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SCHEME 1. lodination of Hydroxyquinolines
1) 1.1 equiv Tf,0
1.15 equiv pyridine

m MTBE, rt, 2 h m
~ ~
N”OH  2)1.1equiv TFOH N
22 5 equiv Nal, rt, 12 h 26
96%
1) 1.1 equiv Tf,0
1.15 equiv pyridine
X MeCN, rt, 2 h A
~N 2) 1.1 equiv TfOH N
23 OH 5 equiv Nal, rt, 12 h 27 |
97%

SCHEME 2. Iodination of 4-Hydroxypyridines and
4-Hydroxyquinolines

1) 1.1 equiv Tf,0

OH 1.15 equiv pyridine I

X MeCN, rt, 2 h fj
HAC | N/ CH 2) 1.1 equiv HCI HaC N/ cH

3 3 7 3 3
24 5 equiv Nal, rt, 12 h 28
85%
1) 1.1 equiv Tf,0

OH 1.15 equiv pyridine !

X MTBE, rt, 2 h @\

N/ CH, 2)11 equw TfOH N/ CH,

25 5 equiv Nal, rt, 12 h 29

98%

of several electronically and structurally diverse hydroxypy-
ridines afforded the desired iodides in excellent yields. In
general, pyridines bearing electron-deficient groups (entries
1—5) reacted with sodium iodide within 1 h and gave the iodide
products in high yield. On the other hand, reaction of substrates
lacking electron-withdrawing substituents (entries 6—9) proved
sluggish. For example, reaction of the intermediate triflate of
pyridine 14 with sodium iodide in the presence of concd HCI
resulted in the formation of 15 in only 15% yield after 12 h at
room temperature. The mass balance of the reaction was
identified as remaining triflate and 14. Under the reaction
conditions, hydrolysis of the triflate intermediate back to
hydroxypyridine 14 was competitive with iodide displacemnt.
It was speculated that water from the conc. HCI was leading to
the formation of 14 and in order to circumvent this competitive
process, modified reaction conditions were investigated. It was
discovered that replacing acetonitrile with toluene and using
anhydrous acid (anhydrous HCI or TfOH) afforded 15 in 90%
yield. In a similar fashion, reaction of 16, 18, and 20 provided
access to iodides 17, 19, and 21 in 95%, 94%, and 90% yields,
respectively.

Next, we set out to explore the reactivity of hydroxyquino-
lines. As shown in Scheme 1, 2-hydroxyquinoline 22 and
isoquinoline 23 afforded the desired iodides 26 and 27 in 96%
and 97% yield. Interestingly, we noticed that HCI afforded a
mixture of the 2-chloro and 2-iodo products which was not seen
in the related hydroxypyridine cases. However, we found that
replacement of HCl with TfOH completely eliminated the
2-chloroquinoline byproduct.

As shown in Scheme 2, we were also interested in extending
this methodology to 4-hyrdoxypyridines. Historically, the
preparation of 4-iodopyridines has been fairly challenging, often
requiring several synthetic steps.'' However, utilization of our
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TABLE 3. One-Pot Bromination of Hydroxypyridines
1) 1.1 equiv Tf,0
1.15 equiv pyridine

N__OH toluene, rt, 2 h _ N Br
| _ 2) 1.1 equiv TfOH | _
R 5 equiv LiBr, rt, 18 h R
literature
ent| substrate ield(%)?
ry product yield(%) yield(%)?
H,;C N\ OH Hs;C.__N_ _Br
1 | | = 98 75
Z > CN Z > CN
1 30
N\ OH N\ Br
2 | | 20 75
= =
14 31

“Isolated yields. ” See ref.”* Reactions were carried out using TBAB
and P,0s in refluxing toluene (entry 1) or refluxing 1,2-CL,Ph (entry 2).

one-pot iodination procedure on pyridone 24 afforded iodide
28 in 85% yield. As expected, we were able to extend this
protocol to 4-hydroxyquinolines as demonstrated by the prepa-
ration of iodide 29 in 98% yield. Unfortunately, attempts to
extend this methodology to unhindered pyridones such as
4-hydroxypyridine were unsuccessful due to competing N-
triflation."”

Lastly, we explored the possibility of utilizing a similar
procedure for the bromination of hydroxypyridines. We envi-
sioned that simply replacing sodium iodide with lithium bromide
in our standard protocol would provide an efficient bromination
procedure. Although direct methods exist for the bromination
of hydroxypyridines,” we felt our methodology would provide
a mild and high-yielding alternative. As shown in Table 3, we
were pleased to find that our modified conditions efficiently
converted pyridones 1 and 14 to the desired bromides 30 and
31 in 98% and 90% yield. This proved to be a substantial
improvement over current methodologies with regard to yield
(90—98% versus 75%) and reaction conditions (room temper-
ature versus 100—180 °C).”* It should also be mentioned that
both TfOH and HCI efficiently promoted the bromination;
however, trace amounts of 2-chloro products were seen in HCI-
promoted reactions.

In conclusion, we have developed an efficient one-pot
procedure for the iodination of hydroxypyridines and hydrox-
yquinolines. The iodination proceeds under mild conditions, and
the products are obtained in high yield without the need for
chromatographic purification. The reaction is also amenable to
large scale applications as exemplified in the Experimental
Section. In addition, the iodination works on both 2- and
4-hydroxypyridines and hydroxyquinolines.

Experimental Section

Representative Procedure: Preparation of 4-Chloro-3-cyano-2-
iodo-6-methylpyridine (7). A 100-L, three-necked, round-bottomed
flask equipped with a nitrogen inlet adapter, 5-L addition funnel,
thermocouple, and mechanical stirrer was charged with pyridine
(2.48 L, 30.7 mol) and 18 L of MeCN. Pyridone 6 (4.5 kg, 26.7
mol) was added in one portion, and the reaction mixture (brown
slurry) was cooled at 5 °C. Tf,0 (4.96 L, 29.4 mol) was then added
via addition funnel over 1.5 h keeping the internal temperature

(17) Giudice, M. R.; Settimj, G. Tetrahedron 1984, 40, 4067-4080.
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below 25 °C. After complete addition, the reaction mixture (black
solution) was stirred at 20—25 °C for 30 min and then charged
with Nal in five portions over 15 min keeping the internal
temperature below 40 °C. HCI was then added via addition funnel
over 15 min keeping the internal temperature below 40 °C. The
reaction mixture (orange slurry) was stirred for 1 h and then cooled
to 10 °C. The reaction mixture was diluted with 22.5 L of water
and slowly quenched with 10 M NaOH to reach a pH of ca. 10.
The resulting brown solution was transferred to a 100-L extractor
with the aid of toluene (45 L, 10 vol). The resulting organic layer
was separated and washed with 5% sodium thiosulfate (12 L), 1
M NaOH (12 L), and 20 L of water. The organic layer was dried
(azeotroped with 50 L of toluene) and concentrated to give 7.06
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kg (95% yield) of yellow crystals: '"H NMR (400 MHz, CDCl3) 6
7.73 (s, 1 H), 2.70 (s, 3 H); 3C NMR (100 MHz, CDCl3) 6 162.1,
140.5, 131.5, 118.4, 116.7, 116.6, 23.1. Anal. Calcd for C;H4N,CII:
C, 30.19; H, 1.45; N, 10.06. Found: C, 30.47; H, 1.14; N, 9.90.
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