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We describe a convenient scalable synthesis of 2,6-dichloro-4-iodopyridine and demonstrate its utility by stepwise elaboration to a number of
2,4,6-trisubstituted pyridines.

In the course of extending our work on arylpyridine useful structural, electronic, and optical propertiesd we
fluorescent chemosensdrgie required ready access to 2,4,6- anticipate this methodology will be of use to a broad range
trisubstituted pyridines. While such compounds can be of practicing chemists.

prepared by any of a number of condensation methéds,  Our synthesis oft begins with the inexpensive pyridine
we were drawn to the comparative simplicity and conver- derivative citrazinic aci@® Treatment with POGlat elevated
gence of directly installing the substituents via transition temperature afforded the corresponding 2,6-dichloroisoni-
metal catalyzed coupling to a pyridine precursor. The dearth cotinoyl chloride’ To facilitate purification, the reaction was
of procedures for the preparation of appropriate trihalo- quenched with methanol; methyl esfewas isolated in 76%
pyridines has led us to develop a four-step, scalable synthesis

of 2,6-dichloro-4-iodopyridine (4, Scheme 1). As described
here, 4 is a versatile intermediate in the synthesis of
trisubstituted pyridines. Such polysubstituted pyridines and

Scheme 1. Synthesis of 2,6-Dichloro-4-iodopyridihe
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yield after passage through a plug of silica gel to remove
colored impurities. Saponification then provided a2iéh
quantitative yield without purification.

Transformation t@ was effected by conversion to the acyl
azide, thermal Curtius rearrangement, and hydrolysis of the
resulting trifluoroacetamide to provide 2,6-dichloro-4-ami-
nopyridine (3)? While this method for converting to 3 is
nominally three steps, it requires only a single extractive
workup and the steps can thus be carried out in rapid
succession3 was converted directly td by diazotization
and reaction with potassium iodi@groviding4 in reason-
able yield and excellent purity after trituration with acetone.
This short sequence of reactions allows for preparatich of
in ~35% overall yield, requires no chromatography beyond
a single filtration through a plug of silica gel, and has allowed
the routine preparation of 5—10 g quantities of this inter-
mediate. Unlike many 4-halopyridines, we have foudnid

Table 1. Symmetrical Trisubstituted Pyridines
R Ar yield (%)

-C=CTIPS O/CQ 98
HsC Hs

dichloride product

5 7

5 8 -C=CTIPS HsCB/Q 77

6 9 -Ph O/CQ 82
HsC H3

6 10 -Ph - HSCE/Q 65

be stable for several months at room temperature if protected
from light.

The value of4 for our purposes is its ready transformation
to fluorophores such a&-10 (Scheme 2, Table 1). Selective

Scheme 2. Selective Reaction of the 4-lodo Substitifent
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aReagents and conditions: (a) catalytic P4PPh),, catalytic
Cul, EtNH, TIPSC=CH, THF, 100%; (b) PhznCl, catalytic
Pd(PPh)4, THF, 98%; (c) ArB(OH), catalytic Pd(dba}/P(tBu,
CsCQO;, THF, A. See Table 1 for structures and yields7of10.

Pd-catalyzed coupling of the iodide to either triisopropyl-
silylacetylene or phenylzinc chloride provides the corre-
sponding monocoupled products 6) in excellent yield:%11
Subsequent condensation with arylboronic acids under

(5) The preparation ot from 2,6-dichloro-4-aminopyridine has been
previously described. We have found the reported procedures for the

slightly more forceful conditions leads to trisubstituted
pyridines in fair to excellent yielé?**While steric hindrance
appears to have little influence, the electron-deficient boronic
acids couple less efficiently. In the case ®f further
elaboration leads to interesting functionalized fluorophores
such as12 and 13 (Scheme 3), which are suitable for

Scheme 3. Elaboration of7 to Novel Fluorophores
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aReagents and conditions: (a) TBAF, THF, 69%; (b) Arl,
catalytic PACJ(PPh),, catalytic Cul, EfNH, THF (12, 40%;13,
92%).
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immobilization on solid support or incorporation into oli-
gonucleotides.

We had hoped to extend the utility dfby transforming
5 and 6 to 4,6-disubstituted-2-chloropyridines (14—17,
Scheme 4, Table 2). However, under the numerous conditions
tried, differentiation of the chlorine atoms was modest at
best!* While subsequent conversionsifand16to 18 and

(12) The combination of Rdba) and PBus consistently provided the
best yields of dicoupled products. See: (a) Old, D. W.; Wolfe, J. P.;
Buchwald, S. LJ. Am. Chem. S0d.998,120, 9722—9723. (b) Littke, A.

F.; Fu, G. CAngew. Chem., Int. Ed. Endl997, 37, 33387-3388. (c) Wolfe,
J. P,; Buchwald, S. LAngew. Chem., Int. EdL999,38, 2413—2416. (d)
Littke, A. F.; Dai, C.; Fu, G. CJ. Am. Chem. So2000,122, 4020—4028.

(13) For reviews, see: (a) Miyaura, N.; Suzuki, Bhem. Rev1995,
95, 2457—-2483. (b) Suzuki, Al. Organomet. Chen1999,576, 147.

(14) The reactions proceed cleanly, with residual starting material and
decoupled products as the other major components of the reaction mixture.
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Scheme 4. Selective Coupling of the Chloro Substituents
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aReagents and conditions: (a) limiting ArB(Of)catalytic
PdCL(PPh),, C$CO;, THF, A; (b) ArB(OH),, catalytic Pd(dbay/
P(tBu), CsCOs, THF, A (18, 79%;19, 57%). See Table 2 for
structures and yields df4—17.

19, respectively, proceed in acceptable yield, an alternative
approach to pyridine derivatives with unique substituents at

positions 2, 4, and 6 was clearly desirable.

Table 2. Monocoupling of Dichloropyridines

dichloride product Ar yield (%)
5 14 -C=CTIPS O/C[c 58
5 15 -C=CTIPS g, E/Q 34
6 16 O/CE; 49
3C Hs
7 17 p/© 29

Such an alternative is provided by nucleophilic aromatic
substitution (Scheme 5). Heatigvith sodium benzyloxide

Scheme 5. Stepwise Transformation @&
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aReagents and conditions: (a) BnOH, DMF, NaXJ,95%; (b)
ArB(OH),, catalytic Pd(dbay/P(tBu), C$COs, THF, A, 93%); (c)
H,, Pd/C, THF; (d) T§O, Py, 0°C, 85% over two steps; (e)
ArB(OH),, catalytic Pd(OAcyBINAP, CsCO;, THF, A, 85%.
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in DMF cleanly provides the corresponding monoetRér

in excellent yield® and subsequent arylation proceeds
smoothly to provide1. Hydrogenolysis of the benzyl group
and conversion to the corresponding trifle?@) sets the stage

for a second arylation. With slightly modified coupling
conditionst® 19 can now be obtained in much improved yield
(64% over four steps vs 28% VviE6). A further advantage

of intermediate20 is that it may be simultaneously dechlo-
rinated and debenzylated, providing convenient access to 2,4-
biarylpyridines such a4 (Scheme 6}’

Scheme 6. Synthesis of 2,4-Biarylpyridinés
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aReagents and conditions: (a),HPd/C, EtOH; (b) TfO, Py, 0
°C, ~60% over two steps; (c) ArB(OH) catalytic Pd(OAcy
BINAP, THF, A, 88%.

In conclusion, we have described a convenient procedure
for the multigram preparation of 2,6-dichloro-4-iodopyridine
(4). We have further shown thédtis a versatile precursor to
both di- and trisubstituted pyridines and that fully differenti-
ated 2,4,6-trisubstituted pyridines can be readily prepared.
In light of the facility with which halopyridines undergo
nucleophilic substitution and the number of commercially
available boronic acid coupling partners, we anticipate that
ready access twill allow convenient preparation of a wide
range of new pyridine derivatives.
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(15) For representative examples @fA3 monosubstitution of dihalopy-
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(16) Pd-catalyzed amination of certain pyridyl triflates has been shown
to require a chelating bisphosphine ligand: Arterburn, J. B.; Rao, K. V;
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