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Abstract—Lithium-halogen exchange of 2,4-dibromoquinolines proceeds regioselectively at C-4 and affords 4-substituted quinolines
on quenching with electrophiles. Palladium-catalyzed cross-coupling reactions of 2-bromo-4-iodoquinoline provide 4-substituted

2-bromoquinoline derivatives.
© 2005 Elsevier Ltd. All rights reserved.

We recently published a report on the regioselective
Sonogashira coupling of 2,4-dibromoquinolines.! Using
HMBC correlations and other NMR data, we proved
that this reaction was general and selective for the C-2
position of the quinolines (Scheme 1).

It has been suggested that selectivity of this type is a re-
sult of a mechanism in which the lone pair of the nitro-
gen coordinates to the metal and directs substitution to
the C-2 position.? It is known that C-2 selectivity is also
general for analogous 2,4-dibromo-3 and 2,5-dibromo-
pyridines.* Conversely, it has been demonstrated that
2,4-dibromopyridines will undergo a regioselective
lithium-halogen exchange reaction® at C-4 to afford
4-substituted 2-bromopyridines on addition of
electrophiles.®
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Owing to the fact that not all pyridine chemistry is
directly applicable to quinolines,” an investigation of
the reactivity of 2,4-dibromoquinolines toward lith-
ium-halogen exchange was undertaken. Treatment of
2,4-dibromoquinoline with 1.1 equiv of n-BuLi (Et,O/
THF, —78 °C) provided a lithioquinoline which was
quenched with water (Scheme 2).

The resulting product was determined to be 2-bromo-
quinoline by comparison® with authentic samples of 7a
and 8.° To determine if this reaction was general for
other electrophiles, a study was carried out and the
results are shown in Table 1. The anticipated products
7b—f were obtained in good to high yields.

In contrast to the reactivity of 2,4-dibromoquinoline,
when 2-bromo-4-iodoquinoline (7b) was subjected to
Sonogashira coupling conditions, the product was deter-
mined to be the 4-substituted quinoline 9 (Scheme 3).

The product 9 was afforded in 90% yield after 2 h at
room temperature. To determine if 2-bromo-4-iodo-
quinoline could be selectively substituted at C-4 using
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Table 1. Examples of C-4 substitution of 6*

1. 1.1 n-BuLi

Br Et,O/THF, E
~ —
N Br 2. E* N Br
6 7a,E=H,7b,E=1, 7c, E = Me
7d, E = SiMe;, 7e, E = CHO
7f, E = CH(OH)Ph
Entry E" Product Yield® (%)
1 H,O Ta 76
2 I, 7b 87
3 Mel Tc 85°¢
4 TMSCI 7d 70
5 DMF Te 74
6 PhCHO 7t 82

?The reactions were performed on a 0.1-1.0 mmol scale.
® All yields are for isolated products after chromatography.
° Purity determined to be 94% by 'H NMR analysis.'’
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Scheme 3.

other palladium-catalyzed cross-coupling reactions, a
study was carried out and the results are shown
in Table 2.

Table 2. Various palladium-catalyzed cross-coupling reactions of 7b

To establish if additional functionality can be present at
C-3 during the regioselective lithium—halogen exchange,
the known 2,4-dibromo-3-quinolinecarboxaldehyde
(14)! was protected in situ as an o-amino alkoxide'?
and treated with n-BuLi. Addition of iodine to the
resulting dianion 15 provided quinolinecarboxaldehyde
17 in 90% yield. Similarly, the more reactive dianion
16 was treated with MeSSMe to give quinoline deriva-
tive 18. In addition, the dianion 20 was prepared from
alcohol 19' and treated with iodine to give quinoline
21 in high yield (Scheme 4).

The Sonogashira reaction on quinolines 17 and 21 was
briefly examined. Trimethylsilylacetylene and 17 gave a
mixture of 4- and 2,4-disubstituted products (22 and
23) along with recovered starting material. The analo-
gous reaction with quinoline 21 afforded an inseparable
mixture of 2- and 4-substituted isomers 24 and 25
(Scheme 5).

In summary, the lithium-halogen exchange reaction of
2,4-dibromoquinoline provides a method for synthesiz-
ing 4-substituted 2-bromoquinolines with identical regio-
selectivity as found in the pyridine series. This selectivity
is understood to arise from the stability of the lithio-
quinoline intermediate, which is most stable when the
aryl-lithium bond is furthest from the nitrogen lone
pair.!* In this report, we also presented a new method
for regioselective palladium-catalyzed cross-couplings
of 2,4-dihaloquinolines at the C-4 position. This selectiv-
ity is complementary to our previously published work,
in which substitution was selective for the C-2 position.!
With 2-bromo-4-iodoquinoline, the Suzuki, Stille, Sono-
gashira, and Heck reactions all proceeded with excellent
C-4 regioselectivity and is a result of the greater reactiv-
ity of the aryl-iodide bond toward oxidative addition
with palladium relative to the aryl-bromide bond.!”
The presence of a formyl or hydroxymethyl group at
C-3 lowers the regioselectivity of the Sonogashira
cross-coupling reaction.

Entry Conditions Coupling partner Product Yield® (%)
CO,Me
=
1 (Heck) Pd(PPh3),0Ac,, KOAc, CH;CN, 80 °C, 24 h CH,=CH-CO,Me 33b
X
oz
N Br
11
=z
2 (Stille) Pd(PPh;),Cl,, DMF, 80 °C, 18 h® CH,=CH-SnBu; \/ 63¢
N Br
12
Ph
3 (Suzuki) Pd(PPh;),Cl,, 2.0 M K,COs;, THF, 20 h, A® Ph-B(OH), m 55
N Br

13

#Reported yields are for isolated products and are unoptimized.
® Compound 7b was recovered in 30% yield.

°Ref. 11.

4 Compound 7b was recovered in 12% yield.

°Ref. 12.
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