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Abstract—Pd-catalyzed cross-coupling reactions of 3,6-dichloropyridazine (1) with benzyl, aryl, and alkyl organozinc compounds
led to selective mono-substitution of one of the chlorine atoms. The subsequent cross-coupling of the resulting monochlorides with
RZnCl afforded unsymmetrical 3,6-carbon-disubstituted pyridazines.

© 2005 Elsevier Ltd. All rights reserved.

Pyridazine derivatives continue to attract considerable
attention due to the wide range of their biological
activity.!> Most of the bioactive compounds are
3,6-disubstituted pyridazines. The readily available 3,6-
dichloropyridazine (1) seems to be an appropriate start-
ing material for these compounds. It is well known that
selective mono-substitution of a single chlorine atom in
1 can be achieved when 1 is allowed to react with
oxygen,>? sulfur,'® nitrogen®®!!"13 or halogen nucleo-
philes.!* To our knowledge, selectivity (mono- vs disub-
stitution) in carbon—carbon bond formation reactions
of 1 has been studied to a much lesser extent. The treat-
ment of 1 with o-lithiated nitriles afforded ‘one to one’
alkylation products exclusively.!!>"1? Pd-catalyzed Stille
reactions of 1 with (a-alkoxyvinyl)stannanes also led
to the mono-substitution products in high yield.?%?!
On the other hand, Suzuki cross-coupling with
phenylboronic acid?> and Sonogashira reactions with
terminal acetylenes?® suffered from a lack of selectivity.
To our knowledge, there are no effective and general
protocols in the literature for highly selective mono-sub-
stitutions of a single chlorine atom in 1 with an alkyl,
aryl, benzyl or allyl fragment.?* However, for combina-
torial chemistry applications one needs facile and rapid
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access to a library of various 3,6-carbon-disubstituted
pyridazines.

Here we report our results on the palladium catalyzed
cross-coupling reactions of commercially available 3,6-
dichloropyridazine (1) with a range of organozinc com-
pounds prepared in situ by the treatment of ZnCl, with
the corresponding organolithiums or organomagne-
siums.>>27 We chose zinc derivatives because they are
non-toxic, readily available, tolerant to functional
groups (ester-, nitrile-, etc.)>>?®, and have proved to be
effective partners in cross-couplings with various hetero-
aryl halides.?>3° All reactions were carried out in THF
in the presence of Pd(PPhs), (Scheme 1 and Table 1).

As represented by the results shown in Table 1, the reac-
tions of 1 with 1.05 equiv of benzyl and phenylzinc bro-
mides afforded the corresponding mono-substitution
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Table 1. Reactions of 3,6-dichloropyridazine (1) with organozinc
compounds®

Entry RZnX RZnX/1 243, %°  2/3°
1 1.05 65° >98:2

2 @_\ 1.05¢ 71 86:14

3 _— 1.6 86 88:12
C

4 \©/\ZnCI 1.6 64 >98:2

5 @zmar 1.05 37¢ >98:2

6 1.6 7 92:8

7 MeOOZnCI 1.6 92 96:4

8 m@zm 1.6 86 92:8
9 EtOzc—Qan 1.05° 61 >98:2

10 F 1.6 87 >98:2

11 ©/\ 1.6 63 >98:2
ZnBr

12 QZnBr 2 27 >98:2

13 Q%an 32 49¢ 80:20

# All reactions were carried out in THF at 20 °C for 24 h under Ar
unless stated otherwise.

®Total yields of 2+3 isolated by column chromatography.

¢ According to GC-MS and '"H NMR data.

4At 50 °C.

€25%, 51%, and 42% of 1 (for entries 1, 5, and 13 respectively)
remained in the crude reaction mixtures according to GC-MS data.

f Commercial (Aldrich®) 0.5 M solution of RZnI in THF was used.

R R’
N R2ZnX SN
| 1 | ]

=N 5 mol.% Pd(PPha), =N

cl THF, 60 °C R2

2 4, 70-80% yield
R'!=4-Et0,CCeHs,  R?=n-Bu
R'=Ph, R? = PhCH,

R = 4-MeOCgH4, R? = Ph

Scheme 2.

products 2 in moderate yields and with more than 98%
selectivity (entries 1 and 5). According to NMR analysis
of the crude reaction mixtures, significant amounts of 1
remained in both cases. Note that prolonged reaction
times or additional amounts of the Pd-catalyst did not
increase the conversion of 1. Increasing the temperature
or the use of 1.6 equiv of RZnBr in the reactions of 1
with PhCH,ZnBr and PhZnBr, although improving
conversion, led to formation of detectable (8-14%)
amounts of the di-substitution products 3 (entries 2, 3,

and 6). The reactions of 1 with 1.6 or 1.05 equiv of the
other benzyl and aryl organozinc compounds afforded
the mono-substitution products 2 in high yields and
more than 92% selectivity (entries 4, 7, 8, and 9)." To
our delight, the primary alkylzinc compounds proved
to be excellent reaction partners giving almost exclu-
sively the corresponding monochlorides 2 in good yields
(entries 10 and 11). However, with cyclohexylzinc bro-
mide the yield of 2 decreased to 27% due to formation
of a complex mixture of unidentified side-products
(entry 12). In comparison with benzyl, aryl, and alkyl
organozinc compounds, the reaction of 1 with (phenyl-
ethynyl)ZnCl proceeded more slowly (42% of 1 was
recovered from the reaction mixture even when
3.2 equiv of RZnX was used) and with less selectivity
(entry 13).

The possibility of a subsequent cross-coupling of the
monochlorides 2 with another equivalent of an organo-
zinc reagent was demonstrated by the reactions repre-
sented in Scheme 2. In all cases the unsymmetrical
3,6-carbon-disubstituted pyridazines 4°' were obtained
in good yields when the reaction temperature was
increased from 20 to 60 °C.

In conclusion, in this letter we have shown that palla-
dium catalyzed cross-coupling reactions of 3,6-dichloro-
pyridazine (1) with benzyl, aryl, and alkyl organozinc
compounds represents an effective and practical method
for the synthesis of various 3,6-disubstituted pyridazines
where both the substituents can be varied
independently.*
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