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’ INTRODUCTION

The pyridazin-3(2H)-one nucleus can be considered as a
privileged scaffold in agrochemistry. The available synthetic
methods to selectively C-functionalize this core are limited,
however.1 Therefore, our group has an ongoing research pro-
gram in which we aim to develop new functionalization methods
via the reaction of halopyridazin-3(2H)-ones with organomag-
nesium species. In our previous reports we disclosed that RMgCl
(R = alkyl, phenyl) species preferentially behave as nucleophiles
rather than as halogen�magnesium exchange reagents when
added to 5-bromopyridazin-3(2H)-one substrates (2-benzyl-5-
bromopyridazin-3(2H)-one (1) and 2-benzyl-5-bromo-4-meth-
oxypyridazin-3(2H)-one (2)).2,3 The nucleophilic attack oc-
curred regioselectively at C-4, which can be rationalized by
taking into account a precoordination of the Grignard reagent
to the oxygen atom of the lactam moiety of the pyridazinone,
favoring an intramolecular reaction.4 In addition this coordina-
tion increases both the nucleophilicity of the magnesium reagent
and the electrophilicity of C-4 of the substrate. Thus, for
2-benzyl-5-bromo-4-methoxypyridazin-3(2H)-one (2) substitu-
tion of the methoxy group via SNAE (nucleophilic substitution
via addition elimination) preferentially occurred (Scheme 1).2

Even in the case of 2-benzyl-5-bromopyridazin-3(2H)-one (1),
in which no formal leaving group is present at C-4, nucleophilic
addition still took place at this position (Scheme 1).3 Subsequent
quenching with electrophiles followed by HBr elimination (cine
substitution) allowed for double functionalizations (C-4 and
C-5) starting from 1 (Scheme 1). Only when a bromine atomwas
present at C-4, as in 2-benzyl-4,5-dibromopyridazin-3(2H)-one
(4) and 2-benzyl-4-bromo-5-methoxypyridazin-3(2H)-one (5),

can bromine�magnesium exchange be selectively achieved with
the same RMgCl species (Scheme 1).2 In these brominated
substrates bromine�magnesium exchange at C-4 is faster than
the competitive nucleophilic addition.

As a natural progression in this research area, we postulated
whether less nucleophilic magnesium species would circumvent
nucleophilic addition at C-4 in 5-bromopyridazin-3(2H)-ones. If
this addition reaction could be suppressed, a hitherto unknown
selective bromine�magnesium exchange at the C-5 position of

Scheme 1. Summary of Previous Research of the Reaction of
Bromopyridazin-3(2H)-ones with RMgCl Species (R = Bu,
i-Pr, Ph)
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ABSTRACT: Selective bromine�magnesium exchange on
2-benzyl-5-bromo-4-methoxypyridazin-3(2H)-one could be
achieved when MesMgBr was used as reagent. With more
nucleophilic RMgCl species (R = Bu, i-Pr, Ph) both nucleophilic
addition�elimination at C-4 and bromine�magnesium exchange
at C-5 occurred. In 2-benzyl-5-bromopyridazin-3(2H)-one,
which does not contain a substituent at C-4, addition could not
be suppressed. Less nucleophilicMg amides (TMPMgCl 3 LiCl)
allowed regioselective C�H magnesiation at the C-4 position
in such substrates, as exemplified for 2-benzyl-5-chloro- and
2-benzyl-6-chloropyridazin-3(2H)-one. Quenching of the magnesiated pyridazinones with electrophiles gives access to a variety of
hitherto unknown pyridazin-3(2H)-one derivatives.
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the scaffold that does not affect C-4 becomes feasible. In addition,
this could open newways of functionalizing the pyridazin-3(2H)-
one core via a direct magnesiation at C-4 without preactivation
with bromine atoms. This is unprecedented in the pyridazine
series. In this paper we disclose our results dealing with the
selectivity of the reaction of magnesium compounds with
pyridazin-3(2H)-ones by varying the type of magnesium reagent.

’RESULTS AND DISCUSSION

Asmentioned in the Introduction, we previously reported that
2-benzyl-5-bromo-4-methoxypyridazin-3(2H)-one (2) under-
goes an unusual double reaction with RMgCl reagents (R =
n-Bu, i-Pr, Ph). The first step is a nucleophilic substitution of the
C-4 methoxy group via an addition�elimination reaction for the
R group of the Grignard reagent, followed by a bromine�
magnesium exchange at C-5.2 When this magnesium salt is
quenched with an electrophile, this protocol smoothly allows
double functionalizations of the pyridazin-3(2H)-one core to be
performed with a variety of Grignard reagents and electrophiles
in a one-pot approach (see Scheme 2 for two examples with
benzaldehyde as electrophile). When the least nucleophilic
Grignard reagent of the set (PhMgCl) was used, we observed
that at a lower reaction temperature the nucleophilic substitution
could be slowed down while bromine�magnesium exchange still
occurred, as exemplified by reaction of 2 with PhMgCl at
�78 �C, followed by quenching with benzaldehyde, which
yielded a mixture of 2-benzyl-5-[hydroxy(phenyl)methyl]-4-
phenylpyridazin-3(2H)-one (3a; 67%) and 2-benzyl-5-[hydroxy-
(phenyl)methyl]-4-methoxypyridazin-3(2H)-one (8b; 23%)
(Scheme 2). In contrast, with more nucleophilic aliphatic RMgCl
reagents, such as n-BuMgCl, only substitution of the methoxy
group was observed at �78 �C, yielding 2-benzyl-5-bromo-4-
butylpyridazin-3(2H)-one (9) (Scheme 2). On this basis, we
proposed that the use of a more sterically hindered aryl Grignard
reagent would allow a complete suppression of the SNAE
reaction at C-4, which would give access to a variety of novel
5-substituted 2-benzyl-4-methoxypyridazin-3(2H)-ones. These
compounds are interesting building blocks, as we have previously
shown that a methoxy group is an example of a PMF (provi-
sionally masked functionality).5 The regioselective introduction

of a methoxy group, which can be easily achieved in dioxane as
solvent,2 temporarily protects C-4 of 4 for bromine�magnesium
exchange and thereby allows a regioselective reaction at C-5
(rather than at C-4 as observed in 2-benzyl-4,5-dibromopyrida-
zin-3(2H)-one (4))2 but afterward still permits further functio-
nalization at C-4 by direct substitution or by an initial chemical
transformation of the methoxy group into a better leaving group
(e.g., triflate).5

Commercially availableMesMgBr (mesitylmagnesiumbromide),
which possesses a nucleophilic character lower than that of
PhMgCl, seemed to be a suitable candidate to meet our require-
ments. This reagent has hitherto been used as a non-nucleophilic
carbon-centered base, as an organometallic coupling partner in
Kumada reactions and in halogen�metal exchange reactions.6

Gratifyingly, when substrate 2 was used with MesMgBr, only
bromine�magnesium exchange was observed, as desired. Re-
markably, even at �20 �C, which is the temperature previously
applied for the tandem protocol, only exchange occurred, as
judged by quenching with water (Table 1, entry 1). The use of
MesMgBr allows us for the first time to selectivelymagnesiate the
C-5 position of a pyridazin-3(2H)-one without additional
nucleophilic attack at C-4. Optimal reaction conditions at �20 �C
involve the addition of 2.0 equiv of MesMgBr and an exchange
reaction time of 2 min before the electrophile was added. The
in situ generated (1-benzyl-5-methoxy-6-oxo-1,6-dihydropyridazin-
4-yl)magnesium bromide could be reacted smoothly with a
variety of electrophiles, benzaldehyde, benzophenone, methyl
oxo(phenyl)acetate, and Me2S2, giving the corresponding
5-substituted 2-benzyl-4-methoxypyridazin-3(2H)-ones (8) in
excellent yields (Table 1, entries 2�5). Addition of dimethyl
sulfate as the electrophile gave a moderate yield of 2-benzyl-5-
methoxy-4-methylpyridazin-3(2H)-one (8f) (Table 1, entry 6).

We have previously described that regioisomeric (2-benzyl-5-
methoxy-3-oxo-2,3-dihydropyridin-4-yl)magnesium halide gave
two different reaction products when using DMF as the electro-
phile, depending on the workup procedure applied.2,7 When
aqueous NH4Cl was added, the expected 2-benzyl-5-methoxy-3-
oxo-2,3-dihydropyridazine-4-carbaldehyde was isolated. Upon
use of methanol to quench the reaction mixture, however,
2-benzyl-5-(dimethylamino)-3-oxo-2,3-dihydropyridazine-4-
carbaldehyde was formed. When this methodology was applied

Scheme 2. TemperatureDependence (�20 �C versus�78 �C) of the SNAE at C-4 and the Bromine�MagnesiumExchange at C-5
of 2-Benzyl-5-bromo-4-methoxypyridazin-3(2H)-one (2) in the Reaction with RMgCl Reagents (R = Bu versus R = Ph)
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to (1-benzyl-5-methoxy-6-oxo-1,6-dihydropyridin-4-yl)magnesium
bromide, a similar reactivity was observed (Table 1, entry 7, and
Scheme 3). The formation of reaction products 8g and 10 can be
rationalized on the basis of the different decomposition pathways
of the deprotonated hemiaminal, generated by quenching (1-benzyl-
5-methoxy-6-oxo-1,6-dihydropyridazin-4-yl)magnesium bromide
with DMF, upon addition of aqueous NH4Cl or MeOH as a
proton source.

When benzoyl chloride was applied as the electrophile, 5-ben-
zoyl-2-benzyl-4-mesitylpyridazin-3(2H)-one (11) was isolated as
the sole reaction product (Scheme 4). This can be rationalized by
considering that the reaction of (1-benzyl-5-methoxy-6-oxo-1,6-
dihydropyridazin-4-yl)magnesium bromide with benzoyl chloride
initially yields 5-benzoyl-2-benzyl-4-methoxypyridazin-3(2H)-one
(8h) (Scheme 4). The R,β-unsaturated ketone functionality in
8h subsequently reacts withMesMgBr at C-4 of the pyridazinone
(1,4-addition). Although a preferential 1,2-addition is expected
for hard nucleophiles in reaction with R,β-unsaturated ketones,
the precomplexation of MesMgBr to the lactam oxygen explains
the selective and preferential formation of 11. The reaction of
independently synthesized 5-benzoyl-2-benzyl-4-methoxypyri-
dazin-3(2H)-one (8h) with MesMgBr supports this interpreta-
tion (Scheme 4).

Interestingly, the substituent present in C-4 seems to be
crucial to suppress nucleophilic addition. When MesMgBr was
used to magnesiate C-4 in 2-benzyl-5-bromopyridazin-3(2H)-
one (1) substrate, no bromine�magnesium exchange was ob-
served, only nucleophilic attack at C-4 by the Grignard reagent
(even up to �78 �C), resulting in a double functionalization of

the pyridazin-3(2H)-one upon quenching with electrophiles
(Scheme 5).3 As the use of MesMgBr did not suppress the
nucleophilic addition at C-4 in 1, it was proposed that even less
nucleophilic magnesium reagents could be compatible with the
electrophilic pyridazin-3(2H)-one scaffold and potentially allow
a magnesiation via deprotonation in this position. TMPMgCl 3
LiCl is an example of such a reagent with a low nucleophilic
character known to allow direct magnesiation of (hetero)arenes.8

On the basis of the assumed precomplexation of magnesium
species to the lactam moiety of pyridazin-3(2H)-ones it was
hypothesized that a regioselective directed orthoC-4magnesiation
could be achieved on our scaffold. The easily accessible 5-chloro-
(13)9 and 6-chloro-2-benzylpyridazin-3(2H)-one (15)3,10 were
chosen as the substrates, since the chlorine atom permits further
functionalization of the pyridazinone core via SNAE and Pd-
catalyzed cross-coupling reactions.1,11,12 Moreover, chloro deriva-
tives are cheaper than their corresponding bromo analogues.

The directed ortho magnesiation of 13 was found to proceed
optimally when the pyridazinone solution was added rapidly to a
cooled TMPMgCl 3 LiCl solution, followed by stirring the mix-
ture for 30 s at�20 �Cprior to addition of the electrophile. It was
determined that 2.0 equiv of TMPMgCl 3 LiCl was necessary to
push the metalation of 13 to completion. The same optimized
protocol was applied to 15, but in this case a much shorter
metalation time was required. Instantly after adding 15 to
TMPMgCl 3 LiCl at �20 �C, electrophile was added. Longer
metalation reaction times were, for both substrates 13 and 15,
found to be ineffective; no desired reaction product could be
isolated, pointing to a rapid decomposition of the magnesiated

Scheme 3. Dependence of the Reaction Product Formation on the Workup Procedure after Quenching of (1-Benzyl-5-methoxy-
6-oxo-1,6-dihydropyridazin-4-yl)magnesium Bromide with DMF

Table 1. Functionalization of 2-Benzyl-5-bromo-4-methoxypyridazin-3(2H)-one (2) via Bromine�Magnesium Exchange with
MesMgBra

entry electrophile E 8 yield (%)

1 H2O H 8a 99

2 PhCHO PhCH(OH) 8b 90

3 Ph2CO Ph2C(OH) 8c 95

4 PhCOCOOMe PhC(OH)COOMe 8d 91

5 MeSSMe SMe 8e 82

6 Me2SO4 Me 8f 49

7 DMF CHO 8g 81
aConditions: 2 (1 mmol), 2.0 mL of 1 M MesMgCl (2 equiv), THF (4 mL), �20 �C, 2 min; electrophile (3.0 equiv), �20 �C, 15�20 min; aqueous
NH4Cl.
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pyridazinones. A range of electrophiles (S-methyl methanesulfo-
nothioate, benzaldehyde, furfural, methyl oxo(phenyl)acetate,
and benzoyl chloride) were tested under these optimized reac-
tion conditions, giving the corresponding 4-substituted 5- and

6-chloropyridazin-3(2H)-ones 14 and 16 in moderate to good
yields (Tables 2 and 3, entries 1�5). It is important to note that
S-methyl methanesulfonothioate has to be selected as an electro-
phile to introduce amethylthio group, and not dimethyl disulfide,

Scheme 4. Formation of 5-Benzoyl-2-benzyl-4-mesitylpyridazin-3(2H)-one (11) via Quenching of (1-Benzyl-5-methoxy-6-oxo-
1,6-dihydropyridazin-4-yl)magnesium Bromide, Synthesized from 2 via Reaction with MesMgBr, with Benzoyl Chloride

Scheme 5. Effect of the Substituent Present in C-4 on the Reaction of 5-Bromopyridazin-3(2H)-ones with MesMgBr:
Nucleophilic Addition versus Bromine�Magnesium Exchange

Table 2. Directed Ortho C�H Magnesiation in 2-Benzyl-5-
chloropyridazin-3(2H)-one (13) with TMPMgCl 3 LiCl

a

entry electrophile E 14 yield (%)

1 MeSSO2Me SMe 14a 44

2 PhCHO PhCH(OH) 14b 52

3 furfural (C4H3O)CH(OH) 14c 48

4 PhCOCOOMe PhC(OH)COOMe 14d 37

5 PhCOCl PhCO 14e 42b

aConditions: 13 (1 mmol), 2.0 mL of 1 M TMPMgCl 3 LiCl (2 equiv),
THF (4 mL), �20 �C, 30 s; electrophile (3.0�8.6 equiv), �20 �C,
15 min; aqueous NH4Cl.

b 10.0 equiv.

Table 3. Directed Ortho C�H Magnesiation in 2-Benzyl-6-
chloropyridazin-3(2H)-one (15) with TMPMgCl 3 LiCl

a

entry electrophile E 16 yield (%)

1 MeSSO2Me SMe 16a 66

2 PhCHO PhCH(OH) 16b 54

3 furfural (C4H3O)CH(OH) 16c 61

4 PhCOCOOMe PhC(OH)COOMe 16d 58

5 PhCOCl PhCO 16e 49b

aConditions: 15 (1 mmol), 2.0 mL of 1 M TMPMgCl 3 LiCl (2 equiv),
THF (4 mL), �20 �C, 1 s; electrophile (3.0�8.6 equiv), �20 �C,
15 min; aqueous NH4Cl.

b 10.0 equiv.
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since upon addition of the latter a nucleophile (thiomethoxide)
will be created in situ which will substitute the chlorine atom in
the desired reaction product, giving rise to undesired 2-benzyl-
4,5-bis(methylthio)- and 2-benzyl-4,6-bis(methylthio)pyridazin-
3(2H)-one. The regioselectivity of the direct functionalization
process was unambiguously proven by hydrogenolysis of the
chlorine atom in the reaction products 14 and 16 (H2, Pd/C).
After all, in 1HNMR J4�5, J4�6, and J5�6 have very typical values,
in the 8�10, 1�3, and 3�6 Hz regions, respectively.1,13

’CONCLUSION

Our results show that selective bromine�magnesium ex-
change in 2-benzyl-5-bromo-4-methoxypyridazin-3(2H)-one (6)
is possible with the bulky arylmagnesium reagent MesMgBr.
With more nucleophilic RMgCl reagents (R = alkyl, phenyl)
nucleophilic addition at C-4 cannot be avoided. In addition, we
have shown that precoordination of Grignard reagents to the
lactam moiety of pyridazin-3(2H)-ones can be exploited to
achieve regioselective directed C�H magnesiation at the
C-4 position of C-5 and C-6 substituted pyridazin-3(2H)-
ones 13 and 15, when using TMPMgCl 3 LiCl as base. The
presented synthetic methods further expand the limited
functionalization procedures of the pyridazin-3(2H)-one scaf-
fold hitherto available.

’EXPERIMENTAL SECTION

General Considerations. All melting points reported were de-
termined on a melting point apparatus and are uncorrected. The 1H
NMR and 13CNMR spectra were recorded on a 400MHz spectrometer
in the solvent indicated with TMS as the internal standard. J values are
given in hertz, and the chemical shifts are given in ppm. For high-
resolution mass-spectrometric analysis, samples were dissolved in
CH3OH/CH3CN (50/50) containing 0.1% formic acid and diluted to
a concentration of approximately 10�5 mol/L. A 2 μL portion was
injected using the CapLC system and electrosprayed through the
nanoelectrospray source. The nanoelectrospray source was operated
in positive ion mode at an electrospray potential of 1.7 kV. The eluents
used were 30% A (H2O with 0.1% formic acid) and 70% B (ACN/H2O
(95/5) with 0.1% formic acid) at a flow rate of 6 μL/min. Samples were
injected at an interval of 3 min. Before analysis and after each seventh
sample a 2 μL volume of a 0.025% H3PO4 solution (50/50 MeOH/
H2O) was injected that could be used as a lock mass. The MS was
calibrated prior to use with a 0.015% H3PO4 solution. The spectra were
lock mass corrected using the known mass of the nearest H3PO4 cluster.
Flash column chromatography was performed on Kieselgel 60 or using
an automated chromatography system with silica flash cartridges.
Benzaldehyde and furfural were freshly distilled before use, and benzo-
phenone was recrystallized from isopropyl alcohol. Dry THF on
molecular sieves was obtained from a commercial source. The Grignard
reagents n-BuMgCl, mesitylmagnesium bromide, and TMPMgCl 3 LiCl
were obtained from a commercial source as solutions in THF. Crystal-
lographic data for structures 14c and 16a have been deposited with the
Cambridge Crystallographic Data Centre.
General Procedure 1 for Functionalization of 2-Benzyl-5-

bromo-4-methoxypyridazin-3(2H)-one (2). 2-Benzyl-5-bromo-
4-methoxypyridazin-3(2H)-one (2; 0.295 g, 1.0mmol) was brought into
a dry 25 mL double-necked flask and placed under an argon atmosphere
using a Schlenk apparatus. Subsequently THF (4mL)was added and the
solution was cooled to �20 �C (ice�salt bath). Mesitylmagnesium
bromide (2.00 mL, 1 M solution) was quickly added via a syringe. The
mixture was stirred for 2 min, after which electrophile (3.00 mmol) was
added. The reaction mixture was subsequently stirred at �20 �C until
reaction was completed. The resulting mixture was quenched with

aqueous NH4Cl, extracted with EtOAc (3� 50 mL), and subsequently
dried over MgSO4. The organic phase was evaporated to dryness under
reduced pressure and the residue separated with an automated chroma-
tography system using silica flash cartridges applying a heptane/ethyl
acetate gradient (from 100% heptane to 100% ethyl acetate in 25 min,
25 mL/min).
2-Benzyl-4-methoxypyridazin-3(2H)-one (8a). General pro-

cedure 1 was followed using water (0.054 mL, 3.00 mmol) as the
electrophile. The reaction time was 30 min. Compound 8awas obtained
in 99% (0.214 g) yield. White solid. 1H NMR (CDCl3): δ 7.62 (d, 1H,
J = 4.8 Hz), 7.40 (d, 2H, J = 7.9 Hz), 7.31�7.20 (m, 3H), 6.32 (d, 1H, J =
4.8 Hz), 5.32 (s, 2H), 3.80 (s, 3H). Mp: 75�76 �C. HRMS (ESI) for
C12H12N2O2 [M + H]+: m/z calcd 217.0972, found 217.0977. 13C
NMR (CDCl3): δ 156.9, 156.1, 136.8, 136.3, 128.7, 128.5, 127.8, 104.1,
56.2, 55.0.
2-Benzyl-5-[hydroxy(phenyl)methyl]-4-methoxypyrida-

zin-3(2H)-one (8b).2 General procedure 1 was followed using
benzaldehyde (0.318 mL, 3.00 mmol) as the electrophile. The reaction
time was 30 min. Compound 8b was obtained in 90% (0.290 g) yield.
White solid. 1H NMR (CDCl3): δ 7.92 (s, 1H), 7.37 (m, 2H),
7.38�7.19 (m, 8H), 5.88 (s, 1H), 5.23 (d, 1H, J = 13.7 Hz), 5.15 (d,
1H, J = 13.7 Hz), 3.93 (s, 3H), 3.68 (bs, 1H). Mp: 96�97 �C. HRMS
(ESI) for C19H18N2O3 [M +H]+:m/z calcd 323.1390, found 323.1396.
13C NMR (CDCl3): δ 157.6, 150.6, 141.7, 136.7, 136.0, 132.6, 128.7,
128.6, 128.5, 128.0, 127.9, 126.0, 67.9, 59.7, 55.3.
2-Benzyl-5-[hydroxy(diphenyl)methyl]-4-methoxypyri-

dazin-3(2H)-one (8c). General procedure 1 was followed using
benzophenone (0.547 g, 3.00 mmol) as the electrophile. The reaction
time was 30 min. Compound 8c was obtained in 81% (0.323 g) yield.
White solid. 1H NMR (CDCl3): δ 7.42 (m, 2H), 7.30 (m, 13H), 7.18
(s, 1H), 5.27 (s, 2H), 4.56 (s, 1H), 3.70 (s, 3H). Mp: 107�108 �C.
HRMS (ESI) for C25H22N2O3 [M + H]+: m/z calcd 399.1703, found
399.1698. 13C NMR (CDCl3): δ 157.6, 152.3, 144.2, 137.5, 136.3,
135.9, 128.9, 128.6, 128.2, 128.0, 127.9, 127.3, 79.6, 59.5, 55.3.
Methyl (1-Benzyl-5-methoxy-6-oxo-1,6-dihydropyridazin-

4-yl)(hydroxy)phenylacetate (8d). General procedure 1 was fol-
lowed using methyl 2-oxo-2-phenylacetate (0.225 mL, 3.00 mmol) as
the electrophile. The reaction time was 30 min. Compound 8d was
obtained in 91% (0.346 g) yield. White solid. 1H NMR (CDCl3): δ 7.59
(m, 2H), 7.33 (m, 8H), 7.20 (s, 1H), 5.26 (s, 2H), 4.42 (s, 1H), 4.12 (s,
3H), 3.80 (s, 3H). Mp: 108�109 �C. HRMS (ESI) for C21H20N2O5

[M + H]+: m/z calcd 381.1445, found 381.1442. 13C NMR (CDCl3):
δ 173.5, 157.6, 152.6, 137.6, 137.1, 135.9, 131.4, 131.1, 128.9, 128.6,
128.5, 128.0, 126.7, 76.4, 60.1, 55.3, 53.7.
2-Benzyl-4-methoxy-5-(methylthio)pyridazin-3(2H)-one

(8e). General procedure 1 was followed using 1,2-dimethyl disulfide
(0.227 mL, 3.00 mmol) as the electrophile. The reaction time was 30
min. Compound 8ewas obtained in 82% (0.215 g) yield.White solid. 1H
NMR (CDCl3): δ 7.61 (s, 1H), 7.42 (dd, 2H, J = 7.7, 1.6 Hz), 7.30 (m,
3H), 5.25 (s, 2H), 2.63 (s, 3H), 2.51 (s, 3H). Mp: 142�143 �C. HRMS
(ESI) for C13H14N2O2S [M + H]+: m/z calcd 263.0849, found
263.0860. 13C NMR (CDCl3): δ 157.3, 145.4, 136.2, 131.8, 131.3,
128.7, 128.6, 127.9, 55.4, 16.0, 15.1.
2-Benzyl-4-methoxy-5-methylpyridazin-3(2H)-one (8f).14

General procedure 1 was followed using dimethyl sulfate (0.285 mL,
3.00mmol) as the electrophile. The reaction timewas 30min.Compound8f
was obtained in 81% (0.186 g) yield.White solid. 1HNMR(CDCl3):δ 7.54
(s, 1H), 7.40 (m, 2H), 7.32�7.21 (m, 3H), 5.28 (s, 2H), 4.12 (s, 3H), 2.05
(s, 3H). Mp: 40�41 �C. HRMS (ESI) for C13H14N2O2 [M + H]+: m/z
calcd 231.1128, found 231.1139. 13CNMR (CDCl3): δ 157.7, 152.6, 140.0,
136.5, 128.6, 128.5, 127.8, 126.9, 59.7, 55.0, 12.4.
1-Benzyl-5-methoxy-6-oxo-1,6-dihydropyridazine-4-car-

baldehyde (8g). General procedure 1 was followed using N,N-
dimethylformamide (0.219 mL, 3.00 mmol) as the electrophile.
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The reaction time was 30 min. Compound 8g was obtained in 91%
(0.222 g) yield. White solid. 1H NMR (CDCl3): δ 10.31 (s, 1H), 7.99
(s, 1H), 7.41 (m, 2H), 7.33�7.24 (m, 3H), 5.26 (s, 2H), 4.43 (s, 3H).
Mp: 99�100 �C. HRMS (ESI) for C13H12N2O3 [M + H]+: m/z calcd
245.0921, found 245.0920. 13C NMR (CDCl3): δ 187.9, 157.9, 157.9,
135.7, 133.6, 128.7, 128.6, 128.1, 120.3, 61.7, 55.7.
1-Benzyl-5-(dimethylamino)-6-oxo-1,6-dihydropyrida-

zine-4-carbaldehyde (10).General procedure 1 was followed using
N,N-dimethylformamide (0.219 mL, 3.00 mmol) as the electrophile.
After 30 min prior to quenching with aqueous NH4Cl, methanol
(10 mL) was added and stirring was continued for another 20 min
and then the reaction mixture was quenched with aqueous NH4Cl.
Compound 10was obtained in 96% (0.247 g) yield. Yellow oil. 1HNMR
(CDCl3): δ 9.80 (s, 1H), 7.88 (s, 1H), 7.41 (m, 2H), 7.33�7.23 (m,
3H), 5.21 (s, 2H), 3.35 (s, 6H). HRMS (ESI) for C14H15N3O2 [M +
H]+:m/z calcd 258.1237, found 258.1185. 13CNMR (CDCl3): δ 186.4,
158.2, 147.6, 138.8, 136.4, 128.5, 128.5, 127.8, 113.3, 55.6, 46.1.
5-Benzoyl-2-benzyl-4-methoxypyridazin-3(2H)-one (8h).

A 0.289 g portion (0.897 mmol) of 2-benzyl-5-[hydroxy(diphenyl)-
methyl]-4-methoxypyridazin-3(2H)-one (8b) was dissolved in dry
toluene (10 mL), and MnO2 (0.26 g) was added to this solution. The
reaction mixture was refluxed for 2.5 h using a Dean�Stark apparatus.
After the reaction mixture was cooled to room temperature, it was
filtered and evaporated to dryness under reduced pressure; the residue
was separated with an automated chromatography system using silica
flash cartridges applying a heptane/ethyl acetate gradient (from 100%
heptane to 100% ether in 25 min, 25 mL/min). The yield of the benzoyl
derivative 8h was 0.138 g (48%). Colorless oil. 1H NMR (CDCl3):
δ 7.87�7.83 (m, 2H), 7.69 (s, 1H), 7.67�7.62 (m, 1H), 7.53�7.47 (m,
4H), 7.40�7.30 (m, 3H), 5.37 (s, 2H), 4.04 (s, 3H). HRMS (ESI) for
C19H16N2O3 [M + H]+: m/z calcd 321.1234, found 321.1237. 13C
NMR (CDCl3): δ 191.8, 157.6, 152.7, 136.1, 135.9, 135.6, 134.4, 129.6,
128.9, 128.8, 128.7, 128.1, 124.6, 60.7, 55.6.
5-Benzoyl-2-benzyl-4-mesitylpyridazin-3(2H)-one (11).

(a) General procedure 1 was followed using benzoyl chloride
(0.219 mL, 3.00 mmol) as the electrophile. The reaction time was
15 min. Compound 11 was obtained in 71% (0.290 g) yield.

(b) 5-Benzoyl-2-benzyl-4-methoxypyridazin-3(2H)-one (0.138 g,
0.431 mmol) was dissolved in 2 mL of THF and the solution cooled
to �20 �C. A 0.52 mL portion (1 M solution in THF) of mesitylmag-
nesium bromide was added via a syringe. The reaction mixture was
stirred for 15 min. The resulting mixture was quenched with aqueous
NH4Cl. The aqueous phase was then extracted with EtOAc (3� 50mL)
and subsequently dried over MgSO4. The organic phase was evaporated
to dryness under reduced pressure and the residue separated with an
automated chromatography system using silica flash cartridges applying
a heptane/ethyl acetate gradient (from 100% heptane to 100% ethyl
acetate in 25 min, 25 mL/min). Compound 11 was obtained in 77%
(0.136 g) yield. Yellow oil. 1H NMR (CDCl3): δ 7.82 (s, 1H),
7.66�7.61 (m, 2H), 7.55�7.47 (m, 3H), 7.40�7.29 (m, 5H), 6.69 (s,
2H), 5.44 (s, 2H), 2.14 (s, 3H), 1.98 (s, 6H). HRMS (ESI) for
C27H24N2O2 [M + H]+: m/z calcd 409.1911, found 409.1889. 13C
NMR (CDCl3): δ 192.4, 171.6, 159.6, 140.2, 138.3, 136.2, 135.8, 135.2,
134.1, 133.6, 130.2, 129.2, 128.9, 128.7, 128.5, 128.4, 128.2, 128.0,
21.0, 20.1.
2-Benzyl-5-[hydroxy(phenyl)methyl]-4-mesitylpyridazin-

3(2H)-one (12). 2-Benzyl-5-bromopyridazin-3(2H)-one (5; 0.265 g,
1.0 mmol) was brought into a dry 25 mL double-necked flask and placed
under an argon atmosphere using a Schlenk apparatus. Subsequently
THF (4 mL) was added and the solution was cooled to�78 �C (acetone-
dry ice bath). Mesitylmagnesium bromide (2.00 mL, 1 M solution) was
quickly added via a syringe. The mixture was stirred for 4 min, after
which benzaldehyde (0.30 mL, 3.0 mmol) was added. The reaction
mixture was subsequently stirred at �78 �C for 30 min. The resulting

mixture was quenched with aqueous NH4Cl, extracted with EtOAc (3�
50 mL), and subsequently dried over MgSO4. The organic phase was
evaporated to dryness under reduced pressure and the residue separated
with an automated chromatography system using silica flash cartridges
applying a heptane/ethyl acetate gradient (from 100% heptane to 100%
ethyl acetate in 25 min, 25 mL/min). Compound 12 was obtained in
45% (0.185 g) yield. White solid. 1H NMR (CDCl3): δ 8.16 (s, 1H),
7.36�7.32 (m, 2H), 7.28�7.21 (m, 3H), 7.19�7.14 (m, 3H),
6.90�6.84 (m, 3H), 6.75 (bs, 1H), 5.27 (d, 1H, J = 13.7 Hz), 5.23 (d,
1H, J = 13.7 Hz), 5.15 (s, 1H), 3.09 (bs, 1H), 2.27 (s, 3H), 1.98 (s, 3H),
1.40 (s, 3H). Mp: 121�122 �C. HRMS (ESI) for C27H26N2O2 [M +
H]+:m/z calcd 411.2067, found 411.2065. 13CNMR (CDCl3): δ 159.3,
143.8, 140.8, 138.0, 137.7, 136.7, 136.6, 135.6, 134.4, 126.7, 128.5, 128.5,
128.5, 128.2, 127.7, 126.5, 71.5, 55.5, 21.1, 22.0, 19.1.
General Procedure 2 for Functionalization of 2-Benzyl-5-

chloropyridazin-3(2H)-one (13). A dry 50 mL double-necked flask
placed under an argon atmosphere using a Schlenk apparatus was charged
with TMPMgCl 3LiCl (2.00 mL, 1 M solution in THF) and cooled to
�20 �C. 2-Benzyl-5-chloropyridazin-3(2H)-one (13; 0.221 g, 1.0 mmol)
was brought into a second dry 25 mL double-necked flask and placed
under an argon atmosphere using a Schlenk apparatus. Subsequently THF
(2.00 mL) was added. The pyridazin-3(2H)-one solution was quickly
added to the TMP solution (1 s), after which it was stirred for 30 s;
subsequently the electrophile (3�8.6 mmol) was quickly added to this
solution. The reaction mixture was stirred at room temperature until the
reaction was complete. The resulting mixture was quenched with aqueous
NH4Cl. The aqueous phase was then extracted with EtOAc (3� 50 mL)
and subsequently dried overMgSO4. The organic phasewas evaporated to
dryness under reduced pressure and the residue separated with an
automated chromatography system using silica flash cartridges applying
a heptane/ethyl acetate gradient (from 100% heptane to 100% ethyl
acetate in 25 min, 25 mL/min).
2-Benzyl-5-chloro-4-(methylthio)pyridazin-3(2H)-one

(14a). General procedure 2 was followed using S-methyl methanesul-
fonothioate (0.308 mL, 3.00 mmol) as the electrophile. The reaction
time was 15 min. Compound 14a was obtained in 45% (0.118 g) yield.
Yellow oil. 1H NMR (CDCl3): δ 7.66 (s, 1H), 7.43�7.39 (m, 2H),
7.35�7.27 (m, 3H), 5.27 (s, 2H), 2.74 (s, 3H). HRMS (ESI) for
C12H11ClN2OS [M + H]+: m/z calcd 289.0178, found 289.0178. 13C
NMR (CDCl3): δ 158.2, 138.7, 136.0, 135.8, 135.2, 128.8, 128.7, 128.1,
55.7, 16.2.
2-Benzyl-5-chloro-4-[hydroxy(phenyl)methyl]pyridazin-

3(2H)-one (14b). General procedure 2 was followed using benzalde-
hyde (0.304 mL, 3.00 mmol) as the electrophile. The reaction time was
15min. Compound 14bwas obtained in 52% (0.170 g) yield. Orange oil.
1H NMR (CDCl3): δ 7.75 (s, 1H), 7.50�7.44 (m, 2H), 7.35�7.18 (m,
8H), 6.00 (d, 1H, J = 11.2 Hz), 5.86 (d, 1H, J = 11.2 Hz), 5.32 (d, 1H, J =
13.8 Hz), 5.10 (d, 1H, J = 13.8 Hz). HRMS (ESI) for C18H15ClN2O2

[M + H]+: m/z calcd 349.0719, found 349.0720. 13C NMR (CDCl3):
δ 159.8, 140.9, 138.4, 137.5, 135.4, 135.3, 128.8, 128.8, 128.7, 128.3,
128.2, 125.8, 72.2, 55.3.
2-Benzyl-5-chloro-4-[2-furyl(hydroxy)methyl]pyridazin-

3(2H)-one (14c).General procedure 2 was followed using 2-furaldehyde
(0.351 mL, 3.00 mmol) as the electrophile. The reaction time was 15
min. Compound 14c was obtained in 48% (0.151 g) yield. Orange solid.
1H NMR (CDCl3): δ 7.77 (s, 1H), 7.40�7.34 (m, 2H), 7.33�7.23 (m,
4H), 6.34 (d, 1H, J = 3.3 Hz), 6.29 (dd, 1H, J = 3.3, 1.8 Hz), 5.99 (d, 1H,
J = 11.2 Hz), 5.88 (d, 1H, J = 11.2 Hz), 5.36 (d, 1H, J = 13.7 Hz), 5.19 (d,
1H, J = 13.7 Hz). Mp: 98�99 �C. HRMS (ESI) for C16H13ClN2O3

[M + H]+: m/z calcd 339.0500, found 339.0512. 13C NMR (CDCl3):
δ 159.8, 152.9, 142.6, 137.4, 135.8, 135.8, 135.3, 128.8, 128.8, 128.3,
110.6, 107.4, 66.6, 55.3. The structure was unambiguously confirmed by
single-crystal XRD analysis; see the Supporting Information and CCDC
832476.
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Methyl (2-Benzyl-5-chloro-3-oxo-2,3-dihydropyridazin-4-
yl)(hydroxy)phenylacetate (14d). General procedure 2 was fol-
lowed using methyl 2-oxo-2-phenylacetate (0.428 mL, 3.00 mmol) as
the electrophile. The reaction time was 15 min. Compound 14d was
obtained in 37% (0.141 g) yield. Yellow oil. 1H NMR (CDCl3): δ 7.64
(s, 1H), 7.60�7.55 (m, 2H), 7.47�7.37 (m, 2H), 7.35�7.28 (m, 6H),
5.49 (bs, 1H), 5.31 (d, 1H, J = 13.4 Hz), 5.25 (d, 1H, J = 13.4 Hz), 3.74
(s, 3H). HRMS (ESI) for C20H17ClN2O4 [M + H]+: m/z calcd
407.0778, found 407.0775. 13C NMR (CDCl3): δ 172.2, 159.8, 138.7,
138.4, 138.0, 137.5, 135.4, 128.9, 128.7, 128.6, 128.3, 128.3, 126.7, 78.3,
55.7, 53.5.
4-Benzoyl-2-benzyl-5-chloropyridazin-3(2H)-one (14e).

General procedure 2 was followed using benzoyl chloride (1.00mL, 8.61
mmol) as the electrophile. The reaction time was 15 min. Compound
14e was obtained in 59% (0.190 g) yield. Colorless oil. 1H NMR
(CDCl3): δ 7.98�7.84 (m, 3H), 7.68�7.63 (tt, 1H, J = 7.2, 1.2 Hz),
7.53�7.43 (m, 4H), 7.39�7.31 (m, 3H), 5.33 (s, 2H). HRMS (ESI) for
C18H13ClN2O2 [M + H]+: m/z calcd 347.0556, found 347.0563. 13C
NMR (CDCl3): δ 189.4, 157.0, 137.0, 136.5, 135.6, 135.2, 134.8, 134.7,
129.3, 129.1, 129.1, 128.8, 128.4, 55.5.
General Procedure 3 for Functionalization of 2-Benzyl-6-

chloropyridazin-3(2H)-one (15). A dry 50 mL double-necked flask
placed under an argon atmosphere using a Schlenk apparatus was
charged with TMPMgCl 3 LiCl (2.00 mL, 1 M solution in THF) and
cooled to�20 �C. 2-Benzyl-6-chloropyridazin-3(2H)-one (15; 0.221 g,
1.0mmol) was brought into a second dry 25mL double-necked flask and
placed under an argon atmosphere using a Schlenk apparatus. Subsequently
THF (2.00 mL) was added. The pyridazin-3(2H)-one solution was quickly
added to the TMP solution; subsequently electrophile (3�8.6 mmol)
was immediately added to this solution. The reaction mixture was stirred
at room temperature until the reaction was complete. The resulting
mixture was quenched with aqueous NH4Cl. The aqueous phase was
then extracted with EtOAc (3 � 50 mL) and subsequently dried over
MgSO4. The organic phase was evaporated to dryness under reduced
pressure and the residue separated with an automated chromatography
system using silica flash cartridges applying a heptane/ethyl acetate gradient
(from 100% heptane to 100% ethyl acetate in 25 min, 25 mL/min).
2-Benzyl-6-chloro-4-(methylthio)pyridazin-3(2H)-one

(16a). General procedure 3 was followed using S-methyl methanesul-
fonothioate (0.308 mL, 3.00 mmol) as the electrophile. The reaction
time was 15 min. Compound 16a was obtained in 66% (0.177 g) yield.
White solid. 1H NMR (CDCl3): δ 7.43�7.38 (m, 2H), 7.31�7.20 (m,
3H), 6.65 (s, 1H), 5.22 (s, 2H), 2.26 (s, 3H). Mp: 102�103 �C. HRMS
(ESI) for C12H11ClN2OS [M + H]+: m/z calcd 289.0178, found
289.0178. 13C NMR (CDCl3): δ 156.9, 149.3, 137.5, 135.6, 128.9,
128.6, 128.1, 121.6, 55.5, 13.9. The structure was unambiguously
confirmed by single-crystal XRD analysis, see the Supporting Informa-
tion and CCDC 832475.
2-Benzyl-6-chloro-4-[hydroxy(phenyl)methyl]pyridazin-

3(2H)-one (16b). General procedure 3 was followed using benzalde-
hyde (0.304 mL, 3.00 mmol) as the electrophile. The reaction time was
15 min. Compound 16bwas obtained in 54% (0.176 g) yield. Yellow oil.
1H NMR (CDCl3): δ 7.43�7.21 (m, 10H), 7.07 (d, 1H, J = 0.9 Hz),
5.76 (bs, 1H), 5.25 (d, 1H, J = 13.8 Hz), 5.11 (d, 1H, J = 13.8 Hz),
4.00 (bs, 1H). HRMS (ESI) for C18H15ClN2O2 [M + H]+: m/z
calcd 349.0719, found 349.0721. 13C NMR (CDCl3): δ 158.6, 146.5,
139.4, 138.3, 135.4, 128.9, 128.8, 128.8, 128.7, 128.5, 128.3, 126.9,
71.6, 55.5.
2-Benzyl-6-chloro-4-[2-furyl(hydroxy)methyl]pyridazin-

3(2H)-one (16c).General procedure 3was followed using 2-furaldehyde
(0.351 mL, 3.00 mmol) as the electrophile. The reaction time was 15 min.
Compound 16c was obtained in 61% (0.194 g) yield. Yellow oil. 1H
NMR (CDCl3): δ 7.41 (d, 1H, J = 1.8 Hz), 7.39 (d, 1H, J = 1.2 Hz), 7.36
(d, 1H, J = 0.8 Hz), 7.34�7.27 (m, 3H), 7.19 (d, 1H, J = 0.7 Hz), 6.35

(m, 2H), 5.28 (d, 1H, J= 13.7Hz), 5.19 (d, 1H, J= 13.7Hz), 4.10 (bs, 1H).
Mp: 87�88 �C. HRMS (ESI) for C16H13ClN2O3 [M + H]+: m/z calcd
339.0510, found 339.0512. 13CNMR(CDCl3):δ 158.7, 151.8, 143.4, 142.9,
138.2, 135.3, 129.6, 128.9, 128.7, 128.3, 110.7, 108.6, 65.8, 55.5.
Methyl (2-Benzyl-6-chloro-3-oxo-2,3-dihydropyridazin-4-

yl)(hydroxy)phenylacetate (16d). General procedure 3 was fol-
lowed using methyl 2-oxo-2-phenylacetate (0.428 mL, 3.00 mmol) as
the electrophile. The reaction time was 15 min. Compound 16d was
obtained in 58% (0.222 g) yield. Colorless oil. 1H NMR (CDCl3):
δ 7.64�7.59 (m, 2H), 7.50�7.41 (m, 5H), 7.40�7.32 (m, 3H), 6.61 (s,
1H), 5.36 (s, 1H, J = 13.6), 5.27 (s, 1H, J = 13.6), 5.21 (s, 1H), 3.83 (s,
3H). HRMS (ESI) for C20H17ClN2O4 [M + H]+: m/z calcd 407.0786,
found 407.0775. 13CNMR (CDCl3): δ 172.3, 159.3, 146.3, 138.2, 135.3,
135.2, 130.8, 129.2, 128.8, 128.8, 128.7, 128.3, 126.5, 78.3, 55.6, 53.5.
4-Benzoyl-2-benzyl-6-chloropyridazin-3(2H)-one (16e).

General procedure 3 was followed using benzoyl chloride (1.00 mL, 8.61
mmol) as the electrophile. The reaction time was 15 min. Compound
16e was obtained in 49% (0.158 g) yield. White solid. 1H NMR
(CDCl3): δ 7.79 (m, 2H), 7.60 (t, 1H, J = 7.5 Hz), 7.47�7.42 (m,
4H), 7.34�7.29 (m, 3H), 7.27 (s, 1H), 5.28 (s, 2H). Mp: 125�126 �C.
HRMS (ESI) C18H13ClN2O2 [M + H]+: m/z calcd 347.0556, found
347.0564. 13C NMR (CDCl3): δ 190.6, 156.6, 141.4, 137.2, 135.1,
135.0, 134.5, 132.4, 129.6, 129.1, 128.8, 128.7, 128.4, 55.9.
2-Benzyl-4-[hydroxy(phenyl)methyl]pyridazin-3(2H)-one

(17). (a) 2-Benzyl-5-chloro-4-[hydroxy(phenyl)methyl]pyridazin-3(2H)-
one (14b; 0.16 g, 0.50 mmol) was weighed into a Pyrex Parr flask and
dissolved in EtOAc (6 mL); palladium on carbon (0.05 g, 10%) and
potassium carbonate (0.14 g, 1.00 mmol) were added to this solution
under an argon flow. The reaction mixture was placed under 25 psi of
hydrogen gas and stirred for 2.5 h at room temperature. The resulting
mixture was filtered through Celite and concentrated under vacuum.
The residue was separated with an automated chromatography system
using silica flash cartridges applying a heptane/ethyl acetate gradient
(from 100% heptane to 100% ethyl acetate in 25 min, 25 mL/min).
Compound 17 was obtained in 41% (0.06 g) yield.

(b) 2-Benzyl-6-chloro-4-[hydroxy(phenyl)methyl]pyridazin-3(2H)-
one (16b; 0.16 g, 0.50 mmol) was weighed into a Pyrex Parr flask and
dissolved in 6 mL of EtOAc; palladium on carbon (0.05 g, 10%) and
potassium carbonate (0.14 g, 1.00 mmol) were added to this solution
under an argon flow. The reaction mixture was placed under 35 psi of
hydrogen gas and stirred for 3 h at room temperature. The resulting
mixture was filtered through Celite and concentrated under vacuum.
The residue was separated with an automated chromatography system
using silica flash cartridges applying a heptane/ethyl acetate gradient
(from 100% heptane to 100% ethyl acetate in 25 min, 25 mL/min).
Compound 17was obtained in 32% (0.05 g) yield.White solid. 1HNMR
(CDCl3): δ 7.77 (d, 1H, J = 4.1 Hz), 7.47�7.30 (m, 10H), 6.94 (dd, 1H,
J = 4.1, 1.1 Hz), 5.86 (d, 1H, J = 4.4 Hz), 5.39 (d, 1H, J = 13.8 Hz), 5.31
(d, 1H, J = 13.8 Hz), 4.38 (d, 1H, J = 4.4 Hz). Mp: 115�116 �C. HRMS
(ESI) for C18H16N2O2 [M +H]+:m/z calcd 313.0946, found 313.0944.
13C NMR (CDCl3): δ 160.6, 144.1, 139.8, 136.7, 135.9, 128.7, 128.7,
128.6, 128.3, 128.1, 126.9, 126.8, 72.2, 55.3.

’ASSOCIATED CONTENT

bS Supporting Information. CIF files giving crystallo-
graphic data for 14c and 16a and figures giving characterization
data for all compounds. This material is available free of charge
via the Internet at http://pubs.acs.org.

’AUTHOR INFORMATION

Corresponding Author
*E-mail: bert.maes@ua.ac.be.



6677 dx.doi.org/10.1021/jo201009m |J. Org. Chem. 2011, 76, 6670–6677

The Journal of Organic Chemistry ARTICLE

’ACKNOWLEDGMENT

This work was supported by the Fund for Scientific Research-
Flanders (FWO-Vlaanderen), the Agency for Innovation by
Science and Technology in Flanders (IWT-Vlaanderen) (Ph.D.
scholarship for T.V.), the Hercules foundation, and E. I. du Pont
de Nemours and Co. We thank Prof. Matthias Zeller of Youngs-
town State University and Dr. Christophe Vande Velde of Karel
de Grote University College for the collection of X-ray data sets.
The diffractometer was funded by NSF Grant No. 0087210,
Ohio Board of Regents Grant No. CAP-491, and YSU.

’REFERENCES

(1) For reviews dealing with the synthesis, functionalization, and
applications of pyridazines and pyridazin-3(2H)-ones, see: (a) Kolar, P.;
Ti�sler, M. Adv. Heterocycl. Chem. 1999, 75, 167. (b) Tapolcs�anyi, P.;
M�atyus, P. In Targets in Heterocyclic Systems; Attanasi, O. A., Spinelli,
D., Eds.; Societa Chimica Italiana: Rome, 2002; Vol. 6, p 369. (c) Haider,
N.,Holzer,W. In Science of Synthesis; Yamamoto, Y., Ed.; Thieme: Stuttgart,
Germany, 2004; Vol. 16, p 125. (d) Maes, B. U. W.; Tapolcs�anyi, P.;
Meyers, C.; M�atyus, P.Curr. Org. Chem. 2006, 10, 377. (e) Maes, B. U.W.,
Lemi�ere, G. L. F. In Comprehensive Heterocyclic Chemistry III; Katritzky,
A. R., Ramsden, C. A., Scriven, E. F. V., Taylor, R. J. K., Aitken, A., Eds;
Elsevier: Amsterdam, 2008; Vol. 8, p 1.
(2) Ryabtsova, O.; Verhelst, T.; Baeten, M.; Maes, B. U. W. J. Org.

Chem. 2009, 74, 9440.
(3) Verhelst, T.; Verbeeck, S.; Ryabtsova, O.; Depraetere, S.; Maes,

B. U. W. Org. Lett. 2011, 13, 272.
(4) The lactam function acts as a directing group for the nucleophilic

addition reaction, which resembles a directed metalation group (DMG)
in directed orthometalations (DoMs) with organometallic species. For a
review dealing with directed metalation of diazines see: Turck, A.; Pl�e,
N.; Mongin, F.; Qu�eguiner, G. Tetrahedron 2001, 57, 4489.
(5) (a) Riedl, Z.; Maes, B. U. W.; Monsieurs, K.; Lemi�ere, G. L. F.;

M�atyus, P.; Haj�os, G. Tetrahedron 2002, 58, 5645. (b) Maes, B. U. W.;
Monsieurs, K.; Loones, K.; Lemi�ere, G. L. F.; Dommisse, R.; M�atyus, P.;
Riedl, Z.; Haj�os, G. Tetrahedron 2002, 58, 9713. (c) M�atyus, P.; Maes,
B. U.W.; Riedl, Z.; Haj�os, G.; Lemi�ere, G. L. F.; Tapolcs�anyi, P.;Monsieurs,
K.; �Eli�as, O.; Dommisse, R. A.; Krajsovszky, G. Synlett 2004, 1123.
(6) For the use of MesMgBr as base, see: (a) Kerr, W. J.; Watson,

A. J. B.; Hayes, D.Org. Biomol. Chem. 2008, 6, 1238. (b) Dogutan, D. K.;
Bediako, D. K.; Teets, T. S.; Schwalbe, M.; Nocera, D. G.Org. Lett. 2010,
12, 1036. (c) See, Y.-S.; Jung, J.-W.; Kim, S.-H.; Jung, J.-K.; Paek, S.-M.;
Kim, N.-J.; Chang, D.-J.; Lee, J.; Suh, Y.-G.Org. Lett. 2010, 12, 2040. For
the use of MesMgBr in Kumada reactions, see: (d) Dong, C.-G.; Hu,
Q.-S. Angew. Chem., Int. Ed. 2006, 45, 2289. For the use of MesMgBr
in halogen�metal exchange reactions, see: (e) Poirier, M.; Chen, F.;
Bernard, C.; Wong, Y.-S.; Wu, G. G. Org. Lett. 2001, 3, 3795. (f)
Sapountzis, I.; Dube, H.; Knochel, P. Adv. Synth. Catal. 2004, 346, 709.
(g) Sapountzis, I.; Dube, H.; Lewis, R.; Gommermann, N.; Knochel, P.
J. Org. Chem. 2005, 70, 2445.
(7) A similar reaction involving the additional substitution of a C-4

halogen by a dimethylamino group was observed when using 3,6-
dimethoxy-4,5-diiodo- and 3,6-dimethoxy-4,5-dibromopyridazine as
substrates, i-PrMgCl as the halogen�magnesium exchange reagent,
and DMF as the electrophile; see: Leprêtre, A.; Turck, A.; Pl�e, N.;
Knochel, P.; Qu�eguiner, G. Tetrahedron 2000, 56, 265.
(8) For selected examples on direct magnesiation using TMPMgCl 3

LiCl, see: (a) Rohbogner, C. J.; Worth, S.; Knochel, P. Org. Lett. 2010,
12, 1984. (b) Krasovskiy, A.; Krasobskaya, V.; Knochel, P. Angew. Chem.,
Int. Ed. 2006, 45, 2958. (c)Wunderlich, S. H.; Rohbogner, C. J.; Unsinn,
A.; Knochel, P. Org. Process Res. Dev. 2010, 14, 339. (d) Melzig, L.;
Rauhut, C. B.; Knochel, P. Synthesis 2009, 6, 1041. (e) Mosrin, M.;
Knochel, P. Org. Lett. 2008, 10, 2497. Mosrin, M.; Boudet, N.; Knochel,
P. Org. Biomol. Chem. 2008, 6, 3237. (f) Morsin, M.; Knochel, P. Chem.
Eur. J. 2009, 15, 1468.
(9) Hachihama, Y.; Shono, T.; Ikeda, S. J. Org. Chem. 1964, 29, 1371.

(10) (a) Johnston, K. A.; Allcock, R. W.; Jiang, Z.; Collier, I. D.;
Blakli, H.; Rosair, G.M.; Bailey, P. D.;Morgan, K.M.; Kohno, Y.; Adams,
D. R. Org. Biomol. Chem. 2008, 6, 175. (b) Meyers, C.; Y�a~nez, M.;
Elmaatougi, A.; Verhelst, T.; Coelho, A.; Fraiz, N.; Lemi�ere, G. L. F.;
Laguna, R.; Cano, E.; Maes, B. U. W.; Sotelo, E. Bioorg. Med. Chem. Lett.
2008, 18, 793.

(11) For reviews dealing with Pd-catalyzed reactions on halopyr-
idazines and halopyridazin-3(2H)-ones, see: (a) Maes, B. U. W.;
Ko�smrlj, J.; Lemi�ere, G. L. F. J. Heterocycl. Chem. 2002, 39, 535. (b)
Maes, B. U.W.; Tapolcs�anyi, P.; Meyers, C.; M�atyus, P. Curr. Org. Chem.
2006, 10, 377. (c) Maes, B. U. W. In Palladium in Heterocyclic Chemistry;
Li, J. J., Gribble, G. W., Eds.; Elsevier: Amsterdam, 2006; Vol. 26
(Tetrahedron Organic Chemistry Series), p 541.

(12) For selected examples of Pd-catalyzed reactions with halopyr-
idazines and halopyridazin-3(2H)-ones, see: (a) Turck, A.; Pl�e, N.;
Mojovic, L.; Qu�eguiner, G. Bull. Soc. Chim. Fr. 1993, 130, 488. (b)
Tr�ecourt, F.; Turck, A.; Pl�e, N.; Paris, A.; Qu�eguiner, G. J. Heterocycl.
Chem. 1995, 32, 1057. (c) Draper, T. L.; Bailey, T. R. J. Org. Chem. 1995,
60, 748. (d) Turck, A.; Pl�e, N.; Leprêtre-Gaqu�ere, A.; Qu�eguiner, G.
Heterocycles 1998, 49, 205. (e) Parrot, I.; Rival, Y.; Wermuth, C. G.
Synthesis 1999, 1163. (f) Maes, B. U. W.; R’kyek, O.; Ko�smrlj, J.;
Lemi�ere, G. L. F.; Esmans, E.; Rozenski, J.; Dommisse, R. A.; Haemers,
A.Tetrahedron 2001, 57, 1323. (g) R’Kyek, O.; Maes, B. U.W.; Jonckers,
T. H. M.; Lemi�ere, G. L. F.; Dommisse, R. A. Tetrahedron 2001,
57, 10009. (h) Tapolcs�anyi, P.; Krajsovszky, G.; And�o, R.; Lipcsey, P.;
Horv�ath, G.; M�atyus, P.; Riedl, Z.; Haj�os, G.; Maes, B. U. W.; Lemi�ere,
G. L. F. Tetrahedron 2002, 58, 10137. (i) Parrot, I.; Ritter, G.; Wermuth,
C. G.; Hibert,M. Synlett 2002, 1123. (j) Sotelo, E.; Coelho, A.; Ravi~na, E.
Tetrahedron Lett. 2003, 44, 4459. (k) Stevenson, T. M.; Crouse, B. A.;
Thieu, T. V.; Gebreysus, C.; Finkelstein, B. L.; Sethuraman, M. R.;
Dubas-Cordery, C. M.; Piotrowski, D. L. J. Heterocycl. Chem. 2005,
42, 427. (l) Clapham, K. M.; Batsanov, A. S.; Greenwood, R. D. R.;
Bryce, M. R.; Smith, A. E.; Tarbit, B. J. Org. Chem. 2008, 73, 2176.

(13) For a recent study of NMR spectra of pyridazine derivatives,
see: Katritzky, A. R.; El-Gendy, B.E.-D.M.; Draghici, B.; Fedoseyenko,
D.; Fadli, A.; Metais, A. Magn. Reson. Chem. 2010, 48, 397.

(14) Monsieurs, K.; Tapolcsanyi, P.; Loones, K. T. J.; Neumajer, G.;
Dirk De Ridder, J. A.; Goubitz, K.; Lemiere, G. L. F.; Dommisse, R. A.;
Matyus, P.; Maes, B. U. W. Tetrahedron 2007, 63, 3870.


