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A new one-pot strategy for the synthesis of phthalazines and pyridazino-aromatics starting from aromatic aldehydes has been developed.
A variety of substituents ranging from electron withdrawing to donating is tolerated furnishing the desired 1,2-diazine in good to excellent yields.
The products have been applied to the bidentate Lewis acid catalyzed inverse electron-demand Diels—Alder (IEDDA) reaction opening a novel

two-step entry into substituted naphthalenes, such as Naproxen.

Nitrogen containing heterocycles are of tremendous im-
portance in medicinal as well as material sciences. Phthala-
zines and pyridazino annulated aromatics represent a special
class of compounds. In these materials two nitrogen atoms
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are placed adjacent to each other resulting in distinct proper-
ties. In nature this functional entity has been scarcely found,'
yet in the past decade diverse bioactivity and medical applica-
tions of phthalazines or pyridazino heteroaromatics emer-
ged.? Also, phthalazine derivatives have been used in material
sciences’® or employed as ligands for a variety of transition
metals.* Some of them are important catalysts,” most promi-
nently in the asymmetric dihydroxylation® of alkenes.
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The synthesis of phthalazine derivatives commonly in-
volves multistep procedures concluding with ring closing
reactions, ring enlargement, or aromatization of 1,2-dihy-
dro- or 1,2,4,5-tetrahydrophthalazines.” Also reported are
inverse electron-demand Diels—Alder (IEDDA) reactions
of 1,2,4,5-tetrazines with arynes® and arenes®® or pyrida-
zino[4,5-d]pyridazine with enamines’ as a method for the
synthesis of phthalazine derivatives. The first synthesis of
phthalazine in 1893 by Gabriel et al.'® involved the ring
closing reaction of ortho-carbonylbenzaldehyde or 1,2-bis-
dichloromethylbenzene with hydrazine. This transforma-
tion, the ring closure of ortho-dicarbonyls with hydrazine,
still comprises the standard route for the preparation of
phthalazines.'""'? Phthalazines with halogen substituents
in the 1,4-position are usually synthesized via halogenation
of 2,3-dihydrophthalazine-1,4-di0ne.'3 Both methods,
however, are often preceded by many synthetic steps,
depending on the degree of substitution in positions 5 to
8 of the resulting phthalazine. For example, Tsoungas et al.
reported such a procedure of six steps starting from
5-methoxy-2-nitrobenzaldehyde via final reaction of the
formed dialdehyde with hydrazine to give 6-methox-
yphthalazine (5i) in a overall yield of less than 20%.'"®
Another ring closing reaction is the cyclization of aromatic
aldazines, which is conducted in liquid AICl;/AlBr;, com-
prising rather harsh conditions.'*

Despite these efforts no approaches for a direct method
for a wide range of substituted phthalazines in one pot
from simple starting materials are reported to the best
of our knowledge. As 1,2-diazines represent a valuable
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Scheme 1. Strategy for a One-Pot Method To Access Phthala-
zines
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starting material for the bidentate Lewis acid catalyzed
IEDDA reaction developed in our lab,'® we set out to close
this gap in the synthesis portfolio of heterocycles. Herein,
we present a general method by which not only 4- to
8-substituted phthalazines, but also pyridazino-heteroaro-
matics, are prepared in a one-pot procedure from simple
aromatic aldehydes in good to excellent yields.

The key step of this new method is the transformation of
an aromatic aldehyde into a directed ortho-metalation
group (DMG). Directed ortho-lithiation is a very elegant
method to form ortho-substituted aromatics and has been
widely applied.'® Although an aldehyde is per-se no direct-
ing group they can be reacted with lithium amides to form
a-aminoalkoxides 2, which in turn are moderate to good
DMGs.'” Based on this principle first applied by Comins
et al.,'"® we developed a new highly efficient protocol
for this strategy (Scheme 1). Commonly, the auxiliary
N,N,N'-trimethylethylenediamine (TMDA) Al is used as
lithium amide LiA1 for the formation of a-aminoalkoxides 2.
Herein, we report for the first time the application of
bis(2-methoxyethyl)amine (BMEA) A2 for this purpose
constituting a much cheaper solution than Al. The
bis(2-methoxyethyl)amino group itself is a chelating
ligand intensively studied in the lithiation of N,N-bis(2-
methoxyethyl)-2-methylprop-2-en-1-amine.'® After the in
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situ formation of the DMG by either LiAl or LiA2 the
dianion 3 is formed via ortho-lithiation with n-BuLi. Con-
secutive reaction with dimethylformamide (DMF) gives
the ortho-bis(aminoalkoxide) 4. Final hydrolysis with an
aqueous solution of ammonium chloride and hydrazine
furnishes phthalazines 5 in good yield.

The development of the method involved the optimiza-
tion of each aforementioned step, mainly the ortho-lithia-
tion. Existing protocols for the ortho-lithiation of amino-
alkoxides were commonly conducted with a large amount
of lithiating agent (3 equiv of #n-BuLi) and an inconvenient
reaction temperature of —20 °C over an extended period of
3 h for chlorobenzaldehydes, 24 h for benzaldehyde, and
up to 48 h for p-tolualdehyde.'”® The applicability to a one-
pot procedure demanded a considerable decrease of reac-
tion time and amounts of #-BuLi and enhancement of the
efficiency of each elementary transformation. Since n-BuLi
in pure THF has a half-life time of only 1.78 h at 20 °C
a change in the reaction media was crucial for the
optimization.'® Recently, it was shown that already 1 equiv
of THF ina 1 M solution of n-BuLiin cyclohexane at 25 °C
holds similar deoligomerization potential for the lithium
organyl as pure THF, but only minor decomposition of the
THF was observed after 24 h.?° In our case 3.3 equiv of
THF in an ~0.5 M solution of n-BuLi in hexane gave the
best results. In the THF/hexane solvent mixture it was
possible to perform the directed ortho-metalation step at rt.
Simultaneously, we were able to significantly lower the
amount of lithiation agent to only 1.5 equiv of n-BuLi.
Consequently, considerably shorter reaction times were
achieved: 1.5—2.5h atrt(25—30°C)if the auxiliary A1 and
2—5hat 0 °C if A2 was applied

Benzaldehyde was used as a test substrate for the
optimization. The use of both the common auxiliary
TMDA Al and BMEA A2 allowed a comparison of
performance in the ortho-metalation of benzaldehyde
(see Table 1 in the Supporting Information, p S2). Thus,
after 4 h of lithiation at 0 °C the one-pot reaction applying
TMDA A1l and BMEA A2 yielded 73% and 56% of
phthalazine Sa, respectively. TMDA Al performs slightly
better than BMEA A2, but in some cases, especially for the
more acidic substrates, A2 gives comparable or even better
results. It is important to mention that the yield of phtha-
lazine in the case of BMEA A2 as the auxiliary augments to
72% after a lithiation time of 5 h at 0 °C. If the ortho-
lithiation step was conducted at rt (25 °C) for 2 h, using
TMDA Al, a yield of 74% was obtained. Using BMEA
A2, the yield decreases substantially to only 35%. Even
with an ortho-lithiation at 10 °C for 3 h the loss in yield
was significant compared to the case involving a lithia-
tion temperature of 0 °C. This results concerning BMEA
A2 as the ortho directing auxiliary points toward an
accelerated decomposition of the a-aminoalkoxide 2a at
temperatures >0 °C. The optimized protocol on the basis
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Table 1. Synthesis of Substituted Phthalazines
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of benzaldehyde 1a was shown to be applicable to a broad
range of substituted benzaldehydes producing benzo-sub-
stituted phthalazines with good to excellent yields of up to
91% (Table 1). Not only electron withdrawing fluoro,
chloro, and trifluoromethyl substituents (Table 1, entries
3—7) but also electron donating substituents such as
methoxy, methylthio (Table 1, entries 9—11, 14—16), and
even dimethylamino groups (Table 1, entry 12) are well
tolerated.
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Scheme 2. Synthesis of 1-Substituted Phthalazine
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Scheme 3. Two-Step Protocol for the Synthesis of Naphthalenes
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Table 2. Synthesis of Pyridazino-heteroaromatics

1) method A: LiA1 or B: LiA2
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Also benzoketones omitting a-protons can be success-
fully employed in a one-pot reaction resulting in 1-sub-
stituted phthalazines, as demonstrated with benzophenone
6 resulting in 1-phenylphthalazine 7 in a 70% yield
(Scheme 2).

The more acidic heteroaromatics require milder lithia-
tion conditions (Table 2). Hence, lithiation at 0 °C employ-
ing BMEA A2 as an auxiliary for the directed ortho-
lithiation were satisfying. In these cases decreasing the
temperature from 0 °C further to —20 °C and shortening
the reaction times compared to the case of benzaldehyde 1a
gave even better results (Table 2), most pronounced in the
case of thiophene-3-aldehyde 8b (from 61% to 81%). At
similar conditions the auxiliary TMDA performed slightly
better than BMEA though; BMEA in turn presents a much
more cost-effective solution (Table 2, entries 3—5).

Recently, we presented the bidentate Lewis acid cata-
lyzed inverse electron-demand Diels—Alder reaction using
phthalazines 5 as electron deficient dienes with a variety of
dienophiles 10, which produces 2,3-substituted naphtha-
lenes in a highly efficient way.'> Joining the herein intro-
duced one-pot synthesis of pyridazino-aromatics with our
catalyzed IEDDA reaction concludes an extremely short

(21) Harrison, I. T.; Lewis, B.; Nelson, P.; Rooks, W.; Roszkowski,
A.; Tomolonis, A.; Fried, J. H. J. Med. Chem. 1970, 13, 203-205.
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Scheme 4. Preparation of Naproxen via the One-Pot Phthala-
zine Synthesis and Bidentate Lewis Acid Catalyzed IEDDA
Reaction
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and very convenient two-step synthesis of, for example,
complex, highly substituted naphthalenes (Scheme 3). In
order to put this powerful approach into context a promi-
nent naphthalene candidate, (4-)-Naproxen 12a, has been
chosen to demonstrate the utility of our methodology. ()-
Naproxen 12a, one of the most common nonsteroidal anti-
inflammatory drugs,>' can be accessed in one-pot from the
according diazine 5i and aldehyde 14 with a yield of 53%
after basic workup (Scheme 4).

Interestingly, the desired 2,6-substitution pattern (com-
pared to the 1,7-isomer) is obtained in a selectivity greater
9:1 (by "H NMR). Such an outcome is in accordance with
the frontier molecular orbital (FMO) theory, which ratio-
nalizes the result based on the analysis of the orbital
coefficients of the participating highest occupied molecular
orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO).

On the basis of the auxiliary directed ortho-metalation
of aromatic aldehydes we herein provide a new and
highly efficient one-pot procedure for the preparation of
a wide range of substituted and unsubstituted pyridazino
aromatics. At the same time we present bis(2-methoxyethyl)-
amine (BMEA) as a new and cost-effective auxiliary for this
purpose. Furthermore, we developed a novel two-step
strategy for the synthesis of highly substituted naphtha-
lenes demonstrated in the synthesis of (£)-Naproxen.
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