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Abstract: A novel reaction starting from pyrano[3,2-c]azepines 1
and hydrazine hydrate was used for the preparation of the first de-
rivatives of pyridazino[4,3-clazepines 2. They were further oxi-
dised by thallium(I11) nitrate trihydrate (TTN) or copper(ll) acetate
hydrate (CuDA) to give aromatised fused pyridazine derivatives 5
aso containing an ester function formed from the carbohydrazide
moiety.
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2H-Pyran-2-ones and fused pyran-2-ones are important
synthons and building blocks in organic synthesis.®> 2H-
Pyran-2-ones are known to react with nitrogen containing
nucleophiles that either attack at a side chain or open the
pyran-2-onering. The opened ring may then cyclise again
to form pyridin-2(1H)-ones, pyrazolesor other rings. Syn-
thesis of pyridazine derivatives* from 2- or 6-hydroxy-
2H-pyran-2-ones was achieved decades ago by coupling
pyran-2-one derivatives with aryldiazonium salts fol-
lowed by further rearrangement of the intermediary
formed hydrazones.® Similar conversions were aso ob-
served with some fused pyran-2-ones.® However, hydra-
zine and its derivatives normally do not convert pyran-2-
ones into pyridazines; the corresponding pyridines or
pyrazoles are formed instead.”

We report here amechanistically new conversion of fused
pyran-2-one derivatives into fused pyridazines and their
further oxidation with TTN and CuDA. Initially, we stud-
ied the reaction of 3-aminopyrano[3,2-clazepine 1a’8
with hydrazine hydrate (Scheme 1). After heating an
equimolar reaction mixture of compounds l1a and hydra-
zine hydrate in ethanol for 9 h, the mixture was evaporat-
ed in vacuo to dryness; the residue was washed with a
small amount of diethyl ether and analysed by *H NMR.
The product distributionis given in the Table (run 1). The
main product in the reaction mixture, 1,4,6,7,8,9-hexa-
hydro-8,8-dimethyl-5-oxo-5H-pyridazino[ 4,3-c]azepine-

3-carboxylic acid hydrazide (2a), is the representative of
a novel heterocyclic system. However, 1,3-diaminopyri-
do[3,2-c]azepine-2,5-dione 3a is the expected’® product
in thisreaction. Aromatised fused pyridazine 4a, which is
obviously an oxidation product of 2a by air, was not iso-
lated in the pure state; its structure was determined on the
basis of aH NMR spectrum of the mixture. Sincethefor-

mation of the product 2a was unexpected and represented
a new reaction with 2H-pyran-2-one derivatives, we fo-
cused our attention on its synthesis. From the Table it is
evident that product 2a can be prepared with relatively
good yields and formation of the products 3a and espe-
cialy 4a can be reduced to a very large extent. The best
conditions for the synthesis of 2a is heating a mixture of
laand a2 molar amount of hydrazine hydrate in the pres-
ence of a catalytic amount of p-toluenesulfonic acid in
ethanal (run 6); under basic conditions the formation of
the product 3a isfavoured. These reaction conditions (run
6) were used for the synthesis of two additional represen-
tatives (2b—c) of pyridazino[4,3-c]azepines, which were
prepared from 1b—c® and hydrazine hydrate and isolated
from the reaction mixture as TL C-pure productsin 53 and
65% yields, respectively.’%!! |n these particular cases we
did not try to isolate eventual by-products.
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Table Reaction conditions and distribution of products
obtained from 1a and NoHsxH>0

Run 1a NzHsxH:O Solvent (mL); Product distr. (%)
(mmol) (mmol} React.time(h) 2a 1a 3a 4a

1 240 252 EtOH(9.6):;9 46 45 6 3

2 240 480 FEtOH(96):75 61 13 21 5

3 060 125 EtOH+EtN 54 0 32 14
4:1(5)5

4 500 1045  EtN(20:7 32 0 68 0

5 240 502 BuOH(20);7 75 10 10 &

6 060 125 EOH*(5);10 79 9 5 7

&p-Toluenesulfonic acid hydrate (11.4 mg, 0.060 mmol) was
added.
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Theformation of products 2 and 3 can be explained as out-
lined in Scheme 2. In contrast with our previous observa-
tion in the 2H-pyran-2-one series,”® nucleophilic attack of
a hydrazine molecule that occurs at the lactone carbonyl
group yields an open-ring intermediate, which is then cy-
clised by the action of the second molecule of hydrazine
and the elimination of water and ammoniato give 2. Prod-
ucts 3 could be formed by the cyclisation with the elimi-
nation of water from the first tautomeric intermediate.

24 |-M; 3
R! NHNH, O R' on O
~NHNH, &NHNH,
R | R |
\ O \ NH,

Scheme 2

In order to obtain additional information concerning the
above mechanism, reaction of la with phenylhydrazine
was performed. Unfortunately, after heating la with 2
equivaents of phenylhydrazinein an ethanolic solutionin
the presence of p-toluenesulfonic acid for 20 h, followed
by adding a new portion of phenylhydrazine (2 equiva-
lents) and heating for an additional 20 h, we isolated 40%
of the starting compound 1a. When the 3-amino group in
1 was protected by abenzoyl group, aderivative of 1-ami-
nopyrido[ 3,2-c]azepine 3 was obtained with hydrazine in
an ethanolic solution.” These results show that transfor-
mation to the fused pyridazines is very selective and re-
quires a free amino group at the position 3 in the starting
pyran-2-one derivative.

Recently, we have used TTN as an oxidant'?*" for the
cleavage of the hydrazino moiety.'? We wanted to check
its selectivity as an oxidising agent on compounds 2,
which contain two oxidizable moieties, namely, a 1,4-di-
hydropyridazine ring and a carbohydrazido group. In a
preliminary experiment, we stirred (for 2.5 h) amixture of
2a(0.68 mmoal) and TTN (1.02 mmol) in methanol. After
work-up and separation of the products, the product 5a
was isolated with a 12% yield and its dihydro derivative
6a with a 15% yield. Having obtained this result, we fo-
cused our attention on the synthesis of products 5 only.

With a 3.5 molar quantity of TTN we isolated products
5a-c with a60-72% yield.101!

R R! H
TI(NO,), x 3H,0, Nan AN
MeOH, 1hrt. _R I LR |
—_—
or Cu(OAc); x H,0, N COMe N CO,Me
MeOH, 2-17 h, r.t. H © H
5 6

R! R2 |Yields with TTN| Yields with CuDA;? react. time
al Me Me | b5a(72%) 5a (29%), 6a (21%); 135 min
bl H Me | 5b (60%) 5b (38%), 6b (13%); 17 h
c|H H 5c (62%)  |5¢ (37%), 6¢ (24%); 7.5 h

3Yields without optimisation after separation by column

chromatography.

Scheme 3

Since thallium and its compounds ar e very toxic,*> we
decided to try to perform this reaction with other less dan-
gerous oxidants. It has recently been reported that
CuDA'? could be used for the cleavage of hydrazides,
though in methanol it gave mainly free carboxylic acids,
and methyl esters were obtained only as the minor prod-
ucts.® We successfully carried out the transformation of
the hydrazino moiety into an ester and also partial aroma-
tisation of the pyridazine ring with a 7-molar amount of
CuDA in avery large volume of methanol (to avoid for-
mation of carboxylic acids) and at room temperature.
Mixtures of products 5 (main) and 6 were isolated and
separated by column chromatography (Scheme 3). The
longer the reactions continued, the higher the yields of ar-
omatised products 5 attained with each substrate.

Further broad investigations of al the described conver-
sions, including attempts with other pyran-2-onering con-
taining compounds as well as oxidation with a variety of
oxidants,* are in progress.
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Compounds 1b and 1c were prepared from 3-amino-7,8-
dihydro-2H-1-benzopyran-2,5(6H)-dione and its 7-methy!
analog® with hydrazoic acid by the known method.

General procedure for the synthesis of
pyridazino[4,3-c]azepine-3-carboxylic acid hydrazides 2a—c:
A mixture of compound 1 (1 mmol), 98% hydrazine hydrate
(2.2 mmol) and p-toluenesulfonic acid hydrate (0.1 mmol) in
absolute ethanol (4-8 mL) was refluxed for 7-9.5 h. After
cooling, the yellow crystalline substance was filtered off to
give TLC-pure 2b—c. Additional amounts of products can be
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of asmall amount of absolute ethanol and cooling. For
isolation of 2a the reaction mixture was evaporated and the
remaining residue was crystallised from BUOH/MeCN. Total
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of TLC-pure product 5a (without optimisation).
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