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Purines, pyrimidines, and related fused systems
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Oxidative amination of 3�chloro�6,8�dimethylpyrimido[4,5�c]pyridazine�5,7(6H,8H )�
dione with primary alkylamines and potassium amide in liquid ammonia gives rise to the
corresponding 4�amino derivatives as the major products. The reactions with acyclic secondary
amines are accompanied by annelation of the pyrrole moiety to the starting heterosystem to
form 1�R�3�R´�6,8�dimethylpyrrolo[2´,3´;3,4]pyrimido[4,5�c]pyridazine�7,9(6H,8H )�diones.
The reaction with piperidine as the aminating agent occurs exclusively as aminodehalogenation.
The Sonogashira cross�coupling of 4�amino�3�chloro�6,8�dimethylpyrimido[4,5�c]pyridazine�
5,7(6H,8H )�diones with terminal alkynes affords 1�R�2�R´�6,8�dimethylpyrrolo[3´,2´;3,4]pyri�
mido[4,5�c]pyridazine�7,9(6H,8H )�diones.

Key words: 3�chloro�6,8�dimethylpyrimido[4,5�c]pyridazine�5,7(6H,8H )�dione, oxida�
tive amination, 4�amino(alkylamino)�3�chloro�6,8�dimethylpyrimido[4,5�c]pyridazine�
5,7(6H,8H )�diones, 6,8�dimethylpyrrolo[2´,3´;3,4]pyrimido[4,5�c]pyridazine�7,9(6H,8H )�
diones, alkynes, metal complex catalysis, Sonogashira reaction, 6,8�dimethylpyr�
rolo[3´,2´;3,4]pyrimido[4,5�c]pyridazine�7,9(6H,8H )�diones.

Recently,2 we have demonstrated that oxidative
amination of 3�(alk�1�yn�1�yl)�6,8�dimethylpyrimi�
do[4,5�c]pyridazine�5,7(6H,8H)�diones (1) with primary
alkylamines initially affords vic�(alkylamino)alkynes 2,
which undergo spontaneous cyclization to give 6,8�di�
methylpyrrolo[3´,2´;3,4]pyrimido[4,5�c]pyridazine�
7,9(6H,8H )�diones (3) (Scheme 1). Attempts to prepare
N(1)�unsubstituted pyrroles 3 failed because compounds 1
do not react with potassium amide in liquid ammonia in
the presence of KMnO4 due apparently to insufficient
electrophilicity of the C(4) atom and too low boiling point
of the solvent.

Compounds 2 and then pyrroles 3 can also be synthe�
sized, in principle, by condensation of 4�amino�3�
chloropyridazinouracils 4 with alk�1�ynes. We expected
that this change in the order of introduction of the amino
and alkynyl residues into the pyridazinouracil molecule
would make pyrroles 3 containing the free NH group
more accessible.

We intended to prepare previously unknown
vic�chlorohetarylamines 4 by oxidative amination
of 3�chloro�6,8�dimethylpyrimido[4,5�c]pyridazine�
5,7(6H,8H )�dione (5a). It appeared that chloride 5a re�
acts with potassium amide in liquid ammonia and with

primary amines in the presence of KMnO4 or the com�
plex AgPy2MnO4 at –78—20 °C (depending on boiling
point of the amine) to give 4�amino derivatives 4a—f
in 63—80% yields (Scheme 2); the reaction time is
10—15 min. Under the same conditions, the reaction
with cyclohexylamine proceeds more slowly (24 h), is
more complicated, and gives a mixture of 3�chloro�4�
cyclohexylaminopyridazine 4g (in 30% yield), 3�cyclo�
hexylamino derivative 6a (4%), and pyrrole 7a (25%). In
the case of other primary amines (R1 = Et, Pr, or Bu), an
increase in the reaction time to 24 h also resulted in the
appearance of the corresponding 3�alkylamino deriva�
tives 6b—d (∼1%) and pyrroles 7b—d (5—7%) in the reac�
tion mixture, the yields of amines 4c,d,f remaining virtu�
ally unchanged.

The reactions of 3�chloropyridazinouracil 5a with sec�
ondary amines in the presence of an oxidant proceed dif�
ferently. For example, the reaction with piperidine affords
exclusively aminodehalogenation product 8 (Scheme 3).
Diethyl�, dipropyl�, and dibutylamines react with com�
pound 5a to form predominantly pyrroles 7b—d. The re�
action with diethylamine gives pyrrole 7b (in 43% yield)
along with enamine 9 (15%).

The structures of compounds 4 and 9 were established
based on their spectroscopic characteristics and results of
elemental analysis. The IR spectra of 4�amino deriva�* For Part 20, see Ref. 1.
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tives 4 (Table 1) have characteristic absorption bands of
two carbonyl groups (ν(C=O) 1652—1718 cm–1) and the
N—H bond (ν(N—H) 3088—3207 cm–1). The spectrum
of compound 4a shows bands corresponding to symmetri�
cal and asymmetrical N—H stretching vibrations of the
amino group (νas 3301 and νs 3407 cm–1). In the 1H NMR
spectra of compounds 4b—g, the signals for the NH pro�
ton of the alkylamino group are observed at low field at

δ 9.86—10.05. In derivative 4a, the protons of the NH2
group are magnetically nonequivalent and give two sig�
nals at δ 5.79 and 8.86, which coalesce on heating of a
solution in DMSO�d6 to 60 °C. The spectroscopic char�
acteristics of vic�chlorohetarylamines 4 are consistent with
the data for 4�amino�6,8�dimethylpyrimido[4,5�c]pyrid�
azine�5,7(6H,8H)�diones.3

In the 1H NMR spectrum of enamine 9, the signals for
protons of the vinyl group appear as two doublets at δ 7.03
and 8.46 with the spin�spin coupling constants 3Jtrans =
13.4 Hz.4 The mass spectrum has an intense molecular
ion peak at m/z 323.

Scheme 1

Scheme 2

4: X = Cl, R1 = H (a), Me (b), Et (c), Prn (d), Pri (e),
Bu (f), cyclo�C6H11 (g);
5: X = Cl (a), H (b);
6: R1 = cyclo�C6H11 (a), Et (b), Pr (c), Bu (d),
7: R1 = cyclo�C6H11, R2, R3 = —(CH2)4— (a),
R1 = Et, R2, R3 = H (b), R1 = Pr, R2 = H, R3 = Me (c),
R1 = Bu, R2 = H, R3 = Et (d)

Reagents and conditions: KNH2—NH3—KMnO4 or
R1NH2—AgPy2MnO4, –78—20 °C.

Scheme 3

7: R = H (b), Me (c), Et (d)
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Table 1. Physicochemical characteristics of 4�amino�3�chloro�6,8�dimethylpyrimido[4,5�c]pyridazine�5,7(6H,8H )�diones 4

Com� R M.p./°C 1H NMR, δ (J/Hz) IR, ν/cm–1

pound
Mе(6) Mе(8) NH R ring С=О N—H

4a H 225—228 3.42 3.73 5.79, — 1558, 1665, 3301,
(decomp.) 8.86 1612 1705 3407

4b Me 197—199 3.39 3.70 9.92 3.46 (d, 2 Н, NHMe, J = 5.9) 1518, 1652, 3181
1585 1718

4c Et 150—152 3.39 3.71 9.86 1.35 (t, 3 Н, CH2Me, J = 7.3); 1572, 1652, 3114
3.95 (m, 2 Н, CH2Me) 1599 1705

4d Prn 116—118 3.40 3.71 9.94 1.03 (t, 3 Н, CH2CH2Me, J = 7.4); 1519, 1665, 3181
1.70 (m, 2 Н, CH2CH2Me); 1585 1705
3.87 (m, 2 Н, CH2CH2Me)

4e Pri 136—138 3.39 3.71 9.95 1.34 (d, 6 Н, СHMe2, J = 6.6); 1519, 1652, 3168
4.91 (m, 1 Н, СHMe2) 1558, 1705

1585
4f Bu 80—82 3.40 3.71 9.92 0.97 (t, 3 Н, CH2(CH2)2Me, J = 7.3); 1518, 1665, 3207

1.46 (m, 2 Н, (CH2)2CH2Me); 1585 1705
1.69 (m, 2 Н, CH2CH2C2H5);
3.90 (m, 2 Н, CH2C3H7)

4g cyclo�C6H11 178—180 3.40 3.71 10.05 1.36 (m, 6 H); 1.77, 2.06 (both m, 2 H each); 1518, 1678, 3088
4.55 (m, 1 H) 1558, 1718

1611

The structures of compounds 6—8 were confirmed by
comparing with samples of these compounds prepared
earlier.3,5—7

It should be noted that the reactivity of 3�chloro de�
rivative 5a toward amines is similar to that of 6,8�dimethyl�
pyrimido[4,5�c]pyridazine�5,7(6H,8H )�dione (5b).3,5,6

Both molecules possess the properties of bifunctional
electrophiles and are subjected to the nucleophilic attack
both at the C(3) and C(4) atoms, the attack at position 4
prevailing in their reactions with nucleophiles due to
higher π�deficiency of this position and higher stability of
the corresponding σ complex.3

The results of our study elucidate particular details of
the mechanism of formation of pyrroles 7 from pyridazino�
uracils 5a,b and dialkylamines (Scheme 4). Thus, the ear�
lier assumption that the reaction involves imines 10, which
are generated in situ from dialkylamines,5 was experimen�
tally confirmed. However, the question as to which of two
atoms, C(3) or C(4), in molecule 5b is subjected to the
primary nucleophilic attack remained open. The forma�
tion of enamine 9 in the reaction of chloride 5a with
diethylamine indicates that heterocyclization starts with
the attack on position 4 and follows the path a. The addi�
tion of diethylamine at the C=N bond of intermediate 11
giving rise to gem�diamine 12 followed by elimination of
ethylamine from the latter affords enamine 9.

Annelation of the pyrrole moiety in the reactions of
compound 5a with primary amines can be represented by
analogous Scheme 5.

Another important aspect of oxidative amination of
chloride 5a is that it is accompanied by the competitive

nucleophilic substitution of the Cl and H atoms. An analo�
gous competition between SN

ipso and SN
H reactions and

even complete predominance of the latter is known for
2�chloropteridine,8 3�bromo�4�dimethylaminopyridine,9

4�bromo�1�methyl�2�nitroimidazole,10 bromonaphthyri�
dines,11 etc.12 The isomer of compound 5a, viz., 6�chloro�
1,3�dimethyllumazine, also exhibits dual reactivity with
respect to primary alkylamines.13 In both cases, the rea�
son is the lower π�deficiency of the C atom bearing the Cl
substituent and higher stability of the σ complex corre�
sponding to the addition of a nucleophile to the un�
substituted C atom (the C(4) atom in molecule 5a and the
C(7) atom in 6�chloro�1,3�dimethyllumazine).

We found that under conditions of the Sonogashira
reaction, 4�amino�3�chloropyridazinouracils 4a reacts
with phenylacetylene to give a complex mixture of prod�
ucts in 1 h, from which only pyrrole 3a was isolated in
21% yield. The reaction of 4�propylamino derivative 4d
with phenylacetylene proceeds more selectively, but its
result depends on the reaction time. Judging from the
TLC data, the starting compound disappeared already
after 30 min, but the reaction afforded a mixture of
vic�aminohetarylacetylene 2b and pyrrole 3b in a ratio of
7 : 1 (according to the NMR spectroscopic data) in a total
yield of 72%. An increase in the reaction time to 5 h led to
the formation of pyrrole 3b as the only product (84%)
(Scheme 6).

Pyrrole 3b is identical to a sample prepared earlier.2

Its structure was confirmed by X�ray diffraction analysis
(Fig. 1). The IR spectrum of compound 3a has a narrow
ν(N—H) band at 3380 cm–1. In the 1H NMR spectrum, a
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Scheme 4

Scheme 5
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signal for the proton of the NH group appears as a broad�
ened singlet at δ 10.00.

Therefore, compounds 4 can serve as the starting mate�
rial in the synthesis of 6,8�dimethylpyrrolo[3´,2´;3,4]pyri�
mido[4,5�c]pyridazine�7,9(6H,8H )�diones, including
those unsubstituted at the N(1)—H group.

Experimental

The IR spectra were recorded on a Specord IR�71 instru�
ment in Nujol mulls. The 1H NMR spectra were measured on a
Bruker�250 spectrometer (250 MHz, solutions in CDCl3). The
mass spectra were obtained on an MX�1321A spectrometer.
Chromatography was carried out on Al2O3 (Brockmann activ�
ity III—IV) using chloroform as the eluent; visualization was
performed with iodine vapor. Melting points were measured in
glass capillaries and are uncorrected.

The physicochemical characteristics of compounds 4 are
given in Table 1. The results of elemental analysis are listed in
Table 2.

4�Amino�3�chloro�6,8�dimethylpyrimido[4,5�c]pyridazine�
5,7(6H,8H )�dione (4a). Metallic potassium (0.06 g, 1.6 mmol)
was dissolved in liquid ammonia (35 mL) at –70 °C. 3�Chloro�
6,8�dimethylpyrimido[4,5�c]pyridazine�5,7(6H,8H )�dione14

(5a) (227 mg, 1 mmol) was added to the resulting solution of
potassium amide. The reaction mixture was stirred for 10 min,
KMnO4 (0.35 g, 2.2 mmol) was added, and cooling was discon�
tinued. After 10 min, ammonium sulfate (0.3 g) was added to the
reaction mixture (to decompose unconsumed KNH2) and the
mixture was concentrated to dryness. The residue was extracted
with CHCl3 in a Soxlet apparatus. The extract was concentrated
to dryness and the residue was recrystallized from PriOH to give
compound 4a in a yield of 192 mg (79%) as colorless crystals.

3�Chloro�6,8�dimethyl�4�methylaminopyrimido[4,5�c]pyrid�
azine�5,7(6H,8H )�dione (4b). A solution of compound 5a (0.4 g,
1.8 mmol) in methylamine (40 mL) was stirred at a temperature
from –65 to –55 °C for 10 min and then KMnO4 (0.28 g,
1.8 mmol) was added. The reaction mixture was stirred at the

Scheme 6

3: R1 = H, R2 = Ph (a); R1 = Pr, R2 = Ph (b)

Reagents and conditions: Pd2(dba)3—PPh3, K2CO3, CuI, DMF,
90—100 °C, Ar.

Table 2. Results of elemental analysis of the compounds synthe�
sized

Com� Found         (%) Molecular
pound Calculated formula

C H Cl N

3a 62.73 4.04 — 22.68 C16H13N5O2
62.54 4.23 22.80

4a 39.56 3.38 14.86 29.13 C8H8ClN5O2
39.75 3.51 14.70 28.99

4b 42.44 4.17 14.02 27.51 C9H10ClN5O2
42.27 3.91 13.90 27.40

4c 44.68 4.59 13.28 26.04 C10H12ClN5O2
44.53 4.45 13.17 25.97

4d 46.69 5.08 12.66 24.76 C11H14ClN5O2
46.56 4.94 12.52 24.69

4e 46.38 5.12 12.37 24.53 C11H14ClN5O2
46.56 4.94 12.52 24.69

4f 48.25 5.33 11.77 23.71 C12H16ClN5O2
48.40 5.38 11.93 23.53

4g 52.06 5.72 10.84 21.76 C14H18ClN5O2
51.93 5.56 10.97 21.67

6d 54.66 6.29 — 26.80 C12H17N5O2
54.75 6.46 26.62

9 51.85 5.61 11.16 21.49 C14H18ClN5O2
51.93 5.56 10.97 21.67

Fig. 1. Molecular structure of 6,8�dimethyl�2�phenyl�1�propyl�
pyrrolo[3´,2´;3,4]pyrimido[4,5�c]pyridazine�7,9(6H,8H )�dione
3b (the crystallographic numbering of atoms is given).
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same temperature for 15 min and concentrated to dryness. The
residue was worked up as described above and compound 4b was
obtained in a yield of 298 mg (66%) as colorless crystals.

3�Chloro�4�ethylamino�6,8�dimethylpyrimido[4,5�c]pyrid�
azine�5,7(6H,8H)�dione (4c). A. Compound 4c was prepared
analogously to 4b from compound 5a (0.4 g, 1.8 mmol),
ethylamine (40 mL), and AgPy2MnO4 (0.28 g, 1.8 mmol) at a
temperature from –5 to 0 °C. The yield was 267 mg (55%).

B. A mixture of compound 5a (0.4 g, 1.8 mmol) and
AgPy2MnO4 (0.28 g, 1.8 mmol) in ethylamine (40 mL) was
stirred at a temperature from –5 to 0 °C for 24 h and concen�
trated to dryness. The residue was extracted with boiling CHCl3
(40 mL). The extract was concentrated to ~5 mL and chromato�
graphed on a column (1.5×50 cm) with Al2O3 in CHCl3. 3�Ethyl�
6,8�dimethylpyrrolo[2´,3´;3,4]pyrimido[4,5�c]pyridazine�
7,9(6H,8H )�dione (7b) was isolated from the first yellow frac�
tion with Rf 0.6 in a yield of 23 mg (5%) as bright�yellow needles,
m.p. 225—227 °C (cf. lit. data5). Compound 4c was isolated
from the colorless fraction with Rf 0.45 in a yield of 281 mg
(58%) as colorless crystals (after recrystallization from PriOH).
3�Ethylamino�6,8�dimethylpyrimido[4,5�c]pyridazine�
5,7(6H,8H )�dione (6b) was isolated from the yellow fraction
with Rf 0.2 in a yield of 4 mg (1%) as yellow crystals (after
recrystallization from PriOH), m.p. 211—213 °C (cf. lit. data6).

3�Chloro�6,8�dimethyl�4�propylaminopyrimido[4,5�c]pyrid�
azine�5,7(6H,8H )�dione (4d). A. A solution of compound 5a
(227 mg, 1 mmol) in propylamine (40 mL) was stirred at 20 °C
for 15 min and then AgPy2MnO4 (385 mg, 1 mmol) was added.
The reaction mixture was stirred at 20 °C for 15 min and con�
centrated to dryness. The residue was extracted with CHCl3
(30 mL) and the extract was concentrated to ~5 mL and
chromatographed on a column with Al2O3 in CHCl3. A color�
less fraction with Rf 0.55 was collected. The product was recrys�
tallized from PriOH. Compound 4d was obtained in a yield of
218 mg (77%) as colorless crystals.

B. The reaction was carried out analogously to the method A
but the reaction mixture was kept at 20 °C for 24 h and concen�
trated to dryness. The residue was extracted with CHCl3 (30 mL).
Three fractions were isolated on a column (1.5×50 cm)
with Al2O3 in CHCl3. 1,6,8�Trimethyl�3�propylpyrro�
lo[2´,3´;3,4]pyrimido[4,5�c]pyridazine�7,9(6H,8H )�dione (7c)
was isolated from the yellow fraction with Rf 0.65 in a yield of
20 mg (7%) as bright�yellow needles, m.p. 174—175 °C (cf. lit.
data5). Compound 4d was isolated from the colorless fraction
with Rf 0.55 in a yield of 207 mg (73%) as colorless crystals (after
recrystallization from PriOH). 6,8�Dimethyl�3�propylamino�
pyrimido[4,5�c]pyridazine�5,7(6H,8H )�dione (6c) was isolated
from the yellow fraction with Rf 0.26 in a yield of 3 mg (1%) as
yellow crystals (after recrystallization from PriOH), m.p.
161—162 °C (cf. lit. data6).

3 � C h l o r o � 4 � i s o p r o p y l a m i n o � 6 , 8 � d i m e t h y l p y r i m i �
do[4,5�c]pyridazine�5,7(6H,8H )�dione (4e) was prepared analo�
gously to 4d (method A) from compound 5 (0.5 g, 2.2 mmol),
isopropylamine (70 mL), and AgPy2MnO4 (0.83 g, 2.2 mmol).
The yield was 495 mg (80%).

4�Butylamino�3�chloro�6,8�dimethylpyrimido[4,5�c]pyrid�
azine�5,7(6H,8H )�dione (4f). A. Compound 4f was prepared
analogously to 4d from compound 5a (227 mg, 1 mmol), butyl�
amine (40 mL), and AgPy2MnO4 (385 mg, 1 mmol). The
product was recrystallized from MeOH. The yield was
192 mg (64%).

B. A mixture of compound 5 (227 mg, 1 mmol), butylamine
(40 mL), and AgPy2MnO4 (385 mg, 1 mmol) was kept at ~20 °C
for 24 h and concentrated to dryness. After extraction with CHCl3
and chromatography on a column with Al2O3 in CHCl3, three
fractions were collected. 3�Butyl�1�ethyl�6,8�dimethylpyr�
rolo[2´,3´;3,4]pyrimido[4,5�c]pyridazine�7,9(6H,8H )�dione
(7d) was isolated from the first yellow fraction with Rf 0.7 in a
yield of 19 mg (6%) as bright�yellow needles, m.p. 118—119 °C
(cf. lit. data5). Compound 4f was isolated from the colorless
fraction with Rf 0.60 in a yield of 178 mg (60%) as colorless
crystals (after recrystallization from PriOH). 3�Butylamino�6,8�
dimethylpyrimido[4,5�c]pyridazine�5,7(6H,8H )�dione (6d) was
isolated from the yellow fraction with Rf 0.25 in a yield of 3 mg
(1%) as yellow crystals (after recrystallization from PriOH),
m.p. 148—150 °C. IR, ν/cm–1: 3329 (N—H); 1712, 1670 (C=O).
1H NMR, δ: 0.95 (t, 6 H, (CH2)3Me, J = 7.3 Hz); 1.43 (m, 2 H,
(CH2)2CH2Me); 1.66 (m, 2 H, CH2CH2CH2Me); 3.43 (m,
2 H, CH2CH2CH2Me); 3.46 (s, 3 H, N(6)Me); 3.77 (s, 3 H,
N(8)Me); 4.87 (m, 1 H, NH); 7.31 (s, 1 H, H(4)).

Reaction of 3�chloro�6,8�dimethylpyrimido[4,5�c]pyridazine�
5,7(6H,8H )�dione 5a with cyclohexylamine and an oxidant. A so�
lution of compound 5a (227 mg, 1 mmol) in cyclohexylamine
(40 mL) was stirred at 20 °C for 15 min and then AgPy2MnO4
(385 mg, 1 mmol) was added. The reaction mixture was stirred at
20 °C for 24 h and concentrated to dryness. After extraction with
CHCl3 and chromatography on a column with Al2O3 in CHCl3,
three fractions were collected. 3�Cyclohexyl�6,8�dimethyl�1,2�
tetramethylenepyrrolo[2´,3´;3,4]pyrimido[4,5�c]pyridazine�
7,9(6H,8H )�dione (7a) was isolated from the yellow fraction
with Rf 0.70 in a yield of 92 mg (25%) as yellow crystals (after
recrystallization from PriOH), m.p. 222—225 °C (cf. lit. data7).
Compound 4g was isolated from the colorless fraction with
Rf 0.50 in a yield of 97 mg (30%) as colorless crystals (after
recrystallization from PriOH). Compound 6a was isolated from
the yellow fraction with Rf 0.30 in a yield of 12 mg (4%) as
yellow crystals (after recrystallization from PriOH), m.p.
210—211 °C (cf. lit. data6).

6,8�Dimethyl�3�piperidinopyrimido[4,5�c]pyridazine�
5,7(6H,8H )�dione (8). A solution of compound 5a (227 mg,
1 mmol) in piperidine (25 mL) was stirred at 20 °C for 15 min
and then AgPy2MnO4 (385 mg, 1 mmol) was added. The reac�
tion mixture was stirred at 20 °C for 24 h and concentrated to
dryness. After extraction with hot CHCl3, chromatography on a
column with Al2O3 in CHCl3, and recrystallization from PriOH,
compound 8 was obtained in a yield of 194 mg (68%) as bright�
yellow crystals, m.p. 154—156 °C (cf. lit. data3).

Reaction of compound 5a with diethylamine and an oxidant.
A solution of compound 5a (227 mg, 1 mmol) in diethylamine
(50 mL) was stirred at 20 °C for 15 min and then AgPy2MnO4
(385 mg, 1 mmol) was added. The reaction mixture was stirred
at 20 °C for 2 weeks and concentrated to dryness. After extrac�
tion with CHCl3 and chromatography on a column with Al2O3
in CHCl3, two fractions were collected. 3�Ethyl�6,8�dimethyl�
pyrrolo[2´,3´;3,4]pyrimido[4,5�c]pyridazine�7,9(6H,8H )�dione
(7b) was isolated from the first yellow fraction with Rf 0.6 in a
yield of 111 mg (43%) as bright�yellow needles (after recrystalli�
zation from PriOH), m.p. 225—227 °C (cf. lit. data5). Com�
pound 9 was isolated from the orange fraction with Rf 0.30 in a
yield of 24 mg (15%) as orange crystals (after recrystallization
from PriOH), m.p. 135—137 °C. IR, ν/cm–1: 1705, 1652 (C=O).
1H NMR, δ: 1.31 (t, 6 H, N(CH2Me)2, J = 7.3 Hz); 3.40 (s, 3 H,
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N(6)Me); 3.46 (q, 4 H, N(CH2Me)2, J = 7.3 Hz); 3.72 (s, 3 H,
N(8)Me); 7.03 and 8.46 (both d, 1 H each, CH, J = 13.4 Hz).
MS, m/z (Irel (%), peaks with I < 10% are omitted): 324 [M + 1]+

(15), 323 [M]+ (88), 308 [M – Me]+ (10), 288 [M – Cl]+ (33),
266 (11), 253 (73), 251 [M – NEt2]+ (89), 240 (11), 84 (100), 71
(23), 70 (20), 56 (55), 42 (10).

1,6,8�Trimethyl�3�propylpyrrolo[2´,3´;3,4]pyrimi�
do[4,5�c]pyridazine�7,9(6H,8H )�dione (7c). A solution of com�
pound 5a (227 mg, 1 mmol) in dipropylamine (30 mL) was
stirred at 20 °C for 15 min and then AgPy2MnO4 (385 mg,
1 mmol) was added. The reaction mixture was stirred at 20 °C
for 2 weeks and worked up as described above. After recrystalli�
zation from PriOH, compound 7c was obtained in a yield
of 201 mg (71%) (Rf 0.65) as bright�yellow needles, m.p.
174—175 °C (cf. lit. data5).

3�Butyl�1�ethyl�6,8�dimethylpyrrolo[2´,3´;3,4]pyrimi�
do[4,5�c]pyridazine�7,9(6H,8H )�dione (7d) was prepared analo�
gously to 7c, Rf 0.7, the yield was 155 mg (50%), bright�yellow
needles, m.p. 118—119 °C (cf. lit. data5).

Synthesis of 1�R�2�R1�6,8�dimethylpyrrolo[3´,2´;3,4]pyri�
mido[4,5�c]pyridazine�7,9(6H,8H )�diones (3a,b) (general pro�
cedure). A mixture of compound 4 (1 mmol), alkyne (1.5 mmol),
K2CO3 (210 mg, 1.5 mmol), Pd2dba3 (18 mg, 0.02 mmol), PPh3
(42 mg, 0.16 mmol), and CuI (10 mg, 0.05 mmol) in anhydrous
DMF (3 mL) was stirred at 90—100 °C for 5 h under argon and
concentrated to dryness. The residue was extracted with CHCl3.
The extract was concentrated to ~5 mL, chromatographed on a
column with Al2O3, and eluted with CHCl3. A pale�yellow frac�
tion with Rf ~0.1—0.4 was collected. The product was recrystal�
lized from MeOH. Compounds 3a and 3b were obtained in 21
and 84% yields, respectively.

Compound 3a, cream�colored crystals, m.p. 272—274 °C.
IR, ν/cm–1: 3380 (N—H); 1713, 1687 (C=O). 1H NMR, δ: 3.54
(s, 3 H, N(8)Me); 3.98 (s, 3 H, N(6)Me); 7.00 (s, 1 H, H(3));
7.46—7.76 (m, 5 H, Ph); 10.00 (br.s, 1 H, NH).

Compound 3b, pale�yellow crystals, m.p. 175—178 °C
(cf. lit. data2).

This study was financially supported by the Russian
Foundation for Basic Research (Project No. 01�03�
32338).
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