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Abstract

Oxidative alkylamination of azinones is a promising method for the preparation of a great variety of alkylaminoazinones. Treatment of 6,8-
dimethyl-2-R-pyrimido[4,5-c]pyridazin-3,5,7(2H,6H,8H )-triones 7, 1,3-dimethyl-5-R-pteridin-2,4,6(1H,3H,6H )-triones 8 and 1,3,6-trimethyl-
pyrimido[4,5-d]pyrimidin-2,4,7(1H,3H,6H )-trione 9 with alkylamine/AgPy2MnO4 or alkylamine/KMnO4 has been shown to produce their
4-, 7- and 5-alkylamino derivatives, respectively, in good yields. While 1-methylquinoxalin-2(1H )-one 10 is smoothly alkylaminated under
the above conditions giving 3-alkylamino derivatives, quinoxaline itself does not take part in this reaction. Factors influencing oxidative alkyl-
amination of azinones and a regioselectivity of the process are discussed.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Aminoazinones are compounds of a great biological impor-
tance. Two of them, cytosine 1 and guanine 2, are the com-
monest known nitrogen bases of the nucleic acids (Fig. 1).
Many others display a wide range of pharmacological activi-
ties.1aec,2,3a,4a,b Some aminoazinones are already introduced in
medicine practice. The most famous among them are the anti-
virus drug acyclovir 3, immunomodulatory agent bropirimine
4, used in the treatment of AIDS, lamivudine 5 and zalcitabine
6.5 The key properties of aminoazinones, such as their acide
base character, ability to self-organization via hydrogen bind-
ing and metal ions complexation, originate from the presence
of the amide functionality and an external amino group in their
structure.

All known synthetic methods for amino- and alkylamino-
azinones may be divided into two major groups: (i) formation
of the hetero-ring carrying an amino or alkylamino substituent
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Figure 1. Cytosine (1), guanine (2), acyclovir (3), bropirimine (4), lamivudine (5) and zalcitabine (6).
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by a heterocyclization reaction, and (ii) functionalization of
already existing azinones via nucleophilic aromatic substitution
of a halo, alkylthio, cyano or some other leaving groups.1e5 The
majority of these methods are rather time-consuming and not
very selective. Therefore, development of efficient synthetic
protocols for the preparation of aminoazinones remains a chal-
lenging problem.

Herein, for the first time we report the preparation of alkyl-
aminoazinones by the direct oxidative alkylamination of
azinones using an alkylamine/oxidant system. Uracil-fused
diazinones 7e9 and quinoxalinone 10 were employed as the
substrates (Fig. 2). A theoretical approach to some peculiari-
ties of the reaction is also discussed.

2. Results and discussion

2.1. Oxidative alkylamination

The idea behind this work has primarily arisen from an acci-
dental observation. Following successful oxidative amination
and alkylamination of pyridazinouracils 11a and 11b6 we ex-
pected that treatment of triflate 11c with butylamine in the
presence of AgPy2MnO4 should give aminotriflate 12. Instead,
4-butylaminopyridazinone 13d was isolated in 72% yield as
a single product (Scheme 1). A priori, the formation of 13d
could originate either from hydrolysis of the triflate group in
the target product 12 (pathway ‘a’) or from initial hydrolysis
of the starting compound 11c with subsequent oxidative alkyla-
mination of thus formed pyridazinone 7a (pathway ‘b’). At first
glance, the latter possibility looked less probable since: (1)
addition of a nucleophile to the C(3)]O group of 7a could
not be excluded and (2) pyridazinone 7a, being NH-acid, might
be converted by alkylamine into an anion inert to further
nucleophilic attack. Nevertheless, we proved that the reaction
can proceed via pathway ‘b’.

It was found that 6,8-dimethylpyrimido[4,5-c]pyridazin-
3,5,7(2H,6H,8H )-trione 7a being treated with an excess of
primary alkylamines in the presence of an oxidant (KMnO4 or
AgPy2MnO4) affords 4-alkylamino derivatives 13aef in mod-
erate to good yields (Table 1). Though potassium permanganate
is the most commonly used oxidant for the oxidative amina-
tion,7 its drawback is a lowered solubility in alkylamines. To
overcome this difficulty, we recently offered for this purpose,
a more soluble complex oxidant AgPy2MnO4.8 As seen from
Table 1, the latter provides higher yields of aminoazinones
and shorter reaction time comparing with KMnO4. Reaction
of 7a with benzylamine is especially noteworthy. When carried

Table 1

Oxidative alkylamination of pyridazinone 7a

N
NH

O

7a

N
NH
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Me

Me
13a-g

N

N

N

O

O

Me

Me

RNH2

[O]
4

H R

5

Alkylamine Product AgPy2MnO4

(1.2 equiv, rt, 2e2.5 h)

KMnO4

(2 equiv, rt, overnight)

Yield % Yield %

EtNH2 13a 68a 54a

PrNH2 13b 64 52

i-PrNH2 13c 57 47

BuNH2 13d 68 64

t-BuNH2 13e 67 56

cyclo-C6H11NH2 13f 42 23

PhCH2NH2 13g 46 Trace

a Reaction was carried out at �3 to 0 �C.
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out with KMnO4, the oxidation of alkylamine takes place,
whereas the use of AgPy2MnO4 gives 4-benzylaminopyridazi-
none 13g in 46% yield.

Reaction of pyridazinone 7a with secondary amines (piper-
idine and morpholine) and AgPy2MnO4 proceeds exclusively
at position 3 (Scheme 2). The corresponding 3-alkylaminopyri-
dazines 14a and 14b6a were isolated in 13e15% yields as the
sole reaction product. Apparently, in this case the oxidant does
not participate in the process, which develops as a nucleophilic
addition to the carbonyl group, with loss of water. We observed
a similar difference in the regioselectivity depending on the al-
kylamine nature in the oxidative alkylamination of 11a and
11b.6a,c

Then we found that isomeric 1,3-dimethylpteridin-2,4,6-
(1H,3H,5H )-trione 8a also enters oxidative alkylamination
with results summarized in Table 2. There are some peculiar-
ities in the behaviour of both diazinones. At first, reactions of
pyrazinone 8a with primary and secondary alkylamines, unlike
7a, proceed in the same direction to produce 7-alkylamino de-
rivatives 15aei. The second difference deals with work-up of
the reaction mixture. Upon amination of 8a with alkylamine/
KMnO4 the reaction product is usually separated as the potas-
sium salt and, therefore, further acidification is needed. We
were unable to isolate any product of alkylamination of 8a
with propylamine or tert-butylamine using AgPy2MnO4,
though full conversion of the starting material took place.

Table 2

Oxidative alkylamination of pyrazinone 8a

N

H
N O

N

N

O

O

Me

Me
N

H
N O

8a

NR1R2

N

N

O

O

Me

Me

HNR1R2

[O]

15a-i

7

Alkylamine Product AgPy2MnO4

(1.2 equiv, rt, 3.5e4 h)

KMnO4

(2 equiv, rt, overnight)

Yield % Yield %

EtNH2 15a 59a 42a

PrNH2 15b b 54

i-PrNH2 15c 71 50

BuNH2 15d 68 52

t-BuNH2 15e b 45

cyclo-C6H11NH2 15f 43 23

Piperidine 15g 51 40

Morpholine 15h 57 41

Et2NH 15i 28 Trace

a Reaction was carried out at �3 to 0 �C.
b No product was isolated.
A possible reason of this seems to be a formation of insoluble
silver salts of the desired aminoazinones 15b and 15e.

2.2. Factors influencing oxidative alkylamination
of azinones

An intriguing question is whether the azinones 7a and 8a
react with amines as one of two possible tautomeric forms
(lactam or lactim) or as the anion. To shed light on this, we
have prepared and examined fixed derivatives of each tautomer
7b, 8b, 16 and 17 (Scheme 3). It was proved that methoxy-
azines 16 and 17 are inert towards alkylamines, whereas iso-
meric N-methylazinones 7b and 8b are smoothly converted
into alkylamino derivatives 18 (31e36%) and 19 (55e56%)
after 2e2.5 h stirring with the alkylamine/AgPy2MnO4 system
at room temperature. These experiments clearly demonstrate
that azinones 7a and 8a react with alkylamines in the neutral
lactam form.
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The next point for consideration is concerned with the role
of the amide carbonyl group in this process. Mechanistically,
an oxidative alkylamination consists of sH-adduct formation
followed by oxidative aromatization (Scheme 4).7 It is well
known that incorporation of a carbonyl group into an azine
ring considerably decreases the aromaticity of the latter.9 As
a consequence, addition of a nucleophile and, thus, sH-adduct
formation is facilitated.
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This can be illustrated by the comparative behaviour of
quinoxaline and 1-methylquinoxalin-2(1H )-one 10. We have
found that quinoxaline does not enter alkylamination whereas
quinoxalinone 10 reacts with primary and secondary alkyl-
amines in the presence of an oxidant to yield 3-alkylamino
derivatives 20aeh (Table 3).

Noteworthy, alkylamination of 10 proceeds slower than that
of substrates 7 and 8. This reduced reactivity can be attributed
to the lower p-deficiency of the reaction site of 10. Unlike 10,
the reacting carbon atom of 7 and 8 is conjugated with the
uracil carbonyl group C(5)]O and C(4)]O, respectively. In-
terestingly, isomeric pyrimidinone 9, where the reaction centre
is activated by the C(4)]O and C(7)]O groups at once, is
also able to interact with butylamine/AgPy2MnO4 producing
5-butylamino derivative 21 (Scheme 5). This is the reason
why alkylamination proceeds even at sterically hindered
position 5.
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Apparently, the presence of the aza group adjacent to (or
conjugated with) the reaction site is another essential factor

Table 3

Oxidative alkylamination of quinoxalinone 10

N

N O

N

N O

10

NR1R2

HNR1R2

[O]

20a-i

Me Me

3

Alkylamine Product AgPy2MnO4

(1.2 equiv, rt, 6 h)

KMnO4

(2 equiv, rt, overnight)

Yield % Yield %

MeNH2 20a d 25a

EtNH2 20b 68b 43b

PrNH2 20c 61 44

i-PrNH2 20d 64 42

BuNH2 20e 66 48

cyclo-C6H11NH2 20f 54c 15

Piperidine 20g 48c Trace

Morpholine 20h 45c Trace

Et2NH 20i 0 0

a Reaction was carried out at �40 to �30 �C.
b Reaction was carried out at �3 to 0 �C.
c Reaction was carried out using AgPy2MnO4/alkylamine/THF.
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contributing to the reactivity of azinones. Indeed, unlike 1-
methylquinoxalin-2(1H )-one 10, 1-methylquinoline-2(1H )-
one as we have shown does not enter oxidative alkylamination.

The experimental data in Tables 1e3 show that for all stud-
ied azinones (with exception of 9) alkylamination occurs at the
position a to the amide carbonyl. This is a rather rare type of
reactivity for azinones.10 Nucleophilic attack on the carbonyl
carbon atom or carbon atom b to the carbonyl group is more
characteristic for these substrates.9 For example, 2- and 4-pyri-
dones both undergo the Chichibabin reaction to give the 6- and
2-amino derivatives, respectively.11 In order to rationalize our
observations DFT calculations on the B3LYP/6-31G** level of
theory using the Gaussian 03 program complex12 have been
performed. At first we tried to explain the regioselectivity of
the oxidative alkylamination of azinones 7e10 by calculating
and analyzing the global and local electrophilicity indices u

and uk
13 for preliminary optimized structures. The obtained

results are given in Figure 3. It can be clearly seen that for all
tested azinones 7, 8 and 10 the largest uk value corresponds
to the carbon atom a to the carbonyl group. Note, the local elec-
trophilicity at this atom of 7 and 8 is at least twice the value of
uk for other electrophilic sites of the molecule. This picture is in
complete agreement with the total regioselectivity of alkylami-
nation of these substrates observed experimentally. In the case
of pyrimidinone 9 the maximum of uk corresponds to the C(5)
atom, which is indeed the reaction site.

Parameter of the global electrophilicity u reflects a relative
activity of the studied azinones towards alkylamination (sub-
strate selectivity). The global electrophilicity value of pyridazi-
none 7 is the largest in the series. The presence of a uracil ring in
the substrates 7, 8 and 9 is responsible, obviously, for their
higher electrophilicity as compared to quinoxalinone 10. Re-
ducing the u value for 10 agrees with its less reactivity. Though
the global electrophilicity of unreactive quinoxaline 22 is some-
what larger than that for quinoxalinone 10, the value of uk for
the latter is twice the largest local electrophilicity of 22.

For a deeper insight into the regiochemistry of the alkylami-
nation reaction we also carried out the theoretical analysis for
the s-adducts of azinones 7e10 with methylamine differing
by the addition place. The relative energies Erel (in kcal/mol),
obtained by comparing the calculated total energies of the start-
ing materials and s-adducts, are summarized in Figure 4. All
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s-adducts under consideration correspond to minima on the po-
tential energy surface. As one can see in all cases formation of
the methylamino-sH-adduct via nucleophilic attack on the car-
bon atom a to the carbonyl group (or conjugated with the latter
as in the case of 9) is exothermic. The methylamino-sH-adduct
of pyridazinone 8 is 10e11 kcal/mol more stable than those for
other substrates. This exceptionally high value is likely caused
by the stabilization of the above adduct by intramolecular
hydrogen bonding between the methylamino and C(5)]O
groups. In none of the other cases such stabilization has been
obtained. In contrast, addition of methylamine to the carbonyl
carbon atom of azinones 7e10 is strongly unprofitable, appar-
ently, due to considerable energy loss at disruption of the amide
resonance in the corresponding adducts.

2.3. Structure of alkylaminoazinones

The structural assignment for alkylaminoazinones, apart
from elemental analysis, was based on the following evi-
dences. The mass spectra of all samples show the correspond-
ing molecular ion of a high intensity. Like the parent azinones
7a and 8a, alkylaminoazinones 13 and 15 exist in the lactam
form. Thus, the UV spectra of 13 and 15 are similar to that
of N-methylated compounds 18 and 19 (Table 4).

The 1H NMR and IR spectra confirm this conclusion. In the
IR spectra of the uracil-fused aminoazinones 13 and 15 there
are three intensive bands in the 1630e1720 cm�1 region as-
signed to the carbonyl stretching vibration and two bands in the
NeH stretching region (3130e3330 cm�1). The amide proton
N(2)eH of alkylaminopyridazinones 13 reveals itself as a
broad singlet at 9.6e10.3 ppm. For these compounds as well
as for 18, the chemical shift of the NH-proton of the alkyla-
mino group is from 10.2 to 10.6 ppm. Obviously, this high
d value arises from the intramolecular hydrogen bonding be-
tween this proton and the C(5)]O carbonyl group. Notewor-
thy, the a-CH2 (or a-CH) protons of 13 and 18 experience
a strong deshielding influence of the adjacent C(3)]O group
that brings their chemical shifts to d 4.0e5.4 ppm. Alkylami-
nopyrazinones 15 and 19, evidently, are not chelated because

Table 4

Selected UV spectral data of alkylaminoazinones (CHCl3)

Compound lmax, nm (log 3) Compound lmax, nm (log 3)

13d 303 (3.66) 18b 305 (3.72)

315 (3.62) 315 (3.69)

360 (3.91) 362 (3.88)

376 (3.93) 376 (3.93)

397 sh (3.71) 396 sh (3.74)

15d 261 (4.23) 19b 258 (4.08)

296 (3.87) 291 (3.65)

358 (4.23) 351 (4.13)

372 (4.27) 367 (4.17)

390 (4.08) 390 (3.90)
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observed d values for the NH-protons of their alkylamino
groups are significantly lower (7.1e7.8 ppm) than those for
13 and 18. Interestingly, the a-CH2 and a0-CH2 protons of
7-piperidino, 7-morpholino and 7-diethylamino substituents of
15g, 15h and 15i are non-equivalent and reveal themselves as
two different signals at 3.7e4.0 and 4.2e4.7 ppm. This seems
to be a reflection of the restricted rotation around C(7)eN(exo)
bond caused by the strong conjugation of the 7-alkylamino
group and the C(4)]O fragment. Compound 21 displays the
lowest d value of the NH-proton (5.4 ppm). In this case forma-
tion of the intramolecular hydrogen bond similar to that of 13
and 18 is sterically hindered.

As expected, alkylaminoquinoxalinones 20 show one char-
acteristic band of the C]O group (1650e1670 cm�1) and one
band in the 3310e3350 cm�1 region arisen from the absorp-
tion of NeH bond. A 0.6e0.8 ppm upfield shift of the
NH-protons of the alkylamino groups in these compounds
comparing with this of 20 reflects a slight fusion ring effect.

3. Conclusions

In summary, a simple and convenient synthetic route to alkyl-
aminodiazinones via oxidative alkylamination of diazinones
using alkylamine/KMnO4 or (better) alkylamine/AgPy2MnO4

system has been developed. The reaction proceeds as a nucleo-
philic aromatic substitution of hydrogen at the a position to the
amide carbonyl group of azinone. This is an example of a very
rare reaction type in the azinone series. Both NH-unsubstituted
and N-methylated diazinones undergo oxidative alkylamination
whereas methoxyazines are unreactive. This evidences that
NH-azinones enter the reaction in tautomeric lactam form. A
role of the amide carbonyl group consists in the lowering of
the ring aromaticity that promotes formation of the sH-adduct.
Another essential structural factor is the presence of the aza
group in the substrate molecule that additionally facilitates
nucleophilic addition. Further studies on the scope and mecha-
nistic aspects of the reaction are underway.

4. Experimental

4.1. General

Proton (1H) nuclear magnetic resonance (NMR) spectra
were recorded on a Bruker-250 (250 MHz) and Unity-300
(300 MHz) spectrometers with CDCl3 as a solvent. Infrared
(IR) spectra were recorded on a Specord IR-71 spectrometer
using Nujol. Ultraviolet absorption (UV) spectra were regis-
tered on a Specord M-40 and Specord UVevis spectrophoto-
meters with CHCl3 as a solvent. Mass spectra were measured
on a Finnigan MAT INCOS 50 spectrometer. Melting points
were determined in glass capillaries and are uncorrected.
Al2O3 (IIIeIV activity of Brockman) was used for chromato-
graphic separations.

DFT (density functional theory) calculations have been car-
ried out using the B3LYP12a,b exchange-correlation func-
tionals, together with the standard 6-31G** basic set.12c The
optimization of the geometries was done by the Berny method
of analytical calculation of gradients. The nature of stationary
points was determined on the basis of the vibration analysis.
Minimum energy paths of reactions (MEPR) were calculated
by means of gradient descent from the transition state struc-
tures in forward and backward direction of a transition vector.
All calculations were carried out with the use of the Gaussian
03 program complex.12d

4.2. Synthesis of the starting compounds

Compounds 7a,14 8a,15 8b,16 9,17 1018 and 11c14 were syn-
thesized in accordance with known procedures.

4.2.1. 2,6,8-Trimethylpyrimido[4,5-c]pyridazin-3,5,7-
(2H,6H,8H )-trione (7b)

To a stirred solution of t-BuOK (67 mg, 0.6 mmol) in dry
DMSO (6 mL) at room temperature, 7a (104 mg, 0.5 mmol)
and MeI (95 mg, 0.04 mL, 0.67 mmol) were added. After
20 min, the solvent was removed under reduced pressure.
The residue was ground with Al2O3 (3e4 g), loaded onto a col-
umn with Al2O3 (3�20 cm) and purified by flash column chro-
matography with CHCl3 as the eluent. The yellowish fraction
with Rf 0.8 gave 7b. Recrystallization from i-PrOH yielded 7b
(71 mg, 64%) as yellowish crystals, mp 194e197 �C (lit.19

190e193 �C); [found: C, 48.7; H, 4.4; N, 25.3. C9H10N4O3 re-
quires C, 48.65; H, 4.54; N, 25.21%]; UVevis (CHCl3) lmax

(log 3): 378 (3.43), 394 (3.46), 412 sh nm (3.31); nmax (Nujol)
3047 (CeH arom.), 1720, 1680 and 1667 cm�1 (C]O); dH

(250 MHz, CDCl3) 7.72 (1H, s, 4-H), 3.83 (3H, s, 2-Me),
3.53 (3H, s, 8-Me), 3.44 (3H, s, 6-Me).

4.3. Oxidative alkylamination of triflate (11c)

A solution of 11c (170 mg, 0.5 mmol) in butylamine
(10 mL) was stirred at 10 �C for 10e15 min. To the resulting
yellowish solution AgPy2MnO4 (231 mg, 0.6 mmol) was added
in small portions over a 30 min period. After 1.5 h, the excess
amount of the alkylamine was subsequently removed under
reduced pressure. The residue was ground with silica (3e4 g),
loaded onto a column with silica (3�20 cm) and purified by
flash column chromatography with CHCl3eMeOH (5:1) as the
eluent. The fraction with Rf 0.35 gave 13d. The product was
crystallized from i-PrOH to give 100 mg (72%) of 13d. Yellow-
ish crystals, mp 180e181 �C; [found: C, 51.6; H, 6.0; N, 25.0.
C12H17N5O3 requires C, 51.60; H, 6.14; N, 25.08%]. For spec-
tral data, see Section 4.4.4.

4.4. General procedure for the oxidative alkylamination
of pyridazinone (7a)

Method A. A solution of 7a (208 mg, 1 mmol) in the appro-
priate alkylamine (40 mL) was stirred at room temperature for
10e15 min. To the resulting yellowish solution AgPy2MnO4

(462 mg, 1.2 mmol) was added in small portions over a
30 min period. After 2e2.5 h, the excess amount of the alkyl-
amine was subsequently removed under reduced pressure. The
residue was ground with Al2O3 (3e4 g), loaded onto a column
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with Al2O3 (3�20 cm) and purified by flash column chroma-
tography with CHCl3eMeOH (10:1) as the eluent. The frac-
tion with Rf w0.1 gave 13. The product was crystallized
from i-PrOH or CCl4 to give 13aeg with the yield indicated
in Table 1. Reaction with EtNH2 was carried out in a similar
way at �3 to 0 �C for 3.5e4 h. Reaction with piperidine and
morpholine providing 14a and 14b was carried out in a similar
way at room temperature for 24 h.

Method B. A solution of 7a (208 mg, 1 mmol) in the appro-
priate alkylamine (40 mL) was stirred at room temperature for
10e15 min. To the resulting yellowish solution KMnO4

(316 mg, 2 mmol) was added. After stirring overnight the ex-
cess amount of the alkylamine was subsequently removed
under reduced pressure. The residue was extracted with boil-
ing i-PrOH (100 mL). The solvent was subsequently removed
under reduced pressure. The crude product was crystallized
from i-PrOH or CCl4 to give 13aeg with the yield indicated
in Table 1. Reaction with EtNH2 was carried out in a similar
way at at �3 to 0 �C.

4.4.1. 6,8-Dimethyl-4-ethylaminopyrimido[4,5-c]pyridazin-
3,5,7(2H,6H,8H )-trione (13a)

Yellowish crystals, mp 269e271 �C (i-PrOH); [found: C,
48.0; H, 5.2; N, 27.8. C10H13N5O3 requires C, 47.81; H, 5.22;
N, 27.87%]; UVevis (CHCl3) lmax (log 3): 302 (3.63), 315
(3.60), 360 (3.92), 376 (3.94), 398 sh nm (3.67); nmax (Nujol)
3247 and 3127 (NeH), 1700, 1673 and 1647 cm�1 (C]O); dH

(250 MHz, CDCl3) 10.32 (1H, m, NHCH2Me), 9.63 (1H, br s,
2-NH), 4.22 (2H, m, CH2Me), 3.41 (3H, s, 8-Me), 3.37 (3H, s,
6-Me), 1.34 (3H, t, J 7.3 Hz, CH2Me); m/z (EI) 251 (100 Mþ),
236 (90), 234 (25), 223 (24), 209 (37), 195 (13), 179 (16), 166
(13), 151 (15), 93 (12), 80 (23), 66 (13), 58 (10), 44 (14%).

4.4.2. 6,8-Dimethyl-4-propylaminopyrimido[4,5-c]pyridazin-
3,5,7(2H,6H,8H )-trione (13b)

Yellowish crystals, mp 205e207 �C (i-PrOH); [found: C,
50.0; H, 5.7; N, 26.5. C11H15N5O3 requires C, 49.81; H, 5.70;
N, 26.40%]; UVevis (CHCl3) lmax (log 3): 305 (3.65), 316
(3.62), 361 (3.85), 376 (3.87), 398 sh nm (3.67); nmax (Nujol)
3240 and 3140 (NeH), 1700, 1660 and 1640 cm�1 (C]O); dH

(250 MHz, CDCl3) 10.38 (1H, m, NH(CH2)2Me), 9.93 (1H, br
s, 2-NH), 4.16 (2H, m, CH2CH2Me), 3.41 (3H, s, 8-Me), 3.36
(3H, s, 6-Me), 1.72 (2H, m, CH2CH2Me), 1.02 (3H, t, J 7.3 Hz,
(CH2)2Me); m/z (EI) 265 (41 Mþ), 236 (100), 223 (40%).

4.4.3. 4-Isopropylamino-6,8-dimethylpyrimido[4,5-c]-
pyridazin-3,5,7(2H,6H,8H )-trione (13c)

Yellowish crystals, mp 186e187 �C (i-PrOH); [found: C,
49.8; H, 5.6; N, 26.5. C11H15N5O3 requires C, 49.81; H, 5.70;
N, 26.40%]; UVevis (CHCl3) lmax (log 3): 303 (3.64), 316
(3.61), 361 (3.88), 376 (3.91), 397 sh nm (3.69); nmax (Nujol)
3233 and 3140 (NeH), 1700, 1660 and 1627 cm�1 (C]O); dH

(250 MHz, CDCl3) 10.34 (1H, m, NHCHMe2), 10.18 (1H, br
s, 2-NH), 5.45 (1H, m, CHMe2), 3.41 (3H, s, 8-Me), 3.36
(3H, s, 6-Me), 1.33 (6H, d, J 6.4 Hz, CHMe2); m/z (EI) 265
(57 Mþ), 250 (100), 223 (32), 194 (10), 80 (19), 66 (11), 58
(20), 41 (22%).
4.4.4. 4-Butylamino-6,8-dimethylpyrimido[4,5-c]pyridazin-
3,5,7(2H,6H,8H )-trione (13d)

Yellowish crystals, mp 180e181 �C (i-PrOH); [found: C,
51.7; H, 6.0; N, 25.1. C12H17N5O3 requires C, 51.60; H, 6.14;
N, 25.08%]; UVevis (CHCl3) lmax (log 3): 303 (3.66), 315
(3.62), 360 (3.91), 376 (3.93), 397 sh nm (3.71); nmax (Nujol)
3227 and 3133 (NeH), 1693, 1660 and 1640 cm�1 (C]O); dH

(250 MHz, CDCl3) 10.37 (1H, m, NH(CH2)3Me), 9.90 (1H, br
s, 2-NH), 4.20 (2H, m, CH2(CH2)2Me), 3.41 (3H, s, 8-Me),
3.36 (3H, s, 6-Me), 1.67 (2H, m, CH2CH2CH2Me), 1.46 (2H,
m, (CH2)2CH2Me), 0.97 (3H, t, J 7.3 Hz, (CH2)3Me); m/z (EI)
279 (59 Mþ), 262 (13), 236 (100), 223 (40), 82 (12), 80 (13%).

4.4.5. 4-tert-Butylamino-6,8-dimethylpyrimido-
[4,5-c]pyridazin-3,5,7(2H,6H,8H )-trione (13e)

Yellowish crystals, >265 �C decomp. (i-PrOH); [found: C,
51.7; H, 6.1; N, 25.0. C12H17N5O3 requires C, 51.60; H, 6.14;
N, 25.08%]; UVevis (CHCl3) lmax (log 3): 302 (3.63), 319
(3.60), 360 (3.83), 377 (3.86), 397 sh nm (3.68); nmax (Nujol)
3250 and 3160 (NeH), 1700, 1667 and 1640 cm�1 (C]O); dH

(250 MHz, CDCl3) 11.03 (1H, br s, NHBu-t), 9.64 (1H, br s,
2-NH), 3.39 (3H, s, 8-Me), 3.35 (3H, s, 6-Me), 1.61 (9H, s,
t-Bu); m/z (EI) 279 (10 Mþ), 223 (100), 194 (13), 110 (12),
82 (10), 80 (20), 67 (16), 56 (15), 52 (11), 41 (60%).

4.4.6. 4-Cyclohexylamino-6,8-dimethylpyrimido-
[4,5-c]pyridazin-3,5,7(2H,6H,8H )-trione (13f)

Off-white crystals, mp 286e287 �C decomp. (CCl4);
[found: C, 55.1; H, 6.2; N, 23.0. C14H19N5O3 requires C,
55.07; H, 6.27; N, 22.94%]; UVevis (CHCl3) lmax (log 3):
305 (3.66), 319 (3.63), 362 (3.93), 377 (3.96), 398 sh nm
(3.75); nmax (Nujol) 3293 and 3127 (NeH), 1700, 1673 and
1647 cm�1 (C]O); dH (250 MHz, CDCl3) 10.45 (1H, m,
NHC6H11-cyclo), 9.80 (1H, br s, 2-NH), 5.12 (1H, m, 10-H
cyclohexyl), 3.41 (3H, s, 8-Me), 3.37 (3H, s, 6-Me), 2.10
(2H, m, cyclohexyl), 1.78 (2H, m, cyclohexyl), 1.35 (6H, m,
cyclohexyl); m/z (EI) 305 (30 Mþ), 262 (27), 223 (100), 208
(10), 100 (10), 81 (33), 67 (10), 55 (25), 41 (33%).

4.4.7. 4-Benzylamino-6,8-dimethylpyrimido[4,5-c]pyridazin-
3,5,7(2H,6H,8H )-trione (13g)

Yellowish crystals, >230 �C decomp. (i-PrOH); [found: C,
57.6; H, 4.9; N, 22.3. C15H15N5O3 requires C, 57.50; H, 4.83;
N, 22.35%]; UVevis (CHCl3) lmax (log 3): 303 (3.74), 315
(3.70), 362 (3.94), 377 (3.96), 398 sh nm (3.72); nmax (Nujol)
3300 and 3133 (NeH), 1700, 1667 and 1640 cm�1 (C]O); dH

(250 MHz, CDCl3) 10.62 (1H, m, NHCH2Ph), 10.31 (1H, br s,
2-NH), 7.35 (5H, m, Ph), 5.44 (2H, d, J 6.2 Hz, CH2Ph), 3.42
(3H, s, 8-Me), 3.34 (3H, s, 6-Me); m/z (EI) 313 (100 Mþ), 296
(13), 236 (14), 104 (10), 91 (71), 79 (15), 65 (14%).

4.4.8. 3-Piperidino-6,8-dimethylpyrimido[4,5-c]pyridazin-
5,7(6H,8H )-dione (14a)

Compound 14a was obtained as yellow crystals with mp
156e159 �C (i-PrOH), identical in properties to the compound
earlier synthesized by us.6
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4.4.9. 3-Morpholino-6,8-dimethylpyrimido[4,5-c]pyridazin-
5,7(6H,8H )-dione (14b)

Compound 14b was obtained as yellow crystals with mp
211e214 �C (i-PrOH), identical in properties to the compound
earlier synthesized by us.6

4.5. General procedure for the oxidative alkylamination
of pyridazinone (7b)

A solution of 7b (222 mg, 1 mmol) in the appropriate alkyl-
amine (40 mL) was stirred at room temperature for 10e15 min.
To the resulting yellowish solution AgPy2MnO4 (462 mg,
1.2 mmol) was added in small portions over a 30 min period.
After 2 h, the excess amount of the alkylamine was subse-
quently removed under reduced pressure. The residue was
ground with Al2O3 (3e4 g), loaded onto a column with Al2O3

(3�20 cm) and purified by flash column chromatography with
CHCl3 as the eluent. The fraction with Rf 0.8 gave 18. The prod-
uct was crystallized from i-PrOH.

4.5.1. 2,6,8-Trimethyl-4-propylaminopyrimido[4,5-c]pyrid-
azin-3,5,7(2H,6H,8H )-trione (18a)

Compound 18a was obtained in 31% yield as yellowish
crystals, mp 115e117 �C (i-PrOH); [found: C, 51.6; H, 6.0; N,
25.00. C12H17N5O3 requires C, 51.60; H, 6.14; N, 25.08%];
UVevis (CHCl3) lmax (log 3): 306 (3.75), 317 (3.72), 362
(3.83), 375 (3.91), 396 sh nm (3.74); nmax (Nujol) 3140 (Ne
H), 1700, 1687 and 1640 cm�1 (C]O); dH (250 MHz, CDCl3)
10.24 (1H, m, NH(CH2)2Me), 4.14 (2H, m, CH2CH2Me), 3.64
(3H, s, 2-Me), 3.40 (3H, s, 8-Me), 3.34 (3H, s, 6-Me), 1.69
(2H, m, CH2CH2Me), 0.99 (3H, t, J 7.3 Hz, (CH2)2Me); m/z
(EI) 279 (45 Mþ), 250 (100), 237 (64), 80 (23), 67 (17), 58
(22), 56 (21), 53 (13), 42 (47), 39 (20%).

4.5.2. 4-Butylamino-2,6,8-trimethylpyrimido[4,5-c]pyridazin-
3,5,7(2H,6H,8H )-trione (18b)

Compound 18b was obtained in 36% yield as yellowish
crystals, mp 50e52 �C (i-PrOH); [found: C, 53.3; H, 6.4; N,
24.0. C13H19N5O3 requires C, 53.23; H, 6.53; N, 23.88%];
UVevis (CHCl3) lmax (log 3): 305 (3.72), 315 (3.69), 362
(3.88), 376 (3.93), 396 sh nm (3.74); nmax (Nujol) 3113 (NeH),
1687, 1647 and 1633 cm�1 (C]O); dH (250 MHz, CDCl3)
10.21 (1H, m, NH(CH2)3Me), 4.17 (2H, m, CH2(CH2)2Me),
3.63 (3H, s, 2-Me), 3.38 (3H, s, 8-Me), 3.33 (3H, s, 6-Me),
1.65 (2H, m, CH2CH2CH2Me), 1.43 (2H, m, (CH2)2CH2Me),
0.95 (3H, t, J 7.3 Hz, (CH2)3Me); m/z (EI) 293 (45 Mþ), 264
(11), 250 (11), 237 (76), 80 (12), 42 (10%).

4.6. General procedure for the oxidative alkylamination
of 1,3-dimethylpteridin-2,4,6(1H,3H,5H )-trione (8a)

Method A. A solution of 8a (208 mg, 1 mmol) in the appro-
priate alkylamine (40 mL) was stirred at room temperature for
15e20 min. To the resulting yellowish solution AgPy2MnO4

(462 mg, 1.2 mmol) was added in small portions over a
30 min period. After 3.5e4 h, the excess amount of the alkyl-
amine was subsequently removed under reduced pressure. The
residue was extracted with boiling i-PrOH (100 mL). The sol-
vent was subsequently removed under reduced pressure. The
crude product was crystallized from i-PrOH or CCl4 to give
15aee with the yield indicated in Table 2. Compounds 15feh
were purified by flash column chromatography on a column
with Al2O3 and CHCl3eMeOH (5:1) as the eluent followed
by recrystallization. Reaction with EtNH2 was carried out in
a similar way at �3 to 0 �C.

Method B. A solution of 8a (208 mg, 1 mmol) in the appro-
priate alkylamine (40 mL) was stirred at room temperature for
15e20 min. To the resulting yellow solution KMnO4 (316 mg,
2 mmol) was added in small portions over a 30 min period.
After stirring overnight the excess amount of the alkylamine
was subsequently removed under reduced pressure. The resi-
due was extracted with boiling i-PrOH (100 mL). The solvent
was removed under reduced pressure. The residue was mixed
with water (5 mL), acidified by concd HCl to pH 2e3 and
heated to 70 �C. The mixture was cooled and extracted with
CHCl3 (2�15 mL). The solvent was subsequently removed
under reduced pressure. The crude product was crystallized
from i-PrOH or CCl4 to give 15 with the yield indicated in
Table 2. Reaction with EtNH2 was carried out in a similar
way at �3 to 0 �C.

4.6.1. 7-Ethylamino-1,3-dimethylpteridin-
2,4,6(1H,3H,5H )-trione (15a)

Beige crystals, mp 304e305 �C (i-PrOH); [found: C, 47.8;
H, 5.1; N, 27.9. C10H13N5O3 requires C, 47.81; H, 5.22; N,
27.87%]; UVevis (CHCl3) lmax (log 3): 263 (4.12), 287
(3.78), 364 (4.14), 379 (4.19), 395 nm (4.01); nmax (Nujol)
3333 and 3153 (NeH), 1713, 1680 and 1633 cm�1 (C]O);
dH (250 MHz, CDCl3) 9.53 (1H, br s, 5-NH), 7.14 (1H, m,
NHCH2Me), 3.60 (3H, s, 1-Me), 3.59 (2H, m, CH2Me), 3.42
(3H, s, 3-Me), 1.32 (3H, t, J 7.3 Hz, CH2Me); m/z (EI) 251
(100 Mþ), 236 (24), 223 (16), 208 (20), 195 (13), 110 (12),
95 (10), 82 (51), 71 (10), 68 (45), 58 (17), 56 (23), 53 (33),
44 (37), 41 (38%).

4.6.2. 1,3-Dimethyl-7-propylaminopteridin-
2,4,6(1H,3H,5H )-trione (15b)

Off-white crystals, mp 274e275 �C (i-PrOH); [found: C,
49.8; H, 5.6; N, 26.5. C11H15N5O3 requires C, 49.81; H, 5.70;
N, 26.40%]; UVevis (CHCl3) lmax (log 3): 263 (4.17), 288
(3.95), 362 (4.13), 377 (4.18), 393 nm (4.00); nmax (Nujol)
3287 and 3153 (NeH), 1707, 1680 and 1640 cm�1 (C]O);
dH (250 MHz, CDCl3) 10.02 (1H, br s, 5-NH), 7.53 (1H, m,
NH(CH2)2Me), 3.59 (3H, s, 1-Me), 3.53 (2H, m, CH2CH2Me),
3.42 (3H, s, 3-Me), 1.73 (2H, m, CH2CH2Me), 0.99 (3H, t, J
7.4 Hz, (CH2)2Me); m/z (EI) 265 (81 Mþ), 250 (70), 236 (100),
223 (51), 207 (21), 195 (21), 152 (19), 148 (14), 123 (14), 109
(16), 94 (14), 82 (64), 67 (40), 58 (18), 53 (18), 41 (19%).

4.6.3. 7-Isopropylamino-1,3-dimethylpteridin-
2,4,6(1H,3H,5H )-trione (15c)

Off-white crystals, mp 304e305 �C (i-PrOH); [found: C,
49.8; H, 5.6; N, 26.3. C11H15N5O3 requires C, 49.81; H, 5.70;
N, 26.40%]; UVevis (CHCl3) lmax (log 3): 263 (4.10), 287
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(3.81), 362 (4.17), 376 (4.22), 393 nm (4.01); nmax (Nujol)
3280 and 3167 (NeH), 1707, 1680 and 1647 cm�1 (C]O);
dH (250 MHz, CDCl3) 10.94 (1H, br s, 5-NH), 7.77 (1H, d,
J 7.8 Hz, NHCHMe2), 4.32 (2H, m, CHMe2), 3.58 (3H, s, 1-
Me), 3.42 (3H, s, 3-Me), 1.33 (6H, d, J 6.5 Hz, CHMe2); m/z
(EI) 265 (61 Mþ), 250 (100), 223 (39), 194 (18), 138 (10), 110
(12), 80 (27), 67 (18), 58 (45), 42 (25%).

4.6.4. 7-Butylamino-1,3-dimethylpteridin-2,4,6-
(1H,3H,5H )-trione (15d)

Off-white crystals, mp 240e242 �C (i-PrOH); [found: C,
51.6; H, 6.1; N, 25.0. C12H17N5O3 requires C, 51.60; H, 6.14;
N, 25.08%]; UVevis (CHCl3) lmax (log 3): 261 (4.23), 296
(3.87), 358 (4.23), 372 (4.27), 390 nm (4.08); nmax (Nujol)
3327e3113 and 3167 (NeH), 1700, 1687 and 1660 cm�1

(C]O); dH (250 MHz, CDCl3) 9.99 (1H, br s, 5-NH), 7.47
(1H, m, NH(CH2)3Me), 3.61 (3H, s, 1-Me), 3.57 (2H, m,
CH2(CH2)2Me), 3.44 (3H, s, 3-Me), 1.71 (2H, m,
CH2CH2CH2Me), 1.44 (2H, m, (CH2)2CH2Me), 0.98 (3H, t,
J 7.3 Hz, (CH2)3Me); m/z (EI) 279 (72 Mþ), 250 (100), 236
(50), 223 (28), 207 (12), 82 (18%).

4.6.5. 7-tert-Butylamino-1,3-dimethylpteridin-2,4,6-
(1H,3H,5H )-trione (15e)

Off-white crystals, mp 288e289 �C (i-PrOH); [found: C,
51.6; H, 6.0; N, 25.2. C12H17N5O3 requires C, 51.60; H,
6.14; N, 25.08%]; UVevis (CHCl3) lmax (log 3): 261 (3.62),
286 (3.23), 360 (3.71), 372 (3.76), 390 nm (3.57); nmax (Nujol)
3280 and 3213e3187 (NeH), 1700, 1673 and 1647 cm�1

(C]O); dH (250 MHz, CDCl3) 9.66 (1H, br s, 5-NH), 7.08
(1H, br s, NHBu-t), 3.59 (3H, s, 1-Me), 3.42 (3H, s, 3-Me),
1.52 (9H, s, t-Bu); m/z (EI) 279 (30 Mþ), 223 (100), 195 (15),
138 (11), 110 (10), 82 (25), 68 (19), 57 (23), 55 (11), 53 (13),
42 (37), 39 (13%).

4.6.6. 7-Cyclohexylamino-1,3-dimethylpteridin-2,4,6-
(1H,3H,5H )-trione (15f)

Off-white crystals, mp 295e297 �C decomp. (i-PrOH);
[found: C, 54.9; H, 6.2; N, 22.9. C14H19N5O3 requires C,
55.07; H, 6.27; N, 22.94%]; UVevis (CHCl3) lmax (log 3):
262 (3.94), 288 sh (3.68), 362 (4.12), 376 (4.16), 390 nm
(3.97); nmax (Nujol) 3273 and 3167 (NeH), 1700, 1673 and
1640 cm�1 (C]O); dH (250 MHz, CDCl3) 9.66 (1H, br s, 5-
NH), 7.13 (1H, d, J 7.7 Hz, NHC6H11-cyclo), 3.96 (1H, m, cy-
clohexyl), 3.58 (3H, s, 1-Me), 3.41 (3H, s, 3-Me), 2.03 (2H, m,
cyclohexyl), 1.78 (2H, m, cyclohexyl), 1.65 (2H, m, cyclo-
hexyl), 1.37 (4H, m, cyclohexyl); m/z (EI) 305 (45 Mþ), 223
(100), 195 (21), 138 (13), 110 (12), 82 (13), 67 (19), 50 (26),
41 (26%).

4.6.7. 1,3-Dimethyl-7-piperidinopteridin-2,4,6-
(1H,3H,5H )-trione (15g)

Yellow crystals, mp 243e244 �C decomp. (CCl4); [found:
C, 53.6; H, 6.0; N, 24.1. C13H17N5O3 requires C, 53.60; H,
5.88; N, 24.04%]; UVevis (CHCl3) lmax (log 3): 277 (4.07),
301 (4.00), 370 (4.39), 392 (4.48), 408 nm (4.31); nmax (Nujol)
3140 (NeH), 1700, 1673 and 1640 cm�1 (C]O); dH
(250 MHz, CDCl3) 9.38 (1H, br s, 5-NH), 4.49 (2H, br m,
a-CH2 piperidino), 3.93 (2H, br m, a-CH2

0 piperidino), 3.54
(3H, s, 1-Me), 3.42 (3H, s, 3-Me), 1.74 (6H, m, b- and g-
CH2 piperidino); m/z (EI) 291 (100 Mþ), 236 (12), 223 (62),
207 (14), 195 (23), 180 (17), 95 (16), 84 (30), 67 (25), 55 (14),
41 (23%).

4.6.8. 1,3-Dimethyl-7-morpholinopteridin-2,4,6-
(1H,3H,5H )-trione (15h)

Yellow crystals, mp 295e298 �C decomp. (CCl4); [found:
C, 49.3; H, 5.2; N, 24.0. C12H15N5O4 requires C, 49.14; H,
5.16; N, 23.88%]; UVevis (CHCl3) lmax (log 3): 277 (3.76),
302 (3.60), 372 (4.20), 391 (4.31), 408 nm (4.16); nmax (Nujol)
3140 (NeH), 1707, 1673 and 1640 cm�1 (C]O); dH

(250 MHz, CDCl3) 8.97 (1H, br s, 5-NH), 4.66 (2H, m, NCH2

morpholino), 4.00 (2H, m, NCH2
0 morpholino), 3.84 (4H, m,

O(CH2)2 morpholino), 3.55 (3H, s, 1-Me), 3.43 (3H, s, 3-Me);
m/z (EI) 293 (100 Mþ), 250 (10), 236 (22), 222 (46), 208 (34),
180 (33), 95 (13), 67 (13%).

4.6.9. 1,3-Dimethyl-7-diethylaminopteridin-2,4,6-
(1H,3H,5H )-trione (15i)

Yellow crystals, mp 300e301 �C decomp. (i-PrOH); [found:
C, 51.5; H, 6.0; N, 24.9. C12H17N5O3 requires C, 51.60; H, 6.14;
N, 25.08%]; UVevis (CHCl3) lmax (log 3): 275 (3.81), 300
(3.60), 367 (4.08), 391 (4.18), 408 nm (4.01); nmax (Nujol) 3167
(NeH), 1693, 1673 and 1640 cm�1 (C]O); dH (250 MHz,
CDCl3) 8.94 (1H, br s, 5-NH), 4.18 (2H, m, NCH2 diethyl-
amino), 3.68 (2H, m, NCH2

0 diethylamino), 3.55 (3H, s, 1-
Me), 3.41 (3H, s, 3-Me), 1.32 (6H, m, N(CH2Me)2); m/z (EI)
279 (56 Mþ), 264 (11), 250 (100), 236 (28), 207 (11), 82
(15), 67 (12%).

4.7. General procedure for the oxidative alkylamination
of 1,3,5-trimethylpteridin-2,4,6(1H,3H,5H )-trione (8b)

A solution of 8b (222 mg, 1 mmol) in the appropriate alkyl-
amine (40 mL) was stirred at room temperature for 15e20 min.
To the resulting yellowish solution AgPy2MnO4 (462 mg,
1.2 mmol) was added in small portions over a 30 min period.
After 2e2.5 h, the excess amount of the alkylamine was sub-
sequently removed under reduced pressure. The residue was
extracted with boiling i-PrOH (100 mL). The solvent was sub-
sequently removed under reduced pressure. The crude product
was crystallized from i-PrOH to give 19 in 55e56% yield.

4.7.1. 1,3,5-Trimethyl-7-propylaminopteridin-2,4,6-
(1H,3H,5H )-trione (19a)

Beige crystals, mp 210e213 �C (i-PrOH); [found: C, 51.6;
H, 6.0; N, 25.1. C12H17N5O3 requires C, 51.60; H, 6.14; N,
25.08%]; UVevis (CHCl3) lmax (log 3): 259 (3.97), 292
(3.45), 355 (3.95), 370 (4.03), 390 nm (3.85); nmax (Nujol)
3287 (NeH), 1700, 1645 and 1640 cm�1 (C]O); dH

(250 MHz, CDCl3) 7.12 (1H, m, NH(CH2)2Me), 4.01 (3H, s,
5-Me), 3.59 (3H, s, 1-Me), 3.49 (2H, m, CH2CH2Me), 3.39
(3H, s, 3-Me), 1.70 (2H, m, CH2CH2Me), 0.99 (3H, t,
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J 7.5 Hz, (CH2)2Me); m/z (EI) 279 (55 Mþ), 250 (48), 237
(20), 96 (11), 82 (94), 67 (100), 55 (13), 54 (17), 41 (75%).

4.7.2. 7-Butylamino-1,3,5-trimethylpteridin-2,4,6-
(1H,3H,5H )-trione (19b)

Beige crystals, mp 164e167 �C (i-PrOH); [found: C, 53.2;
H, 6.5; N, 23.8. C13H19N5O3 requires C, 53.23; H, 6.53; N,
23.88%]; UVevis (CHCl3) lmax (log 3): 258 (4.08), 291 sh
(3.65), 351 (4.13), 367 (4.17), 390 nm (3.90); nmax (Nujol)
3293 (NeH), 1700, 1653 and 1640 cm�1 (C]O); dH

(250 MHz, CDCl3) 7.10 (1H, br s, NH(CH2)3Me), 4.00 (3H,
s, 5-Me), 3.59 (3H, s, 1-Me), 3.53 (2H, m, CH2(CH2)2Me),
3.39 (3H, s, 3-Me), 1.65 (2H, m, CH2CH2CH2Me), 1.40
(2H, m, (CH2)2CH2Me), 0.95 (3H, t, J 7.3 Hz, (CH2)3Me);
m/z (EI) 293 (100 Mþ), 264 (13), 250 (68), 237 (27), 208
(13), 108 (11), 82 (63), 67 (68), 55 (27), 41 (63%).

4.8. General procedure for the oxidative alkylamination
of 1-methylquinoxalin-2(1H )-one (10)

Method A. A solution of 10 (160 mg, 1 mmol) in the appro-
priate alkylamine (30 mL) was stirred at room temperature for
15e20 min. To the resulting yellowish solution AgPy2MnO4

(462 mg, 1.2 mmol) was added in small portions over a
30 min period. After 6 h overall stirring the excess amount
of the alkylamine was subsequently removed under reduced
pressure. The residue was ground with Al2O3 (3e4 g), loaded
onto a column with Al2O3 (3�20 cm) and purified by flash
column chromatography with CHCl3 as the eluent. The frac-
tion with Rf w0.8 gave 20. The product was crystallized
from i-PrOH to give 20aee with the yield indicated in Table
3. Reaction with EtNH2 was carried out in a similar way at
�3 to 0 �C.

Method B. To a stirred solution of 10 (160 mg, 1 mmol) and
alkylamine (3 mL) in THF (10 mL) at room temperature,
AgPy2MnO4 (385 mg, 1 mmol) was added in small portions
over a 30 min period. After 12 h, AgPy2MnO4 (385 mg,
1 mmol) was added in small portions over a 30 min period. After
12 h, the excess amount of the alkylamine was subsequently
removed under reduced pressure. Products 20feh were isolated
similarly to method A with the yield indicated in Table 3.

Method C. To a stirred solution of 10 (160 mg, 1 mmol) in
the appropriate alkylamine (30 mL) at room temperature,
KMnO4 (316 mg, 2 mmol) was added. After stirring overnight
the excess amount of the alkylamine was subsequently re-
moved under reduced pressure. Products 20aeh were isolated
similarly to method A with the yield indicated in Table 3. Re-
action with EtNH2 was carried out in a similar way at �3 to
0 �C.

4.8.1. 1-Methyl-3-methylaminoquinoxalin-2(1H )-one (20a)
Yellowish crystals, mp 147e149 �C (i-PrOH); [found: C,

63.4; H, 5.7; N, 22.3. C10H11N3O requires C, 63.48; H, 5.86;
N, 22.21%]; UVevis (CHCl3) lmax (log 3): 260 (4.06), 325
(4.08), 342 (4.20), 357 nm (4.08); nmax (Nujol) 3340 (NeH),
1647 cm�1 (C]O); dH (250 MHz, CDCl3) 7.55 (1H, m, 5-H),
7.15e7.25 (3H, m, 6-, 7- and 8-H), 6.40 (1H, m, NHMe), 3.68
(3H, s, 1-Me), 3.10 (3H, d, J 5.1 Hz, NHMe); m/z (EI) 189
(100 Mþ), 174 (27), 161 (16), 147 (16), 131 (20), 119 (20),
95 (13), 90 (10), 77 (15), 51 (12), 39 (10%).

4.8.2. 1-Methyl-3-ethylaminoquinoxalin-2(1H )-one (20b)
Yellowish crystals, mp 114e116 �C (i-PrOH); [found: C,

65.2; H, 6.2; N, 20.5. C11H13N3O requires C, 65.01; H,
6.45; N, 20.68%]; UVevis (CHCl3) lmax (log 3): 252 (4.34),
327 (3.90), 342 (4.04), 357 nm (4.01); nmax (Nujol) 3130
(NeH), 1647 cm�1 (C]O); dH (250 MHz, CDCl3) 7.54
(1H, m, 5-H), 7.10e7.32 (3H, m, 6-, 7- and 8-H), 6.32 (1H,
m, NHCH2Me), 3.69 (3H, s, 1-Me), 3.57 (2H, m, CH2Me),
1.29 (3H, t, J 7.3 Hz, CH2Me); m/z (EI) 203 (100 Mþ), 188
(79), 175 (53), 161 (22), 148 (21), 131 (22), 119 (27), 102 (25),
92 (22), 90 (36), 77 (37), 65 (16), 51 (22), 44 (43), 39 (11%).

4.8.3. 1-Methyl-3-propylaminoquinoxalin-2(1H )-one (20c)
Yellowish crystals, mp 100e102 �C (i-PrOH); [found: C,

66.5; H, 7.0; N, 19.4. C12H15N3O requires C, 66.34; H, 6.96;
N, 19.34%]; UVevis (CHCl3) lmax (log 3): 260 (3.97), 327
(4.08), 340 (4.21), 357 nm (4.01); nmax (Nujol) 3347 (NeH),
1653 cm�1 (C]O); dH (250 MHz, CDCl3) 7.53 (1H, m,
5-H), 7.15e7.25 (3H, m, 6-, 7- and 8-H), 6.37 (1H, m,
NH(CH2)2Me), 3.69 (3H, s, 1-Me), 3.49 (2H, m, CH2CH2Me),
1.70 (2H, m, CH2CH2Me), 1.0 (3H, t, J 7.4 Hz, (CH2)2Me);
m/z (EI) 217 (61 Mþ), 188 (78), 175 (100), 161 (19), 148
(22), 131 (16), 119 (20), 104 (17), 90 (31), 77 (53), 65 (20),
58 (13), 51 (33), 41 (38), 38 (28%).

4.8.4. 3-Isopropylamino-1-methylquinoxalin-2(1H )-one
(20d)

Yellowish crystals, mp 132e134 �C (i-PrOH); [found: C,
66.3; H, 6.7; N, 19.5. C12H15N3O requires C, 66.34; H,
6.96; N, 19.34%]; UVevis (CHCl3) lmax (log 3): 257 (3.91),
327 (3.97), 340 (4.12), 357 nm (4.00); nmax (Nujol) 3340
(NeH), 1660 cm�1 (C]O); dH (250 MHz, CDCl3) 7.55 (1H,
m, 5-H), 7.20e7.31 (3H, m, 6-, 7- and 8-H), 6.26 (1H, d,
J 6.7 Hz, NHCHMe2), 4.32 (1H, m, CHMe2), 3.72 (3H, s,
1-Me), 1.32 (6H, d, J 6.7 Hz, CHMe2); m/z (EI) 217 (91
Mþ), 202 (100), 175 (88), 161 (10), 148 (28), 131 (11), 119
(21), 90 (16), 77 (24), 58 (32), 51 (16), 44 (32), 41 (27), 39
(25%).

4.8.5. 3-Butylamino-1-methylquinoxalin-2(1H )-one (20e)
Yellowish crystals, mp 73e75 �C (i-PrOH); [found: C,

67.4; H, 7.5; N, 18.3. C13H17N3O requires C, 67.51; H, 7.41;
N, 18.17%]; UVevis (CHCl3) lmax (log 3): 252 (3.91), 260
(3.92), 328 (3.98), 340 (4.09), 353 nm (4.00); nmax (Nujol)
3340 (NeH), 1660 cm�1 (C]O); dH (250 MHz, CDCl3)
7.53 (1H, m, 5-H), 7.17e7.28 (3H, m, 6-, 7- and 8-H), 6.34
(1H, m, NH(CH2)3Me), 3.69 (3H, s, 1-Me), 3.52 (2H, m,
CH2(CH2)2Me), 1.64 (2H, m, CH2CH2CH2Me), 1.43 (2H,
m, (CH2)2CH2Me), 0.95 (3H, t, J 7.3 Hz, (CH2)3Me); m/z
(EI) 231 (51 Mþ), 202 (16), 188 (71), 175 (100), 161 (32),
148 (27), 131 (16), 119 (21), 104 (14), 90 (19), 77 (29), 65
(10), 51 (14), 41 (18%).
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4.8.6. 3-Cyclohexylamino-1-methylquinoxalin-2(1H )-one
(20f)

Off-white crystals, mp 163e165 �C (i-PrOH); [found: C,
70.2; H, 7.2; N, 16.5. C15H19N3O requires C, 70.01; H,
7.44; N, 16.33%]; UVevis (CHCl3) lmax (log 3): 260 (3.97),
330 (4.09), 344 (4.21), 352 nm (4.08); nmax (Nujol) 3340
(NeH), 1673 cm�1 (C]O); dH (250 MHz, CDCl3) 7.52
(1H, m, 5-H), 7.15e7.26 (3H, m, 6-, 7- and 8-H), 6.30 (1H,
d, J 7.6 Hz, NHC6H11-cyclo), 4.02 (1H, m, 10-H cyclohexyl),
3.69 (3H, s, 1-Me), 2.07 (2H, m, cyclohexyl), 1.74 (2H, m,
cyclohexyl), 1.20e1.55 (6H, m, cyclohexyl); m/z (EI) 257
(38 Mþ), 200 (29), 175 (100), 148 (31), 146 (17), 131 (10),
119 (16), 90 (11), 77 (17), 55 (16), 41 (29), 39 (18%).

4.8.7. 1-Methyl-3-piperidinoquinoxalin-2(1H )-one (20g)
Yellowish crystals, mp 84e86 �C (i-PrOH); [found: C,

69.2; H, 6.8; N, 17.4. C14H17N3O requires C, 69.11; H, 7.04;
N, 17.27%]; UVevis (CHCl3) lmax (log 3): 253 (4.25), 348 sh
(4.01), 362 (4.58), 375 sh nm (4.45); nmax (Nujol) 1673 cm�1

(C]O); dH (250 MHz, CDCl3) 7.50 (1H, m, 5-H), 7.12e7.26
(3H, m, 6-, 7- and 8-H), 3.84 (4H, m, a-CH2 piperidino), 3.64
(3H, s, 1-Me), 1.68 (6H, m, b- and g-CH2 piperidino); m/z (EI)
243 (100 Mþ), 228 (44), 214 (26), 200 (62), 188 (33), 175
(39), 160 (21), 148 (15), 131 (43), 119 (11), 104 (18), 90 (24),
84 (100), 77 (28), 65 (10), 56 (15), 51 (15), 41 (29), 39 (22%).

4.8.8. 1-Methyl-3-morpholinoquinoxalin-2(1H )-one (20h)
Yellowish crystals, mp 93e95 �C (i-PrOH); [found: C,

63.6; H, 6.1; N, 17.2. C13H15N3O2 requires C, 63.66; H, 6.16;
N, 17.13%]; UVevis (CHCl3) lmax (log 3): 262 (3.97), 346 sh
(4.00), 360 (4.01), 378 sh nm (4.01); nmax (Nujol) 1673 cm�1

(C]O); dH (250 MHz, CDCl3) 7.52 (1H, m, 5-H), 7.15e7.30
(3H, m, 6-, 7- and 8-H), 3.93 (4H, m, N(CH2)2 morpholino),
3.82 (4H, m, O(CH2)2 morpholino), 3.65 (3H, s, 1-Me); m/z
(EI) 245 (69 Mþ), 214 (22), 200 (40), 188 (37), 175 (29), 160
(100), 145 (10), 131 (84), 118 (12), 107 (49), 105 (40), 90
(54), 86 (31), 77 (70), 63 (28), 56 (24), 51 (44), 42 (34), 39
(30%).

4.9. 5-Butylamino-1,3,6-trimethylpyrimido[4,5-d]-
pyrimidin-2,4,7(1H,3H,6H )-trione (21)

A solution of 9 (222 mg, 1 mmol) in butylamine (50 mL)
was stirred at room temperature for 15e20 min. To the result-
ing yellow solution AgPy2MnO4 (578 mg, 1.5 mmol) was
added in small portions over a 1 h period. After 2 days overall
stirring the excess amount of the alkylamine was subsequently
removed under reduced pressure. The residue was extracted
with boiling CHCl3 (100 mL). The solvent was removed under
reduced pressure. The crude product was crystallized from
i-PrOH to give 21 with the 46% yield. Colourless crystals,
mp 282e284 �C decomp. (i-PrOH); [found: C, 53.4; H, 6.5;
N, 23.8. C13H19N5O3 requires C, 53.24; H, 6.48; N,
23.89%]; UVevis (CHCl3) lmax (log 3): 253 (3.93), 293 nm
(4.15); nmax (Nujol) 3300 (NeH), 1720, 1680 and
1627 cm�1 (C]O); dH (250 MHz, CDCl3) 5.41 (1H, m,
NH(CH2)3Me), 3.55 (2H, m, CH2(CH2)2Me), 3.53 (3H, s,
1-Me), 3.38 (3H, s, 3-Me), 3.35 (3H, s, 6-Me), 1.66 (2H, m,
CH2CH2CH2Me), 0.96 (3H, t, J 7.1 Hz, (CH2)3Me), 1.40
(2H, m, (CH2)2CH2Me); m/z (EI) 293 (100 Mþ), 264 (42),
251 (13), 237 (85), 221 (67), 208 (18), 182 (14), 180 (15),
124 (11), 107 (13), 96 (64), 93 (13), 82 (84), 72 (18), 69
(45), 67 (26), 56 (68), 42 (91%).
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