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Abstract — Several new substituted pteridines and isoxazolo[5,4-d]pyrimidines
are easily obtained by an efficient one-pot procedure from the reaction of
N,N-dimethyldichloromethyleniminium chloride (phosgeniminium chloride) with
the precursors [-enaminonitriles 2-amino-3-cyano-5-phenylpyrazine (5) and

5-amino-4-cyano-3-methylisoxazole (1), respectively.

The development of efficient and mild methods of heterocyclic compound synthesis represents a broad
area of organic chemistry.' In this context, nitrogen-containing rings are among the most useful
heterocycles and their utility has been widely demonstrated, as a consequence of their exciting biological
properties and their role as pharmacophores of considerable historical importance.

Macrophages play a crucial role in modulating the initiation and perpetuation of the inflammatory
response. One means by which macrophages modulate inflammation is via their capacity to elaborate
biological mediators, like nitric oxide (NO) and prostaglandins (PGs) which have numerous
cardiovascular and inflammatory effects.” NO is formed by the enzyme NO synthase (NOS), which exists
as three distinct isoforms.* The inducible isoform iNOS is expressed after stimulation of cells with a
variety of agents including endotoxin (bacterial lipopolysaccharide, LPS) and cytokines.*” The NO
production during inflammatory response may become “‘self-destructive” owing to its oxidative properties,
as occurs in chronic inflammatory diseases.**

Cyclooxigenase (COX) is the first enzyme in the pathway in which arachidonic acid is converted to PGs,
prostacyclin and thromboxane A2 (TXA,).” COX-2 isoform, whose expression is restricted under basal
conditions, is upregulated by inflammatory stimuli resulting in increased PGE, production, which has

been suggested to play an important role in the pathophysiology of inflammation and arthritis.®
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The co-induction of iINOS and COX-2 in cells stimulated with bacterial endotoxins and other
inflammatory stimuli has been described.” Since the induction of COX-2 and iNOS results in the
increased synthesis of PGs and NO, the selective modulation of NO and PGE, overproduction by iNOS
and COX-2 might represent an important therapeutical goal in different inflammatory pathologies.

Many compounds described as inhibitors of NOS are nitrogen-containing heterocycles.'’ During the last
years we reported the synthesis of substituted heterocycles containing the pyrazolopyrimidine,
pyridothienopyrimidine and pyridothieno-1,2,3-triazine skeletons with the aim of finding compounds
with antiinflammatory and antihistaminic activity."' During a project directed toward the identification of
new inhibitors of iNOS and COX-2 induction, we selected for study the isoxazolo[5,4-d]- and
pyrazino[2,3-d]pyrimidine nucleus. In a recent paper,'” we reported that certain isoxazolopyrimidines are
potent inhibitors of nitrite and PGE, production in endotoxin-stimulated macrophages, which can be
related to a reduced expression of iNOS and COX-2 in some cases. These products were also found active
on nitrite levels by oral administration, in the mouse air pouch model of inflammation. In this paper we
describe the synthesis of a series of these isoxazolo[5,4-d]pyrimidine and pyrazino[2,3-d]pyrimidine

(pteridine) compounds.
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Figure 1 Retrosynthetic pathway for synthesis of the pteridines and isoxazolo[5,4-d|pyrimidines

For the preparation of the heterocycles we devised suitable procedure for the introduction of a variety of
substituents with a minimum change in the nature of the chemistry used. For the preparation of the title
compounds (Figure 1), we used a synthetic procedure based on the use of B-enaminonitriles” and
phosgeniminium chloride that allows the introduction of two substituents R and N(CH,), on the
heterocycle.'* Thus, substituent dimethylamino is introduced during the formation of the pyrimidine ring.
Substituent R is introduced in the last step by means of an aromatic nucleophilic substitution of a
chloro-substituent. Several nucleophiles of nitrogen, oxygen and sulfur have been shown effective in this
reaction. We considered this methodology would be attractive due to its conciseness and utilization of
readily synthesized or commercially available starting materials.

The N,N-dichloromethylenedimethyliminium salts, particularly N,N-dichloromethylenedimethyl iminium

chloride (Viehe’s salt) are very useful reagents that can function as Vilsmeier or Mannich acceptors and
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lead to the insertion of a one-carbon unit bearing a dialkylamino group."” This makes them especially
useful in one-step heterocyclization reactions such as those considered here.

The construction of fused pyrimidines from ortho-aminonitriles and phosgene iminium salts has been
successfully applied to the preparation of many heterocyclic fused systems.' For the synthesis of
isoxazolo[5,4-d]pyrimidines and pyrazino[2,3-d]pyrimidines, we used that strategy starting with
o-aminocyanoisoxazole (1) and o-aminocyanopyrazole (5), respectively. The  starting
5-amino-4-cyano-3-methylisoxazole (1)'® and 2-amino-3-cyano-5-phenylpyrazine (5)"7 were readily
obtained by previously described procedures.

In this way, 5-amino-4-cyano-3-methylisoxazole (1), was made to react with
dichloromethylenedimethyliminium chloride in refluxing 1,2-dichloroethane (Scheme 1) affording the
3-chloroamidine (2), which was reacted with dry hydrogen chloride to undergo cyclization to fused
heterocyclic compound 4-chloro-6-dimethylamino-3-methylisoxazolo[5,4-d]pyrimidine (3). Aromatic
nucleophilic displacement of the chlorine atom in 3 was achieved by reaction with nucleophiles and

resulted in the formation of substituted products (4a-k) in good yields (62-98%).
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Scheme 1 Synthesis and structure of isoxazolo[5,4-d]pyrimidines (3) and (4)

It is known that dichloromethylene iminium salts do not normally react with the cyano group so the
formation of isoxazolo[5,4-d]pyrimidine (3) from chloroamidine (2) can be assumed to proceed through
the corresponding chloroiminium chloride.'® One-pot high yield synthesis (80%) of isoxazolopyrimidine
(3) from p-enaminonitrile (1) was carried out by refluxing 1 and phosgene iminium chloride in
1,2-dichloroethane for 1 h followed by treatment with hydrogen chloride.

All the compounds shown in Table 1 gave satisfactory elemental analyses and spectral data (IR, MS, and
'H and "C NMR) coherent with the structures proposed. The structure of compounds (2) and (3) were
determined from spectral data. The mass spectra showed the expected molecular ion peak and the IR

spectrum of 2 exhibited a strong absorption band at v = 1610 cm™ due to the imino group and presented
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the characteristic signal at v = 2220 cm™ (CN), while the decoupled C NMR spectrum showed one
signal at & = 112.2 due to the carbon atom in the one cyano group. After cyclization, the spectrum of 3 did
not include those types of signals. The most salient features of the '"H NMR and "C NMR spectra are

given on Experimental.

Table 1 Physicochemical data for isoxazolo[5,4-d]pyrimidines (3) and (4a-k)

N~ N
| N

Me,N % N~ O

Compound® R Mp(°C) Yield(%) Molecular
formula”

3 Chloro 146-148 80° C H,N,0Cl
4a Piperidino 89-90 70° C,;H,;,N;O
4b 3,4-Methylenedioxybenzylpiperazino 148-150 99¢ C,H,,NO,
4c Benzylamino 170-172 79° C,sH,;N;O
4d Morpholino 105-107 75° C,,H,;N;O,
4e Thiomorpholino 120-122 60° C,,H,;N;0S
4f 4-Methylpiperidino 74-76 79° C,,H,,N,O
4g 4-(4-Acetylphenyl) piperazino 190-192 70" C,,H,,NO,
4h Diethylamino 100-102 84° C,,H,,N;O
4i n-Propylamino 120-122 85° C,,H,;N,O
4j Methoxy 116-118 68° C,H,,N,O,
4k Mercapto 196-198 75" C.H,,N,0S

* All spectra data were consistent with the assigned structures.

®All compounds analyzed for C, H, N; analytical results are within +0.4% of theoretical values.

¢ Recrystallized from ethanol.

¢ Purified by medium-pressure column chromatography using dichloromethane:ethyl acetate (1:1, v/v) as eluent.
¢ Purified by medium-pressure column chromatography using hexane:ethyl acetate (3:1, v/v) as eluent.

" Purified by medium-pressure column chromatography using hexane:ethyl acetate (1:1, v/v) as eluent.

& Purified by medium-pressure column chromatography using dichloromethane as eluent.

Some isoxazolopyrimidine derivatives are potent inhibitors of nitrite and PGE, production in
endotoxin-stimulated macrophages, which can be related to a reduced expression in iNOS and COX-2 in
some cases.'” These products were also active on nitrite levels by oral administration, in the mouse air
pouch model of inflammation.'” This group of compounds may offer new drugs for the modulation of NO
production in different inflammatory and NO-related pathologies.

Annelated pyrazines, such as quinoxaline and pteridine derivatives are very important nitrogen-containing
heterocycles found in  biological systems and widely used as pharmaceuticals."”
Pyrazino[2,3-d]pyrimidines are known as “pteridines”,” because the first examples of the ring system, as
natural products, were found in pigments, like xanthopterin (yellow), in the wings of butterflies
(Lepidoptera). Folic acid (vitamin B-9), a well-known pteridine derivative,” is essential to the body for

the formation of new cells; it is a key vitamin in cellular function and repair. Flavines also represent
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pteridine derivatives® and are involved in the formation of red blood cells, in respiration, antibody
production, in human growth regulation and reproduction. The pteridine ring system has subsequently
been found in coenzymes which use tetrahydrofolic acid, the molybdenum cofactor on the
oxomolybdoenzymes, and in the anti-cancer drug methotrexate, a classical dihydrofolate reductase
inhibitor clinically used in cancer chemoterapy.> Aminopterin and Methotrexate, synthesized as potential
antimetabolites of folic acid (Figure 2), induced remissions of acute lymphoblastic leukemia.** The
biological basis for the cytotoxicity of these two compounds was found to be their potent inhibitory
activity towards dihydrofolate reductase (DHFR), an enzyme which regenerates tetrahydrofolate from
dihydrofolate, and therefore maintains a cellular supply of this coenzyme which plays critical roles in a

wide spectrum of cellular one-carbon transfer reactions.”

O
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Figure 2

Methotrexate itself, although it has been in clinical use for some 40 years, is a non-selective cytotoxic
agent. Its extreme toxicity coupled with its in-effectiveness against many types of human cancers has
severely limited its clinical effectiveness.” Extensive efforts over many years have been made to modify
the aminopterin/methotrexate/folic acid structure in an effort to develop less toxic cofactor antagonists
which possess more selective transport and inhibitory properties and which might therefore be effective
against a broader range of human cancers.*

On the other hand, tetrahydrobiopterin derivatives and dihydropteridine derivatives are of great interest
for their dihydrofolate reductase inhibiting, mental retardation, neurotransmitter and use in treating other
neurological problems.”” In addition, methotrexate has been shown to possess immunosuppressive activity,
and the establishment of a facile and regioselective construction of these fundamental pteridine
heterocyclic skeleton is important.*®

The synthesis of the pteridine system has been approached by two obvious routes: one is the fusion of the
pyrazine ring onto a preformed 4,5-diaminopyrimidine, and the second, the elaboration of the pyrimidine
ring on a preformed pyrazine. The first of these, the Gabriel-Isay condensation, suffers from the
disadvantage that condensation of the heterocyclic 1,2-diamine with an unsymmetrical 1,2-dicarbonyl
compound usually leads to a mixture of two 5/6-substituted isomers.” Other approaches for the pteridine
nucleus from pyrimidine intermediates are the Timmis reaction, which makes use of the regioselective

condensations of 6-amino-5-nitrosopyrimidines with aldehydes, ketones, esters, and nitriles under basic
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catalysis,” and the Polonovski-Boom cyclization,’'

, an unambiguous regioselective approach by
reacting 6-chloro-5-nitro- and 6-chloro-5-arylazopyrimidines, respectively, with o-aminocarbonyl
compounds followed by reduction to the 5-amino derivatives and subsequent cyclization.”® (6R)- and
(65)-5,6,7,8-tetrahydrofolic acids were prepared by this approach.*

Pteridine synthesis from pyrazine precursors is usually applied in such cases where the formation of
special derivatives cannot be achieved easily by the pyrimidine approach. It was to avoid this difficulty
that the alternative strategy, the Taylor synthesis, now widely used, starting with a pyrazine, was
developed.” This versatile new approach to pteridines utilizes as its key first (and unequivocal) step the
cyclization of an a-oximinocarbonyl compound with an a-aminonitrile to give a 2-amino-3-cyano- (or
carbalkoxy-) pyrazine 1-oxide which can then be converted to pteridines and pterins by a series of simple
deoxygenation and cyclization steps.’*’’ Various antileukemic agents related to methotrexate are also
synthetically available by the Taylor’s method.*

We found that the pteridine nucleus is easily formed by the synthetic procedure based on the use of
p-enaminonitriles and phosgeniminium chloride. Thus, the reaction of the 2-amino-3-cyano-
5-phenylpyrazine (5) with phosgeniminium chloride gave 6 (Scheme 2). Amide halide intermediate (6)
underwent cyclization to the corresponding fused compounds (7) by reaction with dry hydrogen chloride.
On treatment with phosgeniminium salt in refluxing 1,2-dichloroethane for 1 h and a subsequent
treatment with hydrogen chloride, S directly afforded the substituted fused heterocyclic compound (6)
which, in turn, showed the remarkable reactivity of its chloro substituent towards nucleophilic agents.
The structures of the new compounds were confirmed by elemental and spectroscopic features and also

are summarized on Experimental.

NC._ N NC._ N ¢l
AN . N N
LT g LT e
HoN N N N > ~
Me,N Me,N™ "N™ °N
5 6 7
Compound R i
8a Piperidino
8b 3,4-Methylenedioxybenzylpiperazino R
8c Benzylamino N7 Ny
I AL
MeoN~ 'N” N
8a-c

Reagents and Conditions: i) [CI,CNMe,]*Cl', 1,2-dichloroethane, reflux; ii)
HCI(g), 1,2-dichloroethane, rt; iii) amine in THF, reflux.

Scheme 2 Synthesis and structure of pteridines (8a-c)
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Although several methods are available for the synthesis of pteridines,” in this simplicity, the
affordability of the starting materials, good yields obtained and, straightforward product isolation, the
proposed one-pot procedure compares favorably with other synthesis for the pyrazino[2,3-d]pyrimidine
(pteridine)  system. This approach has the further advantage that because the
2-amino-3-cyano-5-substituted pyrazine is presynthesized, it eventually produces, regioselectivitely,

6-substituted pteridines and substitution at the 6-position is the common pattern in natural pteridines.

EXPERIMENTAL

Melting points were determined on a Bibby SMP3 apparatus and are uncorrected. All reagents used were
commercial grade chemicals from freshly opened containers. IR spectra were recorded as potassium
bromide disks on a Bruker vector 22FT-IR. 'H and "C NMR spectra were obtained on a Bruker AC 200F
instrument at room temperature. MS were obtained on a VG-QUATTRO spectrometer. The Silica gel
60F-254 used for analytical thin layer chromatography was purchased from Merck. Microanalyses for C.

H, N, and S were performed by the elemental analyses general services of the University of A Coruiia.

5-Chlorodimethylaminomethylenamino-4-cyano-3-methylisoxazole (2).

A solution of 1'° (1.23 g, 10 mmol) and dichloromethylene-dimethyliminium chloride (2 g, 12 mmol) in
1,2-dichloroethane (30 mL) was heated at reflux until all starting material has disappeared as checked by
TLC (1 h). The solvent was removed under reduced pressure and the resulting solid was purified by flash
chromatography using hexane/dichloromethane (1:1, v/v) as eluent to obtain 2 (2.01 g, 95%); mp 78-80 °
C (EtOH). IR (KBr, cm™): v = 2220 (CN), 1630 cm™. MS (El, m/z %) = 214 (M* + 2, 16), 212 (M*, 47),
107 (100). '"H NMR (CDCl,): 8 = 2.23 (s, 3 H, CH,); 3.23 (s, 6H, NMe,). "C NMR (CDCl;): § = 10.8
(CH,); 40.5 (NMe,); 79 (C-4); 112.2 (CN). Anal. Calcd for CgH,N,OCI: C, 45.19; H, 4.27; Cl, 16.67; N,
26.35. Found: C, 45.32; H, 4.22; Cl, 16,54; N, 26.52.
4-Chloro-6-dimethylamino-3-methylisoxazolo[5,4-d]pyrimidine (3).

Method A:

A mixture of 1 (0.617 g, 5 mmol) and dichloromethylene-dimethyliminium chloride (1 g, 6 mmol) in
1,2-dichloroethane (30 mL) was heated at reflux for 1h. A stream of dry hydrogen chloride was passed
through the mixture for 3 h and the reaction mixture was allowed to stand 24 h at rt. The
solvent was then removed under reduced pressure and the resulting solid was recrystallized from EtOH to
afford 3 (0.85 g, 80%); mp 146-148 °C. IR (KBr, cm™) v = 2940, 1630. MS (EI, m/z %) = 214 (M" + 2, 2),
212 (M*, 5), 57 (100). 'H NMR (CDCI,) 8 = 2.53 (s, 3H, CH,); 3.25 (d, 6H, J = 8.3 Hz, NMe,). "C NMR
(CDCly): & = 11.2 (CH;); 36.7 (NMe,); 100 (C-3a); 153.8, 154.5, 161.1, 175.7 (C-3, C-4, C-6, C-7a). Anal.
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Calcd for CgH(N,OCI: C, 45.19; H, 4.27; Cl, 16.67; N, 26.35. Found: C, 45.26; H, 4.16; Cl, 16.78; N,
26.29.

Method B

A stream of dry hydrogen chloride was passed through a mixture of 2 (1.06 g, 5 mmol) in
1,2-dichloroethane (25 mL) for 3 h. The reaction mixture was allowed to stand overnight at rt. The
solvent was then removed under reduced pressure and the resulting solid was recrystallized from EtOH to

afford 3 (0.78 g, 74%).

4- Substituted 6-dimethylamino-3-methylisoxazolo[5,4-d]pyrimidines (4a-i). General Procedure:

A solution of 3 (106 mg, 0.5 mmol) and the appropriate amine (0.56 mmol) in THF (5 mL) was heated at
reflux until all starting material had disappeared as checked by TLC. The solvent was then removed under
reduced pressure and the resulting solid was recrystallized from EtOH or purified by flash
cromatography.

6-Dimethylamino-3-methyl-4-piperidinoisoxazolo[5,4-d]pyrimidine (4a) (70%): mp 89-90 °C (EtOH). IR
(KBr, cm™) v = 2980, 1620. MS (EI, m/z %) = 261 (M*, 82), 232 (42), 84 (100). 'H NMR (CDCl,) 6 =
1.64 (m, 6H, CH,); 2.41 (s, 3H, CH,); 3.13 (s, 6H, NMe,); 3.56 (m, 4H, NCH,). °C NMR (CDCl,): 6 =
14.7 (CH,); 24.3, 25.5 (CH,); 36.9 (NMe,); 48.7 (NCH,); 89.2 (C-3a); 152.7, 160.2, 161.2, 178.7 (C-3,
C-4, C-6, C-7a). Anal. Calcd for C;H,(N;O: C, 59.75; H, 7.33; N, 26.80. Found: C, 59.92; H, 7.06; N,
26.98.

6-Dimethylamino-3-methyl-4-(3,4-methylenedioxybenzylpiperazino)isoxazolo[5,4-d]pyrimidine (4b)
(99%): mp 148-50 °C (EtOH). IR (KBr, cm™) v = 2980, 1620. MS (EI, m/z %) = 396 (M*, 8), 206 (57),
135 (100). 'H NMR (CDCl,) & = 2.37 (s, 3H, CH,); 2.45-250 (m, 4H, NCH,); 3.11 (s, 6H, NMe,); 3.39 (s,
2H, CH,); 3.60-3.65 (m, 4H, NCH,); 5.87 (s, 2H, OCH,0); 6.68 (s, 2H, C(H,CH,0,); 6.81 (s, 1H,
C,H,CH,0,). "C NMR (CDCl,): § = 14.9 (CH,); 36.9 (NMe,); 47.5, 52.3 (NCH,); 62.3 (CH,); 89.2
(C-3a); 100.6 (OCH,0); 107.6, 109.0 (C-2’, C-5); 122.0 (C-6’); 131.3 (C-1’); 146.4, 147.4 (C-3’, C-4’);
152.4, 160.0, 161.0 (C-3, C-4, C-6, C-7a). Anal. Calcd for C,,H,,N,O;: C, 60.59; H, 6.10; N, 21.20.
Found: C, 60.75; H, 5.76; N, 21.34.
4-Benzylamino-6-dimethylamino-3-methylisoxazolo[5,4-d]pyrimidine (4¢) (79%): mp 170-172 °C
(EtOH). IR (KBr, cm™) v = 3380 (NH), 2880, 1640. MS (EI, m/z %) = 283 (M", 53), 206 (28), 91 (100).
'H NMR (CDCl,) 8 = 2.45 (s, 3H, CH;); 3.20 (s, 6H, NMe,); 4.79 (d, 2H, J = 5.86 Hz, CH,); 5.29 (br t,
1H, NH); 7.36 (m, 5H, C{H;). °C NMR (CDCl,): 6 = 12.5 (CH,); 37.3 (NMe,); 44.6 (CH,); 88.0 (C-3a);
127.4, 127.5, 128.2, 128.6, 138.6 (C,Hs); 152.8 157.5, 162.7, 178.0 (C-3, C-4, C-6, C-7a). Anal. Calcd for
C,sH;N;O: C, 63.59; H, 6.05; N, 24.72. Found: C, 63.77; H, 5.96; N, 24.58.
6-Dimethylamino-3-methyl-4-morpholinoisoxazolo[5,4-d]pyrimidine (4d) (75%): mp 105-107 °C (EtOH).
IR (KBr, cm™) v = 2980, 1600, 1540. MS (EI, m/z %) = 263 (M", 100), 205 (82), 107 (68), 86 (69), 69
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(72). '"H NMR (CDCl,) & = 2.48 (s, 3H, CH;); 3.21 (s, 6H, NMe,); 3.67-3.72 (m, 4H, NCH,); 3.80-3.85
(m, 4H, OCH,). "C NMR (CDCl,): & = 15.1 (CH,); 37.2 (NMe,); 48.3 (NCH,); 66.5 (OCH,); 89.7 (C-3a);
152.5 160.6, 161.4, 178.9 (C-3, C-4, C-6, C-7a). Anal. Calcd for C,,H;N;O,: C, 54.74; H, 6.51; N, 26.60.
Found: C, 54.56; H, 6.70; N, 26.47.
6-Dimethylamino-3-methyl-4-thiomorpholinoisoxazolo[5,4-d]pyrimidine (4e) (60%): mp 120-122 °C
(EtOH). IR (KBr, cm™) v = 2980, 1640, 1580. MS (El, m/z %) = 279 (M*, 21), 206 (100), 107 (49), 69
(85). 'HNMR (CDCl,) § = 2.43 (s, 3H, CH,); 2.72-2.76 (m, 4H, SCH,); 3.16 (s, 6H, NMe,); 3.89-3.95 (m,
4H, NCH,). "C NMR (CDCL,): & = 14.9 (CH,); 27.0 (SCH,); 37.2 (NMe,); 50.4 (NCH,); 89.6 (C-3a);
152.5 160.5, 161.3, 178.9 (C-3, C-4, C-6, C-7a). Anal. Calcd for C,H;N;OS: C, 51.59; H, 6.13; N,
25.07; S, 11.48. Found: C, 51.70; H, 6.02; N, 24.93; S, 11.67.
6-Dimethylamino-3-methyl-4-methylpiperidinoisoxazolo[5,4-d]pyrimidine (4f) (79%): mp 74-76 °C
(EtOH). IR (KBr, cm™) v = 2940, 1580, 1440. MS (El, m/z %) = 275 (M", 73), 232 (32), 98 (100). 'H
NMR (CDCl,) 6 =0.95 (d, 3H, J = 6.35 Hz, CH;); 1.19-1.38 (m, 2H, CH,); 1.63-1.75 (m, 3H, CH, CH,);
2.43 (s, 3H, CH,); 2.89-3.03 (m, 2H, CH,); 3.15 (s, 6H, NMe,); 4.17-4.25 (m, 2H, CH,). "C NMR
(CDCly): 0 = 14.9 (CH,); 21.8 (CH,); 30.2 (CH); 31.0 (CH,); 37.1 (NMe,); 48.2 (NCH,); 89.4 (C-3a);
152.9 160.3, 161.4, 178.9 (C-3, C-4, C-6, C-7a). Anal. Calcd for C,,H,,N;O: C, 61.07; H, 7.69; N, 25.43.
Found: C, 60.92; H, 7.82; N, 25.50.
4-(N-4’-Acetylphenylpiperazino)-6-dimethylamino-3-methylisoxazolo[5,4-d]pyrimidine (4g) (70%): mp
190-192 °C (EtOH). IR (KBr, cm™) v = 2860, 1700 (CO), 1580, 1400. MS (EI, m/z %) = 380 (M", 6), 206
(100), 69 (22). '"H NMR (CDCl;) & = 2.53 (s, 3H, CH,CO); 2.54 (s, 3H, CH,); 3.23 (s, 6H, NMe,);
3.54-3.57 (m, 4H, NCH,); 3.86-3.91 (m, 4H, NCH,); 6.90, 7.92 (AA’XX’ system, 4H, J = 8.8 Hz, C,;H,).
C NMR (CDCl,): & = 15.1 (CH,); 26.1 (CH,); 37.2 (NMe,); 46.7 (NCH,); 47.2 (NCH,); 89.6 (C-3a);
113.2,127.9, 130.4 (C,H,); 152.6, 153,6, 161.3, 178.8 (C-3, C-4, C-6, C-7a). Anal. Calcd for C,H,,N,O,:
C, 63.14; H, 6.36; N, 22.09. Found: C, 63.31; H, 6.24; N, 21.97.
4-Diethylamino-6-dimethylamino-3-methylisoxazolo[5,4-d]pyrimidine (4h) (84%): mp 100-102 °C
(EtOH). IR (KBr, cm™) v = 2960, 1580, 1400. MS (EL m/z %) = 249 (M*, 55), 220 (63), 206 (75), 72
(100). 'H NMR (CDCl,) & = 1.27 (t, 6H, J = 7.1 Hz, 2CH,); 2.54 (s, 3H, CH,); 3.20 (s, 6H, NMe,); 3.66
(q, 4H, J = 7.1 Hz, 2CH,). "C NMR (CDCl,): & = 13.3 (CH;); 15.6 (CH,); 37.0 (NMe,); 43.5 (NCH,);
87.9 (C-3a); 152.5, 157.1, 158.8, (C-3, C-4, C-6, C-Ta). Anal. Calcd for C,H,(N;O: C, 57.81; H, 7.68; N,
28.09. Found: C, 58.02; H, 7.50; N, 28.28.
6-Dimethylamino-3-methyl-4-n-propylaminoisoxazolo[5,4-d]pyrimidine (4i) (85%): mp 120-122 °C
(EtOH). IR (KBr, cm™) v = 3380 (NH); 2980, 1640. MS (EI, m/z %) = 235 (M", 46), 178 (47), 107 (62),
69 (100). '"H NMR (CDCl,) & = 0.87 (t, 3H, J = 7.3 Hz, CH;); 1.58 (m, 2H, CH,); 2.36 (s, 3H, CH,); 3.09
(s, 6H, NMe,); 3.36-3.46 (m, 2H, CH,); 5.22 (t, 1H, J = 5.6 Hz, NH). "C NMR (CDCl,): § = 11.4 (CH,);
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12.3 (CH,); 22.6 (CH,); 37.1 (NMe,); 42.5 (NCH,); 87.8 (C-3a); 153.1, 157.7, 162.7, 177.8 (C-3, C-4,
C-6, C-7a). Anal. Calcd for C,;H;N,O: C, 56.15; H, 7.28; N, 29.77. Found: C, 55.98; H, 7.44; N, 29.66.
6-Dimethylamino-4-methoxy-3-methylisoxazolo[5,4-d]pyrimidine (4j)

A solution of 3 (106 mg. 0.5 mmol) and sodium methoxide (33mg, 0.7 mmol) in MeOH (5 mL) was
heated at reflux until all starting material has disappeared as checked by TLC (1.5 h). The solvent was
then removed at reduced pressure and the resulting solid was recrystallized from ethanol to afford 4j
(67mg, 68%): mp 116-118 °C. IR (KBr, cm™) v= 2940, 1630. MS (EI, m/z %) = 208 (M", 100), 179 (78).
'H NMR (CDCl,) & = 2.45 (s, 3H, CH,); 3.24 (s, 6H, NMe,); 4.04 (s, 3H, OCH,). "C NMR (CDCl,): § =
11.9 (CH,); 37.4 (NMe,); 53.7 (OCH,); 90.0 (C-3a); 154.3, 162.5, 165.0 (C-3, C-4, C-6, C-7a). Anal.
Calcd for CoH,,N,O,: C, 51.92; H, 5.81; N, 26.91. Found: C, 52.12; H, 5.66; N, 27.04.
6-Dimethylamino-3-methylisoxazol[5,4-d|pyrimidine-4(5H)-thione (4k)

NaSHxH,O (0.20 g) was added in portions to a solution of 3 (106 mg, 0.5 mmol) in EtOH (10 mL). The
reaction mixture was stirred at rt until all starting material has disappeared as checked by TLC. The
solvent was removed at reduced pressure and water (10 mL) was added. The solution was neutralized
with 2N HCI and the precipitate was filtered off and purified by MPLC using dichloromethane as eluent
to obtain 4k (75 mg, 75%): mp 196-198 °C. IR (KBr, cm™) v = 3180 (SH), 1580, 1300. MS (EI, m/z %) =
210 (M*, 100), 195 (34), 166 (33), 69 (61). 'H NMR (CDCI,) 8 = 2.62 (s, 3H, CH,); 3.28 (s, 6H, NMe,).
C NMR (CDCl,): 8 = 12.4 (CH,); 37.9 (NMe,); 105.2 (C-3a); 135.5, 159.3, 179.7 (C-3, C-4, C-6, C-7a).
Anal. Calcd for CgH,(\N,OS: C, 45.70; H, 4.79; N, 26.65; S, 15.25. Found: C, 45.58; H, 4.94; N, 26.83; S,
15.13.

3-Cyano-2-chlorodimethylaminomethylenamino-5-phenylpyrazine (6).

A solution of 2-amino-3-cyano-5-phenylpyrazine 5 (0.60 g, 3 mmol) and phosgeniminium chloride (0.56
g, 3.5 mmol) in 1,2-dichloroethane (15 mL) was heated at reflux until all starting material has
disappeared as checked by TLC (1.5 h). The solvent was removed under reduced pressure and the
resulting solid was purified by flash chromatography using dichloromethane as eluent to obtain 6 (0.80 g,
92%); mp 116-118 ° C. IR (KBr, cm™): v = 2220 (CN), 1640 cm™. MS (EL m/z %) = 287 (M" + 2, 9), 285
(M*, 27), 76 (100). 'H NMR (CDCl,): 8 = 3.25 (s, 6H, NMe,); 7.41-7.95 (m, 5H, C{Hj); 8.87 (s, 1H, H-6).
“C NMR (CDCl,): 8 = 40.2 (NMe,); 115.6 (CN); 123.2, 126.1, 128.7, 134.4 (C4Hj)); 142.5, 146.6, 156.1,
(C-2, C-5, C-6). Anal. Calcd for C,,H,N,Cl: C, 58.85; H, 4.23; Cl, 12.41; N, 24.51. Found: C, 58.72; H,
4.02; Cl, 12.61; N, 24.52.

4- Chloro-2-dimethylamino-6-phenylpteridine (7)

Method A

A mixture of 5§ (0.60 g, 3 mmol) and phosgeniminium chloride (0.56 g, 3.5 mmol) in 1,2-dichloroethane
(15 mL) was heated at reflux until all starting material has disappeared as checked by TLC (1.5h). A
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stream of dry hydrogen chloride was passed through the mixture for 2 h and the reaction mixture was
allowed to stand 72 h at rt. The solvent was then removed under reduced pressure and the resulting solid
was purified by flash chromatography using dichloromethane as eluent to afford 7 (0.65 g, 75%); mp
278-280 °C (EtOH). IR (KBr, cm™) v = 2920, 1600. MS (EL, m/z %) = 287 (M" + 2, 34), 285 (M*, 94),
256 (100). '"H NMR (CDCl,) & = 3.35 (s, 6H, NMe,); 7.45-7.52 (m, 3H, C¢H;): 8.10-8.13 (m, 2H, C,H,);
9.31 (s, 1H, H-7). C NMR (CDCl,): 8 = 37.7 (NMe,); 126.8, 129.1, 130.0, 135.5 (C¢Hj); 150.1 (C-7);
148,2, 155.6, 159.2, 164.2 (C-2, C-4, C-4a, C-6, C-8a). Anal. Calcd for C,,H,,CIN: C, 58.85; H, 4.23; Cl,
12.41; N, 24.51. Found: C, 58.96; H, 4.16; Cl, 12.60; N, 24.29.

Method B

A stream of dry hydrogen chloride was passed through a mixture of 6 (0.285 g, 1 mmol) in
1,2-dichloroethane (15 mL) for 2 h. The reaction mixture was allowed to stand 72 h at rt. The solvent was
then removed under reduced pressure and the resulting solid was purified by flash chromatography using
dichloromethane /AcOEt (95:5 v/v) as eluent to yield 7 (0.237 g, 82%).

4- Substituted 2-dimethylamino-6-phenylpteridines (8a-c). General Procedure:

A solution of 7 (143 mg, 0.5 mmol) and the appropriate amine (0.7 mmol) in THF (5 mL) was heated at
reflux until all starting material had disappeared as checked by TLC. The solvent was then removed under
reduced pressure and the resulting solid was purified by flash cromatography using CH,Cl,/AcOEt (4:1,
v/v) as eluent.

2-Dimethylamino-6-phenyl-4-piperidinopteridine (8a) (85%): mp 288-290 °C (EtOH). IR (KBr, cm™) v =
2980, 1580. MS (EI, m/z %) = 334 (M*, 100), 319 (67), 128 (75). 'H NMR (CDCIl;) 6 = 1.75 (m, 6H,
CH,); 3.25 (s, 6H, NMe,); 4.29 (m, 4H, NCH,); 7.32-7.48, 7.90-7.96 (m, 5H, C,Hs); 9.07 (s, 1H, H-7). °C
NMR (CDCl,): & =24.7, 26.2 (CH,); 37.1 (NMe,); 48.9 (NCH,); 125.7, 128.6, 128.8, 136.6 (C,Hs); 145.9
(C-7); 142.4, 156.7, 159.4, 160.2 (C-2, C-4, C-4a, C-6, C-8a). Anal. Calcd for C,H,,N,: C, 68.24; H,
6.63; N, 25.13. Found: C, 68.40; H, 6.54; N, 25.06.
2-Dimethylamino-6-phenyl-4-(3,4-methylenedioxybenzylpiperazino)pteridine (8b) (73%): mp 270-272
°C (EtOH). IR (KBr, cm™) v=2980, 1580. MS (EI, m/z %) = 469 (M*, 100), 319 (67), 128 (75). 'H NMR
(CDCl5) 8 =2.47-2.64 (m, 4H, NCH,); 3.26 (s, 6H, NMe,); 3.46 (s, 2H, CH,); 4.08-4.45 (m, 4H, NCH,);
5.96 (s, 2H, OCH,0); 6.75-6.89 (m, 3H, C;H,CH,0,); 7.41-7.93 (m, 5H, CHy); 9.09 (s, 1H, H-7). °C
NMR (CDCL,): & = 37.2 (NMe,); 47.3 (NCH,); 53.0 (NCH,), 62.5 (CH,); 100.8 (OCH,0); 107.7, 109,3,
(C-2, C-5%); 122.1 (C-6"); 123.9, 125.8, 128.9, 136.4 (C.Hs); 131.5 (C-1°); 146.3 (C-7); 146.6, 147.6
(C-3°, C-4°); 142.7, 156.7, 159.3, 160.0 (C-2, C-4, C-4a, C-6, C-8a). Anal. Calcd for C,sH,;N;0O,: C,
66.51; H, 5.80; N, 20.88. Found: C, 66.33; H, 5.92; N, 21.00.

4- Benzylamino-2-dimethylamino-6-phenylpteridine (8¢) (90%): mp 160-162 °C (EtOH). IR (KBr, cm™)
v = 13340 (NH), 2980, 1640. MS (EI, m/z %) = 356 (M*, 25), 91 (100). '"H NMR (CDCl,) 6 = 3.27 (s, 6H,
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NMe,); 4.80 (d, 2H, J = 6.3 Hz, CH,); 5.42 (br t, 1H, NH); 7.26-7.95 (m, 10H, C¢Hs); 9.10 (s, 1H, H-7).
C NMR (CDCl,): & = 37.0 (NMe,); 44.3 (CH,); 121.3 (C-4a); 127.1, 127.4, 128.3, 128.6, 135,8, 138.1
(C¢Hs); 145.7 (C-7); 144.0, 154.7, 159,4, 160.6 (C-2, C-4, C-6, C-8a). Anal. Calcd for C,,H,,N,: C, 70.77;
H, 5.66; N, 23.58. Found: C, 70.65; H, 5.78; N, 23.57.
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