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By heating 2-chloromethyl-3,-5-dimethyl-4-methoxypyridine (1) either neat or in solution methoxy group
cleavage was achieved, followed by dimerisation to poorly soluble 6,12-dihydro-1,3,7,9-tetramethyl-
5H,11H-dipyrido[1,2-a:1',2'-d]pyrazine-2,8-dione (3) in almost quantitative yield with methyl chloride evo-
lution. To our knowledge this is the first example of such Hilbert-Johnson preparation of dipyridopyrazine-
diones. Recrystallization of 3 from the hydrochloric acid yielded 6,12-dihydro-2,8-dihydroxy-1,3,7,9-
tetramethyl-dipyrido[1,2-a:1',2'-d]pyrazinediylium dichloride (4), neutralization of which gave back the
pyrazine-2,8-dione 3. The molecular structures of both compounds 3 and 4 have been unambiguously con-
firmed by single crystal X-ray structure analysis.
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Introduction.

2-Chloromethyl-3,5-dimethyl-4-methoxypyridine (1) is a
well known reagent for the synthesis of pharmacologically
active substances bearing [(3,5-dimethyl-4-methoxy-2-
pyridinyl)methyl] pattern [2], however no data about its sta-
bility have been reported. In this paper we would like to
report thermal self condensation of 1 leading to the forma-
tion of novel derivatives in the dipyrido[1,2-a:1',2'-d]-
pyrazine series. 

Results and Discussion.

As a continuation of our research into the dioxepino-
[5,6-b]azirine hypoglycemics [3], 1 was used as reagent
bearing pyridylmethyl functionality. It was observed that
by refluxing 1 in toluene the solution became red, while
after 5 hours small  quantity of poorly soluble product pre-
cipitated.

In addition, by repeating the same procedure under
stronger reaction conditions, i.e., refluxing of 1 in xylene
for 5 hours crude precipitate was isolated, m.p. > 300 °C.
According to its ir spectral data, no methoxy group band
was observed at 1087 cm-1, while a new band at 1645 cm-1

appeared, indicating the presence of a keto group. Pure
product recrystallized from methanol, showed the identical
ir spectrum as that of the crude product. Therefore, one
might conclude that 3 was formed by thermal cleavage of
the methoxy group.

Although 3 has a very low solubility in most common
organic nonpolar and polar solvents, including even
dimethylsulfoxide, nmr data of its methanol solution
showed no existence of methoxy group. On the other hand,
mutual long range splitting of ring protons at 7.95 ppm and
methyl protons at 2.05 ppm of ~ 0.8 Hz in 1H nmr, as well
as a singlet at ~ 180 ppm in the 13C nmr indicating the

presence of the 4-pyridone moiety. Finally, esi-ms
[methanol] data of 271.2 (M+H)+ gave conclusive evi-
dence to confirm the structure of 3 as 6,12-dihydro-
1,3,7,9-tetramethyl-5H,11H-dipyrido[1,2-a:1',2'-d]-
pyrazine-2,8-dione (Scheme 1). Recrystallization of 3

785May-Jun 2001



Communication to the Editor

from 50 % (v/v) aqueous methanol solution gave its hexa-
hydrate, the structure of which has been clearly confirmed
by X-ray crystallography. (Fig. 1).

Upon dissolving dipyridopirazinedione 3 in the
hydrochloric acid 6,12-dihydro-2,8-dihydroxy-1,3,7,9-
tetramethyl-dipyrido[1,2-a:1',2'-d]pyrazinediylium dichlo-
ride (4), was obtained, which by neutralization in ethanolic
sodium hydroxide solution gave back 3 (Scheme 1).
The structure of 4 has been unambiguously confirmed by
single crystal X-ray structure analysis (Figure 1) [4].

X-Ray Structural Investigation.

Up to now there are only a few representatives of 6,12-
dihydro-dipyrido[1,2-a:1',2'-d]pyrazinediylium disalts [5]
described in the literature, e.g. diperchlorate, dichloride,
dibromide, diiodide and dipicrate analogues, while none of
its 2,8-dihydroxy or 2,8-dione derivatives were known.
Here, we report the unique 2,8-dione 3, as well as

2,8-dihydroxy 4 derivatives of 6,12-dihydro-1,3,7,9-
tetramethyl-dipyrido[1,2-a:1',2'-d]pyrazine scaffolds.
Although first identified in late 1948 [6], dipyrido[1,2-
a:1',2'-d]pyrazine ring systems have been relatively poorly
studied [7] while its parent aromatic compound has been
just recently characterized [5b].

Essential crystallographic data, atomic coordinates with
equivalent isotropic thermal parameters for 3, are reported
in Tables 1 and 2, respectively. The molecular structure of
3 is depicted in Figure 1.
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Figure 1. The X-ray molecular structures of 3 (up) and 4 (down) with the
atomic numbering scheme. Non-hydrogen atoms are drawn at the 50%
probability level, while hydrogen atoms are drawn as spheres of arbitrary
radii. Water molecules, as well as chloride anions (3 crystallizes as hexaxy-
drate, while 4 as dihydrate) are omitted for clarity.

Table  2

Atom Coordinates and Equivalent Isotropic Thermal Parameters 
(Å2) for non-Hydrogen Atoms of 3

Atom x y z U(eq)

O2' 0.29866(18)       -0.12563(11) 0.57868(9) 0.0425(4)
O8' 0.36649(19)      0.53698(11) -0.15746(10) 0.0438(4)
N5 0.14229(18)    0.21668(12) 0.32468(11)    0.0305(4)
N11 0.18918(19)  0.22220(12)  0.10679(11)    0.0318(4)
C1 0.2131(2) -0.01938(14)  0.39423(13)    0.0291(4)
C1' 0.2333(3) -0.15101(16)  0.38187(16)    0.0376(5)
C2 0.2521(2)  -0.01826(14) 0.49836(13)   0.0297(4)
C3 0.2366(2)  0.10875(15)  0.50778(13)   0.0307(5)
C3' 0.2784(3)       0.11494(18) 0.61367(15) 0.0394(6)
C4 0.1831(2)        0.22059(15) 0.42094(13) 0.0314(5)
C6 0.0738(3)       0.34005(16) 0.23466(14) 0.0356(5)
C7 0.2298(2)        0.44966(14) 0.03375(13) 0.0301(4)
C7' 0.2085(3)  0.58073(16)  0.04685(17)    0.0398(6)
C8 0.3138(2)  0.43801(14) -0.07315(13)    0.0313(5)
C9 0.3393(2)      0.30936(16) -0.08146(14) 0.0367(5)
C9' 0.4338(4)      0.2888(2) -0.18837(19) 0.0584(8)
C10 0.2754(2)        0.20724(16) 0.00849(14) 0.0353(5)
C12 0.1087(3)  0.11315(16)  0.20000(15)    0.0374(5)
C13 0.1585(2)  0.09852(14)  0.31124(13)    0.0291(4)
C14 0.1692(2)  0.34126(14)  0.12028(13)    0.0292(4)
O1W 0.0385(3)  0.60048(16)  0.33032(14)    0.0599(6)
O2W 0.2694(2)  0.49112(16) -0.49435(16)    0.0571(6)
O3W 0.4163(2)  0.79962(15) -0.20831(13)    0.0573(5)
O4W 0.2590(3) -0.05007(18) -0.07037(19)    0.0743(7)
O5W 0.0461(3)      -0.14640(19) 0.14059(16) 0.0695(7)
O6W 0.4224(2)  0.61366(13) -0.38899(12)    0.0501(5)

Table  1

Summary and Comparison of some Essential Crystallographic 
Data for 3 and 4 [4]

Parameter 3 • 6H2O 4 • 2Cl- • 2H2O

Crystal system Monoclinic Triclinic
Space group I  2/m P1
a / Å 11.255(15) 7.5934(3)
b / Å 6.8650(13) 11.1059(7)
c / Å 11.9530(12) 12.9432(7)
α / º 90 66.937(7)
β / º 104.15(2) 77.927(9)
γ / º 90 77.168(9)
V / Å3 895.5(12) 970.08(14)
Z 2 2
Dx / gcm-3 1.407 1.296
µ (MoKα) / mm-1 0.385 0.103
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One can see that the central pyrazine ring of 3 adopts an
eclipsed boat conformation as a part of the folded conforma-
tion in general, with the dihedral angle between the outer
pyrido rings of 136.38(7)°, similar to the values of cca. 140°
found in the 6,12-dipyrido[1,2-a:1',2'-d]pyrazinediylium
dibromide methanol solvate [5b] and in the folded 9,10-dihy-
droanthracene systems [8]. Conversely, the 1,2,3-trisubsti-
tuted pyrido groups in 4 are symmetrically constrained and
therefore perfectly coplanar [4].

The values of geometrical parameters are generally lying
within expected ranges. It should only be pointed out that
bond lengths have corroborated well with the existence of
the 6,12-dihydro-5H,11H-dipyrido[1,2-a:1',2'-d]pyrazine-
2,8-dione moiety and the sp3 hybridized C6 and C12 atoms.
Considering the sp3 hybridization of atoms C6 and C12 the
folded conformation of 3 was anticipated, unlike the
extended and planar conformation of 4 (Figure 2).

Molecule 3 forms complex three-dimensional hydro-
gen-bond network (Figure 3). Keto moieties are linked
with two water molecules, at each side, via intermolecular
O8'(O2')...H-O3W(O6W) hydrogen bond forming
pseudo-eight-membered ring patterns. Also, by combining
ring patterns, chains along [0 –1 1] direction are formed.
Additionally by utilizing numerous intermolecular
OW(n)-H···OW(n) (n = 1-6) hydrogen bonds the complete
hydrogen-bond network is constructed.

Mechanism of Cyclisation.

According to the literature condensation procedures for
2-halomethyl nitrogen containing heterocycles toward the
formation of the 6,12-dihydro-dipyrido[1,2-a:1',2'-d]-
pyrazine scaffold has been expected [6,7]. Isolation of the
keto 3 and not the methoxydipyridopyrazinium dichloride
2 could be attributed to the hydrolysis of the expected
intermediate 2, during the course of reaction by air humid-
ity. These findings, corroborate well with known
hydrolytic cleavage of 4-methoxypyridinium salts to
4-pyridones [9]. 

However, detailed study of reaction, performed in the
absence of air and humidity, indicated, that heating of 1 in
neat led to the methoxy group cleavage and dimerisation to
the poorly soluble 6,12-dihydro-1,3,7,9-tetramethyl-
5H,11H-dipyrido[1,2-a:1',2'-d]pyrazine-2,8-dione (3),
under subsequent methyl chloride evolution (Scheme 1).
The methyl chloride released during the course of cyclisa-
tion was trapped in aniline. N-Methylaniline was isolated
(Scheme 1) and characterized by spectroscopic methods,
and its ir spectrum was identical to the spectrum of the
authentic sample [10].

Formation of the methyl chloride could be a consequence
either of a radical or an ionic mechanism. In order to clarify
this mechanistic dilemma, gas stream evolving during the
reaction was analyzed by the gc for the presence of ethane,
as an indicator of the possible radical pathway. Moreover,
epr measurments of 1 in neat up to 140 °C was used as
another radical species detector. Preliminary results did not
show any trace of ethane, also epr radical patterns were not
detected. Additionally, the thermal cyclization pathway of 1
was monitored by 1H nmr experiments in dimethylsulfox-
ide-d6 solution at 120 °C. Unfortunately, they were unsuc-
cessful due to the precipitation of poorly soluble product 3.
No compound(s) was(were) perceived that could indicate
formation of intermediate dimethoxy derivative 2, as well.
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Figure 2. Overlap diagrams; top wiew (up) and side wiew (down) of
molecular structures 3 (gray) and 4 (black). Hydrogen atoms are omitted
for clarity.

Figure 3. Packing diagram of 3. Nitrogen atoms are solid while oxygen
atoms are hatched. Hydrogen bonds are shown as dashed lines.
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Therefore, it might be concluded that according to the
mentioned results one can rule out the radical process and
propose an ionic mechanism of methyl chloride elimina-
tion and direct formation of pyrazine-2,8-dione 3 starting
from 1.

Although these initial experiments yielded no methoxy
derivative 2, one can propose that dimerisation of 1 repre-
sent the extension of Hilbert-Johnson reaction, known
from pyrimidine [11] and pyridazine [12] nucleosides
chemistry. Typically, treatment of an alkoxy- or trialkyl-
siloxy pyrimidines or pyridazines with alkyl- (glycosyl-)
halides affords a quaternary salt, which readily loses the
alkyl or trialkylsilyl halide to furnish a N-alkyl- (glycosyl)
pyrimidinone or pyridazinone. It should be noted that
dimerisation of 1 is a specific case of such reaction, where
quaternization of pyridine nitrogen atoms leads formation
of the dipyridopyrazinedione 3. 

Initial formation of 5 and its subsequent cyclisation
should lead to intermediate 2. The next step most likely
involves facile cleavage of a dimethoxydipyridopy-
razinediylium salt 2 that probably occurs by immediate
nucleophilic attack of chloride ions, yielding dipyridopy-
razinedione 3.

It is well known that alkyl aryl or alkyl heteroaryl ether
group cleavage proceeds in the presence of the hydrohalic
acids [13], where halide ions are strongly solvated, and less
nucleophilic. However, cleavage conditions reported here are

quite different, i. e. chloride ions are less solvated, and there-
fore more nucleophilic, so they can easily cleave methoxy
group. The driving force for this reaction could be the precip-
itation of insoluble dipyridopyrazinedione 3, as a product.

In general, concerted nature of any reaction is the source
of great debate, even in the case of Diels-Alder reactions,
which are commonly considered as concerted [14]. This is
the reason why concerted mechanism of presented reaction
might be excluded from further consideration.

To our knowledge the reaction pathway that has been
discussed represents the first example of specific Hilbert-
Johnson reaction variant, the significance and scope of
which is still under investigation.

EXPERIMENTAL

Chemistry.

General Information.

Melting points were determined using a Fischer-Johns appara-
tus, and are uncorrected. Infrared spectra (ir) were recorded on a
Nicolet Magna-IR 760 Spectrometer and the bands are given in
cm-1. Nuclear magnetic resonance spectra 1H nmr and 13C nmr
were recorded in methanol-d4 solution with tetramethylsilane as
internal standard on Bruker Avance DPX 300 spectrometer.
Chemical shifts (δ) are given in ppm relative to tetramethylsilane
(δ = 0), and coupling constants (J ) in Hz; with methanol-d4 as a
solvent. Mass spectrum was determined in the electronspray
mode on Micromass Platform LCZ with capillary voltage of 3.5
kV and cone voltage of 35 V. Combustion analyses were per-
formed in our laboratory. TLC was performed using Merck
Kieselgel 60 F254 silica plates and components were visualized
using UV light and iodine vapor. Solvents were p.a. grade and
were used without further purification. 2-Chloromethyl-3,5-
dimethyl-4-methoxypyridine (1) used was prepared by carefully
neutralization of its hydrochloride, obtained from commercial
sources, and its purity was checked by HPLC. Chemical yields
were not optimized.

6,12-Dihydro-1,3,7,9-tetramethyl-5H,11H-dipyrido[1,2-a:1',2'-d]-
pyrazine-2,8-dione (3). 

Method A.

2-Chloromethyl-3,5-dimethyl-4-methoxypyridine (1) (7.5 g;
50.1 mmol) was refluxed in xylene (90 mL) (~ 140 °C) for 5
hours. After cooling, the solid precipitate was filtered by suction,
washed with xylene and dried in vaccuo (~2.0 kPa) at 50 °C for 3
hours yielding crude, chromatographically pure dipyridopy-
razinedione 3 (2.8 g; 42 %; m.p. > 300 °C). An analytical sample
was obtained by recrystallization from methanol; ir (potassium
bromide): 3433, 3011, 2925, 1649, 1559, 1492, 1372, 1279,
1115; 1H nmr (300 MHz, methanol-d4): δ 7.95 (d, 2H, J = 0.8 Hz,
H-C4 & H-C10), 5.29 (s, 4H, H-C6 & H-C12), 2.18 (s, 6H, CH3-
C1 & CH3-C7) and 2.06 (d, 6H, J = 0.8 Hz, CH3-C3 & CH3-C9);
13C nmr (75 MHz, methanol-d4,): δ ppm 179.90 (s, C1 and C8),
141.75 (s, C6a and 12a), 139.48 (d, C4 and C10), 122.77 (s, C1
and C7), 51.16 (t, C6 and C12), 14.39 (q, CH3-C1 and CH3-C7),
11.06 (q, CH3-C3 and CH3-C9); esi-ms [methanol] C16H18N2O2
Mr(calcd) = 270.30, Mr(found) = 271.2 (M+H)+.
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Anal. Calcd. for C16H18N2O2: C 71.09, H 6.73, N 10.37.
Found: C 71.07, H 6.75, N 10.34.

Method B.

2-Chloromethyl-3,5-dimethyl-4-methoxypyridine (1) (7.8 g;
52 mmol) was charged in a 3-necked flask equipped with ther-
mometer and a nitrogen inlet pipe and connected to four traps;
empty, filed with 15.00 g aniline, empty and filed with 15 mL of
1.0 M NaOH). 1 was heated in the air-free atmosphere which was
accomplished by slow, bulb-to-bulb nitrogen flow. Once 50 °C
was reached the nitrogen flow was stopped. At about 120 °C
solid precipitation and gas generation started, and over 130 °C
both processes are considerable faster. Heating was continued for
about 2 hours and ended at 160 °C. After cooling, the solid
residue in the flask was crude, chromatographically pure dipyri-
dopyrazinedione 3 (5.42 g; 77 %; m.p. > 300 °C). Its ir spectrum
was identical to the spectrum of authentic sample (Method A).

The aniline trap mixture was resolved by column chromatogra-
phy (methylene chloride:ethyl acetate = 98:2) to give N-methyl-
aniline (1.56 g; 31.8 %). Its ir spectrum was identical to the spec-
trum of the authentic sample [10].

Method C.

6,12-Dihydro-2,8-dihydroxy-1,3,7,9-tetramethyl-dipyrido [1,2-
a:1',2'-d]pyrazinediylium dichloride dihydrate (4) (0.34 g, 1 mmol)
was dissolved in solution of sodium hydroxide (80 mg; 2 mmol) in
20 mL of ethanol. The mixture was stirred at room temperature for
2 hours. Solvent was evaporated under reduced pressure and solid
residue was macerated in 3 mL of water. The obtained crystals
were filtered off, washed with water and dried in vaccuo (∼2 kPa)
at 50 °C for 3 hours. Pure dipyridopyrazinedione 3 was obtained
(0.25 g, 94 %; m.p. > 300 °C). Its ir spectrum was identical to the
spectrum of the authentic sample (Method A).

6,12-Dihydro-2,8-dihydroxy-1,3,7,9-tetramethyl-dipyrido-
[1,2-a:1',2'-d]pyrazine-diylium Dichloride Dihydrate (4).

Pyrazine-2,8-dione 3 (0.6 g; 2.2 mmol) was dissolved in 7 mL
of 50 % aqueous methanol and 0.55 mL of hydrochloric acid.
Mixture was stirred at room temperature for 15 minutes and
another 8 mL of aqueous methanol was added. Big, colorless
crystals of 4 precipitated from solution and were filtered off (0.5
g, 65 %, m.p. > 300 °C). ir (potassium bromide): 3306, 3023,
1644, 1495, 1434, 1322, 1275, 1109, 1035, 984; 1H nmr (300
MHz, methanol-d4 ): δ 8.76 (s, 2H, H-C4 & H-C10), 5.96 (s, 4H,
H-C6 & H-C12), 2.48 (s, 6H, CH3-C1 & CH3-C7) and 2.37 (s,
6H, CH3-C3 & CH3-C9); 13C nmr (75 MHz, methanol-d4): δ
170.89 (s, C2 and C8), 145.07 (s, C6a and C12a), 144.31 (d, C4
and C10), 125.47 (s, C3 and C9), 123.90 (s, C1 and C7), 53.45 (t,
C6 and C12), 14.46 (q, CH3-C3 and CH3-C9), 11.80 (q, CH3-C1
and CH3-C7); esi-ms [methanol] C16H20Cl2N2O2 Mr(calcd) =
343.22, Mr(found) = 271.1 (M-H & -2Cl)+.

Anal. Calcd. for C16H20Cl2N2O2: C 55.99, H 5.89, N 8.16.
Found: C 55.95, H 5.91, N 8.15.

X-ray Diffraction

The X-ray diffraction data for compound 3 were collected on
PHILIPS PW1100 automatic four-circle diffractometer (Stoe/Cie
upgrade) using graphite monochromatized MoKa radiation (λ =
0.71069 Å), at room temperature. The measured intensity data were
corrected for Lorentz and polarization effects, but not for absorption.
The molecular and crystal structure was solved by direct methods

and refined on F2 with anisotropic displacement parameters for all
non-hydrogen atoms. All hydrogen atoms were located in the dif-
ference Fourier maps and refined isotropically. Refinement parame-
ters converged as follows; R(F)  = 0.047 and w(RF

2) = 0.150.
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Kamenar, Tetrahedron Lett., 34, 3639 (1993); [b] M. Dumić. M.
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