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SYNTHESIS OF POLYCYCLIC NITROGEN-CONTANING HETERO-
CYCLES: ONE POT FORMATION OF 1,6-NAPHTHYRIDINE RING
SYSTEM BY REACTION OF AMINO-CYCANO-METHYLTHIO-

HETEROCYCLES WITH DIALKYL ACETYLENEDICARBOXYLATES

Yoshinori Tominaga™ and Noriko Yoshioka

Faculty of Pharmaceutical Sciences, Nagasaki University, 1-14, Bunkyo-
machi, Nagasaki 852, Japan

Abstract-----The reaction of 5-amino-8-cyano-1,3-dimethyl-7-methylthiopyrido[2,3-d}-
pyrimidine-2,4(1H,3H)-dione (1¢) with dimethyl acetylenedicarboxylate (DMAD) in the
presence of potassium carbonate in dimethyl sulfoxide gave tetramethyl 8,9,10,11-
tetrahydro-8, 10-dimethyl-9,10-dioxo-4 H-pyrimido{4',5':5,6]pyrido(2,3,4-cb][1,6]naphthyri-
dine-2,3,5,6-tetracarboxylate (2¢). The reaction of other heterocycles bearing amino,
cyano, and methyithio groups with DMAD or DEAD under the same reaction conditions
gave the comesponding tetracyclic heterocycles containing the fundamental 1,6-
naphthyridine ring system.

In connection with our program of preparing new polyheterocyclic compounds which are of interest
from both theoretical and practical standpoints and which might also exhibit potential biclogical
activity, we have recently described the synthesis of some pyrazolo[4',3':5,6]pyrido[2,3-dpyridazine
and 1H1,4,7-triazaphenalene derivatives.! These polycyclic heterocycles are readily prepared by
the key reaction of o-aminonitriles?2 or ketene S,A-acetals® which are highly reactive starting
materials, with dimethyl acetylenedicarboxylate (DMAD) in the presence of a base. Hexamethyl
1H1,4,7-triazaphenalene-2,3,5,6,8,9-hexacarboxylate is aiso readily prepared by the double
addition-cyclization reaction of 3-amino-3-methyithio-2-cyano-acrylonitrile with excess DMAD in the
presence of potassium carbonate in dimethyl sulfoxide (DMSO).4 This method can be conveniently
applied to the synthesis of 1,6-naphthyridine containing polycyclic heterocycles. We now wish to
report the reaction of various pyridine or pyrimidine derivatives bearing amino, cyano, and
methylthio groups with dialkyl acetylenedicarboxylates in the presence of a base such as
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Table 1. Reaction of Amino-cyano-methylthio-heterocycles with Dialkyl
Acetylenedicarboxylates in the Presence of Base®
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a) The reactions were carried oulin a system of 1 (20 mmol), DMAD or DEAD (30 mmol), and K,CO; or
K3P0OzH,O (50 mmol) at room temperature 1n DMSO.
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potassium carbonate to obtain the polycyclic nitrogen-containing tri- or tetracyclic heterocycles by
one pot formation of the 1,6-naphthyridine ring system, as shown in Scheme 1.

A system of amino-cyano-methylthio-heterocycles containing pyridine or pyrimidine rings i1s an
important and versatile synthetic starting material for construction of fused pyridine or pyrimidine
derivatives. These heterocycles are generally obtained by the reaction of ketene dithioacetals® with
various nucleophiles.

The reaction of 1a with DMAD in the presence of potassium carbonate as a base in DMSQO gave an
expected tricyche heterocycle, hexamethyl 1H-1,4 7-triazaphenalene-2,3,5,6,8 9-hexacarboxylate
(2a) in 68% vyield4 Tripotassium phosphate hydrate could also be employed as a base in this
reaction, giving a yield of 70%. Diethyl acetylenedicarboxylate (DEAD) also reacted with 1b under
a same reaction condition to give 2b5in 63% vyield. In a similar manner, the reaction of 5-amino-6-
cyanopyrido[2,3-djpyrimidine-2,4(1 4 3H)-dione (1¢) 8 which was prepared by the condensation of 6-

aminouracils with ketene dithicacetal, bis(methyithio)methylenepropanedinitrile, with DMAD in the
presence of potassium carbonate or tripotassium phosphate gave tetracyclic heterocycle (2¢y in 53
and 35 % yields, respectively. As shown in Entry 4, the reaction of 1¢ with DEAD was also carried
out under the same reaction conditions to give the corresponding tetra cyclic compound (2dp in
59% vyield. The corresponding pyrazolopyridine derivatives (1d, 1ef were allowed to react with
DMAD giving the corresponding tetracyciic compounds (2e)!1? and (2f)'1 in 75 and 56% yields,

respectively.

The above reaction could be readily applied to synthesis of fused pyrimido[4,56-d 8-
[1,6lnaphthyridine derivatives (2g-h),12.13 which were prepared by reaction of the corresponding
triazolo[1,5-glpyrimidine denvative (1) with DMAD or DEAD in the presence of potassium
carbonate. Similarly, reaction of pyrazolof1,5-glpyrimidine derivative (1g) with DMAD was carried
out to give the corresponding tetracyclic compound (2iY4 in 47% yield.

A typical experimental procedure is as follows: To a stirred mixture of 2.77 g (10 mmol) of 1c, 6.9
g (50 mmol} of anhydrous potassium carbonate and 30 ml of dimethyl suifoxide, a solution of 4.2 g
(30 mmol) of dimethy! acetylenedicarboxylate in 5 m! of dimethyl sulfoxide was added dropwise over
10 min at room temperature. Stirring was continued for an additional 48 h at room temperature. The
reaction mixture was poured into 300 mi of ice-water, acidified with 10% hydrochrolic acid, and
stirred for 30 min. The precipitate was collected by filtration. After drying in air, the product was
recrystallized from methanol to give 2.72 g (53%) of yellow needles (2¢). mp 290-293°C.

In conclusion, the tandem addition-cyclization reaction of amino-cyano-methylthio-pyridine or
pyrimidine derivatives with dialkyl acetylenedicarboxylates in the presence of appropriate base was
found to be a versatile method of forming polycyclic heterocycles containing the 1,6-naphthyridine
ting system.
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2b: mp 154°C, yellow needles. 1H-nmr(CDCla)®: 1.15-1.56 (18H, m, 6xQCHo-CHg), 4.31-4.56 (12H, m, 6xOCHp.
CHag), 12.43 (1H, br s, NH), FAB ms 602(M*+1).
Y. Tominaga, S. Kohra, H. Okuda, A. Ushirogouchi, Y. Matsuda, and G Kobayashi, Chem. Pharm. Bull., 1984, 32,
122.
2¢: mp 290-293°C, yellow needles. FAB ms 514(M++1).
2d: mp 225-231°C, yellow needles. Ms 569(MT, 4}, 496(3), 425(5), 354(5), 277(5), 44{100).
Compounds (1d ) and (1e) were produced by reaction of 5-nitromethyl-3-phenylpyrazoles with bis{methylthio)-
methylenepropanedinitrile in the presence of potassium carbonate in DMSO in 87 and 91% yields, respectively.
Similarly, compounds {11} and {1g) were also prepared by reaction of the correspanding 3-aminotriazole and 3-
methyl-5-aminopyrazole with bis{methylthio)methylenepropanedinitrile.
2e: mp 282-287°C, orange neaedles. Ms: m/z 561(M™, 3), 529(100), 515(36), 498(41), 483(57), 419(26), 413(54}.
2t mp 270°C{decomp.). orange needles. Mas: m/z 653(M+,3}, 652(6), 651(M+,7), 632(18), 620(50), 45(100).
2g: mp 217-219°C, yellow leaflets. Ms: m/z 443(M+41, 4), 442(M, 16), 411(4), 384(18), 321(8), 268(7), 45{100}.
2h: mp 197-199°C, yellow needles. Ms:m/z 499(M*+1, 9}, 498(M, 30), 354(21), 353(14), 282(24), 45(100).
2i: mp 245-247°C, yellow needles. Ms: miz 456(M*+1, 18), 455(M™, 73), 423(100), 307(32), 279(21), 45(12).
An N-Hgroup in2aand 2bis clealy shown in ir and nmr spectra, while N-H group in compounds {2¢-2i) are not
fixed by any particular nitrogen atom. In the present paper, we are drawing by tentative assigment of configuration

to the N-H group in Table 1.
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