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Abstraa-----The reaction of 5 - a m i n o - 6 - c y a n o - 1 , 3 - d i m e t h y l - 7 - m e t h y l ~ -  

pyrimidine-2,4(1H,3K)dione (lc) with dimethyl acetylenedicarboxylate (DMAD) in the 

presence of potassium carbonate in dimethyl sulfoxide gave tetramethyl 8,9.10,11- 

tetrahydro-8,lOdimethyl-9.1 Odioxo4Kpyrimido[4',5':5,6]pyrido[2.3.[1,6]naphthyri- 

dine2.3,5,6-tetracarboxylate (2c). The reaction of other heterocycles bearing amino, 

cyano, and methylthio groups with DMAD or DEAD under the same reaction conditions 

gave the corresponding 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 biological 
activity, we have recently described the synthesis of some pyrazolo[4',3':5,6]pyrido[2,3-dpyridazine 
and 1 H1,4,7-triazaphenalene derivatives.' These polycyclic heterocycles are readily prepared by 
the key reaction of earninonitrile$ or ketene S,Kacetals,3 which are highly reactive starting 
materials, with dimethyl acetylenedicarboxylate (DMAD) in the presence of a base. Hexamethyl 
IH1,4,7-triazaphenalene-2,3,5,6,8,9-hexac~e is also readily prepared by the double 
addition-cyclization reaction of 3-amino-3-methylthio-2-cyano-acrylonitrie with excess DMAD in the 
presence of potassium carbonate in dimethyl sulfoxide (DMS0).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 

Scheme 1 2 
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Table 1. Reaction of Amino-cyano-methylthio-heterocycles with Dialkyl 
Acetylenedicarboxylates in the Presence of Basea 

-- - 

EnVy Ammontlnle Acetylenlc comp Base Product Yteld(%) 

6 SMe 

CI 
l e  

DMAD 

DEAD 

DMAD 

DEAD 

DMAD 

DEAD 

DMAD 

DEAD 

DMAD 

a) The reactions were camed out ~n a system of 1 (20 mmol). DMAD or DEAD (30 mmol). and K2C0, or 
K g 0 j H 2 0  (50 mmol) at mom temperalure in 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 1s 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 dithioacetalsa with 
various nucleophiles. 
The reactlon of l a  with DMAD in the presence of potassium carbonate as a base in DMSO gave an 
expected tricycl~c heterocycle, hexamethyl 1H1,4.7-triazaphenalene-2,3,5,6,8,9-hexacarboxylate 

(2a) in 68% yield.4 Tripotassium phosphate hydrate could also be employed as a base in this 
reaction, giving a yield of 70%. Diethyl acetylenedicarboxylate (DEAD) also reacted with l b  under 
a same reaction condition to give 2b5 in 63% yield. In a similar manner, the reaction of 5-amino-6- 
cyanopyrido[2,3-dpyrimidine-2,4(1 H,3H)-dione ( I c ) , ~  which was prepared by the condensation of 6- 
aminouracils with ketene dithioacetal, bis(methylthio)methylenepropanedinitrile, with DMAD in the 
presence of potassium carbonate or tripotassium phosphate gave tetracyclic heterocycle (2cy in 53 
and 35 %yields, respectively. As shown in Entry 4, the reaction of l c  with DEAD was also carried 
out under the same reaction conditions to give the corresponding tetra cyclic compound (2d)B in 

59% yield. The corresponding pyrazolopyridine derivatives (Id, l e p  were allowed to react with 

DMAD giving the corresponding tetracyclic compounds (2e)lO and (2f)11 In 75 and 56% yields, 
respectively. 
The above reaction could be readily applied to synthesis of fused pyrirnido[4,5,6-d,e) 
[1,6]naphthyridme derivatives (2g-h),12.13 which were prepared by reaction of the corresponding 
triazolo[l,5-alpyrimidine derivative (11) with DMAD or DEAD in the presence of potassium 
carbonate. Similarly, reaction of pyrazolo[l.5-alpyrimidine derivative ( lg) with DMAD was carried 
out to give the corresponding tetracyclic compound (2i)14 in 47% yield. 
A typical experimental procedure is as follows: To a stirred mixture of 2.77 g (10 mmol) of lc, 6.9 

g (50 mmol) of anhydrous potassium carbonate and 30 ml of dimethyl sulfoxide, a solution of 4.2 g 

(30 mmol) of dimethyl acetylenedicarboxylate in 5 ml 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 ml of ice-water, acidified with 70% 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 (2c). mp 290-293°C. 
In conclusion, the tandem addition-cyclization reaction of amino-cyano-methylthio-pyridine or 
pyrimid~ne 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 
ring system. 
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