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Abstract-------The reaction of ketene dithioacetal, bis(methylthio)methylenepopanedinitrile, 

with nitromethane gave Zhydroxyimino-4cyano-3-methylthiomaleimide (3) which w a  readily 

derived to the wnespondimg 4-cyano-3-methylthiomaleimide (5) by methylation with dimethyl 

sulfate followed by hydrolysis with hydrochloric acid. Compound 5 smoothly reacted with 

various mine compounds to give the wnesponding amino-polycyclic pyrimidines wntaining a 

pyrroline ring, which were readily converted to the desired plycyclic pyridazine derivatives in 

good yields. 

Fused or functionalized maleimides are synthetically useful intermediates for the preparation of polycyclic 

and functionalized pyridazine derivatives.l,z In an extension of our study on ketene dithioacetals for the 

synthesis of  heterocycle^,^ we now wish to report here the preparation of new functionalized maleimides from 

ketene dithioacetal and their application to the synthesis of amino-polycyclic pyridazinediones which are to 

be anticipated the chemiluminescent compounds like luminol. In a previous paper, 1,3-disubstituted 4-amino- 

lH-pyrazo lo [4 ' ,3 ' :5 ,6 ]pyr ido[2 ,3 -d]py~7H)diones  were evaluated for their chemilumi- 

nescence in the presence of hydrogen peroxide, a phosphate buffer, and peroxidase in a dimethyl sulfoxide 

~olution.~ It has been reported that reaction of 1,3-disubstituted 5-aminopyrazole-4-carbonitriles with 

dimethyl acetylenedicarboxylate (DMAD) gave dimethyl 1,3-disubstituted 4-aminopyrazolo[3,4-blpyridine- 

5,6-dicarboxylates which are key intermediates for the preparation of the above chemiluminesccnt 

compounds.5 This addition-cyclization of o-aminonitrile compounds with DMAD is an important and 

general method for the simultaneously direct introduction of both the amino and dicarboxylate groups. In 

some cases, however, the formation of a pyridazine ring from the disters does not proceed so smoothly as 

that from fused maleimide derivatives.6 In the development of a new efficient method for the synthesis of 

polycyclic pyridazinediones bearing an amino group, a convenient approach to the synthesis of an amino- 

polycyclic pyridazinedione nucleus is considered to be the the pathway as illustrated in Scheme 1. 
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In the course of our studies on nitro ketene dithioacetal, we found an efficient method for the synthesis of 2- 

hydroxyimino-4-methoxycarbonyl-3-methylthiomaleimide derivatives by the reaction of nitro' ketene 

dithioacetal with methyl cyanoacetate.'l This method is useful for the synthesis of cyano-methylthio- 

maleimide derivatives. The reaction of bis(methylthio)methylenepropanedinitriIe with nitromethane in the 

presence of potassium carbonate in dimethyl sulfoxide followed by treatment with hydrochloric acid gave 

2-hydroxyimino-4-cyano-3-methylthiomaleimide (3) in 42% yield. The desired maleimide product ( s ) ~  was 

obtained by the methylation of 3 followed by hydrolysis with conc. hydrochloric acid in 48% yield (from 3). 

MeSHcN + Me-NOZ ----t 

MeS CN in DMSO 1- HO-N "'kco 3 111 

N N H  1 Me2SOI 

c HCI - 
O N 

Scheme 2 

It is known that the reaction of ketene dithioacetal(1) with bifunctionalized nucleophiles such as hydrazine or 

amidine derivatives gives the corresponding pyrazoles or pyrimidines in satisfactory yields. 339 The reaction of 

5 with guanidine carbonate (6a) in the presence of triethylamine under refluxing in ethanol gave 2,4- 

diamino-6-metbyl-6H-pyrrolo[3,4-d]pyrimidine-5,7-dione (7a) in 74% yield. Similarly, reaction of 5 with 

acetamidine hydrochlroride (6b), benzamidine hydrochloride (&), and S-benzylisothiourea hydrochloride 

(64 gave the corresponding fused pyrimidine derivatives (7b-d) in 56, 84, and 75% yields respectively. This 

method for preparation of pyrimidines was being applied to synthesis of polycyclic pyrrolopyrimidine 

derivatives. At first, the reaction of 5 with 3-amino-5-methylpyrazole (6e) under refluxing in ethanol gave 9- 

amino-2-methyl-1H-pyrrolo[3,4-d]pyraz0lo[l,5-a]pyrimidine-l,3(2-dione (7e) in 91% yield. In a similar 

manner, 6-phenyl derivative (7f) was also obtained by the reaction of 5 with 2-amino-5-pbenylpyrazole (6f) 

in 91% yield. In a previous paper on the study of chemiluminescence of polycyclic pyridazinediones, both 

methylthio and aryl groups were found to be very important substituted groups for increasing chemi- 

luminesence effects. 5-Aryl-6-methylthiopyrrolopyrazolopyrimidines (7g, h) are key intermediates for the 

6nal desired 5-aryl-6-methylthiopyrazolopyridopyridazinediones (8g, h). 5-Amino-3-methylthio-4-phenyl- 
pyravole (6g), which was obtained by the reaction of 2-phenyl-3,3-bis(methy1thio)-acrylonitrie, reacted with 

5 under refluxing in ethanol to give 7g in 92% yield. ~om~ound(7@O was also synthesized in 86% yield 

from 6h and 5 in a manner similar to that described for the preparation of 7e. 3-Aminotriazoles(6i, and j) 
were also smoothly reacted with 5 under the same reaction conditions to yield pyrrolotriazopyrimidines (7i, 

j) in 86 and 94% yields, respectively. Four ring system, pyrrolopyrimidobenzimidazole (7k)11 was also 

synthesized by the reaction of 5 with 2-aminobenzimidazole (6k) in 93% yield. Similarly, 7,8-dimethyl 

derivative (71) was synthesized from 5 and 61 in 93% yield. The reaction of 7a-I with hydrazine hydrate in 

ethanol afforded the corresponding polycyclic aminopyridazinediones (8a-I) in good yields as shown in Table 
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Table 1. Synthesis of Amino-polycyclic Pyrrolopyrimidines and 
Polycyclic Pyridazinediones 

Enw Amines 
mp 'C 

7 Yield 
mp "C 

8 Yield 
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1.1' 
It is evident from the present data that the new maleimide (5) is a very useful and convenient reagent for the 

synthesis of amino-polycyclic heterocycles. 
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