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Abstract-----Reanions of 1.3-disubstituled 5-aminapyrazole-4-carboxylate derivatives (la-c) 

with dimethyl acetylenedicarboxylate gave the corresponding dimethyl 1,3-disubstituted 4- 

hydroxypyrazolo[3,4-b]pyridine-5,6-dicarboyIate (2a-c) which reacted wilh hydrazine hydrate to 

give 1,3-disnbstituted 4-hydroxy-lH-pyrazolo[4,3':5,6]pyrido[2,3-d]pyndazine-5,8(6H,7~di- 

ones (3a-d). These tricyclic pyridazine derivatives were alternatively synthesized from 4- 

hydroxypyrrolo[3,4-e]ppazo10[3,4-b]pyridine-5,7-diones pa-c) prepared by reactions of 5- 

aminopyrazoles (le-g) with 1-methyl-3-methylthio-4-melhoxycarbonylmaleimide (5) followed by 

Gould-Jacacobs reaction. These vicyclic pyridazine derivatives were evaluated for 

chemiluminescence. 4-Hydroxy-3-methylthio-l-phenyl-1HHpyrazolo[4,3:5,6]pyridn[2,3-d]pyrid- 

azine-5,8(6H,7H)-dione (3d) showed the greatest chemiluminescence intensity in the presence of 

Hz02 and peroxidase in a solution of phosphate buffer at pH 10. 

Since the discovery of luminol by Albrecht in 1928, the analytical usefulness of its chemiluminescence 

(CL) has been amply dem0strated.l CL of luminol has been developed not only for metal analysis of 

Co(II), Cu(II), Ni(II), Fe(II), and others but also been found ideal for clinical chemistry such as 

quantitative determination of blood glucose using enzyme induced CL of lumin01.~ 4-Amino-IH- 

pyrazolo[4',3':5,6]pyrido[2,3-d]pyridazine-5,8(6H, 7H)-diones were previously shown more efficient than 

luminol in light production.3 The authors have directed attention to the chemiluminescence of the 

compounds bearing a hydroxy group instead of an amino group. In some cases, the hydroxy group was 

shown capable of affecting fluorescence and light production.4 No study on CL of poly cyclic 

pyridazinediones or related compounds hearing a hydroxy group has been conducted to date. Details 

regarding to CL of 1,3-disuhstituted 4-hydroxypyrazolo[4',3':5,6]pyrido[2,3-d]pyridine-5,8(67H)- 

diones are presented in this paper. 

The chemiluminescent compounds, 4-aminopyrazolo[4',3':5,6]pyrido[2,3-d]pyridine-5,8(6 7'H)-diones 

were prepared from dimethyl 4-aminopyrazolo[3,4-blpyridine-5,6-dicarboxyates obtained by reactions 

of 5-aminopyrazole-4-carbonitriles with dimethyl acetylenedicarboxylate (DMAD) in the presence of 

potassium carbonate as a base D M S O . ~  This type of process was considered well applicable to a 

synthesis of key compounds, dimethyl 4-hydroxypyrazolo[3,4-b]pyridine-5,6-dicarboxyate. The 

reactions of ethyl 5-amino-1-p-toluenesulfonylpyrazole-4-carboxyat (la)6 with DMAD in the presence 

of potassium carbonate as a base in DMSO gave the corresponding dimethyl l-p-toluenesulfonyl-4- 
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hydroxypyrazolo[3,4-blpyridine-5,6-dicarboxyate (2a) in 61% yield. Similarly, the 3-methylthio 
derivative (2b) was prepared by the reaction of l b 7  with DMAD in 48% yield. While the reaction of lcs 

with DMAD gave the desired product (2c) in only 3% yield, the desired product (2d) could not be 

obtained at all from the reaction of ethyl 5-amino-1-phenylpyrazole-4-carboxylate (ld)9 with DMAD 

under same conditions.1° 3-Unsubstituted 1-aryl compounds were not obtained by the this method. 

To obtain the 3-unsubstituted 4-bydroxpyrazolopyridopyridazine-5,8-diones and increse the yield of 2d, 

an alternative method of synthesis for the pyrazolopyridopyridazine derivatives had to he established. 

Reaction of 5-amino-1-phenylpyrazole (le)ll with 1-methyl-3-methylthio-4-methoxycarbonylmaleimide 

(5)12 under refluxing in methanol gave the corresponding displacement product of the methylthio group 

(6a) in 5 in 82% yield. The cyclization of 6a by heating in diphenyl ether afforded 4-hydroxy-3- 

methyl-l-phenylpyrrolo[3,4-e]pyrazolo[3,4-b]pyridine-5,7-dione (7a) in 93% yield. In a similar 

manner, other compounds (7b, c) were readily obtained from the corresponding 5-aminopyrazole 

derivatives (4 g13)in 65% and 73% (from If, g) yields, respectively. 

Dimethyl 4-hydroxy-3-methylthio-1-phenylpyrazolo(boxy1ate (2a) was refluxed 

with excess hydrazine hydrate in ethanol followed by removal of ethanol by distillation to give 3a in 87% 

yield. When hydrazine hydrate was used in large excess, desulfonylation simultaneously occurred to give 

3b  in 67% yield. In a similar manner, 4-hydroxy-3-methylthiopyrazolo[4',3':5,6]pyrido[2,3-d]pyrida- 

zine-53-(6H, 7H)-dione (3c) was obtained from 2b in 62% yield. 1,3-Disubstituted compound (3d) was 
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HETEROCYCLES, Vol. 44, NO. 1,1997 87 

obtained from 2c in 91% yield. Compounds(3d, e and f)were synthesized by reactions of 7a-c with 

hydrazine hydrate under refluxing in methanol in 78, 82, and 76% yields, respectively. l4 

The oxidation of 7c with excess MCPBA (m-chloroperbenzoic acid) in chloroform at room temperature 

gave the desired sulfonyl product (8) in good yield. The 3-methylsulfonyl derivative(3g)was obtained 

from 8 in 86% yield. 

The CL intensity in this pyrazolopyridopyridazine series is shown in Table 1.15 4-Hydroxy-1H- 

pyrazolo[4',3':5,6]pyrido[2,3-d]pyridazine-5,8(6HH7H)-diones (3d-g) showed nearly the same or 

somewhat stronger light intensity than luminol at pH 8.0. 1-Unsubstituted compounds(3b, c)were not 

shown CL at pH 8.0. CompoundsOa-glalso showed CL similar to luminol at pH 10.0. The aryl group at 

the 1-position is very important for CL production. The light emission of methylsulfonyl compound (3g) 

did not decrease. These compounds showed increased light intensity with rise in pH, as noted also for 

luminol. The use of HRP(horseradish peroxidase) as POD(peroxidase) gave satisfactory results for CL 

production. 

Table 1. Chemilumioesceoce Intensity of Hydoxy-palycyclic Pyridazinrdiane Derivatives 

a) Counts per 10 sec. (Their values were subtracted from each back ground.) 

A reaction solution conlaines 10 mmoVl phosphate buffer pH 8.0, 0.5 mlll Triton X-100, 2.5~10' moVl test 
wmpound, and 2500 UII HRP (The each test wmpaund was prepared to obtain concentration of 1 . 5 ~ 1 0 ~ ~  molil 
in DMSO). The solution (3 ml of vol) was transfered lo a Borasilicale glass tube (12x75 mm) and immediately 
placed in water bath (37'C) for 10 min. At the end of incubation period, the sample tube lo be counted was 
incorporated into a luminometer. Photons were wunled for 10 seconds after addilion of 0.3 rnl of l.lxl0.' 

moUl HzOz(l.OxlO" mot4 as final concentration) md 0.3 ml of 0.2 maUl glycim buffer pH 8.0 or pH 10. 

compound ~ ~ ( c . p . 1 0 s e e ) "  $lgO 

3a 1 . 0 ~ 1 0 ~  
9.6~10' 

3b 1 . 7 ~ 1 0 ~  
0 

3c 7.2x104 
0 

3d 9.5a106 
2.6x103 

In conclusion, 4-hydroxypyrazolopyridopyridazine-dione derivatives are chemiluminescent compounds in 

strong basic solution @H 8.0 or pH 10). Maleimide (5) should prove useful for obtaining heterocycles 

containning the pyrrole ring. 
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CL intensity was measured with a Magic Lite Analyzer of CIBA-CORNING. CL spectrum was 
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