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Abstract-The inhibitory effect of borne pyrazolc derivatives on CAR synthesis wx studied. It was 
found that nonalkyiating anaiogues and chlorocthyltriazeno analoyues inhihited GAR synthesis. A 
possible mechanism of action of triazeno derivatives on purinc biosynthesis dr not~o was shown. 

In previous studies we found that some pyrazole 
analogues of 4(5)-aminoimidazole-S(4)-carboxamide 
inhibited purine biosynthesis de ~OVO in the pigeon 
liver cell-free system [l]. It was demonstrated that 
unsubstituted at ring nitrogen analogues as 3-amino- 
4-carbethoxypyrazole (ACEP), 3-amino-4-carboxy- 
pyrazole (ACP) were more active in the cell-free 
system as well as on micro-organisms. The alkylating 
analogues 3-(3’,3’-bis-P-chloroethyl-l’-triazeno)-4- 
carbethoxypyrazole (bis-chloroethyltriazeno-CEP) 
displayed almost equal activities as ACEP, while on 
bacteria all triazenes were considerably more active 
than nonalkylating derivatives. 

Some purine bases and nucleotides as well as their 
analogues are known to inhibit the first steps of 
purine biosynthesis up to FGAR (5’-phosphoribosyl- 
N-formylglycineamide, N-formylglycineamideribo- 
tide) formation. These steps are the first level where 
metabolic control of purine biosynthesis rie no110 
takes place. In order to discover the main step 
inhibited by the compounds tested. we investigated 
them on pigeon liver cell-free system treated with 
ion-exchange resin to remove the folic acid deriva- 
tives. This allows us to stop purine biosynthesis up 
to FGAR synthesis. 

4-carbethoxypyrazole (N-methyl-bis-chloroethyl- 
triazeno-CEP), N-hydroxyethyl-3(5)-(3’3’-his+ 
chloroethyl-l’-triazeno)-4-carbethoxypyrazole (N- 
hydroxyethyl-bis-chloroethyltriazeno-CEP), 3(3’ ,3’- 
dimethyI-l’-t~az~no)-4-carbethox~pyr~ole (dime- 
thyltriazeno-CEP), 3-(3’,3’-diethyl-l’-triazeno)- 
4-carbethoxypyrazole (diethyltriazeno-CEP), and 
N-hydroxyethyl-3(5)-(3’,3’-diethyl-lf-triazeno)-4- 
carbethoxypyrazole (N-hydroxyethyl-diethyltri- 
azeno-CEP) were synthesized as described pre- 
viously [!?I. The diazonium salts 3-diazonium-4-car- 
bethoxypyrazole (d~azonium-BED), N-methyl-3 
(5)-diazonium-4-carbethoxypyrazole (N-methyl- 
diazonium-CEP) and N-hydroxyethyl-3(5)-diazo- 
nium-4-carbethoxypyrazole (N-hydroxyethyl-diazo- 
nium-CEP) were synthesized by diazotizing the 
corresponding aminocarbethoxypyrazoles [lo]. 

[“CfFormate was purchased from Isocommerz, 
[I-“%]glycine from Amersham, glutamine. ribose-5- 
phosphate, ATP. 3-phosphoglyceric acid, glycine 
from Sigma. o,L-homocysteine was obtained ex tem- 
pore [l]. All other substances used were analytical 
grade reagents. 

Preussman et al. [2,3] found that l-aryl-3.3- 
dialkyltriazenes underwent enzymatic dealkylation 
by rat liver microsomal fraction in two steps: to 
corresponding monoalkyltriazenes and then to cor- 
responding amines. Other authors have suggested 
another mechanism of alkylating action via diazon- 
ium salts [J-6]. To verify these hypotheses with our 
triazehes we tested several dialkyl- and bis-chloro- 
ethyltriazenopyrazoles and corresponding diazon- 
ium salts. 

The preparation of pigeon liver acetone powder, 
enzyme solution and the nleasurin~ in vitro incor- 
poration of [‘%I]formate into inosinic acid were 
described previously [ 11. The incubation mixture 
contained in a final volume of 2.3 ml the following 
compounds in ptnoles/ml: glutamine, 4.3; ATP, 2.2; 
ribose-5-phosphate, 2.2; 3-phosphoglycerate, 3.2; 
MgCh, 2.2; o,L-homocysteine, 2.2: glycine, 2.2; 
inhibitors, 4.4; 2.2; 1.5; 0.43; 0.22 resp.; veronai 
buffer, 22 (pH 7.5); boiled extract of pigeon liver, 
0.20 ml; enzyme extract, 0.50 ml; [‘4C]formate, 
0.5 &Ii. 

MATERIALS AND METHODS 

The inhibitors 3-amino-4-~arbeth(~xypyrazo~e 
(ACEP), 3-amino-4-carboxypyrazole (ACP). N- 
hydroxyethyl-3(5)-amino-4-carbethoxypyrazole (N- 
hydroxyethyl-ACEP) were obtained by the method 
of Druey and Schmidt [7] and Schmidt et al. [8]. The 
triazenes 3-(3’,3’-bis-P-chloroethyl-l’-triazeno)-4- 
carbethoxypyrazole (bis-chioroethyitriazeno-CEP). 
N-methyl-3-(5)-(3’,3’-bis-~-chioroethyl-l’-triazeno)- 

The action of analogues on GAR (5’-phosphori- 
bosylglycineamide, glycineamideribotide) synthesis 
was tested by measuring in vitro incorporation of 
[l-“C]glycine into GAR using the technique of 
Goldthwait ef al. [ 1 I]. The enzyme system was iso- 
lated before use by extraction of acetone powder 
with 0.05 M KHCO.+. The extract was passed through 
a Dowex-1 (bicarbonate form. 4 per cent cross link- 
age) column, dialyzed overnight against 0.05 M 
KzE-IPO.: and lyophilized. This enzyme preparation 
gave about 1 per cent incorporation of [l-Y]glycine 
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Table 1. Inhibitory effect of pyrazole derivatives on CAR synthesis at 3 ~molcs!ml 

Pyrazole derivatives Inhibition 
Number 
of exp. 

RI = H, Rz = NH2, R3 = COOCzHs (ACEP) 
RI = H, Rz = NH2, R3 = COOH (ACP) 
RI = CH2CH2OH, R2 = NH2, R3 = COOC2H5 
(N-hydroxyethyl-ACEP) 
RI = H, Rz = N=N-N(CHzCH2Cl)z, R3 = COOC2H5 
(bis-chloroethyltriazeno-CEP) 
RI = CH3, R2 = N=N-N(CH2CH2C1)2. R> = COOCzHi 
(~-methyl-his-chloroethyltriazeno-CEP) 
Rl = CH2CHzOH, Rz = N=N-N(CH2CH2Cl)r, Ri = COOCzHs 
(N-hydroxyethyl-bis-chloroethyltriazeno-CEP) 
RI = H, R2 = N=N-N(CH3)2. Ri = COOC2H< 
(dimethyltriazeno-CEP) 
RI = H, R: = N=N-N(CZH~)Z. RJ = COOC?Hs 
(diethyItri~eno-CEP) 
RI = CH2CH2OH, R2 = N=N-N(C2Hr):. RJ = COOCzHi 
(N-hydroxyethyl-diethyltriazeno-CEP) 

10 2 3 

0; 

0: 

()? 

3 
3 
3 

-I 

1 

.I 

1 

1 

‘I 

* The results were expressed as mean k S.E.M. three or four cxpcriments in which the c.p.m. 
were in the range 4~50~~ for the controls (taken as 100 per cent) and .SO--100 for the blank 
sample. 

t The same analogues were not active on IMP biosynthesis. 

into GAR in the controls under the conditions 
described below. 

The incubation mixture contained in a final volume 
of 0.7 ml the following compounds in ~molesiml 
glutamine, 14.3; ribose-S-phosphate. 57; ATP, 7: 3- 
phosphoglycerate, 20; MgC&. 7; inhibitors, 14, 7, 
3.5, 1.4, 0.7 resp.; fl-“Cjglycine. 2 &i; lyophilized 
extract, 20 mg; KIHPOJ, 0.05 M, 0.111 ml. The 
samples were incubated at 38” for 30 min, then 0.5 ml 
of 20% CC13COOH was added, the precipitates were 
removed by centrifugation at 5OOOg for 15 min, and 
aliquots of 0.1 ml of 1 M KzHPO~ were added to 
each sample. The residual [1-“C]glycine was 
removed by decarboxylation with ninhydrin, 1 ml of 
0.2 mM (30 mgiml) to a boiling water bath for 30 min. 
The aliquots were aerated with COZ for IS min and 
diluted with water to 10 ml. Two millilitres of aliquots 
were mixed with 10 ml of toluene-Triton X- 100 scin- 
tiIlation liquid and counted with a Nuclear-Chicago 
4643 liquid scintillation counter. 

RESULTS AND DISCUSSION 

The inhibitory effect of pyrazole derivatives on 
GAR synthesis at 4 ~molesiml is given in Table 1. 
As shown there, the compounds tested inhibited this 
step to a varying extent. None of the dialkyl- 
(dimethyl- and diethyl-) triazeno compounds were 

PI 
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Fig. 1. Inhibition of GAR synthesis by pyrazole analogues 
I-bis-chloroethvltriazeno-CEP. 
II-ACEP. ’ 
III-~-methvl-his-chioroethvltriazeno-CEP 
IV-N-hydkxyethyl-bis-chkkoethyltriazeno-CEP. 
V-ACP. 
VI-N-hydroxyethyl-ACEP 
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Table 2. Inhibitory effect of pyrazoie diazonium salts on IMP biosynthesis at 
4 ~molesiml 

Number 
Diazonium salts inhibition of exp 

R = H (diazonium-CEP) 100 3 
R = CH3 (~-methyldiazonium-CE~) 57 f 6 3 
R = CHzCHzOH (N-hydroxyethyl-diazonium-CEP) 92 rt 2 3 

active, and they did not inhibit inosinic acid biosyn- 
thesis. The other derivatives ACEP, ACP and all 
bis-chloroethyltriazeno compounds inhibited GAR 
synthesis. 

The dose-dependence of the inhibitory action is 
shown in Fig. 1. As seen from the results given in 
this paper and in the previous one [l] the inhibitory 
effect of nonalkylating analogues (ACEP, ACP) and 
bis-chloroethyltriazenopyr~oles on CAR synthesis 
correlated with their effect on IMP biosynthesis. The 
data showed that they inhibited stronger (77-91 per 
cent) IMP [l] than GAR synthesis (10-40 per cent). 
We suggested that because of the structural resem- 
blance of the analogues with several precursors in 
this metabolic pathway as AICR (5’-phosphoribosyl- 
S-amino-4-imidazolecarboxylate, aminoimidazole- 
carboxylateribotide) and AICAR (5’-phosphoribo- 
syl-S-amino-4-imidazolecarboxamide, aminoimida- 

100 3 
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Concentration, ~moles/ml 

Fig. 2. Inhibition of IMP biosynthesis by pyrazole diazon- 
ium salts. 

I-diazonium-CEP. 
II-~-hydroxyethyi-diazonium-CEP. 
III-,~-methyl-diazonium-CUP. 

zole~rboxamideribotide) they could interfere with 
some other enzymes taking part in purine biosyn- 
thesis de lzovo after GAR. This could explain their 
stronger inhibitory effect on IMP biosynthesis. 

In order to clarify the mechanism of inhibitory 
action of triazenopyrazoles, we tested the corre- 
sponding diazonium salts. The inhibitory effect of 
the salts on inosinic acid biosynthesis is given in 
Table 2 and the dose-dependence in Fig. 2. The data 
obtained showed that the diazonium salts inhibited 
at 4 ,umoles/ml (S-100 per cent) the incorporation 
of [‘4C]formate into IMP. This correlated well with 
the results obtained with bischloroethyltriazenopyr- 
azoles (40-95 per cent) at the same concentration 
[l]. This allows us to suggest that in the in vitro 
system for purine nucleoside monophosphate bio- 
synthesis de novo, the inhibitory action of bis-chloro- 
ethyltriazenopyrazoles is via their corresponding 
diazonium salts. The dialkyltriazenopyrazoles (di- 
ethyl- and dimethyl-, respectively) are not active 
under the conditions described. To clarify this dif- 
ference in the biological activity of the two types of 
triazenes, we studied their rates of decomposition 
in aqueous solution. In Fig. 3 are given, for example, 
U.V. spectra of N-methyl-bis-chloroethyltriazeno- 
CEP, dimethyltriazeno-CEP and the corresponding 
diazonium salts in distilled water and in the presence 
of HCI (pH 1) after 1 and 24 hr. In neutral solutions 
both (bis-chloroethyl- and dimethyl)triazenopyra- 
zoles are stable. In the presence of HCI they both 
slowly decompose. N-Methyl-bis-chloroethyltri- 
azeno-CEP gives a breakdown product with a u.v.- 
spectrum, similar to the spectrum of the correspond- 
ing diazonium salts (Fig. 3A), while the spectrum 
of dimethyltriazeno-CEP breakdown product is dif- 
ferent (Fig. 3B). The same results were obtained 
with the other triazenes. It is known that the decom- 
position of some triazenoimidazoles is light catalysed 
[ll]. Since all our experiments were performed in 
light, we do not discuss its effect. 

The difference in the inhibitory action of the two 
types of triazenopyrazoles is evidently not due to a 
difference in spontaneous breakdown of the com- 
pounds under the conditions described. We suggest 
that they follow different mechanisms of enzyme 
degradation, which is going to be the subject of our 
further studies. 
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Fig. 3. u.v. Spectra of triazenopyrazoles at different pH. 
A-N-methyl-bis-chloroethyltriazeno-CEP. 
- in dist. HzO; after 24 hr at room temperature the spectrum was unchanged. 
-- in the presence of HCI (pH 1). 
._._ in the presence of HCI after 24 hr. 

--- N-methyldiazonium-CEP. 
B-dimethyltriazeno-CEP. 
__ in dist. H20; after 24 hr at room temperature the spectrum was unchanged. 
-- in the presence of HCI (pH I). 
._._. in the presence of HCI after 24 hr. 
---- diazonium-CEP. 
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