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STUDIES ON THE VILSMEIER-HAACK REACTION: 
PART XIII. NOVEL HETEROCYCLO-SUBSTITUTED 

4,4’-bi-PYRAZOLYL DITHIOCARBAMATE 
DERIVATIVES 

IBRAHIM M. A. AWAD 
Chemistry Department, Faculty of Science, Assiut University, Assiut, Egypt 

(Received July 30, 1992; in final form October 15, 1992) 

5-Imino-3-methyl-l-phenyl-2-pyrazoline-4-dithiocarbamic acid ( I )  underwent simultaneous formylation 
and dimerization reactions with the Vilsmeier reagent giving 4-[5‘-imino-3-( l”-formyl-2”-dimethylami- 
noethenyl)-3’-methyl-l ’-phenyl-l’H-pyrazolo-4’-dithiocarbamyl-2,4-dihydro-3-imino-5-methyl-2-phe- 
nyl-1-pyrazoline]dithiocarbamate (11) which hydrolyzed with sodium hydroxide to give 4-[3‘-( 1”-formyl- 
2”-hydroxyethenyl)-3‘-methyl-l ’-phenyl-1’H‘-pyrazolo-4-dithiocarbamyl-l’-pyrazo- 
line]dithiacarbamate-5,5’-dione (IV). Treatment of I1 and/or IV with morpholine, piperidine, pipera- 
zine, hydroxylamine, hydrazine hydrate, phenylhydrazine) afforded the corresponding dipyrazolo-4,4’- 
dithiocarbamate derivatives with different heterocyclic systems at the 3-position. The structures of these 
compounds were confirmed by elemental, IR, and ‘H-NMR analyses. All synthesized compounds have 
been screened in vitro against Gram-positive, Gram-negative bacteria and fungi. 

Key words: Imino-piperidine; morpholine; piperazine; isoxazole-bi-(pyrazolyl dithiocarbamate) and 
biological screening. 

INTRODUCTION 

It is well known that pyrazolone and thio-pyrazolone derivatives possess antifungal 
and antibacterial activities. 1-3 Significant importance is being given to pyrazole, 
isoxazole derivatives due to their wide use in medicinal ~he rn i s t ry .~ -~  The present 
work describes the application of the Vilsmeier reaction to 5-imino-3-methyl-l- 
phenyl-2-pyrazoline-4-dithiocarboxylic acid to synthesize novel, hitherto unre- 
ported heterocyclic-substituted 4,4’-bipyrazolyl dithiocabamate derivatives with po- 
tentially useful pharmacological properties. 

RESULTS AND DISCUSSIONS 

The Vilsmeier-Haack reaction is a useful method for synthesizing novel heterocyclic 
corn pound^.^-^^ Thus, when 5-imino-3-methyl-l-phenyl-2-pyrazoline-4-dithiocar- 
bamic acid (I) reacted with the Vilsmeier reagent with or without heating, the 
reaction proceeded in a surprising way. A dimerization of monomer I and for- 
mylation of one of the terminal methyl groups occurred to give 4-[5-imino-3-(1- 
formyl-2-dimethylaminoethenyl)-3-methyl-l-phenyl- 1’H-pyrazolo-4-dithiocarba- 
myl-2,4-dihydro-3-imino-5-methyl-2-phenyl-l-pyrazoline]dithiocarbamate (11). 
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238 I. M. A. AWAD 

Dimerization of compound I in acid medium, also established through an alternative 
route by the action of POCl, in the presence of CHC1, in an equal molar ratio 
(with or without heating) gave 5,5’-di-imino-3,3’-dimethyl-l,l’-diphenyl-bi-4H-pyr- 
azole4,4’-dithiocarbamate (111). 

s s  

I11 P O C l j  ICHC13 >nCfl3 D M F I P O C L 3 -  111) 

HN N’ 
I 

Treatment of compound I11 with Vilsmeier reagent (with or without heating) 
led to the formylation of one methyl group leaving the other methyl group still 
intact. Changing the molar ratio to 2:l of the Vilsmeier reagent to the monomer 
I gave also the same product 11. 

Aldehyde I1 was readily hydrolyzed by stirring with 5 %  sodium hydroxide so- 
lution to give malonaldehyde 4-[3’-(l’’-forrnyl-2”-hydroxyethenyl)-3-methyl-l-phe- 
nyl-l’H-pyrazol-4’-dithiocarbamyl-l-pyrazoline]dithiocarbamate-5,5’-dione (IV). 
System (IV) gave a pale yellowish-brown coloration with ferric chloride due to the 
formation of enolic malonaldehyde group.21,22 

Condensation of dimers I1 and/or IV with selected secondary heterocyclic amines 
such as piperidine, morpholine and piperazine afforded the expected aminometh- 
ylene derivatives V-VII and/or VIII-X. These structures were confirmed by ele- 
mental analyses (Table I). IR spectra were also in agreement with the structures 
and revealed the presence of a sharp absorption band at 1625 cm-’ for the side 
chain CHO group (Table 11). The IH-NMR spectrum of 

(TFA) showed the presence of signals at  S 4.28-2.95 

piperidine ring (Table 111). 
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Reaction of imino-aminoacrolein I1 and/or aminoacrolein dione IV with hy- 
droxylamine hydrochloride, hydrazine hydrate and phenylhydrazine furnished the 
corresponding 4’-isoxazolyl, 4’-pyrazolyl and l‘-phenyl-4’-pyrazolyl derivatives at 
the 3-position of 4,4’-bipyrazolyl dithiocarbamates XI-XI11 and/or XI-XVI. On 
the other hand, when piperazine was reacted with two moles of imino-aminoacrolein 
I1 and/or aminoacrolein dione IV, there was afforded N,N’-di[3,3’-bi-( 1”-formyl- 
2”-ethenyl)-pyrazolyl-5,5’-di)-imino-4,4’-dithiocarbamate]piperazine XVII and/or 
N,N’-di[3 ,3’-bi-( l”-formyl-2”-ethenyl)-pyrazolyl-5,5’-dione-4,4‘-dithiocarbamate]- 
piperazine XVIII. Alkaline hydrolysis of isoxazole compounds XI and/or XIV with 
sodium hydroxide 2% (25 ml) gave the cyanoaldehyde dipyrazolyl dithiocarbamate 
XIX as shown by its solubility in alkali and the characteristic strong absorption 
band at 2220 cm-’ ( v e N )  and at 1700 cm-’ (vCHO) in their IR spectra. 

Treatment of cyanoaldehyde derivative XIX with hydrazine hydrate and/or phen- 
ylhydrazine in acetic acid afforded the corresponding aminopyrazole derivatives 
XX and XXI, as shown by their ready solubility in dilute hydrochloric acid and on 
the bases of the correct elemental analyses. The IR spectra of these compounds 
were in agreement with the structures indicating the absorption bands at 3495 cm-’ 
(asym. -NH,) and at 3405 cm-’ (sym. -NH, group). 
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TABLE I (Continued) 
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ANTIMICROBIAL RESULTS 

A .  Antibacterial activity 

The data for inhibition zones of various isolates of bacteria revealed that the 
synthesized compounds 11-XXI exhibited variable and pronounced activities against 
all bacteria isolates used (inhibition zones ranged from 30-220 mm). Compounds 
11, IV, VI, X, XII, XIII, XV, XVI are potent effects against Staphylococcus aureus, 
Klebsiella pneumoniae and Micrococcus luteus. On the other hand, compounds 
XVIII-XX were active against Pseudomonas aeruginosa and Escherichia coli only 
and not effective against all the other isolates (Table IV). 

B.  Antifungal activity 

The antifungal results (Table IV) clearly show that compounds 11-IV, VII, XI, 
XII, XV, were highly effective against all the isolates of fungi tested (inhibition 
zones ranged from 80-255 mm). However, all synthesized compounds except XIX, 
XX and XXI revealed strong activities (inhibition zones ranged from 40-250 mm). 
Interestingly, the synthesized compounds showed good and morc antifungal than 
antibacterial activities. 

EXPERIMENTAL 

Melting points were determined on Kofler melting point apparatus and are uncorrected. Elemental 
analyses were performed on Perkin-Elmer 240 E Microanalyzer. IR spectra were recorded on a Pye- 
Unicam SP-200 G infrared spectrophotometer, using KBr wafer technique. 'H-NMR spectra were 
recorded on a Varian EM-390 MHz instrument in the suitable deuterated solvent (F,CCO,H) using 
TMS as internal reference. 

5-lmino-3-methyl-1 -phenyl-2-pyruzoline-4-di?hiocurbarnic acid (I): This compound was prepared as 
reported previously.8 
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4-[5'-lmino-3'-(l"-formyl-2"-dimethylaminoethenyl)-3~ -methyl-1 '-phenyl-l'H-pyrazolo-4'-dithiocarba- 
myI-2,4-dihydro-3-imino-5-methyl-2-phenyl-l -pyrazoline]dithiocarbamate (11) : To dimethylformamide 
(10 ml), cooled to -YC, phosphoryl chloride (1.8 ml, 0.04 mol) was added dropwise, and the mixture 
left to stand for 20 min until the solution became a reddish-yellow colour. To this solution, was added 
dropwise with stirring the imino-pyrazoline dithiocarbamic acid I (0.02 mol) dissolved in N,N-di- 
methylformamide (15 ml). The reaction mixture was allowed to stand for 20 min while stirring and 
then was heated to 70°C for 6-7 h. The cooled reaction mixture was poured into ice-cold water and 
treated with 100 ml sodium bicarbonate solution 5% to pH 8. The deep reddish-orange solid that 
separated was filtered, washed thoroughly with cold water and recrystallized from ethanol. The physical 
and chemical data are deposited in Table I. 

5,5'-di-Imino-3,3'-dimethyl-l ,I '-di-phenyl-bi-4H-pyrazole-4,4'-dithiocarbamate (111): To a chloroform 
(50 ml) solution of iminopyrazoline-dithiocarbamic acid I (0.02 mol), cooled to 15"C, was added dropwise 
with stirring for 2 h at 50°C phosphoryl chloride (0.1 mol). The orange precipitate that separated was 
filtered, washed thoroughly with chloroform and recrystallized from ethanol. The physical and chemical 
data are depicted in Table I. 

4-[3'-(l"-Formyl-2"-hydroxyethenyl)-3'-methyl-l -phenyl-l'H-pyrazol-4'-dithiocarbamyl-l -pyrazo- 
line]dithiocarbamate-5,5'-dione (IV): The aminoacrylaldehyde derivative IV (1 g, 0.0016 mol) taken 
in 8% NaOH (25 ml) was heated to 50-55°C (40 min). It was then filtered off, cooled, and acidified. 
The yellowish orange solid that separated was filtered, washed well with cold water and recrystallized 
from ethanol. Analytical data are verified in Table I. 

4-[5~-lmino-3'-(l"-formyl-2'-(piperidinyl, morpholinyl and piperazinyl)-l-phenyl-l'H-pyrazolo-4'-di- 
thiocarbamyl-2,4-dihydro-3-imino-5-methyl-2-phenyl-l-pyrazoline]d~thiocarbamate (V-VII) andlor 4-[3'- 
(1"-formyLY(piperidiny1, morpholinyl and piperaziny1)ethenyl)-1 -phenyld'-methyl) -1 'H-pyrazolo-4'-di- 
thiocarbamyl-2'-pyraroline]dithiocarbamate-5,5-dione (VIII-X): To compound II and/or IV (0.01 mol) 
taken in ethanol (40 ml) was added (0.01 mol) of the amine, and the mixture was gently heated on a 
water bath for 40 min. The solid that separated after concentration and pouring into ice-cold water was 
filtered, washed with cold water and recrystallized from ethanol. The physical and chemical data are 
recorded in Table I. 

4-[5'-lmino-3'-(4-1koxazolyl, 4-pyrazolyl, and l-phenyl-4-pyrazolyl)-I'-phenyl-l'H-pyrazolo-4'-dithio- 
carbamyl-2,4'-dihydro-3-imino-5-methyl-2-phenyl-l -pyrazoline]dithiocarbamate (XI-XIII) andlor 4-[3'- 
(4-isoxazolyl, 4-pyrazolyl, and l-phenyl-4-pyrazolyl)-3'-methyl-l'-phenyl-I'H-pyrazolo-4'-dithiocarba- 
myl-2,4-dihydro-l -phenyl-2-pyrazoline]dithiocarbamate-5,5'-dione (XIV-XVI): To a solution of com- 
pound I1 and/or IV in ethanol (45 ml) was added an equimolar quantity of hydroxylamine hydrochloride, 
hydrazine hydrate or phenylhydrazine, respectively. The reaction mixture was refluxed for 3 h, cooled, 
concentrated, and poured into crushed ice. The precipitate solid was filtered, washed with cold water 
and recrystallized from ethanol. Analytical data are presented in Table I. 

Formation of dimers 
N,N'-di[~,3'-bi-(l"-fom2y[-2"-ethenyl~-pyrazolyl-5,5~-di-im~no-4,4'-dithiocarbamate]piperazine X W  andl 
or N,N'-di[3,3'-bi-(l"-formyi-2"-ethynyI~-pyrazolyl-5,~-dione-4,4'-dithiocarbamate]piperazine XVm: To 
compounds I1 and/or IV (0.02 mol) taken in ethanol (40 ml) was added (0.01 mol) of piperazine, and 
the mixture was gently heated on a water bath for 1 h.  The solid that separated was filtered, washed 
with cold water, then with cold ethanol and recrystallized from ethanol. Microanalytical data are listed 
in Table I. 

4-[3-(l"-Formyl-l"-cyanomethyl)-3'-methyl-l'-phenyl-l'H-pyrazolo-4'-dithiocarbamyl-2'-pyrazo- 
line]dithiocarbamate-5,5'-dione (XIX): Isoxazole compounds XI and/or XIV (1 g, 0.0018 mol) taken 
in 5% aqueous sodium hydroxide was heated to 45-50°C until a clear solution was obtained (50 min). 
It was then cooled and acidified with hydrochloric acid. A deep orange solid separated out was filtered, 
washed thoroughly with water and recrystallized from methanol. The physical and analytical data are 
listed in Table I. 

4-[3-(5'-Amino-4-pyrazolyl andor 5"-amino-l-phenyl-4"-pyrazolyl)-3'-methyl-l'-phenyl-l'H-pyrazolo-4'- 
dithiocarbamyl-2'-pyrazoline]dithiocarbamate-5,5'-dione (XX, XXI): A mixture of XIX compound (1 
g, 0.0018 mol) and hydrazine hydrate (80%, 0.4,0.0125 mol) andlor phenylhydrazine (0.3,0.0028 mol) 
taken in acetic acid (25 ml) was refluxed for 3 h. The reaction mixture was concentrated, cooled and 
pour into crushed ice. The aminopyrazole XX and aminophenyl pyrazole XXI compounds obtained as 
reddish-orange solid separated out were filtered, washed thoroughly with water and recrystallized from 
ethanol. The microanalytical data are presented in Table I. 
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Antimicrobial Screening 
The disc-diffusion method was used to measure the antibacterial and antifungal activities (Sleigh & 
Timbury, 1981).23-25 The tested compounds were dissolved in sterile N,N-dimethylformamid and added 
at a concentration of 0.5 mg/disk (Whatman No. 3 filter paper, 0.5 cm diameter). The antibacterial 
screening of the novel synthesized compounds was tested against some of Gram-positive and Gram- 
negative bacteria namely: Staphylococcus aureus DSM 346, Escherichia coli DSM 423, Pseudomonas 
aeruginosa DSM 1299, Klebsiella pneumoniae DSM 681 and Micrococcus luteus DSM 348. Furthermore, 
the antifungal screening of these compounds was tested with three species of fungi namely: Aspergillus 
ochraceus Wilhelm AUCC-230, Penicillium chrysogenum Thom A UCC-S30 and Aspergillus flavus Link 

The culture medium for the bacteria tested was nutrient agar (NA) (compound of beef extract, 3 
gm, peptone 5 gm, agar, 15 gm/L and adjusted to pH 7 before sterilization at 121°C for 20 min). 
Glucose-Czapek’s agar medium (NaNO,, 2 gm; KH,PO,, 1 gm; HgSO,, 0.5 gm; KCI, 0.5 gm glucose, 
10 gm; agar, 15 gm/L of distilled water) was used for fungi. The inoculated plates were incubated at 
37 ? 1°C for 24 h in the case of bacteria and at 28°C for 7-8 days in the case of fungi. The inhibition 
zones of microbial growth produced by different compounds were m e a s ~ r e d . ~ ~ - ~ ~  

A UCC-I 64. 
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