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SUMMARY. Tliree mesoionic 1,3,4-tliiadiazoliuin-2-tliiolates and seven 1,3,4-triazolium-2-tliiol chlorides 
Iiave been syntliesised and tested for activity agaiiist a range of inicroorganisms. The cliemical structures were 
confirmed by Elemental Analysis, IK,  Mass, lH and 13c NMR spectrometry. Tlie biological tests indicate that 
tlie coinpounds Iiave substantial activity against Gram-positive and alcoliol-acid-resistant bacteria; moderate 
activity against yeasts and little activity against other fungi and are  inactive against Gram-negative bacteria. 
RESUMEN. "Síiitesis, Caracterización y Evaluacióii de la Actividad de diez Coiiipuestos Mesoióiiicos contra 
Microorgaiiisinos". Tres inesoióiiicos 1,3,4-tiadiazolio-2-tiolato y siete cloruros 1,3,4-triazolio-2-ti01 se liaii sintetiza- 
do y se ha probado su actividad contra distintos inicroogaiiisinos. Las estructuras químicas se determinaron por 
Análisis Eleineiital, IR, Masa y espectroriietria de RMN lH e 13C. Las pruebas biológicas iiidicaii que los com- 
puestos tienen actividad sustaiicial contra bacterias Graiii positivas y alcoliol-ácido-resistentes, actividad tiloderada 
coiitra levaduras, escasa actividad coiitra otros Iioiigos y son inactivos contra las bacterias Grain negativas ensayadas. 

INTRODUCTION 

Conipounds  n o w  classitiecl a s  inesoionic were  
first pieparecl  a r o ~ i i i d  100 years  a g o  by  Fischer 
a n d  Bestliorri arid b y  Rusch et. n/. 1-4. Even so it 
w a s  orily ir1 1 9 4 9  tl-iat t h e  first defiriitiori w a s  
launclied b y  Baker  arid Ollis 5.6 referririg especial- 
ly t o  tlie s y d n o n e s  (I), altlioiigh iiiiportant f ~ ~ n d a -  
riiental coricepts w e r e  p ~ i t  forward by Schoriberg 
iri 1938 7. 

Tlie coricept o f  n ~ e s o i o n i c  cornpounds evolved 
son iewhat  over  tlie years althougli tliey were  gen-  
erally classified a s  aroniatic betaines. However  iri 
1996 Miller, Siiiias anci tl.ieir co-workers 8 put  for- 
w a r d  a i i e w  d e f i n i t i o n ,  uiz; "Mesoion ic  con i -  

M 0  arid negative n-cliarge whereas  t h e  o ther  is 
associated with tlie LUMO a n d  positive x-charge". 
Tliis is  equivalen1 t o  i r idicat i~ig tha t  iiiesoioriic 
cornpounds a r e  not  aroniatic. 

Structure 11 is a convenient  generic  representa- 
tion of  mesoionic compourids ,  according t o  this 
definition, i n  wliich a, 6, c, d, e a n d  f a r e  usually C, 
N, O, S o r  Se. 

pouricis a re  lieterocyclic betairies nlitli a least orie 1 11 
sicie-chain w h o s e  a-atoni is also iii the  ring plarie 
a n d  m~it1-i dipole  riionierits of  the order  of 5D (ID As a resul t ,  m e s o i o n i c  c o i n p o u n d s  in te rac t  
= 3,33564~10-30 crii). Electroris a r e  de loca l ized  s irongly w i t h  m a n y  bioinolecules ,  l e a d i n g  t o  a 
over  t w o  regions separa ted  b y  w h a t  are  esseritial- very wide  range  of biological activity: inter alia 
ly  s ingle  b o n d s .  O n e  regio11 wliicli includes tlie a- arialgesic, ant i -convulsant ,  ar i t i -depressive/psy-  
atorn of tlie side-chairi is associated with tlie HO- clio-stirnulant, anti-inflainmatory, anti-malaria, an-  

PALABRAS CLAVE: Coiiipiiestos iiiesoióiiicos, Bacteria Graiii negativa, Bacteria Graiii positiva, Hoiigos, 
Levaduras. 
KEY WORDS: Fuiigi. Gram-iiegative bacteria, C;raiii-positive bacteria, Mesoioiiic coinpounds, Yeasts. 

* Author to wliom corirspoiideiice sliould Ix dddressed. 

ISSN 0326-2383 



Atliayde-Fiiiio, P.F. de, J. Miiier, A.M. Siiiias, K.X. da F.R. de Sena CG A. de A. Chiappeta 

ti-rieoplasic, anti-pyretic activity. They also pos- 
sess ascaricidal, bactericidal, CNS-stiniulant, coc- 
cidiostatic, diuretic, fungicidal, hypoglicernic, hy- 
potensive, insecticidal, sympathomimetic and tu- 
berculostatic activity as well as non-competitive 
inhibition of monoamineoxidase and spasmolytic 
activity in smootli muscle 9 - 36. 

Mesoionic compounds of the 1,3,4-thiadiazoli- 
um-2-thiolate system (m) are readily prepared by 
the reaction of potassium p-aiyldithiocarbazinate 
with carboxylic acid chlorides. Mesoionic com- 
pounds of the 1,3,4-triazolium-2-tliiolate systeni 
(V) are converiiently prepared by two synthetic 
routes. Tlie first involves the reaction of mesoion- 
ic 1,3,4-thiadiazolium-2-thiolates (m) with prima- 
iy amines arid the second involves the reaction of 
carboxylic acid chlorides with 1,4-diaiyl-thiosemi- 
carbazides (Scheme 1). 

In the present work we describe the synthesis 
and characterisation of ten niesoionic compounds 
and tests of their activity against a range of mi- 
croorganisms. Tliree of these are 1,3,4-thiadiazoli- 
uni-2-thiolates (111) and seven are 1,3,4-triazoli- 
um-2-thiolate hydrochlorides (IV) (see Table 1). 

MATERIALS AND METHODS 

Mass spectra were obtained on  a Finriigan 
GCQ Mat type quadiupole-ion trap spectrorrieter. 
IR spectra were obtained ori a Bruker IFS66 
spectrorneter with the sarriple in a KBr disc. 1H 
and 1% NMR spectra were obtairied o11 a VARMN 
UNITY PLUS 300 MHz spectroiiieter - the sariiples 
being dissolved in DMSO-d6 with TMS as refer- 
ente. Elemental Analysis was carried out ori a 
Perkin Eliner Elemental Microanalyser. The melt- 

N-N, 
+ KCI 

Ar S 

In \Ar-NH2 

Ar\ 
'4 

N-N CI- base - 
. A N k S H  Ar 

I 

Scheme 1. 

Structure Mesolonic comyound X Y R' R 

MI. 1 

~ 1 . 9  N S/HCl Furanyl C6H5- 

MI. 10 N S/HC1 2-NO,-furanyl C6H5 

Table 1. Cliernical stiucture of the Mesoionic coiripourids studied. 
MI.l - 3 are 1,3,4-thiadiazoliuin-2-thiolates. MI.4 - 10 are 1,3,4-triazoliuin-2-thiolate l~ydsochloildes 
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ing poi~its were determined on a Kofler hot-plate 4-phenyl-5-styryl-1,3,4-thiadiazolium-2-thiolate - 

apparatus conibined with a Carl-Zeiss inicroscope MI.3 
and are uncorrected. Elemental arialysis: calculated for CI6Hl2 N2S2; 

C,64.77; H,4.05; N,9.45 %; found: C,64.74; H,4.05; 
Prepurution o f tbe nzesobtiic conzpoztná.~ N,9.42 %; IR spectrum v (cm-]) 3050 (vC,,H), 

Mesoionic 1,3,4-thiadiazo1i~cl)i-S - thiolutes - 1614 (V HCAl=CArH), 1345 (v NC-S-, thiolate), 

(k1I. 1 - 3)  1041 (v CA,.H out-of-plane deformation); Mass 

Potassiuni B-phen~ldithiocarbazinate was dis- spectrum rn/z (%) 296 (M!, 17.551, 238 (11.75), 

solved in tlie rriinimum of water. An equimolar 206 (17.01), 147 (lo), 115 (3.36) 103 (22.451, 77 

quantity of the appropriate aroyl chloride was (11.53); lH NMR spectrum 6 (ppm) 6.47 (6, lH, J 

then added in small amounts, with magrietic stir- 16.5 Hz), 6.58 (6, lH,  J 16.5 Hz), 7.20 - 7.52 (ni - 

ring. A viscous precipitate appeared at the bottom 10 H, aromatic); '3C NMR spectrum 6 (ppm) and 

of the flask but stirring was conrinued overnight. 183.1 (C-2), 163.6 (C-5) and M.p. 236 - 238 "C. 

The precipitate was then filtered off, washed with 
hot ethanol then recrystallized from acetoriitrile. 1,4,5-tnphenyl-1,3,4-triazolium-2-thiol chloride - 

Mz.4 

1,4-diphenylthiosemicarbazide was suspended 
in huriiid dioxane with magnetic stirring. Ari 
equimolar quantity of the appropriate aroyl chlo- 
ride was theri added in sriiall airiourits. The solu- 
tiori turned yellow and subsequently formed a 
yellow crystalline precipitate. However, the reac- 

Elemental analysis: calculated for C2&Il&IN3S; 
C,65.66; H,4.37; N,11.4Yh; found: C,65.64; H,4.37; 
N,11.46 %; IR spectrum v (cm-') 3015 (v CAr.H), 
2760 (v NC-SH, thiol); Mass spectrum m/z (%) 
329 (32.4 (M-HCI)!), 180 (32.561, 135 (100); 'H 
NMR spectrum 6 (pprn) 7.4 -7.6 (m - 15H, aromat- 
ic); I3C NMR spectrum 6 (ppm) 169.8 (C-2), 148.2 
(C-5) arid M.p 262 "C. 

tion niixture was stirred overnight, before tlie pre- 
cipitate was filtered off under vacuum. It was 1,4-diphenyl-5-p-chlorophenyl-1,3,4-triazolium-2- 

washed sequentially with small portions of diox- thiO1 chloride - 
arie, ethanol and diethyl ether, then recrystallized Elemental analysis: calculated for C20H15C12N3S; 
froril ethanol, addiiig a few drops of trifluo- C,6O.OO; H,3.22; N,9.66 %; found: C,60.01; H,3.21; 
roacetic acid when necessary. N,9.60 %; IR spectmm v (cm-') 3052 (v Ck.H), 

2761 (v NC-SH, thiol); 980 (v C-Cl); Mass spec- 

Ct~uructerisutbn of the prodztcts 
4,5-dipherzyl-1,3,4-thiadiazoliur~i-2-thiolate - MI. 1 

Elemental analysis: calculated for CI4Hl0N2S2; 
C,62.22; H,3.70; N,10.37 %; found: C,62.20; 
H,3.71; N,10.35 %; IR spectiiirri v (cm-1) 3042 (v 
CA,H), 1349 (v NC-S-, thiolate); Mass spectrum 
m/z (%) 270 - M? (28,13%j; 1H NMR spectrum 6 
(ppni) 7.60 (1x1 -10 H, aromatic); '3C NMR spec- 
triiiri 6 (pprii) 180.1 (C-2), 163.2 (C-5) and M.p. 
228 "C. 

4-phe~lyl-5-p-chloropl~e1~yl-1,3,4-t~~icidiazoliu1~~-2- 
tl.?iolnte - MI.2 

Elerileritril analysis: calculated for C14H, CIN2S2; 
C,55.17; H,2.95; N,9.19 %; found: C,55.10; H,2.95; 

truni in/z (%) 363 (100 (M-HCI)!); 'H NMR s k c -  
trum 6 (ppm) 7.13 (6 - 2H, aromatic, J 6.5 Hz), 
7.22 (d - 2H, aromatic, J 6.5 Hzj, 7.32 - 7.53 (ni - 
10H, aromatic); I3C NMR spectrum 6 (ppm) 
171.77 (C-2), 144.47 (C-5) and M.p. 269 - 270 'C. 

1,5 -b&-p-chlomphenyl-4-phenyl-1,3,4-triazolium- 
2-thiol chloride - MI.6 

Elemental analysis: calculated for C,oH14C13N3S; 
C,55.23; H,3.22; N,9.60; fou~id: C,55.20; H,3.22; 
N,9.59 %;*IR spectrum v (cm-l) 3053 (v CAr-H), 
2712 (v NC-SH, thiol), 991 ív C-CI); Mass spec- 
úurn rriíz C%) 3% (100 (M-HCl)?) 170 (20.5); 'H 
NMR spectruin 6 (pprn) 7.20 - 7 50 (m - 13H, aro- 
matic); l3C NMR spectrum 6 (ppm) 170.0 (C-2), 
144.2 (C-5) and M.p. 245 - 247 "C. 

N,9.17 %; IR spectruin v cm-1, 3047 (v C,,.H), 
1332 (v NC-S-); Mass spectruin ni/z (%) M? 304 

l-p-Jluorphenyl-4-phenyl-5-p-chlorophenyl-l,3,4- 

(16,24%); IH NMR spectrum 6 (pprii) 7.22 - 7.50 triazolium-2-tbiol chloride - Mi.7 

(m - 9H, aromatic); - l 3 ~  NMR siectrurn 6 (pprn), Elemental analysis: calculated for C20H14C12FN3S; 
183.2 (C-21, 165.1 (C-5) aiid M.p. 234 "C. C,62.74; H,3.60; N,10.98 %; found:  C,62 72; 
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H,3.60; N,10.96 %; IR spectrum v (crri-'1 3051 (v 
CAr.H), 2710 (V NC-SH, thiol), 1016 (V C-F), 930 (V 

C-Cl); Mass spectsum m/z (%) 381(100 (M-HCI)'), 
198 (44.4), 170 (32.4); 'H NMR spectrurn 6 (ppm) 
7.3 - 7.8 (m - 13H, aromatic); 13C NMR spectrum 
d (ppm) 170.3 (C-2), 144.0 (C-5) and M.p. 265 - 
267 "C. 

1,4-diphe~zyl-5-sty~yl-1,3,4-triazolium-2-thiol 
chlonde - MZ.8 

Eleriiental analysis: calculated for C22H18C1N3S; 
C,67.43; H,4.59; N, 10.72 %; found: C, 67.42; 
H,4.59; N,10.71 %; IR spectrum v (cm-'), 3019 (v 
CArH), 2932 (V C-H), 2877 (V C-H), 2750 (V NC- 
SH thiol), 1045 (V CAr-H out-of-plane deforma- 
tion); Mass spectrum rn/z (%) 355 (77,24 (M- 
HCl)?), 206 (21.4), 135 (34.6), 77 (100); 'H NMR 
spectsum 6 (ppm) 6.47 (6, lH, J 16,5 Hz), 6.58 (6, 
lH, J 16,5 Hz) 7.10 - 7.60 (m, 15H, aromatic); l3C 
NMR spectrum 6 (ppm) 171.7 (C-2); 144.4 (C-5) 
and M.p. 284 - 286 "C. 

Elemental analysis: calculated for Cl8HI3Cl2N3 
OS; C,55.50; H,3.30; N,12.58 %; found: C,55.48; 
H,3.28; N, 12.49 %; IR spectrum v (cm-'), 3150 and 
3080 (V CA,.H), 2748 (V NC-SH tliiol), 878 (V C-CI); 
Mass spectsum m/z (N), 353 (85.84 (M-HCD?); 'H 
NMR spectsum d (ppm) 6.2 (d, 1H - furanyl), 6.5 
(6, lH - furanyl), 7,5 (111, 1OH - aromatic); '3C 
NMR specbum 6 (ppm) 168.3 (C-21, 146.8 (C-5) 
and M.p. 235 "C. 

1,4-diphe1zyl-5-(4-1zit,u-2-furanyl)- 
triazoltum-2-thiol chlot-ide - 1211.10 

Elemental analysis: calculated for Cl8HI3C1N4 
OzS; C,54.00; H,3.25; N,14.00 %; found: C,54.03; 
H,3.22; N,14.02 %; IR spectsum v (cin-l), 3150 and 
3045 (V CAr.H), 2714 (V NC-SH thiol) 1572 and 
1361 (V NO2, asymmetric and symrnetrical stretch- 
irig); Mass spectmrii m/z (%) 364 (6,14 (M-HCl)?); 
lH NMR spectrum 6 (ppm) 7.2 (d, lH - furanyl) 
7.7 (m, 11H - aromatic); 13C NMR spectruni 6 
(pprn) 167.8 (C-21, 146.5 (C-5) arid M.p. 263 "C 

Biologicul sttidies 
Microorgariisrns representative of Gram-posi- 

tive arid Gram-negative bacteria, alcohol-acid-re- 
sistant bacteria, yeasts and filanientous fungi 
were selected from the collection of cultures of 
the Departmerit of Antibiotics of the Federal Uni- 
versity of Pernarnbuco. Specifically we ~ised (a) 

Staphylococcus aureus, Bacillus subtilis, Strepto- 
coccus faecalis, Gram-positive bacteria; (b) Esche- 
tischia coli and Pesudonio~zas aer-uginosa, Grani- 
riegative bacteria; (c) Mycobacteriurr~ smegmatis, 
alcohol and-acid-resistant bacteria; (d) Candida 
albica~zs, yeast and (e) Monilia sitophila, filamen- 
tous fungus. 

Prepurutlon of the itioculzinz 
The stock cultures were transplanted to ap- 

propriate culture media, incubated at ternpera- 
tures of 35 "C for bacteria and 30 "C for yeasts 
and filamentous fungi and allowed to develop 
duririg 24-48 11, deperiding ori the requiremerits of 
the rnicroorganisms. Frorii these cultures, suspen- 
sions were prepared iri salirle solutiori, were stan- 
dardised by the 0,5 perturbation of the scale of 
McFarland. 

Atrtimicrobiul Actiuity tests 

Tlie levels of activity against rnicroorganisms 
were measured by the diffusion in paper-discs 37, 

using Mueller-Hintori-agar (Difco), Sabouraud-agar, 
modified and glucose-extract of yeast-agar 38. 

The samples were prepared by dissolution of 
the mesoionic compounds in DMSO in a concen- 
tsation of 15 mg/nil. The paper discs with 6 nirn 
diameter were rnoistened with 20 p1 of solutions 
of the substances studied: each disc with a total 
of 300 pg of riiaterial. For each test of activity 
there was a parallel control test i11 wliich tlie disc 
was moistened with 20 p1 of the solvent. The 
moistened discs were then placed on the surface 
in tlie riiiddle of a Petsi disli - tlie iiiediurii beirig 
sown with the microorganism being tested. Halos 
of inhibitiori around tlle papel. discs were evalu- 
ated. A test was considered positive when the in- 
hibition halo had a diameter 2 10 min. 

RESULTS AND DISCUSSION 

Cl~enzical Sttidies 
The mesoionic compounds of the 1,3,4-thiadi- 

azoliurii-2-thiolate series (MI.01 - 03) were synthe- 
sised by a standard rriethod, uiz. reaction of aroyl 
chlorides with potassium B-phenyldithiocarbazi- 
mate, The latter was preparecl iinmediately bel'ore 
use owing to its iristability. The rnesoionic com- 
pounds of the 1,3,4-triazolium-2-thiolate series 
were prepared as their hydrochlorides (MI.04 - 

10) by reactions of aroyl clilorides with 1,4- 
diphenyl-thiosernicarbazide ir1 huinid dioxarie al- 
lowing reaction to proceed overniglit. In these 
coriclitions tlie desired coiiipouri&, which are tlie 
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therniodyrianiic products 39 are obtained i r i  tlie 
foriii of tlie hydrochlorides. The spectroiiietric da- 
ta and Elernental Analyses are in complete accord 
with tlie proposed stiuctures. 

Activily Studks 
The ten niesoionic compounds syntliesised 

were tested for activity against microorganisrns se- 
lected (see Table 2) and their effectiveness as po- 
tential therapeutic agents was estimated as fol- 
lows. Paper-discs with 6 mrn diameter with 300 
pg of substance were placed on the surface of 
tlie culture niedium. Irihibitiori halos (IH) were 
rrieasured after an appropriate incubation time for 
eacli rriicroorganisms. The 300 mg quantity was 
selected as being the maxin~um used in earlier 
studies 40. '1 e.g. with nitrof~~rantoin and sulfafura- 
zole. Results were considered positive for inhibi- 
tion halos 2 10 rrirn. Values of 10 - 15 nirn corre- 
spond to low activity; 15 - 20 mrri to moderate ac- 
tivity and 2 20 rnrn to high activity. 

Granz-positizie bacteria: Stuphylococczis au- 
wus, Bncillus subtilis and Stl-eptococcus jaecalis. 
Coiiipound MI 8 was the riiost active agairist 
Strrplylococcus a u m  (IH, 25,5 mni). Compound 
MI. 10 was tlie rnost active agairist Bacillus subtilis 

(IH, 20.0 mm) and Streptococcus faecalis (IH, 26.0 
mnii. 

Alcobol-add-resistant bacteria: Mycobacte- 
riutn slnegmatis. The most active compounds 
were MI.4 (IH, 23.5 mm); MI.5 (IH, 21.5 mm) arid 
MI.10 (IH, 20.0 rnm). 

Yeasts: Candida Albicans. The most active 
compound was MI.10 (IH, 21.0 mm). 

Grana-negative bacteria: Escherichia coli 
and Filar?lentous fungi: Monilia sitophila. The 
coinpounds were virtually inactive; only MI. 10 
had low activity, viz. IH, 11.0 mm for Escherichia 
coli and IH, 13.0 mrn against Monilia sitophila. 

It is noteworthy that in the conditions used the 
1,3,4-thiadiazolium-2-thiolates are inactive. There 
are indications of activity when in more conceri- 
trated solution in DMSO (results not shown in the 
present work) . 

The widest activity spectrum was presented by 
MI.lO, uiz. 1,4-diphenyl-5-(2-nitrofurany1)-1,3,4-ti- 
azolium-2-thiol chloride. 

Acktiowledgemetits .  The authors thank CNPq 
(Brazilian National Research Council) for a Doctoral 
Bursary granted to one of us (P. F. de Athayde-Filho). 

Samples Microorganisms 

300 pg Sarrrerts Bsrtbt S faecalis ñ coll P. aerrtg. M. smeg Calbicans M. sitopbiia 

hlI.1' 

M1.2' 

b11.3' .- 

M1.4 16.5 15.0 12.0 23.5 13.5 

M1.5 14.0 15.0 12.0 21.5 11.5 

Ml.6 11.0 - > 14.0 13.5 

M1.7 16.0 12.5 17.5 17.5 10.0 

M1.8 25.5 21.5 16.5 

M1.9 10.0 13.0 17.5 11.0 

b11.10 20.0 20.0 26.0 11.0 20.0 21.0 13.0 

Control - 

Iiiactive in the conditioiis used for &e tests 

Table 2. Activity of the mesoionic con~poiiiids against the niicroorga~iisms specified: data are diameters of the 
inhibition halos around the paper discs (in mn) Each value is the average of five tests. 
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