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Synthesis of Some New N,N-Disubstituted
Dithiocarbamic Acid 2-(6-Arylhexahydropyrimidine-2,4-
dion-3-yl)ethyl Esters and In Vitro Evaluation of

Antimicrobial Activities
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Synthesis of Some New N, N-Disubstituted Dithiocarbamic
Acid 2-(6-Arylhexahydropyrimidine-2,4-dion-3-yDethyl Es-
ters and In Vitro Evaluation of Antimicrobial Activities

Summary

In this study, a number of novel dithiocarbamate derivatives
were synthesized for the evaluation of their antimicrobial acti-
vities. These compounds were originally prepared by the reac-
tion of potassium salts of N,N-disubstituted dithiocarbamic
acids with 3-(2-chloroethyl)-6-arylhexahydropyrimidine-2,4-
diones. The structures of the synthesized compounds were con-
firmed by the spectral data (IR, 'H-NMR) and elemental
analysis. The antimicrobial activities of all of the compounds
were investigated by microdilution broth method using two
Gram-positive (Staphylococcus aureus ATCC 29213, Entero-
coccus faecalis ATCC 29212) and two Gram-negative (Esche-
richia coli ATCC 25922, Pseudomonas aeruginosa ATCC
27853) bacteria and three fungi (Candida albicans ATCC
90028, Candida krusei ATCC6258, Candida parapsilosis
ATCC 22019). Among the compounds tested 2-[6-(3-chlo-
rophenylhexahydropyrimidine-2,4-dione-3-ylJethyl morpho-
line-4-carbodithioate (compound 7c) showed the most favo-
rable antibacterial activity (MIC: 16 pig/mL).

Key Words : Hexahydropyrimidine-2,4-diones,  6-arylhe-
xahydropyrimidine-2,4-diones, N,N-disubstitu-
ted carbamodithioic acid 3-ethyl-6-arylhe-
xahydropyrimidine-2,4-dione esters, carbamo-
dithioic acid esters, synthesis, antimicrobial acti-
vity, antibacterial activity, antifungal activity.

Bazi Yeni N,N-Disiibstitiie Ditiyokarbamik asit 2-(6-Arilhek-
zahidropirimidin- 2,4-dion-3-il)etil Esterleri ve In Vitro Anti-
mikrobiyal Aktivitelerinin Degerlendirilmesi

Ozet

Bu ¢alismada, antimikrobial aktivitenin degerlendirilmesi icin
bir grup yeni ditiyokarbamat tiirevleri sentezlenmigtir. Bu bile-
sikler, 3-(2-kloroetil)-6-arilhekzahidropirimidin- 2,4-dionlar ile
N,N-distibstitiie ditiyokarbamatlarin potasyum tuzlarimn reak-
siyonu sonucu hazirlanmgtir. Sentezlenen bilesiklerin yapilar
IR, LH-NMR ve elementel analiz ile aydinlanlmisar. Bilesiklerin
antimikrobiyal aktiviteleri ise ikisi Gram-pozitif (Staphylococ-
cus aureus ATCC 29213, Enterococcus faecalis ATCC
29212) ve ikisi Gram-negatif (Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853) olmak iizere dort ce-
sit bakteri ve ii¢c mantar (Candida albicans ATCC 90028,
Candida krusei ATCC 6258, Candida parapsilosis ATCC
22019) kullamlarak mikrodiliisyon yontemi ile degerlendiril-
migtir. Deneye alinan bilesikler icerisinde; 2-[6-(3-klorofe-
nil)hekzahidropirimidin-2,4-dion-3-ilJetil morfolin-4-karbodi-
tiyoat (bilesik 7c) en yiiksek antibakteriyel aktiviteyi (MIK: 16
ug/mL) gostermigtir.

Anahtar kelimeler :  Hekzahidropirimidin-2,4-dionlar, 6-aril-
hekzahidropidimidin-2,4-dionlar, N,N-
distibstitiie karbamoditiyoik asit 3-etil-6-
arilhekzahidropirimidin-2,4-dion esterle-
ri, karbamoditiyoik asit esterleri, sentez,
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INTRODUCTION cal activities such as diureticl2, antihypertensivel?2,

The targeting compounds have both dithiocarbama-
te and pyrimidine structure as can be seen in Sche-
me 1. In the literature, pyrimidine derivatives have
been shown to possess a broad spectrum of biologi-

antiinflammatory!, anticancer34, antiepileptic>©
and antimicrobial27-9. On the other hand, numerous
studies regarding dithiocarbamate derivatives, have
demonstrated that these compounds have potential
anticholinergic!0-12, tuberculostatic!3, herbicidall4
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Scheme 1: The synthesis pathway of the tested compounds.

and antimicrobiall>1? activity. In our previous stu-
dies, we synthesized some new hexahydropyrimidi-
ne-2,4-dione and dithiocarbamate derivatives and
investigated their antimicrobial activities?20. These
previous studies led us to synthesize several deriva-
tives of 3-substituted-6-arylhexahydropyrimidine-
2,4-dione bearing a dithiocarbamate functional gro-
up at position 3 of hexahydropyrimidine-2,4-dione
ring, compounds 7a-71 (Table 1).

In this study, the antimicrobial activities of the 16
compounds in Table 1 were tested; 12 of these com-
pounds (compounds 7a-71) were synthesized previ-
ously to evaluate their anticonvulsant activities?l.
These compounds (7a-71) have been synthesized
again to check their antimicrobial activities, accor-
ding to the method used previously?l, while four of
the compounds (compounds 7m-7p) were synthesi-
zed specifically for this study as shown in Scheme 1.
The 16 dithiocarbamate derivatives used in this
study had not been evaluated previously from the
microbiological aspect in the literature. All compo-
unds were tested for their antimicrobial activities
against two Gram-positive (Staphylococcus aureus
ATCC 29213, Enterococcus faecalis ATCC 29212)
and two Gram-negative (Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853) bac-

2

teria and also three fungi (Candida albicans ATCC
90028, Candida krusei ATCC 6258, Candida parap-
silosis ATCC 22019) using microdilution broth met-
hod.

MATERIALS and METHODS
Chemistry

All chemicals used in this study were purchased
from Aldrich Chemical Co. (Steinheim, Germany),
Merck (Hohenbrunn, Germany) and Riedel-de Haén
(Seelze, Germany). Melting points were determined
on a Thomas Hoover apparatus (Philadelphia, PA,

Table 1. Structures of the tested compounds
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USA) and were uncorrected. IR spectra were recor-
ded on a Perkin Elmer FT-IR spectrometer 1720 X
(Uberlingen, Germany) as KBr disc (y, cm). 1H-
NMR spectra in dimethylsulfoxide-dg were obta-
ined on a Bruker AC 80 MHz spectrophotometer
(Karlsruhe, Germany). Elemental analyses were per-
formed with a Perkin Elmer Model 240 C and Leco
CHNS-932 (St. Joseph, MI, USA), at the Scientific
and Technical Research Council of Turkey. The pu-
rity of the compounds was assessed by TLC on Ki-
eselgel 60 F254 (Merck, Darmstadt, Germany).

Four new compounds were synthesized according
to the method described previously20-2! as shown in
Scheme 1. The first step of the synthetic pathway in
Scheme 1 involved the Rodionow-Johnson reacti-
on2225 using malonic acid and ammonium acetate
in an ethanolic solution of starting material (3a,3b).
Compounds 4a,4b were treated with an equivalent
amount of 2-chloroethylisocyanate in the presence
of an aqueous sodium hydroxide solution at room
temperature to yield the sodium salts of the 3-[3N’-
(2-chloroethyl)ureido]-3-arylpropanoic acids (5a,
5b), which remained in solution; upon addition of a
mineral acid, compounds 5a,5b were precipitated.
The latter was refluxed in thionyl chloride to give,
after removal of the solvent, the attempted 3-(2-chlo-
roethyl)-6-arylhexahydropyrimidine-2,4-diones
(6a,6b). N,N-Disubstituted dithiocarbamate potassi-
um derivatives (2e,2f) were prepared by the reaction
of the appropriate amines (le1f) with CS, and
KOH12.20,21, Potassium salts of N,N-disubstituted
dithiocarbamoic acids (2e,2f) were reacted with 3-(2-
chloroethyl)-6-arylhexahydropyrimidine-2,4-diones
(6a,6b) to obtain compounds 7m-p.

Microbiology

Minimal inhibitory concentrations (MICs) were de-
termined by broth microdilution method following
the procedures recommended by the National Com-
mittee for Clinical Laboratory Standards (NCCLS)26:27.
Fluconazole and ceftazidime were used as the refe-
rence drugs for fungi and bacteria, respectively.
Two Gram-positive (S. aureus ATCC 29213, E. faeca-
lis ATCC 29212) and two Gram-negative (E. coli
ATCC 25922, P. aeruginosa ATCC 27853) bacteria
were used as quality control strains. For testing an-

tifungal activities of the compounds, three fungi we-
re tested: C. albicans ATCC 90028, C. krusei ATCC
6258 and C. parapsilosis ATCC 22019. Reference
drugs were dissolved in sterile distilled water. The
stock solutions of the compounds were prepared in
dimethylsulfoxide (DMSO). The dilutions in the test
medium were prepared at the required concentrati-
on of 512-0.5 pg/mL and for the reference drugs; 64-
0.0625 pg/mL. The final inoculum densities were 5 x
105 cfu/mL for bacteria and 0.5-2.5 x 103 cfu/mL for
fungi. MIC was defined as the lowest concentration
of the compound that inhibited visible growth of
microorganisms. It was established that DMSO lac-
ked antimicrobial activity against any of the test
microorganisms.

Antibacterial activity assay

The cultures were grown on Mueller-Hinton agar
(MHA) (BBL, MD, USA) for all bacteria after 18-24 h
of incubation at 35°C. Before the assay, all of the bac-
teria were grown in Mueller-Hinton broth (MHB)
for 2-6 h. Then the bacterial suspensions were adjus-
ted to 0.5 McFarland turbidity (1 x 108 cfu/mL). The
microtiter plates were incubated at 35°C and inspec-
ted visually after 18-24 h. The MIC values were re-
corded as the lowest concentrations of the substan-
ces that had no visible turbidity.

Antifungal activity assay

All fungi were cultivated in Sabouraud dextrose
agar (Merck). Roswell Park Memorial Institute
(RPMI)-1640 medium (ICN-Flow, Aurora, OH,
USA) with L-glutamine, buffered with 3-(N-morp-
holino)propanesulfonic acid (MOPS) (Buffer-ICN-
Flow, Aurora, OH-USA) at pH=7.4 was used as the
test medium. The microtiter plates were incubated
at 35°C and evaluated visually after 48 h. The MIC
values were recorded as the lowest concentrations
of the substances that had no visible turbidity.

RESULTS and DISCUSSION
Chemistry
N,N-Disubstituted carbamodithioic acid 3-ethyl-6-

arylhexahydropyrimidine-2,4-dione ester derivati-
ves (7a,7p) (Table 1) were obtained as outlined in

3



Septioglu, Aytemir, Kilig, Ozalp, Calis

Scheme 1. Empirical formula, molecular weight,
melting point, yield and elemental analysis proper-
ties of the four compounds (7m-7p) which were
synthesized specifically for this study are presented
in Table 2. The structures of the synthesized compo-
unds were proved by IR, IH-NMR and elemental
analysis. All spectral data were in accordance with
the assumed structures. The results of elemental
analysis were within + 0.4% of theoretical values. In
the IR spectra of the compounds, the N-H stretching
bands of hexahydropyrimidine structure were seen
at about 3290-3236 cm!, the two C=O stretching
bands at about 1725-1724 and 1681-1680 cm!, res-
pectively, and the C=S stretching bands of the
dithiocarbamate function at about 1234-1224 cm-l.
In the TH-NMR spectra, CHj- protons at piperidine
were seen at 0.95 ppm, protons of piperidine at abo-
ut 1.40-1.80 ppm, the neighboring methylene pro-
tons to N atom and S atom, in alkyl chain between
hexahydropyrimidine and dithiocarbamate structu-
res, at 2.80-2.95 and 3.10-3.95 ppm, respectively. The
methylene protons at the 5-position and the -CH-
proton at the 6-position in the hexahydropyrimidine
were seen at about 2.95-3.20 and 4.60-4.80 ppm, res-
pectively. Aromatic protons were observed at about

Table 2. Empirical formulas, molecular weights,
melting points and yields of the synthesi-
zed compounds.

7.20-7.40 ppm and -NH protons at 8.20-8.30 ppm
(Table 3). We also proved the formation of synthesi-
zed compounds with 1H-NMR parameters (chemi-
cal shifts) in our previous paper?l.

Microbiology

A range of compounds were screened for their in
vitro antimicrobial activity by microdilution broth
method. Moreover, their antibacterial and antifun-
gal activities were determined as MIC values. Flu-
conazole and ceftazidime were used as the standard
antifungal and antibacterial drug, respectively. The
results of the studies are reported in Table 4. Accor-
ding to the values, antibacterial and antifungal acti-
vities of the compounds were not similar to that of
ceftazidime and fluconazole, which were used as
control agents. The antibacterial activity of 2-[6-(3-

Table 3. Spectral data of the synthesized compounds.

xn I O
NG N s—i— N
0
Compound

No. IR (m?) NMR (DMSO-dg 6, ppm)

| 3% (NHsY 095 (3H; d; CHy"), 140 (SH, m, piperidine),
1724(C=0t) 280 (2H, t, -N-CHy), 3.20 (2H, d, CH;-), 3.90
1680 (C=O'st) (2H, t, -CH,S-), 480 (1H, t, CH-), 7.20 (5H, 5,
1224(C=S st aromatic), 820 (1H, s, NH)

T 3236 (NH st) 095 (3H; d; CHy), 160-180 (8H, m, piperi-

(
1724 (C=0'st) dine), 2.95 (2H, t, -N-CHy), 3.05 (2H, d, -CH2),
1680 (C=0st) 395 (2H, t, -CH,-5-), 460 (1H, t, -CH-), 7.30-
124 (C=S st) 740 (4H, m, aromatic), .30 (1H, s, -NH)

0
Compound|  Empirical | Molecular | Melting | Yield
No. Formula Weight | Point(Cla | (%) | Analysisc
7m CeHpN;05, | 39155 156-8 #5¢ | CHNS
m | G C(NOS, | 4599 137-8 7568 | CHNS
T | CHNOS | 915 | 157 | 8% | CHNS
B | CHCNOS, | 959 | 1401 | 846 | CHNS

To 3290 (NH st) 095 (3H; d; CHy), 1.20-160 (8H, m, piperi-

(
1725 (C=0st) dine), 2.80 (2H, t, -N-CHy-), 2.95 (2H, d, -CH,),
1680 (C=0'st) 3.10 (2H, t, -CH,S-), 460 (1H, t, -CH-), 7.20
1234 (C=Sst) (5H, s, aromatic), 8.20 (1H, s, -NH)

2 Melting points were determined on a Thomas Hoover apparatus and
are uncorrected.
Yields are of the products obtained from first crystallization.

€ C,H, N, Swere performed by the Scientific and Technical Research Coun-
cil of Turkey Instrumental Analysis Laboratories (Ankara, Turkey). The
results of elemental analysis were within + 0.4% of theoretical values.

i 3266 (NH st) 095 (3H; d; CHy), 170 (8H, m, piperidine),

(
1726 (C=0st) 280 (2H, t, -N-CHy), 2.9 (2H, d, -CH,), 3.10
1681 (C=0st) (2, t, -CHyS-), 460 (1H, t, -CH-), 7.20-7.30
1234 (C=Sst) (4H, m, aromatic), 8.30 (1H, s, -NH)
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Table 4. Antibacterial and antifungal activities of
the tested compounds (MIC in pg/mL)

Compotund Bacteria (MIC-yig/mL) Fungi (MIC-yig/mL)
Number 5 E E P C C C
awens | faecalls | cobi | aeruginosa | abicans | krusei | parapsilosis

Ta SH12 | SBI2 | B12 | HI2 %o | 512 52

Tb 128 128 | 2% 128 8 | 128 o4

Te 16 JAL) Il 128 128 | 18 128

7d 52 >H12 | 2% 256 12| 512 | >hI2

Te %6 128 | 2% 128 o4 o4 128

i o4 128 26 128 128 | 18 128

7g SH12 | B2 | XB12 | 26 B | A2 | I

Th %6 128 | 2% 128 o4 128 128

7 12 52 | b2 52 2 | 512 52

i 52 Do | 26 | B2 | 12 | 12| 12

Tk 2% SHI2 | B2 | B2 | SBI2 | >BI2 | BI2

7 12 | B2 | 12 | 512 12| 12 | 12

7m 128 | 512 | X512 | 2% %o | 512 156

n SHI2 | B2 | X512 | B2 | B2 | B2 | BI2

To 128 128 | »12 | 512 B | Do JAl)

Tp >H12 128 | 2% 128 8 | 18 128

Ceftazidime | 16 - 05 4

Fluconazole 1 16 8

Ceftazidime was used as a control for bacteria and Fluconazole as a control for fungi.

chlorophenyl)hexahydropyrimidine-2,4-dione-3-
yl]ethyl morpholine-4-carbodithioate (7c) and 2-[6-
(3-chlorophenyl)hexahydropyrimidine-2,4-dione-3-
yllethyl pyrrolidine-4-carbodithioate (7f) against S.
aureus (MIC: 16 pg/mL and 64 pug/mL respectively)
were found comparable to ceftazidime. The antifun-
gal activities of 2-[6-(4-chlorophenyl)hexahydro-
pyrimidine-2,4-dione-3-yl]ethyl morpholine-4-carbo-
dithioate (7b) against C. parapsilosis (MIC: 64
pg/mL), of 2-[6-(4-chlorophenyl)hexahydro-
pyrimidine-2,4-dione-3-yllethyl pyrrolidine-4-carbo-
dithioate (7e) against C. albicans (MIC: 64 png/mL)
and C. krusei (MIC: 64 pg/mL) and of 2-[6-(4-chloro-
phenyl)hexahydropyrimidine-2,4-dione-3-yl]ethyl
piperidine-4-carbodithioate (7h) against C. albicans
(MIC: 64 ng/mL) were found higher than the other
tested compounds.

CONCLUSION

In the tested N,N-disubstituted carbamodithioic
acid 3-ethyl-6-arylhexahydropyrimidine-2,4-dione
ester derivatives which contain heterocyclic rings in
their structure as morpholine (7a-7c), pyrrolidine
(7d-7f) and nonsubstituted piperidine (7g-7i), the
antibacterial and antifungal activities were observed
whereas in the N,N-disubstituted carbamodithioic
acid 3-ethyl-6-arylhexahydropyrimidine-2,4-dione
ester derivatives which contain substituted hetero-
cyclic rings including 3-methylpiperidine (70-7p), 4-
methylpiperidine (7m-7n) and N-phenylpiperazine
(7j-71) showed no antifungal and antibacterial activi-
ties. Among the tested comppunds, N,N-disubstitu-
ted carbamodithioic acid 3-ethyl-6-arylhexahydro-
pyrimidine-2,4-dione esters, which have nonsubsti-
tuted heterocyclic rings and 6-(4-chlorophenyl) deri-
vatives (7b, 7e and 7h) showed antifungal activity
whereas 6-(3-chlorophenyl) derivatives except 7i,
showed antibacterial activity.

Finally, among the tested N,N-disubstituted carba-
modithioic acid 3-ethyl-6-arylhexahydropyrimidine-
2,4-dione ester derivatives, 2-[6-(3-chlorophenyl)-
hexahydropyrimidine-2,4-dione-3-yl]ethyl morpho-
line-4-carbodithioate (7c) effect was found to be si-
milar to ceftazidime against S. aureus ATCC 29213
(MIC: 16 ng/mL). As a result it could be concluded
that compound 7c was the most important compo-
und in this series regarding its antibacterial activity.
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