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The hybrid drugs, just as their name implies,
combine two drugs in a single molecule with the
goal of creating a chemical entity more medically
effective than its individual components. A major
driving force in advancing this approach is to over-
come the development of resistance in the target
population. In most of the cases, in such hybrids
both drug-like fragments have independent modes
of action that make the emergence of drug resistance
less likely. Moreover, in several cases the collected
data provide a conclusive molecular mechanism for
the amplification of effects of fragments or even the
extraordinary biological effects not attributed to any
of the individual partner of the hybrid construct (1).
In the design of new compounds, development of
hybrid molecules through the combination of differ-
ent pharmacophores in one structure may lead to
compounds with increased antimicrobial activity.
Problems of multi-drug resistant microorganisms
have reached an alarming level in many countries
around the world. A numbers of recent clinical
reports describe the increasing occurrence of S.
aureus and other antibiotic-resistant human patho-
genic microorganisms in United State and European
countries. Infections caused by those microorgan-
isms pose a serious challenge to the medical com-
munity and the need for an effective therapy has led

to a search for novel antimicrobial agents.
Exploitation of these molecules should allow us to
rapidly discover new biologically active compounds
across a broad range of therapeutic areas in a short-
er time scale.

Among the compound having good antimicro-
bial properties, s-triazine derivatives (particularly
melamine derivatives) constitute an important class
of compounds possessing diverse pharmacological
activities including broadly active as herbicidal (2)
and antimicrobial (3). Some are also used for the
treatment of HIV infection (4). Several workers
investigated the s-triazine nucleus in the scope of
potential therapeutic agents for diseases due to bac-
teria (5) cancer (6) antitumor (7) and malaria (8) .

It is also well known, that positively charged
compounds such as long chain quaternary ammoni-
um compounds exert antibacterial activity against
both Gram-positive and Gram-negative bacteria, as
well as against other pathogenic species of fungi and
protozoa (9). Quaternary ammonium salts belong to
group of hard antibacterial agents (10) that are bio-
logically active and non-metabolizable in vivo (soft
drugs (11) are defined as drugs, which are character-
ized by predictable and controllable in vivo destruc-
tion to form non-toxic products after they have
achieved their therapeutic role). Thus, although the
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soft analogs have been shown to possess antibacteri-
al activity in vitro, it is likely that their in vivo activ-
ity will be hampered by their chemical instability. It
has been found that quaternary phosphonium salts
also showed hard antibacterial activity (12).Various
phosphonium salts possessing single or double alkyl
chains of various lengths (C10 to C18) were prepared
as cationic biocides, and their antimicrobial activities
against 11 typical strains of microorganisms includ-
ing methicillin-resistant Staphylococcus aureus
(MRSA) were evaluated. The phosphonium salts
with long alkyl chains were found to show high lev-
els of antimicrobial activity. Their activities depend-
ed strongly on the molecular structure, and a correla-
tion between antimicrobial activity and molecular
structure was observed. In the alkyltrimethylphos-
phonium salts, the bactericidal activity against S.
aureus and Escherichia coli increased with increas-
ing alkyl chain length. In contrast, the bactericidal
activity of dialkyldimethylphosphonium salts was
found to decrease as the chain length of the sub-
stituents increased. It is significant that the phospho-
nium biocide containing double decyl groups exhib-
ited the broadest spectrum of activity against
microorganisms tested and showed the greatest bac-
teriostatic activity against MRSA. It was observed
that the phosphonium salts showed an advantage
over the corresponding ammonium salts in bacterici-
dal activity and killing rate. 

Therefore, these observations prompted us to
synthesize new 1,3,5-triazine derivatives which
were attached with quaternary phosphonium salts.
Then, the synthesized compounds were tested
against Gram-positive bacteria and Gram-negative
bacteria using microdilution method.

EXPERIMENTAL

Thin layer chromatography (TLC) was carried
out on SiO2 (Merck; 60 F254) and spots were located
with: UV light (254 and 366 nm) and 1% ethanolic

4-(4-nitrobenzyl)pyridine (NBP). Melting points
were determined on a B¸chi apparatus, model 510.
1H-NMR, 31P-NMR, spectra were recorded on a
Bruker Avance DPX 250 (250 MHz) spectrometer.
Chemical shifts (ppm) are relative to TMS used as
an internal standard. The multiplicities were marked
as s =singlet, d = doublet, t = triplet, q = quartet, qu
= quintet, m = multiplet.

Reaction of 2-chloro-4,6-dimethoxy-1,3,5-triazine

(1a) with tributylphosphine

To intensively stirred solution of 2-choro-4,6-
dimethoxy-1,3,5-triazine (CDMT, 1a) (1.75 g, 10
mmole) in THF (30 mL) cooled down to 0OC Bu3P
(2.5 mL, 10 mmole) was added. Stirring was contin-
ued until disappearance of 1a that was confirmed by
using NBP test (about 24 h). The precipitate was fil-
tered, washed carefully with THF (3 ◊ 5 mL) and
dried in vacuum desiccator to constant weight yield-
ing 4-methoxy-6-(tributyl-λ5-phosphanyl)-[1,3,5]
triazin-2-ol (3a1), (1.22 g, yield 37%), mp =
166ñ168OC. 31P-NMR (CD3CN, δ, ppm): 26.89. 1H-
NMR (CD3CN, δ, ppm): 0.95 (t, 9H, J = 7 Hz, -CH2-
CH3), 1.42ñ1.63 (m, 12H, -CH2-CH2-CH3),
2.28ñ2,40 (m, 6H, -P-CH2-), 3.95( s, 3H, -OCH3).
Analysis: for C16H31N3O2P (328.42): calcd.: C
58.52, H 9.51, N 12.79%; found: C 56.23, H 9.30, N
12.82%.

Reaction of 2-chloro-4,6-dimethoxy-1,3,5-triazine

(1a) with triphenylphosphine

Starting materials: 2-choro-4,6-dimethoxy-
1,3,5-triazine (CDMT, 1a) (1.75 g, 10 mmole), PPh3

(2.62 g, 10 mmole), THF (30 mL). Product: 4-
methoxy-6-(triphenyl-λ5-phosphanyl)-[1,3,5]tri-
azin-2-ol (3a2) (1.55 g, yield 40%), mp =
247ñ260OC. 31P-NMR (CD3CN, δ, ppm): 9.78. 1H-
NMR (CD3CN, δ, ppm): 3.93 (s, 3H, -OCH3),
7.62ñ7.85 (m, 15H, -P-(C6H5)3). Analysis: for
C22H18N3O2P (387.38) calcd.: C 68.21, H 4.68, N
10.85%; found: C 67.93, H 4.72, N 10.82%.

Scheme 1. Synthesis of P-triazinylphosphonium salts
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Reaction of 2-chloro-4,6-dibenzyloxy-1,3,5-tri-

azine (1b) with tributhylphosphine

Starting materials: 2-chloro-4,6-dibenzyloxy-
1,3,5-triazine (1b) (3.30 g, 10 mmole), Bu3P (2.5
mL, 10 mmole), THF (30 mL). Product: 4-benzy-
loxy-6-(tributyl-λ5-phosphanyl)-[1,3,5]triazin-2-ol
(3b1) (1.33 g, yield 33%), m.p. 166ñ169OC. 31P-
NMR (CD3CN, δ, ppm): 26.91. 1H-NMR (CD3CN,
δ, ppm): 0.92 (t, 9H, J = 8 Hz, -CH2-CH3),
1.35ñ1.50 (m, 12H, -CH2-CH2-CH2-), 2.19ñ2.38 (m,
6H, -CH2-CH2-), 5.53 (s, 2H, -O-CH2-), 7.28ñ7.49
(m, 5H, CH2-C6H5). Analysis: for C22H34N3O2P
(403.51) calcd.: C 65.49, H 8.49, N 10.41%; found:
C 65.55, H 8.38, N 10.39%.

Reaction of 2-chloro-4,6-dibenzyloxy-1,3,5-tri-

azine (1b) with triphenylphosphine

Starting materials: 2-chloro-4,6-dibenzyloxy-
1,3,5-triazine (1b) (3.30 g, 10 mmole), PH3P (2.62
g, 10 mmole), THF (30 mL). Product: 4-benzyloxy-
6-(triphenyl-λ5-phosphanyl)-[1,3,5]triazin-2-ol

(3b2) (1.33 g, yield 62%), m.p. 224ñ227OC. 
31P-NMR (CD3CN, δ, ppm): 9.55. 1H-NMR
(CD3CN, δ, ppm): 5.55 (s, 2H, -O-CH2-), 7.28ñ7.49
(m, 5H, -CH2-C6H5), 7.62ñ7.85 (m, 15H, -P-
(C6H5)3). Analysis: for C28H22N3O2P (463.48)
calcd.: C 72.56, H 4.78, N 9.07%; found: C 72.73, H
4.72, N 9.02%.

Pharmacology

Minimal inhibitory concentrations (MIC) of
substances were determined using microdilution
method (13) on Miller-Hinton medium with follow-
ing strains: Escherichia coli CCUG31997 serotype
O153 (EPEC ñ enteropathogenic Escherichia coli
strain), Staphylococcus aureus ATCC43300 (MRSA
ñ methicillin resistant Staphylococcus aureus strain)
and Proteus mirabilis 1784 (MDR ñ multidrug
resistant clinical strain). Bacterial strains were
grown on Miller-Hinton medium at 37OC. Overnight
cultures of bacteria were diluted to concentration
about 10-6 cfu/mL (for E. coli and P. mirabilis) or

Table 1. Reaction of triazine derivatives 1a-b with Bu3P and PPh3.

Triazine Yield
derivative 

Phosphine Product 
(%)

Bu3P 37

1a 3a1

PPh3 40

3a2

Bu3P 33

1b 3b1 

PPh3 62

3b2
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about 10-5 cfu/mL (for S. aureus). Dilutions were
used for the test.

Inhibition test was performed on sterile
microtitration 96-well plate with U-shaped bottom. 

Four tested substances (3a1, 3a2, 3b1, 3b2)
were dissolved in 99% ethanol to give concentra-
tions 5 mg/mL. Then, the ethanol solutions of sub-
stances were diluted in Miller-Hinton medium to
concentrations 0.4 mg/mL. The solutions of sub-
stances (0.1 mL) were then logarithmically diluted
from 0.2 mg/mL to 0.015 mg/mL. To each well with
appropriate dilution of inhibitory substances bacter-
ial cultures were added. Microplates were incubated
overnight at 37OC; after centrifugation of cultures in
plates (2000 ◊ g, 20 min) the sedimentation of bac-
terial cells were observed. 

As the control, bacterial growth on Miller-
Hinton medium with appropriate concentration of
ethanol was used. Each determination was per-
formed in triplicate.

Minimal bactericidal concentration (MBC)
was determined on the plate with Miller-Hinton
agar. From wells where bacterial sediment were not
observed, 0.1 mL of culture was sampled on agar
plate. After overnight incubation in 37OC a number
of cfu (colony forming unit) was determined on each
plate.

RESULTS AND DISCUSSION

As mentioned above, the appropriate modifica-
tion of 1,3,5-triazine ring system could lead to the
development of numerous novel and diverse target-
specific drugs. The structural motif common to all of
these biologically active compounds is the presence
of triazine ring with appropriate substituents. Such a
multi-target dual action drugs with two dissimilar
drug molecules combined together by direct linking
of the two molecular entities are already known and
found to be useful tools in the therapy of other com-
plex diseases such as cardiovascular and inflamma-
tory diseases and might be used as an antibacterial
agents useful in the treatment of drug resistant
pathogens (14).

Therefore, while designing the structure of new
hybrid antibacterial agents we attempted to attach
well known biocidal motif of quaternary phosphoni-
um salts to triazine ring. In order to prepare such
constructs we made use of the observation (15) that
2-chloro-4,6-disubstituted-1,3,5-triazines (1) in
reaction with tertiary amine gave appropriate N-tri-
azinylammonium chlorides. Application of tertiary
phosphine in place of tertiary amines gave appropri-
ate P-triazinylphosphonium salts (3). Quaternization

process using Bu3P and PPh3 and 1 proceeded sub-
stantially less readily then analogous reaction with
tertiary amines. 

Moreover, it has been found, that quaterniza-
tion at phosphorus atom is accompanied by a new,
additional process of dealkylation with elimination
of the substituent from triazine ring. This reaction
course has been found unexpected, because in case
of N-triazinylammonium salts, dealkylation (if
observed) proceeded with removing of substituent
from ammonium nitrogen. 

The P-triazinylphosphonium salts 3 obtained
were tested as antibacterial agents useful in the
treatment of drug resistant pathogens. The values
of minimal inhibitory concentrations (MIC) of salts
3 were determinated using microdilution method
on Miller-Hinton medium with the following
strains: Escherichia coli CCUG31997 serotype
O153 (EPEC ñ enteropathogenic Escherichia coli
strain), Staphylococcus aureus ATCC43300
(MRSA ñ methicillin resistant Staphylococcus
aureus strain) and Proteus mirabilis 1784 (MDR ñ
multidrug resistant clinical strain). For all four P-
triazinylphosphonium salts 3 MIC was higher than
50 µg/mL. Growth of the S. aureus ATCC43300 in
the presence of substance 3b2 at concentration of
0.2 mg/mL was not observed. Analysis of MBC
indicated that 3b2 was not bactericidal, but
reduced the number of S. aureus ATCC43300 in
culture up to 99%. For another bacterial strains
tested with four substances no inhibition effects
were observed (16). 
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