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Abstract: 1,3,5-triazines with tree identical groups: benzotriazol-1/2-yl, imidazol-1-yl, pyrazolyl-1-yl, 3,5-
dimethylpyrazolyl-1-yl, 4,5-diphenylimidazol-1-yl, benzimidazolyl-1-yl, 2-methylbenzimidazolyl-1-yl, or 
2-phenylbenzimidazolyl-1-yl were synthesised. Their biological activity against wood-destroying fungi Serpula 
lacrymans, Coniophora puteana and Trametes versicolor was tested by the impregnated fi lter paper method. S. lacry-
mans occurred as the most sensitive fungus (from the 3 fungi) in the presence of triazines. Triazines having 
three imidazol or three 4,5-diphenylimidazol groups were a slightly more effective than others. However, their 
effi cacy in comparison with the commercial fungicides Tebuconazole and IPBC was insuffi cient.
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Introduction

In present, coming out from healthy and envi-
ronmental demands for wood preservatives effec-
tive against rooting fungi and moulds (Biocidal 
Product Directive 98/8/EC), it is limited using of 
compounds on the basis of heavy metals (copper, 
chromium, arsenic, organotin, organocopper, etc.). 
In various commercial products are used mainly 
boric compounds, triazoles, benzimidazoles, isotia-
zolones, sulfamides, carbamates, and quarternary 
ammonium compounds (Reinprecht 2008). For 
future interesting could be also other organic com-
pounds with biological effi ciency, e.g. triazines.
Symmetrical triazines (s-triazines or 1,3,5-triazines) 
are larger class of compounds exploiting in many 
applications most of them due to their biological 
properties (von Angerer 2004, Bartholomew 1995, 
Afonso et al. 2006, Milata et al. 2001). Most of them 
are prepared from 2,4,6-trichloroderivative known 
as cyanuric chloride (Blotny 2006). Synthesis of tris-
substituted triazines by easy leaving groups such as 
(benz)azoles (pyrazol-1-yl, 3,5-dimethylpyrazol-1-yl, 
4-adamantylpyrazol-1-yl, imidazol-1-yl, 2-methyl-
imidazol-1-yl, 2-phenylimidazol-1-yl, 2-adamantylim-
idazol-1-yl, 1,2,4-triazol-1-yl, benzimidazol-1-yl, 
2-methyl benzimidazol-1-yl, 2-phenylbenzimidazol-
1-yl, 2-adamantylbenzimidazol-1-yl, 2,5,6-trimeth-
ylbenzimidazol-1-yl) has been fi rstly described by 
Milata et al. (2001). This last type of triazines has 
been exploited for preparation of complexes with 

interesting properties (Carrión et al. 2003, Guerrero 
et al. 2004). Triazines bearing 1-benzimidazolyl sub-
stituents are described as compounds with fungicide 
and antitumor effi cacy (Kawashima et al. 1999, Shi-
bata et al. 2000). In a practice it is a very important 
also the stability of pesticides. Developments in the 
mechanisms of the direct photosensitized and photo-
catalyzed photodegradation and of photochemically 
generated hydroxyl radical-based degradation of 
triazine-based pesticides were reviewed by Canle et 
al. (2005). Dankwardt and Hock (2001) described 
the application of immunochemical methods for the 
investigation of non-extractable (bound) residues 
created from triazines.
The aim of our work was to synthesise symmetrical 
triazines with various heterocycle groups and test 
their activity against wood-destroying fungi by the 
method of impregnated fi lter papers.

Results and discussion

The basic physico-chemical properties of synthe-
sised 1,3,5-triazines No. 1—8 are in Table 1.
Evaluation of the antifungal effi cacy of the 1,3,5-
triazines and the commercial fungicides was carried 
out on the basis of:
— the growth inhibition index on malt-agar soils 

(IS); it was determined between the border of 
inoculate and the border of fi lter paper in the 
fi rst days of test, it means to the moment when 
the inhibiting zone to control papers was ap-
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Tab. 1. Physico-chemical properties of the 1,3,5-triazines No. 1—8.

No.
Mol. Formula

M.w.
Formula

M.p./°C

Yield/%

Elemental analysis

(calculated/found)
Rf

a

M+• (rel. intensity)
 % C  % H  % N

1 C21H12N12

N

N

N

N

N
N

N N
N

N

N N

> 320 58.33 2.80 38.87 0.12

432.41 76.8 58.22 2.81 38.97 432 (96)

2 C12H9N9

N

N

N

N

N

N NN

N

259—261 51.61 3.25 45.14 0.16; 0.51 (1:1)

279.27 54.8 50.07 4.085 42.07 279 (100)

3 C12H9N9

N

N

N

N
N

N
N

N
N

240—243 51.61 3.25 45.14 0.30

279.27 75.0 51.69 3.49 44.82 279 (95)

4 C18H21N9

N

N

N

N

NN

N

N

N

CH3

CH3

CH3

CH3

CH3

CH3

241—244 59.49 5.82 34.69 0.71

363.43 29.4 59.55 5.92 34.29 363 (65), 95 (100)

5 C48H33N9

N

N

N

N

N

N NN

N

Ph

Ph

Ph

Ph

Ph

Ph

> 320 78.35 4.52 17.13 0.73

735.86 86.2 78.49 4.49 17.02 735.86 (100)

6 C25H15N9

N

N

N

N

N

N NN

N

364—366 67.13 3.52 29.35 0.73

429.45 81.9 65.74 3.731 28.50 429.1 (100)

7 C27H21N9.2H2O

N

N

N

N

N

N NN

N
Me

Me

Me

194—195 63.89 4.96 24.84 0.48

471.53 58.3 64.25 4.738 24.50 471.3 (100)

8 C42H27N9

N

N

N

N

N

N NN

N

Ph

Ph

Ph

149—151 76.70 4.14 19.17 0.66

657.74 56.7 76.76 4.20 19.05 657 (100)

aIn CHCl3 /MeOH = 100 : 1 (retardation factor — Rf, M+. — molecular ion).
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proximately 0 mm (S. lacrymans = 4 days, C. 
puteana = 4 days, T. versicolor = 3 days)

 ISoil = (IzT – IzC)/(20 – IzC) × 100 [%] (1)

where: IzT = Inhibiting zone to tested compound 
[mm], IzC = Inhibiting zone to control [mm], 20 = 
20 [mm].
— the growth inhibition index on impregnated 

fi lter papers (IP); it was determined subsequently 
when the mycelia started to growth also on the 
poisoned papers

 IPaper = (Lc – LT)/Lc × 100 [%] (2)

where: Lc = mycelium length acquisition on the 
control fi lter paper between two time intervals (e.g. 
4th—7th day) [mm], LT = mycelium length acquisition 
on the fi lter paper poisoned with tested compound 
between two time intervals of identical duration 
(e.g. 10th—13th day) [mm].
The growth inhibition indexes of 1,3,5-triazines, by 
which can be valued their effi ciency against the most 
important wood-destroying fungi, are presented in 
Table 2. All the tested 1,3,5-triazines had an evidently 
lower effi cacy against the wood-destroying fungi 
comparing with the commercial fungicides used 
at protection of wood and wooden materials. The 
dry-rot fungus Serpula lacrymans was relatively the 
most sensitive to tested 1,3,5-triazines, mainly against 
the triazines No. 2 (substituent = imidazol) and No. 
5 (substituent = 4,5-diphenylimidazol). As it is well 
known, the fungus S. lacrymans is a very dangerous on 
wooden elements in buildings, but on the other hand 
it belongs to the most sensitive fungi to various types 
of fungicides — e.g. to boric compounds (Reiprecht 
2008, Bech-Andersen 1995), organotin compounds 
(Kizlink et al. 1996), etc. Effi cacy of the triazines No. 

Tab. 2. Effi cacy of 1,3,5-triazines against the wood-destroying fungi S. lacrymans, C. puteana and T. versi-
color evaluated on the basis of the growth inhibition indexes ISoil and IPaper — using the method of 
impregnated fi lter papers.

COMPOUND (c = 0.1 %)  ISoil (%)   IPaper (%)

 S. lacrymans C. puteana T. versicolor S. lacrymans C. puteana T. versicolor

No. X-1,3,5-triazine
1. tris(benzotriazol-1/2-yl)- 17 15 10 65 45 20

2. tris(imidazol-1-yl)- 30 24 15 90 55 40

3. tris(pyrazolyl-1-yl)- 22 17 10 80 50 30

4. tris(3,5-dimethylpyrazolyl-1-yl)- 24 20 10 85 45 25

5. tris(4,5-diphenylimidazol-1-yl)- 30 20 15 90 55 35

6. tris(benzimidazolyl-1-yl)- 20 17 8 60 55 20

7. tris(2-methylbenzimidazolyl-1-yl)- 20 11 13 85 40 20

8. tris(2-phenylbenzimidazolyl-1-yl)- 17 8 8 85 35 20

Commercial fungicides
Tebuconazole 97 85 95 100 100 100

IPBC 68 42 37 100 100 78

2 and No. 5 to other used fungi Coniophora puteana 
and Trametes versicolor was evidently worse, but milder 
better than of other triazines.

Fig. 1. Photos from screening tests of triazines 
3 and 4 with S. lacrymans:

Triazine No. 3 (up), Triazine No. 4. (down).
Note: K = control paper.
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Experimental

General procedure for preparation of the symmetri-
cal 1,3,5-triazines No. 1—8:
To 0.834 g (33 mmol, 95 %) of sodium hydride 
in dry THF – tetrahydrofurane (60 mL) is added 
under stirring in small portions 30 mmol of the ap-
propriate N-H-(benz)azole. When the effervescence 
is damped, the mixture is refl uxed for 1 hour. Then 
is added dropwise solution of 1.844 g (10 mmol) 
2,4,6-trichloro-1,3,5-triazine (cyanuric chloride) 
dissolved in dry THF (20 mL) and reaction is moni-
tored using TLC. After fi nishing of the reaction the 
solvent is evaporated on rotavapour to dryness and 
water is added carefully (rests of sodium hydride, 
50 mL). The product is separated, purifi ed and 
recrystallized from appropriate solvent. To remove 
the rests of solvents the vacuum drying (2 days at 
95 °C) is required.

prepared according to Radziszewski (Bratulescu 
2009).

Screening effi cacy test of symmetrical 1,3,5-triazines 
against wood-destroying fungi
The antifungal activity of eight symmetrical 1,3,5-
triazines (tab. 1), and also of two comparative 
fungicides used in a practice: Tebuconazole (α-tert-
butyl-α/4-chlorophenylethyl/1-H-1,2,4-triazole-
1-ethanol), and IPBC (3-iodo-2-propynyl-N-butyl-
carbamate), was determined by the method of 
impregnated fi lter papers (Reinprecht et al. 2003), 
against the following wood-destroying fungi (with 
collection numbers):
— Serpula lacrymans (Wulfen) J. Schröt, strain 6, 

(Štátny drevársky výskumný ústav Bratislava, 
Lamačská cesta 3, SK-84104 Bratislava), (brown-
rot fungus),

— Coniophora puteana (Schumacher ex Freis) 
Karsten, strain BAM Ebw. 15, (Bundesanstalt für 
Materialforschung und -prüfung, D-12205 Ber-
lin), (brown-rot fungus),

— Trametes versicolor (Linnaeus ex Freis) Pilat, strain 
CTB 863 A, (Centre Technique du Bois et de 
ľ Ameublement, 10 Avenue de Saint-Mandé, 
F-75012 Paris), (white-rot fungus).

Mycological tests were developed in sterile condi-
tions in Petri dishes with a diameter of 100 mm fi lled 
with an approximately 3—4 mm thick solid layer of 
3 % malt-agar soil, at the incubating temperature of 
22 ± 1 °C, during 14 days. Firstly, in the central point 
of each Petri dish was deposit on the malt-agar soil a 
fungal inoculate 5 × 5 mm, and then in a distance of 
20 mm from the border of inoculate were deposit 
4 rings (3 poisoned and 1 control) of fi lter paper 
Whatman 3CHR with a diameter of 14 mm. The 
poisoned fi lter papers were impregnated with 0.1 % 
solution of the tested compound, and the control 
ones only with the solvent N, N-dimethylformamide. 
The antifungal effi cacy of each tested compound 
against the selected fungus was determined on 
9 poisoned papers in 3 Petri dishes.

Conclusions

The aim of our work was the preparation and testing 
of selected substituted 1,3,5-triazines, which would 
be useful in the preservation of wood, because some 
of known organic fungicides are nowadays put out 
from the technical using (mercaptobenzthiazoles, 
thiobenzthiazoles, etc.). The antifungal effi cacy of 
these heterocyclic compounds against wood-destroy-
ing fungi Serpula lacrymans, Coniophora puteana and 
Trametes versicolor occurred, however in comparison 
to commercial fungicides as IPBC or Tebuconazole 
it was evidently lower or minimal. The fi rst step of 

Fig. 2.

— tris(benzotriazol-1/2-yl)-1,3,5-triazine (1),
— tris(imidazol-1-yl)-1,3,5-triazine (2),
— tris(pyrazolyl-1-yl)-1,3,5-triazine (3),
— tris(3,5-dimethylpyrazolyl-1-yl)-1,3,5-triazine 

(4),
— tris(4,5-diphenylimidazol-1-yl)-1,3,5-triazine (5),
— tris(benzimidazolyl-1-yl)-1,3,5-triazine (6),
— tris(2-methylbenzimidazolyl-1-yl)-1,3,5-triazine 

(7),
— tris(2-phenylbenzimidazolyl-1-yl)-1,3,5-triazine 

(8).
The melting points of these 1,3,5-triazines were de-
termined with a hot-stage microscope and are uncor-
rected. The Rf values were measured and reaction 
were monitored on TLC aluminium sheets of silica 
gel Merck 60 F254 (layer thickness 0.2 mm) with the 
mixture chloroform — methanol 10 : 1 as the eluent. 
Column chromatography was performed on silica 
gel Merck 60 (70—230 mesh), TLC on glass sheets 
of silica gel SDS 60 F254 (layer thickness 2 mm), both 
using the same eluent (CHCl3 / MeOH = 100 : 1). MS 
spectra were obtained with a Shimadzu QP-5000 and 
VG AUTOSPEC spectrometer (electron impact or 
FAB, 60—70 eV). 1H NMR and 13C NMR spectra 
were reported by Milata et al. (2001).
Imidazole, pyrazole, 3,5-dimethylpyrazole (Janssen 
Chimica), benzimidazole (EGA Chemie), 2-meth-
ylbenzimidazole (Fluka), 2-phenylbenzimidazole 
(Lancaster), benzotriazole (Lachema) are com-
mercial products. 4,5-diphenylimidazole has been 
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synthesis and testing against wood-destroying fungi 
of selected triazines was here done. Some of these 
heterocyclic compounds would be maybe useful in 
the other branch of fungicides, e.g. in the veterinary 
or even human medicine.
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