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Abstract—Bitriazolyl compounds were synthesized and their activity against tobacco mosaic virus was assessed. Two of them
showed promising antiviral activity and were more potent than the reference compounds. Moreover, these compounds are predicted
not to be carcinogenic or mutagenic based on the prediction systems. Therefore, the bitriazolyl compounds may provide interesting
new leads or scaffolds for use in further attempts to screen novel antiviral candidates.
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Triazole units have been attracting considerable atten-
tion in fields such as medicinal and agrochemical re-
search as well as in the material sciences due to their
unique structure and properties. Ribavirin! was the first
synthetic nucleoside found to show a broad spectrum of
antiviral activity against many RNA and DNA viruses,
and it is the only small-molecule drug available to date
for treating patients infected with the hepatitis C virus.?
Fluconazole, which bears two 1,2,4-triazole residues, is a
powerful antifungal agent.®> Recently, a 1,2,3-triazole li-
gand (syn-1) was found to be a potent acetylcholinester-
ase inhibitor.* In our ongoing project, which focuses on
novel triazole compounds for use in the fields of medi-
cine and agrochemicals, we are interested in developing
bitriazolyl compounds (Scheme 1). Using Huisgen 1,3-
dipolar cycloaddition,® we developed a simple and effi-
cient procedure for synthesizing bitriazolyl compounds
starting with azido-triazole and alkynes.® In a screening
of antiviral candidates for combating the tobacco mosa-
ic virus (TMV), we found that two of these compounds
showed extremely promising antiviral activity. This sug-
gests that bitriazolyl compounds may have considerable
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potential for use in the fields of agrochemical research.
Here we report on the synthesis and characterization
of these novel bitriazolyl compounds as well as on the
assessment of their antiviral potential against the tobac-
co mosaic virus (TMV).

The synthesis of the bitriazolyl compounds is presented
in Table 1. Under mild conditions, azido-triazole (1)
readily engaged in a copper(I)-catalyzed Huisgen reac-
tion with a variety of terminal acetylenes (Table 1),
giving regioselectively 1,4-disubstituted 1,2,3-triazole
products (2) with good yields.” The isomeric structure
of the 1,4-disubstituted product was confirmed by the
X-ray structure of 2f (Fig. 1).® This regioselectivity
is in agreement with the previously proposed
reaction mechanism, where the copper (I) acetylide
formed undergoes stepwise addition with the azide.’
By treating with NH3/MeOH, the bitriazolyl com-
pounds (2) were further transformed into (3) with the
exocyclic ester group being converted to an amide
group (Table 1).1°

Interestingly, the two triazole rings present in 2f were
found to be almost co-planar and at a dihedral angle
of only 8.3° (Fig. 1B). This finding suggests that the
bitriazolyl motif present in these compounds differs
from the biphenyl motif. Biphenyl compounds are not
co-planar because the four hydrogen atoms located in
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Scheme 1. Representative triazole compounds: ribavirin, fluconazole, the potent AChE inhibitor syn-1 and bitriazolyl compounds.

Table 1. Bitriazolyl compounds 2 and 3 synthesized from 1

o}
R 0 R o
N —c= —
N— m)\ooH3 R-C=CH h?:\N—(N %OCH NH4/MeOH R_\N_(N %NH
H/N N’ \ 3 N \ 2

CuSO0O, /sodium ascorbate, ) N—NH 35°C N—NH
1 THF/H,0 1/2, 80°C 2 3
Entry R Product Yield (%) R’ Product Yield (%)
1 I 2 85.3 3 70.0
CH3CHOC— 2 HoN-C— 2
2 ('? 2b 92.4 HO—-CH,— 3b 71.5
CH3COCH2_
3 Qr 2 77.5 3 81.0
OH OH
4 & 2d 717 & 3d 77.4
OH OH
5 O— 2e 85.1 Q— 3e 89.8
6 @— 2f 85.0 @— 3f 95.0
7 CH34©7 2 84.5 CH34©— 3g 77.0
8 CHSOO— 2h 82.5 CHSOO— 3h 924
9 F@ 2i 70.0 F@ 3i 83.0
10 Hsc(H20)4‘©7 2j 81.5 HSC(HZC)44©— 35 90.0
the ortho-positions result in steric hindrance, making co- ortho-position, the proton in the 1,2,4-triazole ring was
planarity impossible. In order to prevent the steric located on N2 instead of NI, as confirmed by the

hindrance which occurs when the groups are in the high-resolution X-ray structure of 2f (Fig. 1A).
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Figure 1. X-ray structure of 2f.

Table 2. Antiviral activity of bitriazolyl compounds against TMV

Compound Antiviral activity (%)
DHT 45+ 5
2a 20+ 7
2b 36+8
2¢ 105
2d 1738
2e 75+ 11
2f 635
2g 10+7
2h 15+11
2i 1216
2j 23+ 12
Ribavirin 49 +8
3a 0

3b 8x5
3¢ 13+3
3d 0

3e 76
3f 0

3g 61
3h 0

3i 0

3j 2812

In our search for new antiviral candidates capable of
combating the agricultural plant virus, we used the
tobacco mosaic virus (TMV) as a model system for
assessing the antiviral activity of the newly synthesized
bitriazolyl compounds. The antiviral activity of the syn-
thesized bitriazolyl compounds was assessed using the
conventional half-leaf juice rubbing method!’!? with
the fresh leaves of tobacco plants and the commercial
products, 2,4-dioxohexahydro-1,3,5-triazine (DHT)
and ribavirin, as the control standards.'?!'* The antiviral
activities of the bitriazolyl compounds are listed in Table
2. Compounds 2e and 2f showed excellent levels of activ-
ity against TMV, since the rates of antiviral efficiency of
these compounds were found to be as high as 75+ 11%
and 63 + 5%, respectively, whereas those of the reference
standards, DHT and ribavirin, were only about 45 * 5%
and 49 * 8%, respectively. The bitriazolyl compounds
may therefore serve as interesting new leads for antiviral
candidate capable of combating the plant virus. We are
currently trying to obtain more bitriazolyl compounds
with a view to establishing a reliable structure—activity
study for lead development and lead optimization.

The antiviral effects of the bitriazolyl compounds 2e and
2f may result either directly from the inhibitory effects of
the viral replication process or indirectly from the sys-
temic acquired resistance (SAR) against TMV induced
in the tobacco plant.!® In order to elucidate the antiviral
mechanism at work in 2e and 2f, studies were carried out

B

Q ”J N . /% o)
B A &

Table 3. Induction of systemic acquired resistance (SAR) of tobacco
plant against TMV

Compound Concentration Induction of SAR (%)
entry (ng/mL) Leaf spray Soil treatment
BTH 100 95+4 96 £ 8

2e 100 0 0

2f 100 105 104

on how systemic acquired resistance against TMV was
induced in tobacco, using acibenzolar-S-methyl (BTH,
Syngenta product) as the control compound as
previously described in the literature.'®!” Our results
(Table 3) indicated that, in both 2e and 2f, little if any
induction of systemic resistance activity against TMV
occurred, while the control compound, BTH, had
extremely high induction effects, with the induction rate
reaching more than 90%. These data indicate that the
antiviral effects of compounds 2e and 2f are exerted
via direct inhibition of the viral replication process,
which requires to be studied in more detail.

With the view to undertaking further lead development
and lead optimization using bitriazolyl compounds as
antiviral agrochemicals capable of combating the plant
virus, it is important to evaluate their toxicity due to
the increasing concern about environment protection
and human health. We therefore evaluated the mutage-
nicity/carcinogenicity of the newly synthesized bitriazol-
yl compounds using the programs of prediction system
for carcinogenic toxicity (CISOC-PSCT) and prediction
system for mutagenic toxicity (CISOC-PSMT), respec-
tively.'®1? Carcinogenic toxicity means the extent to
which a compound is liable to cause cancer, while
mutagenic toxicity indicates whether it has tendency to
induce abnormal mutations. Both carcinogenicity and
mutagenicity are important indicators to the toxic
potential of a chemical compound. Based on the predic-
tion systems, none of the newly synthesized bitriazolyl
compounds are predicted to be carcinogenic or muta-
genic (Table 4), suggesting that these compounds are
promising candidates for further screening with a view
to developing safe and efficacious antiviral candidates
in the fields of agrochemical and possibly also pharma-
ceutical research.

In conclusion, we have discovered bitriazolyl com-
pounds having antiviral activity against TMV. Two of
them are of special interest, because they are more po-
tent than the commercial products, DHT and ribavirin.
These bitriazolyl compounds can be prepared conve-
niently and are predicted not to be carcinogenic or
mutagenic based on the prediction systems. Therefore,
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Table 4. Predicted results of carcinogenic and mutagenic toxicity of the bitriazolyl compounds using the CISOC-PSCT and CISOC-PSMT programs,

respectively

Entry Carcinogenicity Mutagenicity
Toxicity Non-toxicity Predictability (%) Toxicity Non-toxicity Predictability (%)

2a 0.001 0.951 78 0.01 0.50 82
2b 0.001 0.707 70 0.01 0.56 80
2c 0.001 0.952 82 0.01 0.71 84
2d 0.001 0.943 82 0.01 0.72 84
2e 0.001 0.654 81 0.01 0.57 85
2f 0.001 0.920 79 0.02 0.24 82
2g 0.001 0.837 81 0.01 0.24 84
2h 0.001 0.924 80 0.01 0.29 83
2i 0.001 0.904 80 0.02 0.23 83
2§ 0.001 0.785 83 0.01 0.56 86
3a 0.001 0.979 76 0.06 0.10 80
3b 0.001 0.911 79 0.02 0.21 81
3c 0.001 0.981 82 0.01 0.47 84
3d 0.001 0.977 82 0.01 0.48 84
3e 0.001 0.791 82 0.01 0.33 86
3f 0.001 0.988 79 0.07 0.09 82
3g 0.001 0.935 81 0.07 0.09 84
3h 0.001 0.943 84 0.05 0.13 84
3i 0.001 0.982 80 0.08 0.09 83
3§ 0.001 0.891 83 0.01 0.32 86

bitriazolyl compounds constitute interesting leads for
the development of new antiviral candidates. Further
studies on their structure-activity relationships, optimi-
zation of these compounds, and investigation of the
mechanisms underlying the antiviral activity of these
compounds, as well as screening bitriazolyl leads against
other viruses, are actively underway in our laboratories.
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T CK
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mations of the inoculated leaves. The induction activities
of systemic acquired resistance were divided into four lev-
els: excellent, 7> 70%; good, I: 50-70%; bad, I. 30-50%;
no induction activity, I < 30%.

(a) Liao, Q.; Yao, J. H.; Li, F.; Yuan, S. G.; Doucet, J. P.;
Panaye, A.; Fan, B. T. SAR QSAR Environ. Res. 2004, 15,
217; (b) Introduction about two prediction programs is
published in the website: <http://202.127.145.116/>.

19. The accuracy of the prediction model in carcinogenic

toxicity is about 84% and that in mutagenic toxicity is about
85%. For the results of PSCT, if the predictability is greater
than 70%, non-toxicity is greater than 0.65 and toxicity is less
than non-toxicity, the compound is not carcinogenic and its
reliability is about 85%. For PSMT, if the predictability is
greater than 80% and toxicity is less than non-toxicity, the
compound is not mutagenic and its reliability is about 84%.
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