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The potential biological activity of binary mixtures of some new organophosphorous com-
pounds, aminoalkane- and aminofluorenephosphonates, with (N-phosphonomethyl)-glycine
(glyphosate, PMG) was studied. The inhibition of growth of wheat (Triticum aestivum) in-
duced by individual compounds and their equimolar mixtures with PMG was a measure of
that activity. The experiments were expected to show if the new compounds exhibited good
biological activity to be used for agrochemical applications and if this activity can be im-
proved when they are used in mixtures with glyphosate which is the active component of the
well-known herbicide Roundup.
The results obtained show that aminofluorenephosphonates inhibited wheat growth when
used in micromolar concentrations. Thus, their efficiency can be compared to that of PMG.
The efficiency of aminoalkanephosphonates was one order of magnitude weaker. The mea-
sure of the efficiency was the effective concentration inhibiting wheat growth by 50% (EC50).
The most demanded interaction, i.e., a synergistic was observed for only one of binary
mixtures of the compounds studied with PMG. Mostly they showed antagonistic or strong
antagonistic interactions. Some of them were of the additive type. Such results exclude the
possibility of potential use of all the compounds studied in binary mixtures with phospho-
nomethylglycine, especially as the mentioned synergistic interaction found was rather weak.
The influence of structural features of aminophosphonates on the results obtained is dis-
cussed.
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Introduction

Organophosphorous compounds are an impor-
tant group of compounds. Some of them are herbi-
cidally active and are widely used in agrochemis-
try. They are known to interfere with various
biochemical processes in plants, which may lead to
the death of the biological object against which
they are applied. Recently, their use has markedly
increased (Suwalsky et al., 1999) and the main pur-
pose is to synthesize new, efficient and cheap com-
pounds that easily undergo degradation in the en-
vironment and can thus be used as pesticides.

In this work we have studied some recently syn-
thesized acyclic and cyclic aminoalkanephospho-
nates and aminofluorenephosphonates. Some of
them, as well as others belonging to these groups,
were intensively studied in the last years and
found to influence membrane properties and
growth of different biological objects (Gancarz
and Dudek, 1996; Wieczorek et al., 2000, 2001;
Bielecki et al., 2001, 2003; Sarapuk et al., 2002).
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Also, some of the compounds exhibited antioxida-
tive activity (Kleszczyńska and Sarapuk, 2001).
Generally, they were found to be biologically
active and their activity was in some cases similar
to that of (N-phosphonomethyl)-glycine (glypho-
sate, PMG), which is the active component of the
very popular herbicide Roundup. PMG was cho-
sen as partner of the compounds studied in equi-
molar binary mixtures. The reasons for such a
choice was the low toxicity of PMG (Pieniążek
et al., 2004) and the fact that it can be used as a
good reference compound comparing its activity
with that of organophosphorous compounds.

Mixtures of two or more bioactive compounds
are very often used nowadays. The reasons are
multiple. The most important are to fight various
diseases simultaneously and to exploit the possible
interactions between mixture compounds. These
interactions may result in reduced concentrations
of the compounds without loss of activity or in a
significantly increased mixture activity in compari-
son with that of individual compounds (syner-
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gism). There are also other possible interactions
where the activity of a mixture may be drastically
reduced (antagonism) or the additive effect results
(additivity or zero interaction) (Gisi, 1996; Pape-
Lindstrom and Lydy, 1997; Tripathi and Agarwal,
1997; Kortenkamp and Altenburger, 1998; Oruç
and Üner, 2000; Mora and Earle, 2001). In the pre-
sent case the aim was to check if the interaction
between mixture components leads to the most
desired synergistic effect.

Materials and Methods

All the aminophosphonates, of the general
chemical structures presented in Table I, were syn-
thesized in the Institute of Organic Chemistry,
Biochemistry and Biotechnology, University of
Technology, Wrocław, Poland. They were purified
by column chromatography. The synthesis meth-
ods were described previously (Wieczorek et al.,
2000, 2001; Gancarz and Wieczorek, 1980)

Table I. The structures and substituent groups of the compounds studied. n = 1 or 2 for pentane and hexane
rings, respectively.

(CH2)n

P(O)(OR4)2R3NH

P(O)(OR4)2R3NH

R1 R2

R3NH P(O)(OR4)2

Ring Compound R1 R2 R3 R4

Acyclic aminoalkanephosphonates

1 CH3 CH3 n-C8H17 iso-C3H7
2 CH3 CH3 n-C8H17 n-C4H9
3 CH3 n-C4H9 n-C3H7 n-C4H9
4 CH3 t-C4H9 n-C10H21 n-C4H9
5 n-C4H9 CH3 n-C6H13 n-C4H9
6 n-C5H11 CH3 n-C4H9 C2H5
7 CH3 n-C4H9 -CH(CH2)5 C2H5
8 n-C5H11 CH3 n-C4H9 n-C4H9

Cyclic aminoalkanephosphonates

Pentane 9 n-C4H9 n-C4H9
n = 1 10 n-C8H17 iso-C3H7

Hexane 11 n-C4H9 iso-C3H7
n = 2 12* n-C4H9 n-C4H9

13 n-C8H17 n-C4H9
14 n-C14H29 n-C4H9

Aminofluorenephosphonates

15 n-C4H9 n-C8H17
16 n-C4H9 n-C11H23

* Compound 12 has a tert-butyl group incorporated into the hexane ring.

We used the modified toxic unit approach to
model joint toxicity. In the toxicity unit (TU)
model, the value of 1 TU is assigned to a 50%
effective concentration (EC50) value of contami-
nant. The sum of the TU contributed by each com-
ponent describes the toxicity of a mixture as fol-
lows: TUmixture= Cw1/EC50 + Cw2/EC50, where
Cwi are the concentrations of chemicals in the
mixture and EC50 is the EC50 value for the respec-
tive component chemicals of the mixture. The em-
pirically measured toxicity was compared with the
expected toxicity (as predicted by the TUmixture,
which was generated using EC50 values deter-
mined by tests of individual toxicants).

Tests with binary mixtures were conducted in a
similar manner as the individual compound tests.
Concentrations of each compound were added at
proportions of their respective EC50 values so that
the summation of concentrations of the combina-
tion of pesticides were equivalent to the five con-
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centrations: Σ0.5 TU, Σ0.75 TU, Σ1.0 TU, Σ1.5 TU,
Σ2.0 TU. Therefore, a binary mixture of com-
pound 13 + PMG contained 350 mm (= 0.5 TU) 13
and 240 mm (= 0.5 TU) PMG to give a nominal
value of Σ1.0 TU.

The 96-h growth tests with individual com-
pounds were conducted with wheat (Triticum
aestivum L. cv. Henika; supplier: Małopolska Ho-
dowla Roślin, Cracow, Poland) in a SANYO“

growth chamber with continuous light at 25 ∞C.
Five concentrations of each substance were used
in three replicates. Values of EC50 are given as no-
minal concentrations of the compounds. Seeds
were germinated at 25 ∞C for 2 d in darkness. 15
uniform seedlings were transferred to Petri dishes
(9 cm) with two discs of Whatman No. 2 filter pa-
per wetted with distilled water (control) or water
solutions of tested compounds. The shoot length
of the plants was measured after 4 d.

Results and Discussion

The results of the growth experiments are col-
lected in Table II, which contains the values of
concentrations of (N-phosphonomethyl)-glycine
(PMG) and particular compounds needed to inhibit
wheat growth by 50% (EC50). As expected, the best
herbicidal property was observed for PMG. Some-
what weaker activity exhibited both aminofluo-
renephosphonates (15 and 16). All these com-
pounds were used in micromolar concentrations.
EC50 values determined for acyclic and cyclic

Table II. The concentrations of compounds studied in-
ducing 50% inhibition of growth of wheat (EC50).

Compound EC50 [mm] (ð 95% confidence limits)

1 2900 (2670Ð3130)
2 1560 (1460Ð1660)
3 1750 (1610Ð1890)
4 2700 (2550Ð2850)
5 2100 (1942Ð2257)
6 1550 (1451Ð1649)
7 3400 (3180Ð3620)
8 2000 (1860Ð2140)
9 1650 (1520Ð1780)

10 1200 (1130Ð1270)
11 2100 (1970Ð2230)
12 1950 (1810Ð2050)
13 3050 (2840Ð3260)
14 2300 (2160Ð2440)
15 700 (658Ð742)
16 930 (874Ð985)

PMG 480 (446Ð514)

aminoalkanephosphonates show that their activi-
ties were about 3Ð6 times weaker in comparison to
the activity of PMG. There were no big differences
between activities of acyclic compounds, regardless
of their lipophilicity. It seems that the inhibiting
efficiency is rather connected with geometric di-
mensions of a molecule than its general lipophil-
icity. A confirmation of that may be the EC50 value
determined for compound 4. Its bulky tert-butyl
group at the carbon atom is probably the reason
why this compound, the most lipophilic under the
acyclic aminophosphonates, exhibited the weakest
inhibiting efficiency. Contrary, the same group at-
tached to an hexane ring seems to improve the effi-
ciency of compound 12. Also, the iso-propyl group
substituted at the phosphorus atom improves that
efficiency if accompanied by high enough lipophil-
icity of compound 10. The tendency of efficiency to
decrease with the dimension of the molecule seems
to confirm the EC50 values obtained for cyclic
aminoalkanephosphonates. All the compounds
with a hexane group (11Ð14) were found to be
clearly weaker inhibitors than compound 9 with a
pentane group substituted at the carbon atom. That
rule does not work in the case of aminofluo-
renephosphonates which, as mentioned above, very
actively inhibited wheat growth. The good mem-
brane activity of the compounds of this group was
found earlier (Gancarz and Dudek, 1996).

The results of experiments with equimolar binary
mixtures of aminophosphonates with (N-phos-
phonomethyl)-glycine are collected in Table III.

Table III. Toxicity of equimolar binary mixtures of the
compounds studied with (N-phosphonomethyl)-glycine
(PMG) and the type of combined action.

Binary mixtures Toxic units (TU) Combined action

PMG + 1 1.5 (1.38Ð1.62) Antagonistic
PMG + 2 1.15 (1.09Ð1.21) Additive
PMG + 3 1.5 (1.38Ð1.62) Antagonistic
PMG + 4 1.1 (1.0Ð1.2) Additive
PMG + 5 1.4 (1.29Ð1.5) Antagonistic
PMG + 6 1.7 (1.59Ð1.81) Strong antagonistic
PMG + 7 1.88 (1.74Ð2.02) Strong antagonistic
PMG + 8 1.2 (1.12Ð1.28) Antagonistic
PMG + 9 1.3 (1.2Ð1.4) Antagonistic
PMG + 10 1.4 (1.0Ð1.2) Antagonistic
PMG + 11 2.3 (2.16Ð2.44) Strong antagonistic
PMG + 12 0.87 (0.82Ð0.92) Weak synergistic
PMG + 13 2.2 (2.05Ð2.45) Strong antagonistic
PMG + 14 1.6 (1.49Ð1.71) Antagonistic
PMG + 15 0.95 (0.89Ð1.01) Additive
PMG + 16 1.1 (1.01Ð1.19) Additive
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As it is shown, the interaction between binary mix-
ture components gave, as the final result, inhibi-
tory effects that may be defined as additive or an-
tagonistic (also strong antagonistic). Only in one
case that effect may be treated as weakly synergis-
tic. It must be noted here that there are different
approaches to the problem of determining what
kind of interaction between mixture components
occurs and how it can be expressed in mathemati-
cal terms (Gisi, 1996). We have used the approach
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where synergism is stated when the ratio of ex-
pected and observed EC50 values is greater than
1; for additivity and antagonism these values are 1
or < 1, respectively. To model joint toxicity, the
toxic unit approach was used (Pape-Lindstrom
and Lydy, 1997; Cooper, 2001).
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