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Abstract. Derivatives of aminomethylenebisphosphonic
acids constitute a class of promising herbicides. Replace-
ment of the amino group by hydroxyl, ureido, thioureido,
or imino moieties leads to compounds of significant her-
bicidal properties. This indicates that protonated amino
function is not a requirement for phytotoxic action of
bisphosphonates.
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N-Substituted aminomethylenebisphosphonic acids, de-
veloped in Japan (for example, compounds 1 and 2, Su-
zuki et al. 1979) and in the United States (Cromartie and
Fisher 1995) constitute a new class of promising herbi-
cides (Fig. 1). These acids possess two strongly acidic
residues and one positively charged amino group, and
thus closely resemble the popular herbicide glyphosate.
Most members of this new class of herbicides exert re-
markable phytotoxic effects at both the plant and cell
culture level. (Lejczak et al., 1996). Although studies
have attempted to define their mechanism of action (Cro-
martie and Fisher 1995; Forlani et al. 1996; Lejczak et al.
1996; Oberhauser et al., 1998; Cromartie et al., 1999), it
remains unclear. Physiologic activity of the structurally
related series of compounds is routinely examined to
define the structural requirements of target receptors.
Thus, in trying to better understand these requirements
we have synthesized a short series of analogs in which a
substituted amino group was replaced by a hydroxyalkyl

moiety (compounds 3 and 4), ureido (or thioureido)
group (compounds 5), or in which an aminomethylene
fragment was replaced by an iminomethylene group
(compounds 6). The resulting compounds were screened
for their phytotoxic properties against cress and cucum-
ber.

Materials and Methods

Chemical Syntheses

Compounds 3, 4, and 5 were obtained according to the previously
described procedures (Chuiko et al. 1991, Chuiko et al. 1995; Chuiko
et al. 1996). Melting points and yields of these compounds are given in
Table 1.

N-(3-Morpholino-2-hydroxypropyl)aminomethylenebisphosphonic
acid (6) was obtained by reacting 10 g (0.052 mole) of aminomethyl-
enebisphosphonic acid with 7.6 mL (0.056 mole) of morpholinoep-
oxypropane for 3 days in 100 mL of 2 N sodium hydroxide solution at
room temperature. The resulting mixture was passed through KU-28
(analog of Dowex-50X8, H+ form) resin and the eluate left in the
refrigerator overnight. The precipitated product was recrystallized from
water (Table 1).

Evaluation of Herbicidal Activity of
Aminomethylenebisphosphonic Acids

The physiologic activity of the studied compounds was tested using
common cress (Lepidium sativumL.) and cucumber (Cucumis sativus
L. cv. Wisconsin) seedlings. Each experiment was replicated four
times.

Effects of Studied Compounds on the Growth of
Test Plants

Seeds were germinated at 33°C for 1.5–4 days in darkness. Groups of
10–40 uniform seedlings (depending on the species used) were trans-
ferred to Petri dishes (9 cm) lined with two disks of Whatman No. 2*Author for correspondence.
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filter paper wetted with 10 mL of distilled water (control) or solutions
of the test compounds to give final concentrations of 0.05, 0.15 or 1.5
mM. Plants were grown at 25°C with a 12-h day length for 5 to 9 days
(depending on species) under fluorescent tubes (about 300mE m−2s−1

at plant level). Separated roots and shoots were then weighed on a
torsion balance. The herbicidal effect was expressed as percentage
change in plant root and shoot fresh weight in relation to untreated
control.

Statistical Treatment

Dixon’s Q-test was used to reject the unreasonable results. The means
for samples and controls were compared by testing the null hypothesis
at the 5% significance level. (Miller and Miller 1984). Results not
statistically significant are marked in tables as “N.”

Results and Discussion

Previous studies on herbicidal activity of derivatives of
aminomethylenebisphosphonic acids revealed that for
compound to be active, two strongly acidic residues and
one positively charged substituted amino group is re-

quired (Kafarski et al. 1997). We attempted to determine
how structural modifications of the amino moiety influ-
ence herbicidal action of these compounds. Thus, com-
pounds 3 and 4 represent those in which an amino group
was replaced by a hydroxyl, in compounds 5 an amino
group was replaced by ureido- or thioureido-function,
whereas compounds 6 contain an imino group (an oxi-
dized form of the amino group). Physiologic effects on
growth of cress are given in Table 2. The influence of the
tested compounds on plant root development was usually
more pronounced than their action on shoots. The main
indicators of phytotoxicity observed with the most active
compounds were browning and swelling of shoots, and
strong hypocotyl chlorosis with no effect on their width
and branching. These indicators are similar to those ex-
erted by the popular herbicide glyphosate used as a posi-
tive control. As Table 2 shows, most of the studied com-
pounds, with the exception of compounds 4a, 4b, and 5a,
which were inactive, exhibited quite significant phyto-
toxicity expressed as a decreased change in shoot and
hypocotyl length in relation to control plants. Some com-
pounds exhibited exceptionally strong herbicidal action.

Fig. 1. N-(Pyridylamino)aminomethylenebisphosphonic acids (compounds 1 and 2) discovered by Suzuki et al. (1979) and their analogs—
hydroxyalkylidenebisphosphonic acids (compounds 3 and 4); ureido- or thioureidemethylenebisphosphonic acids (compounds 5); derivatives of
iminomethylenebisphosphonic acid (compounds 6) and compound 7.
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Thus, compounds 3a and 6a were comparable to the most
herbicidally active controls, namely glyphosate and com-
pound 2, whereas two other (compounds 3b and 6b) were
comparable in activity to the third control compound 1.
The relatively strong activity of compound 7 when ap-
plied in higher concentrations was not surprising because
it represents a classical derivative of aminomethylenebi-
sphosphonic acid.

The synthesized compounds represent at least three
structurally diverse groups of analogs. The first group
(compounds 3 and 4) contains a hydroxyl moiety in place
of the amino group of aminomethylenebisphosphonate
herbicides. Two compounds from this group (3a and 3b)
appeared to be strongly herbicidal. This finding along-
side the observed moderate herbicidal activity of com-
pounds 5b, 5c, and 5d was somewhat surprising because
it seems to indicate that a positively charged amino
group is not a required structural fragment of bisphos-
phonate herbicides. Replacement of the amino moiety
with an imino group (which also might be protonated)
resulted in compounds 6, the closest structural analogs to
parent compounds 1 and 2. As might be expected, they
showed potent or moderate herbicidal activity. In sum-
mation, our results indicate that a substituted, protonated
amino group is not a required structural feature of phy-
totoxic bisphosphonates. Similarly, as in previous stud-
ies, we were unable to find any reasonable structure-
activity relationship for the synthesized compounds (Ka-
farski et al. 1997).

The compounds most active against cress were also
tested on cucumber. As in our previous studies, cucum-
ber was less sensitive than cress (Lejczak et al. 1996),
and again the influence on plant root growth was usually
more pronounced than the action on hypocotyls. The
main indicators of phytotoxicity (similar to those ob-
served on cress) were visible only when the highest con-
centrations of active compounds were applied. Results
presented in Table 3 show that compound 3a, which
exhibited exceptionally strong herbicidal activity on
cress, exhibited typical plant growth regulatory activity
on cucumber being stimulatory at lower concentrations
and herbicidal at higher. Compound 6a was still most
strongly phytotoxic being as active as glyphosate. The
herbicidal activity observed for the studied representa-
tives of bisphosphonic acids indicates their potential use-
fulness as a new class of herbicides.

Table 1. Compounds 3–7.

Com-
pound X

Structure
R R1

Yield
(%)

m.p.
(°C)

3a S phenyl 98 126–128
3b S p-bromophenyl 62 172

3c 88 <320a

4a Methyl 95 212
4b Phenyl 83 211
5a O Methylb 64 <360a

5b S Methylb 79 <360a

5c O Phenylb 80 <360a

5d S Phenylb 75 350a

6a Methyl Methyl 51 350–355a

6b Methyl Phenyl 57 <270a

6c Allyl Phenyl 67 230–240a

6d Allyl

45 250–258a

7 63 184

aDecomposition at this temperature was observed.
bAs disodium salt.

Table 2. Effect of analogs of aminomethylenebisphosphonic acid on
the growth of cress, measured as percentage change in root and shoot
weight compared to that of control.

Compound

Root
or
shoot

Concentration (mM)

0.05 0.15 0.5 1.5

Glyphosate R −(86 ± 8) −(88 ± 4) −(90 ± 7) −(94 ± 9)
S −(13 ± 1) −(15 ± 2) −(20 ± 2) −(44 ± 2)

1 R N −(42 ± 7) −(50 ± 3) −(84 ± 8)
S N −(15 ± 2) −(36 ± 7) −(49 ± 4)

2 R −(76 ± 7) −(82 ± 13) −(89 ± 9) −(95 ± 15)
S −(27 ± 6) −(42 ± 9) −(51 ± 7) −(58 ± 9)

3a R −(64 ± 8) −(51 ± 12) −(78 ± 2) −100
S N +(17 ± 4) −(84 ± 1) −100

3b R N −(52 ± 4) −(86 ± 1) −100
S N −(43 ± 3) −(86 ± 1) −100

3c R N N −(47 ± 7) −(59 ± 2)
S N N −(19 ± 5) −(33 ± 2)

4a R N N N N
S N N N N

4b R N N N N
S N N N N

5a R N N N N
S N N N N

5b R N N −(26 ± 15) −(76 ± 8)
S N N N −(40 ± 4)

5c R N N −(45 ± 8) −(51 ± 4)
S N N −(17 ± 2) −(47 ± 3)

5d R N +(31 ± 5) −(18 ± 2) −(36 ± 6)
S N N N −(40 ± 3)

6a R −(72 ± 4) −(89 ± 1) −100 −100
S −(34 ± 2) −(62 ± 2) −100 −100

6b R N N −(72 ± 6) −(83 ± 1)
S N N −(32 ± 1) −(44 ± 2)

6c R −(15 ± 6) −(17 ± 3) −(14 ± 4) −(12 ± 4)
S N N N N

6d R N N N −(66 ± 5)
S N N N −(34 ± 3)

7 R N N −100 −(94 ± 2)
S N N −100 −100
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Table 3. Effect of analogs of aminomethylenebisphosphonic acid on the growth of cu-
cumber, measured as percentage change in root and shoot weight compared to that of
control.

Compound

Root
or
shoot

Concentration (mM)

0.05 0.15 0.5 1.5

Glyphosate R −(60 ± 4) −(77 ± 4) −(78 ± 7) −(84 ± 2)
S N N N −(22 ± 2)

1 R −(62 ± 5) −(74 ± 5) −(81 ± 9) −(81 ± 3)
S −(34 ± 2) −(34 ± 6) −(47 ± 3) −(49 ± 5)

2 R −(76 ± 11) −(88 ± 12) −100 −100
S −(48 ± 10) −(66 ± 9) −(68 ± 7) −100

3a R +(70 ± 0.3) +(60 ± 0.2) +(20 ± 0.2) −(80 ± 0.2)
S +(10 ± 0.1) N +(17 ± 09.2) −(36 ± 0.2)

3b R +(8 ± 0.6) +(16 ± 0.4) −(25 ± 0.2) −100
S +(25 ± 0.2) +(34 ± 0.2) N −(50 ± 0.2)

6a R N (−83 ± 0.2) −100 −100
S −(7 ± 0.1) N −100 −100

6b R N −(22 ± 0.3) −(45 ± 0.1) −(61 ± 0.5)
S N −(18 ± 0.2) −(18 ± 0.1) −(15 ± 0.1)

7 R N N −(14 ± 0.3) −(18 ± 0.5)
S −(14 ± 0.2) −(14 ± 0.4) −(18 ± 0.2) −(21 ± 0.2)
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