Synthesis and Evaluation of Phytotoxicity of Disugran Analogues
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Abstract: We report the synthesis and phytotoxicity of the compounds involved in the Sgy1-Stille reactions such as
methyl 2,5-diphenylbenzoate (6), methyl 5-chloro-2-phenylbenzoate (7) and methyl 2-methoxy-3,6-diphenylbenzoate (8)
as well as the phytotoxicity of intermediates. 8 has a good herbicide activity compared to Disugran and it isn’t a chlorin-

ated compound.
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INTRODUCTION

Halogenated organic compounds (HOCs) have been
heavily used as pesticides. Some of these compounds are
very toxic and cause severe problems to human health and to
the environment. These compounds are recalcitrant to degra-
dation in the environment, and great efforts are being made
to prevent further pollution and to decontaminate environ-
mental media that are already polluted from their previous
use [1, 2]. 3,6-Dichloro-2-methoxy benzoic acid (known as
Dicamba) is among the most widely used chlorinated herbi-
cides in many countries. These compounds are relatively
stable under natural conditions and have become prominent
contaminants in soil and hydrologic systems [3, 4].

Thus, the synthesis and testing of new derivatives, pre-
senting advantages over the known herbicides, is one chal-
lenge for organic chemists.

The scope of radical nucleophilic substitution (Sgx1 reac-
tion) has been considerably increased. Nowadays, this reac-
tion is used to achieve substitution of different substrates [5-
7], being an important synthetic pathway. The reaction of
aryl halides with triorganostannyl ions as nucleophiles [8, 9]
affords good yields of aryltrimethylstannanes by this mecha-
nism. We have proved the Sgy1 reaction provides an interest-
ing alternative route for the synthesis of stannanes [9, 10]
which could have biological activity like azocyclotin (1-
(tricyclohexyl stannyl)-1H-1,2,4-triazole) or cyhexatin (tri-
cycle hexylhydroxy stannane) tested as acaricide [11]. Fur-
thermore, organostannanes are well known fungicides [12-
15].

On the other hand, tetraorganostannyl products are of
particular relevance, mainly because they can be used as
intermediates in further synthetic paths, such as the Stille
reaction increasing the scope of probable bioactive com-
pounds that can be synthesized by sequential reactions. The
Stille cross-coupling reaction of tetraorganostannanes with
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organic electrophiles is one of the most reliable methods for
the selective formation of carbon—carbon bonds [16, 17], in
particular Cp—Cspr bonds [18-20] affording a coupling prod-
uct. Thus, a new C-C bond is formed with Pd’ species as
catalysts.

To this point, the tandem reactions of Sgn1 followed by
Stille [9, 21] appear as an interesting synthetic pathway to
obtain new derivatives of known chlorinated herbicides, pro-
viding a convenient way to explore the production of new
agrochemicals, which could have better properties or less
ecotoxicity than their precursors.

The main goal of the present work was to investigate
both synthesis and biological activity of novel and potential
chlorinated herbicides with "SnMe; ions and the stannyl de-
rivatives thus formed were replaced with phenyl group, gen-
erating a new C-C bond. The phytotoxicity of new deriva-
tives was evaluated by bioassays using their precursor herbi-
cides as reference.

RESULTS AND DISCUSSION

We have demonstrated [10] that the photostimulated reac-
tion of either methyl 2,5-dichlorobenzoate (1) or methyl 3,6-
dichloro-2-methoxybenzoate (2) (known as Disugran, is the
methyl ester of Dicamba) with "SnMe; ions affords good
yields of disubstitution products (3 or 4 respectively) by the
Sgn1 mechanism in liquid ammonia (egs. 1 and 3). However,
in the dark, only the mono-substitution product methyl
chloro (trimethylstannyl)benzoate is obtained in 81% yield
when methyl 2,5-dichlorobenzoate was the substrate (eq. 2)
[10]. In this reaction, two isomers (methyl S5-chloro-2-
(trimethylstannyl)benzoate or methyl 2-chloro-5-
(trimethylstannyl)benzoate) might be formed [10] however
only one was observed. The isomer formed was determined
through cleavage of trimethylstannyl group carried out in
methyl chloro(trimethylstannyl)benzoate which was stirred
in concentrate nitric acid at room temperature for 24 hours
[22]. The product obtained was compared with an authentic
sample by NMR yielding methyl m-chlorobenzoate. This
confirms the position of chloro in methyl 5-chloro-2-
(trimethylstannyl)benzoate (5).

© 2008 Bentham Science Publishers Ltd.
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Table 1. Reaction of methyl 5-chloro-2-(trimethylstannyl) benzoate (5) or methyl 2,5-bis(trimethylstannyl) benzoate (3) or methyl

2-methoxy-3,6-bis(trimethylstannyl) benzoate (4) with PhI under Stille conditions

Exp. substrate:PhI ratio (107 DMF mL Conditions * Products (%)"
1 3,5:10 4 PPhy* 6 (0)
2 3,5:10 4 CsF,*Cul 6 (20)
3¢ 5,2.5:25 12 PPhy* 7 (0)
4 5,2.5:25 12 CsF," PPhy° 7 (30)
5 5,2.5:25 12 Cul® PPh;* 7 (28)
6 4,25:5 8 CsF,"PPh;° 8(27), 9 (54)
7 4,5:10 8 CsF,iCul 8(70),9 (2)

“The catalyst was PdCL,(PPh;), (6 mol % from substrate) in DMF at 80 °C for 24 h. bl_solated yields. ‘Reaction was carried out with PAdCL,(PPh;), and PPh; as a ligand in a ratio 1:10.
“The ratio of 3:CsF:Cul was 1:2:0.1. “This reaction was carried out in one pot from 1. ‘The ratio 5:CsF was 1:3. *The ratio of 5:Cul was 1:10. "The ratio of 4:CsF was 1:3. 'GC relative

yields. 'The ratio of 6:CsF:Cul was 1:2:0.1.

Reactions of Methyl 2,5-bis(trimethylstannyl) Benzoate
(3) with PhI Under Stille Conditions

The reaction of 3 with 2 mol of Phl and PdCI,(PPhs), as
catalyst and PPh; as ligand in DMF did not occur (Table 1,
expt. 1). Nevertheless, the use of fluoride anion or Cu’ to
enhance the reactivity of the stannane in this type of reac-
tions is widely known. Mee et al. have observed a synergic
effect of fluoride anion and Cu' ions allowing the coupling
of aryl halides by the Stille reaction [23-25]. In order to find
best conditions of reaction we decided to test this effect. The
reaction of 3 with 2 mol of Phl and PdCI,(PPhs), as catalyst
and CsF, Cul in DMF afforded methyl 2,5-diphenyl benzoate

Cl Cl
+2 "SnMej
—_— 7

COzMe

(6) in 20% isolated yield (eq. 1) (Table 1, expt. 2) [26], gen-
erating two new C-C bonds by Stille reaction.

Reactions of Methyl 5-chloro-2-(trimethyl stannyl) Ben-
zoate (5) with PhI Under Stille Conditions

The reaction of 5 with Phl and PdCl,(PPhs;), as catalyst
and PPh; as ligand in DMF did not occur. However, when
CsF or Cul were added, it afforded the coupling product
methyl 5-chloro-2-phenylbenzoate (7) in 30-28% isolated
yields (eq. 2) (Table 1, expts. 3-5) [26].

The use of fluoride anion or Cu+ enhances the reactivity
of 5. Fluoride ion probably gives rise to pentacoordinated

Cl

PdCly(PPhs), O COMe

_ >

DMF, 80°C Q)
CO,Me O
Cl SnMe;

hV / NH3
1 Sgnl 5

Equation 2.

PPh3/CSF 7 (30%)

PPh;/Cul 7 (28%)
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species with enhanced reactivity in the transmetalation step,
as demonstrated by Garcia Martinez ef al. [27, 28].

Reactions of Methyl 2-methoxy-3,6-bis(trimethyl stan-
nyl)benzoate (4) with Phl Under Stille Conditions

Generally iodides undergo coupling reactions fairly well,
but when one or both of the coupling partners are sterically
hindered or deactivated, they can be reluctant to couple effi-
ciently. This is probably the case because the reaction of 4
with Phl and PdCI,(PPh;), as catalyst and CsF in DMF af-
forded the coupling product methyl 2-methoxy-3,6-
diphenylbenzoate (8) in only 27% relative yield together
with 54% of biphenyl (9) (eq. 3) (Table 1, expt. 6) [26].
However the conditions of this reaction were optimized and
when CsF and Cul were added without ligand (PPhj) the
product 8 was isolated in 70% yield (Table 1, expt. 7). The
formation of biphenyl is due to a homocoupling reaction
which is a well-known competition reaction with Stille reac-
tions [29].
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Thus, a new C-C bond is formed with Pd’ species as cata-
lyst and the phytotoxicity of these new coupling products 6,
7 and 8 were evaluated by bioassays.

BIOSSAY
Material Seed Test

The vegetal materials used for bioassays was one dicoty-
ledon species, lettuce seeds (Lactuca sativa L.), and one
monocotyledon species, oat seeds (4vena sativa L.) [30, 31].

Toxicity Test of Solvents on Lactuca sativa L.

Solvents used to dissolve tested compounds need to be
non phytotoxic. Results show that a solution of DMSO 1%
in distilled water did not exhibit significant suppression on
germination or growth of lettuce seeds (number of germi-
nated seeds (G) G=26, shoot length (Ls) Ls= 1.40 and root
length (Lg) Lg=1.47) compared to control of water. Also
DMSO 2% did not show important toxicity and can be used

P Root Length

Average Length (cm)

Acetone
08% 8%

Different Solvents

Fig. (1). Shoot Length, root length (average length in cm) and the number of germinated lettuce seeds in different solvents. Vertical bar indi-

cates the standard error of the mean of three replicates.
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Fig. (2). Effects of the methyl 2,5-dichlorobenzoate family on germination or growth against Lactuca sativa L. Vertical bar indicates the
standard error of the mean of three replicates. The solutions were in 1% DMSO at 100 ppm unless otherwise indicated. The solution of 3 was
in 2% DMSO at 100 ppm. Its derivatives did not present significant differences at this concentration.

as solvent during toxicity tests. However, DMF 1% shows
important suppression on germination and cannot be used as
solvent during toxicity tests (Fig. 1).

Toxicity Test of Solvents on Avena sativa L.

The solutions of DMSO 1% or 2% in distilled water did
not show significant suppression on germination of oat seeds
(G= 30, G= 30 and G= 28 respectively) although DMSO
shows slight suppression on growth. However DMSO can be
used as solvent during toxicity tests.

Evaluations of the Inhibition Percentage

The inhibition percentage [32] was calculated considering
the number of germinated seeds in the treatment (Gt) and the
number of germinated seeds in the control of the solvent
(Ge) as follows:

Inhibition percentage (%l)=[1 — (Gt/ Gc¢)] 100.

Phytotoxicity of Methyl 2,5-dichlorobenzoate and its De-
rivatives on Lactuca sativa L.

Results in Fig. (2) show that 1, 5, 6, 7 (DMSO 1 %) and
3 (DMSO 2%) did not exhibit important suppression on
germination when tested at 100 ppm (G=20-24) in compari-
son with the control (G=26 or G=17) [30].

The Inhibition Percentage (%]I) of Germination of
Methyl 2,5-dichlorobenzoate and its Derivatives on Dif-
ferent Seeds

Results in Table 2 show the inhibition percentage of
germination on different seeds when treated with the methyl
2,5-dichlorobenzoate derivatives (1, 3, 5, 6 and 7) at 100
ppm. The methyl 2,5-dichlorobenzoate and its derivatives
did not present important herbicidal activity on lettuce seeds
or oat seeds at this concentration.

Phytotoxicity of Disugran and its Derivatives on Lactuca
sativa L.

Results in Fig. (3) show that 2 (G=9) and 4 (G=8) exhib-
ited important suppression on germination of Lactuca sativa
L. when used at 100 ppm in comparison with the control
(G=26). Furthermore, the compound 2 demonstrated sup-
pression on the shoot growth (Fig. 3) [30]. Also, 8 exhibited
suppression on germination of Lactuca sativa L (G=15).

The Inhibition Percentage (%I) of Germination of Disu-
gran and its Derivatives on Different Seeds

Results in Table 2 show the inhibition of germination in
different seeds treated with the Disugran derivatives at 100
ppm. In Lactuca sativa L., 2 and 4 present important herbi-

Table2. Inhibition Percentage on Germination Treated with Methyl 2,5-dichlorobenzoate Derivatives or with Disugran Deriva-
tives at 100 ppm.
Compounds 1 3 5 6 7 2 4 8
%I Lactuca sativa L. 12 0 12 8 12 65 69 46
%I Avena sativa L. 0 0 0 0 0 6 0 0
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Fig. (3). Effects of Disugran derivatives on germination and growth of Lactuca sativa L. at 100 ppm. The solutions were in 1% DMSO at
100 ppm. Vertical bar indicates the standard error of the mean of three replicates. In 2, shoot length shorter than 40% of control was not con-
sidered. 2 (A), 4 (A) and 8 (B) different letters indicate significant differences (p<=0.05).

cidal activity at this concentration whereas 8 shows less, but
also quite important, herbicidal activity. In Avena sativa L.,
none of them present herbicidal activity at this concentration.
The fact that 8 has herbicidal activity at this concentrations is
a very important result because it shows that it is possible to
have good herbicidal activity if we change chlorinated com-
pounds for phenylated ones.

Otherwise, as evident from Table 2, Disugran (2, 65%)
show his recognized herbicide properties against Lactuca
sativa L. at 100 ppm. It is noticeable that methyl 2,5-
dichlorobenzoate (1, 12%), which differs from Disugran by
only one —-OMe group, does not show inhibitory activity,
thus demonstrating that the functional group has significant
influence on the bioactivity of Disugran. None of its deriva-
tives (3, 5, 6, 7) has activity against Lactuca sativa L.
(%I=0-12).

Calculation of ICs,

Owing to the results obtained during the inhibition tests
with 4 and 8 (Table 2), we decided to test the effects of 4 or
8 on the germination of Lactuca sativa L. in comparison
with a commercial herbicide like Disugran (2). Thus, we
calculated the concentration that inhibits the germination of
Lactuca sativa L. by 50%, considering the negative loga-
rithm of the molar concentration of the tested compound
(ICso) [33]. Therefore, the ICsy of 8 was approximately -
log[3 x 10 M] (100 ppm), using data on lettuce seeds from
Table 2.

The molar concentration of Disugran necessary for the
suppression on 50% of the germination of lettuce seeds was
obtained by linear regression of percentage of inhibition on
germination vs. the used herbicide molar concentration (-

Table 3. Inhibition Percentage on Germination Treated with Disugran (2) Against Lactuca sativa L.
Comp Concentration Seeds %1
ppm -log[M] G NG
2 100 3.37 9+3 21 65
4 3.69 8+2 22 69
2 10 4.37 28+1 2 2
4 4.69 29+1 1 1
2 1 5.38 27+3 3 1
4 5.69 27+3 3 0
2 0.5 5.68 28+2 2 1
4 5.99 28+1 2 0

*G= Germinated seeds, NG= non germinated seeds. Values represent the mean + SD (n =3).
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log[M]) using data from Table 3. The ICsy of 2 was -log[3.6
10 M] (R*=0.728).

Then, the results show that 8 is as active as 2 but proba-
bly the first is a less toxic and persistent compound. There-
fore, 8 could be a good regulator of germination, raising
questions on its probable use as a selective herbicide.

Otherwise, the ICsy of 4 necessary for the suppression on
50% of the germination of lettuce seeds was -log[1.3 10 M]
(R*= 0.728) using data from Table 3. These concentrations
suggest that 4 was almost three times more active as herbi-
cide than Disugran (2).

CONCLUSIONS

Concerning stannyl derivatives, 4 is the most active com-
pound, and 3 is one of the least phytotoxic compounds.
Compound 3 was one of the least phytotoxic compounds
tested against Lactuca sativa L. or against Avena sativa L. at
100 ppm.

Moreover, Disugran and its derivatives have activity
against Lactuca sativa L. In this case, if we compare 2 with 8
we can see that by changing chloro for phenyl group, we
obtain a compound with appropriate phytotoxic activity.

In conclusion, we describe the synthesis of 6 and 7 show-
ing the poor results obtained on inhibition of either germina-
tion or growth against Lactuca sativa L. or Avena sativa L.
at 100 ppm. However, 8 shows a good inhibition of germina-
tion against Lactuca sativa L. but not against Avena sativa L.
at 100 ppm. This could be a great advantage as selective her-
bicide.
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