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Synthesis and Insecticidal Activity of Novel
Dithiophosphonates

Vijaya Kabra,! Sunita Mitharwal,! and Swaroop Singh!
!Department of Chemistry, University of Rajasthan, Jaipur, India
2Department of Entomology, Agricultural Research Station, Durgapura,
Jaipur, India

A new series of dithiophosphonates has been synthesized using cycloi-
minium halides of pyridine, thiazole, and benzothiazole as starting material,
dichlorophenylphosphine as phosphorylating agent, and 2-propanethiol as nucle-
ophilic substituent. These compounds were tested for their insecticidal activity
against a polyphagous insect plutella xylostella and found to exhibit potent pes-
ticidal activity.

Keywords Dichlorophenylphosphine; dithiophosphonates; insecticidal activity; phos-
phorylation

INTRODUCTION

Dithiophosphonates have been found to have diverse applications in
a number of technological areas such as antioxidants, additives in oil
and in the petroleum industry,! agricultural pesticides,? metal ore ex-
traction reagents,?® and as ligands in metal chemistry.* Metal phospho-
nate chemistry has flourished due to potential use of these complexes
in electrochemistry, catalysis, material science, and photophysics.’
The literature on dithiophosphonate chemistry is not as comprehen-
sive as in the case of their analogues—i.e., dithiophosphinates and
dithiophosphates—although application of dithiophosphonates in in-
dustry and agriculture are highly valued.®

Viewing the importance of these precursor thiophosphonate deriva-
tives, we report a novel synthetic strategy based upon our previous
research work,” ! using cycloiminium salts of N-heterocycles as start-
ing material, and we synthesized and characterized nine dithiophos-
phonate compounds incorporating pyridine, thiazole, and benzothiazole
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heterocyclic nuclei. These compounds have proven to be potential agri-
culture chemicals and valuable ligands for metal chemistry.

RESULT AND DISCUSSION

N-alkyl-2-aminopyridin/thiazole/benzothiazoles (la-i) were reacted
with haloalkanes (2) in THF and generated the corresponding
N-alkyl-2-aminopyridinium/thiazolium/benzothiazolium halides (3a-
i). These quaternary salts then were subjected to phosphorylation
with dichlorophenylphosphine (1 equivalent) in the presence of a
weak base triethylamine (2 equivalents) using a methylene chlo-
ride and toluene mixture (40 mL + 20 mL) as a solvent at 0-5°C.
Iminochlorophenylphosphines (4a-i) that were first formed were con-
verted to compounds 5a-i after addition of sulfur (1/8 equivalent),
which was further converted to N-alkyl-2-cycloiminylidenamido(s-
isopropylthiol)phenylthiophosphonates (6a-i) on addition of propane-
2-thiol (1 equivalent; Scheme 1).

All the synthesized products were white to yellow crystalline solids,
having sharp melting points, and were characterized by 'H, 3'P, and
13C NMR techniques. All physical and spectral data are reported in
Table I and insecticidal data are included in Table II.

Characterization
3P NMR

The reaction course was monitored through 3'P NMR spectroscopy.
This monitoring showed that the 3'P signal of the reagent PhPCl,
at 161.00 § ppm first changed to tricoordinated halophosphines (4) at
106.00-128.00 § ppm, which, on addition of sulfur and the thiol, were
converted to tetracoordinated dithiophosphonates (6) with signals at
50.20-70.10 § ppm. These values were in accordance with tetracoordi-
nated pentavalent phosphorus.!? Pure solids 6a-i have shown signal
in the range 47.40-69.50 § ppm (Table I).

'H NMR

The CHj protons of SCH(CHj3)s moiety appeared as an unresolved
multiplet because both the CH3 groups attached to the SCH group
were nonequivalent due to the nearby chiral phosphorus. Each of these
methyl groups showed merged multiplets in the range 1.02-1.52 § ppm.

The SCH proton appeared as a septet between 2.80—3.62 § ppm due to
three-bond coupling with nonequivalent methyl protons of SCH(CHj),
moiety and three-bond coupling with phosphorus.
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Two geminal NCHy protons of 6a—i appeared as two separate dou-
blets showing a diastereotopic nature due to a nearby stereogenic phos-
phorus in their characteristic region between 4.50-4.90 § ppm and 4.72—
5.73 § ppm.

In 6a, two protons of OCH;CgHj5 gave a singlet at 4.65 § ppm, and
in 6b-d two protons of OCHsCHjs gave a quartet between 3.44-4.27 §
ppm due to three-bond coupling with adjacent methyl protons. Three
protons of OCHy;CHj3 were absorbed in the range 1.05-1.38 § ppm and
were merged with other methyl protons of the SCH(CHjs), moiety. In
6e-g, OCHj; protons gave a singlet between 3.50—4.60 § ppm.

All the heterocyclic protons appeared in the aromatic region with
expected multiplicities together with the aromatic protons of phenyl
group of OCHQCGH5, NCH2C6H5 (611, 1), and PCGH5.

3C NMR

As expected in the 13C NMR, SCHCHj; carbon gave a singlet in the
most upfield region between 11.1-25.3 § ppm, whereas SCH carbon
gave a singlet between 25.0-45.6 § ppm. NCH; carbon in 6a-i gave
a singlet between 42.3-109.8 § ppm. OCHs carbon in 6a-d appeared
between 55.4-67.2 § ppm, whereas OCHj carbons of 6e-g appeared be-
tween 52.5-60.1 § ppm as a singlet. Similarly, CHs carbon of OCHyCHj3
in 6b-d gave a singlet between 25.0—-38.0 § ppm.

C-2 carbon of heterocyclic ring absorbed at the most downfield re-
gion between 130.5-167.5 § ppm with minimum intensity due to its
quaternary nature.

All the aromatic carbons were found in their expected range.

EXPERIMENTAL

All the synthetic procedures were carried out in an inert atmosphere of
nitrogen, and due to the highly hygroscopic nature of the synthesized
products, inert nitrogen was used to store them. All glassware used
was washed with alkali followed by dilute acid, water, and acetone and
dried in an electric oven for 4-6 h at high temperature until just before
use. Standard syringe techniques were used for the addition of chem-
icals. All solvents and reagents were used after drying. Fine chemi-
cals like 2-aminopyridine, 2-aminobenzothiazole, 2-aminothiazole, and
2-propanethiol were procured from Aldrich and Merck and used as re-
ceived. Elemental analyses were carried out on Heraeus Carlo Erba
1108 analyzer. 3'P NMR spectrum were recorded on Jeol AL 300 at
121.50 MHz (Obset 156 KHz) using 85% H3PO, as an external stan-
dard. 'H NMR spectra were recorded in CDCl; on Jeol AL300 at 300.4
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MHz (Obset 130 KHz) using TMS as internal reference. Their melt-
ing points were determined by a standard capillary method on Electric
Tempo Instrument and are uncorrected.

General Procedure for the Synthesis of N-Substituted-2-
ylidenamido(S-isopropylthiol)(phenyl)thiophosphonate
(6a-i)

N-alkyl-2-pyridinium/thiazolium/benzothiazolium halides (3) were
synthesized using reported procedures. These halides were character-
ized by reported melting point and NMR spectral data.””!!

To a suspension of N-alkyl-2-pyridinium/thiazolium/benzothiazo-
lium halides (13.7 mmol) in a methylene chloride (40 mL/toluene 20
mL) (2:1) mixture, triethylamine (27.4 mmol) and dichlorophenylphos-
phine (13.7 mmol) were added at ambient temperature. After 3—4 h
stirring, powdered sulfur 1/8 Sg (13.7 mmol) was added to the reaction
mixture at room temperature. After 24 h of stirring, 2-propanethiol
(13.7 mmol) in methylene chloride/toluene mixture (40 + 20 mL) was
added drop-wise in the presence of triethylamine (13.7 mmol) at 0—
5°C. The stirring was continued for the next 50-55 h. After that,
the solvent was removed in vacuo, and the residue was extracted
with diethylether and kept in a refrigerator, whereupon a white-
to yellow-colored solid separated out, which was filtered, dried, and
recrystallized.

Bioactivity

Four synthesized dithiophosphonates (6a, ¢, f, i) having a chiral
phosphorus were screened for their insecticidal activity against a
polyphagous insect Plutella xylostella, quite prevalent in the vegetable
crops of northern India, and results are presented in Table II and
Figure 1. In our previous publication,® we studied the activity of trithio-
phosphates on the same insect and found that those molecules exhib-
ited substantial insecticidal activity. To study the structure-activity
relationship here we have selected four dithiophosphonate derivatives
where the heterocyclic ring was same; i.e., thiazole ring. The phospho-
rus moiety was also the same; the only variation was in the N-alkyl
substituted group. This study has suggested that an increase in the
bulkiness of N-alkyl substituent enhanced the bioactivity as evidenced
from the experimental details of the study (Table II, Figure 1). Com-
pound 6a at concentrations 0.05% and 0.025% showed the best insecti-
cidal activity, which was found to be superior to that of a standard
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insecticide endosulfan. Derivative 6a incorporated a bulky ben-
zylethanoate moiety at ring nitrogen, thus confirming the potentiality
of this derivative as insecticidal compound. The bulky nature of insecti-
cide hindered the activity of the enzyme acetyl cholinesterase and thus
impaired the activity of the insect nervous system.!3

CONCLUSION

Nine novel dithiophosphonates that can have potential metal ligand
properties and pesticidal activities have been synthesized and their
insecticidal activity was screened on a polyphagous insect Plutella xy-
lostella. Compounds exhibited potent activity in comparison to a stan-
dard insecticide endosulfan. In our further research work we will use
these compounds as metal ligands to generate different metal com-
plexes.
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