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Sodium alkoxide, a hard nucleophile, reacts with 2,4-bis(4-methoxyphenyl)-1,3,2 4-
dithiadiphosphetane 2,4-disulfide (LR) on phosphorus to give O-alkyl S-sodium-(4-methoxyphenyl)
phosphonothiolothionate 5 as an intermediate. Compound § reacts with benzyl (or benzoyl) chloride
to give good yields of O-alkyl S-benzyl (benzoyl) (4-methoxy-phenyl)phosphonothiolothionate (6a-e).

INTRODUCTION

Almost all industrial phosphorus-containing fungicides which are being manufac-
tured in Japan belong to the group of phosphorothiolic and phosphorodithiolic
acids' as e.g. O,0-diethyl S-benzyl phosphorothiolate (Kitazin), O,O-diisopropyl
S-benzyl phosphorothioate (Kitazinp) and O-ethyl S-benzyl phenylphospho-
nothioate (Inezin) (review 2). In the manufacture of inezin,>* the dichloride of
phenylphosphonothioic acid, 1, is treated with NaOH in alcohol to give 2, which
on acidification affords 3, Treatment of 3 with benzyl alcohol in presence of
phosphoryl chloride gives inezin 4. 4 can also be prepared by high temperature
S-benzylation of O,O-diethyl phenylphosphonothioate by Pishchimuka’s

1 3,0C2Hs
CgHg-P-Clys CoHgOH ¢ NaOH ——= CgHg-P
ONa
! z
I
9 6¢,H S 0C,H
1,,0CaHs CgHgCHy OH i 0CHs
C6H5- ~ POCL GHS-P\OH
SCHy CgHg 3
4 3

t+ For part V, R. Shabana, M. T. M. El-Wassimy and A. B. A. G. Ghattas Chemistry & Industry,
140 (1986).
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method.® Also it is known that hard nucleophiles attack 2,4-bis (4-methoxy-
phenyl)-1,3,2,4-dithiadiphosphetane 2,4-disulfide, LR, (Lawesson’s Reagent) on
phosphorus.” In continuation of our work on amines,®° alcohols,!® thiols,'
oximes'' and benzene sulfenyl chloride'? (soft electrophile), we report now on the
reaction of alkoxides with LR and subsequently with benzyl chloride to give
thio-inezin. This is a versatile method for the preparation of this class of
compounds.

RESULTS AND DISCUSSION

LR reacts with sodium alkoxide like other (RPS,),-compounds®® (for a review see
reference 14) in anhydrous benzene at 80°C to give O-alkyl S-sodium (4-methoxy-
phenyl)phosphonothiolothionate (5), which subsequently react with benzyl (ben-
zoyl) chloride to give O-alkyl S-benzyl (benzoyl) (4-methoxyphenyl)phosphono-
thiolothionate (6a—e) after refluxing for 1 hr. (Scheme 1, path 1). The structure of
6a—e has been established by microanalyses, NMR ('H, ’C, *'P) and precise
mass measurements (see Table I).

Compound 6a has also been prepared by another route (path 2)'*'* by reacting
LR with benzyl chloride to give 7, which on subsequent reaction with sodium
methoxide produces 6a, which in all respects (spectra, physical data) is identical
with the product prepared by path 1.

As to the formation of compound 6 (path1l) it is suggested that the hard
nucleophile (NaOR) will attack LR on phosphorus to afford the intermediate S

Path 2 "/ \ Path 1

Lawesson Reagent

CSHSC H2Cl NEOR]

3 Nse, 3 \sua

(]

NaOCH,
e, J

“sR,
sa 3
a,R =CHs , RZ: CGHSCHZ
b,R1=CzH5 , R2= CSHSCHZ
C,R1=C3H7'i50 . Rz: CGHSCHZ
d,Ry=CHj R R2=C6H5C0
e,R1=C2H5 B Ry= CgHgCO

Scheme 1
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which could not be isolated. Subsequent reaction of 5 with benzyl (benzoyl)
chloride gave 6 in good overall yields.

EXPERIMENTAL

'H NMR spectra were recorded at 60 MHz with a Varian EM-360 spectrometer. 13C NMR spectra
were recorded at 20 MHz on Varian CFT-20 spectrometer. SiMe, was used as internal standard and
chemical shifts are expressed in d-values. CDCl, was used as a solvent. Mass spectra were recorded
on a Micromass 7070 f Spectrometer operating at 70 ev using direct inlet. Microanalyses were carried
out by Lovens Kemiske Fabrik, DK-2750, Ballerup (Microanalytical lab.)

Starting Materials: Compound 1 (LR) is commercially available now and can also be prepared as
described earlier.'®

General Procedure for the Reaction of LR with Sodium Alkoxide (Path 1): 2.02 gr of Lawesson
Reagent (0.005 mole) were suspended in dry benzene (25ml) and 0.01 mole of sodium alkoxide
(prepared by reacting 0.23 gr Na with 6 ml absolute alcohol) was added at room temperature, and
then the reaction mixture was heated under reflux for 15 min. whereby a clear solution was obtained.
After addition of 0.01 mole of benzyl chloride (or benzoyl chloride) the reaction mixture was heated
for one hr. at reflux, cooled, poured into cold H,O and extracted with ether three times. The
combined extracts were purified on a Silica gel column (type 60 Merck) using 50% ether-light
petroleum as an eluent.

Preparation of 6a (Path 2): To a suspension of LR (0.005 mole) in benzene was added 0.01 mole of
benzyl chloride and the reaction mixture was heated in an oil bath for 20 minutes at 50°C whereby the
reaction mixture became a clear solution. After cooling to room temperature 0.01 mole of sodium
methoxide was added and then the mixture refluxed for one hr. The product was purified as above to
give compound 6a (comparative IR, NMR and Ms).

REFERENCES

1. 1(\ F.) Grapov and N. N. Mel'nikov, Russian Chem. Rev., 42, (9) 772(1973); C. A. 80, 34289t
1974).
2. W. Kramer in Pflanzenschutz und Schidlingsbekdmpfung, Herausgeber, K. H. Biichel, G.
Thieme Verlag. Stuttgart, 1977, S. 126-7.
3. Japanese P. 3772 (1970); Chem. Abst., T3, 25664 (1970).
4. M. Kado, T. Maeda, E. Yoshinaga, and T. Kanazawa, Res. and Develop. Japan. Awarded
Okochi Mem. Prize, 49 (1970).
5. Japanese P. 18543 (1968); Chem. Abst. 70, 68505 (1969).
6. Japanese P. 37799 (1970); ref. Zhur Khim 18N 671 (1971).
7. U. Pedersen, M. Thorsen, E.-E. A. M. El-Khrigy, K. Clausen and S.-O. Lawesson Tetrahedron,
38, 3267 (1982).
8. K. Clausen, A. A. El-Barbary and S.-O. Lawesson, Tetrahedron, 37, 1019 (1981).
9. A. A. El-Barbary and S.-O. Lawesson; Tetrahedron: 37, 2641 (1981).
10. R. Shabana, A. A. El-Barbary, N. M. Yousif and S.-O. Lawesson, Sulfur Lett.: 2 (6), 203 (1984).
11. R. Shabana, A. A. El-Barbary, A. B. A. G. Ghattas, S.-O. Lawesson and C. Romming, Sulfur
Lettrs.: 2 (6), 223 (1984).
12. R. Shabana, N. M. Yousif and S.-O. Lawesson, Phosphorus & Sulfur, 24 (3), 327 (1985).
13. Bayer AG, Netherlands Patent 137340 (1972); O. N. Grishima and L. M. Bezzubova, Zh.
Obshch. Khim., 37, 470 (1967).
14. L. Maier in ““Topics in Phosphorus Chemistry, ed. M. Grayson and E. J. Griffith, Interscience
Publ. New York, N.Y., Vol. 10, 129 (1980).
15. E. Fluck and H. Binder, Z. Anorg. Allg. Chem., 354, 113 (1967); Angew Chem., 78, 677 (1966).
16. 1. Thomsen, K. Clausen, S. Scheibye and S.-O. Lawesson, Synthesis, 62, 158 (1984).



