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PHOSPHOROTHIOATE (POTASAN@) 
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National Research Centre, Laboratory of Pesticide Chemistry, El-Tahrir Street, 
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HEINRICH WAMHOFF* 
lnstitut fiir Organische Chemie und Biochemie der Universifiit Bonn, Gerhard- 

Domagk-Str. 1, 0-5300 Bonn 1, Bundesrepublik Deutschland 
(Received April 18 1988) 

UV-irradiation &A > 313 nm) of O,O-diethyl-O-(4-met~yyl-2-oxo-2H-l-benzopyra~i-~-yl)-p~osphoro- 
thioate (Potasan ) l a  in chloroform and/or methanol with and without singlet oxygen results in the 
formation of the 2-0x0-2H-1-benzopyran-phosphate 2 the 3,3'-bipotasan dehydrodimer 3, and 
7-ethoxy-4-methyl-2-0~0-2H-l-benzopyran 4; the mechanisms of formation, especially for 4 are 
discussed. 

INTRODUCTION 

Recently, we have described the photoconversion of the pesticide 0,O-diethyl-O- 
(3-chloro-4-methyl-2-oxo-2H-l-benzopyran-7-yl)-phosphorothioate, Coumaphos 
lb.273 It has been show that Coumaphos (lb) undergoes, most obviously from its 
triplet state, a regioselective photodimerization rather different from cournarin 
itself, to afford three dimers; a head-to-tail anti dimer, a corresponding 
phosphate, and a head-to-tail syn dimer.2*3 Due to the increased interest in the 
environmental photochemistry and photodegradation of heterocyclic herbicides, 
pesticides, and insecticides, and as a part of our program on the photochemical 
studies of pesticides derived from organophosphorus compounds:-2 we have now 
choosen another related pesticide, O,O-diethyl-O-(4-methyl-2-oxo-2H-l-benzo- 
pyran-7-yl)-phosphorothioate, Potasan@ la ,  as an object for studying its photo- 
chemical behaviour . 

S 

E l o  R = H  lPotasan@l 

=== 1 b R = C l  ~ C o u r n o p h o s l  

* Author to whom all correspondence should be addressed. 
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200 W. M. ABDOU et al. 

Potasan@, also marketed under the trade name Bayer E 83g5 is widely used as 
an insecticide,%’ an antihelminticum,’ an ovicide,’ a fungicide,” and a 
rodenticide.” With this present investigation, we wish to gain further information 
on the influence of substituents on the photochemical behaviour of coumarins. 

RESULTS AND DISCUSSION 

In a typical pr~cedure?,~ a 1% chloroform and/or methanol solution of l a  was 
irradiated in a Pyrex reactor (A > 313 nm) with a Hg-high pressure lamp. The 
progress of the photoreaction was monitored by TLC. After 200h (and 90% 
photoconversion of la), column chromatography gave three photoproducts 2-4, 
in sequence. 

The first product, a yellow liquid (2, ca. 12% yield) was easily identified as 
Potasan@ phosphate 2 by comparison with an authentic This type of 
thiophosphate 4 phosphate oxidation is commonly recognized during insolation5 
or photoreactions. 

CH3 

The second product isolated, 3 (a yellow crystalline compound, mp 120°C 
ca. 8% yield) was shown by elemental analysis and high resolution MS to possess 
the elemental composition G8H32010P2S2 (654.6; mlz 654, M+). The ‘H NMR 
spectrum of 3 is simple indicating the symmetrical nature of the molecule and 
pointing to a 3,3‘-linkage. Thus, the aromatic multiplet centered at 67.0- 
7.6 ppm, was integrated to six protons; the quadruplet at 66.23 ppm (JHH = 
1.5Hz) assigned’, to 3-H in Potasan (la) is absent in photoproduct 3. Accord- 
ingly, the singlet at 62.58ppm (s,6H) is attributed to both methyl groups 
attached to sp,-hybridized C-atoms. l3 This observation, that both methyl groups 
appear as one singlet, presents unambiguous evidence for the absence of the 
methine protons 3-H and 3‘-H (for comparison: la: 62.33ppm (d, 3-H, 
JHH = 1.5 Hz). Accordingly, the thiophosphate ethoxy-CH, (8H) appear as 
doublets of quadruplets (64.26 ppm) while the ethoxy-CH, (12H) display a 
doublet of triplets (61.37 ppm; JpH = 11.5, J H H  = 0.8 Hz); the 31P NMR signal at 
6 + 62.53 ppm is in complete agreement with usual thiophosphate shifts.I4 From 
these data, it follows 3 constitutes an O,O, 0, O-Tetraethyl-O,O-4,4’-dimethyl- 
2,2’-dioxo-(3,3 ‘ -bi-2H- 1-benzopyran-7,7’ -diyl)-diphosphorothioate. A few 3,3’- 
bi(2H-l-benzopyran)-2,2’-diones have been sparingly described in the literature 
as fluorescent whitened5 and as compounds of pharmaceutical interest;16 to our 
knowledge 3 is the first 3,3’-bi-coumarine obtained in the course of a photolysis 
reaction instead of an expected typical cyclobutane dimer.2~3J7-20 

s d-& s ll,OC2Hg 

H5C20>--0 “0 0” 0 0-P, 
H5C20 O C 2  H5 

3 - - 
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The last product obtained, 4, turned out to be the major product (ca. 23% 
yield) forming colorless crystals of mp 115”C, and was established to be 
7-ethoxy-4-methylcoumarin by the following physical and spectral data: 

(1) Elemental analysis and MS support the molecular formula C12H1203 
(204.2); accordingly MS: mlz = 204 (M+); 

(2) The IR-spectrum of 4 reveals absorptions at 1740(C=O, lactone) and 
1625 cm-I (C=Carom.); 

(3) The ‘H NMR spectrum reveals (phosphorus uncoupled) triplets and 
quadruplets at 61.46 (3H, ethoxy-CH3) and 4.11 ppm (2H, ethoxy-CH,); the 
4-methyl group and 3-H showed the typical allylic coupling pattern (62.64 (3H, d, 

Obviously, l a  upon UV-irradiation undergoes a homolytic cleavage of the 
7-0-P bond generating intermediary radical species, such as A and B. This 
transient A then produces 4 by intermolecular recombination with an ethyl 
radical, formed by further photolysis of B. 

J H H  = 1.5 Hz); 6.28 (lH, 9, J H H =  1.5 H2).13 

i H  
SCHEME 1 

Related photochemical dealkylation processes of phosphites, phosphates, and 
thiophosphates are known in the 

In the presence of singlet oxygen (0, circulated into the reaction mixture using 
methylene blue as sensitizer), the yields of the photoproducts 2-4 are significantly 
increased, and only 5% of Potasan@ l a  could be recovered unreacted (cf. 
Experimental Part). 

CONCLUSION 

As a consequence following from the photoreactions reported above, two main 
pathways of photodegradation and oxidation might be discussed: the first is the 
photoinduced dehydrodimerization of the coumarin moieties, forming the (3,3’- 
bi-2H-l-benzopyrane)-2,2’-dione (bi-3,3’-PotasanB) 3. 

Another degradation pathway is the photooxidation of the thiophosphate rest 
leading to the oxygen analog 2 of Potasan@. In the case that both forementioned 
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202 W. M. ABDOU et al. 

pathways of phototransformation occur sluggishly, the side chain homolysis can 
compete effectively, furnishing the break down product 4. 

Although, singlet oxygen seems not to be involved in these photolysis 
pathways, it shows a remarkably decreasing effect on the reaction time, while the 
yield of the photoproducts is increased. 

Furthermore, the results of the present investigation reveal that the products 
formed during this photolysis of Potasan@ l a  are clearly different from those 
reported for the photodegradation of Coumaphos lb: l b  undergoes classical but 
regioselective (TI-intermediate) [2 + 2- 41-dimerization, while Potasan@ l a  
lacking the 3-chloro atom, affords upon UV-irradiation a dehydrodimerized 
bi-3,3'-PotasanB 3, which has not yet been found upon UV-irradiation of a 
coumarin moiety. 

EXPERIMENTAL 

General Data. All melting points are uncorrected. Potasan@ l a  was supplied by the Bayer AG, 
D-5090 Leverkusen. - IR(KBr : Perkin-Elmer 157 G. - ' H NMR (CDCl,): Bruker WH-90 (&values, 
TMS as internal standard). - P NMR (CDCl,, vs 85% H,PO,): Varian CFT-20. - MS(70 eV): MS-50 
of Kratos (A.E.I.). - Microanalysis: Mikroanalytisches Laboratoriurn Pascher, Remagen. - TLC 
eluent system: toluene-ethyl acetate-ethanol (6: 3 : 1, v/v/v). 
Photolysis of Potasan@ la. A solution of Potasan@ l a  (3g, 9 mmol) in chloroform or methanol-best 
results in methanol-was irradiated with a Hg-high pressure lamp in a Pyrex reactor, while the 
progress of the reaction course was monitored by TLC. After 200 h (ca. 90% photoconversion of la), 
the reaction mixture was evaporated in vacuo. The residue obtained (yellow oil) was chromat- 
ographed on silica gel; eluent system: toluene, then toluene containing increasing amounts of ethyl 
acetate. 

Fraction (100% toluene), provided 370 mg (11.8%) of a pale yellow liquid, elucidated as the oxygen 
analog 2 of Potasan@ (comparative TLC, IR, and 'H NMR spectra with an authentic sample6.12). MS: 
m / z  312 (M+). 

Fraction (95:5, v/v) gave 315mg (10.56%) of unchanged la, mp38"C (lit mp38"C6,21); 
MS: m / z  328 (M+). 

Fraction (90: 10, v/v) afforded a yellow crystalline material 252 mg (8.4%), which was recrystallized 
from acetone to give pale-yellow crystals of mp 120°C and identified as 3,3'-dehydrodimer 3. - IR 1765 
1025 cm-'; 'H NMR 61.37 (dt, POCH2CH3, JpH = 11.5, JHH= 0.8 Hz), 2.58 ( s ,  4-CH3), 4.26 (dq, 
POCH,CH,, JPH = 11.5, JHH = 0.8 Hz), 7.0-7.6 (m, Har,); ,'P NMR 662.35 pprn; MS m / z  654 (M+); 
Anal. Calcd. for C&H320,0P2S2 (654.4): C, 51.36; H, 4.92; P, 9.46; S, 9.85. Found: C, 51.08; H, 4.78; 
P, 9.33; s, 9.47. 

Fraction (70: 30, v/v), contained a colorless crystalline product, 429 mg (23.2%), recrystallized from 
ethanol; mp 115"C, proved to be 7-ethoxy-4-methyl-2-oxo-2H-l-benzopyran (7-ethoxy-4-methyl 
coumarin) 4. - IR 1740, 1625; 'H NMR 61.46 (t, ethoxy-CH,), 2.64 (d, 4-CH3, JHH = 1.5 Hz), 4.11 (q, 
ethoxy-CH,), 6.28 (q, 3-H, JHH = 1.5 Hz), 7.1-7.5 (m, Har,). - MS: m / z  204 (M+); Anal. Calcd. for 
C,,H,,O, (204.2): C, 70.57; H, 5.92. Found: C, 70.23; H, 5.89. 
Phorolysis of Potman@ l a  in the Presence of Singlet Oxygen. A solution of Potasan@ l a  (3g, 9 mmol) 
in methanol (300 ml) was irradiated for 150 h while oxygen was steadily circulated in the solution 
containing 30mg of methylene blue. Working up the photolysate as described above, resulted in 
isolation and identification of 2 (376 mg, 13.2%), unchanged l a  (170 mg, 5.7%), 3,3'-dehydrodimer 3 
(294 mg, 9.8%), and 4 (510 mg, 27.5%), respectively. 
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