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Photochemistry of Pesticides. 9.l Further Studies on the 
Photochemistry of 0,O-Diethyl 
0 - (3-Chloro-4-methyl-2-0~0-2H- 1 -benzopyran-7-y1) Thiophosphate 
(Coumaphos) 

Wafaa M. Abdou,2 Mahmoud M. Sidky, and Heinrich WamhofCF 

The photodimerization of Coumaphos (1) has been studied in detail, varying solvents and concentrations. 
In all cases, three dimeric products 2-4 have been isolated head-to-tail anti dimer 2, its oxidation product 
3, and head-to-tail syn dimer 4. 3 was independently made by irradiation of Coroxon (5). A biological 
evaluation was carried out for the main product 2. 

It has been previously reported (Abdou et al., 1987) that 
UV irradiation of the pesticide (Gunther and Gunther, 
1971; Buchel, 1983) O,O-diethyl0-(3-chloro-4-methyl-2- 
oxo-W-1-benzopyran-7-yl) thiophosphate (1, Coumaphos; 
also marketed under the trade names Bayer 211199, 
Asuntol, Resitox, and Muscatox) reveals a rather different 
cycloaddition behavior in comparison to the unsubstituted 
coumarin molecule. Thus, irradiation of an 1% CHC1, 
solution of 1 in the presence or absence of singlet oxygen 
results in a regioselective photodimerization to afford a 
head-to-tail anti dimer 2, whose structure was established 
by single-crystal X-ray diffraction analysis. Since it has 
been reported (Anet, 1962; Hammond et al., 1964; Krauch 
et al., 1966; Morrison et al., 1966; Hoffman et al., 1971) that 
both solvent and concentration show a remarkable effect 
on the course of the photodimerization of coumarins, we 
have now extended our study on the photodimerization 
of Coumaphos (1) with variation of the solvents and con- 
centrations employed (cf. Tables I and 11). Moreover, a 
biological evaluation of the dimer 2 seemed to be of great 
interest, with regard to the general question if the bio- 
logical activity of a known active principle, such as 1, is 
decreased or increased upon photodimerization to 2 (cf. 
Table 111). 
RESULTS AND DISCUSSION 

An 1% MeOH solution of 1 was irradiated with a Hg 
high-pressure lamp in a Pyrex reactor (A > 313 nm) for 
ca. 300 h. The photolysate was carefully chromatographed 
over silica gel to give products 2-4 in sequence (Scheme 
I). 

As in the previous work (Abdou et al., 1987), the head- 
to-tail anti dimer 2 was obtained as main product in 30% 
yield and was confirmed by comparison with the previous 
reported data. Product 3 was obtained as colorless needles 
in 10% yield. We discuss for 3 the constitutional formula 
of a head-to-tail anti dimer with oxidation at the thio- 
phosphate moiety of 2 for the following reasons: (a) The 
elemental analysis and MS are consistent with the con- 
stitutional formula of 3, while electron impact MS show 
a significant peak at  mlz 346 (348) corresponding to the 
monomeric form (i.e., compound 5), which reflects, likely 
to 2, the instability of the dimer 3 on electron impact, and 
the novel dual-beam ionization technique (Butfering et al., 
1986, 1987) reveals [M + H]+ at  m / z  693. (b) The IR 
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Table I. Effect of Solvent on the Photodimerization of 1 
yield," % 

solvent 2 3 4 
CHC13 20 5 4 
EtOAc 25 8 5 
MeCN 25 5 7 
MeOH 30 10 8 

OBased on the amount of the starting material (100% disap- 
pearance of 1; TLC). 

Table 11. Effect of Concentration on the Photodimerization 
of 1 

concn, yield," % 
mM 2 3 4 

10 30 10 8 
50 22 7 8 
100 19 3 5 

=Based on the amount of the starting material used (100% dis- 
appearance of 1; TLC). 

spectrum reveals a new strong band at  1265 cm-' typical 
for the +P=O group (Hesse et al., 1979). (c) The 31P 
NMR shift 6 -6.66 is definitively within the range expected 
for the phosphate shift (Crutchfield et al., 1967). (d) The 
NMR data (lH, 13C) of 3 are in close relationship to those 
of dimer 2, the latter one being established unambiguously 
(cf. Tables IV and V). In 'H NMR, the methyl signal a t  
6 1.63 indicates clearly the methyl group being attached 
to a bridgehead C atom (Hesse et al., 1987). Supplemen- 
tary evidence for assigned structure 3 has been gained from 
the close similarity of lH, and 13C, signals in 2 and 3. An 
additional support for this structure was obtained by 
preparing and UV irradiation of 0,O-diethyl O-(3-chloro- 
4-methyl-2-oxo-W-l-benzopyran-7-yl) phosphate (5, Co- 
roxon; i.e. the phosphate analogue of Coumaphos (1); Amin 
and Christian, 1974). The photolysate was chromato- 
graphed on silica gel to afford colorless needles possessing 
the identical melting point (111-112 OC) and proved to be 
head-to-tail anti dimer 3 (melting point, mixed melting 
point, and comparative spectral data; cf. Scheme I). 

Most obviously, Coumaphos (1) shows a fast dimeriza- 
tion rate but a comparatively slow oxidation (air) rate 
toward Coroxon (5), the latter shows due to ita UV ab- 
sorption at  shorter wavelengths a much decreased di- 
merization tendency to form product 3. This is confirmed 
by independent irradiation of the dimeric thiophosphate 
2 in MeOH or CHC1, for ca. 100 h, where in no case any 
change could be observed; additionally, no cross dimer of 
1 and 5 could be detected. 

Then, the third product 4 was obtained as colorless 
crystals (8% yield, mp 145 "C). Even though this product 
4 shows the same analysis, molecular weight, and conse- 
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Table 111. Results of Some in Vitro Tests of 2 in Comuarison with Asuntol (1: Amlied as 16% E.C.). 
inhib of egg 

deployment act., %: 
female Boophilus 

kill rate, % 

blowfly larvae of Musca autumnalis 
microplus (dP-sens. Luciia cuprina and 

Yeerongpilly-St.) (OP-sens. Elberfeld st.) Stomoxys calcitrans 

ppm a i .  2 Asuntol 2 Asuntol 2 Asuntol 
concn, 

10000 0 
3000 0 
1000 0 
300 0 
100 0 
30 0 
10 0 
3 
1 

100 100 
100 100 
100 100 
100 0 
50 0 
50 0 
0 0 

0 
0 

100 0 100 
100 0 100 
100 0 100 
100 0 0 
100 
100 
100 
100 

0 

Table IV. Physical Constants and IR, IH NMR (CDCls, 6, TMS Internal Standard), 31P NMR (CDCIS, ppm), MS, and 
Analytical Data of 1-4 

elemental anal: 

yp,  formula MS: mlz calcd (found) IR (KBr), cm-’ 31P 
no. C (MW) (re1 intens) C H C1 C=O P=O P-0-R NMR ‘H NMR 6 (J, Hz) 
1 93” CldH&lOrPS 362 1735 1015 +62.55 1.42 (dt, 6 H, CH&Hs, _. 

(362.8) 364 (33)d 

2 124a CBH&1201&’2S2 362 46.35 4.44 9.77 1760 
(725.6) 364 (33Id (46.42) (4.55) (9.67) 

727 [M + 

3 112’ CBH32C12012Pz 346 48.49 4.65 10.22 1760 1265 
(693.4) 348 (33)d (48.50) (4.71) (10.60) 

693 [M + HI+, 

4 145‘ C%H,&lz01$zSz 362 46.35 4.44 9.77 1750 
(725.6) 364 (33)d (46.47) (4.48) (9.72) 

727 [M + HIae 

- -  
J H H  = 7.5, ‘JPH = 1.1), 
2.62 (d, 3 H, CH3, 4 J ~ ~  = 

CH2CH2, J H H  = 1.5, 
3 J p ~  = IO.2), 7.42 (m, 3 H,) 

J H H  = 8.0, ‘JPH = 1.2), 
1.66 (d, 6 H, CH3, ‘JHH = 

CH3CH2, JHH = 8.0, 
3 J p ~  = 10.8), 7.30 (m, 6 H,) 

J H H  = 7.8, ‘JPH = 1.4), 
1.63 (d, 6 H, CH3, ‘JHH = 

CH3CH2, J H H  = 7.8, 
3 J p ~  = 10.6), 7.28 (m, 6 H,) 

J H H  = 7.6, ‘JPH = 1.2), 
1.62 (d, 6 H, CH3, ‘JHH = 

CHaCHz, JHH 7.6, 
3 J p ~  = 10.4), 7.19 (m, 6 H,) 

0.6), 4.28 (dq, 4 H, 

1035 +62.51 1.30 (dt, 12 H, CHSCHZ, 

0.5), 4.25 (dq, 8 H, 

1045 -6.66 1.37 (dt, 12 H, CH3CH2, 

0.5), 4.03 (dq, 8 H, 

1020 +62.31 1.42 (dt, 12 H, CHZCH2, 

0.5), 4.30 (dq, 8 H, 

a Crystallization solvent: EtOH. *Crystallization solvent: CHC13. Crystallization solvent: MeOH. Electron impact. e Dual-beam 
ionization technique (Butfering et al., 1986, 1987). 

Table V. NMR Data of 1-4 in CDCls [ppm, TMS Internal Standard (Jpc, Hz)] 

L X 

1: X = S , n = l  
2: X = S , n = 2  
3: X = O , n = 2  
4: X = S , n = 2  

c-2 c-3 c-4 C-4a c-5 C-6 c-7 C-8 C-8a C-9 c-10 c-11 
no. (C-2’) (C-3’) (C-4’) (C-4a’) (C-5’) (C-6’) (C-7‘) (C-8’) (C-8a’) (C-9’) ((2-10’) (C-11‘) 
1 156.5 119.8 147.3 117.5 d (1.7) 126.1 118.4 d (5.1) 152.9 d (6.6) 116.8 d (5.2) 151.9 16.4 64.9 d (6.6) 15.7 d (7.4) 
2 161.0 69.8 54.5 117.4 d (1.4) 129.4 118.3 d (5.1) 152.4 d (6.6) 110.4 d (5.1) 150.8 24.9 65.4 d (5.9) 15.8 d (8.0) 
3 161.0 69.7 54.3 117.4 d (1.3) 129.8 119.4 d (5.1) 152.1 d (5.8) 109.8 d (5.4) 151.0 24.8 65.7 d (5.7) 15.7 d (8.0) 
4 161.1 69.9 54.7 117.3 d (1.5) 130.3 118.4 d (5.0) 152.7 d (5.4) 110.1 d (5.4) 150.9 25.1 65.5 d (6.0) 15.9 d (7.4) 

quently the same elemental composition C28H32C12010p2S2 
as 2, the physical properties as well as the spectral data 
(IR, 31P, ‘H, 13C NMR) of both compounds turned out to 
be rather different (cf. Tables IV and V). Nevertheless, 
4 is an isomer of 2. From the spectral data, we assume 4 

to be a head-to-tail syn dimer, and due to steric and 
electronic effects of the substituents (thiophosphate, C1, 
Me) a potential formation of 5ead-to-head dimers can be 
excluded. 

In order to study any so vent effect on the photo- 
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Scheme I 

EtO" \OEt  

1 
I Coumaphos) 

= 

BIOLOGICAL EVALUATION 
Table I11 shows the results of the biological assay of the 

dimer 2 against Asuntol (as 16% E.C. commercial product) 
as standard. Except for a rather weak activity against 
blowfly larvae, 2 shows no significant activities against 
typical test parasites studied. [We thank Prof. Dr. H. 
Hulpke and Dr. W. Stendel of the Bayer AG, Leverkusen 
and Wuppertal, for carrying out the biological evaluation.] 

reactions, photooxidations, and photodegradations of ac- 
tive principles cause complete elimination of their previous 
biological activities. Thus, consequently, upon UV irra- 
diation Asuntol (Coumaphos, 1) loses largely ita biological 
activities; it is photochemically deactivated. 

S N p P  
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-* hY 0 C I  &\,e $0 This result is not surprising as in most cases photo- 
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EtO" 'OEt EXPERIMENTAL SECTION - 2 Melting points are uncorrected. Technical Coumaphos 
(1) was supplied by the Bayer AG D-5090 Leverkusen and 
was recrystallized from MeOH before use. IR (KBr): 
Perkin-Elmer 157-G. 'H NMR (CDCl,) and 31P NMR 
(CDCl,, vs 85% H3P04): Varian CFT-20. 13C NMR 
(CDCl,): Bruker WH-90. MS (70 eV): MS-50 of Kratos 
(AEI). Microanalysis: Mikroanalytisches Laboratorium 
Pascher, Remagen. Photolyses were carried out in a Pyrex 
photoreactor equipped with a Hg high-pressure lamp 
(Philips HPK 125). 

Photodimerization of Coumaphos (1)  in MeOH. 
Coumaphos (1; 3 g, 8 mmol) was exposed in MeOH solu- 
tion (300 mL) to UV irradiation using a Pyrex filter. After 
300 h, the solvent was evaporated to dryness in the pres- 
ence of silica gel (7 g), and then the mixture was separated 
by chromatography on silica gel with light petroleum ether, 
then with toluene as eluent, and finally with toluene-ethyl 
acetate (9.5:0.5. &2. 6:4) to give the DhotoDroducta 2. un- 

s\ / O E t  

0' \OEt  
P 

P 
S' 'OEt 

- - 4 

E t O \  ,O 

EtO'  ' 0  
P 

5 
P 

(Corox  o n )  

dimerization course, the irradiation of Coumaphos (1) was 
carried out in several solvents of different polarity (CHCl,, 
EtOAc, MeCN, MeOH), maintaining the general condi- 
tions as in the first experiment (cf. Table I). 

Similarly, the influence of the concentration on the in- 
dividual yield of 2-4 was studied as well by carrying out 
the irradiation of 1 in MeOH in the same way but with 
different molarities; the results are depicted in Table 11. 

From the data shown in Tables I and 11, it is obviously 
that Coumaphos (1) undergoes photodimerization, pref- 
erentially to give the head-to-tail anti dimer 2, which al- 
ways dominates the side products 3 and 4. Moreover, it 
has been demonstrated that the polarity and the molarity 
only affect the amount of converted Coumaphos (1): Polar 
solvents increase slightly the amount of conversion; high 
concentrations, however, diminish the rate of conversion 
(self-quenching?). From this behavior and previous results 
(Abdou et al., 1987), we can conclude that the dimerization 
mechanism for Coumaphos (1) and Coroxon (5) is com- 
pletely different from that of nonsubstituted coumarin. 
Because of the internal heavy-atom effect of C1, no singlet 
seems to be involved. The head-to-tail anti formation of 
dimers 2 and 3 is a product of a coumarin triplet state. As 
a consequence, solvent polarity and concentration effects 
(Anet, 1962; Hammond et  al., 1964; Krauch et al., 1966; 
Morrison et al., 1966; Hoffman et al., 1971) play only a very 
limited role. Additionally, a steric governing effect of the 
(thiolphosphate group might be discussed. 

changed 1, and 3 and 4 in"sequence. F i r  physical'and 
analytical data of 2-4, cf. Tables IV and V. 

Photodimerization of Coroxon (5) in CHC13. Co- 
roxon (5) was prepared as described before (Amin and 
Christian, 1974), and 5 (3 g, 8.6 mmol) was irradiated in 
CHC1, (300 mL) for 200 h. The reaction mixture was 
worked up as mentioned above. The chromatography was 
carried out with the following eluents: toluene and then 
toluene containing increasing amounts of EtOAc. The 
fraction (up to 9.5:0.5) eluted 1.5 g (50%) of a yellow 
substance, recrystallized from cyclohexane to give a yel- 
lowish white solid (mp 65 OC) and proved to be unchanged 
Coroxon (5; Amin and Christian, 1974). 

The fraction (up to 8:2) afforded 600 mg (20%) of col- 
orless needles (mp 111-112 "C), confirmed to be dimer 3 
(melting point, mixed melting point, and comparative 
spectra). Cf. Tables IV and V. 

Irradiation of Dimer 2 in MeOH and CHC13. The 
dimeric thiophosphate 2 (1 g, 1.3 mmol) was irradiated in 
MeOH and/or CHC13 (150 mL) for 100 h. TLC analysis 
showed no trace of any photoproduct, and only starting 
material (0.96 g, 96%) was recovered after the usual 
workup. 

Dimerization Studies in Different Solvents. In 
three parallel experiments, irradiation of Coumaphos (1) 
was carried out in CHCl,, EtOAc, and MeCN, similar to 
the photoreaction of 1 in methanol, employing the same 
amounts. The reaction mixture was worked up in the usual 
way and chromatography on silica gel gave products 2-4. 
For comparative yields, cf. Table I. 

Dimerization Studies in Different Concentrations. 
In three parallel experiments 1 (1.1, 5.4, 10.8 g) was dis- 
solved in MeOH (300 mL) to give 0.01, 0.05, and 0.1 M 
solutions. After irradiation of the individual solutions for 
300 h, it was worked up in the usual manner; 2-4 were 
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isolated by chromatography (cf. Table 11). 
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Crystal and Molecular Structure of Herbicides. 5. Bromacil (Hyvar) 

Russell G. Baughman* and Pei-Jan Yu 

The crystal and molecular structure of bromacil(5-bromo-3-sec-butyl-6-methyluracil) [monoclinic; F'2Jn; 
a = 9.570 (2), b = 9.801 (l), c = 12.147 (3) A; /3 = 106.41 (3)"; 2 = 4; Mo Ka radiation; p = 39.65 cm-I 
(correction made)] has been determined by X-ray analysis. The structure was solved by the Patterson 
method and refined to a final R = 0.073 for 1004 observed reflections. Planar molecules form a dimer 
through NH-0 intermolecular bonds. Addition of the Br and sec-butyl group causes a few significant 
bond length and angle changes in the uracil skeleton. 

Bromacil (5-bromo-3-sec-butyl-6-methyluracil, I) is a 
substituted uracil herbicide. Members of this class of 
compounds were shown by Bucha et al. (1962) to be highly 
phytotoxic to a variety of plants. The mode of action of 
the uracils appears to be by their interference with the 
photosynthetic process in the plant, likely by competing 
with naturally occurring pyrimidines (Metcalf, 1971) 

0 CH3 
II I 

H 

I 

The structural study of bromacil is part of a series 
(Baughman et al., 1978, 1980a,b, 1981) being carried out 
in order to collect a body of precise structural parameters 
to eventually aid in drawing interferences regarding the 
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nature of the interaction site(s) on the chloroplast. 
EXPERIMENTAL SECTION 

Crystal Data. At 27 "C with graphite-monochromated 
Mo Ka radiation (A = 0.71069 A), a rectangular prismatic 
crystal with dimensions 0.36 X 0.10 X 0.16 mm yielded the 
following information: monoclinic; a = 9.570 (21, b = 9.801 
(l), c = 12.147 (3) A; /3 = 106.41 (3)". 

Intensity Data, Structure Determination, and Re- 
finement. Four octants of data within a 26 sphere of 45' 
were collected by the method and apparatus described by 
Rohrbaugh and Jacobson (1974). A total of 4095 reflec- 
tions were recorded in the hh,*k,l octants. 

The intensity data were corrected for Lorentz and po- 
larization effects, and since p = 39.65 cm-', an absorption 
correction was applied with a &scan technique (Karcher 
and Jacobson, 1980). The estimated variance in each in- 
tensity was calculated by 

2 ( I )  = 

where CT, CB, and CN represent the total, background, and 
net counts, respectively, A is the transmission factor, and 

[CT + 2 c ~  + (0.03C~)' + (0.03C~)' + (O.O~CN)~]/A~ 
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