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SYNTHESIS, SPECTRAL PROPERTIES AND PESTICIDE EFFECT
OF PYRIDAZINYL-4-0OXY-1,3,2-DIOXAPHOSPHOLANE-2-THIONE
AND 1,3,2-DIOXAPHOSPHORINANE-2-THIONES

Viclav KoNeENY and Stefan VARKONDA

Research Institute of Agrochemical Technology, 810 04 Bratislava

Received January 10th, 1979

The synthesis of new 2-(1-alkyl, phenyl-5-alkoxy, alkylthio, chloro-6-oxo-1H-pyridazinyl-4-oxy)-
-1,3,2-dioxaphospholane-2-thiones and 1,3,2-dioxaphosphorinane-2-thioncs is described. The
synthesized products were characterized by IR and UV spectral data and their contact and systecmic
insecticide, acaricide, ovicide and fungicide activitics were measured, the highest being found
the ovicide effect.

The hitherto investigated relation between the structure and pesticide activity of pyri-
dazin-4-yl esters of organophosphorous acids of general formula 4 showed that the
pesticide effect is influenced in a considerable degree by all substituents R'—R*
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and X. The highest contact insecticide, acaricide and ovicide effects were found
with compounds having R! = ethyl, alkoxy, R? = alkoxy, N-alkylamido, R® =
= alkyl, phenyl, benzyl, R* = alkoxy, X = oxygen, sulfur. The highest fungicide
activity displayed compounds with R* = alkyl, alkoxy, N,N-dimethylamido, R? =
= alkoxy, N,N-dimethylamido, R® = methyl, R* = methoxy, ethylthio, X = oxygen,
sulfur! =4,

In continuation of our project dealing with the synthesis and pesticide activity
of pyridazin-4-yl organophosphorates our endeavour was focussed on the synthesis
of substances of general formula B having phosphorus incorporated in the hetero-
cyclic ring.

We investigated the consequence of a structural change on pesticide activity and
measured the IR and UV spectra of the prepared compounds. The racemate of 2,3-
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butanediol ([oz][z,s + 02) was used for preparation of 4,5-dimethyl-2-chloro-
-1,3,2-dioxaphospholane-2-thione; in an analogous way prepared 4,5-dimethyl-
-2-chloro-1,3,2-dioxaphospholane-2-thione and III—V were racemates, as well.

The desired products were synthesized from 2-chloro-1,3,2-dioxaphospholane-2-
-thione or 2-chloro-1,3,2-dioxaphosphorinane-2-thione and sodium or potassium
1-alkyl, phenyl-5-alkoxy, alkylthio, chloro-6-oxo-1H-pyridazin-4-ol in acetonitrile.
The most part of the prepared compounds were crystalline products; liquids were
purified by column chromatography according to® (Table 1). The IR spectral data were
interpreted according to®. All spectra were measured in chloroform, some of them
also in tetrachloromethane; the latter made it impossible to read vibrations v,(OPO)
and ¥(P=S) due to an overlapping absorption of the solvent. Reading of v(P=S)
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Formula B
R! R? R3 -
1 CH,—-CH, CH;0 CH,
I CH,-CH, CH;0 C4H;

I CH(CH,—CH(CH;) CH,0 CH,
IV CH(CH,)—CH(CH,) CH,0 CgH,

v CH(CH,)—CH(CH,) Cl CeH;
VI  CHy—CH,—CH(CH,) CH,0 CH,
VIl CH,—CH,—CH(CH,) Cl CH,

VIII  CH,—CH,—CH(CH,) CH,0 C,H,

IX  CH,—CH,—CH(CH,) Cl CeH,
X CH,—C(CH,;),—CH, H CH,
XI  CH,—C(CH,),—CH, CH,0 CH,
XII  CH,—C(CH,),—CH, Cl CH,

XII  CH,—C(CH,),—CH, C,H;O CH,
XIV  CH,—C(CH,),—CH, C,H,S CH,
XV CH,-C(CH,),—CH, C,H,S CH,
XVI  CH,—C(CH,),—CH, Cl C,H;
XVII CH,—C(CH,),—CH, CH,0 C¢H,,
XVII CH,—C(CH,),—CH, CH,0 C¢H,
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Pyridazinyl-4-oxy-1,3,2-dioxaphospholane-2-thione

TabLe |

2-1-Alkyl, Phenyl-5-alkoxy, Alkylthio, Chloro-6-oxo-1H-pyridazinyl-4-oxy-1,3,2-dioxaphospho-
lane, (phosphorinane)-2-thiones

Calculated/Found

% N

1007

10:06
823
810
914
944
7:61
8:01
752
7:68
914
902
9:02
920
761
760
7:52
768
9-65
9:51
874
893
863
8-86
838
864
799
793
7:90
806
827
847
721
7:31
7-33
742

M.p., °C
(yield, %)

168—170
(59-1)
1:5421°
(68-3)
9192
(71-2)
110111
(69-1)
1-5541¢
(89-6)
78—380
(84-7)
74—176
(88-0)
136—138
(60-2)
114—115
(84-6)
98—99
(72:6)
162—163
(83-0)
95—96
(84-2)
109—110
(76'8)
16—117
(90°1)
130—131
(863)
110—112
(69-8)
150—151
(90-2)

Compound Formula - B

(mol.weight) A oS

1 CgH, N,0,PS (113 1152
(278-2) 11-28 1181

I C,3H,4N,0,PS 910 942
(340-3) 9-20 9-81

m C,oH,sN,05PS 1011 1047
(306-2) 10-23 10-69

w C,sH,,N,04PS 841 870
(368-3) 8:60 871

v CyH,,CIN,0,PS 83 860
(372:7) 8-41 8-80

Vi C,0H,sN,05PS 1011 1047
(306-3) 990 10:32

vi CoH,,CIN,0,PS 997 1032
@3107) 10-06 1021

Vi C,5H,,N,04PS 841 870
(368-3) 843 871

X C,4H,,CIN,0,PS 831 860
(3727) 8:65 8-81

X CyoH,sN,0,PS 1067 1104
(290°5) 10-55 11:33

X1 CyH{,N,0,PS 967 1001
(3203) 965 1019

xu CioH,4CIN,O,PS 954 987
(324'7) 9-52 10-02

xur C,HoN,04PS 926 958
(337-5) 916 965

xtv Cy2H,gN,0,PS, 884 1830
(350-4) 876 18-53

xv C,3H,yN,0,PS, 850 1809
(364-4) 8:55 17-76

xvi Cy H;4CIN,O,PS 914 947
(3387 898 9l

xvir C,6H,sN,04PS 797 825
(388:4) 7-88 834

XVII - C,¢H,sN,05PS 810 839
(382-3) 8:24 8:59

“ndl,
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stretching vibration at about 700 cm™! was, for the same reason, impossible also

in chloroform. Characteristic of all substances is the stretching vibration between
16361670 and 1645~1684 cm™" in chloroform and tetrachloromethane, respecti-
vely. Position of the v(C==0) stretching vibration is mainly influenced by the sub-
stituent R2, what has already been ascertained; in addition correlativeness with Taft
constants* was found. The substituent R? less influenced this position. As being found,
substituent R also influenced the v(C=O) stretching vibration, what is quite sur-
prising; compounds ¥ and IX (R* = Cl, R® = C¢H,) form exceptions; here the
wave number does not change either in CHCl, or in CCl,. This fact can be explained
by the presence of strong electron-accepting Cl and C¢Hjy groups bound to carbon
or nitrogen in the neighbourhood of carbonyl group; these considerably took part
in lowering the electron density at carbon of the carbonyl group, so that the effect
of substituent R' was negligible. On the other hand, the effect of substituent was not

Ol S
RSP

manilested, if phenyl group was replaced by methyl group. The difference with com-
pounds VII and XII (R* = Cl, R® = CH;) made already 8 cm™*. Like differences
were observed with compounds I, I11, VI, and XI (R* = CH,0, R*® = CH,) and
I1, 1V, VIII, and XVIII (R* = CH;0, R® = C¢Hj). The effect of substituent R*
on the wave number of v(C:O) stretching vibration was due to a spatial arrangement
of the molecule. All compounds also showed a medium intense W(C=N) stretching
vibration, the position of which was influenced by substituents R* —R® at the same
extent as was the y(C=0) stretching vibration. Compounds I, I1I, VI and XI dis-
played the wave number difference 12 cm™!, that of II, IV, VIII and XVIII was
a little lower (9 cm™"). The difference between compounds VII and XII was only
3cm™!, whereas Vand IX revealed no difference.

The v(C—N) stretching vibration of medium intensity at 1370—1392cm™*
was influenced by substituents R* — R3. The symmetric stretching vibration v(C—O)
was associated with an intense band in the 960~1037 cm™' region, the y(C—C)
stretching vibration of medium intensity with the band at 873—970 cm~!. The sym-
metric v(OPO) vibration of medium intensity appeared at 850—902 cm ™' in CHCl;,
whilst in CCl, the differences were greater mainly when R? = Cl and amounted
up to 12cm™" with compounds IX, XII, XVI. The asymmetric vibration v,(OPO)
of medium intensity recorded in CHCl; only was seen in the 820—854 cm ™! region.
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Stretching vibration v(C—O). ¥(C—C), v,(OPO) and v,(OPO) reffered (o 1.3,2-dio-
xaphospholane-2-thione or 1,3,2-dioxaphosphorinane-2-thione ring and their loca-
tion was influenced only by substitution at position 4. 5 and 6 of those rings.

The UV spectra, of the synthesized compounds werce characteristic ol two maxima,
the first of which in the 211 —216 nm region was duc to a n—n* transition, the sccond
one appeared at 284 —309 nm excepting XIV and X1’ (R? = SC,H; and SC3H,)
having this maximum at 321 nm. The bathochromic shilt can be rationalized by con-
junction of sulfur into the conjugated system. The second maximum was assigned
the n—n* transition.

Pesticide effect in tests of contact and systemic insecticide activity towards Musca
domestica, Calandra granaria and Aphis fabae and acaricide effect towards females
of Tetranychus urticae could be neglected. The relatively highest values towards
eggs of T. urticae displayed compounds I, I11, V, VII. XI— X111 and XVII in a 0-5%
concentration (100%), nonetheless only compound X VII had this cffect more than
50% in a 0:05% concentration (53%). None of the tested compounds was effective
in the first screening as a fungicide in such an extent as to be subjected to further
precision tests. Values of pesticide efficacy let us conclude that incorporation of phos-
phorus into the heterocyclic system, i.e. formation of a 1,3,2-dioxaphospholane
or 1,3,2-dioxaphosphorinane-2-thione ring resulted in a notable decrease of insecti-

. - - . R'O -
cide, accaricide and fungicide effects when compared with RZO,\;P(S)-subslnullon

at phosphorus; the ovicide efficacy only was so-so preserved.

EXPERIMENTAL

Methods

IR spectra (400— 2200 crn") were recorded with an IR Specord 75 (Zeiss, Jena) apparatus,
UV spectra with a Unicam SP 8000 spectrophotometer (calibrated with a holmium filter) in me-
thanolina2.107°—5. 10~ *msolutions in 1 cm-cells.

Compounds

1-Alkyl, phenyl-5-alkoxy, alkylthio, chloro-6-oxo-1H-pyridazin-4-ols were prepared according
to”, 2-chloro-1,3,2-dioxaphospholane-2-thione, 4,5-dimethyl-2-chloro-1,3,2-dioxaphospholane-
-2-thione, 6-methyl-2-chloro-1,3,2-dioxaphosphorinane-2-thione and  5,5-dimethyl-2-chloro-
-1,3,2-dioxaphosphorinane-2-thione according to8.

To sodium or potassium salt of 5-alkoxy, alkylthio, chloro-1-alkyl, phenyl-6-oxo-1H-pyrida-
zin-4-ol (55 mmol) in acetone (100 ml) the corresponding 2-chloro-1,3,2-dioxaphospholane-
-2-thione or 2-chloro-1,3,2-dioxaphosphorinane-2-thione (50 mmol) was added and stirring was
continued for 2—4 h at a reflux temperature. The cooled mixture was poured into the stirred
water (30 ml), the separated solid was filtered off and purified by crystallization. If the product
is liquid, it was extracted with toluene (100 ml), washed with water, 5% sodium carbonate,
dried, toluene was removed and the residue purified by column chromatography according to°.
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Pyridazinyl-4-oxy-1,3,2-dioxaphospholane-2-thione
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Pesticide Activity

The contact insecticide cffect was investigated on Musca domestica L., Calandra granaria L.
and Aphis fabae Scop. using metation (O,0-dimethyl-O-(3-methyl-4-nitrophenyl) thiophosphate)
as a reference. The systeme insecticide activity was examined on A. fabae using Intration (O,0-di-
cthyl-S-(2-cthylthioethyl) dithiophosphate) as a standard. The acaricide and ovicide cflects
were studied on Tetranychus urticae KocH. and eggs of T. urticae, respectively, employing Akari-
tion (0O,0O-diethyl-S-(4-chlorophenylthiomethyl) dithiophosphate) as a reference. Procedures {or
determining the insecticide, acaricide and ovicide activities were already publishedg"o, The
fungicide efTect was investigated on Tilletia foetida, Botrytis cinerea and Fusarium nivale by a zone
method using Kaptan (3a,4,7,7a-tetrahydro-N-trichloromethanesulfenylphthalimide) as a stan-
dard. The antipowdery mildew activity was estimated by spraying the living barley subspecies
Dunajsky trh (Erisyphe graminis DC) using Chloraniformetan (1-(3,4-dichloroanilino)-1-formyl-
amido-2,2,2-trichlorethane) as a reference, on cucumbers (E. polyphaga HAMMARLUND) using
Dinocap (2,4-dinitro-6-octylphenyl crotonate and 2,6-dinitro-4-octylpheny! crotonate) as a stan-
dard and on tomatoes (Phytophora infestans DE By) by the spray-on method using Mankozeb
(manganese and zinc ethylenebisdithiocarbamate in a 7: 1 ratio) according to'!. The systemic
activity towards E. polyphaga and P. infestans on cucumber and tomato plants, respectively,
was estimated by watering according to® employing Tridemorf (N-tridecyl-2,6-dimethylmorpho-
line) as a reference.
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