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The synthesis of trisubstituted phosphorylisothioureas by the reaction of
0,0-dialkyl and O,O-diphenyl chlorophosphates with thiouronium salts in
the presence of different agents binding hydrogen halogenide or by the reaction
of the corresponding phosphites with thiouronium salts in carbon tetrachloride
in the presence of triethylamine is described. The i.r., u.v., and 'H-n.m.r.
spectra as well as pesticidal activities of the prepared compounds are discussed.

OmnucaH CHHTE3 TPEX3aMeleHHbIX TPOM3BOAHBIX (hOChOPHIHU30THOMOYEBU-
Hbl npu momomu peakuuu O,O0-muankun- u O,0-gudenunxnoppocdaTon
C COJIIMH THOYPOHUS B NIPHCYTCTBUH PA3HbIX PEAKTHBOB, CBA3bIBAIOIIUX rajo-
FEHBOJIOPOJ, MIIU NIPU PEAKIMH COOTBETCTBYIOIUX (DOCCHUTOB C CONIMU THOY-
POHUSI B Cpefie YEThIPEXXJIOPUCTOTO YIIIepofa B MPUCYTCTBHM TPHITHIAMUHA.
O6cyxpatorcss UK, Y&, u 'H-SIMP cnekTpbl NONYyYEHHBIX COEHMHEHUH
M TaKXe MX MECTHULMIHbIE CBOHCTBA.

Synthesis, properties, and structures of N-(O,O-dialkyl and -diphenylthio-
phosphoryl)-S-alkyl substituted isothioureas were described in our previous paper
[1]. Cramer and Vollmar [2] described the preparation of some N-(O,O-diaryl-
phosphoryl)-S-methyl(ethyl)isothioureas by the reaction of O,O-diaryl chloro-
phosphates with methylthiouronium sulfate or ethylthiouronium bromide in
a heterogeneous mixture (benzene—water) in the presence of sodium hydroxide.
They described also the preparation of N-(O,O-dibenzylphosphoryl)-
-S-methyl(ethyl)isothioureas by the reaction of dibenzyl phosphite with meth-
ylthiouronium sulfate or ethylthiouronium bromide in the mixture of carbon
tetrachloride and water in the presence of sodium hydroxide. _

It was found that substituted phosphorylisothioureas, similarly as substituted
thiophosphorylisothioureas, were decomposed by treatment with alkali hydroxide.
Therefore, it has evolved a need for a more suitable method of preparation. As
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PHOSPHORYLATED ISOTHIOUREAS. I
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seen from Scheme 1, the compounds can be isomeric with respect to the position of
the double C=N bond. Therefore, it was necessary to determine their structures
and physicochemical properties. The investigated compounds were tested also for
pesticidal activity as they were structurally similar to some pesticidal preparations.

Experimental

Dimethyl [3], diethyl [4], dipropyl [3], diisopropy! [3], dibutyl [5], diisobutyl [6], diphenyl
[7], dibenzyl [8], bis(2-chloroethyl) [9], and diallyl [10] phosphites were prepared by known
procedure, i.e,from phosphorus chloride and the appropriate alcohol. Ethyl butyl phosphite
was prepared by treatment of diethyl phosphite with butanol at 150°C [11]. The correspond-
ing chlorophosphates were prepared by treatment of phosphites with freshly distilled sulfuryl
chloride in carbon tetrachloride at 20—30°C [3, 12] or by the reaction of phosphite with
carbon tetrachloride in the presence of triethylamine [13, 14]. Thiouronium salts were
prepared from thiourea and the appropriate alkyl halogenide- and dimethyl sulfate,
respectively, in ethanol [15, 16].

The compounds listed and characterized in Table 1 were prepared by the above-men-
tioned general methods, some of them by two methods.

Infrared spectra of the investigated compounds were measured on UR-20 and IR-71
Zeiss spectrophotometers in carbon tetrachloride and chloroform. The apparatuses were
calibrated with polystyrene foil and the reading accuracy was +1 cm™'.

Ultraviolet spectra were taken with a Unicam SP 8000 spectrophotometer (d =1 cm,
¢=10"—10"°M in methanol).

'"H-n.m.r. spectra were measured on a Tesla BS-487 C apparatus in CDCI, (99.5% D-iso-
tope), CCl,, and DMSO at 25°C. The working frequency was 80 MHz and TMS was used as
internal standard.

Thin-layer chromatography and purification of the compounds were provided similarly as
in the previous work [1].

Pesticidal activity was investigated under conditions described in [1] according to the
methods published in [17, 18].
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L. KURUC, V. KONECNY, §. KOVAC, §. TRUCHLIK

Table 1
Com- 1 R2 R3 Formula M
pound

I CH; CH; CH; C4H1N,O5PS 198.19
II  CH; CHj PhCH, C0H1sN,O5PS 274.33
III  CH; CH; CIHSCOOC\HZCH2 CgH7N,05PS 284.28
IV CHs C,H;s CH; C6H;sN,O3PS 226.24
V. GCH;s C,H;s PhCH, Ci2HgN,O5P 302.34
Vl CH;s C,H;s 4-CI—Ph—S—CH;  C;;H;5CIN,O5PS; 368.55
vil  CH;s i-CsH; PhCH, Cy3H21N,05PS 316.37
VIII CH,=CHCH, CH,=CHCH, CH; CsHsN,O3PS 252.30
IX CHfCHCH;_ CH,=CHCH, PhCH, CisH21N,O5PS 328.38
X GCHs CsHo PhCH, CisH23N,05PS 330.40
XI GiH; C3H; CH; CsH;9N,O3PS 254.30
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PHOSPHORYLATED ISOTHIOUREAS. 11

Characterization of the synthesized compounds

Calculated/found

20

: ; ny
O Meldd Mo e upc T

%N %P %S ? prep HHES Solvent f
14.14 15.63 16.18 299 C 1.5 20 74—76 0.22¢
0 b

145 15.28 16.49 Cyclohexane 0.08¢
10.12 11.28 11.66  84.5 C 1 20 55—58 0.21¢
0 b

10.5 11.41 11.96 Heptane 0.25¢
9.86 10.90 11.28 61.3 C 6 25 1.5012 0.40°
0 b

9.53 11.00 11.59 0.54¢
12.38 13.69 14.17 745 C 2 19 1.5050 0.44*
0 b

12.59 13.32 13.85 0.34¢
9.26 10.25 10.60  65.6 C 4 80 1.5515 0.15°
0.01°

8.98 10.31 11.1 0.54¢
7.60 8.40 17.40 929 C 3 25 77—79 0.40°
O b

791 8.74 17.21 Hexane 0.54¢
8.87 9.77 10.13  84.2 B -4 80 1.5530 0.38°
0.01°

9.30 9.85 10.15 0.40°¢
11.10 12.28 12.7 71.5 C 8 18 1.5359 0.40°
0 b

10.89 12.45 12.98 0.37¢
8.53 943 976 72.6 cC 6 18 1.5609 0.49°
0.02°

8.87 9.66 9.89 0.42¢
8.48 938 9.71 92.1 C 3 23 1.5318 0.47°
= 0.01°

8.15 9.02 9.24 0.53¢
11.02 12.19 12.6 86.6 A 2 22 1.4921 0.17¢
0 b

11.09 12.37 12.38 0.17¢
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L. KURUC, V. KONECNY, §. KOVAC, §. TRUCHLIK

Table 1 (Continued)

Com-

. peund R! R? R’ Formula M
XH C;H, C;H, C,H; CyH;;N,O5PS 268.32
XIII  CsH, C;H, C,H;s C0H23N,04PS 282.35
X1V CiH, C;H, C4Hy C11H25N,05PS 296.38
XV CsH, C;H; CsHy; Ci5sH33N,05PS 352.49
XVI C3;H, C;H, CH2=CHCI;lz C0H21N,04PS 280.33
XvIil CiHy C;H, CH=CCH, C0H9N,O5PS 278.30
Xxvil  CsH, CsH, PhCH, Ci4H,3N,0,PS 330.40
XI1X GCsH; C;H; C,HsSCH, C10H23N,05PS 314.42
XX GiH; C;H, C,HsSCH,CH, C11H;5N,05PS, 328.44
XXI GCsH; C3H; BrCH, CgH3BrN,O5PS 333.20
XX11 CsH; C;H, CICH,CH, CyH,CIN,O5PS 302.77
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PHOSPHORYLATED ISOTHIOUREAS. II

Table 1 (Continued)

20

Calculated/found Yield Method of Reactiof o M ;D"C T.lc.

%N %P %S % preparation time, h ’ S(;l\;;nt Ry
10.43 11.55 1193  83.6 A 3 16 1.4960 g.iéz
10.85 11.37 12.2 0.37¢
9.92 1097 1136 86.5 A 2 21 1.4898 8.16:
10.24 10.69 11.70 0.42¢
9.45 10.46 10.8  88.5 A 1 30 1.4842 8.16‘;
9.10 10.80 10.75 » 0.71¢
795 882 9.10 76.7 A 1.5 30 1.4860 0.36°
= 0.04°

831 850 9.70 0.83¢
9.99 11.05 11.44 857 A 3 17 1.5031 0.172
10.25 10.90 11.88 8.37f
10.06 11.12 11.49  76.2 A 2.5 18 1.5208 0.17
b

10.28 10.92 11.76 ' 8.43°
8.48 938 971 81.1 A ,0.5 24 | 1.5318 6.41“
N b

8.15 9.02 9.24 , ' g.sgf
892 985 202  79.6 A 4 25 1.5150 0.61°
0.03°
9.15 9.99 20.23 o ‘ 0.66°
8.54 9.44 19.54 75 A 4 16 1.5162 0.163.
. b

8.89 9.18 20.03 8.39c
842 929 961 572 A 11 20 1.4820 0.02°
b

8.78 9.09 9.98 ’ g.mf
9.21 10.17 10.50  43.1 A 16 20 115—116.5 0.07°
b

9.53 10.48 10.88 g.osf
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L. KURUC, V. KONECNY, §. KOVAC, §. TRUCHLIK

Table 1 (Continued)

pi?;:(; R' R? ' R? Formula M
XXII CH i CsH, C,HsOCOCH,CH,  C3HyN,05PS 340.39
XXIV C.H, C;H, 4Cl—Ph—CH, CuHnCIN;OPS  364.84
XXV i-C3H, i-C3Hy CH, CsH1sN,05PS 254.30
XXVI  i-C;H; i-C3H, C;H; CioH23sN,05PS 282.35
XXVII  i-GH, i-C3H, PhCH, C1sHxN,05PS 330.40
XXVII ~ CiH, CiHo ~ CH, CioHyN,05PS 282.35
XXIX CiH, CiH, PhCH, C1eHyN;05PS 358.45
XXX CH, CiHo 34-diCH,PhCH;  CisHaiN,0PS 386.50
XXXI CiH, CiH, 4-Cl~Ph—C;H2 CiHxCIN;O;PS ~ 378.86
XXXII  i-CiHy i-C¢Hy CH, : C1oH2N,05PS 282.35
XXXII  i-C4Ho i-CiH, PhCH, C16HyN;04PS 358.45
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PHOSPHORYLATED ISOTHIOUREAS. 11

Table 1 (Continued)

Calculated/found

ny

T et e wpe Qe

%N %P %S °  preparatol ’ Solvent !
799 9.12 942 423 A 14 22 1.4745 0.38°
0.03°

7.52  9.60 8.95 0.41¢
8.15 8.53 869 918 A 1.5 24 1.5403 0.29°
0.01°

8.51 835 9.1 0.29°
11.02 12.19 12.93 724 A 8 19 45—46.5 0.14
0 b

11.41 11.94 12.93 Heptane 0.18¢
9.90 10.97 11.36  90.1 A 8 19 45.5—47 0.18°
O b

10.31 10.80 11.71 Heptane 0.22¢
848 938 971 914 A 7 19 1.5311 0.22°
0.01°

8.87 9.28 10.14 0.21¢
9.92 10.97 1136 96.8 A 5 19 1.4895 0.25°
0 b

10.3 10.53 11.74 0.28°
782 8.64 895 919 A 5 19 29—32 0.30°
"0.01°

8.19 832 9.26 0.28¢
7.25 8.02 830 88.6 A 2.5 40 1.5405 0.21°
0.02°

6.98 822 8.09 . 0.91¢
7.40 8.18 846 957 A 2.5 40 1.5335 0.23°
‘ 0.01°

745 7.85 8.80 0.90°
9.92 10.97 11.36 94.9 A 7 20 . 1.4839 0.25°
O b

10.24 10.61 11.63 0.28°
782 8.64 895 976 A 6 20 42.5—45 0.32°
Hexane 0o °

8.11 8.86 9.21 0.19°
Chem. zvesti 32 (4) 542—558 (1978) 549



L.KURUC, V. KONECNY, §. KOVAC, §. TRUCHLIK

Table 1 (Continued)

Com-

pound R! R’ R} Formula M
XXXIV CICH,CH, CICH,CH, CH, ' CsH;3CIN,O;3PS 295.14
XXXV CICH,CH, CICH,CH, - PhCH; C\,H;7CILN,05PS 371.24
XXXVI Ph Ph CH; Cy4H,5sN,O5PS 322.33
XXXVII Ph ‘ Ph C;H, C¢H9N,O;PS 350.38
XXXVIIT Pl; Ph PhCHz. Ca0H9N,O;PS 398.43
XXXIX Ph-CHz PhCH, C;Hs C,7H2;N,0O5PS 364.41
XL PhCH, PhCH, ‘ PhCH, Cy,H2;3N,04PS 426.48

Mobile phase: a) CHCl;: C;HsOH 95:5; b) benzene ; ¢) petroleum ether:acetone 7:3.

Compounds I—VI, VIII—X, XXXIX, XL prepared in CCls; VII in ethyl methyl ketone ; XI, XIII,
X VI, XVIII, XXI, XXV—XXIX, XXX VIII in benzene : water 2:1; XII, XVII, XX in acetonitrile : water
2:1; XIX, XXX in acetonitrile: water 3:2; XIV, XV, XII, XXIV, XXX, XXXI in acetonitrile: water
1:1.

Physical properties of the compounds XXX VI and XXXIX are identical with those of the compounds
prepared according to [2].
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PHOSPHORYLATED ISOTHIOUREAS. 11

Table | (Continued)

Calculated/found

20
np

Y(l;:ld Methodthof Rt‘eacn(;ln T.°C M.p., °C T.}lz.c.
%N %P %S ° preparation e, Solvent .

9.49 10.49 10.86 46.9 A 9 20 1.5289 0.13*
0 b

9.87 10.76 11.22 0.11¢
7.55 834 8.64 80.5 A 8 18 1.5672 0.19*
7.57 8.75 9.01 0.01°
- 0.14¢

8.69 9.61 993 969 A 7 18 77—78 0.28*
0.02°

891 9.54 104 Heptane 0.16¢
799 884 9.15 828 A 8 18 45—46.5 0.28*
0.02°

8.08 891 9.60 Cyclohexane 0.20°
7.03 7.77 8.05 87.9 A 7 19 87—88 0.29°
0.04°

7.32 792 8.13 Cyclohexane 0.24¢
7.70 850 8.80 544 c 3 20 46—47 0.25°
0.41°

7.39 878 9.10 Cyclohexane 0.51°¢
6.57 7.26 7.52 559 (& 4 23 1.6049 0.58¢
0.09°

6.81 7.53 17.80 ) 0.92¢

’
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L. KURUC, V. KONECNY, S. KOVAC, §. TRUCHLIK

N-(O,0O-Dialkyl and -/diphen ylphosphoryl)-S-alkyl substituted isothioureas

Method A

Into the reaction mixture containing the appropriate chlorophosphate (0.1 mole), thiou-
ronium salt (0.1 mole), potassium carbonate (0.1 mole), and acetonitrile (benzene, acetone)
(100 ml), water (50 ml) was added under stirring. Stirring was continued at the temperature
given in Table 1 and the course of the reaction was followed by t.l.c. At the end of the
reaction the product was extracted with chloroform (benzene) (3 X 40 ml) and dried. The
solvent was distilled off under reduced pressure. The formed solids were purified by
crystallization and the oily compounds by column chromatography.

Method B

The reaction mixture of chlorophosphate (0.1 mole), thiouronium halogenide (0.1 mole),
triethylamine (0.2 mole), and the solvent (ethyl methyl ketone, acetone, acetonitrile)
(100 ml)) was heated to reflux. The salt formed was filtered off and the filtrate was
evaporated under reduced pressure. Chloroform (benzene) (100 ml) was added to the
distillation residue, washed with water and dried. The solvent was distilled off under reduced
pressure and the obtained crude product was purified by column chromatography.

Method C

Into the reaction mixture containing the appropriate disubstituted phosphite (0.1 mole),
thiouronium salt (0.1 mole), and carbon tetrachloride (150 ml), triethylamine (0.2 mole)
was added within 10 min under stirring while the temperature increased by 20—40°C. Then
water (100 ml) was added and after separation the water layer was extracted with
chloroform (2 X 50 ml). The combined organic layers were dried and the solvent was
distilled off under reduced pressure. The formed solids were purified by crystallization and
the oily compounds by column chromatography.

N-Diisobutylphosphoryl-N,N’,S-trimethylisothiourea

To diisobutyl chlorophosphate (11.4 g; 0.05 mole), N,N',S-trimethylthiouronium iodide
(12.5 g; 0.05 mole), and toluene (100 ml), sodium carbonate (5.3 g; 0.05 mole) dissolved in
water (50 ml) was added at room temperature under stirring which was continued for 16 h.
The toluene layer was separated, dried and the solvent was distilled off. After purification of
the liquid residue by column chromatography a white yellow viscous liquid (6.5 g; 41.9%) of
n®=1.4429 was obtained.

For C,,H,,N,0,PS (310.4) calculated: 9.03% N, 9.98% P, 10.33% S; found: 8.71% N,
9.61% P, 10.56% S. ‘
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PHOSPHORYLATED ISOTHIOUREAS. 11

Results and discussion

The suitability of individual methods for preparation of the studied compounds
depends on the alkoxy groups bound to phosphorus. In the case of methyl, ethyl,
allyl, benzyl, and propyl derivatives it is advantageous to use the reaction of the
appropriate phosphite with thiouronium salt in carbon tetrachloride in the presence
of triethylamine (method C). In fact, it is only a different way of obtaining
chlorophosphate. The phosphite with carbon tetrachloride gives chlorophosphate
which then reacts with the appropriate isothiourea liberated from thiouronium salt
by treatment with triethylamine [13, 14]. The advantage of this method is that
a preparatively difficult step is omitted and that the unstable chlorophosphates
have not to be prepared. The phosphites, contrary to chlorophosphates, are stable.
The method of Cramer and Vollmar, where hydrogen halogenide was bound with
aqueous solution of sodium hydroxide, gave low yields of contaminated phosphoryl-
isothioureas with by-products due to their decomposition in alkali medium. The
modified method gave very pure products in spite of the fact that triethylamine was
added into the reaction mixture without cooling and the temperature increased to
50°C.

The compounds with higher number of carbons in the alkoxy groups should be
prepared by the method A and B. At the method A the reaction time is shorter
and purer products are obtained than at the method B where the reaction proceeds
in polar organic solvent at increased temperature. Generally, the purity of products
grows worse with the increasing temperature regardless the method used.

The yields of the investigated compounds are rather influenced by their solubility
in water which decreases with the increasing number of carbons in the alkoxy
groups bound to phosphorus. Therefore, at the method C, the methyl and ethyl
derivatives should be washed with less amounts of water and extracted several
times. The solubility in water was affected also by the chain length on sulfur though
essentially less than on phosphorus. The most soluble compound was N-dimethyl-
phosphoryl-S-methylisothiourea (I) and consequently, it was obtained in the least
yield.

In the i.r. spectra (Table 2) of the studied compounds four absorption bands
were observed in the region of 3200—3500 cm™" which could be attributed to the
stretching vibration of N—H bonds in the amido and imido groups.

The relatively strong bands at ~3270 and ~ 3470 cm™" could be attributed to
the v.(NH,) and v,,(NH,) vibrations. The differences in the wavenumbers of these
bands (~200 cm™") could be explained by that the hydrogen of the amido group
was involved in the hydrogen bond with oxygen atom of the P=0 group.

The relatively weak bands at ~3200 and ~3350 cm™' belonged to v(=NH)
and v(—NH) vibrations. It is evident from the i.r. spectra that the investigated
compounds can exist in two taoutomeric forms

Chem. zvesti 32 (4) 542—558 (1978) 553



L. KURUC, V. KONECNY, S. KOVAC, §. TRUCHLIK

o |

Rlon_ NN 3 Rlo~ N 3
RZO/P C—SR 2 /P C—SR

(I) -~ ————_ R [l

.. _NH 0. N

'H/ -.H/
v, (NH,)~3270 cm™' v(—=NH)~3350cm™
v.(NH,)~3470 cm™! v(= NH)~3200 cm™!

the amido form a being the dominant one.

The attribution of bands in this region of the spectra was proved by the spectrum
of the deuterated compound XVIII where bands belonging to N—D bonds were
observed at 2570, 2481, 2418, and 2374 cm™'. The appearance of these bands
proved that the above-mentioned bands belonged to stretching vibrations of the
N—H bonds. Also the comparatively low wavenumbers of bands belonging to
v(P=0) at ~1205 cm™' supported the attribution of bands to N—H vibrations.
The attribution of bands in the region of 3200—3500 cm™' was verified by the i.r.
spectrum of a model compound where only one band was observed at 3200 cm™".
This indicated that the compound had the structure a

C,Hg0 N C HaO~ N
49 >p/ \C_SCHZ—CGHS 479 >P \C—SCHZ—CGHS
C,Hg0 | l C,Hg0 g
‘ 0. N~ N~
g CgHg Cehs

b

It was found that the intensity of the band v{(NH,)at 3288 cm™' (compound
XXXIIT) practically did not change (¢ =97—96 1 mol~! cm™') in the concentration
range 5.6 X 107°—4.75 X 107> M in chloroform, however, the intensity of the band
v.(NH,) decreased (¢ =162—1411mol™' cm™'). This fact can be explained by
intermolecular interactions.

The bands v,(NH,) measured in chloroform were observed at higher wavenum-
bers (by about 20 cm™") than those in carbon tetrachloride and the bands v.,(NH,)
at lower wavenumbers (by about 10 cm™'). The intensity of bands differed only
negligibly under these conditions. In the proton-accepting solvents.(tetrahydrofu-
ran, dioxan) significant changes were observed both in the wavenumbers and
intensities of bands belonging to N—H bond vibrations. The band at 3470 cm™"
was not observed in the spectrum of these compounds but a very strong band
appeared at 3350 cm™'.

The i.r. spectra of all compounds studied showed strong absorption bands
v(C=N) in the region of 1615—1630 cm™', which also indicated the conjugation

554 Chem. zvesti 32 (4) 542—558 (1978)



PHOSPHORYLATED ISOTHIOUREAS. I

Table 2

Infrared spectral data of the studied compounds

v, cm
Compound
v(P=0) 6(NH,) v(C=N) v(=NH) v(NH,) v(NH) vas(NH3)

F 1217 1560 1620 3205 3276 3358 3470
n 1225 1566 1623 3212 3290 3370 3460
nr 1226 1566 1622 3205 3272 3349 3470
v 1205 1577 1623 3205 3270 3359 3473
\4 1205 1566 1624 3205 3270 3355 3472
\Z4 1205 1573 1630 3205 3262 3349 3470
vl 1205 1568 1630 3205 3267 3350 3470
vir 1210 1563 1625 3205 3275 3350 3475
Ix* 1205 1558 1620 3200 3273 3358 3470
X 1210 1564 1622 © 3205 3269 3358 3471
XI 1205 1570 1629 3204 3271 3354 3470
X 1207 1565 1620 3205 3271 3354 3476
X1V 1204 1566 1620 3206 3274 3359 3477
XV 1204 1564 1620 3207 3265 3357 3470
XVI 1207 1567 1622 3204 3269 3358 3471
XVvII 1205 1552 1622 3205 3285 3350 3470
XIX 1208 1567 1625 3205 3270 3349 3470
XX 1209 1568 1627 3204 3268 3350 3470
XX1rI 1206 1572 1626 3202 3260 - 3475
XX1v 1205 1567 1623 3205 3265 3350 3470
XXV 1205 1570 1631 3206 3270 3350 3472
XXVI 1210 1567 1628 3205 3275 3350 3470
XXVII 1205 1568 1629 3205 3265 3350 3470
XXviIll 1204 1565 1628 3204 3268 3354 3472
XXIX 1205 1566 1623 3205 3268 3350 3472
XXX 1205 1568 1628 3206 3270 3349 3471
XXXI 1205 1551 1628 3204 3274 3356 3470
XXXII 1205 1569 1629 3210 3270 3360 3475
XXXIIT 1205 1568 1624 3205 3269 3370 3476
XXXIV 1210 1567 1628 3204 3270 3361 3469
XXXV 1210 1567 1628 3205 3275 3350 3470
XXXVI 1207 1560 1626 3205 3279 3359 3470
XXXVIF 1205 1595 1626 3205 3300 3350 3470
XXXvIr 1198 1552 1623 3204 3310 - 3470
XXXIX 1210 1566 1619 3204 3268 3350 3471
XL 1212 1564 1621 3205 3274 3355 3474

Spectra were recorded in CCly; a) measured in CHCl;.
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L. KURUC, V. KONECNY, §. KOVAC, . TRUCHLIK

of the C=N double bond with 7 electrons of the P =0 group. This followed from
the fact that the spectrum of the model compound C, with an isolated system of
double bonds, revealed the v(C=N) band at higher wavenumber than the
spectrum of the model compound D with a conjugated system of double bonds

i-C,HgO ~ Byl _CHy
P —N—C=N—CH P—N=C—N
i Hgo I 1] 3 cszs/ll [ \CH3
0 CH, SCH, 0 SC,Hg
c D
v(C=N)=1684 cm™" v(C=N)=1594 ¢cm™"

The bands belonging to deformational vibrations of N—H in NH, groups were
found at ~1560 cm™'. With the compounds containing aromatic rings, these bands
were overlapped by the v(C=C) bands.

The 'H-n.m.r. spectra of the investigated compounds (Table 3) showed broad
double-proton signals at ~7 p.p.m., which also proved the predominance of the
amido form in these compounds. The resonance signals of protons of NH, groups
were observed in dimethyl sulfoxide at higher values, which indicated an interac-
tion of the solvent with the NH, group, for instance in the spectrum of the

Table 3

"H-n.m.r. spectral data of the studied compounds

Compound 6(p.p.m.) Solvent
XXV NH, CH,CH CHCH; CH,S
6.87 (2H,bs)  1.32(d) 4.56 (d7) 2.37(s) CDCl,
XXXII NH, CH;CH CHCH; CH,S CH;0 o
7.02(2H,bs) 0.95(d) 1.92(m) 2.36(dd) 3.72(s) }
XXXIII NH, CH,CH CHCH; CH,0 CH,S Ph i
6.87 2H,bs) 0.92(d) 1.91(m) 3.68(dd)  4.23(s) 7.30 (m) .
XXXIIT NH, CH;CH CHCH; CH,0 CH.S Ph
m= 091(d) 1.91(m) 3.68(dd) 4.21(s) 7.30(m) CRckD0
XXXIII NH, CH,CH CHCH; CH,0 CH,S Ph cal
7.53 (2H,bs) 0.90(d) 1.88(m) 3.60(dd) 4.16(s) 7.25(m) i
XXXVIII NH, CH,S Ph Sy
6.95(2H,bs)  4.10(s) 7.25 (m) 3
XXXVIII NH, CH,S Ph BRI

8.07 (2H,bs) 4.14(s) 7.26 (m)

Observed multiplicities: s — singlet, d — doublet, bs — broad singlet, m — multiplet.

556 Chem. zvesti 32 (4) 542—558 (1978)



PHOSPHORYLATED ISOTHIOUREAS. 11

compound XXXVIII: § =7.25 p.p.m. (CHCl;) and 6 =8.07 p.p.m. (DMSO). At
increased temperature (25— 130°C) the resonance signal of the NH, protons was
observed at lower values (8.07—7.76 p.p.m.) in the spectrum of the compound
XXXVIII measured in DMSO.

The tautomer a was thermodynamically more stable than the tautomer b
because of the present conjugated system O =P—N = C. This is evident also from
the u.v. spectra of the compounds investigated which revealed very strong
absorption bands at 209—214 nm (log £ ~4) indicating the presence of a conjuga-
ted system. The enlargement facilitated the formation of an intramolecular
hydrogen bond with hydrogen of the amido group (Table 4).

None of the synthesized compounds showed so high pesticidal activity as the
used standards malathion, fenitrothion, and carbophenothion. The compound XXI
was most active when tested for acaricidal activity against Tetranychus urticae
kocH and the highest ovicidal activity on eggs of Tetranychus urticac KOCH was
found with the compounds XIX, XXXI, XXXVI, XXXVII, XXXVIII, and XL.
The studied group of compounds did not show herbicidal and fungicidal activities.
The only exception was the compound XXIX which was found to be a growth
regulator. However, the activity was not high and it would be worthless to test this
compound in detail.

Table 4

Ultraviolet speétral data of the studied compounds (in methanol)

Amax Amax
Compound am log € o log €
I 212.5 4.102 2255 4.098
I 213 4.161 226 3.983
I 213 4.057 225.5 4.016
\%4 210 4.127 224.5 3.986
Vi 213.5 4.264 262 4.187
IX 214 4.170 224 4.064
XVIII 209 4.084 225 3.781
XXI1 213 4.074 225 4.031
XXV 212 4.003 225 3.984
XXVIII 210 4.114 225 4.031
XXIX 210 4.117 v 225 3.925
XXXII 210 4.097 225 4.003
XXXIIT 209 - 4.009 225 3.764
XXXVII 213 4.198 229 3.913

ginlmol™! cm™
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