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The substituted S—ethynyl esters of thiophosphoric acids are of interest as potential
insecticides and acaricides. Previously [1] we described a method for obtaining such esters,
which consists in reacting magnesium bromoacetylides with dialkoxyphosphorylsulfenyl chlorides,
but here the S-ethynyl thiophosphates are obtained in low yield.

We attempted to obtain the S-hexyne and ethylmercaptopropyne esters of diethylthiophos-
phoric acid by the alkynylation of potassium diethyl thiophosphate with the appropriate
substituted ethynyl bromides, but only the starting reactants were isolated.

(Et0),P(S)OK + BrC = CX — // - (Et0),P(0)SC = CX
where X = Bu, CH2SEt.

Tt is known that many ethynylation reactions are catalyzed by metal chlorides. In this
connection we studied the catalytic effect of cuprous chloride when ethynyl bromides are
reacted with the salts of phosphorus monothioacids. It proved that the reaction of a po-
tassium dialkyl thiophosphate with substituted ethynyl bromides can be run in the presence
of equimolar amounts of CuCl in polar solvents with a 60-80% yield of the S-ethynyl esters
(Table 1).

©C, (RO),P(0)SC=C—X (A)

(RO),P(S)OK -+ Br—C=C—X

where R = alkyl and X = alkyl, alkylmercaptomethyl, alkoxymethyl, hydroxymethyl, acyloxy-
methyl, and phenyl.

The reaction can only be run in polar solvents like alcohol, acetone, THF or MeCN.
It does not go in less polar solvents like ether or benzene. The structure of the obtained
compounds is confirmed by the IR spectra, which have absorption bands in the 1270 {(P=0) and
2195—2210 em~' (C=C) regions for all of the compounds (Table 2).

Compounds containing an OH group in the unsaturated radical, proved to be unstable
and their structure, besides the IR spectra, was proved by converting them to the stable
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TABLE 1. S-Ethynyl Esters of Thiophosphoric Acids

Yield, % Found, % Calculated, %
5 = 20 737 1| Enmpirical
R X Al B % "D G H p | formula ¢! H P
Bt CH,SEL 70 | — | 1,1648 |1,4980#(39,8!6,8 11,7 GH,;0:P8, {40,3[6,3 | 116
The samd P;Zu 76 | 68 | 1,0758 | 1.4705 [47,8]7,4 |12,2]|CyH,50,PS | 48,0 7,6 124
» CH,SBu 81 | 60 | 14925 |15455 |44,7]6,4 [10,91CaiH,04PS,|44,6/7,1 | 105
» CH,OEt 85 | — | 14482 {14820 |42,7|6,8 |12,1|CoH;OPS |42,816,7 | 123
» CH.OPr — | 75 | 1,4281 |1,4810 |45,3|7,1 110,9[Cy:Hz0PS |45,317,1 | 116
» CH0Bu —_— 70 1,082 144770 46,4 7,4 {10,6 | C13H,50,PS 47,417,5 11’0
» CHzOC(O)Me 79 - 1.2190 '1,4859 4013 516 1077 CQHMOSPS 40’6 516 1'1,6
» Ph 74 170 | 11940 [1,5640 153,4{5,6 | 11,0 CroHis05PS |53,3]15,6 1 115
Me CstEt 75 — 1.3365 1,5130 3654 516 1238 C7H1303PSZ 36!1 574 12.9
The same, Bu 78 - 1.1175 1,4845 4318 619 13y4 C‘EHL‘)O&PS 4353 678 13,9
» CH,OEt |73 | — ] 1.0575 {1.4940 |37,3}6,1 143,7}C/H,;,0.P8 137,5)5,8 | 138
» |CHOC(O)Me | 75 | — | 4,3004 |4,4989 |36,414,6 112,4]| CH;0sPS |85,314,6 | 13,0
Pr [CH,0C(O)Me | 82 | — | 1,1860 {1,4004 |%4,616,7 [11,8| CiHyoOsPS {44,8/6,4 1 106
The same Ph 75 171 | 14575 |1.5370 |56,8|6,4 110,5| C.sH1oOsPS 156,46,4 | 10,4
*Cf. [1].

TABLE 2. Vibration
Frequencies of P=0 and
C=C Groups in IR Spectra

(££0) 2P (0) SC=CX
X vP=0 vC=C
Ph 1270 | 2480
CH.0Alk 1270 2495
CH,SAlk 1270 2205
Bu 1270 2210
CH,0C(0)Me 1270 2240

TABLE 3. Reactivity of XC=CBr When Reacted with (RO),P(S)0K
in the Presence of CuCl

R x T, ¢ | e R x T, C | Time,
Et CH.0C(0)Me 20 15 Me | CH,OC(Q)Me 40 30
The sam CH,0H 20 20 ' same Bu 40 60
» Bu 40 60 » CH,SEt 40 80
» CH,SEt 40 80 » CH;0Et 40 100

» CH,0Et 40 80

*The times were determined by the disappearance of the ethynyl
bromide from the reaction medium. The checking was done using
TLC on Silufol UV-254.

0,0-dialkyl-S-(y-acetoxypropargyl) thiophosphates by treatment with acetyl chloride.

(Et0),P(0)SC==CCH,0H + MeC(0)Cl — (Et0),PSC=CCH,0CMe
i i
0

0,0-Diethyl~S~-(y-acetoxypropargyl) thiophosphate was also obtained by counter synthesis from
potassium 0,0-diethyl thiophosphate and acetoxypropargyl bromide. The S—-ethynyl esters of
thiophosphoric acids can also be obtained by treating a mixture of the dialkylthiophosphoric
acid, pyridine, and CuCl with an equimolar amount of the substituted ethynyl bromide.

(RO),P(S)OH + Br — C = C — X 22%5 (RO),P(0)SC = C — X (B)

where R = Et, Pr; X = Pb, CH.O0Pr.
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It is known that reductive dimerization occurs [2] when CuCl is reacted with substituted
ethynyl bromides and diacetylenes are formed. It proved that, parallel with the main ethyny-
lation reaction, dimerization occurs with the formation of the corresponding diynes, whose
yield is 10-207%:

X—-C=C—-Br+ 2CuCl > X —C=
=0 —C=C — X+ 2CuClBr

where X = Bu, Ph.

It is not excluded that similar diynes can also be formed from the reaction products,
and specifically the S-ethynyl esters of thiophosphoric acids, in which the dialkoxyphos-
phorylmercapto group can function as a pseudohalogen. The yield of the thicesters decreases
with increase in the reaction time, while the yield of the diyne increases. It should be
mentioned that the ease with which the salts of thiophosphoric acids are ethynylated in the
presence of CuCl depends both on the polarity of the solvent and on the nature of the X
substituent found at the acetylenic bond (Table 3).

Tn their effect on the ease of alkynylation the X substituents can be arranged in the
following order: CH,0COMe > CH,0H > Bu > CH,SEt > CH,OEt.

Thus, from Table 3 it can be seen that the acetoxy- and hydroxymethylethynyl bromides
react with potassium diethyl thiophosphate at ~20° in 15 and 20 min, whereas the reaction
with l-bromohexyne and ethylmercaptopropynyl bromide at 40° is ended in 60 and 80 min re-
spectively. The bromoalkynes react with somewhat greater difficulty with potassium dimethyl
thiophosphate.

EXPERIMENTAL

S-Ethynyl Esters of Thiophosphoric Acids. a) To 0.02 mole of potassium 0,0-diethyl
thiophosphate in 30 ml of alcohol were added 0.02 mole of CuCl and 0.02 mole of the appro-
priate ethynyl bromide. The.temperature and reaction time are indicated in Table 3. The

precipitate was filtered, the solvent was evaporated, and the residue was separated by
chromatography on a column packed with silica gel L 100/160 (eluant = 1:1:1 benzene—ether—
hexane).

b) To 0.03 mole of the dialkylthiophosphoric acid in 25 ml of alcohol were added 0.02
mole of pyridine, 0.02 mole of CuCl, and 0.02 mole of the ethynyl bromide. The mixture was
heated for 2 h at 40° and then worked up the same as before. The constants and yields of the
obtained compounds are given in Table 1.

O,O—Diethylvs—(Y—hcetoxypropargyl) Thiophosphate. A mixture of 4.48 g (0.02 mole) of
potassium 0,0-diethyl thiophosphate, 98 g (0.02 mole) of CuCl, and 2.7 g (0.02 mole) of 1-
hydroxy-3-bromo-3-propyne was stirred for 20 min at 20°, the precipitate was filtered, the
solvent was evaporated, and the residue was added to a mixture of 1.1 g (0.014 mole) of
AcCl and 1.1 g (0.014 mole) of pyridine in 50 ml of abs. ether at ~0°. The reaction mixture
was kept for 0.5 h at 0°, then for 0.5 h at the boil, and worked up the same as described
above. We obtained 2.6 g (50% when based on K diethyl thiophosphate) of 0,0-diethyl-S-(y-
acetoxypropargyl) thiophosphate, nD2° = 1.4850. Infrared spectrum (v, em~*): 2210 (C=C)
and 1750 (C=0).

CONCLUSION

1. A method was developed for the alkynylation of the salts of thiophosphoric acids by
alkynyl bromides in the presence of CuCl.

2. The ease of reaction depends on the nature of the substituent attached to the
acetylenic bond of the alkynyl bromide.
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