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Phosphorylated mercaptoindoles are not described in the literature, although their bio-
logical activity is no doubt of interest. It has already been found [3] that certain deriv-
atives of P°T acids are used as N- and C®-phosphorylating agents.

In the present work we showed that in the reaction of 3-mercaptoindole (I) [1] with
chlorides of P®t acids, mixtures of S- and N-phosphorylation products (II-1IV and IX-XI) are
formed in a ratio dependlng on the reaction temperature.
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According to the data of °>'P NMR spectrum, at —15°C in the reaction products there are
85% of II-IV and 15% of IX-XI, at 5°C 60 and 40%, respectively, and at the temperature of
boiling ether, 50 and 50%. Hence, the mercapto group is more reactive in the reaction with
chlorides of P°T acids.

Chlorides of P®t acids selectively phosphorylate I in boiling benzene at the SH group.
Thiophosphoryl chlorides are thus less active [2] in these reactions. It requires 4.5-5 h
to complete their reaction with I, while with phosphoryl and phosphonyl chlorides the reac—
tion is completed after 3-3.5 h.

B-Ethoxyvinylphosphonyl dichloride reacts with I in benzene already at room temperature
in the presence of a two- to threefold excess of EtsN. By frequently removing the EtsN«HCL
precipitate that separates out, the reaction can be completed in 16-18 h. Increase in tem-
perature to 50-60°C shortens the duration of the reaction to 4-5 h.

TABLE 1. Chemical Characteristic of Phosphonylthioindoles
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TABLE 2, Antimicrobial Activity
of 3-Phosphonylthioindoles V-VIII

3 Ié/gec%icn_- Staphylj Strepto- Dip1.1teria
g Bns ococcus{ coccls |hacillus
2 —
g minimal bactericidal concentra-
8 tion, g/ml
V | 0,0005 0,005
VI 0,0005 0,001
VIl 0,0025 | 0,001 0,001 0,001
VIII 0,0025 0,001 0,001

In the PMR spectra of IL and VII there are resonance signals, §, ppm: for II at 1.05 t
(CHs, Jygy = 5 Lz)s 3.32q (CHa,Jygy = 5 Hz); 7.05 (CpH), 7.22-8.10 m (benzene ring); for VII,
4.4 q (CHz, Jpy = 10.1 Hz); 6.8 (Cl:—H); 7.3-8.1 m (benzene ring). The resonance of the
N-H proton does not appear in the spectrum because of great broadening and partial deutero
exchange with the deutero solvent,

In the IR spectra of IV-VII there are appear absorption bands, v .., em™': at 3415,
3250 (NH), 1615-1617 (indole ring), 1193 (P=0), 1010, 1017 (P—0-C), 675 (P=S).

EXPERIMENTAL CHEMISTRY

The IR spectra were run on the UR-20 spectrophotometer and the NMR spectra on the WP-80
spectrometer. The chemical shifts of the 'H nuclei were measured with reference to TMS and
of the °'P nuclei with reference to H5PO,.

3-8~ (0,0-Diethylthiophosphitoyl)indole (III) and 1-(0,0-diethylphosphitoyl)-3-thioindole
(X). “An ethereal solution of 15.65 g of diethyl chlorophosphite is added dropwise at —15°C
in an inert atmosphere to 300 ml of an ethereal solution of 7.45 g of 3-mercaptoindole and
10.1 g of EtsN, The reaction mixture in held at the above temperature for 3 h, and at room
temperature for 4 h. After separation of the Ets;N+HCl precipitate and removal of the solvent,
8.31 g (61.8%) of III and 4.87 g (36.2%) of X are chromatographically isclated on a column
with Si0,. A 3:1 mixture of absolute benzene and ether serves as eluent. The products are
distilled i# vacuo. Compounds II, IV, IX, and XI are obtained in a similar way (Table 1).

3-S-(Bis-chloromethylphosphinatoyl)indole (VII). A mixture of 11.15 g of 3-mercapto-
indole, 7.5 g of EtsN and 13.35 g of bis(chloromethyl)phosphinyl chloride in 250 ml of ab-
solute benzene is heated for 3.5 h in a dry atmosphere, while maintaining the temperature in
the bath at 120-130°C. After the removal of EtsN-HCl and distillation of the solvent in
vacuo, the residue is recrystallized from CHCls. Yield, 17.48 g (63%) of VII. Compounds V
and VI are obtained in a similar way.

EXPERIMENTAL BIOLOGY

The antimicrobial activity was studied on the example of the more stable compounds
V-VIII by the method of serial dilutions in a liquid serial medium [1] with respect to four
types of bacteria. The compounds studied were found to be slightly active toward gram—posi-
tive and gram-necative bacteria (Table 2). :
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