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Pharmacological properties of imidazole and 
thioimidazole derivatives are well known. The intro-
duction of a phosphoryl moiety into imidazole or 
thioimidazole ring can further modulate the properties 
of a bioactive molecule due to the changes in 
solubility, liophilicity, and chemical reactivity as des-
cribed in [1–4].  

We have recently shown that phosphorylation of 1-
methyl-1H-imidazole-2-thiones with chlorethynylphos-

phonates proceeded stereo- and regioselectively to 
form Z-isomers of vicinally substituted bis[1-methyl-
1H-imidazol-2-yl-sulfanyl]ethenylphosphonates [5]. 

In the present work we found that the reaction of 
chlorethynylphosphonates with substituted 4,5-1H-
imidazole-2-thiones took place with high chemoselec-
tivity and low regioselectivity to give the corres-
ponding geminally and vicinally disubstituted dialkyl 
Z-(1H-imidazol-2-ylsulfanyl)ethenylphosphonates 1–8 
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Scheme 1. 



in a ratio of ≈1 : 1 in the yields over 80% (Scheme 1). 
The reactions were performed in anhydrous aceto-
nitrile at room temperature using a reactants ratio                
of 1 : 2. 

The reaction probably proceeded according to the 
previously suggested scheme [5] via intermediate 
formation of sulfenium salt which containing a labile 
imidazole ring proton eliminated a hydrogen chloride 
molecule to form the corresponding imidazolylsulfanyl-
ethynylphosphonate. The latter added the second 
thioimidazole molecule to give disubstituted ethenyl-
phosphonates 1–8, whose structures were proved by 
1H, 13C, and 31P NMR spectroscopy. 31P NMR spectra 
of vicinal ethenylphosphonates 1, 3, 5, and 7 contained 
the signals in the stronger field (δP 7.43–14.6 ppm) 
compared with those for geminally substituted ethenyl-
phosphonates 2, 4, 6, and 8 (δP 9.67–16.07 ppm). In 1H 
NMR spectra of the compounds obtained the olefin 
proton resonated as a doublet signal in a weak field 
(7.81–8.48 ppm, 3JHP 11.6–14.1 Hz) for vicinal 
isomers and in a strong field (4.72–5.68 ppm, 3JHP 8.8–
12.7 Hz) for the geminal isomers. The structure of the 
vicinal isomers was unambiguously confirmed by X-
ray diffraction analysis by an example of single crystal 
of methyl Z-[1,2-bis(4,5-dimethyl-1H-imidazol-2-yl-
sulfanyl)ethenyl]phosphonate 1a (see figure) obtained 
by repeated crystallization of phosphonate 1 accom-
panied by the cleavage of the methyl group, which we 
had observed earlier [5]. 

Dimethyl Z-[1,2-bis(4,5-dimethyl-1H-imidazol-2-
ylsulfanyl)ethenyl]phosphonate (1). A mixture of   
2.5 mmol of dimethyl chloroethynylphosphonate and 
5.0 mmol of 4,5-dimethyl-1H-imidazole-2-thione in    
10 mL of absolute acetonitrile was stirred at room 
temperature for 6–10 h. The resulting precipitate was 
filtered off. After removing the solvent, the residue 
was purified by column chromatography on silica gel, 
eluting with chloroform–ethyl acetate mixture, 85 : 15. 
Yield 43%, colorless crystals, mp 210°C (decomp., 
ethanol). 1H NMR spectrum (CD3OD, 400.13 MHz), δ, 
ppm (J, Hz): 2.05 s and 2.17 s (12H, CH3C=), 3.48 d 
(6H, OCH3, 3JHP 11.6), 7.81 d (1H, PC=CH, 3JHP 11.6). 
13C NMR spectrum (CD3OD, 100.61 MHz), δC, ppm 
(J, Hz): 9.01 (CH3C=), 52.61 d (CH3O, 3JCP 5.4), 
119.74 d (PC=CH, 1JCP 175.1), 126.30 and 126.72 
(=CCH3), 128.07 d (PC=CH,2JCP 23.5), 148.26 and 
148.45 (SC=N). 31P NMR spectrum (CD3OD, 161.98 
MHz): δP 11.87 ppm. Mass spectrum: m/z 389.4453   
[M + H]+ (calculated for C14H21N4O3PS2: М 388.0793).  

Diethyl Z-[1,2-bis(4,5-dimethyl-1H-imadazol-2-
ylsulfanyl)ethenyl]phosphonate (3) was obtained 
similarly from diethyl chloroethynylphosphonate and 
4,5-dimethyl-1H-imidazole-2-thione. Yield 51%, colo-
rless crystals, mp 210°C (decomp., ethanol). 1H NMR 
spectrum (CDCl3, 400.13 MHz), δ, ppm (J, Hz): 1.27 t 
(6H, OCH2CH3, 3JHH 6.2), 2.26 s and 2.27 s (12H, 
CH3C= ), 4.73 m (4H, OCH2, 3JHH 6.2, 3JHP 13.0), 8.13 
d (1H, PC=CH, 3JHP 13.3). 13C NMR spectrum 
(CDCl3, 100.61 MHz), δC, ppm (J, Hz): 9.23 and 9.93 
(CH3C=), 23.80 d (CH3CH2O, 3JCP 5.4), 72.91 d 
(CH3CH2O, 2JCP 6.7), 119.86 d (PC=CH, 1JCP 189.2), 
129.71 d (PC=CH, 2JCP 20.2), 130.09 and 133.34 
(=CCH3), 158.99 and 159.21 (SC=N). 31P NMR spec-
trum (CDCl3, 161.98 MHz): δP 7.43 ppm. Mass spec-
trum: m/z 417.1106 [M + H]+ (calculated for 
C16H25N4O3PS2: М 416.4985). 

Diethyl [2,2-bis(4,5-dimethyl-1H-imidazol-2-yl-
sulfanyl)ethenyl]phosphonate (4). Yield 36%, color-
less crystals, mp 183°C (ethanol). 1H NMR spectrum 
(CDCl3, 400.13 MHz), δ, ppm (J, Hz): 1.22 t (6H, 
OCH2CH3, 3JHH 6.2), 2.25 s and 2.31 s (12H, CH3C=), 
4.72 m (4H, OCH2CH3, 3JHH 6.2, 3JHP 12.3), 5.68 d 
(1H, PCH=, 2JHP 9.0). 13C NMR spectrum (CDCl3, 
100.61 MHz), δC, ppm (JCP, Hz): 9.76 and 10.34 
(CH3C=), 23.64 d (CH3CH2O, 3JCP 6.0), 72.13 d 
(CH3CH2O, 2JCP 6.1), 112.90 d (PCH=, 1JCP 201.9), 
125.80 d (PCH=C,2JCP 19.5), 128.41 and 131.29 
(=CCH3), 150.05 (SC=N). 31P NMR spectrum (CDCl3, 
161.98 MHz): δP 9.67 ppm. Mass spectrum: m/z 
417.1106 [M + H]+ (calculated for C16H25N4O3PS2: М 
416.4985). 

Geometry of Z-[1,2-bis(4,5-dimethyl-1H-imidazol-2-ylsul-
fanyl)ethenyl]methoxyphosphonic acid 1a molecule.  
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Dimethyl Z-[1,2-bis(4,5-diphenyl-1H-imidazol-2-
ylsulfanyl)ethenyl]phosphonate (5) was obtained 
similarly from dimethyl chloroethynylphosphonate and 
4,5-diphenyl-1H-imidazole-2-thione. Yield 43%, color-
less crystals, mp 210°C (decomp., ethanol). 1H NMR 
spectrum (CD3OD, 400.13 MHz), δ, ppm (J, Hz): 3.65 
d (6H, OCH3, 3JHP 12.1), 7.35 m (12H, Ho,p), 7.46 m 
(8H, Hm), 8.48 d (1H, PC=CH, 3JHP 12.6). 13C NMR 
spectrum (CD3OD, 100.61 MHz), δC, ppm (J, Hz): 
53.44 d (CH3O, 3JCP 6.0), 114.38 d (PC=CH, 1JCP 
192.2), 127.97 (Cp), 128.54 (Co), 128.85 (Cm), 129.65 
and 130.88 (Cipso), 131.29 d (PC=CH, 2JCP 23.7), 
135.08 and 136.08 (=CPh), 154.25 and 154.48 
(SC=N). 31P NMR spectrum (CD3OD, 161.98 MHz): 
δP 14.60 ppm. Mass spectrum: m/z 637.7230 [M + H]+ 
(calculated for C34H29N4O3PS2: М 636.1419). 

Dimethyl [2,2-bis(4,5-diphenyl-1H-imidazol-2-yl-
sulfanyl)ethenyl]phosphonate (6). Yield 39%, color-
less crystals, mp 210°C (decom., ethanol). 1H NMR 
spectrum (CD3OD, 400.13 MHz), δ, ppm (J, Hz): 3.01 
d (6H, OCH3, 3JHP 12.2), 4.72 d (1H, PC=CH, 3JHP 
12.7), 6.61 m and 6.62 m (8H, Ho), 6.66 m and 6.72 m 
(8H, Hm), 6.68 m and 6.74 m (4H, Hp). 13C NMR 
spectrum (CD3OD, 100.61 MHz), δC, ppm (J, Hz): 
51.57 d (CH3O, 3JCP 6.0), 106.48 d (PCH=C, 1JCP 
194.2), 127.45 (Cp), 127.71 (Co), 127.88 (Cm), 128.19 
(Cipso), 131.09 and 131.71 (=CPh), 135.68 d (PCH=C, 
2JCP 14.1), 156.76 and 156.83 (SC=N). 31P NMR 
spectrum (CD3OD, 161.98 MHz): δP 16.07 ppm. Mass 
spectrum: m/z 637.7230 [M + H]+ (calculated for 
C34H29N4O3PS2: М 636.1419). 

Diethyl Z-[1,2-bis(4-phenyl-1H-imidazol-2-yl-
sulfanyl)ethenyl]phosphonate (7) was obtained similarly 
from diethyl chloroethynylphosphonate and 4-phenyl-
1H-imidazole-2-thione. Yield 47%, colorless crystals, 
mp 210°C (decomp., ethanol). 1H NMR spectrum 
(CD3OD, 400.13 MHz), δ, ppm (J, Hz): 1.24 t (6H, 
OCH2CH3, 3JHH 7.0), 4.11 m (4H, OCH2, 3JHH 7.0, 3JHP 
14.8), 7.45 t (2H, Hp, 3JHH 5.5), 7.54 d (4H, Ho, 3JHH 
5.5), 7.78 t (4H, Hm, 3JHH 5.5), 7.93 s and 8.05 s (2H, 
CH=CPh), 8.35 d (1H, PC=CH, 3JHP 14.1). 13C NMR 
spectrum (CD3OD, 100.61 MHz), δC, ppm (J, Hz): 
16.25 d (CH3CH2, 3JCP 6.7), 62.85 d (CH3CH2, 2JCP 
6.1), 119.34 d (PC=CH, 1JCP 190.5), 122.31 and 
122.85 (=CPh), 124.98 and 125.05 (Co), 127.17 and 
127.64 (Cp), 128.80 and 128.67 (Cm), 129.61 and 
130.17 (CH=CPh), 131.63 d (PC=CH, 2JCP 22.3), 

134.24 and 135.85 (Cipso), 157.83 and 158.05 (SC=N). 
31P NMR spectrum (CD3OD, 161.98 MHz): δP 9.69 ppm. 
Mass spectrum: m/z 513.5841 [M + H]+ (calculated for 
C24H25N4O3PS2: М 512.1106). 

Diethyl [2,2-bis(4-phenyl-1H-imidazol-2-ylsulfanyl)-
ethenyl]phosphonate (8). Yield 41%, colorless crystals, 
mp 187°C (ethanol). 1H NMR spectrum (CDCl3, 
400.13 MHz), δ, ppm (J, Hz): 1.32 t (6H, OCH2CH3, 
3JHH 7.0), 4.11 m (4H, OCH2CH3, 3JHH 7.0, 3JHP 15.1), 
5.20 d (1H, PCH=C, 2JHP 8.8), 7.28 t (2H, Hp, 3JHH 
7.0), 7.38 d (4H, Ho, 3JHH 7.0), 7.49 s and 7.57 s (2H, 
CH=CPh), 7.70 t and 7.78 t (2H, Hm, 3JHH 7.0). 13C 
NMR spectrum (CDCl3, 100.61 MHz), δC, ppm (J, 
Hz): 15.17 d (CH3CH2, 3JCP 6.7), 62.45 d (CH3CH2, 
2JCP 6.1), 107.63 d (PC=CH, 1JCP 195.2), 114.66 and 
115.29 (CH=CPh), 124.61 and 124.68 (Co), 127.32 and 
127.38 (Cp), 128.49 (Cm), 132.39 and 132.94 
(CH=CPh), 137.37 d (PC=CH, 2JCP 23.1), 138.41 
(Cipso), 157.28 (SC=N). 31P NMR spectrum (CDCl3, 
161.98 MHz): δP 12.93 ppm. Mass spectrum: m/z 
513.5841 [M + H]+ (calculated for C24H25N4O3PS2: М 
512.1106). 

1H, 13C, 31P NMR spectra were recorded on a 
Bruker Avance 400 spectrometer. Mass spectra (HR-
ESI) were taken on a Bruker MicrOTOF spectrometer. 
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