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The system aliphatic aldehyde-chloro(trimethyl)-
silane (1) is effective in the chloroalkylation of alkane-
thiols. Paraformaldehyde reacts with akanethiols at
-510 0°C in alarge excess of silane | to give mainly
alkyl chloromethyl sulfides. The latter are capable
of reacting with alkanethiols with formation of thio-
acetals in no more than 30% yield [1]. Under similar
conditions, the reaction of isobutyraldehyde with
alkanethiols leads to formation of vinyl sulfides as
the major products (yield 55-72%) as a result of
dehydrochlorination of intermediate akyl chloroalkyl
sulfides; here, thioacetals are formed in small amounts
(8-39%) [2].

We have found that aldehydes Ila-llc of the thio-
phene series react with the system akanethiol—chloro-
(trimethyl)silane in a different way. By reactions of
ethanethiol, 1-propanethiol, and 1,2-ethanedithiol with
an equimolar amount of aldehyde Ila-Ilc in 4-8-fold
excess of silane | we obtained previously unknown
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thioacetals Illa-Illc and 1V. The reaction with
1,2-ethanedithiol was accompanied by a strong exo-
thermic effect. Acyclic and cyclic dithioacetals 111 and
IV were the only reaction products (yield 56-90%).
In the absence of silane I, the yields were much lower
(8-15%). The structure of compounds III and IV
was confirmed by elemental analyses, *H and *C
NMR spectra, and mass spectra. The products attract
interest as potential biologically active substances [3]
and synthons [4, 5].

2-[Bis(ethylsulfanyl)methyl]thiophene (I11a).
Ethanethiol, 3.04 g (0.04 mol), was added dropwise
at —5°C to a mixture of 2.24 g (0.02 mol) of aldehyde
Ila and 20 ml of chloro(trimethyl)silane (I). The mix-
ture was vigoroudy stirred for 1.5 h at -8 to -5°C
and was alowed to warm up to room temperature.
The progress of the reaction was monitored by GLC.
After removal of silane |, the product was isolated by
vacuum digtillation. Yield 3.3 g (68%), Ilght yellow
oily substance, bp 132-135°C (1-2 mm). *H NMR
spectrum, 3, ppm: 1.22 t (3H, CH3) 259 d.q (2H,
SCH,, part A of AB quartet, 2) = 12.72 Hz, °J =
7.46 Hz), 2.66 d.q (2H, SCH,, part B of AB quartet),
5 21 s (1H, CH) thiophene ring: 6.88 d.d (1H, 4-H
J43—355 Hz, J45—514Hz) 706ddd(1H 3- H
\]35(:HS = 0.74 Hz), 7.20 dd (1H, 5H, \]53 =
1.34 Hz). 3C NMR spectrum, 8., ppm: 14.02 (CH,),
2591 (SCH,), 47.43 (CH); thiophene ring: 125.19
(C3), 12551 (C%, 126.19 (C°), 144.31 (C?). Found,
%: C 49.88; H 6.48; S 43.33. M" 218. C4H,,S;. Cal-
culated, %: C 49.54; H 6.42; S 44.03. M 218.

Compounds Il1b and Illc were synthesized in
a smilar way.
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2-[Bis(propylsulfanyl)methyl]thiophene (l11b).
Yield 70.4%, bp 135-136°C (1-2 mm), n2’ = 1.5625.
'H NMR spectrum, &, ppm: 0.95 t (3H, CH,), 1.59 s
(2H, CH,, 3 = 7.4 Hz), 2.54 d.t (2H, SCH,, part A of
AB quartet, 2J = 12.72 Hz, 3J = 7.46 Hz), 2.63 dt
(2H, SCH,, part B of AB quartet), 5.16 s (1H, CH);
thiophene ring: 6.88 d.d (1H, 4-H, %), ; = 3.55 Hz,
3,5 = 489 Hz), 7.06 d.dd (1H, 3-H, *J5 s =
0.74 Hz), 7.19 d.d (1H, 5-H, ‘35 5 = 1.34 Hz). **C
NMR spectrum, &, ppm: 13.54 (CHj), 22.48 (CH,),
34.13 (CH,S), 48.30 (CH); thiophene ring: 125.29
(C3), 125.65 (C%, 126.33 (C°), 145.31 (C?). Found,
%: C 54.33; H 5.06; S 38.93. M* 246. Cy;HgSs.
Calculated, %: C 53.93; H 7.31; S39.0. M 246.

2-Chlor o-5-[bis(propylsulfanyl)methyl]thiophene
(I11c). Yield 56.2%, bp 165-170°C (2-3 mm), nX =
1.5748. 'H NMR spectrum, &, ppm: 0.96 t (3H, CH.,
3) = 7.21 Hz), 1.58 s (2H, CH,), 2.54 d.t (2H, SCH,,
pat A of AB-quartet, 2J = 12.6 Hz), 2.63 d.t (2H,
SCH,, part B of AB quartet), 5.02 s (1H, CH); thio-
phene ring: 6.68 d (1H, 4-H, %, ; = 3.67 Hz), 6.83 d
(1H, 3-H). *C NMR spectrum, 5., ppm: 13.50 (CH,),
22.42 (CH,), 34.11 (CH,S), 48.60 (CH); thiophene
ring: 125.01 (C®), 125.45 (C?%), 129.85 (C°), 144.37

(C?). Found, %: Cl 13.0; S 34.85. C;;H,,CIS,. Cal-
culated, %: Cl 12.65; S 34.29.
2-(1,3-Dithiolan-2-yl)thieno[2,3-b]thiophene (1V).
1,2-Ethanedithiol, 1.41 g (0.015 mol), was added
dropwise at 0°C to a mixture of 2.52 g (0.015 mol) of
aldehyde I1c and 8 ml (0.063 mol) of silane I. The
reaction was accompanied by strong heat evolution;
therefore, 1,2-ethanedithiol was added slowly. The
mixture was vigoroudly stirred for 1.5 h at -5 to 0°C
and was alowed to warm up to room temperature.
The precipitate was filtered off, recrystallized thrice
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from benzene-ethanol (1:2), and dried under reduced
pressure. Yield 3.3 g (90%), light pink crystals,
mp 81-83°C. 'H NMR spectrum, &, ppm: 3.29 m and
3.44 m (4H, SCH,CH,S), 5.90 s (1H, CH); thieno-
[2,3-b]thiophene system: 7.07 d (1H, 5H, %) ¢ =
5.2 Hz), 7.17 s (1H, 3-H), 7.24 d (1H, 6-H). ®*C NMR
spectrum, S, ppm: 39.95 (SCH,), 51.67 (CH); thieno-
[2,3-b]thiophene system: 118.32 (C®), 119.92 (CY),
127.42 (C®), 137.34 (C*%, 145.64 (C?), 150.32 (C).
Found, %: C 45.16; H 3.56; S51.94. M* 244. CgH,S,.
Calculated, %: C 44.26; H 3.27; S52.45. M 244,

The *H and 3C NMR spectra were recorded on
a Bruker DPX-400 spectrometer operating at 400.1
and 100.6 MHz, respectively; CDCl; was used as
solvent, and HMDS, as internal reference. The mass
spectra (electron impact, 57 eV) were run on an LKB-
2091 instrument.

REFERENCES

1. Turchaninova, L.P., Korchevin, N.A., Shipov, A.G.,
Deryagina, E.N., Baukov, Yu.l., and Voronkov, M.G.,
Zh. Obshch. Khim., 1989, vol. 59, no. 3, p. 722.

2. Turchaninova, L.P., Shipov, A.G., Korchevin, N.A.,
Deryagina, E.N., Baukov, Yu.l., and Voronkov, M.G.,
Zh. Obshch. Khim., 1991, vol. 61, no. 9, p. 2039.

3. Buchin, P.I. and Lipkin, A.E., Proizvodnye tiofena
i bitiofena kak perspektivnye antiseptiki novoi gruppy
(Derivatives of Thiophene and Bithiophene as a New
Class of Promising Antiseptics), Saratov: Saratov.
Gos. Univ., 1974.

4. Zhi-Jie Ni, Nai-Wen Mei, Xian Shi, Yih-Ling Tzeng,
Maw Cherng Wang, and Tien-Yau Luh, J. Org.
Chem., 1991, vol. 56, p. 4035.

5. Kiryanov, A.A., Seed, A.J., and Sampson, P., Tetra-
hedron, 2001, vol. 57, p. 5757.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 39 No. 10 2003




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.2
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


