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Abstract�Hydrosilylation of 2-(2-propynyl)-2,3-dihydro-1,2-benzothiazol-3-one 1,1-dioxide with 1-alkynyl-
dimethyl- and bis(1-alkynyl)methylsilanes of the general formula MenHSi(C��CR)3 � n (n = 1, 2) in the pres-
ence of H2PtCl6 (Speier’s catalyst) occurs in a nonregioselective but stereoselective fashion, yielding mixtures
of the corresponding trans-�- and �-adducts. The fraction of the latter ranges from 50 to 70%, depending
mainly on the substrate nature rather than on the nature of substituent at the triple bond of the reagent.

Hydrosilylation of triple C��C bond underlies one
of the main methods for synthesizing vinylsilanes
which are widely used in the preparation of polymers
[1], their modification [2�4], and synthesis of natural
compounds [5]. Acetylenic silicon hydrides have
poorly been studied as hydrosilylating agents, though
introduction of an alkynyl group to the silicon atom
in vinylsilanes should extend their potential as ligands
for metal-complex catalysis, promising monomers,
polyfunctional reagents for fine organic synthesis, and
model structures for studying conjugation between
the silicon heteroatom and multiple bonds.

We previously studied autohydrosilylation of 1-(di-
methylsilyl)-3-phenoxypropyne Me2HSiC��CCH2OPh
in the presence of H2PtCl6 at room temperature, which
led to formation of 1,1,4,4-tetramethyl-2,5-bis(phen-
oxymethyl)-1,4-disila-2,5-cyclohexadiene in high
yield [6], and hydrosilylation of a series of terminal
arylacetylenes RC��CH (R = Ph, PhOCH2, PhSCH2)
with ethynylsilanes in the presence of Speier’s catalyst
[7]. There are no published data on the use of bis-
(1-alkynyl)silanes as hydrosilylating agents, as well
as on hydrosilylation with ethynylsilanes of nitrogen-
containing heterocycles having a 2-propynyl group on
the nitrogen, specifically of 2-(2-propynyl)-2,3-di-
hydro-1,2-benzothiazol-3-one 1,1-dioxide (I) which

was synthesized by us previously [8]. We anticipated
that hydrosilylation of compound I with mono- and
bis-acetylenic silicon hydrides will give rise to new
polyfunctional vinyl(ethynyl)silanes possessing
a pharmacophoric group. For example, some biologic-
ally active benzothiazole derivatives are promising for
the treatment of pulmonal emphysema [9, 10].

The relations between the structure of silicon
hydride and stereo- and regioselectivity of triple bond
hydrosilylation have been studied insufficiently.
Chauhan et al. [11] recently showed a considerable
effect of the structure of chloro-, alkyl-, and alkoxy-
silanes on the regio- and stereoselectivity of their
addition to terminal and internal alkynes, catalyzed
by platinum on charcoal.

In the present work we examined hydrosilylation
of compound I with 1-alkynylsilanes II�IX of the
general formula MenSiH(C��CR)3 � n, where n = 1, 2;
R = Me3Si, Et3Ge, Ph, PhOCH2, PhSCH2. The syn-
thesis of silanes II�VII and IX was reported by us
previously [12], and methylbis(triethylgermylethynyl)-
silane (VIII) was obtained in 67% yield by reaction
of dichloro(methyl)silane with triethylgermylethynyl-
magnesium bromide in THF. The hydrosilylation was
carried out with equimolar amounts of the reactants
in THF at 70�C in the presence of Speier’s catalyst.
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Scheme 1.

II, Xa, Xb, R = Me3Si, n = 2; III, XIa, XIb, R = Et3Ge, n = 2; IV, XIIa, XIIb, R = Ph, n = 2; V, XIIIa, XIIIb, R = PhOCH2,
n = 2; VI, XIVa, XIVb, R = PhSCH2, n = 2; VII, XVa, XVb, R = Me3Si, n = 1; VIII, XVIa, XVIb, R = Et3Ge, n = 1; IX,

XVIIa, XVIIb, R = Ph, n = 1.

According to the IR and 1H and 13C NMR data, in
all cases mixtures of regioisomeric trans-�- and
�-adducts Xa�XVIIa and Xb�XVIIb were formed;
their ratios and 1H NMR spectral parameters are given
in table. We previously showed [7] that the addition
of ethynylsilanes Me2HSiC��CR (R = Ph, PhOCH2,
PhSCH2) to arylacetylenes in the presence of H2PtCl6
is not regioselective, but the corresponding �-adducts
are formed with high trans-stereoselectivity. A strong
effect of the substrate structure on the ratio of the �-

and �-adducts was observed: the fraction of the
former increases on replacement of phenyl group by
phenoxy or phenylsulfanylmethyl both in the substrate
and in the ethynylsilane (the fraction of the �-adduct
ranges from 10 to 60%). The predominant formation
of the �-adduct (up to 75%) was also observed in the
hydrosilylation of I with triethylsilane under similar
conditions [8].

Presumably, the presence of electron-acceptor triple
bond in the hydrosilylating agent should increase

1H NMR spectra of compounds Xa�XVIIa and Xb�XVIIb
������������������������������������������������������������������������������������
Comp. � Fraction, �

Si(CH3)2
�

NCH2
� C�CHSi or �

�CHCH2
�

Harom
�

J, Hz
no. � % � � � �CH2 � � �

������������������������������������������������������������������������������������
Xa � 40 � 0.25 s � 4.43 d.d � 6.04 d.t � 6.30 d.t � 7.8�8.1 m �3J = 5.3, 4J = 1.5, tJ = 18.4
Xb � 60 � 0.37 s � 4.54 t � 5.70�5.90 q � � �2J = 4J = 1.6
XIa � 40 � 0.24 s � 4.41 d.d � 6.02 d.t � 6.30 d.t � 6.7�8.0 m �3J = 5.3, 4J = 1.5, tJ = 18.5,
XIb � 60 � 0.35 s � 4.53 d.d � 5.71�5.87 m � � �2J = 4J = 1.5
XIIa � 35 � 0.27 s � 4.43 m � 6.01 d.t � 6.35 d.t � 7.0�8.1 m �3J = 5.3, 4J = 1.5, tJ = 18.5
XIIb � 65 � 0.40 s � 4.50 t � 5.73�5.94 m � � �
XIIIaa � 50 � 0.24 s � 4.40 d.d � 6.02 d.t � 6.27 d.t � 6.7�8.0 m �3J = 5.3, 4J = 1.5, tJ = 18.5
XIIIb � 50 � 0.35 s � 4.69 m � 5.68�5.91 m � � �
XIVab � 45 � 0.15 s � 4.39 d.d � 5.97 d.t � 6.20 d.t � 7.9�8.04 m �3J = 5.3, 4J = 1.5, tJ = 18.5
XIVb � 55 � 0.28 s � 4.44 d.d � 5.61�5.85 t � � �
XVa � 30 � 0.40 s � 4.45 d.d � 5.99 d.t � 6.46 d.t � 7.8�8.1 m �3J = 5.2, 4J = 1.6, tJ = 18.4
XVb � 70 � 0.50 s � 4.49 t � 5.89�5.94 d.t � � �
XVIa � 40 � 0.37 s � 4.43 d.d � 6.02 d.t � 6.48 d.t � 7.8�8.1 m �3J = 5.2, 4J = 1.6, tJ = 18.5
XVIb � 60 � 0.49 s � 4.62 t � 5.89 br.t � � �
XVIIa � 50 � 0.54 s � 4.51 t � 6.15 d.t � 6.60 d.t � 7.0�8.1 m �3J = 5.2, 4J = 1.6, tJ = 18.5
XVIIb � 50 � 0.66 s � 4.72 t � 6.03�6.04 m � � �

������������������������������������������������������������������������������������
a
�(OCH2), ppm: 4.63 s (XIIIa); 4.66 (XIIIb).

b
�(SCH2), ppm: 3.61 s (XIVa); 3.58 s (XIVb).
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positive charge on the silicon atom thus favoring its
orientation at the �-carbon atom at the triple bond of
the substrate. As a result, the corresponding �-adduct
should be formed as the major product. As follows
from the data given in table, the addition of silanes
II�IX actually gives a considerable amount of �-ad-
ducts Xb�XVIIb whose fraction reaches 50�70%.
Comparison of the isomer ratio in the hydrosilylation
products obtained with trimethylsilyl- and trimethyl-
germylethynylsilanes II and III, on the one hand, and
bis(ethynyl) analogs VII and VIII, on the other,
shows increased fraction of bis(ethynyl) �-adduct
XVb (by 10%). On the other hand, the fraction of
�-adduct XIIb in the reaction with silane IV (R = Ph,
n = 2) is larger by 15% than the fraction of the corre-
sponding bis(phenylethynyl) analog XVIIb. These
data indicate the absence of clearly defined difference
between mono- and bis(ethynyl)silanes in the regio-
selectivity of addition to compound I. The effect of
the substituent at the triple bond in the series of
monoethynylsilanes X�XIV is also insignificant:
the fraction of the �-adduct in the hydrosilylation
products ranges from 50 to 70%.

The IR spectra of the products contain strong ab-
sorption bands due to stretching vibrations of the
triple C��C bond at 2160�2180 cm�1, carbonyl group
at 1720�1730 cm�1, double C�CSi bond at 1620�
1630 cm�1, aromatic C�C bonds at 1580�1600 cm�1,
and Si�CH3 bond at 1240�1250 cm�1. Absorption
bands of the triple bond between two heteroatoms are
characterized by a considerably lower frequency:
2030 and 2090 cm�1 for adducts XVIa and XVIb,
respectively (R = Et3Ge, n = 1). Compounds XVa and
XVb (R = Me3Si, n = 1) show no triple bond absorp-
tion in the IR spectrum, presumably due to their
pseudosymmetric structure. In the IR spectra of mono-
ethynyl analogs Xa and Xb (R = Me3Si), the �(C��C)
bands appear at 2110 and 2070 cm�1, and adducts XIa
and XIb (R = Et3Ge) absorb at 2100 and 2058 cm�1,
respectively. Appreciable reduction of the triple bond
stretching vibration frequency in symmetric disilyl-
acetylenes is well known: for example, the �(C��C)
frequency of Me3SiC��CSiMe3 is 2130 cm�1 [13].
According to Voronkov et al. [14], stretching vibra-
tions of the vinyl C�H bond in vinylsilanes give rise
to a sharp absorption band at 3060�3030 cm�1. Insofar
as stretching vibration bands of the aromatic C�H
bonds are located in the same region, it was difficult
to identify �(C�H) vibrations of the SiC�CH2 moiety
in most adducts derived from benzisothiazole I.
An exception was the IR spectrum of adduct XIIIb
(R = CH2OPh, n = 2), where a strong clearly defined

band was present at 3060 cm�1. In the IR spectra of
compounds containing no phenyl ring at the triple
bond, a narrow peak at 1590�1595 cm�1 corresponds
to stretching vibrations of the C�C bonds in the
benzisothiazole fragment. Phenyl-substituted adducts
XIIa, XIIb (R = Ph, n = 2); XIIIa, XIIIb (R =
CH2OPh, n = 2); XIVa, XIVb (R = CH2SPh, n = 2);
and XVIIa, XVIIb (R = Ph, n = 1) each show two
absorption bands in the region 1580�1600 cm�1. The
1H NMR spectra of compounds X�XVII are given
in table.

Thus the results of the present study and our
previous data [6�8] indicate that the regioselectivity of
hydrosilylation is determined mainly by the structure
of acetylenic substrate.

EXPERIMENTAL

The IR spectra of compounds VIII�XVII were
obtained on a Specord 75IR spectrophotometer;
samples were examined as KBr pellets or liquid films
(neat). The 1H and 13C NMR spectra were recorded
on a Bruker DPX-400 instrument in CDCl3 using
cyclohexane as internal reference.

Methylbis(triethylgermylethynyl)silane (VIII).
Triethylgermylacetylene [15], 27.69 g (0.15 mol), was
added dropwise under stirring to the Grignard com-
pound prepared from 3.6 g (0.15 mol) of magnesium
and 16.3 g (0.15 mol) of ethyl bromide in 100 ml
of THF. The mixture was stirred for 12 h at room
temperature and then for 3 h at 65�C. It was then
cooled to room temperature, and 17.25 g (0.15 mol)
of dichloro(methyl)silane was added dropwise over
a period of 30 min. The mixture was treated with
50 ml of 5% hydrochloric acid and extracted with
diethyl ether, the extract was dried over CaCl2, the
solvent was removed, and the residue was distilled
under reduced pressure. Yield 41.1 g (67%), bp 122�C
(1 mm), nD

20 = 1.4848. IR spectrum, �, cm�1: 2156
(C��C); 2100 (Si�H); 1250, 840 (Si�C). 1H NMR
spectrum, �, ppm: 0.34 d (3H, SiMe), 0.85 q (12H,
CH3CH2Ge), 1.07 t (18H, CH3CH2Ge), 4.29 q (1H,
SiH). Found, %: C 49.67; H 8.01; Ge 34.62; Si 6.89.
C17H34Ge2Si. Calculated, %: C 49.74; H 8.35;
Ge 34.91; Si 7.01.

Reaction of 2-(2-propynyl)-2,3-dihydro-1,2-ben-
zothiazol-3-one 1,1-dioxide (I) with dimethyl-
(3-phenoxy-1-propynyl)silane (VIII). A mixture of
2.21 g (0.01 mol) of compound I, 1.9 g (0.01 mol)
of silane V, and 0.01 ml of Speier’s catalyst (a 0.1 M
solution of H2PtCl6 � 6H2O in i-PrOH) in 10 ml of
tetrahydrofuran was stirred for 6 h at 60�65�C. The
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solvent was removed, and the residue was analyzed.
Found, %: C 63.45; H 5.66; N 3.90; S 8.32; Si 7.59.
C21H21NO4SSi. Calculated, %: C 61.28; H 5.14;
N 3.40; S 7.79; Si 6.82.

The reactions of compound I with silanes II�VII
and IX were carried out in a similar way (see table).

REFERENCES

1. Oku, J., Taksuchi, M., Saito, A., and Asami, R.,
Polym. J., 1992, vol. 24, p. 1409.

2. Fang, T.R. and Kennedy, J.P., Polym. Bull., 1983,
vol. 10, p. 82.

3. Brockmann, M., Dieck, H., and Klaus, J., J. Organo-
met. Chem., 1986, vol. 301, p. 2091.

4. Chujo, Y., Ihara, H., and Saegusta, T., Macromole-
cules, 1989, vol. 22, p. 2040.

5. Flann, C.J. and Overman, L.E., J. Am. Chem. Soc.,
1987, vol. 109, p. 6115.

6. Medvedeva, A.S., Lyashenko, G.S., Kozyreva, O.B.,
and Voronkov, M.G., Russ. J. Gen. Chem., 1995,
vol. 65, p. 145.

7. Lyashenko, G.S., Medvedeva, A.S., Yazovtsev, I.A.,
Albanov, A.I., and Demina, M.M., Russ. J. Org.
Chem., 2002, vol. 38, p. 147.

8. Lyashenko, G.S., Medvedeva, A.S., Safronova, L.P.,
Bannikova, O.B., and Voronkov, M.G., Izv. Ross.
Akad. Nauk, Ser. Khim., 1993, p. 2889.

9. Hlasta, D.J., Bell, M.R., Boaz, N.W., Court, J.J.,
Desai, R.C., Franke, C.A., Mura, A.J., and Dun-
lap, R.P., Bioorg. Med. Chem. Lett., 1994, vol. 4,
p. 1801.

10. Hlasta, D.J. and Ackerman, J.H., J. Org. Chem.,
1994, vol. 59, p. 6184.

11. Chauhan, M., Hauck, B.J., Keller, L.P., and Boud-
jouk, P., J. Organomet. Chem., 2002, vol. 645, p. 1.

12. Medvedeva, A.S., Yazovtsev, I.A., Demina, M.M.,
Lyashenko, G.S., Kozyreva, O.B., and Voron-
kov, M.G., Russ. J. Org. Chem., 1998, vol. 34,
p. 1263.

13. Chumaevskii, N.A., Kolebatel’nye spektry elemento-
organicheskikh soedinenii elementov IVA i VB grupp
(Vibrational Spectra of Organic Compounds of IVA
and VB Groups Elements), Moscow: Nauka, 1971,
p. 86.

14. Voronkov, M.G., Kirpichenko, S.V., Keiko, V.V.,
Sherstyannikova, L.V., Pestunovich, V.A., and Tset-
lina, E.O., Izv. Akad. Nauk SSSR, Ser. Khim., 1975,
p. 390.

15. Eaborn, C., Skinner, G.A., and Walton, D.R.M.,
J. Organomet. Chem., 1966, vol. 6, p. 438.



<<
  /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


