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We were the first to detect the capacity of Fe(CO)s to catalyze hydrosilylation with the
formation of both saturated and unsaturated silicohydrocarbons (SH) [1]. Further development
of these reactions was carried out by Schroeder and Wrighton [2]. The use of binuclear metal
carbonyls in hydrosilylation reactions was explored largely for Coz{(CO)e, and a mechanism has
been proposed for such reactions [3]. The reaction of EtzSiH with olefins in the presence of
Mn, (CO),0, has also been described [4].

In the present work, we studied the possibility of using Re»(C0),, for the initiation
of the hydrosilylation of a-olefins and compared the properties of Re,(C0) ;e and Mn, (CO) ;6
in such reactions. We previously studied the reduction of RCCl.X (X = H, Cl, Alk) by EtsSiH
initiated by Re;(CO);° [5}.

We studied the hydrosilylation of l-hexene by Et3SiH in the presence of Ma(CO) ;o (M =
Mn and Re). In the case of Rep(C0),0, triethylhexylsilane (I} is formed under the conditions
studied in 60-81% yield. Special experiments showed that an increase in the Re;{C0),s concen-

CsHsCH=—CH, - HSiEts % £,8iCeHys + CsHya

ity

tration from 1 to 5 mole % (relative to Ce¢H,a) does not affect the product yields. The
structure of (I) was supported by *°C NMR and PMR spectroscopy. The *3C NMR spectrum corres-
ponds to that of a sample obtained by an independent pathway [6]. Gas—liquid chromatographic
analysis showed the presence of traces of alkenylsilane (IT)}. This impurity gives weak sig-
nals in the ®2C NMR spectrum in the Cgp2 region only upon prolonged accumulation. The forma-
tion of 4-97 hexane was also noted. '

Carrying out the reaction with the same reagent ratio but in the presence of Mns (CO);e
leads to different results. Gas—liquid chromatographic analysis shows formation of a mixture
of adduct (I) with (II} and (III) which are EtgSiC¢H;, isomers differing in the position of
the double bond. Indeed, the *>C NMR spectrum of mixture (I)-(III) has signals for four Cgp?
atoms. In addition, about 17 hexaethyldisiloxane was identified in the mixture. A mixture

Mn,(CO),,
e

(I) + Et,SiCH=CHCH, + Ets:SiCH:CH—CHC,H; + CHy,q
(11) (111)

of saturated and unsaturated SH and hexane is formed. The (I):(II):(III) ratio depends on
the Mn; (CO) 16 concentration. Thus, the relative yield of (II) and (III) increases with in-
creasing Mn;(CO) ;o concentration (Table 1, experiments 1 and 2). For the same Mn;(CO);o con~
centration, the content of the unsaturated SH depends on the [CgH;.]:[EtsSiH] ratio (see
Table 1, experiments 2 and 3). An analogous effect of excess olefin leading to an increase
in the relative yield of unsaturated SH was observed previously in the case of Fe(CO)g [7].

C.H,CH=CH, + HSiEts

The presence gf unsaturated adduct (I) and the unsaturated SH in the reaction mixture
was indicated by '°C and 'H NMR spectroscopy. Table 2 gives the *°C NMR spectral parameters
for (I)-(I1I) for pure (I) and for the mixture of (I)-(III).

EXPERIMENTAL

The gas—liquid chromatographic analysis was carried out on_an LKhM-8MD chromatograph
with a katharometer detector using helium as the gas carrier on A) a 2 m x 3 mm column packed
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TABLE 1. Reaction of Et3SiH (8 mmoles) with l-Hexene (4
mmoles) in the Presence of Mn,;(C0),o at 145°C for 5 h

. Mn, (CO) ¢ Yield, % (I):(I1):(I1I)
%ﬁp eriment Inole % rel’. Conversion ’ Ratio by PMR
o to 1l-hexane [of CgHy,; { Mixture |
CeH 4 of (I)_
(II7)

i 5 61 24 31 33:26:41

2 1 38 19 22 65:149:16

3* 1 - 52+ 28 33:33:33

*[EtsSiH]: [CgH;z] = 1:3.
tRelative to CsH;2 consumed.

TABLE 2. *°®C NMR Spectra for Silicohydrocarbons (I)-(III)

13,
C NMR (6
Compound?* (9, ppw) Tey-H,
¢ ol c? c cs ce Fz
12 3 4 5 8
Eth!CHgCHzCHzCHzCHzCH& N M3 ] 236 334 34,4 | 224 | 13,9 116
Et;SiCH=CHCH.CH.CH,CH; (II) 125,4 {1482 | 348 | 308 | 228 | 137 142
Lt;SiCH,CH=CHCH.CH.CH; (IIl) 19,4 11258 11284 | 36,5 | 22,0 | 134 120

*The regions of the poorly resolved signals for EtgSi
from (I)-(III) are: &CH, 3.05 ppm and 8CHs 7.10-7.20

ppm.

with 6% B,B-hydroxydipropionitrile and C) a 2 m x 3 mm column packed with 15% SKTFT. The
solid support was Chromaton N-AW-HMDS.(0.16-0.20 mm). The yields of SH (I)-(III) were deter-
mined relative to internal standard EtsSiCsH,. The temperature was programmed from 100 to
220°C at a rate of 12 deg/min. Hexane was identified relative to authentic samples, while
hexaethylsiloxane was identified according to authentic samples on columns A and C. Separa-
tion of EtgSiCe¢H;3 and EtgSiC¢H,, was achieved on column B.

The '°C NMR spectra both with and without suppression of C—H coupling and using the DEPT
technique were obtained on a Bruker WP-200 spectrometer at 200 MHz using CCl, or CHCl, as
the standards. The PMR spectra were taken on the same instrument for CCl, solutions using
TMS as the standard. The ratios of the integral intensities were in accord with the pre-
dicted values. The relative contents of EtsSiC¢H s and EteSiCe¢H,; were determined using
the integral intensities of the CH; group protons.

The experiments shown in Table 1 and those with Rez(CO) ;o Wwere carried out in glass
ampules filled in an argon atmosphere using the freeze—thaw technique. Residual M;(CO),,
was found in the experiments with 5% Mz(CO) ;0 (M = Re and Mn)}. After separation of the
residual M;(CO),;0, the conversion of the initial reagents and the product yields were deter-
mined by gas—liquid chromatography.

Hydrosilylation of 1-Hexane. a) In the presence of Rej3(CO)i6. A mixture of 8 mmoles
EtySiH, 4 mmoles 1-hexane, and 0.2 mmole Re,(CO),;0 was heated for 5 h at 145°C. After
separation of the precipitate and distillation of the unreacted starting reagents in vacuum,
a residue was obtained which, according to gas—liquid chromatography, consisted of pure
(CaHs) 3SiCgH;y3. The i3¢c NMR spectral parameters are given in Table 2. PMR spectrum (§,
ppm): 0.53 q (4 CHz) 0.95 t (4 CHs), 1.36 m (4 CHa) [8].

b) 1In the presence of Mn;(CO),;0. Analogously, the reaction mixtures of experiments
1-3 (Table 1) gave fractions of SH (I)-(III). The *°C and *H NMR spectra were obtained for
these fractions.

CONCLUSIONS

1. This is the first report that Re;(C0),, may be used as a catalyst for the hydro-
silylation of «-olefins.

2. The reaction of l-hexene with Et3SiH in the presence of Rea(CO) ;o and Mnj (CO) ;¢ under
comparable conditions leads to different reaction products. Triethylhexylsilane is formed in
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the case of Re,(CO) 0, while a mixture of saturated and unsaturated silicohydrocarbons was
formed in the case of Mn,(CO) 0.
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OXIDATION OF ISOPRENE BY MOLECULAR OXYGEN IN THE
PRESENCE OF THE TETRAPHENYLPORPHIN COMPLEX
OF DIVALENT MANGANESE

E. I. Karakozova, A. B. Solov'eva, UDC 542.943.7:547.315.2
and L. V. Karmilova

IIThe tetraphenylporphinate (TPP)MnlICl obtained by the reduction of the corresponding
MnT complex activates 0, and thereby catalyzes the oxidation of olefins with different ex~
tents of substitution into ketones and alcohols [1-3]. The kinetics was studied, and a
reaction mechanism was proposed {3, 4]. In the present work, we studied the regioselectivity
of the oxidation of isoprene and 2~methylpentene in the presence of this catalytic system.

The oxidation of isoprene by 0O, in the presence of a system consisting of TPPMnITIC1 and
sodium borohydride gave only 3-methyl-2-buten-l-~ol whose structure was supported by IR
spectroscopy. gas—liquid chromatography, and ozonization. Comparison of the data for the
oxidation of isoprene and 2Z-methyl-2-pentene (Table 1) shows that the oxidation in both cases
proceeds regioselectivity. The rate of the oxidation of isoprene is about five times greater
than that for 2-methyl-2-pentene, while the yields of the oxidation products differ corres-
pondingly by a factor of 2-3.

TABLE 1. Oxidation of Isoprene and Z-Methyl-Z-pentene by
Atmospheric Oxygen in the Presence of TPPMnllIC1-NaBH,

k. p1074 % Reaction |Reaction

ef 1. $ pl;oclhéxct product yield
. - ie ! -
Olefin Reaction products sec ativert% 5‘7:113%;1&;3 &

olefin, % icatalvst, %

2-Methyl-2-pentene|2-Methyl-2-pentanol 25 : 20 4108
Isoprene ‘ 2-Methyl~2-buten-1-o0l 15 50 12-10°

*The value for keof was found using the initial slope of the ex-
perimental curves.
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