ACTIVATION OF TRANSFER OF HYDROGEN FROM THE
Si—H BOND BY Mn AND Re CARBONYLS IN REACTIONS
WITH ACRYLIC MONOMERS

A. B. Terent'ev and M. A. Moskalenko UDC 542.974:546.11:661.688:547.245

Radical telomerization of ethylene of triethylsilane (TES) initiated by binuclear car-
bonyls M,(C0),, (M = Mn, Re) basically results in the formation of an Et,Si adduct. Higher
telomeric homologs, formed in similar conditions in peroxide initiation [1], are almost ab-
sent, which can be attributed to homolytic activation of H transfer in the TES M,(C0);, system
[2].

Acrylic compounds: methyl acrylate (MA), methyl methacrylate (MMA), and acrylonitrile
(AN), were used as the monomers for studying homolytic activation of the Si—H bond, and it
was shown that the nature of the monomer significantly and differently affects the activating
capacity of Mn and Re carbonyls. The event of activation of transfer of H from the Si—H bond
is manifested by the fact that highly selective radical addition of TES to the monomer can
take place in the presence of M,(CO),, and the degree of polymerization of the acrylic com-
pounds, characteristic of reactions using peroxides, can decrease.

The selected ratio of reagents (1:1) permitted observing not only addition but also
telomerization (Table 1, No. 2 and 4). The formation of three compounds was observed in
almost all of the experiments, together with adducts: siloxanes, whose quantity was essen-
tially a function of the occurrence of the basic reaction. A comparison of the data obtained
(see Table 1) shows that in the case of Mn,(C0),,, the yield of the adduct decreases in the
sequence MA-MMA. In conditions of a radical process, the decrease in the efficiency of the
reaction in going from MA to MMA is totally explainable, since a relatively stable tertiary
adduct radical Et SlCHZC(Me)COZMe is formed from MMA and is less active in the stage of
chain transfer than the adduct radical Et SlCHZCHCOZMe, which leads the chain in the reaction
with MA. However, these reactions take place totally differently in initiation with Re
carbonyl. The significantly lower efficiency of the Re,(C0);,—TES system, in comparison to
Mn,(CO),¢, as an H carrier in the reaction with MA is also manifested by the fact that

TABLE 1. Addition of TES to Unsaturated Compounds (M)*
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1] Mnz(CO)so | 140 [40| 50 | 05 | 66,0 | 368 | 954 | 49 | — |100 -

2 | Mn,(CO)4o | 140 |90 65 1 96,2 | 308 | 86,4 65| 741 995 05

3 | Mn2(CO)yo | 140 |70] 30 | 2 5330 | 53 | 778 9,8 | 12,4 | 100 -

4 | Rex(CO)o | 160 |80 95 1 98,2 41 64 | 67,1 | 265 | 819] 1841
CHZ—C(Me)COZMe

5] Mny(CO)yo | 140 70,7 40,9 | 36,0 23 1 100 -

6 | Re.(CO)sp | 160 80 100 91,8 39 5 79, 9 18,1 100 --

*Test experiments conducted in optimum conditions obtained
after variation of the conditions for all parameters (38
experiments) are reported.
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formation of a significant amount of telomer T, with two monomeric units is only observed in
the case of Re,(C0);, (Table 1, No. 4).

The results obtained show that the essence of the effect of binuclear carbonyls does
not simply consist of facilitating homolytic cleavage of the Si—H bond in TES but also con-
sists of the different character of the intermediately formed complexes or particles which
participate in H transfer.

In consideration of the analogies in the literature in the occurrence of the individual
stages and our data, the scheme of the reaction in the presence of Mn,(C0);, can be repre-
sented as follows:

Mn,(CO),, — 2Mn(CO);

TES
Mn(CO); — [HMn(CO);] + Et,Si
[HMn(CO); — HCOMn(CO),]
[HCOMn(CO),]+ M — [HCOMn(CO),MI]
B

B =% [Mn(CO),CH,CH,COMe]
C

+EL,Si* .
C ——— Et,8iCH,CH,CO,Me
—~Mn(C0),

In contrast to Mn hydride, migration of H to HRe(CO)s is considered less probable [3].
It is known that in the usual conditions of initiation of telomerization, when the initiator
does not interfere in the chain transfer stage, the distribution of the telomeric homologs
is determined by the monomer—telogen ratio. However, when Mn,(CO);, is used as the
initiator, the change in M/TES from 0.5 to 2 does not result in the appearance of higher
telomers (see Table 1, No. 1-3), i.e., a deviation from the usual mechanism of the reaction
is observed. The process of transfer of H to the monomer apparently takes place in complex
B, whose composition also determines the real M/TES ratio.

EXPERIMENTAL

The H NMR spectra were made on a Hitachi—Perkin—Elmer R-20 spectrometer, and the '3C
NMR spectra were made on a Bruker WR-200 spectrometer (CCl, and CHCl, internal standards with
suppression of the reaction with H, and in the DERT technique). The GLC analysis was per-
formed on a LKhM-8MD-5 chromatograph with a katharometer in a current of helium with tempera-
ture programming from 60 to 250°C (6°C/min) and in a steady-state mode at 115°C in a 3000 x
3 mm column with 20Z SKTFT-50 on Chromosorb W (0.10-0.20 mm); preparative GLC was performed
on a Tsvet chromatograph at 150, 165, and 185°C in a 1700 x 9 mm column with 157 SKTFT-50
on Chromaton N-AW (0.20-0.25 mm). The weight concentration of the products of the reaction
was calculated with the areas of the peaks using a standard, succinic acid dimethyl ester.

Experimental Method. The experiments with the acrylic monomers were conducted in sealed
glass ampuls previously evacuated and filled with nitrogen.

Addition of TES to MA. a) Mn,{(C0);, Initiator. Here 6.5 mmole of TES, 3.7 mmole of MA,
4 mole Z (of TES) of Mn,(CO),, were used, 140°C, time of 2 h. The adduct Et;SiCH,CH,COzMe
(1) (37% according to GLC) and siloxane S, were separated (Table 2).

b) Re,(CO),, initiator. Here 32.5 mmole of TES, 19 mmole of MA, and 0.4 mole 7% (of
TES) of Re,(CO),, were used, 160°C, 2 h. Separated: (I) (4% of theoretical according to
GLC), hexaethyldisiloxane S; (35% according to GLC), siloxane S;, and telomer T, Et;Si(CH,-
‘CHCO,Me),H (see Table 2). The conditions of conducting the analytical experiments are re-
ported in Table 1, No. 1-4.

Addition of TES to MMA. a) Mn,(C0);, Initiator. Here 6.5 mole of TES, 3.7 mmole of
MMA, and 4 mole % (of TES) of Mn,(CO),, were used, 140°C, 2 h. Adduct Et;SiCH,CH(Me)CO,Me was
separated (10% according to GLC) (see Table 2).

b) In initiation of the reaction with Re,(C0),, (0.4 mole Z of TES), the yield of the
adduct was 39.5% according to GLC (see Table 1, No. 6). The conditions of conducting the
analytical tests are reported in Table 1, No. 5-6. The siloxanes were identified by GLC with
known samples (S;-3).
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CONCLUSIONS

The nature of the monomer has a significant effect on the capacity of Mn and Re carbonyls
to activate transfer of hydrogen from the Si—H bond in the reaction of triethylsilane with
acrylic monomers due to the intermediate formation of complexes which include the monomer.
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REACTION OF CHLORO- AND BROMO-ALKYL SUBSTITUTED
SILANES CC1,XCH,CHXSi(CHy), WITH ZINC

A. A. Kamyshova, T. T. Vasil'eva, V. I. Dostovalova, UDC 542.91:547.245'131:
E. Ts. Chukovskaya, and R. Kh. Friedlina* 546.47:547.315

Silylecyclopropanes (SP) are highly reactive compounds and can be widely employed in
organic synthesis. Known methods for their preparation are the addition of silyl carbenes
to olefins or of carbene fragments to vinylsilanes [1].

We have examined the possibility of preparing SP by intramolecular reductive cyclization
of a,v,Y,Yv,tetrahaloalkylsilanes by a method developed in [2]. The preparation of the halo-
alkylsilane starting materials CC1,BrCH,CHBrSiMe,; (I) and CC1,CH,CHC1SiMe,; (II) has been
described previously [3, 4]. It is of interest to compare reductive cyclization with the
participation of single Br or Cl atoms and also the competition between Br and €l in gem-
trihaloalkyl groups.

The reaction of (I) and (II) with zinc proceeds at bp in methanol or ethanol, or at 78-
80°C in DMF. In methanol and DMF 1007 conversion of the starting materials is achieved in
1-2 h. Depending on the structure of the polyhaloalkylsilane and on the reaction conditions,
three reaction routes are possible (see reaction scheme below): reductive cyclization
(route a), hydrogenolysis (route b), and reductive dimerization (route c). For (I)

Scheme
a
—> Cl——SiMes - |>—SiMe3 -+ CH,—CHCH,SiMeg
b (111) av) V)
CC]ZXCHgCHX&Meg— — CHCIzcﬂchBI'S]Me3 + CHCIgCHzCHleMea +
(D, (I1) (VD) (VII)
X = Br (I), €I (II) + CoH,CHCISiMes

(VIII)

C
i (MB3SICHBI‘CHQCC12)2 + (Me3SiCH2CHgCCl=)2
(IX) (X)

all these reactions are realized but for (II) only a and b. From (I) and (II) route a leads
to the cyclopropanes (III) and (IV) and the allyltrimethylsilane (V). As was demonstrated
in [5, 6], a feature of the opening o6f the SP ring is the formation of allylsilanes, in
contrast to the carbon analogs from which branched hydrocarbons are obtained. The formation
of chlorine -substituted cyclopropanes on reductive cyclization has been observed previously

*Deceased.
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