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Sixteen triethylbenzylammonium chlorometallates 
[Et,NCH,Ph]; [MCI,]"- ( M =  transition metal, 
m= 1-3, n = M )  and nine anchored ionic metal 
complexes @-CH,PBu,]~ [MCI,]"- derived 
from 'polymer-bound tributylmethylphosphonium 
chloride' have been prepared. All the complexes 
were studied as catalysts in the hydrosilylation of 
phenylacetylene with triethylsilane. The homo- 
geneous Rh"', Pt'", Ir'", Cu", Zn", Fe'" and 
anchored Pt", Rh"', 0s'" complexes were found to 
be active in this reaction. The regio- and stereo- 
selectivity of the following catalyst types is deter- 
mined by the metal atom involved, being a weak 
function of the chemical environment; neutral 
chloride (MCI,,,,); acid (H,MCl,)i salt containing 
the lipophilic organic cation 
([Et,NCH,Ph],+ [MCl,]"-); polymer-supported 
metallate anion (@-CH,PBu,],+ [MCl,]"-). 

Keywords: Hydrosilylation, quaternary onium 
chlorometallates, polymer-bound metal catalysts 

I NT RO DUCT I 0 N 

The catalysts commonly used for hydrosilylation 
of alkenes and alkynes are mainly limited to the 
platinum and rhodium complexes. The com- 
pounds containing Pd, Os, Ni, Fe are applied 
more rarcly, most in the form of poorly accessible 
and sometimes unstable complexes.'-4 Until 
recently there had been no systematic studies of 
how the metal affects the activity of complexes 
used for hydrosilylation. The purpose of the 
present work was to find new hydrosilylation 
catalysts containing metal complexes, to study 
the role of the metal in the activity of several 
transition metal (non-noble metals included) com- 
plexes closely related both structurally and 
compositionally. 

*Author to whom correspondence should be addressed. 

EXPERIMENTAL 

'H NMR spectra were obtained on a Bruker 
WH-9O/DS spectrometer (90 MHz). Tetramethyl- 
silane was used as internal standard. Mass 
spectra were registered on a Kratos MS-25 GC MS 
apparatus (70 eV). G C  analysis was performed 
using a Chrom-4 instrument equipped with a 
flame-ionization detector, glass column 
(1.2mx3mm) packed with 5% OV-17 on 
Chromosorb W-HP (60-80 mesh). Helium was 
used as carrier gas (60 cm3 min ~ '). Analyses were 
run at 150°C. Thermogravimetric analysis was 
carried out on an OD-102 instrument (MOM, 
Hungary). The yields of hydrosilylation products 
were determined using absolute calibration. The 
starting metal chlorides (except for IrCl,), 
H,PtCl, . 6H,O and H,OsCI,. 6H,O were of the 
purunz or puriss grade (Reakhim). TrCl,, K,PdCl,, 
K3RhC1,, triethylbenzylammonium chloride, 
'pol ymer-bound tributylmethylphosphonium 
chloride' (0.78 mmol CI g-'), and Et,SiH were 
purchased from Fluka. Phenylacetylene was dis- 
tilled in vucuo before use. 

Synthesis of triethylbenzylammonium 
chlorometallates (Table 1) and 
polymer-bound ionic complexes 
(Table 4) 

Method A 
Metal chloride (MnCl, .4H,O, FeCl,, 
FeCl, .6H,O, CoCl,, NiCl,, CuCl,, ZnCI,, 
KhCI, .4H,O, PdCI,, InCI,, SnCl,, SbCI,, SbCl,, 
IrCl,; 0.5mmol) was dissolved in a minimum 
amount of absolute ethanol (2&200cm3) at  20- 
60°C. To this solution a stoichiometric amount 
(0.5-1.5 mmol) of triethylbenzylammonium 
chloride dissolved in 20cm3 of absolute ethanol 
was added. The mixture was stirred for OSh, 
evaporated if necessary, followed by addition of 
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diethyl ether to achieve precipitation of a crys- 
talline solid. The precipitate was recrystallized 
from water. During the preparation of the pal- 
ladium complex 9 an ethanolic solution of PdCI, 
was acidified to prevent PdCI, reduction lo met- 
allic palladium. 

Method €3 
A coloured aqueous solution of potassium metal- 
late (K,PdC1, or K,PtCl,; 0.25mmol) was added 
to a colourlcss solution of Et3N+CH2Ph C1- 
(0.5 mmol) in dichloromethane (100 cm'). The re- 
sulting mixture was stirred for 5 h at room tem- 
perature. In the meanwhile the organic layer 
became coloured and the aqueous layer became 
decolourized. The organic layer was separated, 
dried (MgSO,) and evaporated to  give thc corrc- 
sponding product. 

Method C 
A solution of acid (H,PtC16.6H,0 or 
H,OsCI, .6H,O; 0.25 mmol) in water (1 5 cm3) 
was added to a solution of Et3N+CH,Ph C1 
(0.5mmol) in ethanol (50cm')). The mixture was 
stirred for 1 h at S O T ,  cooled to room tempera- 
ture and evaporated to 30cm3. The addition of 
acetone to the residue gave a crystalline solid. It 
was subsequently washed with cold water and 
recrystallized from water. 

Method D 
A solution of metal chloride [MnCl, . 4H,O. 
CoCI,, NiCI,, CuCI,, ZnCI, (0.2mmol) or 
FeCI, .6H,O, RhCl, .4H,O (0.4 mmol)] in ab- 
solute ethanol (40 cm3) was added to 0.5 g 
(0.39 mmol C1) of polymer-bound tributylmethyl- 
phosphonium chloride @-CH,P ' Ru, Cl-, 
0.78 mmol C1 g- ', Fluka) that was allowed to 
swcll in dichloromethane (40 cm3). The mixture 
was stirred for 5 h  at room temperature. The 
solution became colourless and the polymer ac- 
quired the corresponding colour (Table 4). The 
polymer was filtered off, washed with CH,CI,, 
EtOH, H,O, acetone, ether and dried; thereby 
the colour and the weight remained unaltered. 

Method E 
H,OsCI, .6H,O or K,PtCl, (0.2 mmol) dissolved 
in water (40cm3) was added to 0.5g (0.39mmol CI) 
of 'polymer-bound tributylmethylphosphonium 
chloride' (0.78 mmol g -  ' C1) that was allowed to 
swell in dichloromethane (40 cm'). Thc mixture 
was stirred for 5 h until decolourization of the 

aqueous layer was attained. The coloured polymer 
was filtered off, washed with CH,CI,, ethanol, 
water, acetone, ether and dried. 

Hydrosilylation of phenylacetylene 
with triethylsilane in the presence of 
soluble and polymer-bound quaternary 
phosphonium chlorometallates 
(general procedure) 

A mixture of triethylsilane (1 mmol), catalyst 
(0.001 mmol) and phenylacetylene ( 1  mmol) 
placed in a Scm3 'rcacti-vial' (Pierce) was stirred 
at S O T ,  the reaction course being controlled by 
CC and GC MS analysis (see Tables 3 and 4). 
After termination of the reactions the 'H NMR 
spectra of products were registrated to assign 
them and to determine the ratio of the resulting 
compounds. The products of the hydrosilylation 
reaction [l] were identified using mass and 'H 
NMR spectra; the 'H NMR spectroscopic para- 
meters were coincident with the appropriate 
literature The complete spectrum of ,!L 
cis-(tricthy1silyl)styrene (Z), PhCH,=CH,SiEt,, is 
not known from the literature, except for the 
value of 3J(Tf,4, H,) (1 5 Hz) given in ref. 7. The 
'H  NMR spectra of the reaction mixture regis- 
tered here arc sufficient to describe the spectrum 
of (Z), PhCH,=CH,SiEt, (CDCI,/TMS): 6 (ppm) 
0.41.1 (m, 15H, SiEl,), 6.71 (d, lH, J =  15Hz, 
HA). 7.11-7.44 (m, 5H, Ph), 7.38 (d, lH, J =  15Hz, 
H,). The assignment of vinyl protons in this com- 
pound was carried out as in ref. 8 where the 
spectrum of (2) PhCH,=CH,SiPh,, had been 
described and interpreted. 

RESULTS AND DISCUSSION 

Speier's catalyst (hexachloroplatinic acid, 
H,PtCl, .5H,O, dissolved in 2-propanol) is one 
of the most active hydrosilylation catalysts 
affecting the C=C and C-C bonds, the active 
species being the hexachloroplatinic anion 
(PtC1,)2-.2-4 Our objective was to prepare and 
study hydrosilylation activity of a number of 
structurally rclated ionic complexes of the type 
[R,N);[MCl,)"- differing as to the nature of 
valence of the metal atom. (For general infor- 
mation on hydrosilylation mechanisms see 
References 1 4 )  The triethylbenzylammonium ion 
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Table 1 Synthesis of triethylhen7ylammonium chlorometallates 

Complex Colour 

1 [Et,NCH,Ph],[MnCI,] White 
2 [Et,NCH2Ph][FeCl,] Brown 
3 [Et,NCH,Ph][FeCI,] Yellow 
4 [Et,NCH2Ph],[CoCl4] Blue 
5 [E~,NCI~,P~],[NICL,] H,O Blue 
6 [Et ,NCH,Ph] ,[CuCl,] 
7 LEt ,NCH2Ph] ,[ZnCI,] White 
8 [Et,NCH,Ph][RhCI,] Dark purple 
9 LEt,NCH,Ph],[PdCI,] Brick-brown 

Bright orange 

10 LEt,NCH,Ph],[lnCI,] Whitc 

12 [Et, NCH,Ph],[SbC'I,] White 
13 [Et,NCH,Ph][SbCls] White 
14 [Et,NCH2 Ph] ,[OsCI,] Black 
15 [Et,NCH,Ph],[TrCI,] Olive-coloured 
16 [Et,NCIIZPh],[PtC1,] Pale Orange 

11 [Et,NCH,Phj,LSnCl,] WhltC 

Analytical data (%) 
(found/calculated) 

N C H 

Method 
of 
prepara- 
tion" 

Starting metal 
compound 

4.6414.82 
3.77'0.95 
3.4213.59 
3.6614.78 
4.94/4.64 
4.61/4.15 
4.6214.14 
3.1613.20 
4.1214.43 

3.7713.91 
3.15/4.10 
2.1712.66 
3.3813.55 
4.1 1/4-28 

3.8814.1 3 

3.44j3.54 

53.56/53.70 
44.00/44.00 
40.65/40.00 
52.86j53.30 
52.22i51.72 
53.05/52.93 
52.12j52.19 
34.75f35.69 

46.1 1/46.08 
43.14/43.57 
45.80145.64 
29.80;'29.61 
39.98i39.62 
41.63147.66 
39.26139.4 1 

49.14149.37 

7.6717.57 
6.41i6.20 
5.7615.64 
7.11/7.52 
7 9817.63 
7.8317.46 
7 2617.44 
5.1215.03 
6.6616.96 
6.50/6.50 
6.2316.14 

4.0814.18 

6.5916.72 
5.6615.56 

6.43i6.44 

5.54/5.59 

A 
A 
A 
A 
A 
A 
A 
A 
A, B 
A 
A 
A 
A 
C 
A 
B, C 

MnCI, .4H,O 
FeC1, 
FeC1,. 6H,O 
CoC1, 
NiCI, . 6HZ0 
CUCI, 
ZnCI, 
RhCI, .4H,O 
PdCI,, K,PdCl, 
InCI, 
SnCI, 
SbC1, 
SbCI, 
H,OsCI,. 6H,O 
IrCI, 
K,PtCI,, H2PtC1,.6H,0 

"See Experimental. 

was chosen as a cation because of its easy 
availability (in the form of Et3NtCH,PhC1-). 
Moreover, this cation is known to solubilize 
various anions in non-polar organic media,9 
an important feature of homogeneous catalysts. 
There are numerous reports in the literature 
describing the synthesis of transition metal 
halometallates usually with symmetric organic 
cations (R,Z+, where R=Me, El, Bu, Ph; Z=N, 
P, As). In this study complexes of the 
[Et,NCH,Ph]; [MCl,]"- type were synthesized 
using procedures similar to those described for 
halometallates with other quaternary onium 

For the most part, metal chlorides as 
well as potassium chlorometallates or the corre- 
sponding acids were used as the starting metal- 
containing compounds (Table 1). Analytical data 
for the complexes 1-16 support the given compo- 
sition (Table 1). The thermogravimetric analysis 
performed for samples 2, 5 and 8 shows the 
presence of crystallization water in the metallate 
5 and its absence in samples 2 and 8. It should 
be noted that Pd" and Pt" complexes were 
each prepared by two different methods. 

[Et ,NCH, Ph] , [PdCI,] was obtained from 
PdCl,.and K,PdCl,; [Et,NCH,Ph],[PtCl,] was 
synthesized from K,PtCl, and H,PtCI, . 6H,O. 
Irrespective of the preparation method used, 
identical samples of the corresponding triethyl- 
benzylammonium chlorometallates were obtained. 

The 'H NMR spectra of the chlorometallates 
1-16 (Table 2) in most cases slightly differ from 
those of the starting Et3N+CH2Ph C1- except 
for the spectra of Mn"', Fe"', Fe"" , co"+, 
Nil[+ 3 Cull+ in ' which a strong broadening and 
sometimes a shift of signals is observed owing to 
the interaction of the cation protons with para- 
magnetic halometallate anions.17* '* 

The catalytic properties of quaternary am- 
monium chlorometallates 1-16 as hydrosilylation 
catalysts werc assessed in the reaction of phenyl- 
acetylene with triethylsilane. This reaction per- 
mits a demonstration of thc activity, regio- and 
stereo-sclectivity of the catalysts because of the 
possibility of gaining two regioisomers, namely 
the CI- and j?-addition products, the formation of 
the cis- and trans-stereoisomers being possible in 
the last case (reaction [l]). 

catalyst 
P h C r C H  + Et,SiH - PhC=CH, + Ph SiEt, Ph H 

\ /  
/ \  

+ c=c \ /  
/ \  

c=c I 
SiEt, 

H H SiEt, c11 H 
x P c i s  P,,,,, 
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Table 2 'H NMR spectroscopy data for triethylbenzylammontum chlorometallates 

Compound Solvent Ph, s 

[Et,NCH,Ph] ,[MnCI,] 
[Et,NCH,Ph] [FeCI,] 
[Et,NCH,Ph] [FeCl,] 
[Et,NCH,Ph],[CoCI,] 

[Et,NCH,PhJzLNiCI,]. H,O 
[Et,NCH,Ph],[CuCI,] 

[Et,NCH,Ph],[ZnCI,] 
[Et,NCH,Ph][RhCI,] 
[E1,NCH,Ph],[PdC14] 
[Et,NCH,Ph] JInCI,] 
[Et,NCH,Ph],[SnCI,] 
[bt,NCH,Ph]z[SbC1,] 
[Et,NCH,Ph][SbCI,] 
[Et,NCH,Ph],[OsCI,] 
[Et,NCH,Ph],[IrCI,] 
[Et,NCH,Ph],[PtCI,] 
[Et,NCH,Ph]Cl 

CDCI,, DMSO/d, 
DMSO-d, 
DMSO-d, 
DMSO-d, 

CDCI, 
DMSO-d, 

DMSO-d6 CDCI, 
DMSO-d, 

DMSO-d, CDCI, 

DMSO-d, 

DMSO-d, 
DMSO-d, 

DMSO-d6 

DMSO-d, 

DMSO-d6 

DMSO-d, 
DMSO-d6 

1.32(bs) 
1.32(bs) 
1.31 (b, 
distorted) 
2.24(bs) 
1.32 
(distorted) 
1.47 
1.33 
1.31 
1.47 
1.31 
1.31 
1.31 
1.33 
1.29 
1.30 
1.31 

Very broad bands 
3.20(bsj 4.47 (b) 
3. L3 (bs) 4.35(b) 
3.15(b, 4.45 
distorted) 
4.02 (bs) 5.29 (b) 
3.20 4.49 
(distorted) 
3.38 4.67 
3.18 4.49 
3.15 4.44 
3.38 4.67 
3.18 4.49 
3.19 4.52 
3.17 4.47 
3.18 4.49 
3.17 4.49 
3.16 4.46 
3.18 4.51 

7.49(b) 
7.40(b) 
7.51 (b, 
distorted) 
7.4-8.2 (m) 
7.52 

1.47 
7.53 
7.49 
7.47 
7.51 
7.52 
7.52 
7.53 
7.50 
7.49 
1.53 

Table 3 presents the results of studying reac- 
tion [l] (PhC-CH: Et,SiH= 1: l )  at 80°C in the 
presence of complexes 1-16 and (for comparison) 
some other metal compounds (chlorides, potas- 
sium chlorometallates. acids). The activity and 
selectivity of catalysts strongly depends on the 
metal involved. All three possible products of 
reaction [l] were detected as confirmed by GC, 
GC MS and 'H NMR data. 

GC MS analysis revealed three chromato- 
graphic bands in the mass spectra corresponding 

to molecular ion peaks with mlz218. 'H NMR 
spectra of the mixtures of hydrosilylation pro- 
ducts also indicated the presence of three isomers. 
The r- and B-adducts were identified by the 
coincidence of their spectral parameters with 
those given in the l i t e r a t ~ r e . ~ ~ '  

The Mn", Fe", Co", Ni", Pd", In"', Sb"', Sb" 
cornplcxes demonstrate only insignificant hydro- 
silylation activity under given conditions. A 
somewhat higher activity is observed for the 
tin(1V) and osmium(1V) complexes although the 

Table 3 Hydrosilylation of phenylacetylene with triethylsilane (1: 1) in the presence of various catalysts 
(0.1 molx )  at 80°C 

Products yield (7;) (GC data) 
~- 

Catalyst 

Reaction time (h) 
Products 
(isomers) 1 2 3 4 5 6 7 

CEt,NCH,Ph],[MnCl,] c? 

P, 
[E t,NCH,Ph] [ FeCl 31 c? 

Pt 

[Et,NCH,Ph] [FeCI,] a 

P, 
FeCl, .6H,O a 

P, 
P,  

0 - 0.3 
1 

- 1 
2 

2 
4 
0.3 

~ - 0 0 
1 2 2 

0 

34 
O 1  2 8 29 

0.5 1 2 4 14 22 
1 1 1 -  2 4 7 
1.5 2.5 3.5 9 18 25 

- I 1.5 - 4 
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Table 3 (Continued) 

Products yield (GC data) 

Reaction time (h) 
Products 

Catalyst (isomers) 1 2 3 4 5 6 7 
- -~ 

[Et ,NCH,Ph] [CoCl,] x 0.4 1.5 - 3 

[Et,NCH,Ph],[NiCl,] . H,O CI 0.3 0.6 - 2 

- 
1 2 4 

0.6 1 2 
[Et,NCH,Ph],[CuCI,] a 2 3 56 17 

0 -  

0 -  

Pt 

Bl 
- 

- ~ 

B, O 1  2 9 37 
CuCI, 

[Et,NCH,Ph]z[ZnCI,] 

ZnCl, 

[Et,NCH,Phl [RhCl,] 

K3RhCl6 
RhCI, .4H,O 

[Et,NCH,Ph],[PdCl,] 

[Et3NCH,Ph]z[lnC1,] 

[Et,NCH,Ph],[SnCl,] 

[Et,NCH,Ph],[SbCI,] 

[Et,NCH,Ph] [SbCI,] 
[Et3NCH,Ph],[OsCl6] 

H,OsCI, .6H,O 

[Et ,NCH,Ph] ,[1rCl6] 

IrCI, 

[Et,NCH2Ph],[PtC16] 

KzPtC1, 

HzPtC1,. 6HzO 

Without catalyst 

4 7 10 18 25 
4 7 10 17 23 0 -  

52 55 55 
O 3  5 30 33 33 

- 4 8 

0 -  
0 
1 

0 
1.5 

1 
2 

13 23 
15 29 
30 48 
0 -  0 -  1 -  1 

10 18 16 17 16 16 15 
15 29 31 27 14 14 14 
27 35 35 42 46 47 51 

0.5 1 1 
0 -  1 -  1 -  1 

3 4 5 

0 -  - 0.5 
1.5 

- I 
2 

33 
4 
8 3 0 

1 2 5 10 
0.5 1 

0 -  0 -  0.7 - - 2 
2.6 5 

0 -  0 -  1 -  2 
3 

15 4 7 I0 
41 50 65 69 85 
0.5 4.5 6 6 7 7 
2 -  19 25 26 26 26 
3 30 37 37 37 37 
1 3 4 6 7 7 9 
5 11 19 30 30 29 27 
6 12 24 35 40 46 54 
1 2 4 5 4 4 5 
6.5 23 38 41 42 44 44 
9 30 54 55 55.5 56 56 

0 -  

- - 0.5 - 

- 1 1 1 2 
O 3  5 7 8 12 

- '* - 

2 
2 

30 
70 

~ 0 -  0 -  1 1 
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last one is significantly less active than the start- 
ing H,OsCl,. 6H,O (the total yield of hydro- 
silylation products after 7 h  is 15 and loo%, 
respectively). The complexes of Fell', Cu", Zn", 
Rh"', Ir"', Pt" were found highly active in reac- 
tion [l], the total product yields decreasing in 
the following order: [RhCl,]- > [PtC1J2 > 
[IrCI,]" > [CuC1,Iz- > [ZnCl,l2- > [FeCI,]-. 
From the data summarized in Table 3 it is evident 
that some neutral metal chlorides (FeCI, .6H,O, 
CuCI,, RhC1,. 4H,O, IrCI,) also display signifi- 
cant activity. However, in all cases (except for 
IrCI,) the corresponding metallates containing 
ions [FeClJ, [CUCI,]~ , [RhCl,]- are more 
active than the starting chlorides. In the case of 
iridium compounds the activities of the neutral 
chloride and the hexachloroiridate were similar. 
The gain in ZnC1, activity upon its transforma- 
tion to [ZnCl,]' - was particularly appreciable, 
the total product yields increasing from 3 to SS% 
(reaction duration 7 h). 

Potassium chlorometallates (K RhCl,, K,PtCl,) 
were absolutely inactive in the reaction of hydro- 
silylation, probably due to  their insolubility in 
the reaction mixture. The acids (H,OsCl,. 6H,O 
and H,PtCI,. 6H,O) had high activity (especially 
the latter) but were very hygroscopic, which made 
them difficult lo handle and dispense precisely. 

As to the regio- and stereo-selectivity of 
hydrosilylation in the presence of catalysts show- 
ing marked activity, the following conclusions 
could be drawn. In the presence of Period IV 
metals (Fe"', Cu", Zn") a-addition prevailed; the 
yield of the fl-addition product was lower, only 
the trans-isomer being formed. All Period V and 
VI metal compounds under study were more 
active in /3-addition (in the presence of Sn" and 
0s'" complexes no a-products were formed). In 
the presence of these catalysts the yield of the 
trans-isomer was greater than that of the cis- 
isomer (Pt'" compounds failed to give the cis- 
product). 

A comparison of properties of complexes 1-16 
with the corresponding starting compounds 
(chlorides, acids) has demonstrated that despite 
differences in their activity they possess similar 
regio- and stereo-selectivity. Only Fe"' com- 
pounds constitute an exception. The complex 
[FeCl,] - catalyses a-addition to a somewhat 
greater extent than P-addition but FeCl, acts vice 
versa. Moreover, in the presence of FeCI, the 
cis-isomer is formed in up to 7% yield, whereas 
[FeCI,]- fails to do so. It should be also noted 
that IrCl,, unlike all other compounds under study, 

slightly catalyses the dehydrogenation process to 
give the acetylenic product PhC-CSiEt, in up 
to 5% yield as identified by GCMS: the mass 
spectrum shows a molecular ion peak with m/z 21 6. 

Thus, some complexes of the 
[Et,NCH,Ph],f[MCI,]" type (M = Fe"', Cu", 
Zn", Rh"', Ir"', Pt") exhibit an appreciably high 
hydrosilylation activity, the reaction direction 
being dependent on the metal atom present in 
the complex. 

Since all the complexes in question are soluble 
in the reaction mixture their recovery for sub- 
sequent application is extremely cumbersome. A 
general method for the preparation of reusable 
catalytic systems is the heterogenization of soluble 
catalysts by their binding on to  polymer^.'^-^^ 
In most cases such systems represent neutral 
transition-metal complexes with polymeric 
ligands. To obtain a recovcred hydrosilylation 
catalyst it appears advisable to synthesize anchored 
ionic complexes of the type @-R]~[MCI,,]"- 
in which the halometallate anion is bonded with 
the polymeric counter-ion. Literature data des- 
cribing the synthesis and properties of such 
ionic systems in hydrosilylation reactions are 
limited. The following polymer-bound amines 
have been used as cations: a styrene-divinyl- 
benzene copolymer (Amberlyst A-21, @-c)- 
CH,NMe,); poly(methacrylates), (-CH,- 
CH),COO(CH,),NMe,), both being in the 
anion-exchange form;23 anion-exchanger AV-17-8 
(@-N+Me3);,, and a specially prepared poly- 
mer of the type R'RZR3R4N+, where R' -R3 = 
polysiloxane groups, R4 = H, alkyl or ben~yl ) . '~  
Rhodium, platinum and iridium halometallates 
were chiefly used as the counter-ions of the above 
polymeric cations. The disadvantages of these 
ammonium-containing polymers include low 
thermal stability,', poor swelling in non-polar 
organic  solvent^,^' and the necessity to devise 
special synthetic appro ache^.,^ Therefore, it ap- 
peared more convenient to use a commercially 
available and thermally stable polymer with 
anchored lipophilic quaternary onium groups for 
the heterogenization of [MCI,]"- ions. One of 
the polymers meeting these requirements is the 
well-known phase-transfer agent, the polymer- 
bound tributylmethylphosphonium chloride, @ - 
CH,P+Bu, Cl-," commercially available from 
Fluka. The reactions of this polymeric quaternary 
salt with Mn", Fe"', Co", Ni", Cu", Zn" and Rh"' 
chlorides afforded the corresponding polymer- 
anchored halometallates. Similar compounds of 
0 s ' "  and Pt'" were prepared by ion-exchange 
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Table 4 
silane a1 80°C (PhCrCH:HSiEt,:catalyst = 1: 1:O.OOl)" 

Synthesis of anchored ionic complexes and their catalytic properties in phenylacetylene hydrosilylation with triethyl- 

Products yield YL) (GC data) 

Starting Method Reaction time (h) 
metal of 

Anchored complex Colour compound synthesish Isomer 1 2 3 4 5 7 

~@-CH,PBu,],[MnCl,] Pink MnCI, 4 H 2 0  I >  B, 0 0 0 0 0 1  
BI 0 1 2 3 4 5  

@-CH,PBU,][F~CI,] Yellowish green TeC1, 6H,O D a 0 0 0 0 1 2  
P, 1 2 3 4 4 4  

~-CH,PBu,],[CoCl,] Light blue CoCl, D B, 0 0 1 2 2 3  
B, 1 2 3 4 5 6  

B, 2 5 7 9 1 1 1 4  

@-CH,PBu,],[NiCI,] Pale pink NiCI, D B, 0 0 0 0 0 1  
8, 0 0 1 2 3 4  

0 0 0 0 0 2  @) -CH PBu,],[CuCI,] Yellow CUCI, 1) 8, 
8, 0 0 1 2 3 4  
BI 0 0 1 2 3 4  

@ -CH,PBu,],[ZnCl,] White ZnC1, D a 0 0 0 0 1 2  
B,  0 1 2 3 4 5  

@-CH2PBu,][RhC14] Dark purple RhCI, 4 H 2 0  L) a 10 20 
P ,  20 30 
P, 35 50 

@? -CH,PBu, J2LOsC1,] Black H,OsCl, 6H,O b B, 5 7 5  10 12 14 17 
P ,  39 46 50 56 60 66 

PI  52 61 
L~@--CH,PBu,],[PtCI,] Orange K,PtCI, F s( 33 34 

aQuanlitative formation of the polymer-bound chlorometallates was confirmed gravlmetrically bSee Experkmental. 

starting from H,OsCl,. 6 H 2 0  and K2PtCl,, re- 
spectively (Table 4). Polymer-bound chloro- 
metallates (Table 4) arc formed quantitatively as 
indicated by their gravimetric analysis data. 

The data obtaincd by studying the hydro- 
silylation of phenylacetylene with triethylsilane in 
the presence of polymer-bound halometallates are 
also summarized in Table 4. 

Only the catalysts containing platinum-group 
metals were found to  be fairly active, the activity 
decreasing in the following order: [PtC1,I2- > 
[RhClJ > [OSCI,]~-. This order is somewhat 
different from that found for homogeneous 
quaternary ammonium-containing complexes. 
The activity of the anchored rhodium complex 
(Table 4) and that of the homogeneous one 
(Table 3) was almost the same. The hetero- 
geneous platinum and osmium catalysts were 
more active than the appropriate homogeneous 
complexes and approached the activity of 
hexachloroplatinic and hexachloro-osmic acid 
(Table 3). A comparison of the yields of r-, pCis- 
and /3t,,,,-adducts (reaction [l], Tables 3 and 

4) has shown that the heterogenization of 
[PtC1,I2-, [RhClJ and[OsC1,I2- ions does 
not influence their regio- and stcreo-selectivity. 
Our experimental evidence gained with im- 
mobilized complexes repeatedly used for hydro- 
silylation (reaction [ 13) indicated practically 
unaltered activity. 

CONCLUSIONS 

Triethylbenzylammonium chlorometallates 
[Et3NCH,Ph],"MCl,jm- (M =Rh"', Pt'", Ir'", 
Cu", Zn", Fe"'; m = 1-3; n = 4,6) were found to be 
active in the hydrosilylation of phenylacetylene 
with triethylsilane. This reaction was also 
effectively catalysed by the anchored ionic metal 
complexes @-CH,PBu,],+ [MCI,]"- (M = Pt", 
Rh"', 0s'"; m =  1, 2; n=4,6) derived from the 
E'luka polymer-bound tributylmethylphosphonium 
chloride. The regio- and stereo-selectivity of the 
catalysts was determined by the metal atom 
involved. 
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