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Mono-, di- and triphosphine ligands anchored by a Si-C bond to the sur- 
face of silica have been synthesized. Complexes of Pd(II) and Pd(0) with 
th:ese ligands have been obtained. On the basis of elemental analysis and 
UV spectroscopy, structures of the complexes formed are suggested. The 
catalytic properties of the above comptexes in the selective hydrogena- 
tion of cyclopentadiene are compared. 

IIpoBe~eH CHI4Te3 MOHO-,/1tt- H TpHcl)oc(I}HHOBLIX YlHraH~OB, aa~cpenn~m-mIX cB~tahm Si--C c 
nosepxaocr~m errata<arena. IIony~eHbI KoMnneKcmae coe~iHenvI~ Pd(II) H Pd(O) c ar~t~Pa 
na ra r~aMm Ha ocHosamm ~arraslx aneMeHraoro aaanaaa  H Y@-cneKrpocKonmt npe~no- 
)zeI~i cTpyKTypb! oSpaay~ou.~xca KoMnneKcoB. ConocraaneHbI KaranHraqecrJte cBo~tcraa 

nonyqemmtx KOMI'LrleKCOB B pearatmi ceJleKTHBHOFO rr i~pr ipoaarn~ ttaKnoneHxa~HeHa. 

The structure and catalytic properties of anchored transition metal com- 

plexes are affected by various factors, one of them being the nature of the surface 

ligand (Ls) binding a transition metal  ion to the carrier surface/1,9./ .  The nature 

of L s is determined among others by its dentate number. 

In this communication, we report on the effect of dentate number of the 

anchored phosphine ligand on the composition and catalytic properties of their 

palladium complexes. 
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EXPERIMENTAL 

Phosphine ligands were anchored via t reatment  of silica (S = 60 m2/g ,  

heated at 600 ~ at a residual pressure of 0.01 Torr) with phosphorus-containing 

ethoxysilane at 150 ~ for 20 hrs. Depending on the silane used, the following 

modified carriers were obtained: Si-CH2CH2PPh2 (P1); Si-(CH2CH2PPh2)CH2CH 

(CH3)CH2PPh 2 (P2); Si-(CH2CH2CH2PPh2) 3 (P3) where Si is the silica surface. 

Palladium complexes were bonded to phosphine-containing silica either 

from an ace ta te  solution of (PhCN)2PdC12 or from a benzene solution of Pd(DBA)2 

(where DBA is distetyl ketone). All operations were performed in a sealed vacuum 

apparatus. 

(PhCN)2PdCI2, (PPhs)9.Pd2C14, Pd(DBA)2, Pd(PPh3) 8 and (EtO)sSiC2H4PPh2 

were synthesized as d e s c r i b e d / 8 - 7 / .  

Preparation of (EtO) Si(C H PPh )C H -PPh 
2 2 - 4 ~ 2 ~  - 4 - 8 ~ 2  

To a solution of 0.2 tool C13SiCH=CH 2 + 200 ml  ether was added under 

stirring 400 ml CIMgCH2C(CH3)CH 2 (0.2 tool) in ether solution. 10 hes later the 

solution was separated from the precipitate and 0.6 tool e~hanol was added. The 

solvent was removed in a flow of N and the residue was fractionated. To the 
2 

fraction boiling at 84-114/50 Torr (9 g), was added with 17 g HPPh 2 and the 

mixture irradiated by UV light for 50 hrs. The  reaction mixture was distilled and 

the fraction boiling at 170-180 /0 .05  Tort was separated. Elemental analysis and 

the 1H-NMR spectrum are in agreement  with the formula mentioned. 

Preparation of EtOSi(CH2CH2C_._H2P-p__ h2) 8 

To a solution of 0.8 tool CIMgCsH 5 + 750 ml  ether, 0.1 tool (EtO)4Si and 

50 ml  xylene were added. Ether was removed and the reaction mixture kept for 

5 hrs at  100 ~ The  reaction product was separated from the solid residue by 
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vacuum rectification. After the second rectification, 16 g of product was obtained 

(b. p. 85.5-86.5/10 Tort, yield = 82%). According to the NMR spectrum, the 

product was triallylethoxysilane. 

To 0.02 tool EtOSi(C3H5) 3 was added 0.07 tool HPPh 2 and the mixture 

irradiated by UV light for 200 hrs. Under vacuum at 120 ~ 0.01 mot HPPh 2 was 

separated from the reaction mixture. According to the IqMR spectrum, the residue 

was EtOSi(CH2CH2CH2PPh2) 3. 

Methods of analysis. The elemental composition of catalysts (P and Pd) was determined 

by the procedure described in Refs /8, 9/. Electronic spectra were recorded on a 

Spec0rd UV-VIS instrument. SiO 2 with anchored complexes was pressed to plates of 

5-10 mg SiO2/cm2, then impregnated with benzene and placed into the instrument/10/. 

The products of hydrogenation were analyzed chromatographicatly in a column 

containing cobalt phthalocyanins on graphitized soot. 

RESULTS AND DISCUSSION 

1. Structure of anchored complexes. Data of elemental analysis, the absorption 

bands and the catalytic properties of the compounds prepared ate given in Table 1. 

The data (compare I with IV; 2, 3 with III) permit to conclude that Pd(0) forms 

mononuclear anchored complexes regardless of the dentate number of the phosphine 

ligand. When Pd(II) is bonded to P1 and P2' complexes with one paltadium atom 

coordinated to an anchored ligand are mainly formed (compare 4 with II; 5 with I). 

The formation of complexes of such a composition for P1 was shown in Ref. /10/ .  

The weak absorption bands at 84000 and 25800 cm -1 for complex 3 indicate the 

presence of small quantities of a species with one palladium atom bonded to one 

phosphorus atom. The binding of Pd(II) on P3 leads, according to the data of 

Table 1, to the formation of complexes with P to Pd atomic ratios of 2:1 and 1:1. 

The most probable structures of the anchored complexes prepared are listed in 

Table I. 
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Table I 

Data on anchored palladium complexes (elements in 10 -4 g-at/g SIO2). 

Pd rain. Hydrogenation conditions: 

No, 

1 

2 

3 

4 

5 

6 

Complex 

P 

P1 + Pd(0) I . I 0  

P2 + Pd(0) i , I 0  

P3 + Pd(0) 1.60 

P1 + Pd(II) I . i 0  

P2 + Pd(II) 1,10 

P + Pd(ll) 1.60 
3 

Pd"/SiO 2 

P 

o. 

0. 

O. 

O. 

O. 

d 

50 

53 

51 

67 

60 

1.10 

1.00 

Data of analysis 

P/Pd Absorption bands (103 cm "I) 

34.0(w) 19.0(w) 2 .20  

1 .90  

3.15 

1.65 

1.85 

1.45 

34. O(s) 

34. O(w) 

34. 0(w) 

30. O(s) 

27. O(s) 

29.5(s) 

29, O(s) 

29. O(w) 

25.5(s) 

25.5(w) 

25.5(w) 

Absorption bands of individual comptexez (i03 cm-l): l-(PPh3)2PdCl 2 29.0(s); 

II-(PPh3)2Pd2Cl 4 34.0(s), 25, 5(s); III-(PPh3)3Pd 29. 5(s); IV-Pd(DBA)2 

34.0(w), 30.5(s). 19.0(w). 

~Alternative structure in parentheses 

2. Catalytic properties. The highest catalytic activity is shown by the monophosphine 

complexes. The complex of zerovalent palladium(0), No. 1, slightly exceeds the ac- 

tivity of Pd/SiO 2 (dispersity 0.3). The complex of Pal(0) with P2 is inactive and 

the low catalytic activity of catalyst 3 is due to the admixture of monophosphine 

complexes. The selectivity of the hydrogenation of cyclopentandiene (CPDE) to 
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Hydrogenation activity for CPDE (A) and CP (B) in mol CPDE (CP)/g-at. 

T = 30 ~ 25 ml ethanol, 0.5 ml CPDE 

Catalytic properties 

A B A/B 

109.6 52.2 2.1 

0.0 0.0 - 

6 . 5  3.8 1.7 

32.7 17.9 1,9 

5.7 1.7 3.4 

4.7 0.8 5.9 

86.0 35.5 2.4 

Supposed structure 

.~--P- Pd(DBA) 
p ~ / P d ~ p  

p . / .  Vd~p  

~ p  _ p d . /  CL' 
~-CI 

CI\  CI [ C I \  CI Cl~ x 

p/.P~.dp | . / P d  I Pd I ] 
Cl\pdCl Cl\vd/Cl"-pdCl CI\pdCI 

/ \ 

cyclopentene (CPE) and cyclopentane (CP) at full conversion of CPDE was 96-98% 

for all the catalysts listed in Table I. 

The analysis of the correlation between structure and the ratio of rates A/B, 

an interesting conclusion can be drawn. All bonded mononuclear palladium com- 

plexes have A/B ratios close to that on metallic palladium (Nos. 1,4). A/B for 

complex 6 is significantly higher than that for complex 4, probably owing to the 

polynuclear structure of complex 6. In this case the admixtures of binuclear com- 

plexes in catalyst 5 are responsible for the increased value of A/B as compared with 

mononuclear complex 4. 
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