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Abstract 

By reaction of PhNCS with (MeO),Si(CH,),NH(CH,)*~* (2: 1 molar ratio), a substituted dithiourea has been obtained which 
affords a new functionalized xerogel (XGditu) by hydrolysis and polycondensation with (EtO),Si. This material is able to bind 
metal species, giving systems of potential interest in catalysis. In order to ascertain the nature of the tethered metal species, the 
non-siloxanized dithiourea PhNHC(S)N(EtXCHz)zNHC(S)NHPh (2) has been prepared. It reacts with [Ru,(CO),,] to give the 
complex {(CL-H)Ru3(C0)9)2(SC(NPh)N(EtXCH2)2NH(PhN)CS} (4), which contains two distinct hydrido carbonyl clusters bound to 
the two deprotonated thiourea groups. 

1. Introduction 

Recently we produced new thiourea-functionalized 
silica xerogels by hydrolysis and co-condensation of 
Si(OR), (fourfold cross-linking) and the suitable func- 
tionalized siloxane L-Si(OR),. Thioureas are of no- 
table interest in catalysis owing to the specific catalytic 
properties of the thiourea/PdX, complexes, which 
were found to be efficient in catalyzing carbonylation 
of alkynes [l] and in inducing ring-closure processes of 
diynes 121. 

The use in catalysis of sol-gel [3] materials is attract- 
ing increasing interest. Both anchored transition metal 
complexes with catalytic activity [4] and supported small 
metal particles [5] can be conveniently prepared by the 
sol-gel process. In the former case, a donor-functional- 
ized support is required. A phosphine [4a,b,6] an- 
chored to silica is the most common binding function, 
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but nitrogen [4d] and sulphur [7] donors are also suit- 
able surface modifiers. 

We have found that a new thiourea-functionalized 
sol-gel material (XGtu), derived from (EtO),Si(CH,), 
NHC(S)NHPh, easily binds palladium(B) and metal 
carbonyl species by coordinative interactions. In the 
case of palladium, treatment with dihydrogen afforded 
well-dispersed nanometresized metal particles with 
high, selective hydrogenating activity [S]. 

In an effort to explore the coordinating capability of 
this functionalized material and the production of new 
catalytic systems, we allowed the xerogel to react with 
[Ru,(CO),,], obtaining a tethered metal carbonyl clus- 
ter. This surface organometallic species has the same 
CO stretching pattern as the model compound [(II- 
H)Ru3{~3-SC(NHPr)NPh)(C0)9] (l), obtained from 
the reaction of [Ru3(C0)i2] with N-phenyl-N’-pro- 
pylthiourea, whose molecular structure has been fully 
elucidated by X-Jay diffraction [9]. The structure dis- 
plays a triangular metal cluster and contains the intact, 
even if N-deprotonated, thiourea interacting with all 
three ruthenium atoms. Similar complexes have been 
obtained with symmetrically substituted thioureas [lo]. 
The IR spectroscopic data suggest that the same ruthe- 
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Scheme 1. 

nium cluster is tethered to the xerogel surface as 
depicted by Scheme 1. 

In an extension of this work, we have attempted the 
synthesis of a new dithiourea-functionalized xerogel 
(XGditu) from the siloxanized dithiourea ligand 
(MeO),Si(CH,),N(C(S)NHPh(CH,),NHC(S)NHPh, 
in order to obtain multifunctional systems, possibly 
able to bind two different metals such as palladium 
and copper. 

At the same time, we have produced the non- 
siloxanized dithiourea PhNHC(S)N(EtXCH,),NHC(S) 
NHPh (2) (as a molecular model for the surface bind- 
ing function) and allowed it to react with CuCI,. The 
reaction (depicted in Scheme 2) is quite clean and 
affords a copper(I) species as well as the unexpected 
copper(B) complex [cuCl,((C,H,NS)N(CH,),N(Et) 
C=NPh]] (3), containing a cyclization derivative of 2 as 
chelating ligand [ 111. 

These results stimulated us to examine the reactivity 
of the new xerogel XGditu and of 2 towards different 
metal species and this paper deals chiefly with the 
synthesis and the crystal structure of the title com- 
pound {(~-H)Ru,(CO),},ISC(NPh)N(Et)(CH,),NH 
(PhN)CS} (4) obtained by reaction of 2 with [Ru,- 
(CO),,l. 

2. Experimental details 

All the organic reagents, copper(B) and palladium- 

CuCl* - 

(11) acetates, palladium(B) chloride and [Ru,(CO),,] 
were pure commercial products. The solvents were 
reagent grade and were dried and distilled by standard 
techniques before use. All manipulation of siloxanized 
reagents (prior to the sol-gel process) were carried out 
under dry dinitrogen by means of standard Schlenk 
tube techniques. 

Elemental analyses were performed with a Carlo 
Erba automated analyzer (C, H, N, S) and with a 
Philips ICP emission spectrometer. JR spectra were 
recorded on a Nicolet 5PC FT spectrometer; ‘H and 
13C NMR spectra were obtained with Bruker AC100 
and CXP200 instruments; mass spectra were recorded 
on a Finnigan 1020 mass spectrometer at 70 eV ioniz- 
ing voltage. 

2.1. Preparations 

2.1.1. Dithiourea xerogel (XGditu) 
(MeO),Si(CH,),NH(CH,),NH, was allowed to re- 

act with PhNCS (1: 2 molar ratio) in absolute ethanol. 
After refluxing for 15 min, the solvent was removed 
under reduced pressure, affording quantitatively the 
siloxanized thiourea (MeO),Si(CH,),N{C(S)NHPh 
(CH,),NHCWNHPh as a colourless oily product; IR: 
1596m, 153&s, 1497s, 1248s, 1193s, 1081vs, 761m, 706m 
cm-‘. MS: m/z 372(65), 358(30), 340(20), 135(100), 
93(70), 77(80)%. It was mixed with Si(OEt),, EtOH, 
and H,O (1: 8 : 8 : 4 volume ratio), at room tempera- 
ture, under vigorous stirring. A few drops of acetic acid 
were added and stirring was stopped after 2 h. Homo- 
geneous gelification occurred in 4-5 days, affording an 
opalescent colourless solid, which was crushed, washed 
and dried in uacuo. Anal. Found: C, 15.0; H, 1.2; N, 
1.6; S, 1.4%. IR: 1599w, 1547w, 1027vs, 956mw, 795mw, 
694~ cm-‘; surface area (BET) 120 m2 gg’. 

2.1.2. Anchoring palladium 
XGditu was suspended by stirring in a water solu- 

tion containing K,[PdCl,] in a large molar excess with 
respect to the thiourea groups. In 30 min at room 
temperature, the gel turned deep brown. It was fil- 

+ [Cd] 

Scheme 2. 
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TABLE 2. Fractional atomic coordinates (X 104) with e.s.d.s in 
parentheses for the non-hydrogen atoms of complex 4 

X Y z 

Rut11 
Rut2) 
Ru(3) 

Ru(4) 

Ru(5) 

Ru(6) 
S(1) 
S(2) 
O(1) 
O(2) 
O(3) 
o(4) 

O(5) 

O(6) 
O(7) 
003) 

o(9) 

000) 
Ofll) 
002) 
003) 

004) 
005) 

006) 
O(17) 
008) 
N(1) 
N(2) 
N(3) 
N(4) 
C(l) 
c(2) 

C(3) 
C(4) 
C(5) 

C(6) 
C(7) 
C(8) 
C(9) 

CflO) 
Cfll) 
CC121 
CC131 
C(14) 

CC151 
C(16) 
CC171 
CC181 
C(l9) 
C(20) 
C(21) 
C(22) 
c(23) 
Cc24 
C(25) 
C(26) 
C(27) 
C(28) 
Cc29 
C(30) 

2922(l) 

21130) 
1450(l) 

-919(l) 

- 1671(l) 

-1587(l) 

1541(2) 
- 408(2) 

3337(9) 

4435(7) 
2970(8) 
1073(8) 

3237(7) 

279Ot8) 
1636(8) 

1516(9) 
- 174(8) 

- 2464(7) 

- 1243(9) 
- 2919(7) 
- 1928(7) 

201(7) 

- 262(8) 
- 1651(8) 

- 1805(S) 
- 3255(7) 

2811(5) 
2134(6) 

- 594(5) 

378(5) 
316700) 
3863(10) 
292Of9) 

1433(9) 
2824(8) 
254800) 

156300) 
149400) 
417(9) 

- 2121(8) 

- 1356(9) 
- 242Of8) 
- 1542(8) 

- 228(8) 
- 51200) 

- 1623(9) 
- 1768(9) 

- 2675(9) 
2234(7) 

- 186(6) 
1472(6) 

990(6) 
461(7) 

9904) 
3345(6) 
3919f6) 
4457(6) 
4421f6) 
3847(6) 
3309t6) 

6590) 
-402(l) 

- 5730) 

19520) 
897(l) 

2490(l) 

782(2) 
1087(2) 

- 1787(9) 

120(7) 
- 1447(7) 

1777(9) 
1865(7) 

183(9) 
- 1258(9) 

- 21748) 
- 524(9) 

258%11) 
4248(8) 
2760(9) 
296Of7) 
3215(8) 
1132(11) 

- 829(8) 
655(9) 

952(9) 
379(6) 

1278(7) 
225Of5) 
1418(6) 

- 127200) 

- 40(9) 
- 1054(9) 

136900) 
1407(10) 

330(10) 
- 1020(11) 
- 1545(12) 

- 524(10) 
2544flO) 

3604flO) 
2628(9) 

2579UO) 
2754tlO) 
1396tll) 

- 171(9) 
74000) 
93701) 
803(8) 

1665(7) 
1635(7) 
1045(7) 
1539t8) 
951(15) 
455(7) 
963(7) 

lOlti7) 
561(7) 

52(7) 
- l(7) 

2321(l) 

11800) 
1905(l) 

1766(l) 

2592(l) 
2999(l) 

2343(2) 
2915(2) 
3531(11) 

2362(9) 
849(9) 

500) 
1856(8) 

- 252(7) 
3675(8) 

1103(9) 
14ONll) 
4331(10) 

288601) 
1657t8) 
454(7) 

2305(8) 

462(8) 
205002) 
4422(8) 

1884(12) 
3318(6) 
3896(7) 
3936(6) 

4470(6) 
3095(12) 
2378flO) 
139Ot12) 

44700) 
1592(10) 

273ClO) 
2995(12) 
1387(11) 
1581(11) 

3865Ul) 
2969fll) 
214400) 

962(9) 
2103(10) 

93500) 
2243(10) 
372803) 

216001) 
3282(9) 
3878(7) 
4001(9) 
4244(9) 
5396(7) 
57860 1) 
4093W 
4133(8) 
4881(8) 

559Ot8) 
555Of8) 
48Olt8) 

TABLE 2 (continued) 

c(31) 
c(32) 

C(33) 
CC341 

CC351 
CX36) 

CC371 

CKl) 
CK2) 

X 

- 342(6) 

253(7) 
485(8) 

123(8) 
- 456(9) 

- 673(8) 
845(19) 

- 164f7) 
1028(9) 

Y 

288Of7) 

332Of8) 
3936(9) 
4107(10) 

3692flO) 

3073(9) 
2595(21) 

2433(8) 

3290(9) 

z 

454Of7) 

4468(8) 
5047(9) 

5639UO) 
5713(11) 

5161(9) 

7627(22) 
7678(7) 
8486(11) 

monitored every 50 measurements; no significant decay 
was noticed over the time of data collection. The 
individual profiles were analyzed following Lehmann 
and Larsen 1121. Intensities were corrected for Lorentz 
and polarization effects; no correction for absorption 
was necessary. Only the observed reflections were used 
in the structure solution and refinement. 

The structure was solved by Patterson and Fourier 
methods and refined by blocked-matrix least-squares, 
first with isotropic thermal parameters and then with 
anisotropic thermal parameters for all non-hydrogen 
atoms, with the exception of the carbon atoms of the 
two phenyl groups and the atoms of the dichlorometh- 
ane found as solvation molecule. All hydrogen atoms 
(except the hydride hydrogens clearly localized in the 
final AF map and refined isotropically) were placed at 
their geometrically calculated positions and refined 
“riding” on the corresponding atoms. In the final cy- 
cles of refinement, a weighting scheme, w = [a*(&) + 

,&*I-’ was used; at convergence, the g value was 
0.0323. The analytical scattering factors, corrected for 
the real and imaginary parts of anomalous dispersions, 
were taken from [13]. All calculations were carried out 
on the Gould powernode 6040 of the Centro di Studio 
per la Strutturistica Diffrattometrica de1 C.N.R., 
Parma, using the smLx-76 and sr-rmxs-86 systems of 
crystallographic computer programs [ 141. The final 
atomic coordinates for the non-hydrogen atoms are 
given in Table 2. Additional data (atomic coordinates 
of the hydrogen atoms, thermal parameters) are avail- 
able from the authors on request. 

3. Results and discussion 

By reaction of PhNCS with (MeOl,Si(CH,),NH- 
(CH *j2NH2 (2 : 1 molar ratio), the siloxanized 
dithiourea (MeO),Si(CH,),N{CWNHPh(CH,>,NHC 
(S)NHPh can be obtained. It produces a new function- 
alized xerogel (XGditu) by hydrolysis and polyconden- 
sation with Si(EtO),. 

Preliminary results show that this material is able to 
bind palladium and copper complexes affording 
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TABLE 3. Selected bond distances (4) and angles (deg) for COmPleX 4 

Ru(l)-Ru(2) 2.772(2) Ru(5)-Ru(6) 

Ru(l)-Ru(3) 2.781(2) Ru(4)-Ru(6) 

Ru(2)-Ru(3) 2.844(2) Ru(4)-Ru(5) 

Ru(2)-S(1) 2.406(4) Ru(4)-S(2) 

Ru(3)-S(1) 2.396(4) Ru(5)-%2) 

Ru(l)-N(1) 2.132(10) Ru(6)-N(3) 

R&)-C(l) 1.91608) Ru(4)-C(13) 

Ru(l)-C(2) 1.90309) Ru(4)-Ct14) 

RuWc(3) 1.86408) Ru(4)-C(B) 

Ru(2)-C(4) 1.957(15) Ru(5HX16) 

Ru(2)-C(5) 1.87205) Ru(5)-C(17) 

Ru(2MX6) 1.938(19) Ru(5)-CX18) 

Ru(3)-C(7) 1.87909) Ru(6k-c(10) 

Ru(3)-C(8) 1.857(19) Ru(6)-C(11) 

Ru(3)-C(9) 1.94308) Ru(6)-C(12) 

cx19)-s(1) 1.766(13) cxZO)-S(2) 

c(19)-N(l) 1.318(18) C(20)-N(3) 
C(19)-N(2) 1.32609) CX20)-N(4) 

N(2)-c(21) 1.463(18) N(3)-C(31) 

N(l)-c(25) 1.422(14) NM-‘X23) 
C(21)-cx22) 1.48309) N(4)-c(22) 
c(23)-C(24) 1.446(30) 

Ru(Z)-RuWRu(3) 61.6(l) Ru(4)-Ru(6)-Ru(5) 

Ru(l)-Ru(2)-Ru(3) 59.30) Ru(4)-Ru(5)-Ru(6) 

Ru(l)-Ru(3)-Ru(2) 59.00) Ru(5)-Ru(4)-Ru(6) 
Ru(2)-S(l)-Ru(3) 72.6(l) Ru(4)-S(2)-Ru(5) 

Ru(2)-SW-CX19) 105.8(5) Ru(4)-S(2)-C(20) 

Ru(3)-S(l)-C(19) 105.0(5) Ru(S)-S(2)-C(20) 
Ru(l)-N(l)-C(19) 122.9(g) Ru(6)-N(3)-C(20) 
Ru(l)-N(l)-C(25) 122.4(8) Ru@-N(3)-C(31) 
C(19)-N(l)-C(25) 114.7(11) C(20)-N(3)-C(31) 

S(l)-CU9)-N(1) 119.2(10) S(2)-CX20)-N(3) 
S(1)-Cf19)-N(2) 115.7(11) S(2)-CX2O)-N(4) 
N(l)-CX19)-N(2) 125.0(13) N(3PXWN(4) 
C(19)-N(2)-C(21) 128.8(12) C(20)-N(4)-C(22) 

N(2)-c(21)-C(22) 112.1(11) CX2OF-N(4)-c(23) 
N(4)-c(22)-C(21) 111.9(10) C(22)-N(4)-C(23) 

2.773(2) 
2.774(2) 
2.832(2) 

2.383(3) 

2.396(3) 
2.179(g) 

1.87504) 
1.89106) 

1.955(19) 

1.90205) 
1.906(22) 

1.901(16) 
1.930(19) 

1.942(18) 
1.867(14) 

1.79901) 
1.284(15) 

1.33203) 
1.449(15) 
1.477(15) 
1.466(17) 

61.4(l) 
59.3(l) 

59.30) 
72.7(l) 

107.7(4) 
106.3(4) 
123.3(8) 

115.2(7) 
120.3(10) 
117.3(8) 
115.6(8) 
127.0(10) 
121.9(10) 

123.5(10) 

114.4(10) 

bimetallic anchored systems of potential interest in 
catalysis. In the case of the anchoring reaction of 
palladium alone, the S/Pd atomic ratio (1.6: 1) sug- 
gests that different complexes are present on the xero- 
gel surface in spite of the unique species, [Pd(ditu)Cl,l, 
obtained with the model dithiourea 2. 

Moreover, [Ru,(CO),,] reacts with XGditu to give a 
tethered metal carbonyl cluster, which shows almost 
the same CO stretching pattern of the model com- 
pound obtained from 2. Indeed, the reaction of 
[Ru,(CO),,] with the double thiourea 2 is quite clean 
and produces a usable amount of {(~-H)Ru&CO)~)~ 
{SCWPh)N(EtXCH,l,NH(PhN)CS} (4) in moderate 
yield. Its ‘H and 13C NMR spectra are consistent with 
the molecular structure found in the solid state and 
compare well with those obtained for complex 1 con- 
taining a mono-thiourea ligand [9]. 

Unlike the reaction of 2 with copper(H) chloride 
[ll], the two thiourea groups can react independently 
with the Ru, triangles, affording the complex 4. 

A view of the structure of 4, fully elucidated by an 
X-ray study, is depicted in Fig. 1 together with the 
atomic labelling scheme; selected bond distances and 
angles are given in Table 3. 

In the structure of 4, the two thiourea moieties of 2 
bind through the sulphur and the deprotonated N(Ph1 
atoms to two different hydrido carbonyl (CL- 
H)Ru,(CO), groups, in which each Ru atom of the 
isosceles metal triangles is bound to three terminal 
carbonyls. Each thiourea moiety interacts with all three 
Ru atoms, being bonded through the N(Ph) atom to 
one Ru atom and through the sulphur atom (acting as 
a symmetrical bridge) to the other two Ru atoms. The 
two S-bridges form dihedral angles of 101.2(1>0 and 
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Fig. 1. View of the molecular structure of ((Y-H)Rus(CO)&{SC 
(NPh)N(EtXCH,),NH(PhN)CS) (4) together with the atomic num- 
bering scheme. 

100.3(l)“, respectively, with the cluster triangle. A hy- 
dride bridge spans the longest edge of the cluster, 
which also contains a sulphur bridge. 

For the thiourea moieties, the S-C bond distances 
(1.766(13) and 1.799(11) A> are much longer than those 
found in 2 (1.668(7) and 1.694(7) A> [ll] and are 
consistent with a remarkable decrease of double bond 
character with respect to the free dithiourea. On the 
contrary, the values of the N-C bonds, in the range 
1.284(15)-1.332(13) A, indicate an increased multiple 
bond character, especially for those N-C bonds involv- 
ing the deprotonated N atoms, as compa!ed to free 
dithiourea, in the range 1.334(91-1.360(9) A. The two 
thiourea moieties are almost coplanar (the dihedral 
angle is 13.7(3)“), as in 2 where this situation is deter- 
mined by an intramolecular N-H-S hydrogen bond. 

The bonding of the two thiourea moieties to the two 
(p-H)Ru,(CO), fragments in 4 is strictly comparable 
to that found for the N-phenyl-N’-propylthiourea to 
the same fragment in the complex [(/L-H)Ru&~- 
SC(NHPr)NPh}(CO),] (1) [9]. In 1, the Ru-Ru dis- 
tances are 2.782(l), 2.779(l) and 2.8440) A, Ry-N is 
2.160(6) A, and Ru-S are 2.404(2) and 2.412(2) A. The 
symmetric S-bridge makes a dihedral angle of 100.8(1)0 
with the metal cluster. In the thiourea moiety, the S-C 

and the two N-C bond distances are 1.786(6) A, 
1.285(9) and 1.351(10) A respectively, the shorter N-C 
bond involving the deprotonated N atom. 
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