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Although the cluster complexes [Rus(u-H)(us,n?*-ampy)(CO)e] and [Rus(u-H)(us,n?-ampy)-
(CO)s(PPhy)] (Hampy = 2-amino-6-methylpyridine) react with silanes and diphenylacetylene
to form compounds in which SiR; and diphenylalkenyl groups coexist in the ligand shell of
triruthenium clusters, they do not promote the hydrosilylation of diphenylacetylene because,
in all cases, the products have the SiRs and diphenylalkenyl ligands attached to different
ruthenium atoms. The new compounds [Rus(u-H),(us3,n?-ampy){Si(OMe)s}(CO)sl, [Rus(u-H)-
(u3,m*-ampy)(SiRs)2(CO)s] (R = Et, OMe), [Rua(us,n*-ampy){u,nt:n’>-PhC=C(H)Ph}(SiR;)(CO),]
(R = Et, OMe), [Rus(us,n?>-ampy){u,n:n?>-PhC=C(H)Ph}(CO)-(PPhy)], and [Rus(u-H)(us,n*
ampy){u,ntin2-PhC=C(H)Ph}(SiEt3) (CO)s(PPhj)] have been isolated and characterized by
analytical and spectroscopic (IR, NMR) methods; the last complex has also been studied by
X-ray diffraction methods: CsoHN2OsPRu3Si, monoclmlc space group P2,/n, a = 10.731(5)
A, b=28577(7) A, c = 15.729(7) A, 8 = 91.47(3)°, V = 4822(3) A%, Z = 4, R = 0.034, R,, = 0.031

for 3810 reflections and 685 variables.

Introduction

Transition-metal carbonyl clusters are effective catalyst
precursors for many transformations of organic substrates.?
However, despite the current interest in hydrosilylation
reactions,® the application of metal carbonyl cluster
complexes as catalyst precursors for such reactions remains
nearly unexplored.> Infact, as far as ruthenium carbonyl
clusters are concerned, the compounds [Rus(CO);2] and
[Rus(u-H)(CO)11])- are the only ones which have been
studied in silylation reactions.56

In previous papers, we reported that the face-bridged
cluster complex [Rug(u-H)(us,n%-ampy)(CO)s]® (1) (Hampy
= 2-amino-6-methylpyridine) is an efficient catalyst
precursor for the homogeneous hydrogenation of unsat-
urated organic substrates under mild conditions,? and that
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1 and its phosphine-substituted derivatives [Rus-
(u-H)(u3,n2-ampy)(CO)g_n(PPh3),]1° (n = 1, 2) react readily
with triethylsilane to give the hydridosilyl derivatives
[Rus(u-H)o(us,n?-ampy) (SiEt3)(CO)s_n(PPhy),] (n = 0-2). 1!
Also from previous work, we knew that complex 1 reacts
with diphenylacetylene to give the u,nl:n?-alkenyl deriv-
ative [Ruga(us,n?-ampy){u,ntin*-PhC=C(H)Ph}(CO)s] (2).512
All these data prompted us to attempt the hydrosilylation
of diphenylacetylene under homogeneous conditions using
complex 1 as a catalyst precursor.

We now report that complex 1 and its phosphine-
substituted derivative [Rug(u-H)(us,n2-ampy)}(CO)s(PPhs)]
react with diphenylacetylene and hydrosilanes to give
compounds in which SiR3 and diphenylalkenyl groups
coexist in the ligand shell of triruthenium clusters; however,
they do not promote the hydrosilylation of diphenylacet-
ylene because the arrangement of the ligands in the clusters
does not favor the reductive elimination of the silylated
organic fragment.

We initially used triethylsilane as the silylating reagent,
but in order to know whether or not the obtained results
could be extended to other silanes, we also carried out the
reactions using trimethoxysilane.

Results

Attempted Catalytic Hydrosilylation of Diphenyl-
acetylene. No hydrosilylated diphenylacetylene was
produced when triethylsilane (or trimethoxysilane), diphen-
ylacetylene, and complex 1 (100:75:1 mole ratio) were
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allowed to react in toluene at 80 °C for 1 h.13 Analogous
results were obtained using the phosphine-substituted
cluster [Ruz(u-H)(us,n?2-ampy)(CO)g(PPhj)] as the catalyst
precursor.

Noncatalytic Reactions. Thesilanes HSiEt;and HSi-
(OMe); behaved similarly in their reactions with the
alkenyl complex [Rus(us,n?-ampy){u,n':n2-PhC=C(H)Ph}-
{CO)sl (2) (see Chart I to identify the structures of the
compounds which do not contain phosphine ligands),
giving analogous mixtures of products (eqs 1 and 2). The
reactions were carried out in THF, at room temperature,
using a large excess of silane.

2 + HSiEt; — 3a (36 %) + 4a (46 %) + 5a (18%) (1)

2 + HSi(OMe), — 3b (6 %) + 4b (75%) + 5b (19%)
(2)

On the other hand, it was observed that the behavior
of the silyl derivatives [Rus(u-H)2(us,n?-ampy) (SiR3)(CO)s]
(R = Et (3a), OMe (3b)) in their reactions with diphen-
ylacetylene was quite different. Thus, the reaction of 3a
with diphenylacetylene proceeded at room temperature,
rendering the alkenyl complex 2 when the reaction was
carried out in THF (eq 3) or a mixture of products when
the solvent was toluene (eq 4).

3a + Ph,C, — 2 (100%) + HSiEt, ®)

3a+ Ph,C,—~ 2 (35%) + 4a (49%) + 52 (16%)  (4)

(13) Small amounts of cis- and trans-stilbene, Si;R¢, and some
unidentified products could be detected by GC-MS. The metal-mediated
dehydrogenation of silanes has been reported. See for example: Harrod,
J. F.; Yun, S. S. Organometallics 1987, 6, 1381.
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Table I. Carbonyl Stretching Absorptions

»(C0),2 em-!

compd

3b? 2083 (s), 2050 (s), 2029 (s), 2002 (s), 1984 (m), 1966 (m)

4ac 2069 (m), 2023 (s), 1995 (m), 1987 (m, sh), 1982 (w),
1965 (m), 1947 (w)

4b? 2075 (m), 2032 (s), 1997 (m), 1984 (m), 1971 (m),
1948 (w)

Sac 2063 (m), 2030 (s), 2009 (s), 1978 (m), 1944 (w)

5bt 2060 (m}), 2026 (s), 2010 (s), 1998 (m, sh), 1976 (m),
1966 (m, sh), 1945 (w)

6bt 2057 (m), 2026 (s), 2015 (s), 1990 (m), 1976 (m),
1953 (w)

9t 2032 (m), 2000 (s), 1977 (m), 1963 (m), 1932 (s),
1912 (m), 1794 (w)

10a? 2022 (m), 1999 (s), 1973 (w), 1956 (m), 1942 (m),

1920 (w)

9 Abbreviations are as follows: s = strong, m = medium, w = weak,
sh = shoulder. 4 In THF. ¢ In pentane.

However, noreaction was observed when 3b was treated
with diphenylacetylene in THF at room temperature, but
a mixture of two products resulted at reflux temperature
(eq 5).

3b + Ph,C, — 5b (20%) + 6b (80%) (5

In all cases the mixtures were separated by chromato-
graphic methods. The product ratios shown in eqs 1-5
were estimated by integrating the TH NMR spectra of the
reaction mixtures prior to the chromatographic separa-
tions.

It was previously known!! that the phosphine-substi-
tuted cluster [Rua(u-H) (us,n2-ampy)(CO)s(PPh3)] (7) (see
Chart II to identify the structures of the compounds
containing PPhj) reacts with HSiEt; to give the silyl
derivative [Rus(u-H)a(us,n*-ampy) (SiEts) (CO)7(PPhs)] (8a);
however, the reactivity of 7 with diphenylacetylene needed
yettobe determined. We have nowfound that the alkenyl
complex [Rus(us,n?-ampy){u,nl:n2-PhC=C(H)Ph}-
(CO)(PPh3)] (9) is the only product of the reaction of
complex 7 with diphenylacetylene.

Complex 8a reacted with diphenylacetylene in refluxing
1,2-dichloroethane to give a mixture of products (com-
plexes 7, 9, and 10a were observed in the 31P§{{H} NMR
spectrum of the reaction mixture) from which the
alkenylsilyl derivative [Rus(u-H)(us,n?-ampy){u,n:n%-Ph-
C=CH)Ph}(SiEt3)(CO)s(PPhj3)] (10a) was separated and
isolated in 32% yield. On the other hand, compound 10a
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Table II. Selected 'H NMR Data*
4

5 3
Z
Me NH
compd H’ H¢ H3 NH Me w-H SiR; CHaikenyl
3b 5.67 (d) 6.24 (1) 6.55 (d) 5.20 (s) 1.96 (s) -9.76 (s),-12.16 (s) 371 (s)
4a 5.85(d) 6.40 (t) 5.84 (d) 3.78 (s) 2.10 (s) -11.18 (s) 0.96 (m)
4b 5.97 (d) 6.37 (t) 5.83 (d) 4.86 (s) 2.10 (s) -11.41(s) 3.59 (), 3.38 (s)
Sa 5.99 (d) 6.42 (t) 5.24 (d) 2.78 (s) 2.62 (s) -11.49 (s) 1.00 (m) 3.84 (s)
5b 6.06 (d) 6.39 (1) 5.22(d) b 2.91 (s) ~11.30 (s) 3.54 (s) 3.92(s)
6b 5.93(d) 6.49 (1) 5.83(d) 5.80 (s) 1.99 (s) -11.22 (s) 3.74 (s) 4.39 (s)
9 5.90 (d) 6.43 (t) 5.47 (d) 6.21 (d)¢ 2.66 (s) 3.10 (@)
10a 6.01 (d) 6.51 (t) 5.50 (d) 2.76 (s) 2.71 (s) -11.39 (d)¢ 0.95 (m) 4.27 (s)

¢ General information and conditions: spectra recorded in C¢Dg, at 300 MHz, 25 °C; chemical shifts (8, ppm) relative to internal SiMeg; multiplicities
(s = singlet, d = doublet, t = triplet, m = multiplet) in parentheses; coupling constants Jy_y for H, H%, and H3 are ca. 7.4 Hz in all cases. The !H
resonances of the phenyl fragments, although confirming their presence in the clusters, are uninformative multiplets. ® Unobserved. ¢ Jy_p = 5.5 Hz.

dJ}-{_p = 3,0 Hz. ¢ Jyp = 2.3 Hz.

Table III. Selected 13C NMR Data®
compd cO ampy Et or OMe CHijkenyt
3p? 202.4 (d) {21.9}, 201.6, 199.2 (d) [3.1], 196.9 (d) [7.0], 180.2,160.2,139.3,119.8,111.5,30.2 504
196.4 (d) [15.8], 194.2 (d) [5.5], 189.6 (d) [6.3], 182.7
4a¢ 207.4, 207.0, 206.8, 204.5 (d) [18.0], 200.6, 199.1, 189.8 175.8,158.5, 136.6, 117.5, 109.4, 28.7 11.6,89,7.7,7.6
(d) [23.0], 189.6
4bd 205.0 (d) [17.0], 202.5, 201.9, 199.1 (d) {9.5], 198.7, 198.4, 177.5,158.8, 137.5,118.4, 110.0, 31.1 49.5,49.2
189.8, 187.1
Sac 204.7,202.2, 201.9, 197.6 (d) [11.9], 195.2, 194.5, 193.4 173.7,159.7, 137.5, 117.8, 110.2, 29.4 10.7,7.7 79.2
5b¢ 203.4, 202.7, 200.8, 196.4 (d) [12.5], 195.9, 195.2, 194.1 173.5,161.5,138.1, 118.5,110.4,29.3  49.1 79.2
6b® 207.1, 203.7, 202.7 (d) [2.4], 200.7, 196.1, 195.4, 194.2 174.9, 159.5, 140.3, 119.0, 114.9, 31.0 54.2 71.2
(d) [9.2]
96 235.9, 206.4, 206.2 (d) {6.7}, 205.6 (d) {5.1}, 204.1 (d) 173.8,161.4,138.9,119.2,111.9, 31.1 83.3
{9.2},201.2, 194.2 (d) {11.9}¢
10a® 209.5 (d) §{6.6}, 207.6, 204.1, 201.0 (d) {4.7}, 199.8 (d) 175.1,161.4, 138.7,118.9, 112.5, 31.1 11.6,8.9 79.6

(4.7}, 195.7 (d) {12.4}¢

4 The data given for the carbonyl resonances correspond to proton-coupled spectra; the other ones are proton decoupled. Chemical shifts (8, ppm)
are relative to internal SiMe,. Unless otherwise stated, all resonances are singlets; other multiplicities are given in parentheses; coupling constants (Hz)
ar given in brackets [Jc_y] or braces {Jcp}. # In CD,Cl;. ¢ In C¢Dg. ¢ In CDCls. ¢ Proton-decoupled.

was the only product of the reaction of complex 9 with
HSiEt; in refluxing THF. These two reactions did not
work at room temperature.

Characterization of the Compounds. All new prod-
ucts were characterized by microanalysis and by IR (Table
I) and NMR (Tables II and III) spectroscopies. Partic-
ularly, the structures shown in Chart I for the compounds
of type 4-6 are proposed on the basis of the similarity of
many of their physical (color, solubility, order of elution
in chromatography), chemical (reactions in which they
have been produced), and spectroscopic data with those
reported for the triorganotin derivatives [Rug(u-H) (uz,n*-
ampy)(SnR3)2(CO)s] (analogous to 4) and [Rua(u-H) (uz,n?-
ampy)iu,nt:n®-PhC=C(H)Ph}(SnR3)(CO)7] (two isomers,
analogous to 5 and 6, identified by X-ray diffraction for
R = Ph).!¢ Thus, the 'H and 3C NMR spectra (Tables
II and III) clearly showed the characteristic resonances of
the ampy ligand (two doublets and one triplet for the
aromatic protons and singlets for the NH and Me
groups)810.1L.14 and the SiR; groups, as well as the
corresponding CH,jxeny resonances (3.8-4.4 ppm in 'H,
71-83 ppm in 13C) for compounds 5a, 5b, 6b, 9, and 10a;1¢
the 'H NMR spectra also showed the hydride ligands.

The number of CO ligands in complex 9 was inferred
from its 13C NMR spectrum (Table III), whichshows seven
resonances in the carbonyl region. The high frequency of
one of them (235.9 ppm) is indicative of the presence of
a bridging carbonyl (this ligand is also responsible for an

(14) Cabeza, J. A.; Garcfa-Granda, S.; Llamazares, A.; Riera, V.; Van
der Maelen, J. F. Organometallics 1998, 12, 157.

c42
Figure 1, Molecular structure of [Rug(u-H)(u3,92-ampy)fu,n:

7%-PhC

C(H)Ph}(SiEt3) (CO)¢(PPh3)] (10a).

absorption at 1794 cm-!in the IR spectrum). The presence
of a diphenylalkenyl group coordinated in a u,nlin?
fashion®!%14 was confirmed by the H and 13C NMR
spectra, which alsosuggested the structure shown in Chart
I, since a coupling of 3.0 Hz between the alkenyl proton
and the phosphorus nucleus was observed.
Thestructure of complex 10a (Figure 1) was determined
by an X-ray diffraction study because its analytical and
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Table IV. Selected Bond Lengths () and Bond Angles (deg)
in 10a (with Esd’s)

Bond Lengths
Ru(1)-Ru(2) 2.929(1) Ru(1)-Ru(3) 2.873(1)
Ru(2)-Ru(3) 2.692(1) Ru(1)-Si(1) 2.432(2)
Ru(2)-P(1) 2.362(2) Ru(1)-N(2) 2.228(6)
Ru(2)-N(1) 2.166(6) Ru(3)-N(1) 2.135(6)
Ru(3)-C(37) 2.249(7) Ru(3)-C(38) 2.232(7)
Ru(2)-C(38) 2.135(7) C(37)-C(38) 1.40(1)
Ru(1)-H(1) 1.86(6) Ru(3)-H(1) 1.74(6)
Bond Angles
Ru(1)-Ru(2)-Ru(3) 61.30(4) Ru(l)-Ru(3)-Ru(2) 63.44(4)
Ru(2)-Ru(1)-Ru(3) 55.27(4) Ru(2)-Ru(1)-Si(1) 156.3(1)

Ru(3)-Ru(1)=Si(1)  101.3(1) C(38)-Ru(2)-Ru(l) 100.9(2)
C(38)-Ru(2)-Ru(3)  53.6(3) C(38)-Ru(3)-Ru(l) 109.9(2)
C(38)-Ru(3)-Ru(2)  50.3(2) C(37)-Ru(3)-Ru(l) 141.4(2)
C(37)-Ru(3)-Ru(2)  78.0(2) Ru(2)-C(38)-Ru(3) 76.1(2)
C(38)-C(37)-Ru(3) 71.1(4) C(37)-C(38)-Ru(2) 123.2(6)
C(37)-C(38)-Ru(3)  72.5(4) C(38)-Ru(2)-P(1)  94.9(2)

spectroscopic data, although confirming the presence of
all the cluster ligands, were again insufficient to precisely
assign the positions of the ligands on the cluster. The
cluster consists in a triangular array of ruthenium atoms
triply bridged by the ampy ligand, with the two shortest
edges, Ru(1)-Ru(3) = 2.873(1) A and Ru(2)-Ru(3) =
2.692(1) A, also bridged by hydrido and diphenylalkenyl
ligands, respectively. The us,n?-ampy ligand occupies three
axial coordination sites, being linked to the Ru(l) atom
through the pyridinic nitrogen N(2) and to the other two
Ruatoms through the exocyclic nitrogen N(1). The alkenyl
group spans the same metal edge as the amido fragment
of the ampy ligand, being os-bound to the Ru(2) atom
through the a-carbon atom C(38) and w-bound to the Ru(3)
atom through both the a- and 8-carbon atoms C(38) and
C(@37). A SiEts group is coordinated, in an equatorial
position, to the Ru(1) atom through thesilicon atom, being
cis to the hydride H(1). The cluster coordination shell is
completed by a PPhsligand (in an equatorial site on Ru(2),
cis to the alkenylligand) and by six carbonyl ligands (three
in axial and three in equatorial positions).

The molecular structure of 10a is related to that of
complex 5a and can be described as the result of a formal
substitution of triphenylphosphine for the equatorial
carbonyl of 5a that is cis to the alkenyl group on the Ru
atom unbound to the hydrideligand. Infact, thestructural
parameters of 10a (Table IV) can be compared to those
described for the cluster [Rug(u-H)(us,n*-ampy){u,nt:n?-
PhC=C(H)Ph}(SnPh3)(CO)-], which is isostructural with
5a.l4

Discussion

The results described above for the reactions involving
trimethoxysilyl (but not triethylsilyl) derivatives (as either
reagents or products) match those reported in a previous
work for analogous reactions involving triorganostannyl
derivatives,!* indicating that the chemical behavior of
HSi(OMe)s, although comparable to that of HSiEt; in
many reactions, is more similar to that of HSnR3 than
that of HSiEtz.!?> This, coupled to the fact that the
hydrido-stannyl clusters are much more stable than the
analogous hydrido—silyl derivatives toward the elimination

(15) It is generally accepted that the reactions leading to hydrido-
stannyl clusters are generally very similar to those leading to hydrido—
silylderivatives. See,forexample: (a) Stiss-Fink, G.; Ott, J.; Schmidkonz,
B.; Guldner, K. Chem. Ber. 1982, 115, 2487. (b) Klein, H.-P.; Thewalt,
U.; Herrmann, G.; Stiss-Fink, G.; Moinet, C. J. Organomet. Chem. 1985,
286, 225. (c) Reference 11.
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Scheme I. Proposed Pathways for the Formation of
4 and 5 from 2 and HSiR;*
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¢ Carbonyl ligands have been omitted for clarity.

of trialkylstannane or trialkylsilane, respectively,!! may
explain the results described by eqs 1-5.

Thus, although the products of eqs 1 and 2, which involve
the reactions of complex 2 with HSiEt; and HSi(OMe)s,
are entirely analogous (Scheme I), the reactions of the
silyl derivatives 3a and 3b with diphenylacetylene are quite
different; in fact, complex 2, which is a productin eq 4 and
the only product in eq 3 (a donor solvent seems to promote
the substitution of diphenylacetylene for HSiEt; in
complex 3a), is absent in eq 5 (Scheme II). This seems
to be a consequence of the fact that, as discussed above,
the reductive elimination of HSiEt; from 3a to give
complex 2, in the presence of diphenylacetylene (Scheme
III), has to be easier than the elimination of HSi(OMe);
from 3b.

The mechanistic aspects and reaction pathways that
lead to the formation of complexes of types 4-6 in this
class of reactions have been previously discussed!4 and
are summarized in Schemes I and II. Similar principles
would explain the formation of the phosphine-substituted
derivative 10a from 8a and 9.

Concerning the structures of the compounds which
contain diphenylalkenyl and silyl groups, it should be noted
that, in all the instances, these ligands are attached to
different ruthenium atoms. However, in order to reduc-
tively eliminate hydrosilylated diphenylacetylene, a metal
complex should have the silyl group and the a-carbon atom
of a diphenylalkenyl ligand coordinated in a cis arrange-
ment to the same metal atom.'® Therefore, the structures

(16) It has been reported that the structurally characterized cluster
[Oszfu,nt:n2-HC=C(H)'Bu}{Si(OEts)}(CO)o], which has the alkenyl a-car-
bon and the silyl group bound to the same metal atom, decomposes,
releasing (Et0);SiC(H)=C(H)'Bu.?
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Scheme II. Proposed Pathways for the Formation
of 5b and 6b from 3b and Ph,C,*
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Scheme III. Proposed Pathway for the Formation
of 2 from 3a and Ph,C,

N TN

N N Hs N N
~HSiEt;
SN e SN
Ru Ru
\\ /_ \ - Ph,Cs ~— /_\
H,/Ru H 2 Ru—H
+ HSiEt;
Et;Si
3a PhC=== CPh
7N\ /
N N

/N

—Ru
\Ru/

th

s Carbonyl ligands have been omitted for clarity.

of the cluster complexes described in this work may explain
why no hydrosilylated diphenylacetylene is produced when
complex 1 or its phosphine-substituted derivative 7 is
allowed to react with diphenylacetylene and tertiary
silanes.

Experimental Section

General Procedures. All reactions were carried out under
nitrogen using standard Schlenk techniques and were monitored
by solution IR spectroscopy (carbonyl stretching region). Sol-
vents were purified according to standard literature procedures!’
and distilled under nitrogen prior to use. Alumina for column
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chromatography was deactivated by appropriate addition of
deoxygenated water, under nitrogen, to the commercial material
(Aldrich, neutral, activity I). The clusters 1,8 2,° 3a,1! 7,10 and
8al! were prepared as described previously; all other reagents
were purchased from Aldrich and used as received. Infrared
spectra (Table I) were recorded in solution on a Perkin-Elmer
FT 1720-X spectrophotometer, using 0.1-mm CaF; cells. 'H
(Table II), 13C (Table III), and 3'P NMR spectra were run with
Bruker AC-300 and AC-200 instruments, being referred (6 = 0
ppm) to internal SiMe, (*H, 13C) or external 85% H3PO, (3'P).
GC analyses were performed with a Perkin-Elmer 8600 gas
chromatograph equipped with a 12-m AQ2 capillary column and
a flame ionization detector. Microanalyses were obtained from
the University of Oviedo Analytical Service.

Preparation of [Rus(u-H)s(us,n*-ampy){Si(OMe)s}(CO)s]
(3b). This compound was prepared by the procedure previously
described for 3a:!! A solution of compound 1 (52 mg, 0.078 mmol)
and HSi(OMe); (12 uL, 0.086 mmol) in THF (10 mL) was heated
at reflux temperature for 5 min. The color changed from orange
toyellow. The solvent was removed under reduced pressure and
the residue washed with cold pentane (1 mL) to give complex 3b
as a pale yellow solid (55 mg, 93%). Anal. Calcd for
cl7H18N2011RU3SiZ C, 26.95; H, 2.40; N, 3.70. Found: C, 27.12;
H, 2.52; N, 3.43.

Reaction of [Rus(us,n*-ampy){u,n':n>-PhC=C(H)Ph}(CO)s]
(2) with HSiEt;. A solution of complex 1 (100 mg, 0.151 mmol)
and diphenylacetylene (27 mg, 0.151 mmol) in THF (8 mL) was
stirred at reflux temperature for 45 min. The IR spectrum of
this solution showed the complete transformation of 1 into
complex 2. After the mixture was cooled to room temperature,
HSiEt; (0.25 mL) was added. The resulting solution was stirred
for 3.5 h and evaporated to dryness. The integrated 'H NMR
spectrum of the crude residue indicated the presence of 3a, 4a,
and 5a (in a 2:2.5:1 ratio). The residue was dissolved in toluene
(0.75 mL), and the solution was chromatographed on a column
(10 X 2 cm) of neutral alumina (activity IV). Hexane-toluene
(4:1) eluted ared band which yielded complex 4a as a red oil that
could not be crystallized. Subsequent elution with hexane-
toluene (2:1) gave a yellow fraction which contained complex 3a
(7mg,6.2%). Further elution with hexane-toluene (1:1) afforded
complex 5a, which was obtained as a violet solid (11 mg, 8.1%).
Anal. Caled for C33HayN2O7RusSi: C, 43.95; H, 3.80; N, 3.11.
Found: C, 43.55; H, 3.52; N, 3.06.

Reaction of [Ru(us,n*-ampy){un':n-PhC=C(H)Ph}(CO)s]
(2) with HSi(OMe);. A solution of complex 1 (79.5 mg, 0.120
mmol) and diphenylacetylene (22 mg, 0.122 mmol) in THF (10
mL) was stirred at reflux temperature for 45 min. The IR
spectrum of this solution showed the complete transformation
of 1 into complex 2. After the mixture was cooled to room
temperature, HSi(OMe);s (0.15 mL) was added. The resulting
solution was stirred for 4 h and evaporated to dryness. The
integrated 'H NMR spectrum of the crude residue indicated the
presence of 3b, 4b, and 5b (in a 1:12:3 ratio). The residue was
dissolved in toluene (1 mL), and the solution was chromato-
graphed on a column (10 X 2 c¢m) of neutral alumina (activity
1V). Hexane—dichloromethane (2:1) eluted an orange band which
yielded complex 5b as red crystals (9 mg, 8.3%). Anal. Calcd
for CsoHgsN2O1oRu3Si: C, 39.69; H, 3.11; N, 3.09. Found: C,
40.01; H, 3.22; N, 2.91. Subsequent elution with the same eluant
afforded trace amounts of complex 3b. Further elution with
dichloromethane afforded complex 4b, which was obtained as an
orange-red oil that could not be crystallized.

Reaction of [Rus(u-H)2(us,n?-ampy) (SiEts)(CO)s] (3a) with
Diphenylacetylene. A solution of complex 1 (97 mg, 0.146
mmol) and HSiEt3 (0.25 mL) in THF (8 mL) was stirred at reflux
temperature for 7min. The IR spectrum of this solution showed
the complete transformation of 1 into complex 3a. The solvent
was removed under reduced pressure, the residue dissolved in
toluene (3 mL), and diphenylacetylene (52.6 mg, 0.292 mmol)

(17) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. R. Purification of
Laboratory Chemicals, 2nd ed.; Pergamon Press: Oxford, England, 1980.
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Table V. Crystallographic and Refinement Data for Complex

Cabeza et al.

Table VI. Fractional Atomic Coordinates and Isotropic

10a Temperature Factors for 10a (with Esd’s)
formula CsoHasN20¢PRusSIH atom x/a y/b z/c Ueq,® A2 x 102

fw 1135622 Ru(l)  0.06251(6) 0.21409(2)  0.36921(4) 3.43(2)

cryst syst g’“"" e Ru(2) -0.01054(6) 0.11814(2)  0.32536(4) 3.01(2)

Spjfe group 1017/3"1 s Ru(3) 0.08301(6) 0.17304(2)  0.20345(4) 3.08(2)

“a 28'577%?% P(1)  -0.1645(2)  0.05909(7)  0.3202(1) 3.39(7)

’A 15'729(7) Si(1) 0.1297(2) 0.29390(8) 0.3424(2) 4.73(9)

& d 91'47(3) N(1) ~0.1071(6) 0.1647(2) 0.2373(4) 3.002)
ff,»;gs 4822(3) N(2) -0.1378(6)  0.2259(2)  0.3349(4) 3.4(2)

Z, 4 C(1) 0.0566(8) 0.2273(3) 0.4848(6) 4.7(3)
F(000) 2288 o) 0.0615(7) 0.2333(3) 0.5575(4) 8.2(3)

D 3 1,565 C(2) 0.227(1) 0.1984(3) 0.3870(6) 5.1(4)

caled, £/0M 020 X 0.17 X 0.10 O(2)  0.3302(7)  0.1888(3) 0.3985(5) 8.5(3)

Cr(yf‘ ts.‘ze’ ’;\’“}& Mo K (0.710 73) C(3)  -0.0800(8)  0.1434(3)  0.4290(5) 3.8(3)
raciation (\ A) O 0(3) -0.1254(6)  0.1498(2)  0.4932(4) 5.5(2)

1 ’a°1‘l°m°‘°t‘ ’“"‘h?l onius C(4)  0.1056(8)  0.0893(3)  0.3983(5) 3.7(3)
e romater Sod e O(4)  0.1760(6)  0.0737(2)  0.4482(4) 6.5(3)
emp, nod ” C(5) 0.0660(8)  0.2106(3)  0.1057(6) 4,7(3)

;cakn ;“e‘ o ;"12 0-33. 018 O(5)  0.0549(6)  0.2329(3)  0.0448(4) 8.2(3)

B ranze dos oas C(6)  0.2568(9)  0.1760(3)  0.1954(5) 4.4(3)
it e% a 9097 O(6)  0.3620(6)  0.1787(2)  0.1886(4) 6.7(3)

no. °f measd re ﬂns 5408 C(7)  -0.1813(7) 0.2008(3) 0.2675(5) 3.3(3)

;‘?' of ‘g“;l“"‘(;;’) “ZS ; 0.042 C(8) —0.2978(8)  0.2093(3)  0.2284(5) 4.2(3)

m f(] A h/1> 3 3810 C(®)  -0.3716(9)  0.2430(4)  0.2623(7) 5.9(4)

no. ol reflns wit a(h) e C(10) -03319(9)  0.2667(3)  0.3341(6) 5.6(4)
;‘;’('F‘;ava"a e 0.034 C(11) -0.2174(8)  0.2580(3)  0.3701(5) 4.2(3)
Ry(F)b 0'031 C(12) -0.1774(9) 0.2816(3) 0.4527(6) 5.8(4)
G‘E)F‘ 1'354 C(13) 0.169(1) 0.3300(3) 0.4411(7) 7.1(4)

Ao 0'04 EEM; 83‘872%1; 8.3;37&4; 0.;9];3%7; 8.4(5)

. : 15 273(1 2938(3 0.2751(7 7.2(4)

max, min Ap, ¢/A3 0.38,-0.38 C(16) 0328(1) 034044  0.256(1) 13.8(8)
SR(F) = L|Fo/kl — |FJITIFo/k]". 8 Ru(F) = Iwl/2|Fo/k| - c(17)  0.008(1) 0.3311(3)  0.2836(7) 6.5(4)
IFJIEwV/AF,/ K] w = [62(Fo) + 0.0002|Fo2]-; a(F,) taken from counting C(18) -0.033(1) 0.3166(4) 0.1961(9) 11.8(7)
statistics. © Goodness of fit (GOF) = [Lw(|Fo| — |[FD2/(Nows — Near)]1/2. C(19) -0.1248(8)  -0.0029(3) 0.3333(5) 3.8(3)
C(20) -0.2181(9) -0.0367(3) 0.3239(6) 4.6(3)

added. Theresulting solution wasstirred for 3.5h and evaporated 283 :3(1)3183 :gggggg; ggégiggg ggﬁig
to dryness. The integrated !H NMR spectrum of the crude C(23) 0:022(1) —0:0637(3) 0:3679(7) 6:6(4)
residue indicated the presence of 2, 4a, and 5a (in a 2:3:1 ratio). C(24) -0.0049(9)  -0.0172(3) 0.3555(6) 5.2(4)
The residue was extracted with hexane (10 mL) to give a solution C(25) -0.2487(7) 0.0578(3) 0.2167(5) 3.8(3)
and a red insoluble solid which was identified as complex 2 (37 C(26) —0.1964(9) 0.0298(3) 0.1524(6) 4.9(3)
mg, 31.1%). The hexane solution was evaporated to dryness, C(27) -0.250(1) 0.0291(3) 0.0703(6) 6.1(4)
the residue dissolved in toluene (1 mL), and the solution C(28)  -0.356(1) 0.0555(4) 0.0526(7) 7.7(5)
chromatographed on a column (10 X 2 cm) of neutral alumina (c:(g(g)) _“8‘;2??; 8322}(‘;) 81;2%? ;'3(2)
(activity IV). Hexane-toluene (4:1) eluted a red band which CE31; —0'284358; 0.0577E3§ 0'399555; 3'323;
yie].ded Complex 4a as a red oil that could not be crystallized. C(32) —03518(9) 01092(3) 04004(6) 56(4)
Subsequent elution with hexane-toluene (1:1) afforded complex C(33)  -0.441(1) 0.1176(5) 0.4614(8) 8.3(5)
5a, which was obtained as a violet solid (10 mg, 7.6%). C(34) -0.457(1) 0.0838(5) 0.5247(9) 10.0(6)
Reaction of [Rus(u-H)s(us,n*-ampy){Si(OMe)s}(CO)s] (3b) C(35) -0.389(1) 0.0448(5) 0.5262(8) 10.0(6)
with Diphenylacetylene. A solutionofcomplex 1 (89mg,0.134 g(gg) “8(3)23(()1% g?ggg(z) g?g?g(g) g'g(‘;)
mmol) and HSi(OMe)s (20 uL, 0.149 mmol) in THF (7 mL) was C§38§ 0.080257; 0'0951§2; 05136%5; 3‘2533
stirred at reflux temperature for 7 min. The IR spectrum of this c(39) 0:1030(8) 0:0987(3) 0:0487(5) 3.6(3)
solution showed the complete transformation of 1 into complex C(40)  0.0314(9) 0.0944(3)  —0.0261(6) 5:2(4)
3b. Diphenylacetylene (25 mg, 0.139 mmol) was then added, C(41)  0.088(1) 0.0898(3)  —0.1051(6) 6.2(4)
and the resulting solution was stirred at reflux temperature (no C(42) 0.217(1) 0.0897(3)  -0.1083(6) 6.5(4)
reaction was observed at room temperature) for 1 h and C(43)  0.288(1) 0.0929(3)  -0.0362(6) 5.4(4)
evaporated to dryness. The integrated 'H NMR spectrum of the ggi‘g 8%; gég; 882'17;8; 83;?%8 ‘3‘28;
cru.de regldue mdlcatgd the presence of cgmplexes 5b and 6b (in C48)  0.1743(8) 0.0173(3) 0.1807(5) 440)
a 1:4 ratio). The residue was dissolved in toluene (1 mL), and C47  0267(1) ~0.0159(3) 0.1897(6) 6.3(4)
the solution was chromatographed on a column (11 X 2 ¢m) of C(48) 0'376(1) —0.0069(4) 0.2380(7) 6.7(4)
neutral alumina (activity IV). Hexane-dichloromethane (2:1) C(49) 0:3873(9) 0:0352(3) 0.2785(6) 5:8(4)
eluted a red band which yielded complex 6b as an orange solid C(50)  0.2962(8) 0.0695(3) 0.2703(5) 4.3(3)

(21 mg, 17.3%). Anal. Caled for C3H2sN200Ru3Si: C, 39.69;
H, 3.11; N, 3.09. Found: C, 39.82; H, 3.23; N, 3.12. Subsequent
elution with hexane-dichloromethane (1.5:1) afforded trace
amounts of complex 5b.

Preparation of [Rus(us,n?-ampy){u,n':n2-Ph-
C=C(H)Ph}(CO):(PPh;)] (9). A solution of complex 7 (83 mg,
0.093 mmol) and diphenylacetylene (17 mg, 0.094 mmol) in THF
(7 mL) was stirred at reflux temperature for 3 h. The solvent
was removed under reduced pressure and the residue washed
with pentane (three 6-mL portions) to give complex 9 as a red
solid (61 mg, 83%). Anal. Caled for C4sHgsN,O-PRus: C, 51.58;
H, 3.17; N, 2.67. Found: C, 51.74; H, 3.32; N, 2.40.

2 Ueq = 355 Usamia*a*;.

Reaction of [Rus(u-H)(us,n*-ampy)(SiEts)(CO):(PPhs)]
(8a) with Diphenylacetylene. A solution of complex 1 (55.5
mg, 0.084 mmol), PPh; (22 mg, 0.084 mmol), and HSiEt; (0.25
mL) in THF (10 mL) was heated at reflux temperature for 25
min. The IR spectrum of this solution showed only the presence
of complex 8a. The THF solvent was removed under reduced
pressure to give a solid which was redissolved in 1,2-dichloro-
ethane (10 mL). After addition of diphenylacetylene (15.1 mg,
0.084 mmol), the resulting solution was heated at reflux tem-
perature for 30 min and evaporated to dryness. The integrated
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P{IH} NMR spectrum of the crude residue indicated the
presence of complexes 7, 8a, 9, and 10a (in a 2:1:1:7 ratio). The
residue was chromatographed on a column (11 X 2 cm) of neutral
alumina (activity IV). Hexane-toluene (8:1) eluted a yellow band
which was a mixture of compounds. Further elution with hexane-
toluene (3:1) gave a red band corresponding to compound 10a
(30 mg, 31.6%). Anal. Caled for CsoHyN:OsPRu,Si: C, 52.86;
H, 4.35; N, 2.47. Found: C, 52.64; H, 4.30; N, 2.36.
Reaction of [Rus(ps,n?-ampy){u,nt:n?-PhC=C(H)-
Phi(CO).(PPh;)] (9) with HSiEt;. A solution of complex 9
(66 mg, 0.063 mmol) and HSiEt; (0.25 mL) in THF (8 mL) was
stirred at reflux temperature for 40 min. The solvent was removed
under reduced pressure and the residue washed with hexane (two
6-mL portions) to give complex 10a as a red solid (45 mg, 64%).

Crystal Structure of [Rus(u-H)(us,n?-ampy)fu,n':n?-Ph-
C=C(H)Ph}(SiEt;)(CO)s(PPh;)] (10a). Dark red crystals of
10a were obtained by slow diffusion of a pentane layer carefully
placed on a solution of the compound in dichloromethane.
Selected crystallographic data are collected in Table V. Unit
cell dimensions were determined from the angular settings of 25
reflections with 15 < § < 17°. The space group was determined
from systematic absences. The intensity was checked by
monitoring three standard reflections every 60 min; final drift
correction factors were between 0.96 and 1.03. Profile analysis
was performed on all reflections.!? A semiempirical absorption
correction, using ¢ scans,'® was applied, x = 10.15 cm-! (correction
factors in the range 0.85-1.00). Lorentz and polarization
corrections were applied and data reduced to |[F,| values.

The structure was solved by Patterson interpretation, using
SHELX-86,2 and refined by full-matrix least-squares, using a
modified version?! of SHELX-76,%2 first with isotropic (empirical

(18) Lehman, M. S,; Larsen, F. K. Acta Crystallogr. 1974, A30, 580.
Grant, D. F.; Gabe, E. J. J. Appl. Crystallogr. 1978, 11, 114.

(19) North, A, C. T.; Phillips, D. C.; Mathews, F. S. Acta Crystallogr.
1968, A24, 351.
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absorption correction applied,? maximum and minimum cor-
rection factors 1.10 and 0.85) and then with anisotropic thermal
parameters in the last cycles for all the non-hydrogen atoms. A
difference Fourier synthesis allowed the location of all the
hydrogen atoms, which were refined isotropically with a common
thermal parameter using a riding model, except H(1) and H(2)
which were left free. Atomic scattering factors were taken from
ref 24. Selected bond lengths and angles are given in Table IV.
Final atomic coordinates are given in Table VI. Figure 1 was
drawn with PLUTOQ.25 Geometrical calculations were made with
PARST.2% All calculations were performed on a MicroVAX-
3400 computer at the University of Oviedo Computer Centre.
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