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The reaction of Rus(CO)s(us-C), 1, with PhsGeH at 150 °C has yielded two new germanium-rich pentaruthenium
cluster complexes: Rus(CO)11(u-CO)(u-GePhy)s(us-C), 2; Rus(CO)11(u-GePhy)a(us-C), 3. Both compounds contain
square pyramidal Rus clusters with GePh, groups bridging three and four of the edges of the Rus square base,
respectively. When treated with 1 equiv of Ph3GeH at 150 °C compound 2 is converted to 3. Reaction of 3 with
H, at 150 °C yielded Rus(CO)1o(ut-GePhy)a(us-C)(u-H)z, 4, containing two hydride ligands and one less CO ligand.
Reaction of 4 with hydrogen at 150 °C yielded the compound Rus(CO)1o(u-GePhy)z(us-GePh),(us-H)(us-CH), 5, by
loss of benzene and conversion of two of the bridging GePh, groups into triply bridging GePh groups. Compound
5 contains one triply bridging hydride ligand and a quadruply bridging methylidyne ligand formed by addition of one
hydrogen atom to the carbido carbon atom.
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Rus(CO)is(us-C), 1,22 which also yields high-nuclearity

ruthenium-germanium clusters in a similar manner. In
addition, interesting reactions of one of these clusters; Ru
(COW1(u-GePh)4(us-C), with hydrogen were also investi-

gated.

Experimental Section

General Data. All reactions were performed under a nitrogen

atmosphere. Reagent grade solvents were dried by the standard g (deg)

procedures and were freshly distilled prior to use. Infrared spectra
were recorded on a Nicolet 5DXBO FTIR or a Nicolet Avatar 360
FTIR spectrophotometeitd NMR were recorded on a Varian Inova

400 spectrometer operating at 400.15 MHz. Elemental analyses were, . (g/cn)

performed by Desert Analytics (Tucson, AZ). &eH was
purchased from Gelest and was used without further purification.
Rus(CO)s(us-C), 1,22 was prepared according to the published
procedure. Product separations were performed by TLC in air on
Analtech 0.25 and 0.5 mm silica gel 60 Askglass plates.
Reaction of Ru(CO)s5(us-C) with PhsGeH. A 9.2 mg of
amount of1 (0.010 mmol) and 8.7 mg of RGeH (0.028 mmol)
were dissolved in 15 mL of nonane. The solution was then heated
to reflux for 20 min. After the solvent was removed, the products

were separated by TLC on silica gel by using 3:1 hexane/methylene

chloride solvent mixture to yield 5.3 mg (35%) of redJR0O) ;-

(u-CO)(u-GePh)s(us-C), 2, and 4.0 mg (24%) of purple-pink

product Ry(CO)1(u-GePh)4(us-C), 3. Spectral data fo?: IR vco

(cm™t in hexane) 2060 (m), 2030 (s), 2016 (vs), 1986 (w), 1967

(vw), 1961 (vw), 1877 (m)*H NMR (CD,Cl, in ppm)o = 7.21—

7.86 (m, Ph). Anal. Calcd: C, 38.33; H, 1.96. Found: C, 38.17;

H, 1.94. Spectral data f@: IR vco (cm™t in hexane) 2020 (s),

2009 (sh), 1983 (w)*H NMR (CD,Cl, in ppm) 6 = 7.38-7.76

(m, Ph). Anal. Calcd: C, 41.55; H, 2.31. Found: C, 41.63; H, 2.47.
Improved Synthesis of 3A 68.0 mg amount of (0.073 mmol)

and 100.0 mg of P&eH (0.33 mmol) were dissolved in 30 mL of

nonane, and then the mixture was heated to reflux for 45 min. The

reaction mixture was cooled and separated on a silica gel column

Table 1. Crystallographic Data for Compoun@sand 3

2 3
empirical formula  RyGe;012Ca9H30 RusGe;011Cs0H40°1/2CH,CI,
fw 1533.85 1774.08
cryst system orthorhombic monoclinic
lattice params

a(h) 20.5433(9) 15.8685(5)
b (A) 13.8799(6) 19.8239(7)
c(A) 18.5911(8) 39.44707(14)
o (deg) 90 90
90 96.343(1)
y (deg) 90 90
V (A3) 5301.0(4) 12340.5(7)
space group Cme, C2/c
Z value 4 8
1.92 1.91
w(Mo Ka) (mm~Y)  3.12 3.21
temp (K) 296 296
20max (deg) 56.58 48.22
no. of observns 5301 7543
(1> 20(1))
no. of params 334 717
goodness of fit 1.028 1.099
max shiftin cycle  0.001 0.000

resids? R1; wR2 0.0319; 0.0649 0.0556; 0.1181
abs corr, max/min  SADABS, 1.00/0.74 SADABS, 1.00/0.86
largest peak in final 0.77 3.49

diff map (e/A9)

aR1= 3(|Fo| — |Fel[)/ZIFo|. WR2 = {S[W(Fs? — FRIZ[W(F:2)Z} 2,
w = 1/0*(F¢?). GOF = [Zn(W(IFo? — IF¢?))?(Ndata — Mvari)] Y2

hydrogen (1 atm) for 90 min. After the solvent was removed, the
product was separated by TLC on silica gel by using a 5:2 hexane/
CH_CI; solvent mixture to yield 5.5 mg (34%) of an orange product
Rus(CO)o(u-GePh)(us-GePh)(us-H) (us-CH), 5, minor amounts

of 3, and 2.2 mg (12%) of the red produét Spectral data fob:

IR vco (cm~tin hexane) 2027 (vs), 2009 (s), 1988 (w), 1980 (vw),
1961 (vw);*H NMR (CDCl; in ppm) 6 = 11.21 (d, 1H,us-CH,
8Jy-y = 1.52 Hz), 6.86-8.16 (m, 30H, Ph),—21.88 (d, 1H,
hydride3Jy—n = 1.52 Hz). Anal. Calcd: C, 36.4; H, 2.07. Found:
C, 36.53; H, 1.95.

to yield trace amounts of a few uncharacterizable orange and yellow  ~, v ersion of 4 to 5.A 9.0 mg amount o6 (0.005 mmol) in

bands eluted by a hexane/@E, (5:1) solvent mixture followed
by 100.1 mg of3 (80%) eluted by a hexane/GEl, (3:1) solvent
mixture.

Conversion of 2 to 3.A 16.8 mg amount o (0.011 mmol)
and 3.3 mg of P§GeH (0.011 mmol) were dissolved in 10 mL of
nonane, and the mixture was heated to reflux for 30 min. The
reaction mixture was then separated by TLC on silica gel by using
3:1 hexane/methylene chloride solvent mixture to yield 15.1 mg
(80%) of 3.

Synthesis of Ry(CO)1o(u-GePhy)4(us-C)(u-H),, 4. A 30.0 mg
amount of3 (0.017 mmol) dissolved in 15 mL of nonane was heated
to reflux in the presence of a purge with hydrogen (1 atm) for 30
min. Caution! Hydrogen is a highly flammable gaEhe purge
should bevented directly to the back of the hood tecéd contact
with hot materialsAfter the solvent was removed, the product was
separated by TLC on silica gel by using a 5:2 hexane(@
solvent mixture to yield trace amounts of unreacdeahd 9.0 mg
(31%) of red Rg(CO)o(u-GePh)a(us-C)(u-H),, 4. Spectral data
for 4: IR vco (cm™t in CHyCly) 2055 (w), 2040 (m), 2004 (s),
1975 (w), 1964 (w);*H NMR (CD,Cl, in ppm) 6 = 7.35-7.95
(m, 40H, Ph),—23.11 (s, 2H, hydride). Anal. Calcd: C, 41.60; H,
2.47. Found: C, 41.61; H, 2.76.

Synthesis of Ry(CO)10(u-GePhy)(us-GePh)(us-H)(u4-CH),

5. An 8.0 mg amount o83 (0.011 mmol) dissolved in 15 mL of
nonane was heated to reflux in the presence of a purge with

15 mL of nonane was heated to reflux in the presence of a purge
with hydrogen (1 atm) for 45 min. After the solvent was removed,
the product was separated by TLC on silica gel by using a 5:2
hexane/CHCI, solvent mixture to yield 2.0 mg (24%) &

Crystallographic Analyses. Red crystals of2—4 and orange
crystals of5 suitable for diffraction analysis were all grown by
slow evaporation of solvent from solutions in hexane/methylene
chloride solvent mixtures at8C. Each data crystal was glued onto
the end of thin glass fiber. X-ray intensity data were measured using
a Bruker SMART APEX CCD-based diffractometer using Ma K
radiation ¢ = 0.710 73 A). The unit cells were initially determined
on the basis of the reflections selected from a set of three scans
measured in orthogonal wedges of reciprocal space. The raw data
frames were integrated with the SAINTprogram by using a
narrow-frame integration algorithi.Correction for the Lorentz
and polarization effects were also applied by SAINT. An empirical
absorption correction based on the multiple measurement of
equivalent reflections was applied by using the program SADABS.
All four structures were solved by a combination of direct methods
and difference Fourier syntheses and refined by full-matrix least-

(22) Nicholls, J. N.; Vargas, M. D.; Hriljac, J.; Sailor, Nhorg. Synth
1989 26, 283.

(23) SAINT, version 6.02a; Bruker Analytical X-ray System, Inc.:
Madison, WI, 1998.
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Table 2. Crystallographic Data for Compoundsand5 Table 3. Selected Intramolecular Distances and Angles for

RLg(CO)ll(ﬂ-CO)(M-GePh)g(ﬂ5-C), 22

4 5
empirical formula RuGe01¢CsgHaz RusGe4010C47H32 (a) Distances (A)
Ru(1)-Ru(2) 2.8393(5) Ru(3)Ge(1) 2.4792(7)
Qﬁ“yst system 1t7e0t(riégina| 1?33%1 Ru(1)-Ru(3) 2.8234(7) Ru(BC(1) 2.112(7)
lattice params Ru(2)-Ru(3) 2.8620(5)) Ru(2)C(1) 2.003(5)
b (A) 23.7015(10) 13.616(2) RU(Z)*GG(Z) 2.4858(6) GO(av) 1.14(1)
c(A) 12.3989(11) 15.985(5) (b) Angles (deg)
g(gsg) o9 820018 RU(2)-Ru(1)-Ru(3)* 90.95(2) Ru(2)~Ge(2}-Ru(2) 70.49(2)
E deg; o 68'553563 Ru(3-Ru(2-Ru(2)* 89.56(1) Ru(3)~C(33)-0O(33) 137.68(16)
i/ 3 AB? 6965.2 (7) 2485.0(13) Ru(2-Ru(3)-Ru(3)* 90.44(1) Ru-C—O(av) 176(1)
space gloup Pa, b1 Ru(2)-Ge(1)-Ru(3)  69.90(1)
Zvalue 4 2 aEstimated standard deviations in the least significant figure are given
Pealc (g/cnP) 1.63 2.08 in parentheses.
u(Mo Ka) (mm~1) 2.80 3.91
tz%r:nzx%)eg) 32?74 é%égs The fourth edge contains a bridging carbonyl ligand. The
no. of observns 13734 9909 molecule contains mirror symmetry in the solid state with
no('of> iargr)%s - 603 the mirror plane passing through the apical ruthenium atom,
gobdngss of fit 1041 1.000 Rul, the bridging CO ligand, and the germanium atom, Ge2.
max shift in cycle 0.001 0.002 The Ru-Ge bond distances to the bridging GeRfnoups

resids*R1, wR2 — 0.0467, 0.0946 0.0308; 0.0680 lie in the range 2.4792(#)2.5166(6) A and are similar to
abs corr, max/min SADABS, 1.00/0.81 SADABS, 1.00/0.73 h f df he bridai G in th d
largest peak in final ~ 0.91 0.74 those found for the bridging eMgroups In the compoun
diff map (e/A3) Rus(u-GeMe)s(CO), 2.482(11)-2.500(12) A7
AR1= Z(||Fo| — |Fel|)/ZIFo|. WR2 = {Z[W(Fo? — F)FZ[W(Fo)?} 2
W = 1/oX(Fo?). GOF = [Zna(W(IFo?| — |Fc?))%(Ndata = Nvar)]¥2 N\ {1 ~ N\ {, ~
Ph Ph
PhoGe—L i\ kb Pha—Lp\ Rl
_N—7 C 5 — N/ —7C N~
/Ru\G /76 /Ru\—Ge — 7t¢-Geth
Ph; Ph,
2 3

Compound3 was obtained in 24% yield under the above
reaction conditions; however, whdnwas allowed to react
with PhyGeH in a 1:5 ratio at 150C, the yield of3 is
increased to 80% and ribwas obtained. It appears tHais
a precursor t®, and this was independently confirmed by
the formation of3 in 80% yield from2 in reaction with Pk
GeH at 150°C. An ORTEP diagram of the molecular
squares offF2 by using the SHELXTL software packageCrystal structure of3 is shown in Figure 2. Selected bond distances
data, data collection parameters, and results of the analyses fo@nd angles are listed in Table 4. Compouhconsists of a
compound< and3 are listed in Table 1 and for compourdisnd square pyramidal cluster of five ruthenium atoms with four
5 are listed in Table 2. bridging GePhgroups, one on each edge of the base of the

Figure 1. ORTEP diagram of the molecular structure of s@O);1-
(u-CO)(u-GePh)s(us-C), 2, showing 30% probability thermal ellipsoids.

Results and Discussion

The reaction of R§(CO)s(us-C), 1,22 with PheGeH in a
1:3 ratio at 15C°C yielded two new pentaruthenium cluster
complexes: R§(CO)1(u-CO)u-GePh)s(us-C), 2, in 35%
yield; Rus(CO)1(u-GePh)4(us-C), 3, in 24% yield. Com-
pounds2 and3 were characterized by a combination of IR,
NMR, and single-crystal X-ray diffraction analyses. An
ORTEP diagram of the molecular structure2dé shown in
Figure 1. Selected bond distances and angles are listed in
Table 3. Compound consists of a square pyramidal cluster
of five ruthenium atoms with three GefPgroups bridging
three of the four edges of the base of the square pyramid.

(24) Sheldrick, G. M.SHELXTL version 5.1; Bruker Analytical X-ray
Systems, Inc.: Madison, WI, 1997.

Figure 2. ORTEP diagram of the molecular structure ofsfO)1-
(u-GePh)4(us-C), 3, showing 30% probability thermal ellipsoids.
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Table 4. Selected Intramolecular Distances and Angles for
Rus(COh1(u-GePh)a(us-C), 32

(a) Distances (A)
Ru(1)-Ru(2) 2.8398(10) Ru(3)Ge(3) 2.5062(11)
Ru(1)-Ru(3) 2.8190(11) Ru(4)Ge(3) 2.4839(11)
Ru(1)-Ru(4) 2.8870(10) Ru(4)Ge(4) 2.4874(11)
Ru(1)-Ru(5) 2.8299(10) Ru(3)Ge(1) 2.4732(11)
Ru(2-Ru(3) 2.8682(10) Ru(5)Ge(4) 2.4957(11)

Ru(2)-Ru(5) 2.8550(10) Ru(HC(1) 2.069(8)

Ru(3)-Ru(4) 2.8745(10) Ru(3)C(1) 2.024(8)

Ru(4)-Ru(5) 2.8972(9) Ru(3)C(1) 2.024(8)

Ru(2)-Ge(1) 2.5133(12) Ru(4)C(1) 2.046(8)

Ru(2)-Ge(2) 2.5083(12) Ru(5)C(1) 2.040(8)

Ru(3)-Ge(2) 2.4758(12) €0(av) 1.14(1)
(b) Angles (deg)

Ru(2-Ru(1)-Ru(4) 90.53(3) Ru(JGe(l)}-Ru(5)  69.85(3)
Ru(3-Ru(1-Ru(5) 91.86(3) Ru(Ge(2-Ru(3)  70.26(3)

Figure 3. ORTEP diagram of the molecular structure ofsfO)o-
Eﬂg?ﬁﬂgﬁsﬂ% gg:gf% Eﬂ%ggg{gﬂgg ;(jzfgg (1-GePh)a(us-C)(u-H)z, 4, showing 30% probability thermal ellipsoids.
Ru(3)-Ru(4)-Ru(5)  89.37(3)  RerC-O(av) 175(1) Table 5. Selected Intramolecular Distances and Angles for
Ru@Ru(E-Ru(4) - 90.0263) Rus(COo(u-GePh)a(us-C)(u-H)o, 4°
_ a Estimated standard deviations in the least significant figure are given (a) Distances (A)
in parentheses. Ru(1-Ru(2) 2.8411(8) Ru(4)Ge(4) 2.4986(1)
square pyramid. Compour@is analogous to the compound Sﬂﬁﬁﬁﬂ% 5;2523% Eﬂggg&; g:igggg;
Rus(CO)(CeHe)(u-SnPh)4(us-C) that we recently obtained Ru(1)-Ru(5) 2.8257(8) Ru(1C(1) 2.075(7)
from the reaction of RCO)s(us-C) with PhsSnH2! Sﬁg)):gﬂg g:géggg% Sﬂg‘;gﬁ; g:gggg;
Ru(3)-Ru(4) 2.8651(8) Ru(4)C(1) 2.093(7)
?6"'6 Ru(4)-Ru(5) 2.8811(8) Ru(5)C(1) 1.978(7)
u Ru(2)-Ge(1) 2.5012(9) Ru(BH(1) 1.37(8)
Phy Ru(2)-Ge(2) 2.5172(9) Ru(3H(1) 2.04(8)
¥ Ru(3)-Ge(2) 2.4884(9) Ru(BHH(2) 1.86(6)
PhySn—s \ N Ru(3)-Ge(3) 2.4981(10) Ru(®H(2) 1.74(6)
_n\R / SRV —Ru— Ru(4)-Ge(3) 2.4704(10) €0(av) 1.13(1)
LI\ /l/\ onth
/ ggz (b) Angles (deg)

Ru(2-Ru(1-Ru(4) 94.002) Ru(®}Ge(1)-Ru(5)  70.79(3)
) o Ru(@-Ru(l}-Ru(5) 90.02(2) Ru(2Ge(2-Ru(3)  71.25(3)

The Ru—-Ge bond distances to the bridging GeBoups Ru(3-Ru(2-Ru(5) 87.04(2) Ru(3}Ge(3-Ru(4)  70.43(3)
in 3 are similar to those found i, and all lie in the range Eu(g)):gﬂg)):sﬂgg gg-gggg S;(@_GSEQ\)I—)RU(S) 1;(;-85)3(3)
2.4732(11%2.5_133(12) A. _ R3§2)—Ru(5)—Ru(4) 92.55(2)

The mechanism for the formation of compouriiand3
is believed to be similar to that proposed for the high-
nuclearity Ru-Sn clusterg! that is, oxidative addition of
the Ge-H bond to the metal atoms of the cluster, followed distances to the bridging GePyroups are similar to those
by formation of GePhgroups by cleavage of a Ph group in 3, range 2.4704(16)2.5172(9) A. The compound contains
from intermediate GeRHigands that then combines with a two hydride ligands that bridge two oppositely positioned
hydride ligand to eliminate as benzene. However, becauseapical-basal edges of the Requare pyramid, Ru(f)Ru(2)
of the limited number of hydrogen atoms (i.e. there is only = 2.8411(8) A and Ru(BRu(4)= 2.8568(8) A. These two
one hydrogen/PjGeH that can be used for benzene forma- hydride ligands (located and refined crystallographically) are
tion) only one benzene molecule is formed/germanium group. equivalent and appear as one high-field resonanice;
Thus, compoundg and 3 contain only GePhligands. An —23.11 ppm, in thé¢H NMR spectrum of the compound.
additional source of hydrogen is needed to form benzene byOne CO ligand was eliminated fror®, and two hydride
cleavage of additional phenyl groups. So we next investigatedligands were added to the cluster to fodninterestingly,
the reactions 08 with hydrogen. when the above reaction with hydrogen was allowed to go

Reaction of3 with H, (1 atm) at 150°C for 30 min for a longer period of time, the new compoundsRLO),¢-
produced the compound RCO)o(u-GePh)a(us-C)(u-H)2, (u-GePh),(us-GePh)(us-H)(14-CH), 5, was obtained.
4, in 31% yield. Compound4d was characterized by a The reaction of3 with H, (1 atm) at 150°C for 90 min
combination of IR andH NMR spectroscopy and single-  provided the new compound RGO o(u-GePh),(us-GePhy-
crystal X-ray diffraction analysis. An ORTEP diagram of (us-H)(us-CH), 5, in 34% yield. Compoun& was character-
the molecular structure @f is shown in Figure 3. Selected ized by a combination of IR'H NMR, and single-crystal
bond distances and angles are listed in Table 5. [3ke X-ray diffraction analyses. An ORTEP diagram of the
compound4 contains of a square pyramidal cluster of five molecular structure d is shown in Figure 4. Selected bond
ruthenium atoms with four bridging GepPgroups, one on  distances and angles are listed in Table 6. Compdand
each edge of the base of the square pyramid. TheG consists of a square pyramidal cluster of five ruthenium

a Estimated standard deviations in the least significant figure are given
in parentheses.
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Table 6. Selected Intramolecular Distances and Angles for
Rus(COYo(u-GePh)a(u-GePh)(us-H)(us-CH), 52

(a) Distances (A)

Ru(1)-Ru(2) 2.8538(7) Ru(BGe(4) 2.4456(7)
Ru(1)-Ru(3) 2.9128(10) Ru(4)Ge(4) 2.4778(9)
Ru(1)-Ru(4) 2.9431(7) Ru(5)Ge(4) 2.4111(7)
Ru(1)-Ru(5) 2.8505(9) Ru(5)Ge(2) 2.4517(7)
Ru(2)-Ru(3) 2.7972(7) Ru(zC(1) 2.182(3)
Ru(2)-Ru(5) 2.7329(7) Ru(3)C(1) 2.205(3)
Ru(3)-Ru(4) 2.7939(7) Ru(4)C(1) 2.183(3)
Ru(4)-Ru(5) 2.8007(7) Ru(5)C(1) 2.201(3)
Ru(1)-Ge(1) 2.4501(7) Ru(BH(2) 1.87(3)
Ru(2)-Ge(1) 2.4360(9) Ru(3)H(2) 1.82(3)
Ru(3)-Ge(1) 2.4629(6) Ru(4)H(2) 1.88(3)
Ru(2)-Ge(2) 2.4877(9) CHHQ) 0.89(2)
Ru(3)-Ge(3) 2.4802(8) €0(av) 1.13(1)

Ru(4)-Ge(3) 2.4903(8)

. . (b) Angles (deg)
Figure 4. ORTEP diagram of the molecular structure of sO)i¢-
N _ N i h A e Ru(2)-Ru(1)-Ru(4) 85.22(3) Ru(2)Ge(1)y-Ru(3) 69.64(1)
glrocliggi?i%;w GePh)(us-H)(usa-CH), 5, showing 30% thermal ellipsoid RUG)-RU(L-Ru(5) 86.27(1) Ru(2)Ge(2)-Ru(5) 67.18(1)
' Ru(By-Ru(2)-Ru(5) 90.89(3) Ru(3)Ge(3)y-Ru(4) 68.40(1)
atoms with two bridging GeRlgroups occupying opposite  Ru(2-Ru(3)-Ru(4)  89.18(3) Ru(fyGe(4)-Ru(4)  73.42(1)

- : Ru(3-Ru(4y-Ru(5) 89.56(3) Ru(bGe(@)rRu(5)  71.87(3)
two edges of the base of the square pyramid. Unlike the RU)-RUGY-RU(4) 9035(2) Ru(#Ge(d)-Ru(5)  69.89(2)

structures of compounds-4, the two bridging GePfgroups Ru(1}-Ge(1>-Ru(2) 71.47(2) RuC—0O(av) 178(1)
(Ge2 and Ge3) ib are displaced below the Requare plane Ru(1-Ge(1)-Ru(3)  72.72(3)
by 1.4507(6) and 1.3108(6) A, respectively. The-fGe a Estimated standard deviations in the least significant figure are given

bond distances to the bridging GeRjroups are slightly  in parentheses.
shorter, range 2.4517(72.4903(8) A, than those found in
2—4. Interestingly, compoun8 contains two triply bridging ~ GePh ligands followed by combination with a hydride ligand
GePh groups (Gel and Ge2) that occupy the RR2— to eliminate benzene. Further reaction of hydrogen then
Ru3 and RutRu4—Ru5 triangles on opposite sides of the Yielded the triply bridging hydride ligand and the methyli-
square pyramid; see Figure 4. There is also one triply dyne group by hydrogen addition to the carbido carbon atom.
bridging hydride ligand (located and refined structurally) The two triply bridging GePh groups donate three electrons
occupying the RutRu3—Ru4 triangle and a quadruply to the cluster, the hydride ligand donates one eleciaon
bridging methylidyne ligandu,-CH) across the base of the the methylidyne group donates three electrons, and the total
Rus square pyramid. The hydrogen atom of the CH group €lectron count of the cluster is 74, as expected for a square
was also located and refined structurally. The—R(1) pyramidal pentanuclear cluster.
distances to the methylidyne ligand range from 2.182(3) to To our knowledge there are no previous reports of
2.205(3) A. The'H NMR spectrum of5 exhibits a high- pentanuclear metal cluster complexes containing-&H
field resonancey = —21.88 ppm, as a doublet)y_y = ligand. However, there are examples of methylidyne groups
1.52 Hz. A low-field signal at 11.21 ppm is attributed to  in the tetranuclear clusters: Hfg*-CH)(CO)»%6 {HC[Au-
the us-CH? group, with protor-proton coupling to the  (PPh)]4} ;%7 RuPb(u-H)(us-CH)(u-CO)(COX(PPI3)x(1-
hydride ligand 3Jy—y = 1.52 Hz. CsHs)2.2° The us-CH ligand in RuPt(u-H)(us-CH)(u-CO)-

The formation of thei>-GePh groups must have involved (CO)(PP#3),(7-CsHs),?® is structurally the same as the one
the cleavage of one of the phenyl groups from each of two in 5.

Scheme 1
N + PhyGeH N //
th Phz
/\\/ + PhyGeH /)( 150°C7/
3 € Ph,G Ph,
// ~ U\ G /,u Geth
150 °C / Ge
1 2 3
0,
150 °C +H,
-CO
PhV ePh %//\>\ ePh,
2C H
/)‘ R'u\ 6tl6  Ph, Ge\
p,.z 150 °C
th
5 4
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A summary of the results of this study are shown in
Scheme 1. The pentaruthenium carbonyl comdleracts
with PhsGeH to yield the two pentaruthenium carbonyl
complexes2 and 3 which contain three and four bridging
diphenylgermyl groups, respectively, by cleavage of one
phenyl group from each germanium grouping which is
eliminated, presumably as benzene. Compoinds a
precursor ta3. Complex3 reacts with hydrogen by loss of
CO to yield the hydride containing complexdsand 5.
Compound5 can be obtained directly fromd by further
treatment with hydrogen which leads to cleavage of phenyl
groups from two of the four diphenylgermyl ligands to yield

(25) Davies, D. L.; Jeffrey, J. C.; Miguel, D.; Sherwood, P.; Stone, F. G.
A. J. Chem. Soc., Chem. Commu®87, 254.

(26) Beno, M. A.; Williams, J. M.; Tachikawa, M.; Muetterties, E. L.
Am. Chem. Sod 981, 103 1485.

(27) Schmidbaur, H.; Gabhét. P.; Schier, A.; Riede, Drganometallics
1995 14, 4969.

the two triply bridging GePh ligands. Interestingly, in this
transformation a hydrogen atom was added to the carbido
carbon atom of} to yield a quadruply bridging methylidyne
ligand. Studies of the reactions of these hydride complexes
with selected unsaturated organic compounds are in progress.
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