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The interactions of transition-metal complexes with
the M,, atom have long been an area of interest
involving both stoichiometric and catalytic transfor-
mations of the M4 atom compounds. Many M,,-M’
(M' =transition-metal) are now well known, but few
four- of five-ring heterocycles havig the M ,—M'gM;,
catenation have been reported [1-11]. Following our
previous studies on the bis(dimethylgermyl)alkane-
iron tetracarbonyls Me,Ge(CH,),Ge(Me,)Fe(CO),
(n=1 or 2) [9, 10] and on the dimethylgermyldi-
methylsilylmethane-di-iron octacarbony| [11], the syn-
thesis, spectroscopic analyses and reactivity of
bis(dimethylgermyl)alkane-ruthenium tetracarbonyls
have been investigated in this work.

The bis(dimethylgermyl)alkane-ruthenium tetra-
carbonyls are obtained starting from the germanium
hydrides (Me,(H)Ge(CH,),Ge(H)Me, (n=1 or 2)
[12] and Ru;3(CO)y;. The cyclization reactions are
practically over after several hours of UV irradiation
at ambient temperature and the resulting compounds
are purified by distillation.
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The complexes 1 and 2 are characterized by mass,
IR and NMR spectroscopies (1: IR (CsHs) vCO
cm ™' =2100(m), 2080(f), 2040(F), 2000(F); '"H NMR
(CsDs) & ppm: 1.64 (CH,), 0.66 (CH;); *C NMR
(CsDs) 8 ppm: 201.55 (CO,y), 193.26 (CO.4), 25.42
(CH,), 5.46 (CH3). 2: IR (CsHs) ¥CO cm™: 2080(m),
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2060(f), 2020(F), 1990(F); 'H NMR (C¢D¢) & ppm:
1.18 (CH,), 0.58 (CH;); *C NMR (C¢D¢) 8 ppm:
197.63 (COu), 193.90 (CO.q), 19.89 (CH,), 3.56
(CHs;)). The appearance of four carbonyl bands with
the usual intensity pattern for M;~M’'-M,, species
in the IR and of sharp proton NMR singlets for
methyl and methylenic or ethylenic protons of the
germyl ligands are characteristic of C,, local symmetry
at ruthenium in these compounds.

The heterocycles 1 and 2 have high potential in
organometallic synthesis but are less reactive than
their iron homologues [9, 10].

CO substitution reactions with various phosphines
are obtained under thermic effects. New compounds
5-7 were characterized by IR, NMR, mass spec-
troscopy and elemental analysis.

CHen {CHeln -1 RaCeHy  (5)
MezGe GeMe2 CO MSZGG /GeMe2 n=2 R=CGH5 (6)
uPR, =n-C‘1H9 (7)

(CO), (CO)y

Ge-Ru bond cleavage reactions are observed with
various halogens, alcohols, organic halides and more
interestingly with organometallic halides.

(CH,)n
a
Me;Ge_ /\GEM92+ RMY  —Me,(V)Ge(CH,)nGe(YIMe, + (R;M),Ru(CO),
Au
(€0), (RyMY= BusSnH, Me,GeCl. 2ct ref 13,14)

The reactions with oxides and organic carbonyl
compounds lead to the heterocycles 8 or 9 which
are stable or unstable at room temperature depending
on the size of the heterocycle [9, 10, 12, 15].

(CHa)
MezGe GeMe2

25N

Me,Ge(CHy)nGeMe, (CHz)n
x-0 - AU(CO) Mezclie (|39Me2
O\ o Ru(CO), |
' R
- 3 Ruy{CO)— X - ; Rus(CO.— N
{CH2g n=1(8) unstable
MazGe\ GeMe, n=2 (9) stable

{X=Hg, CsHsN.CeHsN, Me,S) (R= C¢Hs,CCly)

As their iron homologues [10] compounds 1 and
2 react with 1,2-quinones through a one electron
mechanism producing the digermylated dioxepane
10 [10] and dioxocane 11 [10] that are formally the
adducts of biradicals Me,Gé¢(CH,),GéMe, (n=1 or

**The mechanism of this reaction may be viewed as an
insertion reaction of the aldehyde in the Ge-Ru bond in
a first step, followed by a thermic decomposition of the
resulting adduct as demonstrated in the case of
bis(dimethylgermyl)methane-iron tetracarbonyl [10].

© Elsevier Sequoia/Printed in Switzerland



160

(CHz)n /(CH2)n
Mc26c GcMcz + j MerGe
\R
u
(CO)4 (CO),
(CHp)
/N

MerGe

*-
o 1 0::‘ =
GeMer + 0.2
/

+ GeMer O
| + 7
(CO)4 Ru - O~

l T
Mesp

(CH2), Ge
\
Ru(CO)4 + MepGe GeMep 4—+— | (CO)4Ru -
| o 0

\

Ru3(CO)12 O

n=1(10); n=2(11)

2) with quinones. The transient semiquinonic radical
involved can be detected by ESR spectroscopy either
as the anion radical or ion paired with the metal
(g=2.0029, a™ 2.8 G).

Compound 1 reacts at room temperature with CS,,
PhNCO and (NC),C=C(CN), to give heterocyclic
expansion reactions. Adducts 12-14 are stable at
ambient temperature and characterized by NMR,
IR and mass spectrometry analyses. 'H NMR data
(CeDg): 12: 6 0.58 (s, CH;GeRu), 0.44 (s, CH;GeS)
and 0.75 (s, CH;) ppm; 13: & 0.14 (s, CH;GeRu),
0.60 (s, CH3;GeO), 1.45 (s, CH,) and 7.4 (CgHs)
ppm; 14: 6 0.12 (s, CH;GeRu), 0.50 (s, CH;GeC),
1.20 (s, CH,) ppm. IR data (C¢Hg): 12: vCO cm ™!
2080(m), 2010(f), 2000(F), 1990(F); »CS cm™!
1500(m). 13: »CO em ™! 2080(m), 2060(f), 2000(F),
1960(F), 1650(f); »CN cm~! 1600. 14: »CO cm™!
2080(m), 2020(f), 1990(F), 1960(F); +CN cm™!
2160(m).

o
Mezee\ GeMe,

X—C-/ \CC

MezGe GleMe2 Mezee GeMe2
(CO)ARU\E/X (CO)4Ru\ B (CN),
Y X=Y=S(12) CIEN),  (14)

X= 0 Y= N.Ph (13)

The new metalla heterocycles 12 and 13 decompose
thermally to form the previously reported hetero-
cycles (Me,GeX); and Me,GeCH,Ge(Me,)CH, sug-

(CH2)p
/

(;,eMcz

gestive of Me,GeCH,Ge(Me,)X (X =0, S) and then,
as observed, [Me,Ge=X] and [Me,Ge=CH,] in-
termediates [9, 12, 15].
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