
Inorgancca Chlmzca Acta 1.5 (1975) 53-56 
0 Elsevler Sequoia S A Llusanne - Prlnted In Switzerland 

Stereochemlcally NonrIgId Carbonyl Complexes of Group VIII B Metal Clusters 

S AIME 0 GAMBINO L MILONE and E SAPPA 

Istltuto di Chlmrca della Unrverstta dl Tortno Cor~o M~ssrmo d Azegho 48 10125 Totmo Itul! and 

E ROSEr\lBERCr 

Department of Chemuttj Unlrerutj of Southern Caltforma Unrberrrt) Prrrk Lor An,s,cle\ CN 90007 lJ 5 A 

Received February 3 1975 

51 

The vurtable temperuture “C nmr of M,(CO), 
(M = Fe Ru 0~) have been studled Fe,(CO),, and 
Ru,(CO) ,2 gtve one sharp resonance down to -100” C 

OJ,(CO) 12 5howJ two resonances at room tempera 
ture uhlch coalesce to a smgle resonance at -1150” C 
Posyrble mechamrmy for carboql averugmg are con 
ridered The “C nmr of the acetylemc complexes 
HM,(CO),C,C(CHJ, (M = Ru 05) were examtned 
und shown to bL stereochemlcall) nonrlgld Both the 
ovmlum and ruthenium compoundr $how aAla equu 
torlal exchange on the metal atom whrch I\ $lgma 
bonded to one of the utetJlemc carbom Only the 
ruthtnrum compound thowJ exchange between metal 
utoms m the temperature range exn-nmed 7he rm 
portance of brldgmg mtelmedLater m thlJ ewchange 
procepc IS dlxurted 

Introduction 

In the p 1st fev, )eu\ new m\lght h\s hten g uned 
Into the mechlnl5ms of \tereochemlc 11 nonrlgldltk In 
tr msition met II c irbonbl complexes using “C-nmr 
Investig itions ot the \dr~ ible temper ltute “C nmr ot 
complexes Fe(CO),L (L = olefm’ * or phosphme’) 
and (C0)7FeL4 5 (L = dlene or BI\ 1 Z dlph,nkl 
pho,phme ethane6) h ne shown th It 11g rnd (1 ) lot I 

tlon and poll topic re lrrlngcment of c~bonql groups 
can occur both mdependenth OI slmult Ineou4q m 
this class of compounds In the c se of dmuclc ir’-“’ 
md tctr mucle ir complexes”-‘4 ‘H nmr md “C nmr 
habe shown th It exch mge of L Irbonyl groups bct\\etn 
metal atoms t ikes place by mterch mgmg btldgmg 
with termm II carbon11 11g md\ or \I 3 brldgtd mter 
medldtes However besldes accounts on Fe,(CO),,” I’ 
there ha\ been onlv one reported mve\tlgltlon of 
trmucledl carbony clu\ters” We report here I new 
,I I\\ ot stel cochemlc 111~ nom lgld trmuLle II c uhonqi 
clu\ter complexes MIth lcetylenlc 11g mds which exhlblt 
both polvtoplc rearrangement on I \mgle met 11 Itom 
and mtramoleculnr exchnnge between metal atom\ 
Wt h ive ~l\o ex immed the carlable temperature “C 
nmr of the p u-ent trmucledr metal c lrbonqls M,(CO),, 
(M = Fe Ru OS) twoofthemo\el l\\ldertempet rtult 
range than h ~5 been prevlou\lv I epor ttd17 

Result\ nnd Dwuwon 

The X 1 I\ crqstdl structure\ of the trmucle lr clucten 
M,(CO),, h n/e III been determined Tht ruthenium 
?nd osmium compounds ire l\o\tructurdl e lch met 11 
Itom haking twclke termm II carbonyls m I 4lghtly 

distorted act ihedr rl environment (I) Is (II)” The 
IIon compound (Ill) h I\ two IN tdgmg c uhon\I\ be 

(I) (M-Ru) (II) (M-OS) (III) 

t\\Ltn two met tl\ with thltt telmm iI c~tbon\l\ etch 
nhllc the thlld met 11 ltom h I\ foul ttlmm II c~hon 
\I\*” 1 ht 13C nmr of (I) md (III) show one sharp 
reson met m the c?rbon\l region ?t I98 0 ppm ?nd 
2 IO I ppm I e\pectlvelq down to -100” C” Complete 
\cr lmhlmg of III c II bonvl group\ could occur by \lmple 
1x1 II cqu ItorI 11 exch mge of c Irbonvls m the CS,L ot 

Ru,(CO),, 15 h I\ been shoan foi mononuclenr com- 
plcxcs In the cd3e of Iron this process requires prior 
opcmng of the clrbonvl bridge\ Altelndtively sc~drn 
blmg could occur b) exch mge of cdiboml groups 
bctaeen met II dtom\ VII blldged mtetmedlltes rhe 
\olld \t Ite structure ot (III) might represent dn Intel 
mediate m the txchdnge tor Ru,(CO),, md vice 
verstt In lddltlon 1x1 iI--equ ItorA mterch mge may 
precede tolmdtlon of bridged mtermedl lte\ \mce thl\ 
mech ml5m require\ severe dl\tol tlon ot the pseudo- 
act lhedr 11 environment on t metal dtom with four 
termmdl c II bony1 II& md\ 

The v lrl able temper lture ‘?C nmr of Os,(CO),, 
(III) 15 very dlfterent from Its iron md ruthemum 
In Ilog\ (\ee Figure 1) At +22” C two p utl?lly brodd 
ened le<ondnce\ dre observed dt 183 9 ppm and 
I72 i ppm (W l/2 = SHz) m 1 1 mtegrdted mtensities 
These I eson?nce\ brodden Lodlesce and sh lrpen to d 
single reson mce dt + 156” C The tendency to form 
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Figure I. Variable temperature “C-nmr of 0s3(CO),, (II) 
in the carhonyl region in C,D, and C,D,CD,. 

carhonyl bridges decreases as one goes down a given 
metal triad, due to incrcaxed metal-metal bond lengths 
and the smaller back donation (metal G! - to CO ;r*) 
requirements of second and third row transition mct- 
als”. Ruthenium and to a lesser degree. osmium do 
form carbon!,1 bridges in derivatives where strong donor- 
lignnds are substituted for carbon monoxide**. If we 
assume that the availability of bridged intermediates 
varies in the same way. the slower rate of averaging 
of axial and equatorial carbonyl groups in (II) could 
be due to the higher activation energies necessary to 
form these intermediates. However, it is possible that 
simple axial-equatorial exchange could also require 
higher activation energies in the osmium compound. 
There is no way to experimentally distinguish between 
these possibilities in the parent carbonyls. 

We have investigated the variable temperature “C- 
nmr of two acetylenic complexes, HM,(CO),[C2C 
(CH,),] [M = Ru (IV). 0s (V)]‘-‘. 

Although it was not known at the start of our investi- 
gation whether (IV) and (V) would exhibit stereo- 
chemical nonrigidity, it is known that the harrier to 
axial-equatorial exchange increases with increasing 
electronegativity of the substituted ligand in mono- 
nuclear iron carbonyl complexes’.‘. 

In compounds (IV) and (V) M( 1) is (r-bound to 
an acetylenic carbon while M(2) and M(3) are ,7- 

bound, affording the opportunity to investigate the 
effect of two different bonding environments on carb- 
onyl l&and exchange in the same complex. The low 
temperature limiting spectra of (IV)(-62” C) and 
(V)(-37°C) are shown in figures 7 and 3 respectively. 
Five resonances in integrated intensities of 1 : 2 : 7 : 2 : 2 
are observed in each case [(IV) lY6.5. 194..3, 190.1, 
186.5. 1X5.6 ppm; (V) 1X3.3. 173.7, 171.8. 169.6. 
162.X ppmlX4, This pattern of resonances is consistent 
with the solid state structure of (IV) and confirms 
that (V) is isostructural with (IV)“. As the tempe- 
rature is raised both (IV) and (V) show similar changes 
in their ‘C-nmr. The resonance assigned to the 

‘H - DECOUPLED 
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Figure 2. Variable temperature “C-nmr of HRu,(CO), 
[C,C(CH,),] (IV) in the carbonyl region in CDCI,. ChDb 
and C,D,CD,. 
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Figure 3. Variable temperature “C-nmr of HOs,(CO), 

[C,C(CH,),] (V) in the carbonyl region in CDCI,. C,D, 
and C,D,CD,. 

unique axial ligand (1) begins to average with re- 
sonance (3) at 190.1 ppm in (IV) and with resonance 
(2) at 173.7 ppm in (V). Above +22”C the spectra 
of (IV) and (V) differ markedly. In the 13C-nmr of 
(V) resonances (1) and (2) average to a single re- 
sonance at 178.9 ppm (+76” C) of relative integrated 
intensity three. Resonances (3)-(S) in (V) remain 
unchanged until + 173” C where slight broadening of 
all resonances is observed. In (IV). however, reso- 
nances (2) (4) and (5) begin to broaden at +35”C, 
before (1) and (3) average to a single sharp reso- 
nance. Broadening of all resonances continues followed 
by the appearance of a single average resonance at 
189.9 ppm at+153”C. We interpret these results to 
mean that axial-equatorial exchange at M( 1) in (IV) 
and (V) is taking place independently of exchange 
between metal atoms. The barrier to axial-equatorial 
exchange is lower at M(1) than at M(2) and M(3) 
since it is bound to a better charge donor (i.e. o-bound 
to the acetylenic carbon). The static nature of the 
hydride ligand during this averaging process is indi- 
cated by the observation that the hydride is coupled 
only to resonance (5) (2J’H-M-13C0 = 4-6 Hz) in 

(IV) and (V) at low and intermediate temperature in 
both compounds. These results suggest that the acety- 
lenic ligand is also static since its rotation on an axis 
perpendicular to the plane of the metal atom triangle 
would most probably be coupled with hydride exchange 
between metal atoms. We feel that the difference in 
the high temperature spectra of (IV) and (V) is best 
understood in terms of exchange of carbonyls between 
metal atoms via bridged intermediates. The bridged 
intermediates are of lower energy in (IV) than in (V) 
and leads to more facile exchange in the ruthenium 
complex. 

We conclude from our results on (I)-(V) that li- 
gand charge donor ability is of primary importance in 
determining the barrier to axial-equatorial exchange 
of carbonyl groups, as has been found for mononuclear 
complexes, and that this process can take place at a 
single metal in a cluster independently of exchange 
between metal atoms. Furthermore, it is likely that 
simultaneous axial-equatorial exchange at different 
metal atoms in a cluster is coupled to formation of 
bridged intermediates and subsequent exchange of 
carbonyls between different metal atoms. We are cur- 
renly extending these studies to other derivatives of 
(I)-(III) in the hope of shedding further light on the 
details of the exchange mechanisms in carbonyl metal 
clusters. 

Experimental 

Mrrterials 

Compounds 1. II and III were prepared by known 
literature proceedures26. Compounds IV and V were 
prepared by the reaction of I and II with tertiary 
butylacetylene which is described in detail elsewhere*“. 
Deuterated solvents were purchased from NMR Ltd. 
and were used directly after drying over molecular 
sieves. Samples of (I)-(V) were enriched 45-65% by 
stirring for five days at 4O-90°C in the presence of 
< 1 atmosphere of 90% enriched 13Co (Stohler Isotope 
Chemicals). Sample purity after enrichment was con- 
firmed by mass spectroscopy. Solutions of (I)-(V) 
(O.OS-0.2M) were sealed under vacuum in 10 mm 
tubes with the addition of 0.05M Cr(acac), as an 
inert relaxation reagent and tetramethylsilane as an 
internal standard. ‘“C-nmr spectra were recorded on 
a Jeol-PFT-100 operating at 25.1 MHz in the Fourier 
transformer mode. All chemical shifts are reported 
downfield positive with respect to internal TMS. Ac- 
cumulations of 2000-10000 transients were performed 
at each temperature at a spectral width of 5.000 Hz. 
The temperature was monitored by a Jeol JNM-DBT- 
P-S-HIOOE temperature control unit with a thermo- 
couple approximately 1 cm below the sample (outside 
of the RF and decoupling coils). 
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