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Arene-alkyne derivatives of Ru,C( CO) ,+ synthesis and structure of 
RI,@ CO) ,2( $-arene)( p&Me,) (arene = C6H6_“Me,, n = O-3) and 

Ru,C( CO) ,2( k3-C ,6H,6)( p3-C,MeJ 

Ruth L. Mallors ‘, Alexander J Blake ‘, Simon Parsons ‘, Brian F.G. Johnson b.r, 
Paul J. Dyson ‘, Dario Braga ‘, Fabrizia Grepioni a, Emilio Parisini a 

The awe-alkyne clusters Ru,C(CO),~(~~-C~H,X~,-C,M~,) 1. Ru,C(CO),,(~~-C,H,MeX~,-C,Me~) 2, Ru,c(CO),,($- 
C,H,Me,-1.3)_(p,-C,Me,) 3. Ru,C(CO),,(~~-C,H,M~,~.~.~X~~-C~~~~)~CH,CI~ 4 and Ru,C(CO),~(~,-C,,H,,X~~C~N~~L). 
C,H,Me 5 have been prepared and charactaiscd. The molecular snuctures of 1. 3. 4 and 5 have been establirhad in the solid swC by 
single crystal X-ray diffraction, and their crystallographic packing morih analyzed. 

1. Introduction 

The study of the synthesis and reactivity of transition 
metal carbonyl clusters with small organic molecules 
has received considerable attention in recent years: re- 
view articles of particular relevance to this paper are 
listed in Refs. [1,2]. In our work we have heen particu- 
larly interested in the prepamtion of clusters with c, 
face-capping arenes as well as the more common q6 
terminal bonding mode 121; key papers include those 
listed in Refs. [3.4]. The underlying factors which gov- 
ern the bonding mode adopted have also been explored, 
and it ha been demonstrated that interchange between 
the two extreme bonding modes may be achieved, by 
thermal [5], photolytic [6] or chemical means 171. These 
studies prompted us to examine the reactions of some 
hexarutheoirrm-wene clusters with alkynes, since the 
related reaction with the trinu&ar cluster M,(CO).&- 
C,H,) (M = Ru and OS) results in the migration of tbe 
benzene from the *L3 to the q” terminal site [71. 

2. Rest& and difcavrion 

The mcthod used to prepare the arene-alkyne chts- 
ters described in this paper involves the initial prepam- 
tion of the arate cluster Ru,C(CO~,+($-arew).). fol- 
lowed by the subsequent SUbtiNtiOn of two of the 14 
cxhonyl ligands by the qpropriate alkyd. The - 
clusters Ru,C(CO)&rene) (iuene = C,H,, C,H,Me, 
C,H,Me,-1.3 and C,H,Me,-1.3.5) and 
Rtt,CXCO),&-C,,H,J have been repcaed prwiously 
and were piepad by the literature metb5ds [8,9l. The 
C,,H,, ([2.2Jpamcyclophane~ derivative differs from 
tbeothersiothemannerinwhichtheare~ 
cluster. In this cluster coordination i* over a ttimeti 
face. whilst in the o&as the anme bonds to a siogle 
metal atom. The reactivity of these aawe clusten to- 
wards a variety of ligands has previously been repotEd. 
and generally invalves chemical activation hy removal 
of CO as CO. usitw stoichiametric amottnts of 
trimethylamine &oxide”(Me,NO) [IO,1 I]. Using this 
procedure alkynes can also be iotmduced into these 
clusters. 

Treatment of Ru,C(CO),+(arene) with a 2 molar 
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equiv. of Me,NO in the presence of but-2.yne results in 
the formation of R~,C(CO),~(areneXp,-C,Mez). in 
which two carbonyl ligands have been substituted by a 
face-capping dimethylalkyne ligand. By this route it 
was possible to prepare Ru,C(CO),~(~~‘-C,H,)(~~- 
C2Me2) 1, Ru,C(CO),Z(4-ChHSMeXp,-CZMe,) 2. 
Ru,C(CO),,(qh-C,H,Me2-l,3)(1L3-C2MeI) 3, 
Ru,C(CO),,(~~~-C~H,M~,-I.~,SM~~-C~M~~) 4 and 
Ru,C(CO),~(~;-C,,H,,XIL,-C~M~~) 5 in moderate 
yield (Scheme I). Purification of these clusters was 
achieved chromatographically on silica using 
dichloromethane-hexane as eluent. 

The spectroscopic data for compounds l-5 are given 
in Table I. The infrared spectra ( vro) of 1-4 are very 
similar, while that of 5 is quite different. This reflects 
the different bonding mode of the t2.2lparacyclophane 
tigand in 5 compared with the arene ligands in the 
remaining clusters. The mass specaa of all the com- 
pounds show parent peaks at values close to the calcu- 

lated masses. Peaks corresponding to the sequential loss 
of several carbonyl ligands are also observed in all the 
spectra. The ‘H NMR spectra of compounds 1-5 con- 
tain peaks which may readily be assigned to the am- 
matic ring and the alkyne ligand. In each compound the 
face-capping dimethylalkyne ligand gives rise to a sin- 
glet resonance in the range 2.86-2.89ppm for l-4 and 
at 3.07ppm for 5. The arene ligands in clusters 1-4 
yield signals that are entirely consistent with those 
expected. In 5, the p,-[2.2]paxxyclophane gives rise to 
four resonances at 7.45, 3.41, 3.30 and 2.79ppm. The 
signal at 7.45ppm is a singlet aid corresponds to the 
C-H protons of the uncoordinated ring. The resonance 
at 3.41 ppm is also a singlet and may be assigned to the 
C-H protons of the p,-coordinated ring. The two other 
resonances are both multiplets and correspond to the 
CHZ protons of the aliphatic bridges. 

Compound 1 has also been prepared by an alternative 
route. in which the alkyne ligand is first introduced into 
the cluster followed by the introduction of the benzene 
ligand. Reaction of the previously reported cluster 
Ru,C(CO),&,-C2Mez) [I?], with 2 molar equiv. of 
Me,NO in the presence of cyclohexa-l3-diene, results 
in the formation of 1 in moderate yield. Cyclohexa-1,3- 
diene as a precursor to benzene has been used in cluster 
chemistry on numerous occasions, and involves the 
initial coordination of the diene to the cluster unit 
followed by &hydrogenation to afford the coordinated 
benzene molecule [41. 

In all known examples of clusters based on the Ru,C 
skeleton, in which two arene ligands are present. the 
arenes either both adopt the $ bonding mode (two 
isomers) or one $ and one pn bonding mode 1131. For 
the compounds described in this paper, the bonding 
mode adopted by the arene in the precursor does not 
undergo any alteration on replacement of the carbonyls 
by the incoming alkyne. In the light of previous studies 
this is not particularly surprising in the case of the 
simple arene clusters 1-4. However, in 5 both the 
[2.2]paracyclophane and alkyne ligands adopt fiL3 COOT- 
dination modes. The reason for this is not certain, and 
migration of the b&,,H,, ligand to a terminal bond- 

Table I 
Spectroscopic dam for compounds 1-5 

Compound IR (CH,CI,) u(CO)tcm .I) 

I 20S7(m). 2019(r). 2OllW. 
lYWs.br). 19SStw.br). 1938(w) 

2 2056(m). 201%). ?OIo(s). 
199Ms.br). 19Ww.br) 

3 205MmL 2OI7W. 2009(S). 
1996&.br). lYS?(w,br). lY34(w) 

1 2057(m). 2Ol%r). 2OlUh). 
lYY%br), 1957Gvbr). 193x(w) 

5 2068(m). 2056(w). 2029(sh). 
2oIAvs). 2003(sh). 19Ww.br). 194Mvbr) 

‘H NMR (CDCI J (ppm) 

5.79ts. 6H). 2.8%~. 6H) 

S.S2(m, 2H). 5.7OGs. 3H). 
2.88(s, 6”). 2.3%. 3H) 
S.XO(m, 2% X72(,“. IHA 
X46&. IH). 2.88&, 6H). 2.40(x 6H) 
5.71(*. 3H). 2.3~~.9H).2.86&,6H) 

7.4%. 4H). 3.41(\. 4H). 
3.30(m. 4H). 3.071s. 6H). 2.7%m. 4H) 

MS W/i 

1085 (1086) 

,101 (1102) 

1113(1114) 

1129(1128) 

l2?O(l2lh~ 
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ing site would have seemed likely, and followed the 
pattern established for other simpler arenes [I I]. 

The molecular structures of the species 1. 3. 4 and 5 
are shown in Figs. 1-4 respectively. Relevant bond 
distances for compounds 1, 3 and 4 are listed in Table 

2, and those for 5 are listed in Table 3. The metal core 
of all the compounds comprises an octahedma encapso- 
lating a carbido atom. In keeping wifh other Ru,C 
species carrying a ligand which replaces all the carbonyl 
ligands on one metal atom, the Ru-C distance to this 
metal atom is shorter than the others. In tbc cases 
reported here, the Ru-C distance for the Ru atom 
interacting with the ring is. in structures 1. 3 and 4, 
shorter than the avenge Ru-C +nd length of those 
remaining [1.956(5) vs. 2.0.51(6)A in 1; 1.%3(6) vs. 



T”bk 2 
Relevmt bald k”~lbS (A, and m&s (“) for c<,mp”unds 1. 3 and 4 

Rut l )-R”(3) 2.866X6) ?.88S2(6) X8792(6) 
2.8734(6) X8636(63 2.8629(6) Ru( l )-R&J) 

Rui l )_RuW 
Ru( I )_Ru(6) 
Rue-Rui3) 
RtiSRU(4) 
Rtdl)-Ru(S) 
R&-Rd6) 
Ru(3)-RI&-O 
RUG)-Rufh) 
RUG-R”(5) 
Ru(SRu(6) 

2.878X6) 
2.874h(6) 
2.9384(6) 
2.8762(h) 
2.788lW 
2.811X6) 
2.85.M6) 
2.974CN6) 
3.0132(6) 
2.7677(6) 

2.84746) 
2.8876(63 
2.91 lR(6) 

2.79416) 
2.7761(6) 
2.830X6) 
.?.9728(6) 
2.9521(6) 
2.7949(6) 

2.8607(6) 
2,9273(h) 
2.928,X6) 
2.7607(6) 
2.7957(S) 
2.8453(6) 
2.97MH6l 
2.9216(h) 
2.8,38(6) 

Ru(1j-C 1.956(S) 
Ru(?)-C X,3%5) 
Rd3)-C 2.030(6) 

RUG-C 2.061(6) 

RU(S)_C 2.WCK6) 
Rue-C 2.035(6) 

R”(s)-c(2) 
RuVa-C(2) 
R&-CO 
Ru(S)-C(3) 
RutL)-C(3) 

2.,80(S) 
2.076w 
2.0&W 
2.182(S) 

RutI)-C(5) 
Ru(lB-C(6) 
R”(I)-c(7) 
RU(I)-C(8) 
Ru(LI-C(9) 
RU(I)-COO) 

2.215(S) 
2.219(6) 
2.234X6) 
2.209(6) 
2.?:6c6) 
2.241(6) 

c(I)~cm 
W-C(3) 
m-c(J) 
C(SkC(6) 
cc,-C(,O) 
C(h)-cm 
C(7)_C(8) 
c(S)-C(9) 
a9)-c(10) 
C(6)-C(,l) 
C(IO)~C(I2~ 
C(5)-till) 
m-a 12) 
C(9)-cc 13) 

ISOl(7) 
1.400(7) 
I .49X8) 
1.412w 
1.38X9) 
I .406(9) 
1.412W) 
I .40X9) 
1.413@) 

mean Ru-C,, 1.8W70 
mean C-O 1.,43(7, 

a I )-cc-C(3) I24.Gc) 
C(2)-Co-C(4) ,2&l(5) 
N6)-C(5)-C(IO) 120.7(5) 
C(S)-C(6)-c(7) 120.2(6) 
C(6)-C(7)-C(8) ,19.3(6) 
C(7MX-C(9) I l9.8(5) 
CM-C(9)-C(,O) ,200.8(6) 
C(S)-C( IO)-C(9) I l9.2(6) 
cw-c~6,-c~1 I) 
CU-C(6)-Ccl I) 
c(s)-c~Io)-co2) 
c-(9,-C(lOkC(I2) 

1.96X6) 
2.053(6) 
2.057(6) 
2.0!9(6) 
2.0,9(h) 
2.078(6) 

2.05X6) 
X182(6) 
2.067(5) 

2.198(6) 

2.210(6) 
2.26X6) 
2.238(6) 
2.190(6) 
?.??!!5) 
2.27X63 

I.51 l(8) 
1.39X8) 
l.S02(8) 
,.4,2(S) 
1.420(8) 
1.416(g) 
I .405(9) 
, .417(Y) 

I .SO?i8) 
,.501(8) 

1.8946) 
1.,40(8, 

,24.7(S) 
123.3(S) 
,22.6w 
,17JW 
120.9(6) 
120.1(5) 
120.5(5) 
I ,7.9(J) 
122.W) 
,2U.,(5) 
12,.3(5) 
,20.8(5) 

1.95tm 
2.059w 
2.010(5) 
2.061(5) 
2.089(S) 
2.027~5) 

x,71(5, 
?.ObK6) 
2.08M6) 
2.19X6) 

2.264(6) 
2.233(6) 
2.24M6) 
2.20X6) 
2.251(h) 
2.262(h) 

1.490(8) 
I 394(83 
,.494(S) 
I.a?(l) 
1.41(l) 
1.37(l) 
1.43(l) 
1.39(l) 
1.401~9) 

l.ScNI) 
l.SMI) 
1.517(9) 
1.738(7) 
,.767(6) 

1.892(7) 
l.l4M8) 

124S(S~ 
124.8(S) 
I ,X.4(6) 
,22.,(h) 
,18.1(6) 
12,.3(6) 
,19.1(6) 
I2O.Nhl 

C(6)-C(S)-C( I I ) 

Table 2 (continued) 

alo)-C(5)-cc, I) 
C(6)-C(7)-C( I?) 
C(8)-C(7)-C(E) 
C(8)-C(9)-C(n) 
c(Io)-c(9i~c(,3) 

CMIKo-C(IW)-C,(IOI) 

121.X7) 
,21,.X7) 
12,.1(7) 
121,.7(h) 
120.2(b) 

I ,2.4(4) 

2.045(6)A in 3; 1.956(5) vs. 2.049(5)A in 41. This is 
consistent with the arene ligand, which formally w 
places a tricarbonyl unit on the metal, being a poorer ?I 
acceptor than the carbonyls, therefore necessitating an 
electronic compensatory effect in which the Ru-carbido 
bond distance is contracted. In 5, where the xene ligand 

Table 3 
Relevant bond dimnces (A) and angles P) for compound 5. All C, 
rings (including the mluene _soIvent C, ring) were treated as rqid 
hexagons with d(C-C) 1.39A 

R”(l)-Ru(2) 2.816(4) c(I)~co-c(3) 12X3) 
Ru( I )-RIG) 2.787(4) CU-C0-C(4) I l9(3) 
Rd I I-Ru(4) 2.898(4) 
R”(l)-RuW 2.996(j) C(7l)-C(72)-C(84) I lb..%71 
Rut?)-Ru(3) 2.7730) c(73)-C(72)-c(84) ,17.,(71 
R”(Z)-R”(5) 2.939W C(7O)-C(75)-c(82) I ,7.1(6) 
R”(2)-Ru(6) 2.927(J) C(74)MX75)-C(82) ll6.1(7) 
Ru(3)-Ru(4) 2.9.50(4) C(77)-C(78I-C(85) Il7.5(7) 
Ru(3)-Ru(6) 2.895(4) C(79)-C(78)-C(85) Il6.3(7) 
Ru(4)-Ru(5) 2.892(3) C(76)-C(8,)-c(83) I ,5.9(7) 
R”(i)-Ru(6) 2.8 1X(4) C(XO-CUt I )X(83) I ,7.%7) 
Ru(SRu(6) 2.YLM((J) C(75)-C(82)-C(83) I ,1.7(8) 

C(8l)-C(83)-C(82) I Il.9(8) 
Rut I)-C 1.96(5) C(72)-CWPZ(8.5) 112.6(R) 
RuUkC 2.36(5) C(78)-C(SSkC(84) I ,1.8(R) 
RuOK 2.23U) 
Ru(O)-C 1.70(S) c~loo)-c~lol)-c(lo2) 1142) 
RIG-C 1.97(5) C(IM))-C(IOI)-C(106) I%?) 
RIG-C 2.17(5) 

Ru(I)-C(2) 2.01(3) 
Ru(3)-C(?) 2.15(3) 
Ru(Z)-C(3) 2.01(3) 
Ru(3HX3) 2.,X(3) 

RUM-Cc741 2.3lN2) 
Ru(4)-C(75) 2.40(2) 
RUB-C(72) 2.,5(2) 
Ru(6)-C(70) 2.24(2) 

cc I )-C(Z) 155(5) 
m-c(3) 1.46(S) 
W&C(4) 1.52(S) 

C(72)-C(84) 1.61(l) 
c-,75,-c(IiZ~ ,.h,(,, 
C(78MXW w&j 
C(BI)-c(83) i.6ixl) 
C(82)-c(83) 1.53(l) 
C(84)-C(85) 1.53(l) 
alOO-c~IoI) 1.51(2) 

mem Ru-C,,, l.89(3) 
IIIsm c-o 1.,5(4) 



replaces a CO ligand on each of three different Ru 
atoms about a triangular face. oo displacement of the 
interstitial carbon atom in the direction of the metal face 

is noted; a short distance is obsewed between the 
carbide and Ru(4). but this value has to be taken with 
caution due to the low quality of the data. In each 
structure the Ru-Ru bond lengths corresponding to the 
edges involved in the coordi@ion of the alkyne frag- 
ment are shorter by about 0.1 A with respect to the other 
Ru-Ru distances. Whether this is an effect of the s&c 
constraints imposed by the &,-bridging @and on the 
flexible Ru-Ru vectors or has electronic origins is not 
clear. 

The coordination of the alkyne ligand to the cluster 
face involves the p.> bonding mode which is commonly 
observed in systems of this type and comprises one % 
interaction from the unsaturated bond to one Ru atom 
and two o bonds to the remaining Ru atoms of the face. 
As usual, this results in an elongatjon of the C=C 
ranging from 1.394(S)-~.40%7)A in 1, 3 and 4 $ 
with a value of 1.466)A in 5. The elongation of the 
C=C bond is accompanied by bending of the methyl 
groups avay from the cluster unit. with angles ranging 
from 123.3W 124.8W in 1, 3 and 4 and angles of 
123(3) and 11x3)” in 5. All the carbonyl liga~& in 
structures 1, 3, 4 and 5 are terminally bound. The CO 
envelopes in clusters I, 3 and 4 are very similar. 
although small confomxxtional changes can be observed 
depending on the number of substituents on the rings. 
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Fig. 7. yiew down the o-axis in c~smlline 4. showing the most rekv;lnt C-H 0 hydrogen bonding intemctions (C-H 0 dismncer 
< 2.70 A). 

In 5, the [2.2]paracyclophane ligand adopts a p3 
banclmg mode. A similar bonding arrangement has been 
observed for the majority of [2.2lparacyclophane clus- 
ters prepared to date [14,15]. The marked tendency for 
this ligand to adopt a face-bridging coordination mode 
compared with other arenes is apparent from the arene 
derivatives of the hexamthenium carbido cluster 
Ru,C(CO),,(arene), in which the arene bonds in the $ 
mode [91. 

In comparison with other facially coordinated six- 
membered rings, the midpoints of alternating C-C bonds 
in the coordinated ring of the [2.2]pamcyclophane lig- 
and are, to first approximation, eclipsed over the three 
Ru atoms. On close inspection, the. coordinated ring 
shows a certain degree of torsion with respect to the 
underlying Ru, triangle (see Fig. 5). accompanied by a 
Ru-Gnng) distribution spread over a wide range of 
distances. The deviation from exact eclipsing can be 
viewed as the effect of the ligand rotation by 15” around 
an axis perpendicular to the Ru(4)-R&-Ru(6) plane 
and passing through Ru(4). The two bridgehead C 
atoms lie above the plane of the remaining four. Since 
NMR spectroscopy shows that the l&and is free to 
rotate in solution at ambient temperature, the conforma- 
tional flexibility observed in the solid state is likely to 
arise from intermolecular forces acting on the 
[2.2lparacyclophane ligand which pmtmdes from the 
CO envelope. Deviation from a quasi-eclipsing confor- 

mation of the pxacyclophane ligand has been observed 
before [14]. Such variation in the orientation of face- 
capping benzene ligands, on the contrary, has not been 

Table 4 
Inlennolecular C-H ‘0 hydrogen bonding pxxneters for cays- 
talline 1. 3. 4 and 5. -C-H distances have been nnrmalised to the 
wutron value of 1.08A: H ‘0 diswnces are given in sngrtmms. 
C-H ‘0 and H O-C,, angler in degrees 

Corn- C-H.,,0 H...O C-H...0 H...O-C,, 
pound 

1 Cl-HI...052 2.53 124 147 
Cl-HI . ..061 2.40 154 114 
C4-H4.. ,033 2.48 128 III 
CO-H6 cm 2.67 155 126 
C7-HT.. ,021 2.62 148 13s 
C9-“9. Oh2 2.65 120 133 

3 Cl-H!...032 2.52 133 Iho 

4 C&HE.. ,041 2.63 141 156 
C6-H6 043 2.63 159 133 
Ct?-HI?...052 2.59 158 150 
CII-HII... 2.54 127 III 
Cttxl-HIOO~~ ,c=, 2.68 152 166 
CIW-HIM). .O:,t 2.6, 138 129 

5 C77-H77. ,032 2.48 147 139 
C71-H71.. ,041 2.56 15s 140 
CM-H84. ,062 2.50 147 148 
C74-H74.. ,052 2.58 I49 165 
C82-H82. ,052 2.42 163 125 
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Fig. 8. Molecules arranged in piles m crystalline 5 along the a-axis: Ihe mne clustm are intercalated along the pile by lduene rdvm molecules. 
CO lipands have been omitted for clarity. 

observed, despite the large number of species sttw- 
turaily characterised. 

Reviously, it has been noted that bis(arene) deriva- 
rives of the hexaruthenium carhido cluster 
Ru,C(CO),,(arene), exhibit intermolecular graphite-like 
interactions involving adjacent ring systems [16]. This 
packing motif has not been observed in the mondarene) 
derivatives, where the molecules are usually organ&d 
in the crystals in piles, with the arene planes facing a 
tricarbonyl unit of a neighboming molecule: a second 
structural feature also found in these mondarene) clus- 
ters involves the interlocking of the unique bridging 
carbonyl into the tetragonal cavity on the opposite edge 
of one of the surrounding molecules 191. In compounds 

l-5 tbe presence of alkyl sobstituents and the absence 
of bridging ligands arc responsible for different packing 
arrangements with respect to those previously observed. 
The relative orientation of the molecules in the crystal is 
not easy to rationalist, but it can be seen that inter- 
molecular hydrogen bonding interactions of C-H.. .O 
type are abundant &e.cially in solid 1 aod 4. see Figs. 
6 and 7 respectively), and contribute to the Sabilisadcm 
of the crystalline edifice. It is interesting to note that in 
compound 4 also the hydrogen atoms belonging to the 
solvent molecule are involved in hydrogen I 
interactions (see We. 7). Relevant hvdroeen bond& 
parameters are sho& in Table 4. A dyd&en boodini 
network is also oresent in crvstallioe 5. and the relative 
geometrical parkers are l&d in T&c 3. The most 
striking feature of the molecular packing of compwnd 5 
though is th existence of piles of cluster mdecuks 



along the o-axis of the unit cell. As can be seen in Fig. 
8. the cluster molecules are intercalated by toiuene 
solvent molecules, which ate placed perpendicular to 
the direction of the piles. An explanation for this kind 
of arrangement can be found in a closer inspection of 
tbc interaction between tie paracyclophaoe ligaods and 
the toluene molecules. Fig. 9 shows how two opposite 
C-H groups, belonging to the uncoordinated C, rings 
of the paracycloph?e ligands, interact via C-H . . r 
interactions of 2.6OA. with the electmn density of the n 
system of the toluene C, ring. This is a well known 
hydrogen bonding interaction in both organic and 
orgaoometallic systems [17], although examples in the 
orgattometallic field are not common. 

3. Experimental 

All reactions were carried out using freshly distilled 
solvents under an atmosphere of nitrogen. Subsequent 
purification of products was carried out using standard 
laboratory grade solvents without precautions taken to 
exclude air. Infrared spectra were recorded on a 

Perkin-Elmer 1710 Fourier-Transform instrument. Mas 
spectra were obtained by positive fast atom bombard- 
ment on a Kratos MSSOTC. ‘H NMR spectra were 
recorded using a Broker WMZtXl spectrometer. The 
clusters Ru,C(CO),,($-C,H,). Ru,,C(CO),,($- 
C,H ,Me). Ru,C(CO),,(~~-C,H,Me2-l,3). 
Ro,C(CO),,(~~-C,HIMe,-l,3.5) and Ru,C(CO),,(p,- 
C,,H,,) were prepared according to literature methods 
[8,9]. Trimethylamine-N oxide (Me,3NO), but-Z-yne 
(C2Me2) and cyclohexa-1,3-diene (1.3.C,,H,) were 
purchased from Aldrich chemicals. Me,NO was dried 
and then sublimed prior to use. 

In a typical reaction the arene cluster 
Ru,C(CO),,(arene) (85mg) was dissolved in CH& 
(50ml) and then cooled to -78°C. An excess of C,Me, 
(I ml) was added. followed by the dropwise addition of 
Me,NO (2.2 molar equiv.) in CH,CI, (5ml) over a 
5min period. The solution was allowed to warm to 
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room temperature over 30min. The solvent was re- 
moved in vacua and the residue purified by TLC eluting 
with CH,CI,-hexane (1:4, v/v). The product was ex- 
tracted together with some starting material. Yields 
were as follows: Ru,C(CO),,(~~-C,H,Hp,-C2Mel) 1 
(40%); Ru,C(CO),,(q”-C,H,Me~~~-C?MeZ) 2 (43%); 
Ru,C(CO),,(rlh-C,H,Me?-l.3Xp,-C,Me,) 3 (32%)~ 
Ru,,C(C0),,(4-C,H2Me,-1,3.SX~~~C~Me~) 4 (39%); 
Ru,C(CO),,((r,-C,,H,,HCI-C2Me2) 5 (38%). Spec- 
troscopic data for compounds 1-5 are listed in Table I. 

The cluster Ru,C(CO),,(p,-C,Me,) (75 mg. 
0.077mmol) was dissolved in CHJI, (SOml) and then 
cooled to -78°C. An excess of 1.3~C,H, (I ml) was 
added, followed by the dmpwise addition of Me,NO 
(16mg. 0.206 molar equiv.) in CH,CI, (Sml) over a 
Smin period. The solution was allowed to warm to 
room temperature Over 30min. The WiVent was re- 
moved in vacua and the residue purified by TLC eluiing 
with CH,CI,-hexane (1:4, v/v). The product was ex- 
tracted and characterised spectroscopically as 
Ru,C(C0),2(~~-ChHhXC~-C~MeZ) 1 (28%). 

3.3. Solid state characterisatiun of 1. 3. 4 and 5 

Crystals of I and 4 were grown by the slow diffusion 
of a CH,CI?-hexane layer at -25°C. Crystals of 3 
were grown from a solution of CHICIZ-hexane at 
-25°C. Compound 5 was crystal&d from the slow 
evaporation of a solution of CH,Cl,-hexane. Single 
crystals of 2 were grown by the slow diffusion of a 
CH,CI,-hexane layer at -25°C. while X-ray data was 
collected: the data and resulting structure is of pom 
quality and not suitable for publication. 

Diffraction data were collected on a Sto? Stadi-4 
four-circle diffractometer equipped with an Oxford 
Cryosystems low temperature &vice operating at 150K. 
The crystal structures of I. 3. 4 aad 5 were solved by 
direct methods (~1~92 [I81 or SHEU(S [l9D and refined 
by full-matrix least-squares (CRYSTALS [2OD. Hydrogen 
atoms were placed in calculated positions and re-idea- 
lised after successive refinement cycles. For 1, 3 and 4 
all non-H atoms were refined with au&tropic displace- 
ment parameters, but the rather low data quality ob- 
tained for 5 only allowed the Ru atoms to be so refined; 
other atoms were refined with common sets of isotropic 
thermai parameters. phenyl rings being modelled as 
rigid hexagons. Full cell and refinement data are pre- 
sented in Table 5. 

Crystals of 2 were obtained during this study. and 
were shown to have unit cell dimensions u = 9.882(7). 
h= 16.671(13). c=36.950(4)A. j3=91.08(7)“, space 

group P2,/c. While analysis of the diffraction data 
established the chemical formulation as 
Ru,C(CO),,(I”-C,H,MeXB3-C,Me2). nCHZCI,, 
with a structure similar to those of 1, 3 and 4, the very 
low data quality precluded further description of tbis 
structure. 
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