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Complexes of the type [ ( Nb6ClIz)C12(&ZCsH4NO)~] 
and [(Mo&)C~~(~-ZGH~NO)~] with 4-substituted 
pyridine l-oxides have been prepared. The depen- 
dance of the metal-oxygen stretching frequencies upon 
the electron withdrawing power of the 4-substituent 
suggests that cluster-ligand x-bonding is not impor- 
tant. A study of the electronic transitions within the 
(Nb&l,#+ cluster indicates that the metal-metal bon- 
ding becomes stronger as the metal-ligand bond beco- 
mes weaker. These two results are correlated with 
the known chemistry of these clusters. Some com- 
pounds with 4-substituted pyridines, and with 2,2’- 
dipyridJ1 N,N’-dioxide are also described. 

Introduction 

It is now firmly established that the halides of 
niobium, tantalum, molybdenum and tungsten in 
their low formal oxidation states have structures based 
on octahedral clusters of metal atoms.2 There are two 
distinct types of cluster, (M&J+ (where M is Nb, 
MO or W) which have bridging halogen atoms X 
above each face of the octahedral core of metal atoms 
Mb, and (M&)X+ (where M is Nb, Ta or W) which 
have bridging halogen atoms above each edge of the 
octahedron formed by the six metal atoms. It is 
also firmly established that in addition to the four 
adjacent metal atoms and the four bridging halogen 
atoms, each metal atom can add one additional ligand 
in a << centrifugal >> position such that the metal- 
ligand bond points radially outward from the centre 
of the octahedral cluster.‘,* The bonding within the 
cluster of metal atoms has been the subject of con- 
siderable theoretical interest,3 although as yet there 
has been remarkably little experimental evidence con- 
cerning this problem. 

One approach to this question is to prepare and 
study compounds where the ligand in the c( centrifu- 
gal >a position is systematically varied. A particularly 
appropriate series of ligands are the 4-substituted 
pyridine l-oxides, where the oxygen pz electrons are 

(1) For Part II of this series see R. A. Field and D. L. Kepert, 
1. Less-Common Mel&, 13, 378 (1967). 

(2) D. L. Kepert and K. Vrteze, +I Halogen Chemistry *, Ed. V. 
Gutmann, Vol. 3, Academic Press, London. 1967, P. 1. 

(3) G. H. Duffey, I. Chem. Phys., 19, 963 (1951). L. F~.A~;S$ 
man, D. P. Olsen, and G. H. Duffey, ibid., 38, 73 (1963). 
ton and T. E. Haas, fnorg. Chem., 3, 10 (1964). M. B. Robin and 
N. A. Kuebler, ibid., 4, 978 (1965). J. F. A. Kettle, Theorelica 
Chim. Acra, 3, 211 (1965). W. F. Libby 1. Chem. Phys., 46, 399 
(1967). H. Miiller, ibid., 49, 475 (1968). 
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conjugated with the aromatic ring, and the donor 
properties of the oxygen atom may be systematically 
varied by appropriate .substitution on the aromatic 
ring in the 4 -position. Electron withdrawing groups 
decrease the negative charge on the oxygen atom and 
increase the nitrogen-oxygen double bond character. 
The most convenient measure of this effect is ~~~ which 
is directly related to the base strength of the ligand. 
These ligands have been extensively used over recent 
years to study the nature of the metal-ligand bonding 
in a number of transition metal complexes.“ 

The object of this work was to study such- com- 
plexes with a typical representative of each. type 
of cluster, namely the diamagnetic (Mo&l~)~+ and 
(Nb&#+. The former has 24 electrons available 
for metal-metal bonding with short molybdenum- 
molybdenum distances of 2.61 A? whereas the latter 
has only 16 electrons available for metal-metal bon- 
ding with niobium-niobium distances of 2.92 A.6,’ 

Experimental Section 

Pyridine l-oxide, 4-nitropyridine l-oxide, 4-chloro- 
pyridine l-oxide, 4-methylpyridine l-oxide, 4-dimethyl- 
aminopyridine l-oxide,8 and 2,2’-dipyridyl N,N’-diox- 
ide’ were prepared by standard methods. Other li- 
gands were obtained commercially. All pyridine l- 
oxide 1igandS were sublimed under vacuum imme- 
diately before use. 4-Methylpyridine and pyridine 
were distilled from calcium hydride. 4-Benzylpyridine 
was distilled from calcium oxide under reduced pres- 
sure. 4-Cyanopyridine was recrystallised from ben- 
zene. 

Molybdenum dichloride, (MO&~&& and [ (Nbe 
Clu)C12(H20)4]4Hz0 were prepared by literature 
methods,” with the improvement that in the last case 
after extraction of the reduction mixture the solution 

(4) R. G. GaNey, J. H. Nelson, and R. 0. Ragsdale, Coord. Chem. 
Revs., 3, 375 (1968). 

(5) H. SEhafer, H. G. Y. Schnering, J. Tillack, F. Kuhnen H. 
Wohrle, and H. Baumann. Z. Anorg. Allgem. Chem., 353, 281 (1967). 

(6) A. Simon, H. G. Y. Schnertng, H. Wohrle. and H. Schafer, 
ibid., 339, 155 (1965). 

(7) A. Simon, H. G. v. Schnertng, and H. Schafer, ibid., 361, 235 
(1968). 

(8) E. Ochiai, /. Org. Chem., 18, 534 i1953). E. Ochlai, M. 
Ishikawa. and S. Zat-Ren, 1. Pharm. Sot. Japan. 64, 72 (1944). H. 
J. den Hertog and W. P. Comba, Rec. Trav. Chem., 70, 581 (1951). 
A. R. Katrltzky, I. Chem. Sot., 2404 (1956). 

(91 A. Simoson. A. Vinciguerra, and J. V. Qua&no, Inorg. Chem., .~ I 

2, 282 (1%3).- 
(10) J. C. Sheldon, J. Chem. Sot., 1007 (1960). H. S. Hamed, C. 

Pauling, and R. 8. Corey, 1. Am. Chem. SOC., 82, 4815 (19M)). 
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Table 1. Analytical Data 

M % 
Found 

Hal % C % H % M % 
Calcd. 

Hal % C % H % 

[(Mo,Cl,)CL((CH,);N . CJ-LNO),] 
(Mo,Ct)CL(CH,O . CJ-LNO)~] 

‘(MoXL)CL(CH, . GRNO)J 
‘(MosCL)CL(CsH,NO)z] 
‘(MosCla)Clr(Cl . C,H,NO),] 
:(Nb,Cl,,)Cl,((CH,),N . GH,NO)r] 
(NbKI,>)Cl,(CH,O . GH,NO),] 

‘(Nb&I,,)Cl,(CH~ . GH,NO),] 
~(Nb&)Clt(CrH~NO)r] 
(Nb&ln)CL(Cl . C,H,NO).] 

‘(NbsCl,JClz(NOz . CsH,NO)r] 
‘(Nb&)Cl,(C,,H,N~O~)~] 
:(Nb&)CL(CH~ . W&N),] 
(NbsCl,z)Clz(GH, . CHz . C,H,N)r] 

~(Nb&)Ct(C,H,N),] 

45.5 33.8 12.5 2.1 

46.2 34.3 12.0 47.6 35.1 11.9 ::: 

48.0 36.0 11.0 45.8 33.4 10.1 ::: 
34.6 30.5 
35.6 32.1 1;6 25 
37.0 32.9 16.6 2.4 
37.4 33.9 15.7 1.9 
35.0 - 13.4 
33.5 31.6 14.6 :.f 
38.4 34.7 16.2 2:3 

38.7 33.2 18.1 31.8 27.9 28.2 E 
38.6 35.4 17.2 2:l 

45.0 33.3 13.2 1.6 
46.0 34.0 11.5 1.1 
47.2 34.9 11.8 1.1 
48.3 35.7 10.1 
45.7 33.8; 9.5 00.: 
34.7 30.9 20.9 2:5 
35.8 31.9 18.5 1.8 
37.4 33.3 19.3 1.9 
38.8 34.6 16.7 1.4 
35.4 31.6’ 15.3 1.0 
34.5 30.7 14.9 1.0 
39.0 34.7 16.8 1.1 
39.1 34.8 20.2 2.0 
32.2 28.7 33.3 2.5 
40.6 36.2 17.5 1.5 

* These figures do not include the chlorine in the ligand. which is not hydrolysed under the basic conditions used for the destruc- 
tion of the complexes. 

was slowly evaporated under nitrogen in a rotary eva- 
porator until precipitation was almost complete. Un- 
der atmospheric conditions there was some contami- 
nation with (NbJA$+ species. Since some of the 
intense bands in the visible and ultra violet spectrum 
of the analogous tantalum compounds are near some 
of the weaker bands in the niobium compounds, the 
niobium pentachloride used was analysed for tanta- 
lum, and was found to be less than 0.02% of the 
metal content. 

The molybdenum complexes were prepared by ad- 
ding excess of an ethanolic solution of the ligand to 
(Mo&lp)C14 dissolved in a minimum of ethanol. Yel- 
low precipitates formed immediately except with the 
strongly deactivated ligands 4-nitropyridine l-oxide 
and 4-cyanopyridine l-oxide for which no complexes 
could be prepared; evaporation yielded the free li- 
gand. The precipitates were washed thoroughly with 
ethanol and ether and dried under vacuum. The 
unsubstituted pyridine l-oxide complex has been de- 
scribed previously.” The niobium complexes were 
prepared by dissolving [(Nb6C1&12(H20)4]4Hr0 in 
ethanol under nitrogen reflux, filtering to remove un- 
dissolved halide and hydrolysis products, then redu- 
cing the volume to about one third of the original 
volume. To this solution was added excess ligand 
(approx. 7 moles per mole of cluster) dissolved in 
the minimum amount of ethanol. Precipitation was 
obierved within one hour, and was complete after 
standing overnight. No complex could be obtained 
with 4-cyanopyridine l-oxide or with 4-cyanopyridine. 
The green products were washed thoroughly with 
ethanol and ether, and dried under vacuum. The 
2,2’-dipyridyl N,N’-dioxide complex was prepared by 
adding the ligand (0.33 g) in aqueous ethanol (2 ml 
water, 10 ml ethanol) to Nb&l14 .8H20 (0.3 g) in a 
minimum amount of ethanol. On standing for one 
week the excess ligand had precipitated and was 
filtered from the green solution which was then eva- 
porated to dryness. The dark green compound was 
washed with water, ethanol and ether, and dried 
under vacuum. Infra-red spectra showed the absence 

(11) J. E. Fergusson, B. H. Robinson, and C. J. Wilkins, 1. Chem. 
Sm., Sect. A, 486 (1967). 
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of ethanol. The conductivity in dimethylformamide 
was 25-50 cm2 ohm-’ mole-’ at 10e3 M for all com- 
plexes. The compounds were insufficiently soluble 
to allow n.m.r. measurements. Elemental analyses for 
all compounds are given in Table I. 

Ultra-violet and visible spectra were recorded on 
a Unicam SP700 spectrophotometer calibrated against 
4% holmium oxide in 1.4 A4 perchloric acidI Dif- 
fuse reflectance spectra were measured on the same 
instrument fitted with a Unicam SP735 diffuse reflec- 
tance attachment. The samples were diluted with 
magnesium oxide, which was also used as a reference. 
The position of the band maxima could be measured 
to 250 cm-‘. The infrared spectra were measured 
as Nujol mulls between potassium bromide (4000- 
400 cm-‘) and polythene (450-245 cm-‘) plates using 
a Perkin-Elmer 521 spectrophotometer which was 
flushed continuously with dry air. Water vapour was 
used to calibrate the instrument below 450 cm-‘.” 

Molybdenum was determined by the oxinate me- 
thod.14 Niobium was determined as the oxide after 
decomposition of the complex with concentrated nitric 
acid. Tantalum was determined in niobium penta- 
chloride by X-ray fluorescence (Philips) after hydro- 
lysis and ignition to the oxide. Halogen was deter- 
mined potentiometrically against silver nitrate after 
decomposition of the complex with hot alkaline per- 
oxide. Carbon and hydrogen were determined by the 
C.S.I.R.O. Microanalytical Service, Melbourne. 

Results 

The analytical results for the molybdenum cluster 
compounds are satisfactory. However the preparation 
of analytically pure niobium cluster complexes was 
found to be extremely difficult, the chloride: ligand 
ratio being greater than 14:4. The (Nb&l&+ 
moiety, in the presence of air or oxygen-donor ligands, 
has a tendency to oxidise to (Nb6Clr2)3+ and form 

(12) A. 
(13) K. 

Bur. Std., 
(14) A. 

Longnuns, 

McNeirney and W. Slavin. Applfed Optics, I, 365 (1962). 
N. Rao, R. V. de VOX. and E. K. Plyler, I. Res. NatI. 
6,7A,$ (1963). 

* Quantltatlve 1”O:@“iC Analysis m, 3rd Ed.. 
iondon, ‘1961. 
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Table Ii. Infra Red Spectra 

0c.m Y~_O (Linand) vN_&omplex) 

~(MoJXXL((CH,hN . CJ-LNO)z] 
.(MoEL)CL(CH,O . CJ-LNO)I] 
‘(Mo,Cb)CL(CH, . CJ-LNO)~] 
~(Mo&ls)CLGH,NO)~] 
(Mo,CL)CL(CI . CJ-WJOh] 

:(NbGlu)CL((CH,)zN . C&NO),] 
,(NbrCL,)Cl,(CH,O . CsH.NOk] 
(NbrCl,,)Ch(CH, . CSHINO).] 

I(Nb,Cl,,)Cl,(C,H,NO).] 

E 

(NbsCln)Cl,(Cl . C,H,NO),] 
(Nb&lo)Ch(NOz . C,H,NO)r] 

-1.48 
-0.603 
-0.240 

:20l3 
-1:48 
-0.603 
-0.240 

00206 
1119 

1210 
1208 

1224,1209 
1235 
1243 
1210 
1208 

1224,1209 
1235 
1243 
1269 

1207 
1191 
1201 
1197 
1196 
1211 
11% 
1201 
1197 
1200 
1212 

VO-U VU-Cl 

458 327 357 
431 327 355 
418 330 353 
398 331 353 
391 331 353 

393,382 339 292,276 
403-408 341 288 

393 342 288 
403 340,336 (sh) 283 

387,383 342,336 285 
388,386 346,343,341 287 

(NbXLXUCH, . GRN), h 
(Nb~Cln)CI,(C~K . CH, . C, ,N),] 
(Nb~Cln)CI,(C,H,Nkl 

pK. (BH+) 
6.03 
5.59 
5.21 

340 286,279 (sh) 
341 283,279 (sh) 
340 282,277 (sh) 

Table Ill. Diffuse reflectance (DR) and solution spectra in dimethylformamide (DMF) 

E (Nb&l,~)Clz((CH,),N (Nb&l,dClz(CH,O . GRNO).] . GRNO),] (DR) (DMF) (GO) 10050 9950 23400 22750 
(DMF) 10100 23509 

[(NbSln)CL(CH, . C,H.NO),] (DR) (7550) 10200 22750 

IE!)F) (7750) 
10250 23750 

[ (NbsCln)CL(CaHsNO)r] 9600 22400 
10400 23800 

[ (NbsCln)Cl,(Cl . C,H.NO)r] ggF) (7600) 10250 23950 
(DMF) 

[ (~b~Cln)Cl,(NO, . C,H,NO),] (DR) (7450) 
10450 23850 

9350 23400 
(DMFI - 10650 24250 

E (Nb,Cl,,,Ct(C,,H,N,O,),] 
(Nb,Cln)Ch(CH, . CsKNh] 

[ (Nb~CI,,)CI,(GH, . CH, . GH,NX] 

[ (NbsClnKWsHrN).] 

(7550) 10200 9950 23850 23150 
(DMF) 

(7300) 
10400 23800 

(DR) 9850 23150 
(DMF) 10100 23100 
(DR) (7500) 9800 23450 
(DMF) - 10250 23800 

[ (Nb&l&X(Ligand)~] which can be detected by a 
strong band in the visible region at about 8000 cm-‘. 

The N-O, O-M and’ M-Cl vibrations in the infra- 
red are recorded in Table II. All other bands ob- 
served have counterparts in the free ligands.. The 
N-O vibration at 1235 cm-’ for CsHsNO is for a 
mull prepared under nitrogen; this compound is 
very deliquescent and this frequency is lowered to 
1220-1225 cm-’ for a mull prepared in air. 

Formation of an oxygen-metal, coordinate bond de- 
creases the partial double bond character of the ni- 
.trogen-oxygen bond, which is reflected in a decrease 
in the nitrogen-oxygen stretching frequency upon coor- 
dination. The decrease observed for these cluster 
complexes is typical for these ligandse4 

The (Nb&11#+ complexes show bands at 341 and 
286 cm-’ which have been previously assigned to 
niobium-chlorine vibrations.‘,” Similarly the bands 
at 350 and 330 cm-’ for the (Mo$%)~+ complexes 
have been previously assigned to molybdenum-chlorine 
vibrations.16 

(15) P. M. Bmrman and B. P. Straughan, I. Chem. Sot., Sed. A, 
1514 (1966). R. A. Mackay and R. F. Schneider. Inorg. Chem., 6. 
549 (1967): 7, 455 (1968). R. Mattes, Z. Anorg. Allgem. Chem., 364, 
279 (1969). 

(16) R. I. H. Clark, D. L. Kepert. R. S. Nyhofm, and G. A. 
Rodley, Specfrochim. Ada, 22, 1697 (1966). F. A. Cotton, R. M. 
Wing, and R. A. Zimmerman. Inorg. Chem.. 6. 11 (1967). D. Hartley 
and M. I. Ware, Chem. Commun., 912 (1967). R. Mattes, Z. Anorg. 
Al/gem. Chem., 357, 30 (1968). 

The diffuse reflectance spectra and solution spectra 
in nitromethane or ethanol of the niobium compounds 
in the visible region showed in addition to the strong 
bands at 24,000 and 10,000 cm-’ due to (Nb&l#, 
a weaker band at about 8,000 cm-’ due to (Nb6C11z)3+. 
However this oxidised cluster was not present in 
solutions to which a reducing agent (for example 
stannous chloride) had been added, or in dimethyl- 
formamide solutions (Table III). Bands above 30,000 
cm-’ are obscured by ligand bands. The bands at 
10,650 and 24,250 cm-’ for the 4-nitropyridine l- 
oxide derivative are higher in energy than for the 
dimethylformamide derivative’ (10,180 and 23,800 
cm-‘) indicating that displacement of ligand by dime- 
thylformamide is not significant, since the 4-nitropy- 
ridine l-oxide would be the most easily displaced 
ligand. The spectrum of the molybdenum clusters 
was featureless except for the edge of a continuous 
absorption above 22,000 cm-‘; bands reported by 
others” could not be found in this work. 

It is not known whether the compounds prepared 
in this work are cis- or truns-isomers. The crystal 
structures of clusters which have different centrifugal 
environments have all been found to have the truns- 
structure, namely [(Ta&l~X%(H~0)4]3H~0,1’ (Nbb- 

(17) R. D. Burbank, Inorg. Chem., 5, 1491 (1966). 
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Cl&l~,b (TaJ~)1z,‘~ (Mo6C18)C&? and (W&r#‘+Br4- 
(Br.+*-).I9 In this work the bidentate 2,2’-dipyridyl 
N,N’-dioxide was used, which models show is capable 
of occupying two cis-centrifugal positions, forming an 
eight-membered chelate ring. The distortion of the 
octahedral cluster of metal atoms (see later) would 
be different in the trans-isomer to that in the cis-iso- 
mer, which might be expected to be reflected in diffe- 
rent splitting of those bands in the visible spectrum 
originating from within the MA cluster, or at least 
in different half-widths. The visible spectra of the 
bis 4-substituted pyridine l-oxide complexes are not 
noticeably different to that of the 2,2’-dipyridyl N,N’- 
dioxide complex. 

Discussion 

Znfru Red Spectra. Table II and Figure 1 show 
that the molybdenum-oxygen stretching frequency de- 
creases as ~,,o increases, that is, as the electron den- 
sity on the donor oxygen atom decreases. For com- 
plexes of the later transition metals and post transi- 
tion metals such as nickel(II),M chromium(III), 
iron(III), cobalt(II), copper and zinc(II),= v&O 
increases as the electron withdrawing power of the 
4-substituent increases, whereas complexes of tita- 
nium tetrafluoride?-’ and zirconium tetrafluoride” are 
the only other cases where the expected decrease in 

Figure I. Infrared spectra of [(NbK1&4-2. CSHINO)~] and 
[(Mo6Cls)CL(4-2. GH,NO),] as a function of upYo. 

n Y._~ (Nb-clusters) Cl vhlmO (Mo-clusters) 
l v~_~, (Nb-clusters) 0 Y~_~, (Mo-clusters) 

(18) D. Bauer. H. C. Y. Schnering, and H. Schafer, 1. Less-Corn- 
man Metals, 8, 388 (1965). 

(19) R. Siepmann and H. G. Y. Schnering, ibid., 357, 289 (1968). 
(20) D. W. Herlocker, R. S. Drag& and V. I. Meek, Inorg. Clrem.. 

5, 2009 (1966). 
121) R. Whvman. W. E. Hatfield. and 1. S. Paschal. Inorn. Chim. 

A& ‘1, 113 (1967j. 
, , _ 

(22) G. Sc>wwss and H. Specker. 2. Anorg. All&wn Chem., 363, 
113 (1968). 

(23) F. E. Dickson, E. W. Cowling, and F. F. Bentley, Inorg. 
Chem.. 6. 1099 (1967). 

(24) F. E. Dickson, E. W. Baker, and F. F. Bentley, 1. Inorg. 
Nucf. Chem., 31, 559 (1969). 

vu-0 occurs as the electron withdrawing power of the 
4-substituent increases. This has been attributed to 
substantial metal-to-oxygen or oxygen-to-metal x-bon- 
ding in the case of the later transition metals, but 
which cannot occur in the TiF4 and ZrR complexes 
where the empty d-orbitals are used for fluorine-to- 
metal x-bonding? The behaviour of the (Mo&l~)~+ 
cluster resembles TiF4 and ZrK rather than the later 
transition metals, suggesting that ligand-cluster x-bon- 
ding is unimportant. This result is an important veri- 
fication of one of the assumptions made when discus- 
sing the bonding within this cluster. 

The metal-chlorine stretching vibrations show lit- 
tle change with varying upyo. 

Figure 2. Visible absorption spectra of [(NbJZl~~)C1~(4-Z. 
CsH,NO), ] as a function of upYO in dimethylformamide. 

Visible Spectra. Figure 2 shows that as the elec- 
tron density on the donor atom decreases (that is, 
increasing a,,o), the two bands of (NbJ3,2)2+ at 
10,000 and 24,000 cm-’ move significantly to higher 
energy. This is in marked contrast to the spectra of 
complexes containing a single metal atom, where the 
d-d transitions move to lower energy with increasing 
Q,,O as expected.m,2’ If it is assumed that the transi- 
tions in the (Nb&lrz)‘+ cluster are due to transitions 
between metal-metal bonding and metal-metal anti- 
bonding molecular orbitals, and that this splitting is 
a measure of the extent of metal-metal bonding, then 
these results indicate that the metal-metal bonding 
increases as L~,,o Increases. That is, the metal-metal 
bonding increases as the metal-ligand bonding de- 
creases. This is in contrast to the metal-chlorine 
bonding which is insensitive to the nature of the cen- 
trifugal ligand, although this bonding also plays an 
important role in holding the cluster together (and 
the dominant role in clusters such as (PtK112)). 

This conclusion, that the metal-metal bonding is 
sensitive to the metal-centrifugal ligand bonding ap- 
pears important for an understanding of the bonding 
withi:. these (Nb&)*+ clusters, and is substantiated 
by an examination of those clusters with known struc- 
tures. The structure of the M6 cluster in (Nb6F,2)F3,25 

(25) H. Schafer, H. G. v. Schnering. K. I. Niehues. and H. G. 
Neider-Vahrenholz, /. Less-Common Mrluls. 9, 95 (1965). 

Inorganica Chimica Acta ) 4 : 1 ( Much, 1970 
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U’a&l~z)Cl~,~ I6[ (Nb&ln)Cb] ,’ and ( W&ll~)C16,2’ is 
an undistorted octahedron, and in each case the six 
metal atoms are bonded to six identical centrifugal 
groups. In complexes where the centrifugal groups 
are not identical, the difference in the metal-metal 
bonding resulting from the different metal-ligand bon- 
ding produces a distortion in the Mb octahedron. For 
example two of the trans Ta-I(centrifuga1) bonds in 
U-a&2)12 I8 are much longer than the other four 
coplanar Ta-I(centrifuga1) bonds (4.32 and 3.11 A 
respectively), and the resulting Ta-Ta bonding flat- 
tens the octahedron (distance from centre of octahe- 
dron being 1.77 A for the two trans-Ta atoms, com- 
pared with 2.18 A for the other four metal atoms). 
Similar distortions are observed in Nb6Cln.6 This 
flattening of the M6 octahedron is in contrast to the 
octahedron in [ (Ta&l~~)Cl~(H~0)~]3H20 I7 which is 
elongated due to stronger metal-metal bonding of the 
metals attached to the four aquo groups. This is 

(26) D. Bauer and H. G. v. Schnering, 2. Anorg. Allgem. Chem., 
3.51, 259 (1968). 

(27) R. Siepmann. H. G. v. Schnering, and H. Schafer, Angew. 
Chem. Intern. Ed. Engf., 6, 637 (1967). 

similar to the distortion shown by the Rex cluster in 
[ (ReG)Ch]‘-,ZB [ (ResBr9)Br2]2-,29 and ReIs? where 
two of the centrifugal sites are different to the third, 
compared with undistorted ReJ clusters having three 
equivalent centrifugal ligands?’ However in the 
ML& clusters (Nb&)I~,32 (Mo,Cb)Ch ’ and (W6Br8)Br4- 
(Brd),19 the Mb octahedra are undistorted, despite dif- 
ferent types of centrifugal ligand in the last two 
cases. 
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