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Characterisation of an Osmium Cluster Carbonyl Containing a Weakly 
Co -0rdinated Amine Ligand; X-Ray Crystal and Molecular 

Structure of [Os,( CO),( NO),( NMe,)] 

By BRIAX E'. G. JOHNSOX,  J A C K  LEU-IS,* PAUL 1 C .  I<AITHHY,  and CAMILLO Z u c c i . ~ o  
( C7nivevszty Chemical Lnbovatovy, Lensfield Road,  Cnwbvzd%ge CR2 I E\\-) 

Suiiz?izary The X-ray structure of the first trial1;ylaniine 
metal cluster, [Os,(CO),(SO),(NMe3)], has been deter- 
mined; the large steric requirements of the trialli!-l- 
amine is reflected in tlie long Os-N distance of the co- 
ordinated group. 

OSE of tlie most effective methods for initiating ligmd 
substitution reactions' in metal carbonyl systeiiis, under 
relatively mild conditions, has been the use of trialkylariiine 
oxide in the presence of tlie ligancl. The success of the 
nietliod depends upon the facility of the reagent to create a 
vacant co-ordination site 11y osidation of a bonded carbon 
monoxide to carbon dioxide. Oiving to  the low co-ordina- 
tion abilit). of the trialkylaniine generated because o f  the 
large bulk and high steric restraints of tlie aiiiine, the other 
ligand groups present may  then favourably compete for this 
co-ordination site. 'The application of this reagent to 
cluster carbonyls lias been successfully er i iplo~~xl  for 
[Os,(CO),,] antl, using this nietliod because o f  the mild 
conditions of the reaction, i t  has been possible to  prepare 
1.1 i t  h er t o i n ac ce ssi bl e d e r i v a ti ves , 

The extension of this reagent to liiglicr cliisters of 
osmium has been less successful as significant concentrations 
of complexes ivith co-ordinated tertiary amine lia\re been 
isolated. 'l'lie presence of co-orclinatetl ainine has been 
established in the complex [l:e(CO),(SAle3)].3 1Ceaction 
of [Os,(CO),,(SO),] lvitli triiiietli~~laniiiie oxide under 
normal conditions has been found to  yield a product in- 
volving a co-ordinated aniine [Os,(CO),(SO),( NVIZIe,)!. Tlie 
i.r. spectrum of this complex lias absorption bands a t  
2103 in, 2 0 i 5  LV, 2062 s, 2023 vs, 2003 5, 1993 ni, and 1943 m 

(cn- l )  \vliicli 1ve1-e assignet1 to carbon!-l \.ibrations, and 
one a t  1443 ni ( c n - l ,  CHCI,, solvent) clue to tlic nitrosyl 
ligand. 'Hie lH n.ii1.r. spectrum slio~\.ecl a singlet a t  
T 7 .37 ,  and the molecular- ion in tlie iiiass spectruiii ocxurrecl 
a t  t u / e  !)XI, inclicxting the presence of ;L co-ordinated 
ani ine. \Ye 1iai.c iintlertalien t lie S-ra!. structure a na 1 !-sis 
of this cor-tipountl to cstablish the co-ortliiixtioii reqiiirc- 
nients of thc tertiar!- aiiiine group, antl tleteriiiinc tliv 
steric restraints iri\-olvctl ivitli tliis ligantl group. 

Crystals o f  the complex \\-ere obtained i n  tlic foriii ot 
brown, elongated rectangular blocls, ant1 \\.ere niountctl 
in 0.5 m m  Ikclemann capillaries under nitrogen since tlic 
coin pou nt l  i v a  s sl ig 1 i t  1 J- a i r-sen si t i 1.e. 

= !)41-82, triclinic, ii -- 
12*85!)(3), b = 10.54!)(2), c = Ii.SS(i(5) .A, y. -= I I2.(;:3(2), 

2.95 g c ~ i i - ~ ;  ,p,(A10-/<~) 7 l i ! ) - f i  ciiirl, space group / ' I  
10,  I 3-1 intensities (2OInas = GO.O' )  \vei-e iiieasurecl o i i  ;I 

S y n i e s /'2 d i ff ra c t () I i i  e t e r us i n g gr a p 1 i it e I  ii ( ) 11 oc 1 i I-() I ii a t ecl 
Alo-lig radiation. 1)ata were correctctl ior Loreiitz- 
polarisation factors ant l  for absorption, and mergetl to 
give 5 i 3 ! )  unique obsen-etl intensities /: > 5 o ( F )  ,. 'l'he 
six unique U s  atoiiis \vere loc;ite(l [I!- niultisolution X2 sign 
expansion, a n t 1  tlie c., S ,  and  0 atoms from ;I suI,sc.qucnt 
elect r( )n-tlensi t >. t 1 i ffereii c~e s!.n t I I csis. ' 1 . 1 1 ~  ine t I  I !. I 11 !.tl ro- 
gens \\ere coiistrainctl to lie i n  geoiiietric:ill!~ itlcalisctl 
positions (C-H, i.08 :f; l<-C.-H, 10!)*5' ) ,  ant1 tlic nietliyl 
groups refined as  rigicl h d i c s .  'l'lie structure \vas relirietl 
by bloclietl cascade least-squares ( 0 s  anisotropic, (', S, 
antl 0 isotropic, H coiiinioii isotropic) j\,itli a u.eiGlitilig 
scheme 0 = (a2( I ; )  + 0.001 45 1.'2j-'. ' l 'l~e linal rcsitluals 

Cvystal dcrtn : C12H9S:~Ol,0s~3, 

= !19.52(2), y -= !):J,(ji(?).', I,' = 2122.3 *%:j, -= 4 /) == 
I 

I t  

lvere I? == 0.056 ant1 I<' - ;Sm;A/Xw! I /:o I (l.o>i. 
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FIGURE. The inolecular geometry of [Os,(CO),(NO),(Nhle,)l, 
including the atom number scheme. Hydrogen atoms have 
been omitted for clarity. Bond lengths: Os(l)-Os(2), 3.197(2); 

Os(2)-N(2), 2.05(1) -4; bond angles: Os(l)-N(l)-Os(2), 102.4(5) ; 

The asymmetric unit contains two independent, but 
structurally similar molecules, one of which is shown in the 
Figure ; some important bond parameters are also included. 
The co-ordination of tertiary amines to organometallic 
species is rare, and the use of the bulky nature of tertiary 
amines and the related secondary amides has been skil- 
fully employed by Bradley and his co-workers to produce 
metals in low and unusual co-ordination environments. 

0 ~ ( 1 ) - 0 ~ ( 3 ) ,  2*885(2) ; 0 ~ ( 2 ) - 0 ~ ( 3 ) ,  2*875(2) ; Os(l)-N(l) ,  2.05(1) ; 
Os(l)-N(2),  2*05(1); Os(l)-N(3), 2.22(2) ; 0~(2 ) -N(1) ,  2.05(1); 

0 s  ( 1 ) -N (2 ) -0~(2 ) ,  102*4( 5) *. 

In  the amido species [Cr(NPri,),14 and [W(NMe2),l5 the 
complexes are considered to be stabilised by N-M p n - d n  
bonding with relatively short M-N bonding; the bulk of 
the ligands prevents co-ordination of other groups. In  
contrast, the N-0s distance in [Os,(CO) (NO),(NMe,)] is 
long, and is only ca. 0.05 A shorter than the Os-P distance 
of 2.27 8, in [OS, (CO)~(NO), (POM~)~] .~  The long Os-N 
bond length reflects the good ‘leaving group’ properties 
of this ligand as observed in the preparation of many 
derivatives of [Os,(CO) by reaction with Me,N0.4 Typical 
H(methy1)-N(nitrosy1) and H(methy1-C(carbony1) contact 
distances are 2.70 and 2.81 A, respectively, which are 
close to  the sum of the van der Waals radii. A shorter 
Os-N bond length would result in severe steric congestion 
between the amine and the carbonyl and nitrosyl ligands 
in the c1uster.t 

The geometry of [OS,(CO)~(NO),(NM~~)] resembles tha t  
of [Ru,(CO),,(X~),],~ with the NMe, ligand replacing an  
equatorial carbonyl group. The two nitrosyl ligands 
symmetrically bridge the same Os-0s edge. The long 
0 s - 0 s  distance suggests tha t  there is little direct metal- 
metal bonding, and that the ‘Os,(NO),’ unit should be 
considered as an ‘open 4-centre system’ with the nitrosyls 
acting as 3-electron donors. The other 0s-0s distances 
are similar to the average Os-0s bond length of 2.877(3) A 
in [OS,(CO),,].~ 
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-f The atomic co-ordinates for this work are available on request from the Director of the Cambridge Crystallographic Data Centre, 
Any request should be accompanied by the full literature University Chemical Laboratory, Lensfield Road, Cambridge CB2 1 EFV. 
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