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Three-co-ordinated Complexes of Cobalt@) and Nickel(1) Containing Bis- 
trimethylsilylamino- and Triphenylphosphine-ligands 

By D. C. BRADLEY,* M. B. HURSTHOUSE,* R. J .  SMALLWOOD, and A. J. WELCH 
(Depar tment  of Chemis try ,  Queen Mary College, M i l e  E n d  R o a d ,  L o n d o n  El 4NS) 

Summary The new three-co-ordinated complexes Co- 
[N(SiMe,),],(PPh,) and Ni[N(SiMe,),](PPh,), have been 
prepared, characterized, and their structures determined 
by X-ray crystallography. 

Since solution molecular weight determinations on air- 
sensitive compounds containing dissociable ligands are 
unreliable we have carried out X-ray crystal structure 
analyses. 

WITH the expectation that cobalt and nickel dialkylamides 
might be stabilized by phosphinesl we have explored the 
reactions of MCl,(Ph,), (M = Co or Ni) with lithium dialkyl- 
amides. Although these reactions have not yielded the 
desired compounds the corresponding reactions involving 
LiN(SiMe,), gave rise to the novel three-co-ordinated com- 
plexes Co [N(SiMe,),],(PPh), and Ni "(SiMe,),] (PPh,),. 

The CoII complex was crystallized from pentane as air- 
sensitive green crystals (dec. > 90 "C) which gave a mass 
spectrum containing the parent ion (m/e, 641) and several 
metal-containing fragment ions. Magnetic susceptibility 
measurements showed it to be a high-spin complex (PLeff = 
4.84 B.M. a t  298 K). 
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FIGURE 1. View of the Co[N(SiMe,)],(PPh,) molecule in a 
direction perpendicular to the CoN,P mean plane. Angles (") at 
the nitrogen atoms (omitted f r o m  the Figure for  clarity) are: 
Co-N(1)-Si(1) 119( l), Co-N( 1)-Si(2) 116( l) ,  Si(1)-N(1)-Si(2) 
125( 1) , Co-N( 2)-Si( 3) 1 15( 1) , Co-N (2)-Si( 4) 120( 1) , Si (3)-N( 2)- 
Si(4) 124( 1) .  

The NiI complex, obtained as pale-yellow air-sensitive 
crystals (dec. > 80" C) from benzene, gave peff = 1.91 B.M. 
and in pentane i t  gave an  e.s.r. signal with triplet splitting 
due to 31P superhyperfine coupling of two equivalent 
phosphorus atoms (A31F = 61 x 10-4 cm-l). In view of 
the rarity of NiI corn pound^^^^ we have prepared several 
other bis-phosphinenickel(1) mono-(bis-trimethylsilylamide) 
complexes (L = PPh,, P(Me),Ph, PMePh,, PEtPh,, PEt,Ph, 
PEt,, L, = Ph,PCH,CH,PP$) to demonstrate the generality 
of this synthesis and to establish the significance of three- 
co-ordinated NiI species. 

FIGURE 2. View ofthe Ni[N(SiMe,),] (PPhJ, molectth in a direction 
perpendicular to the NiNP, mean plane. Angles (") at the nitrogen 
atom are: Ni-N-Si(1) 117(1),  Ni-N-Si(2) 117(1), Si(l)-N-Si(Z) 
126(1). 

Co [N( SiMe,),],PPh,, M 645.09, triclinic, a = 10- 17 (1) ,  
b = 13*78(1), c = 13.41(1) A, 01 = 91*08(10), /? = 91*32(10), 
y = 94*00(10)0, U = 1873 A3, Dmca. 1.1,Z = 2, Dc = 1.14, 
p(Cu-K,) = 52.3 cm-l, space group Pi. 

Ni[N(SiMe,),](PPh,),, M 749.73, triclinic, a = 9-31(1), 
b = 18.67(1), c = 12*27(1) A, a = 97-87(1*), p = 106*13(10), 
y = 91.05(10)", U = 2026 A,, Dm CU. 1.2 2 = 2, Dc = 
1-23, ~(CU-K,) = 21.5 cm-l, space group Pi. 

Intensity data for both compounds were recorded on a 
G.E. XRD6 manual diffractometer using the stationary 
crystal-stationary counter technique and Cu-K, radiation. 
For the cobalt compound 2741 reflections out of a total of 
3150 measured up to a 28 value of 90" had significant 
intensities. For the nickel compound, 3459 out of 4118 
reflections measured out to 20 = 100" were significant. 

Both structures were solved by Patterson and Fourier 
techniques, and refined by full-matrix least-squares. 
Current R values are ca. 0.11 for the cobalt compound, and 
ca. 0-09 for the nickel compound. The analyses confirm 
the three-co-ordinate nature of both compounds, as can be 
seen from the Figures, which show the metal nitrogen, 
silicon, phosphorus and carbon atoms. There are no 
unusually short contacts between the metal atoms and the 
hydrogen atoms on the a-carbons of the phenyl rings. 
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In view of the relative novelty of this co-ordination 
geometry, there are few data against which the metal- 
nitrogen bond lengths can be compared. On the other 
hand, the N-Si bond lengths in both compounds are as 
short as, if not shorter than, those in the free ligand.* 
This implies that the type of interaction postulated to occur 
in the tris-silylamide of i r o n f ~ ~ ~ ) ~  does not occur here, but 
this is only t o  be expected since the d orbitals in both NiI 
and CoII are more heavily populated. 

Nevertheless, the NiTN bond length of 1.88 A does seem 
to be shorter than one might expect, and it is possible that 
some other form of interaction is present in this compound, 
if not in the cobalt derivative. 
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