
.:c30 _:. : 
., 

.- 

Journal of Or~ano&etalZic Chemistry 114 (1976)-c3&.34 : j .- . . 

0 Elsevier Sequoia S.A., Lamanne.- Printeq in The Netherlands 

Preliminary ~communication . 
: 

STRUCTURAL PREFERENCES AND P-P COUPLING CONSTANTS IN SOME 
FIVE-COORDINATE COBALT(I) COMPLEXES- 

R. MASON*, G.R. SCOLLARY**, 

School of Molecular Sciences, University of Sussex, Brighton BNl 9QJ (Great Britain) 

D.L. DUBOIS*** and D.W. MEEK* 

Department of Chemistry, The Ohio State University, Columbus, Ohio 43210 (U.S.A.) 

(Received April 3Oth, 1976) 

Phosphorus-31 NMR and X-ray crystallography show that the two similar 
chelating triphosphine ligands PhP(CH,CH, PPhz)2(2-2-P3) and PhP(CH2CH2- 
CH,PPh,), (3-3-P,) form cobalt(I) complexes having trigonal-bipyramidal and 
square-pyramidal structures, respectively. The structures and P-P coupling 
constants of [Co(3-3-P,)(P(OMe),)CO]BF,*lTHF and [Co(2-Z-P,)(P(OMe),),]- 
BF, are given, and the change from square-pyramidal geometry in [Co(3-3-P,)- 
P(OMe),)CO]+ to trigonal-bipyramidal in [Co(2-2-P,)(P(OMe),)Z 1’ may be 
rationalized in terms of a decreased “chelate bite angle” for the PhP(CH* CH,- 
PPh2 )2 ligand. 

One of &he particular advantages of using poly(tertiary phosphine) ligands is 
that certain coordination stereochemistries become definable through judicious 
use of such parameters as “chelate bite” angle and stericaUy demanding 
substituent groups- [ 11 _ With the flexible ligands PhP(CH, CH, PPh, ), and PhP- 
(CH2CH2CHZPPhz)2, it is possible to vary the chelate ring size and thereby the . 
chelate bite angle simply by changingthe number of methylene groups in the 
connecting chains. 

Our objective here is to delineate the effects which chelate ring size has on the 
preferred stereochemistries of five-coordinate cobalt(I) complexes. Several 
cationic species of the types [Co(triphosphine)(CO),]+, [Co(triphosphine)L(CO)]+ 
and [Co(triphosphine)L, I+ (triphosphine = PhP(CH2CH,PPhz)2(2-2-P,) or PhPb 
(CHzCH2CH2PPh2)2(3-3-P,); L = PPh3, PEt3, PPhMez, PPhzMe or P(OMe),) 
have been synthesized and characterized analytically [Z]. Phosphorus-31 NMR 
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on these complexes have pr0vided.a large number of phosphorurphosphorus 
coupling constants and some indications of their structures in solution [ 21.. In 
contrast to the situation with square-planar and octahedral complexes [ 3-61”) 
there is a dearth of information on the magnitudes of P-P coupling constants in 
non-fluxional five-coordinate complexes. This study provides a definitive correla- 
tion between the P-P coupling constants and the structural results for two five- 
coordinate cobalt(I) complexes. 

[Co(3-3-Ps)(P(OMe),)CO]BF4* 1THF crystahizes in the triclinic system 
(space group Pi) with a 14.310(l), b 11.080(2), c 11.099(3) A, Q! 68.30(2)“, P 
90.78(2)“, 7 7564(l)“; Z = 2; &,hs 1.38, pat 1.36 g cmm3. Fourier and least 
squares methods on 3123 independent integrated reflection intensities (Cu-R,; 
automatic diffractometry; I, 2 3 01, ; and solution of the phase problem by 
heavy atom methods) have provided atomic positional and thermal parameters 
with convergence to a present unweighted discrepancy index, RF, of 0.117. The 
high discrepancy index reflects an (as yet) inadequate model for the disordered 
tetrafluoroborate anion and the tetrahyclrofuran molecule. The square-pyramidal 
stereochemistry around cobalt is shown in Fig. 1; estimated standard deviations 
in the meta-ligand bond lengths average 0.005 A. The cobalt ion is positioned 
0.41 A above the basal plane defined by the three phosphorus atoms of the tri- 
phosphine and the carbon atom of the carbonyl ligand. The three metal- 
phosphorus bond lengths in the basal plane are not significantly different, in 

Ph 

Ph 
Fig 1. A perspective of the S~TUC~UN? of the square-pyramidal cation [Co(PhP(CH,CH,CH,PPh,),)(P(OICIe),- 
CO]+. Atoms of the phenyl and methylene groups have been omitted for the sake of clarity. 

*Reviews of 31P NM-P spectral data on complexes are in ref. 4-6. 
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cix&& to .%he R&P. b&d d&n&s in the &&&& &@&(~~(&~C& Cl%;{ .! 
PPhZ)ZCl] [7] .and. [Rh(PhP(CH2 CH2CH2PPhZ j2)til(@j~+~ [7];The tripho+hine 
ligand &I the two rhodium structures hti two essenf&ly tran$ bonds &I. 0.03 x; 
longer than the “Central? Rh-P bond; the’ trcins.influence, which would htive ’ I. ’ 
provided for a difference of - 0-i A between a rnetal-phosphorusbond &&&to 
another phosphorus atom and one tram tci a weak Lewis b&e such _as Q-carbon91 
ligand, is generally more marked in the heavier transition metals- Also, the 
magnitude of the structural tm_ti influence in octahedral and square-planar Com- 
plexes may not be directly transferable to distorted square-pyramidal complexes. 
The two bite angles are 89X(2)” compared to 90.3 and 90.7”, respectively, for 
the two rhodium complexes. Both chelate rings have chair conformations (+s in 
the two rhodium complexes). In fact, the chelate ring has a very similar Conforma- 
tion to that of cis-decalin; torsion angles of the.chelate rings are between 41 and 
71”. . . 

Occupation of the apical site in the [Co(3-3-P,)(P(OMe)3)C0]+ cation by the 
trimethylphosphite ligand is, at first consideration, surprising. Calculations by 
Rossi and Hoffiann [S] have shown that a strong x-acceptor ligand should 
prefer the apical site of a square pyramid for an Lap-M-Lba angie greater than 
ca. 100”. In o*ur case, the angles.lie between g&6(2)” and 107.6(5)“. Generally, 
carbon monoxide is assumed to be a stronger n-acceptor ligand than trimethyl- 
phosphite. Although we realize that our mixed ligand complex is of lower sym- 
metry than that used by Rossi and Hoffmanri in their calculations, it seems 
reasonable to conclude that either the n-acceptor nature of these two ligands is 
reversed or steric effects dictate that the larger ligend occupies the apical site. 

[Co(2-2-P3)(P(OMe)3),]BF, crystallizes in the monoclinic system (space 

Ph 

Ph 

F& 2 A peBpecti& of the.structue of the trigonal-biwmmidal cati?ti [Co(Ph(PC~~CH,PPha)2,~P~C~e,~,~,+_ 
Atoms of the phenyl and methylene groups have been omitted for_clarity. 
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~+ou~ P21l~) .&th Q 13.18(4);, b x1.49(3), c. 29.66(6) A and j3 101.59(2)O; 2 = 4. 
--The diffraction analysis was based on the integrated intensities of 2256 reflec- 
tions (MO-R,, - ‘automatic diffractometry; I, 2 3 o(I,); and solution of the phase 

.problem by the symbolic addition method). The refinement was similar to that 
., described above and has converged to an unweighted discrepancy index, RF, of 

O.$OO_ 
The geometry of the cation is effectively trigonal bipyramidal, as shown in 

Fig. 2;.the average estimated standard deviations in the Co-P bond lengtts is 
0.007 A. The cobalt is displaced from the trigonal plane by 0.09 A towards the 
axial phosphite group. The two Co-P (phosphite) bond lengths are not signifi- 
cantly different. Although the axial Co-P (chelate) bond is shorter than the two 
equatorial Co-P (chelate) bonds, there is a difference of 0.03 A (4~) in the 
equatorial Co-P (chelate) bond lengths. The mean bite angle is 85-O(2)” and this 
compares favourably with the mean value of 84.7” in [Ni(2-2-P,)(NCS),]*. 
Within the equatorial plane, the P-Co-P angles are between 111.2(2) and 
126-O(2)“. The two chelate rings adopt different conformations. One, involving 
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Fig. 3. A structural representation and J(PP) values of [Co<2-2-P,)<P(OMe),),IBF, (a) and [Co(3-3-P,)_ 
<WOMe),)COlBF. 00. 

*At the present stage of refinement <RF 0.065). the bond lengths are Ni-P <central) 2.152 end Ni-P 
<terrhlal) 22.&t and 2.220 A [Sl. 



: 

e34 
. . 

. 

the P( l)-Co-P( 3) unit,. approximates thee standard. envelope_ conformation, -. 
whereas tbe P(l)-Co-P(2) system is twisted-with the two carbon atoms being, 
displaced equally .above and below the mean plane of the cobaltand two phos- 
phorus atoms.- 

.The change from square-pyramidal coordination geometryin [&(3-3-P,)- 
(P(OMe),)CO]+ to trigonal-bipyramidal in [Co(2-2-P,)(P(O&!Ie),), 1’ can be at 
tributed partly to the decrease in chelate bite angle. As a consequence of the 
smaller bite angle in 5-membered chelate rings, the central phosphorus atom 
must either be pulled in close to the metal in a square-pyramidal geometry (as 
would. appear to be the case in [Ni(2--2-P,)(NCS), 1‘ [9] or be free to adopt a 
position more equivalent to the terminal phosphorus atoms as in a trigonal- 
bipyramidal geometry. 

On the basis of 31P NMR data, other cobalt(I) complexes in the three series 
[Co(triphosphine)(CO)2 ]+, [Co(triphosphine)L(CO)]+, and [Co(triphosphme)L, 1’ 
appear to adopt either a square-pyramidal or a trigonal-bipyramidal structure 
depending on whether the triphosphine ligand is 3-3-P3 or 2-2-Pa, respectively. 
Figure 3 gives the P-P coupling constants and the structrrra.l locations of the dif- 
ferent phosphorus nuclei in [CO(~-~-P,)(P(OM~),)~]BF~ (Fig. 3a) and 
[Co(3-3-P,)(P(OMe)$O]BF, (Fig_ 3b). The largest P-P coupling in [Co(2-Z-P,)- 
(P(OMe),)* )BF, involves a tram coupling along the axis of the fzigonal bi- 
pyramid; however, the cis couplings JS4, J13, and Jz4 are also relatively large. 
Additional 31P NMR and structural studies are being undertaken to investigate 
other factors that affect the structural preference and the J(PP) values in five- 
coordinate complexes of flexible polyphosphine ligands. 
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