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Molecular Structure of Tetraphenylphosphonium Tetracyanooxo( Hydrogen 
Cyanide-KN)molybdate(Iv) Pentahydrate: Novel Coordination of HCN to a Mo'V Centre 
Jaap P. Smit, Walter Purcell, Andreas Roodt* and Johann G. Leipoldt 
Department of Chemistry, University of the Orange Free State, Bloemfontein 9300, South Africa 

The crystal structure of (PPh4),[MoO(NCH-~N)(CN)41.5Hz0, displaying the first example of hydrogen cyanide 
coordinated to MolV via the nitrogen atom, is described. 

The chemistry of the [M02(CN)4](" + 2 ) -  complexes, M=MoIV, 
WIV, ReV, TcV and Osvl have been extensively studied during 
the last decade. l-5 The dioxo complexes undergo protonation 
to form the [MO(OH)(CN)4](" + l)- and [MO(H20)(CN)4]n- 
complexes, of which the aqua ligand can be substituted by 
monodentate3.4 (NCS-, F-, py and N3-) and bidentates 
(2-picolinate, 2,2'-bipyridine) species. Upon substitution of 
the coordinated aqua ligand by CN- ions, the well known 
[MO(CN)#n+ 1)-,176 complexes (known for MoIV, WIV, Tcv 
and VV), as important intermediates in the formation of the 
[M(CN)#- complex (known only for MoIV, WIV and NbIII), 
are formed. 

We have recently7 shown by means of kinetic studies of the 
reaction between [MoO(H~O)(CN)~]~- and [WO(H20)- 
(CN)4I2- and cyanide ions that hydrogen cyanide also acts as a 
monodentate ligand in both these systems, as has been shown 
previously for other complexes,8 including [Ni(trien)]2+ and 
[Rh(TPPS)(H20)2]3- [TPPS = tetrakis(4-sulfonatopheny1)- 
porphyrin] . We consequently postulated the formation of the 
[MO(NCH-KN)(CN)~]~- complex at pH values lower than the 
pKal value (=9.2) of HCN. 

We have now succeeded in isolating this complex for the 
MoIV system as the tetraphenylphosphonium salt and report 
here, to our knowledge, the first X-ray crystallographic 
structural characterization of a complex containing hydrogen 
cyanide coordinated to a metal centre.? 

K3Na[Mo02(CN)4]-6H20 (2.0 g, 4 mmol) and KCN (1.0 g, 
18 mmol) was added to water (20 ml) and the pH was adjusted 
to 9.0 with concentrated H2S04. To this solution was added 
10 ml of an aqueous solution containing tetraphenylphospho- 
nium chloride (0.2 g, 0.5 mmol). Blue crystals of 
(PPh4)2[MoO(NCH-~N)(CN)4].5H20 1$ (yield 0.5 g, 13%) 
were obtained after 1-3 days. 

Although we were unable to distinguish crystallographically 
by means of the temperature parameters between the posi- 
tions of the carbon and the nitrogen atoms of the trans 
coordinated cyanide, or to determine the position of the 
hydrogen atom of the HCN ligand, the presence of the 
hydrogen cyanide ligand trans to the 0x0 is confirmed by the 
following. First, chemical analysis (for Na and K) revealed no 
cations other than the two PPh4+ for each MoIV moiety 
present, pointing to the formation of the [MoO(NCH- 
~N)(cN),12- complex rather than the pentacyano complex, 

[MoO(CN)#-. Secondly, the value of the Mo=O stretching 
frequency in this complex (940 cm-1) is much larger than the 
Y M ~ = O  value of 920cm-1 for the [MoO(CN)5]3- complex, 
suggesting a much weaker bonding ligand (HCN) than a cyano 
moiety trans to the 0x0 ligand. It is interesting to note that the 
vMO=o value in this complex is intermediate between the 
915cm-1 of [MoO(OH)(CN)~]~- and the 980cm-1 for 
[MoO(H~O)(CN)~]~- as one would expect from the relative 
donicities of these ligands (OH-, NCH and H20) trans to the 
0x0. Attempted confirmation of the HCN presence by 
introduction of D 2 0  in the system proved unsuccessful since 
the HCN/DCN stretches are overshadowed by the other four 
coordinated cyano ligands and their corresponding interaction 
with the H20/D20 that crystallises out in the unit cell. A 
tendency of broadening towards higher wavenumber was all 
that was observed. Thirdly, the bond distances obtained in this 
structure determination suggests that the ligand coordinated 
trans to the 0x0 is a HCN molecule since the bond distance of 
2.435(14) A is significantly longer than that found in 
[MoO(CN)~]~- [Mo-C,, = 2.373(6) A]. This structure 
determination can also be compared with that of 
[(PPh3)2N]2[MoO(NCMe-~N)(CN)4]6b showing the similarity 
in coordination in HCN (via the nitrogen atom) as compared 

t Crystal d a t ~ :  blue crystal, loses solvent within an hour at 30°C, 
stable in refrigerator for up to 4 weeks (0.25 x 0.25 x 0.25 mm), 
grown from aqueous CN-/HCN solution at pH ca. 9, covered 
immediately after isolation with a thin layer of Canada balsam. 
C53H51N506PZM~, M = 1011.9, monoclinic, P21/n, a = 15.533(14), b 
= 19.935(3), c = 16.684(5) A; p = 100.91(5)"; V = 5072.8(6) A3,Z = 
4, D, = 1.325 g cm-3. Data were collected at 22 "C [2590 I > 3a(1)] on 
an Enraf-Nonius CAD4F Diffractometer using Mo-Ka radiation ( h  = 
0.71069 A); 28,,, = 50". The structure was solved by Patterson and 
successive Fourier methods and refined to R = 5.65 and R, = 6.09% 
(unit weights) using SHELX76 (G. M. Sheldrick, SHELX76, Pro- 
gram for crystal structure determination, University of Cambridge, 
England, 1976). Atomic coordinates, bond lengths and angles, and 
thermal parameters have been deposited at the Cambridge Crystallo- 
graphic Data Centre. See Notice to Authors, Issue No. 1. 
$ Data for 1: IR (KBr) v(M-0) 940; Y ( G N )  2086 cm-1; (Found: Na 
< 0.3, K < 0.05%; Na or K complex would require Na, 2.27 or K, 
3.8%). 

Fig. 1 Molecular structure of the [MoO(NCH-KN)(CN)~]~- anion 
showing the atom labelling. Selected interatomic distances (A) and 
angles (") are as follows: Mo-O(1) 1.655(9), Mo-C(1), 2.142(9), 
MeC(2)  2.134(13), MO-C(3) 2.14(2), MeC(4)  2.125(12), MO-N(S) 
2.435( 14), C( 1)-N( 1) 1.121( 13), C(2)-N(2) 1.12(2), C(3)-N(3) 
1.18(2), C(4)-N(4) 1.15(2), C(5)-N(5) 1.14(2); C(l)-Mo-C(3) 
160.2(6), C(2)-M+C(4) 1 5 9 3 9 ,  O( l)-Mo-C( 1) 101.2(4), N(5)- 
MwC(2) 76.9(5), N(5)-M+C(4) 83.1(5), O( l)-Mo-N(5) 172.3(4), 
M*N(5)-C(5) 172.2(12), M+C(2)-N(2) 176.0(12), Mo-C(3)-N(3) 
176.2(14); displacement of MoIV atom towards the 0x0 ligand from 
the plane formed by the four cyano carbon atoms is 0.37(1) A. 
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with acetonitrile (NCMe), with a Mo-NCMe bond distance of 
2.500(7) A. This is in agreement with the fact that a hydride is 
a stronger electron donor than a methyl group, resulting in the 
nitrogen atom of the HCN being a better electron donor than 
the NCMe nitrogen atom. 

The two PPb+ cations show the normal expected 
geometry. 

This rare X-ray crystallographic verification of a nitrogen 
coordinated HCN confirms the active participation of 
hydrogen cyanide in these systems and is an important point 
worth noting in future research on similar complexes. 
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