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ABSTRACT  

The research described in this thesis is concerned with the preparation,;  

characterisation, and chemical and physical properties of complexes containing 

a nitrido ligand, N3. Particular use has been made of vibrational spectroscopy, 
and 15N and 2D isotopic substitution has helped in the assignment of 

vibrational modes. 

New ruthenium terminal nitrido halide complexes have been prepared 

from trans-dioxo species by azide decomposition reactions. They are five 

or six coordinate, R[RuNX41, or Cs2[RuNgx = Cl, Br; R = Ph4As, Bu,71.N) 

according to the cation used as precipitant; osmium nitrido halide complexes 

showed similar behaviour. Some new ruthenium oxo and dioxo complexes have 

been prepared as potential precursors for further nitrido species, 

The reactions of RPWCill (11 = Rut  Os) with tertiary phosphine, arsine, 

and stibine ligands, 	
' 

LR'
3 
 have been studied. Substituted nitrido complexes of 

the type PWX.33  (LR')2  ] have been obtained, and also species with phosphinenitride 

ligands [M(NPR3)C13(PR3)2] . The nitrene-like behaviour of the nitrido ligand 

in M(V1) complexes is discussed. 

New binuclear nitrido complexes with an Ru-N-Ru unit and attendant 

7t bonding and chelating ligands are described. Some supposed osmium oxo amine 

species have been reformulated as trinuclear complexes with bridging nitrido 

ligands. 

The reaction of sulphamic acid with platinum metal chlorides has been 
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investigated as a potential route to nitrido complexes. Salts containing 

an N-bonded sulphamato ligand, K3[kiC15(NR2S03)1, and lattice sulphamic acid, 

K3[ii0C16].nNH3S03, (10 = Rh, Ir, Rul  Os; n = 0.9-1.1) have been isolated. 
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Abbreviations and symbols  

1. Vibrational spectra  

Frequency units for infra - red (i.r.) and Raman spectra are 

wavenumbers, cm-1. Vibrational modes involved with the stretching, 

deformation, or rocking of a particular bond or group are designated 

111 , or e  respectively. Subscripts to these symbols refer to the bond or 

group involved in the vibration, or the symmetry of the vibration, sym, 

symmetrical or asym, asymmetric. I.r. absorptions are described as s, strong, 

m, medium, or w, weak in intensity, and these descriptions may be aualified 

by v, very, m, moderately, br, broad, or sh, shoulder. 

2. Ligands and radicals  

Me, 	methyl, CH3. 	Dae, 112-diaminoethane. 

Et, 	ethyl, C2H5. 	Ox, 	oxalate, C2042— 

Bun, n-butyl, C4H9. 	Dtc, N,N'-diethyldithiocarbamate. 

Ph, 	phenyl, C6115. 	R, 	alkyl or aryl. 

Py, 	pyridine, 05H5N. 	L, 	ligand, 

Bipy, 2,2'-bipyridine. 

3. Miscellaneous  

Angstrom unit.
g' 	

gram susceptibility. 

B.M. Bohr magnetons. /Leff effective magnetic moment. 

m.p. melting point. 

nm, 	nanometres. 

n.m.r. nuclear magnetic resonance 
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CHAPTER 1  

INTRODUCTION. 

The work presented in this thesis is mainly concerned with the prep-

aration and. characterisation of complexes containing a nitrido ligand, N3 , 

and an investigation of the structures and reactions of complexes of this 

uncommon ligand. The research has been carried out using the platinum group 

metals, ruthenium, rhodium, osmium and iridium, but we shall concentrate 

mainly on ruthenium and osmium, since they both have commonly occurring high 

oxidation states which are able to stabilise the nitrido ligand. Here we 

shall discuss the properties of the ligand, its occurrence in metal complexes, 

the structures and bonding of such, and the application of various physical 

techniques in characterising nitrido complexes. A discussion of trans-

effect and trans-influence with respect to the nitrido ligand is also in-

cluded, since it is frequently claimed to_exert either or both of these 

properties. We shall only consider species with discrete molecular units 

pixLyrz-  (Z‘4) 

1 - A. GENERAL SURVEY OF NITRIDO COITLEXES1  

1 - A - 1. The nitrido ligand. 

Transition metal complexes containing a nitrogen atom bonded solely to 

a metal or metals are normally considered to be complexes of the nitride 

anion, N3-, and referred to as nitrido complexes1„ a convention and notation 

which we will adopt here. Pauling has estimated the radius of the N3-  ion 

0 2, as 1.71 A 	but even in the most'ionic' nitrides (e.g. Li
3N) there is likely 

to be significant covalent bonding. In nitrido complexes the short metal- 

nitrogen distances (1.6 - 1.9 	are normally considered indicative of strong 



a- and 11.- covalent bonding. Since all the available ligand orbitals will be 

filled, overlap with empty metal orbitals of the appropriate symmetries and 

energies will give a favourable bonding situation. As a consequence, the 

nitrido ligand will tend to stabilise (or be stabilised by) metals in high 

oxidation states. In these respects the nitrido ligand is very similar to 

the isoelectronicoxo ligand, and indeed many useful comparisons can be made 

between the two3. 

The presence of extensive multiple covalent bonding between ligand and 

metal means that little significance can be attached to the formal oxidation 

state of the metal in nitrido complexes. In a formal sense, they could 

equally well be regarded as complexes of deprotonated nitrene, N, i.e. in 

valence bond terms we have two canonical forms 

[I +(N3-) [m(x-2)+ (N-) 
 Yj 

The electron distribution in a particular M-N bond will be a function of the 

suitability of the required metal-ligand orbital overlaps and the electron-

egativity of the metal. 

1 - A - 2. byes of nitrido complexes. 

Complexes with nitrido ligands have been established for relatively few 

transition metals, namely vanadium, molybdenum, tungsten, rhenium, ruthenium, 

osmium and iridium. The predominance of 2nd and 3rd row elements is noteworthy, 

and reflects their greater tendency to give high oxidation states. Nitrido 

complexes normally have highly distorted octahedral structures, and several 

cases of the distortions producing penta-coordinate complexes are now known. 

The three substituted oxo anions [1103N] n-  (M = Mo, Re, Os) have distorted 

tetrahedral structures. 
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Several different structural environments are known for the nitrido 

ligand, and these are illustrated below: 

a) Terminal nitrido complexes 

L M N 	e.g, K2  [OsNC15],4 Os - N distance 1.614. 

b) Linear, symmetrically bridged nitrido complexes 

L 142c- N 	DI 	e.g. K3 	2 NC18  (H2  0)2 	; ] • x a 1.7201 

(Ref. 5) 
c) Linear, asymmetrically bridged nitrido complexes. 

L N 	 N 	 EL e.g. K2n  [ReN (ON)4
]
n 

nll
20 ; (Ref 6) 

x = 1.531, x' = 2.44 

The two metals here are not necessarily the same and ( 1STM may vary slightly 

from 180°. Such a complex is best pictured as a terminal nitrido complex 

(See (a) ) functioning as a weak nitrogen donor ligand to another metal. 

d) Trigonal. planar nitrido complexes 

L M 	HL 
Sr •,„,_ 	,/ 

X \ /X 	e.g. 411H) Ir N(S0 ) (H 0) 1 7;  x . 1.9181 4 	3 4 6 2  3J ' 

x 

A linear trinuclear unit has been proposed for an ill-defined osmium (rr) 

complex8 

Liy  Os 	N 	Os 	N 	004,75r  

Isr 

A tetrahedral environment for the nitrido ligand has been suggested for the 

complex [( CH34g )4  N 0104 9  
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Hg 

1N Hg  

Hg 
Hg 

Each of the above types of nitrido complex have well defined oxo anal- 

ogues, but there are several well known series of oxo complexes (e.g. 
0 

[!,1041 n-  [MO L ]n- L 2 0 P 	3
0M 	0_,...1401J3] n-  ) which have no nitrido anal- 

ogues.3 There have been fewer investigations on nitrido than oxo complexes, 

but it is likely that the range of stable nitrido complexes will be more 

limited than those of oxide because of the more demandingn-bonding require-

ments of the nitrido ligand, and its greater charge delocalisation. 

There are no complexes of the lower Group V congeners of the nitride 

ion with similar structures to the above nitrido types, but complexes with 

mononuclear phosphorus10, arsenic11 and Antimony12  ligands are known. They 

have structures similar to the hydrocarbon cubane, with two interpenetrating 

tetrahedra of metal and ligand atoms. 

L = P, As, Sb. 

Since there are also oxo13 and sulphide14 analogues of these species, it is 

possible that nitride too will give complexes of this type. 

1 - A - 3 L 	 :nitrSrithesisof complaces 

A more detailed discussion of the synthesis of nitrido complexes will 



be given at the beginning of the appropriate chapter, but here we give a 

brief illustrated summary of the methods which have been used. There is no 

general preparative route, and each of the methods is normally quite specific 

in its application: 

a) Deprotonation of ammonia. 

(i) 0504  

aq.NH3  

K[0s03N] 15  
KOH 

liq.NH
3  

(ii) mo03'Re207 	 K
3 
[M00

3
11] 16  K2[ReO3N]  .17 

KNH2 

(iii) [Osx612  
aq.NH3  

 

[Os2N(NH3)8X2]3+  (Ref8) (x411,pr) 10000, pressure 

NR4+  

(iv) [IrC16]- 

3 

 - 	›-kr3N(SO4)6  (H20 )j 4- 	(Ref. 18) 
H
2
SO4 

b) Decomposition of hydrazine 

(i) [Re0C13(PPh3)2] 

N2H6C12'PPh3 
[ReNC12(PM3)2 19  

Et0H/H20 

0) Decomposition of azide 

C1N3  

	

( i) W016, Mo 015 	[mc15N3] 3 4 20 (M=Mo, W) 

N 

(ii) [ReC1
3 
 (PR_)

3 	
[ReNC12  (PR_.)3] 	19  
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d) Miscellaneous methods 

(±) 

	

400° 	aq.HCl, 

[OsC16] 	[0s2NC15 	Cs3[0s2NC18(H20)2] 8  

	

Cl2 	
Cs 

(ii) [Ru(NO)C15] 2-  

Sn012  
	 [Ru2NC18 (H20)2] 3-  (Ref. 8) or ECHO 

NH3SO3   

(iii) 	"RuCl
3
" 	> (Nil ) [Ru

2 
 NC18  (H2 0)2-1  

1 21. 

HC1 	3  

1 - A - 4 Bonding in nitride complexes. 

No comprehensive bonding schemes have been proposed for terminal and 

linear, symmetrically bridged binuclear nitride complexes, and we therefore 

use adaptations of the bonding schemes proposed for similar oxo species. 

The bonding in trigonal planar nitride and oxo complexes has been discussed 

by Joi.gensen22. 

(a) Terminal nitrido complexes 

We use the bonding scheme proposed by Gray for vanady123  and chromium 

and molybdenum24 mono-oxo complexes, and apply it to the d2 Os(VI) complex 

[OsNC1
5
I2-. 

-13- 

El nitrogen 

osmium 

0 chlorine 

Figure 1.1. 



For bonding purposes we use 5d, 6s, and 6p osmium orbitals, spa  

chlorine orbitals, a nitrogen spa  orbital ( o5),and two nitrogen p orbitals 

(2 and 2
P 
 ). We assume no Tr-bonding between the osmium and the chloro 

ligands. Under 04v  symmetry the metal and ligand orbitals transform as shown 

below, and we set the metal and ligand orbitals which overlap side by side. 

Representation 	Metal Orbitals 	Ligand Orbitals 	Bond Description 

al 	5dz2 4. 6s 	a
5 . 	

N-Os a bond 

6s - 5dz2 	i(cya24'3+°4) 	Cleis- Os a bonds 

6pz 	a6 - 	Cl
trans - Os a bond 

e 	5dxz  , 5dyz 	n
5 
(2px!  - 2p

Y  ) 
	Two N Os n bonds 

6px, 6py 	i( o-0
3
),
v
i( o

2
-0
4
) Clcis - Os a bonds 

b1 
	5d

x  2-y  2 
	

1( al- (Y2+ a3- a4) 
	

Cl cis Os a bonds 

b2 
	5d

xY 
	 Non-bonding 

. Gray23  nas calculated the ordering of molecular orbitals so produced 

for the vanadyl system, and on this basis we show a simplified molecular 

orbital diagram for [OsN01512-, showing for clarity only the orbitals of the 

metal-nitrogen bond. (See Figure 1.2.) 

The six electrons in the nitrogen spa  and 2px  and 2p orbitals, andthe 

two from the osmium atom fill the bonding al  and err  and non-bonding b2  

orbitals. Since the antibonding orbitals remain unfilled, the Os -N linkage 

has a bond order of three. We would thus expect that d2 terminal nitrido 
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6s 

5d 

N7  

NETAL ORBITALS 
	

LIGAND ORBITALS 

a1 

6p 

Figure 1.2. 

complexes would be diamagnetic. It is interesting to note that under this 

scheme the ligand trans to the nitrido ligand is more weakly bonded than 

those cis to it. 

(b) Linear symmetrically bridged nitrido complexes 

The diamagnetic potassium5 and ammonium25  salts PI
5
Ou2Nel8(II20)2] 

= K
'
NH
4
) both have a centrosymmetric anion with a linear H2O-Ru-N-Ru-OH2 

unit and overallD4h  symmetry. For these complexes we therefore use the 

scheme ofDunitz and Orge126  for [Ru2 0C110  14-  which has a similar structure. ' 

The local symmetry of the ruthenium atom in [:Ru2NC18(H20)2]3-  is C4v, and to 

forma-bonds to the nitrido, chloro and aquo ligands we therefore use the 

same overlaps as in [DsNO1
5  1
2 , but using ruthenium 4d, 5s and 5p orbitals 

(See Figure 1.1.).Mhereas in [OsNO1
5
] 

2- one spa  orbital on the nitrogen was 

unused, here it is used in a-bonding to the other ruthenium atom. This 
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b2g eu, 
e 
 btu 
	 b2g  

,b2u 

leaves a b2 orbital (d ) and e orbitals (dxz  , dym  ) on each ruthenium atom, 

and a degenerate pair of p orbitals (2p
x
, 2p

y), which transforms as eu under 

D410,  symmetry, on the nitrogen atom. We combine the remaining atomic orbitals 

on the ruthenium atoms to give new molecular orbitals, transforming (in the 

point group Dom) as b2g'  btu, eg and eu. The metal and nitrogen eu orbitals 

overlap to give a bonding and an antibonding orbital, while the b
2g btu and 

eg  orbitals remain non bonding; they have similar energies. 

PETAL ORBITALS 	 LIGAND7C-ORBITALS 

There are twelve electrons to feed into this system, four from each 

ruthenium atom, and four from the nitrogen eu  orbitals. These pair up in 

the eu' eg'  btu and b2g molecular orbitals, and thus there is a degenerate 

pair of bonding 7-orbitals supplementing the Ru N Ru a bonds. As a 

consequence of this ii -bonding system, the ligands on the two ruthenium 

atoms will be eclipsed. FUrthermore, as is indeed found, the complexes 

should be diamagnetic and have short Ru N bonds. 

(c) Tri onal planar nitrido complexes 

The trinuclear iridium complex anion [Ir
3
N(so4)6 (1120)314-  has a• 

trigonal planar Ir
3
N unit, octahedrally coordinated iridium 7  and is dia-

magnetic8. The bonding scheme of Jorgensen22 requires overlap of the nitrogen 

2pz  orbital (the z axis is the three fold axis) with a linear combination of 
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Non-bonding 

9 Iridium 
-48 nonbonding orbitalsi  

t2g orbitals 

Nitrogen 

Pz orbital 

bonding 

iridium.t2g orbitals of appropriate symmetry giving a bonding and an anti-

bonding orbital. 

The remaining .8 linear combinations of iridium t2g orbitals are non-bonding. 

The sixteen iridium electrons and the nitrogen pair fill the bonding and 

non-bonding orbitals. We thus explain the planarity and diamagnetism of 

the complex. 

1 - A - 5 Trans-effect and trans-influence. 

The trans-influence of a ligand L in a metal complex has been defined27  

as the extent to which L weakens the bond trans to itself in the equilibrium 

state of that complex. A ligand is said to exert a trans-effect28 when the 

rate of substitution of the ligand trans to it is preferentially accelerated 

with respect to similar ligands in cis positions. Ligands which have a 

high trans-effect need not necessarily have a high trans-influence. One 

might expect that a trans-influencing ligand L would labilise the ligand 

trans to it in solution, and 170 n.m.r. studies show that the rate of exchange 

of the aquo ligand trans to the oxo group in [v0(H20)5] 21-  is at least 106 

times greater than that of the cis aquo ligands
29
. In view of the likely 
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nature of trans-influence
30

, however, the rate of substitution of the ligand 

trans to L will probably depend on the nature of the incoming ligand. 

A discussion of the trans-effect of the nitrido ligand is premature 

since there have been no kinetic studies on its complexes. Trans-influence 

studies on other ligands mainly use data from n.m.r. coupling constants, i.r. 

spectroscopy and X-ray structural determinations 30. Data of the latter two 

types are available for nitrido complexes. The different techniques will 

have different sensitivities to the two major components of trans-influence, 

said to be 30  (a) the effect of L on the hybrid orbital used by the metal 

in its bond to the trans ligand A and (b) the charge transfer (o'covalent -Fn)  
from from L to the metal. A ligand L which -has a high trans-influence on the.  

kl- A bond will be the one with more demanding overlap requirements for the 

- L bond and the one which has a high net charge transfer from itself to 

the metal. 

We have already noted that the nitride ion forms strong covalent bonds 

to metals and transfers much of its negative charge to the metal. In the 

bonding schemes for rOsNC1:12-  and Punli010 (H2 4  
0),I3 , the re is no metal s , 

orbital character in the bond to the ligand trans to the nitride. We would 

therefore expect the nitrido ligand to exert a high trans-influence. It is 

however difficult to obtain evidence for trans-influence in nitrido complexes, 

since the lengthening of the bond trans to the nitride observed in such 

species can be explained simply by steric factors 4. In the course of this 

work however we shall discuss several points of evidence which indicate that 

the nitrido ligand does indeed have an electronic trans-influence of the type 

discussed above. 

-18- 



1 - A - 6 Structural characterisation of nitrido complexes. 

Several X-ray structural determinations have been carried out on nitrido 

complexes and the data thus obtained are shown in Table 1. Of particular 

note are the short metal-nitrogen distances (1.6 - 1.92), the rather long 

bonds trans the nitrido ligand (or the absence of a ligand trans to the 

nitride), and the rather large N - M - Xcis  angles. In order to interpret 

these effects Ibers made a careful study of complexes II, V and VII aria also of 

some related imino complexes [Re(NPhY)C13(PEt2Ph)2] (Y = OAc, OMe) 38, 

and [Re(NCE{3) ci3(PPh2Et)2] 39  which have meridional chloro ligands and 

trans phdsphine groups. The points of interest are: 

(a) The long Re:E, N bond in V 

(b) The long-bonds trans to the nitrido ligand in II and V 

(c) The Re = N bonds in the imino complexes are short (1.69 - 1.71) and 

insensitive to the nitrogen substituent group. 

(d) All the Re - Cl bonds in the imino complexes are of similar length. 

(e) In all the complexes the metal is raised above the plane of the cis 

ligands towards the nitrogen donor. 

Ibers rationalised these variations by reference to intramolccular non-

bonded interactions between the nitrogen donor and the cis ligands4. The 

N....Cl and N....P distances are never less than 3.0R, and because of the 

short M - N distances this requires 

(i) Raising the metal above the plane of the cis ligands. 

(ii) In some cases lengthening the bonds to the ligands in the cis plane. 

(If effect (i) alone operated it could cause undue non-bonded inter-

actions between the ligands in the cis plane). 

(iii) In the case of V, lengthening the Re I:: N bond. 
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TABLE 1. 

Structural data for transition-metal nitrido complexes 

(114-N 

I 	K[0s03 N] 1.75( 2) 

II 	K2 [OSNC15  ] 1.614(10).  

III 	K[0sNC14  (H2 0)] 1.74 

IV 	trans-K[0sN(H20)Br4 ] 1.61 

r N., 

	

V 	ReNC12  ( PEt2  Ph), 

	

VI 	ReN(S2CNEt2)2 

1.788:(10) 

1.687 

VSI 	ReNC12  (PPh3 Y2 1.603(9) 

VIII K3 ERU2 NC113 (112 0)2 ] 1.720( 4)a  

IX (NH4 )3  [Ru2 NC18  (H20 )2 ] 1.725( 5)a  

X EMoNC13 ]4  1.672a  
2.143a  

XI K2nrReN(CN) ] •hH20  1.53a  

aBridging M-N distances. 

Other data 
( bond lengths in Space group UZ] 	Ref. 

Os-0 1.75( 2) 

cis0s-C12.362( 2) 
trans0s-C12. 605( 4) AN0s0197.5°. 

Os-Cl 2.35 

Os-0 2.07 

c isRe-C12. 434( 4) ; 
trans Re-012.563( 4) 
cis Re-P2.442( 4) 

14, /a 4 33. 

Pnma 4 4 

32 

Cmc 4 33 

P2.1 /c 4 34  

P21 /c 4 35 

I2/a 36 

C2/21 2 5 

' 	B2/m 2 25 

Pa 4 37 

Imm2 2 6 

I43d 8 7 

2.44a 
 

Re-S 2.381; < NReS 108°  

cisRe-C12.377( 2) 
cis Re-P2.448( 2)' 

Ru-012 .364( 6) . ;Ru-O 2.175( 20) 
4 GRuN 94.3° 

Ru-C12.370( 10 ) ;Ru-0 2.20( 20) ; 

Mo-C12.276 
< MoNMo 167° , 178°  

Re-N 2.13,0--N1.31 N1.31 

XII (NH4)4E1r,N(SO4)6(1120)3].33/4H20 1.918a 	Ir-OH2  2.059, Ir-O(SO4 ) 
2.005 to 2.056 



At least 3.0R 

Cl 

At least 3.3A 

Cl 

As a result of these distortions the 11- Cl bond trans to the nitrido 

group in II and V is necessarily long, because of non-bonded repulsions 

between this ligand and the other ligands cis to it. 

The small changes in the Re - N bond strength in the :lino complexes 

brought about by changing the nitrogen csUbstituent will be dissipated by 

increasing or decreasing strain on other ligands. Since effect (ii) operates 

in these complexes any lengthening of the bond trans to the imino group due 

to trans-influence is masked. 

These arguments can successfullybe applied to explain the distortions in 

11: the binuclear nitrido complexes 1
3 Ru21TC18(H20)2L  5' 25, and also in the 

oxo complex Cs
4 
[Os

2
0C110] 40. In III and IV the aquo ligand (which has a 

lower trans-influence than chloride)41  is trans to the nitride, and in the 

five coordinate complexes VI and VII a distorted square based pyramidal 

configuration with apical nitride is adopted, and the position trans to the 

nitride left vacant. Even here, however, it is difficult to disentangle 

steric and electronic effects, and we conclude overall that steric factors 

play a most important part in determining the structures of nitrido complexes. 
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Apart from X-ray data, the most useful method of identifying nitrido 

complexes is by their infra-red spectra, which show a strong band in the 

region 1000 - 1150 cm 1 (apart from trigonal planar complexes), due to the 

stretching of TIN bonds. In a complex spectrum this band can be readily iden-

tified by 151}T isotopic substitution. The high frequency of the vibration 

and corresponding high bond stretching force constants42 are further indic-

ations of the multiple character of the metal-nitrogen bond. There are 

several effects which may cause small variations in the frequency of the 

absorption which we will discuss in later chapters, but it is interesting 

to note that the complexes V (dRell  = 1.6052) and VII (dReli  1.778) probably 

have very similar values for the frequency of- 
Rei 

 near 1050 cm-1 (Ref. 19) V 

A similar situation occurs in some isomeric molybdenum oxo complexes43,44 
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CHAPTER TWO  

• TERMINAL NITRIDO HALIDE COMPLEXES OF RUTHENIUM AND OSMIUM 

ABSTRACT  

The preparation and physical properties of the new complexes 0s2[RuNX-1, 

R[MNX4J and Et4NIMNX4(1120)] (X = Cl, Br, M = Rut  Os; R.= 1114As,Burilt  N) are 

described. The structures of these species and of known osmium nitrido 

halide species are discussed on the basis of their vibrational spectra and 

other properties. The X-ray crystal structure of Ph4As [OsNC14] is reported. 

We also describe some new oxo- and dioxo-complexes of ruthenium. 

SECTION 2 - A NITRIDO COMPLEXES OF THE FORM [MNX)2-, [MNX4(H202-  and 

bRix4.1 7 

2 - A - 1, Introduction. 

The first known complex containing an N a N triple bond was potassium 

osmiamate, KE)s031j, prepared by adding aqueous ammonia to dsolution of 

osmium tetraoxide in aqueous potassium hidroxide15. Reduction of osmiamate 

in aqueous EX (X = Cl,Br) gave the terminal nitrido halide salts W2  [OsNX;) 

and 'Cps NBr4].2H20 (MI  . K, Rb, Cs; X . Cl, Br) 45. There are no known 

ruthenium analogues of any of these species. 

At the commencement of our work, terminal nitrido halide complexes of 

vanadium (?)46 molybdenum and tungsten,20,47 and rhenium19,48,49 had also 

been reported. The vanadium, molybdenum and tungsten complexes are made from 

the products of the reactions between chloroazide, C1N3, and VC1
4
,46  MoC1

5 

and WC16 
20. The reactions are said to proceed via intermediate azido com-

plexes [VC1
4  N3 

 1 and [Mel
5
(N

3
)] (K . 140,W), which decompose to give Ep1

3
wic1l 

and DE01)4. The vanadium imido complex is Lewis arnphoteric reacting 

with SbC15  to give [VNC13][SbC161 and with pyridine to give Lpy2C11 [VNC446  
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These vanadium ions have been formulated [C1
3
vv  hi (i.e. coordinated N) 

and Di
3
Vv.  E Ni-  respectively, although they may be polymeric. The latter 

is isoelectronic with ENoNC1
4 
which has asymmetric M N ....P2bridges37. 

The complexes [NNC13]4  can be converted into terminal nitrides by treatment 

with Ne
4
NC1 in dichloromethane which gives (Me4N)

2 
[MNC1

5 
47  Since the 

completion of this work the synthesis of Et
4
N[MoNC1

4 
by reacting azide ion 

with MoC1
4 

or Noel
5 
in dichloromethane has been reported, and similar reactions 

are said to occur for V(III) and V(IV).5°  The isolation of Re(VI) salts 

Cs2DeNC11and Ph4As[ReNC14] has also been reported49. These are made by 

chlorine' oxidation of [RevNC12(PPh3)27 , itself made by reacting [Re013(PPh3)3] 

with azide ions19. 

Thus, with the exception of the osmium complexes, terminal nitrido com-

plexes are normally synthesised by reactions involving decomposition of a 

coordinated azide ligand, although in most cases the intermediate azido com-

plexes are too unstable to be isolated. Two modes of decomposition of co-

ordinated azide involving cleavage of an N-N bond are known51. The first 

type (Type A) is given by metals which are readily reduced by one electron, for 

example Nh(III)52, Ce(IV)53, Co(III)54  aria nuTTITN55  kJ- 	, and here the overall 

reaction is 

11; 	3/2 N2  e 

The thermal decomposition of sodium azide is of this type. 

The second type of reaction (Type B) produces 1 mole of nitrogen, and 

the resulting N-  species normally effects a two electron oxidation of the 

metal. The overall reaction is 

2e N 	N
2 
 + N3- 

w"1" 	7 
e.g. 2M +  RN

3 	
Ze N2  + NH3 

(M. Cr,V)56  
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The formation of nitrido complexes by azide decomposition.are reactions of 

this type 

Denim. 

3 

 (IR 

 3  ) 3 

/ 	r V 
NC12

3 
] +N2  + C1 	Ref 19 

rMo vCl 	
N
3
- [N VI NC1

4
] 	+ Cl2  .+ N2  L  Ref 50 

In some reactions of this type the formal transfer of electrons from the 

metal to N after the decomposition is not required, since intermediates 

which show electrophilic nitrene -like behaviour are formed 

[NM ( 	(N  3 2+ 
3/ 	3/

N  
 

) (NH)] 3+ 

E+ or by 
( 

3
)
5
(ITH)P4.  + N

2 
EC1 ( 3)5(NH

2
Cl)] 3+  

(M = Rh* 57, Ir58, * hv only) 

2 - A - 2 Pre aration of  osmium and ruthenium nitrido complexes from 

azide ion. 

The considerable stability of Os(VIII) and Os(VI) nitrido complexes led 

us to investigate the possibility of preparing similar ruthenium species. 

n 2 - We found that the reaction of trans ERu0
2X4j 	ions (X = Cl,Br) with an 

excess of azide ions followed by addition of caesium halide gave a simple 

route to the light brown, diamagnetic nitrido salts Cs2[RuN9. The known 

osmium complexes Cs2  [OsNX5] 45  could also be prepared by a similar method 

. using trans L0s02X4]  2-  ions. During the course of these reactions nitrogen 

and free halogen were liberated. This is consistent with the formation of 

an intermediate azido (or hydrazo)59 complex which undergoes a two electron 

oxidative decomposition reaction of Type B (see previous section). The 

resulting complex is then reduced by HX. 

11170 
2 

 y:
4J

2- + EN
3 
+ 3Hx 	[1471  NX ]2-  + N2+X2  421120, (N = Ru,Os) 
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Although this reaction scheme does not necessarily imply that M(VIII) 

species (e.g. [MO
3
N]-) are intermediates, we isolated Cs[0s0

3
N] by reacting 

a suspension of K2[0s02(OH)43 with azide and caesium ions in cold dilute 

aqueous acetic or oxalic acid. Osmiamate is not reduced under these conditions, 

although it is rapidly reduced by aqueous hydrohalic acids to [0sNX 2-. 

r VIII 1- The unknown ruthenium analogue of osmiamate, LRu 	0
3
Nj could not be pre- 

pared using procedures similar to those used here to isolate osmiamate, e.g. 

the reaction of Cs2 ERu02Cl4a or K2 Ru04] in aqueous acetic acid with azide 

ions. 

If large organic cations were used in place of caesium in the prepar-

ations of EMNX
5
2  
j 
, 

then pink, diamagnetic salts R [1111X
4 

(R . Ph
4
As,Bu

4
n  N) 

were isolated. These species are 1:1 electrolytes in acetone. From solutions 

of osmiamate in aqueous HI we have similarly isolated the salt Ph
4
As OsNI41 4 

in low yield. The addition of the cation Et4N+  to solutions of EMN4-  
gave the purple (osmium) or brown (ruthenium) diamagnetic salts Et

4 
 II[MNX

4 
 (H,01. 

In some cases these were dehydrated to Et4N'[IINX4). The formation of two 

types of nitrido salts, Cs2ElieNC1 and R[ReNCy, has recently been reported49, 
and analogous behaviour is found in complexes of the isoelectronic oxo ligand 

where, for example Cs2[NOX5] and R[P10X4], or in some cases REMOX4(03 
(11= Mc, Re; X = Cl, Br; L = solvent molecule) have been isolated3. We 

have already noted the weak binding of the ligand trans to a strongly wand 

Tr donating nitrido or oxo ligand (Sections 1 - A - 4 and 1 - A - 6) and it 
is presumably this ligand which is lost in our 1:1 salts. This process may 

be favourable because of lattice-energy effects with these large cations. 
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2 - A - 3 X-ray crystal structure of Ph
4
As COsNC14) 

An X-ray diffraction study of the nitrido complex K2[0sNC9 has been 

made, and the distortions of its coordination polyhedron rationalised in terms 

of intra-molecular non-bonded interactions4. (See 1 - A - 6). Dr. Skapski 

of this department has kindly made a similar study of Ph
4
As [0001

4
] in 

order to compare the dimensions of its anion with those of its six-coordinate 

counterpart60. In the tetraphenylarsonium salt, the large non-interacting 

cation allows the anion to adopt its optimum shape. 

Crystals of Ph
4
As [OsNC1

4 
 (A) were grown from methyl cyanide solutions. 

They are wine-red tetragonal prisms with unit-taell dimensions a . 12.6678, 

c = 7.82O and U = 1254.78 3, space group P4/11  and z = 2._ Single crystal 

photographs of Ph
4
As ERuNC1

4 
 showed that it was isostructural with 

[OsNCld . The square-based pyramidal anion [OsITC14] is illustrated 

in Figure 1 and its principal bond lengths and angles are listed in Table 1 

and compared with those of KtbsNC1
5' 

(B)-.. 

The structure of (A) differs from that of (B) in three main respects 

(a) There is no ligand trans to the nitride in (A) 

(b) All the metal-ligand distances are shorter in (A) than (B) 

(c)Thells0s-ci
cis  angle is larger in (A) than in (B) 

The decrease in the mean Os-C1 distance in (A) is comparable with decreases 

observed in similar closely related five and six-coordinate systems, e.g. 

Re-S in [ReN(dtc)] (2.390 35  and [Re203(dtc)4] 	(2.44R) 61  and Re-Cl in 

DeNC12  (PP113)1 (2.380 36  and (eNC12  ,(PEt2Ph)1 (2.450 34. These 

reductions in bond length may be due to 

(i) The enhanced electronegativity of the metal atom caused by the removal 
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FIGURE 1. 

Structure of t5sNC14.1-. Standard deviationS are: Os-N, 0.011; Os-C1, 0.0022; 

<N-Os-C1, 0.06°. 

TABLE 1. 

Interatomic distances (A) and bond angles (°). 

	

OsNC14  1 	(A) 
	

V-9001-512 , (B) (See Ref.4) 

Os-N 	1.600 	1.614 

Os-C1(cis) 	2.310 	2.362 (mean) 

Os-C1(trans) 	- 	2.605 

N-Os-C1(cis) 	104.60 	96.2 (mean) 

N...C1(cis) 	3.12 	3.00 (mean) 

C1(cis)...C1(cis) 	3.16 	3.32 (mean) 

C1(cis)...C1(trans) 	- 	3.31 (mean) 
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of one donor atom. 

(ii) Electronic effect e.g. change in metal ion hybridisation and better 

overlap between metal and ligand orbitals in the less strained system. 

(iii) Removal of non-bonded interactions which would cause bond lengthening. 

This latter effect is thought to account in part for the long Re-C1 bonds in 
[ReNC12  (PEt2Ph)3T (2.452) 34  and [Re(NPhY)C13(PEt2Ph)21 (2.4o., Y.OAcI OMe)38, 

although it is probably not important in (B). The increase in Cl -Os 1=1 N 

bond angle in (A) is similar to the increase in Cl-Re = 0 angle in IRe0C1471 

(105°) 62.  compared with [Re0C14(H20)] (98°) 63. 

These changes in coordination geometry in (A) do however produce an 

unexpected effect. The basal chloride ligands here (and in [Re0C1
4
)) are 

moved to within 3.168 of each other, a much closer Cl....C1 contact than 

found in (B) or any of the similar rhenium complexes discussed in Sec. 1 - A - 6, 

where such inter-ligand distances are said to dictate bond angles and lengths. 

Furthermore, the N...C1 distance in (A) (3.12.) is greater than in (B) 

(3.00A)where it is said to be the main factor in determining the coordination 

geometry 4. This would seem to indicate that . electronic rather than 

steric effects cause the distortions of the square pyramid in (A). It must 

however be noted that the steric interactions we are discussing are not 

between hard, charged spheres but rather between both bonding and non bonding 

electron pairs within the anions. Thus, if we consider the OstsN bond, whose 

cy-En electron density is likely to be greatly polarised towards the electro-

negative osmium (VI) ion, these bonding electrons will repel (a) the.0s-C1 

bonding electrons and (b) the non-bonding electron pair in the (1 y  orbital 

(Sec 1 - A - 4). Factor (b) is probably less important than (a) since there 

is a close correspondence between the bond parameters of (A) and the d1 
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, 
system [Re0C14] 62. If, as is likely, the polarisation of. the Os m N bonding 

electrons towards the metal is greater in (A) than in (B), we would expect 

a greater repulsion between them and the Os-C1 electrons in (A) and hence 

an increase in N s Os-C1 angle and distance. Similarly, removal of more 

electron density from the chloride ligands in (A) might permit closer mutual 

contact. However, data from other similar square pyramidal systems show 

that the apical-cis ligand angles are as large as basal interactions will 

permit (A, NReS = 108°  in [ReN(dtc)21 35  and4C0.0s0 = 111°  in 

[0s2  04  (02  C2 4 I 
Me )] 	We We therefore conclude that there is an electronic 

rather than steric effect causing the distortions in the structure of (A). 

2 - A - 4 Vibrational spectra. 

The main features of the Vibrational spectra of Cs2 [INx5
]
' 
nnal 

4- 
Et4RIENX4(H20)] and K[OsNBr4(112011120 are presented in Table 2; 

(M. Os, Ru; X = Cl,Br; R = Ph4As,Bu4 N). 

(a) Complexes of the type UMN92-, EMNXT 

The skeletal symmetry of the anions in both K2  [OsNC153 4  and 

Ph4As [OsNC14] 60 is approximately C
4v
,  , and for these two anions we expect 

eleven (4A1  + 2B1 B2  + E) and nine (3A1  4 2B1  + B2 4. 3E) normal vibra-

tional modes respectively. All the modes are Raman active with the Al  modes 

polarised, and the Al and E modes are also infra-red active. The Raman 

spectra of most of the salts of these types were rather poor, and most of 

the ensuing discussion relates to their i.r. spectra. The spectra are 

consistent with C symmetry. 

The N-N stretching frequency, YmN, an Al  modes  is readily identified by 

its characteristic absorption frequency and shift on 15N substitution. It 
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TABLE 2. 

Vibrational Spectra of metal nitrido complexes (200 - 4000 cm 1) 

YMN (A1  ) 
s 	

41r. 
y 	. 	(A -)- 
la
4 	

a. 
as 

I'M 	(E)  XMN (E)  Other strong bands 

Cs2[RuNC15] 1045 s 318 (1.0)* (340 s 235 in 307 (1): 
284 (3) 

(338 s 233 (5)'' 

Et4N[RuNC14  (H2 0)] 1084 s 342 s 263 w 3478 m, 1610s, 555m,b. 

Ph4 As[RuNC14] 1092 s 346-(10) 378 s 267 m 301+ (4), * 266 (5)*  

Cs2rRuNBr5 ] 1045 s 207 (5) 257 s 2o6 m 201 (1) 

Ph4 As[RuNBr4 ] 10 88 s 302 s 230 in 

Cs2  [OsNC15  ] 10 73 s (1040) (331 s (330) 243 m- (238) 208 m. 
(325 s (324) 

Rb2  [OsNC15  ] 10 79 5  331 s 252 m 205 m 
326 s 244 m 

K2 EOSNC15 1084 s 31+8 (10) -  (336 s 262 m 334 (2)j•  324 (4)' 
110 6 wfi  (329 s 250 w 	' 264 (4)4., 210 s 

Et4N[OsNC14  (H2  0)] 1116 m 328 	s 276 w 3465 m, 1612 s, 585 m,b. 

Ph4 AsU0sNC14] 1123 m (1085) 358 (10) 365 s (362) 271 w (262) 352 (1) * 

Cs2  E0sNBr5] 10 73 s (1040) 198 (10)4.  234 s (232) 216 m (21o) 

Et4NUOsNBr4  (H2  0)] 1114 m 232 s 253 m 3425 m, 1608'.  s, 595 m,b. 

Ph4 As[0sNBr4] 1120 m (1082) 229 (10) 274 s (269) 233 m (228) 

K[OsNBr4  (H2  0)] .H2  0 1109 m 232 s (261 m 3580s, 3500s, 3400s, b, 1605s,  
1105 w ** (250 in 1597s, 618 3,b, 536s,b, 30os,b 

Ph4 As[OsNI4 ] 1108 m 



Key to Table 2. 

Bands due to cation not quoted. All spectra from infra-red studies on 

solids except where indicated. Frequencies in parentheses refer to l5N  

substituted species. 

* Raman data on solids; 

k Spectra on complex in D20 solution with excess X ion, ** in D20 solution. 
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falls in the range 1045-1090 cm-1 for the ruthenium complexes and 1070-

1120 cm
1 
for the osmium complexes. Force constant studies65 show that the 

/1,N stretching force constant kiwi  is some 10% lower for ruthenium than 

osmium in corresponding complexes. We attribute this effect to less effective 

TT- orbital overlap in the ruthenium-nitrogen bond. For the osmium chloro 

complexes YOsN  varies in frequency Cs2LOsNC15] (1073 cm-1)<=a2[0sNC15]  

(1079 cm 1)4 K2[0sNC15] (1084 cm-1)4: [OsNCy2-  in aqueous DC1 

(1106 cm-1).4: R[OsNC1
4 

 ] (1123 cm-1). Similar trends obtain for the osmium 

bromides and also the ruthenium complexes. The difference in YmN  between 

the solid penta- and tetra-halo salts may be attributed chiefly to inter-

action between the polarisable alkali-metal cations and the N=N bond rather 

than a coordination number effect. A Similar effect is seen in some rhenium 

oxo complexes: YRe0 is at  955 cm 1  in Cs [He0Br21], whereas in Ph4As 

[Re0Br
4
] it is at 1000 cm -1 66. The addition of a weakly bound trans ligand 

to this latter complex to give Ph
4
As [Re0Br

4 
(NeCN)] causes only a small 

decrease (^, 5cm-1) in yRe0.
67 

It is likely that in all our penta-halo 

complexes the ligand trans to the nitride is weakly bound. A situation where 

the ligand trans to the nitride is likely to be strongly bound is in 

DeN(CN)53 3-, and here yReN  is some 45 om-1  lower in frequency than in 

[ReN(CN)4  (H2012-. 48  

In the RtiliNX43 species, the i.r. absorption due to YmN  occurs as a 

moderately strong, very sharp band, and we therefore conclude that they are 

all monomeric, as is the case with Ph
4
As [OsNC1] (Sec 2 - A — 3). If 

substantial linear Ilm 	N... chain bonding were present in these 

species, we would expect Y,nT  to occur as a broad absorption at lower fre-

quencies than in Cs2Dm
5• 
) Such effects are observed in the i.r. spectra 

of K2n [ReN(CN)4 n ] nH
2 
 0 6'48  and [W0C1] n 68 which contain such chains in 
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the solid state, when compared with their monomeric counterparts 

K
3 
[ReN(CN)

5
] 48  and gaseous [you4] .69  The X - N s N deformation mode 

has been identified for the first time in nitrido complexes. It is near 

250 cm 1, and changes in sympathy with YmN. 

In contrast to MN' the i.r. active metal-halogen stretching  E modes 

Ymx (1 for [ ma:
4  3
-  andfor32  ) show marked changes in frequency with 

coordination number. The higher frequency M.:X. stretching  absorption in 

EO.X;32- increases sharply in frequency in the corresponding UMNX")4 -  species, 
and it has been shown that there is an attendant increase in the M-X stret-

ching  force constant65. This is consistent with the shortening  in Os-C1 

distance from K2lOsNC15 
 3 to Ph

4
As[osNc14] . The spectra-of the six-coordinate 

salts MI2  [OsNCy (MI  = K,Rb,Cs) show a low frequency band near 210 cm-1  

which does not appear in the bromo complexes, nor does it shift on15N sub- 

stitution of the complex. This is probably the 	iI-X stretching  RI, mode, 

associated mainly with the vibration of the weakly bonded chloride trans to 

the nitride. Similar low frequency bands have been tentatively assigned to 

 in [ReNC12  (PR3)33 	2 where the weakening  of trans bond has YRe-C1 trans 	
19 

been attributed to steno effects, as in K
2 COPTIC1 	 . 1 4  it is interesting  5,  

to note that low frequency bands have been assigned to Yirci  in some iridium 

complexes with a chloride ligand trans to a strongly trans-influencing  acyl 

group . 

(b) Complexes of the type Et4NEI1NX4(H20)] and KCOsNBr4(H203. H2O. 

We now assign structures to salts containing  [NNX
4
(H
2
0]-  anions by 

reference to the discussion on YID  and Ymx  in the preceding  section. The 

spectra of these species are best interpreted on the basis of distorted 

square-based pyramidal anions with a weakly bonded aqua ligand trans to the 
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apical nitride. We assign a strong, sharp band near 1100 cm -1  in the i.r. 

spectra of the Et
4
N salts to yam. Its frequency is 5 - 10 cm-1 lower than 

in RE41 X
4
] and we therefore rule out structures containing N E 	m N 

chains. There is one band in the N-X stretching region, which we assign to 

the E stretching mode. It has a frequency characteristic of a six-coordinate 

complex, which indicates that the water molecule in these complexes is indeed 

coordinated. Only three bands due to the aquo ligand are seen in the spectra 

of these salts, at 3450 
	

1, 1610 cm71  and,a580 cm71. Similar bands have 

been observed in Et
4 
 N[Re0Br4  (H205] 66, which has a structure of the type 

we propose for Et4N[1HX4(H20)1. The position and shape of the i.r. bands 

due to water in these Et4 N4-  salts are rather different to those in Ph
4
AS 

- DICOX4(H203, where two 0-H stretching bands are seen at -'3600 cm
1  and 

3525 cm 1, and the 5H20 mode is at 1575 cm-1 71. These differences can be 

attributed to hydrogen bonding of the water in the Et
4
N1- salts, probably to 

another anion. There are rather different crystal lattices for Et4N. 

[Re0Br4(H20)66  and PhesEMo0Br4  (R20)P, with little possibility of hydro-

gen bonding in the latter. The six coordinate Et
4
N Dila

4
(11
2
0)3 configuration 

may be preferred to the five coordinate EtNUMDC
4
1 arrangement in these 

salts because of this hydrogen bonding. 

The complex K tOsNBr
4
] 2H20 was first reported by Werner 45. The i.r. 

spectrum of 1*K[OsNBr
4 
(H
2
0)] 1  has been discussed73. We find that from 

solutions of osmiamate in hydrobromic acid two complexes can be isolated 

whose i.r. spectra differ. One complex has an i.r. spectrum similar to that 

already reported for '1[0sNBr4  (H20)] I. The other complex, probably tha 

one isolated by Werner, has a rather different i.r. spectrum with a sharp 

band at 1109 cm-1 and a strong band at 232 cm  71 which we assign to Y N ana 

yooar  respectively. The frequency of Y -OsBr suggests the anion has a Six- 
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coordinate structure. The rest of the spectrum is rather complex with bands 

which can be assigned to lattice and coordinated water. We therefore propose 

Werner's salt should be formulated KEPsNBr4(H20)3. H20. 

SECTION 2B SO1' RUTHENIUM OX0 COMPLEXES 

2 - B - 1 Introduction. 

The formation of ERuNCy2  from azide and trans tRuO2C1412  ions 

prompted a further investigation of ruthenium dioxo complexes as possible 

I 2- precursors for nitrido species. Only trans Du°2Br44 ions were useful 

in this respect, but we have isolated a number of other ruthenium oxo species 

in the course of this work. The only firmly established truthenyl' species 

are those of trans Cs2  [RuO2C14] 74  and trans [Ru02(OH)2  py2]75: although 

spectroscopic data have been reported for salts of the anions [RuO2Bq2-1  

and Du0
2
(SO

4
)2 

2-
, no preparative details were given.76 Octahedral com-

plexes containing an HO
2 
unit are also known for vanadium, molybdenum, tung-

sten, rhenium and osmium3, a list which correlates well with that of metals 

knownto form terminal nitrido complexesl. Such complexes normally have 

do or  d2  electron configurations with cis and trans oxo ligands respectively. 

This structural feature has been rationalised in te 	wo of competition between 

the metal electrons and the ligand rr-electrons for the metal t2g orbitals77. 

The oxo ligand is a good a- and u- donor, but in trans complexes it is 

competing with another oxo ligand for bothcy.frrorbitals on the metal. X-ray 

structural and Me-0 stretching force constant studies show that M-0 bonds are 

consequently weaker in trans than cis complexes, although comparisons 

between cis and trans complexes in the same oxidation state with the same 

attendant ligands are not yet possible. 
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- B - 2 1:22alssvtiondprokanertiessfolexes. 

The complex Cs2[ Rt0
2 
 C114  was originally prepared by dissolving ruth-

enium tetraoxide in concentrated HC1 containing caesium chloride74. We have 
shown that by reacting solutions of ruthenium tetraoxide in carbon tetra-

chloride with ice-cold aqueous solutions of EX and CsX (X = Br, j0204), the 

salts Cs2[Ru02X43 can be isolated. The ammine complex [Ru02(NH3)4] C12  was 

prepared by treating a. similar solution of Ru0
4 with a mildly alkaline solution 

of ammonium chloride. The amine chlorides pyHC1 andbipyHC1 also react with 

Ru04  in mildly alkaline solutions to form [RuO2py2C1] and Diu02(bipy-)C1j. 

All these complexes are diamagnetic,-as eXpected for Ru(VI) complexes 

with a trans dioxo group78. They show the characteristi6 i.r, absorption 

of such a group due to 'N(as  Ru02  near 830 cm  1. For those complexes whose 

Raman spectra could be measured,Ys  Ru02occurredas an intense sharp band in 

the same region. Using these two frequencies, approximate stretching force 

constants for the Ru02 system were calculated using the eauations of Cotton 

and Wing79. They were some 10% lower than in the corresponding Os(VI) 

complexes77, probably a result of less effective overlap in the 0-011 Tr-bonds 

for the second row element. The i.r. active metal halogen stretching fre-

quencies in Cs2ERu02X!43 (Xt = C1,Br) are at lower frequency 1 v̀ixt" vibra-

tion, in Cs2[RuNX15]. This could reflect the lower positive charge on the 

metal in the dioxo complexes, or indicate Ru-Cl bond weakening due to non-

bonded Cl...0 interactions in the dioxo complexes. 

The reaction of ruthenium tetraoxide with an ice-cold solution of 

sodium cyanide in the presence of caesium ion did not, surprisingly, yield 

Cs2  Du02  (CN)4  3. A green paramagnetic salt (lieff = 3.OBM), which showed i.r. 

80 
bands characteristic of coordinated cyano and isocyanato groups was formed . 
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The complex also has a strong i.r. absorption in the Ru = 0 stretching 

- region at 787 cm 1  which also appeared in its Raman spectrum. We formulate 

this complex Cs5CRu0(CN)4(NC0)21, although its magnetic moment is rather 

high for Ru(V) (it is a typical Ru(IV) value), and seven coordinate ruth-

enium is unusual. Another ill-characterised oxo-cyano species was made by 

adding sodium cyanide to an ice-cold solution of Nat [Ru04] in concentrated 

sodium hydroxide. A plum red solution was formed)which slowly turned yellow)  

and caesium carbonate precipitated a yellow paramagnetic salt, Cs
5 

[Ru205(CN)). The i.r. spectrum of this salt shows peaks typical of co- 

ordinated 	1 ordinated cyanide, and also two bands at 690 and 758 cm which may be due to 

oxo ligands. A possible formulation is Cs
5 
[(CN)40Ru 0Ru(CN)51 3H2O. 

SECTION 2 - C EXPERIWNTAL  

Di-caesium pentachloronitridoruthenate (21)? Cspul] 

A solution of ruthenium tetraoxide in carbon tetrachloride (10 ml) 

(vide infra) was stirred rapidly with 8M hydrochloric acid (7 ml), and the 

red solution cooled to 0°C. Sodium azide (0.24 g) was added to the reaction 

mixture and the solution stirred at room temperature until the effervescence 

had ceased (--15 mins). Caesium chloride (0.8 g) was aded and the light 

brown precipitate (80%) was filtered, washed with ice cold concentrated 

hydrochloric acid (2 ml), then acetone, and finally dried at 110°C. (Found: 

Cl, 31.4; Cs, 47.5; N, 2.6. C15Cs2NRu requires Cl, 31.8; Cs, 47.6; 

N, 2.5%). 

Tetraphenylarsonium tetrachloronitridoruthenate (VI) Ph4AstRuNC143 

A solution of tetraphenylarsonium chloride (0.8 g) in methanol (5 ml) 

was added to the previous reaction mixutre in place of caesium chloride. 
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The pink precipitate (80%) was filtered, washed with water and methanol, and 

recrystallised from acetonitrile. (Found: C, 45.0; H, 3.2; Cl, 22.9; 

N, 2.1. C 24H20AsC14NRu requires C, 45.0; H, 3.1; Cl, 22.2; N = 2.2%). 

Tetra-n-butylammonium tetrachloronitridoruthenate (VI),Bun4NTRuNC1] 

Tetra-n-butylammonium hydroxide solution (40%, 2 ml) replaced tetra-

phenylarsonium chloride solution in the preceding preparation. The pale 

pink precipitate (80%) was filtered, washed with water and diethyl ether 

and recrystallised from acetone to give brown crystals of the product. 

(Found: 0, 38.4; H, 7.0; Cl, 28.9; N, 5.2. C16H36C14N2Ru requires C, 38.5; 

7.2; C1, 28.4; N, 5.6%). Infra red (excluding cation bands) 1095(m), 

376(s), 265(m). Molar conductance in acetone 121 mho cm-? in 10-3  M solution. 

Tetraeth lammonium aouotetrachloronitridoruth 	
4
NERuNC1

4 
 (H
2 
 21) ----  

Tetraethylammonium chloride (1.0 g) replaced the cations in the pre-

ceding preparations and gave brown crystals (50%) of the product which were 

filtered off and washed with ice cold concentrated hyrdochloric acid. 

(Found: C, 24.1; H, 5.3: N, 6.9. C81322014N20Ru requires C, 23.7; 

H, 5.4; N,  6c9%). 

Dd.___eoirnpentabromonitridoruthenate (VI)JL  Cs2  [RuNBr.5   

Sodium azide (0.24 g) was dissolved in an ice-cold solution of water 

(2 ml) and concentrated hydrobromic acid (5 ml). Ruthenium tetraoxide 

solution (10 ml, vide infra) was added to the solution and the mixture 

stirred vigorously at 0°C for five minutes. Caesium bromide (0.9 g) was 

added to the solution and the light brown product (40%) was filtered off, 

washed with acetone and dried at 110°C. (Found: Br, 50.3; Cs, 34.2; N, 1.9. 
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Br
5 
 Cs
2 
 NRu requires Br, 51.2; Cs, 34.1; N, 1.0). 

Tetraphenylarsonium tetrabromonitridoruthenate (VI) Ph
4
AsCRuNBrl 

4 

A solution of tetraphenylarsonium chloride (0.5 g) was dissolved in 

methanol (5 ml) and added to the previous reaction mixture in place of 

caesium bromide. The bulky yellow precipitate was filtered off and washed 

with methanol to leave the light pink precipitate (40%). 

(Found: C, 35.2; H, 2.6; Br, 38.9; N, 1.6. C
24
E
20
AsBr

4
NRu requires 

C, 35.2; H, 2.4; Br, 39.1; N, 1.7%). 

Dicaesium pentahalogenonitrido-osmatesVI 	 toa 
2 ----5

x] 
 

The chioro and bromo complexes were prepared by the-literature methods45  , 

an alternative procedure which eliminates contamination with the correspond- 

ing osmium (VI) dioxo complex is as follows 

a) Chloro complex. Potassium osmate (0.08 g) was dissolved in concentrated 

hydrochloric acid (3 ml) and sodium azide'solution (0.03 g in 1 ml water) 

added. The solution was stirred for 20 minutes and caesium chloride (0.05 g) 

precipitated the purple product. 

N 	_ U ) D.L-UMO complex. The procedure follows that for the ohloro complex but 

using hydrobromic acid and caesium bromide) giving the purple product. 

The tetra-halo organic cation salts were precipitated from solutions of 

[0017: ]2  in HX (X . Cl, Br) using the procedures described for the ruth- 

enium salts. 

Tetraphenylarsonium tetrachioronitrido-osmate (VI) Ph4Asl0sNC147 

Pink crystals (90%). (Found: C, 39.5;. H,  2.9; Cl, 19.2; N, 2.0. 

C
24
E
20
As.C1

4
N0s requires C, 39.5; H, 2.7; Cl, 19.5; N. 1.9%). 
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Molar conductance in acetone 113 mho cm 2. in . n 10 3M solution. 

Tetra-n-butylammonium tetrachloronitrido-osmate (VI),Bun
4 
 [OsNC1,  

Red complex (90%). (Found: Cl, 23.8; N, 5.5. 01611:36C14N20s requires 

Cl, 24.1; N, 4.8%). Infra-red bands (excluding cation absorptions) 1125m, 

353s, 262w. Molar conductance in acetone 124 mho cm2  in 103K solution. 

Tetraethylammonium aouotetrachloronitrido-osmate (VI), Et4NEOsNC14(H20)] 

Purple crystals (65%): (Found: C, 28.4; N, 6.0. C8H22C14N200s 

requires C, 28.7; N, 5.7%) 

Tetra hen larsonium tetrabromonitrido-osmate VI)1Ph4AsE0sNBr] 

Pink crystals (90%). (Found: C, 32.0; H, 2.0; Br, 35.5; N, 1.7. 

24
AsBr

4
N0s requires C, 31.8; H, 2.2; Br, 35.3; N, 1.5/0). 

Tetra-n-butylammonium tetrabromonitrido-osmate (171),Bun UsNBr 
4 	4 

Deep red crystals (90%). (Found: Br, 40.8; N, 3.5. C161136Br4N20s 

requires Br, 41.7; N, 3.7%). Infra-red bands (excluding cation absorp-

tions) 1120m, 270s, 232m. Molar conductance in acetone 124 mho cm2. in 
-7, 

10 14 solution. 

Tetraethylammonium aouotetrabromonitrido-osmate (ITI)t Et
4
NtOsNBr

4
(H
2
01) 

Purple salt (80%). (Found: Br, 46.8; N, 4.4. C8H22Br4N200s requires 

Br, 47.5; N, 4.2%). Weight loss on dehydration 2.9%; calculated for 

Et4NIOsNBr4(0H2)]$2.7%. 

-41- 



Tetraphenylarsonium tetraiodonitrido-osmate (VI), Ph
4
AsE0sNI43 

Potassium osmiamate (0.5g) was added to concentrated HI solution 

(5m1), and to the resulting dark brown solution a solution of tetraphenyl-

arsonium chloride (0.5g) in methanol (2m1). The voluminous yellow-brown 

precipitate was filtered off and washed freely with acetone, leaving the 

light pink product (20%). (Found: 0, 26.2; H, 1.9; I, 46.1; N, 1.4. 

C24H20
AsI

4
N0s requires C, 26.3; H, 1.8; I, 46.4; N, 1.3%). 

tra. 	 VI .Cum 	 s [P.u0 Br ] 
2 2 4 

A saturated solution of caesium bromide in a solution of hydrobromic 

acid (5 ml) and water (2 ml) was cooled to 0°C and ice-cooled ruthenium 

tetraoxide solution (5 ml) was stirred into it. The light-brown precipitate 

(40'i;) was quickly filtered off, sucked dry on the frit and washed with 

acetone. (Found: Br, 43.9; Cs, 37.6. Br4Cs2O2Ru requires Br, 44.5; 

Cs, 37.0)). Infra-red spectrum:  825, 821sst, 230s, 226ssh cm-1. 

trans-Dicaesium bisoxalatodioxoruthenate (VI), Cs MO 2 2ox  2 

Oxalic acid (0.45 g) and caesium carbonate dihydrate (0.90 g) were 

dissolved in water (4 ml) and the solution ice-cooled. Ruthenium tetra-

oxide solution (6 ml) was stirred into the solution and the light green 

precipitate (30%) filtered off after 5 minutes. It was washed with carbon 

tetrachloride and ethanol. (Found C, 8.0; Cs, 45.8. C
4
Cs
2
010Ru requires 

C, 8.4; Cs, 46.20. Infra-red spectrum 1710s,b, 1680s, 1335s, 1192m, 

910w, 878m, Os, 810s, 549m, 460m, 385w, 361ssh, 350s cm- . 

trans-Tetraamminodioxoruthenate (VI)dichloride, [Ru0 (NH ) -101 
2 3 4 2 

Ammonium chloride (1.0 g) and sodium carbonate (0.1 g) were dissolved 
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in 4 ml ice-cold water and ruthenium tetraoxide solution (6 ml) stirred 

into the reaction mixture. After 15 minutes the yellow microcrystalline 

precipitate was filtered off, and washed with carbon tetrachloride and 

ethanol. (Found: H, 4.7; Cl, 26.4; N, 20.7; 0, 12.1. H12C12N402Ru requires 

H, 4.4; Cl, 26.1; N, 20.6; 0, 11.83). Infra-red spectrum (deuteriated 

sample in brackets). 3360vsb (2420) 3070vsb (2280), 1660m, 1623m (1148), 

1583m 1540msh (10801, 1322s (1018) 1304s(1008), 870s (650), 88s, 782s, 

(622), 478m,,(440),  278s,b (250), 215s cm-1. Raman: 841 (10). 

trans-Diehlorodioxodipyridinoruthenate(VI), [Ru02a2C1]. 

A solution of pyridine (1 ml) in water (2 ml) was neutralised by hydro-

chloric acid and the solution made alkaline with sodium carbonate (0.1 g). 

Ruthenium tetraoxide solution (6 ml) was stirred into the ice-cooled 

solution and after 5 minutes the yellow microcrystalline product was filtered 

off and washed with carbon tetrachloride, water and ethanol. (Found: 

C, 34.0; H, 2.9; Cl, 18.8; N, 7.9. ClAu10L 012  N 02  Ru requires C, 33.1;  

H, 2.8; Cl, 19.6; N, 7.7/0). Infra-red spectrum (neglecting bands due to 

pyridine). 825s, 325 cm-1. 

trans-2,2'bipyridinodichlorodioxoruthenate(VI), Du02bipv012Tj. 

2,2'bipyridyl (0.3 g) was stirred into water (3 ml) and 2M hydrochloric 

acid added until it was completely dissolved. Sodium carbonate (0.1 g) 

was added to the ice-cooled solution, and then ruthenium tetraoxide solution 

(6 ml). The yellow crystalline product was filtered off after 5 minutes.  

and washed with water and acetone. (Found: C, 33.6; H, 2.4; Cl, 19.6; 

N, 7.9. C10H8C1 21120211u requires C, 33.3; H, 2.2; Cl, 19.7; N, 7.8%). 

Infra-red spectrum  839s, 325s, 319ssh cm 1. 

(* For dioxo complexes indicates vas2102). 
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Caesium tetracyanobisisocyanatooxoruthenate(V), Cs,CRuO(CN)
4
(CNO) 

Ruthenium tetraoxide solution (5 ml) was stirred with an ice-cold 

saturated aqueous solution of sodium cyanide (5 ml) which contained caesium 

chloride (1.09 ). The green precipitate was filtered off after 5 minutes 

and washed with methanol. (Found: C, 10.2; Cs, 56.7; N; 12.3; 0, 6.7. 

Ces3N603Ru requires C, 10.2; Cs, 56.4; N. 11.9; 0, 6.8%). Infra-red  

spectrum 3600w, 3515w,. 2195vs, 2125s, 2060w, 1630w, 1335w, 787s, 690w, 

609w, 450, 388m,s, 370m,s, 328m cm
1. Raman spectrum, 2200(1), 2149(5), 

787(10) cm-1. 

- 6,  
X 	= 5.57 x 10 	c.g.s.u.g 

peff 	3.00B.M. 

Ruthenium Tetraoxide solution. 

The solution of ruthenium tetraoxide'in carbon tetrachloride was made 

by an adaptation of Nakata's method81  , with commercial ruthenium tri-

chloride (10 g) being converted to the hydrated hydroxide and this material 

being oxidised by sodium metaperiodate (45 g in 400 ml ice-cold water). 

The resulting aqueous solution of Ru0
4 
w
a
s divided into three and each portion 

extracted with 3 x 30 ml of carbon tetrachloride, the final solution being 

made up to 300 ml to give a concentration of,,, 22 g/1 ruthenium tetraoxide. 

The solution was stored at -5°C in the presence of sodium metaperiodate. 

All the complexes are diamagnetic unless otherwise stated. K
2[OsNC15

3, 

RbAsliCl]and KDOBr4(H20)3 1120 were prepared by the literature method.45  

The 15N substituted osmium complexes were prepared from ICLOs0
3
15NJ, obtained 
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from isotopically enriched (95%) ammonium chloride and osmium tetxaoxide 

in potassium hydroxide solution. 
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CHAPTER 3  

OSMIUM AND RUTHENIUM NITRIDO COMPLEXES  

WITH GROUP V LIGANDS AND THEIR REACTIONS. 

ABSTRACT. 

The reactions of the nitrido halide anions [OsNX4] and [RuNClip-' 

(X . Cl, Br) with amine, and tertiary phosphine, arsine and stibine ligands 

have been studied. The new complexes thus obtained are of two main types, 

(a) nitrido complexes COsNX3(L'Fh3), [RuNC13(L'Ph3)2], [PsNC13(AsEt3)2], 

[bsNX3(bipy)] and fosNC13(13R3)],and (b) complexes with phosphinenitride 

ligands [M(NPR3)C13(PR3)), Ebs(NPR'3) Br3(PR'_3)21 and 3I(NPMe2Ph)C13(AsPh3)21 
(X . Cl, Br; L' = As, Sb; PR3  = PPh3, PPh2Et,PEt2Ph, PEt3, PPh2Me, PMe2Ph; 

PR'
3 
. PPh3, PPh2Et, PEt2Ph; M = Os,Ru). Other new products obtained include 

the phosphinimine complex Es(NHPPh3)C14(PPh3)ls  and [OsC14(ah3)2.1, 

PhesrosC15(PPh3)], Es(OMe)2C12(PPh3)3 and Ph4AsCosX4(PR "3)-21 (PR "3  . 
PPh3, PEt2Ph). The formation and reactions of these complexes, and their 

characterisation by chemical and physical methods are discussed. 

ARRANGEMENT OF MATERIAL. 

The order in which these complexes and their interconversion will be 

discussed is shown in the following diagram for CbsNC1
4
3. Where similar 

reactions and products have been obtained for Ebslalq and [RuNC141-, they 

will beconsidered in the same section as their osmium-ohloro analogues. For 

clarity, the nitrido phosphine complexes rosNC13(PR3);1 will be dealt with 

in Sec. 3 - A - 21  before the discussion of the formation and structures of 
the phosphinenitride complexes (Sec. 3 - B - 2) from which they are made. 
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EOs(NPR3)C13(PR3)] 

Sec. 3-B-1, 3-B-2.  Products, Sec. 
3-C-1 

00sNC1
3
(SbPh

3
)..  

Sec. 3-A-1 

OsNC13(AsPh3)) 

Sec. 3-A-1 

[OsNC13(PR3)0 

Sec. 3-A-2 

BON[OsNci 
4 

Miscellaneous 

Es(}113PPh3)C14(PPh3)] 

Sec. 3-B-1 

Phosphinenitride and 
	

Nitrido complexes 
phosphinimine complexes 	Sec. 3-A 

Sec. 3-B 

INTRODUCTION. 

A number of stable Os(VI) complexes containing Os 5 N bonds are known.  

(Sec. 2 - A - O t  but although the isoelectronic Re(V) ion forms a wide 

range of stable nitrido complexes with tertiary phosphine ligands,19 all 

previous attempts to prepare their Os(VI) analogues have failed. The methods 

which have been tried are: 

1) Reaction of K cosVIIIo 
3 
 0 or 

 K2 '=" Vu
N...,l? with PR3  in Eta:1/RX 

(X . Clpr). This gave DsIVX4(PR3).2-1, then [Osii X3(PR3y and finally 

[:2sI yrydx  82 

2) Reaction of 5sIIIX
3 
 (PR

3  )3 	 ‘ -3 with ammonia. This gave 5sII(NH 31 Nx ` (pR 3 3 
-1 
.1- 

3) Reaction of 51sVOC13(PPh3)) with N2H6C12  in EtOH/HC1. 

83 
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c-psIII(KR3  )013(PPh3)21 

N2H c12 in wet ethanol 

r 	, was obtained.1  aReV  0C13aPh3);1 reacts with 

to give [RJNC12(PPh3)2J
. 19 

4) Thermal and photochemical decomposition of azido complexes, (a) 

[-psII(N )
2(PMe2

Ph)
4
:I which did not react and (b) [OsIIIC12(N3)(PR3)3I  which 

gave unpurifiable mixtures which may have contained a nitrido complex 84.  

5) Reaction of azide ion with rosIVel
4 
(PR3)]' which gave unpurifiable 

mixtures which possibly contain a nitrido complex 84. CReIIIci (pR  ...3 
3' 3'

,
3 

reacts with azide ion to form DeVNC1 (PR ) -3 19  2 	3 3 '. 

The stability of the Re(V) nitrido phosphine complexes and the difficulty 

in preparing  their Os(VI) analogues suggested that these latter complexes 

might be much more reactive, .and unstable under the reaction conditions 

n r previously used. We have isolated the complexes Bu
4
NLosNx4] and 

BunN
4

ERuNC1
4
1 (Sec. 2 - A - 2), which are readily soluble in a variety of 

polar organic solvents at room temperature, and have thus been able to attempt 

to substitute them 	with tertiary phosphine ligands under very mild 

conditions. For comparison we have also studied the reactions of these salts 

under similar mild conditions with less nucleophilic, less reducing  arsine 

and stibine ligands, and also the more nucleophilic non-reducing  amine 2,2' - 

bipyridine. There are no known nitrido arsine or stibine complexes of any 

metal. 

3 - A OSMIUM AND RUTHKNIUMNITRIDO COMDT.FIXES  WITH GROUP V LIGANDS. 

3 - A - 1. Complexes with arsine, stibine and amine ligands. 

The reaction of concentrated solutions of L'Ph
3 
(L' = As,Sb) in acetone 

with warm solutions of BuilliN[OsN7-:4  or BuI4TRuNC1? (X = Cl, Br) in methanol 

gave an immediate precipitate of the diamagnetic nitrido complexes 
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EPDX3(L'Ph3)-21 and [Rluvel3(L'Ph3)2] in 80 - 90% yield. If these preparations 
were carried out in acetone alone, then the reactions proceeded much more 

slowly, taking up to 36 hours for completion. This is presumably because 

acetone is less able than methanol to solvate the displaced chloride ion, 

since the reactions in acetone can be expedited by addition of water or 

aqueous EX. 

[OsNX
4
I 	212Ph

3
--*[OsNx

3
(L'Ph3  )12 + XT.  

The complex rOsNC1
3
(AsEt3  )12  was made by rapid evaporation of the solvent 

r from a solution of Bu
4
NL0001

4
1 and AsEt

3 
in acetone. A second isomer of • 

[6sNBr
3
(AsPh

3
)-21 (Isomer B) was made by slow evaporation ("-48 hours) of 

solutions of [60-Br
4
-I-  and AsPh

3 
in acetone. The other isomer, (Isomer A) 

was obtained when any of the more rapid methods outlined above were employed. 

Slow evaporation of solvent from solutions of BurINE)'sNXI and 2,2,  -bipyridine 
4  

(bipy) in acetone gave microcrystalline precipitates of [OsNX3(bipy)]. 

3 - A - 2. Complexes with phosphine ligands. 

Reactions similar to those outlined in the previous section between 

the tertiary phosphine ligands PPh
3 
and PEt Ph.and Bur.I.Nr00X3 or Bun.FRuNC11 2 	4 - 	4"- 	4' 

in acetone or methanol did not yield nitrido complexes. These reactions 

and their products will be discussed fully in Sections 3 - B - 1, and 3 - C - 1. 

The diamagnetic tertiary phosphine nitrido complexes [0sVINC13(PR3)2] 

(PR3  = PPh3,PPh2Et,PEt2Ph,PEt3,PPh2Me,PNe2Ph) were made however by oxidising 

a suspension of 5sIV(NpR3)c13  (PR
3
)
2 

in methanol with chlorine. (The pre- 

paration and structures of these starting materials will be discussed in 

Sec. 3 - B). We could not isolate pure samples of [OsVINBr3(PR39 by 

bromine oxidation of [-psIV(NpR3)B7,3(pR3)21  (Sec. 3 - B), nor pure samples of 

[RuVINC13(PPh3);) by chlorine oxidation of Du/V(NPPh3)C13(PPh3)21 (Sec. 3 - B). 
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In this latter case products which showed an i.r. band characteristic of 

RuN have been obtained, but the products were always contaminated with a 

large proportion of starting material. 

3 - A - 3 Solution properties. 

Solution measurements on these complexes must be interpreted with caution. 

There are two main reasons for this. Firstly,the i.r. and n.m.r. solution 

-spectra of the phosphine complexes 51DsNO1
3  (PR3  )12  showed that decomposition 

occurred, in some cases (e.g. PR
3 
. PPh

3
) very quickly. Secondly, the complexes 

[OsNx
3
(LrPh3  )12  and PuNC13 (L1Th3  )2-3 are only slightly soluble in common 

organic solvents. Apparent molecular weights in benzene solution for the 

L'Ph
3 
complexes were approximately half their formula weights, but similar 

measurements on some of the more stable PR3  complexes showed that they were 

essentially undissociated. Neither the L'Ph3  complexes nor the PR3  complexes 

were electrolytes in acetone or dichloromethane. The L'Ph
3 

complexes pres-

umably lose an L'Ph
3 

ligand in solution, and it is easy to appreciate why 

dissociation occurs in such a crowded coordination sphere. If a similar 

dissociation of the PR3  complexes did occur then it is likely that further 

decomposition would follow (Sec. 3 - B - 8). 

3 - A - 4 Infra-red spectra. 

The i.r. absorptions of these complexes from 4000 - 200 cm 1  assigned 

to vibrations of the nitrido and halide ligands are presented in Table 3.1. 

The presence of a strong sharp band near 1060 cm 1 for all the osmium com-

plexes, and near 1030 cm 1  for the two ruthenium complexes, which shifts some 

30 cm 1 to lower frequencies on 15N substitution,confirms the presence of 

an M N unit in these species 1. The shape, positions  and shift on isotopic 

substitution of this absorption are quite characteristic of the metal- 
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TABLE 3.1. 

Infra-red and 'H n.m.r. spectra of osmium and ruthenium nitrido complexes with Group V ligands  

m.p., t° C. 	y 	cm 1 
	

l'OsX'cm - 1 
	1■10sX;cm-1 n,m.r. Spectra, (r), in CDC13,0°G. 

C0sNC13  ( PPh3  )2  ] 145(decomp) 	1058. s 	327 s 	226w 
252 ms 

[0615NC13(PPH3)2] 

[OsNC13(PP112Et)2] 	176 

[05NC13(PEt2Ph)2] 	129 

7' 

7' 

8.36(1.4.6.4.1 quintet), 
2.46, 2.07(pheny1). 

8.72(1.4.6.4.1 quintet), 
2.49. 2.18, phenyl. 

1026 ms 	329 s 	223w 
251 ms 

1062 ms 	321 s 	230w 
240 ms 

1070s 	325s 
1063 ssh 

methylene; 6.95(methyl); 

methylene; 7.02(methY1); 

COsNC13 (PEt3  )2 ] • 74 	1070 ms 	330 ssh 
319 s: 
245 ms 

[OsNC13  (PPh2Me)2 160 1072 ms 	330 s 	220w 
1063 ms 	244 ms 

7.53(1.2.1 triplet), methyl; 2.56, 2.25, phenyl. 

LOsNC13(PMe2Ph)2] 158 	10 68 ms 	325 s 
238 ms 

7.86(1.2.1. triplet), 
(Two isomers?); 2.72, 

methyl; 7.25(1.2.1. triplet)meth 
2.32, 1.72 (phenyl). 

E0sNC13(AsEt3)2] 	Decomp. 
135-145 

10 70 s 	340 sh 
328 s 
302 sh 
230 s 

8.66(1.2.1. triplet), methyl; 7.68(quintet),methylene 

[OsNC13  (AsPh3  )2] 257 	1059 s 	325 s 
251 ms 
243 sh 

219w 



[OsNC13  (SbPho  )2] 170 1065 s 
1032 ir,i• 

TABLE 3.1. contd. 

327 s 	223 w 
306 ms 
237 ms 

[0snr,(AsPh3 )27 221 1068 s 202 s 231 mw 

(Isomer A) 1035 A.*,  

[0sNBr3(AsPh3 )2] 1062 s 200 s 230 mw 
(Isomer B) 1030 Ae*. 

[OsNBr3 (SbPh3 )2 ] 171 1061 s 210 m 

[0sNc13  (bipy)] 355 1086 s 340 s .4-1 
326 s 
240 m 

[0sNBr3(bipy)] 1090 s ?," or 
, 

[ RuNC13 (AsTh3  )27 169 1023 s 335  8  215 w 
323 s 
240 ms 

[RuNC13 (SbPh3  )23 165 1029 s 338 s 
286 s 
239 s 

oil Not assigned: 	/ Not measured a?,:e 13N substituted. 



nitrogen stretching vibrationlYmN, in a complex with a terminal nitrido 

- 1 ligand. The frequency of YmN  is some 30 - 40 cm lower than in the corres- 

ponding penta-halo complexes UFINX
5
12-  (PI= Os, Ru, X = Cl,Br) 86. There is 

no large variation in YmN  for amine, phosphine, arsine and stibine complexes 

of the same metal. In general, the more alkylated the phosphine, or arsine, 

the higher the value of Yom. These small variations in ymi, with higher 

frequencies for more basic ligands with correspondingly lower stereo require- 

ments, are similar to the small variations ofYR6N  observed in -  

[yeITC12(PR3) 19. The two isomers of [OsNBr3(AsPh3)21  have YosN at 1068cm71  

(Isomer A) and 1064 cm-1  (Isomer TO. There are similar small differences in 

Y
Re0 

for the three isomers of Ele0C1
3  (PPh32 87  Isomer B also had two 

additional i.r. bands at 695 cm 71  and 455  cm 1,and a rather difierent spec-

trum near 330 cm 1 to Isomer A. These latter modifications to the i.r. spec-

trum of Isomer B are probably associated with arsine vibrations, and are not 

seen in the spectra of any of our other triphenylarsine complexes. 

The number of /I - Cl stretching absorptions in the i.r. spectra of 

complexes such as these is not normally a good criterion for determining 

their stereochemistries. Thus, for each of the three possible geometrical 

isomers of UOC13  (LR3  )2-3 (Sec. 3 - A - 6), we would expect three such abs-

orptions. We normally see two, sometimes three bands which we assign to Y1i01' 

but one of these is some 70 — 80 cm 1 lower in frequency than the others. 

These low frequency bands are not present in the bromo complexes, nor do they 

shift on 15N substitution, and are probably due to the stretching vibration 

of a chloro ligand weakly bonded trans to the nitride. Such bands have been 

similarly assigned in DeNC12  (PR..)3-] 19. They probably obscure the N m N 

deformation absorptions in most of the chloro complexes, but in some cases 

weak bands near 220 cm-1 may be due to this mode. 
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3 - A - 5 111 n.m.r. spectra. 

The 1H n.m.r. spectra of the more stable osmium nitrido phosphine 

complexes and rOsNC1
3
(AsEt

3  )2-1 are listed in Table 3.1. The chemical shifts 

of the ligand protons are typical for diamagnetic compleXes. The spectra of 

[PsNC13
(PEt

2Ph)2'2 and E:isNC13  (PPh2  Et)2-1 show quintet 1.4.6.4.1 resonances 

near T8.5 which are assigned to methylene protons. That of E5sNC1
3  (PPh2  NO2  1 

has a triplet centred on T7.51 which is assigned to methyl protons. These 

splitting patterns probably arise because of 'virtual coupling' 88  of the 

two phosphorus nuclei , a phenomenon which normally, though not exclusively89 

occurs when the two phosphorus donors are trans to each other. 	The patterns 

provide further evidence that the phosphine ligands do not dissociate from 

the metal in solution. It must however be noted that the methylene reson-

ance in DsNC1
3
(AsEt3  ) 2:1 is also a quintet although 75As has no nuclear spin. 

The presence here of a quintet may be due to the overlapping of the two 

quartet resonances of methylene protons sterically restrained in non-equivalent 

positions 
98 

3 - A - 6 Structures. 

There are three possible geometrical isomers for complexes of the type 

5IZC1
3 
 (LR

3  )2
-1 (L = P,As,Sb). 

	

R3L.NJ 	 121 	Cl 	Cl 

'///erNIR 	

m 	M 

Cl 
3 	

R L 	ClZ.IN 
3 	 R L 	Cl 

	

Cl 	Cl 	LR3  

skeletal 
symmetry 	2v 	

C 
s

C

I 	II 	III 
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The evidence that we have presented in the previous two sections suggests 

that in our nitrido complexes (Z = N), there is a chloride (or, presumably, 

bromide) ligand trans to the nitride, and that in the phosphine complexes 

at least, the LR3 groups are trans to each other, i.e. there is configuration I. 
q In X-ray structural determinations on similar compounds.(z 	90 0, 	NR 

configuration I has been found. One might predict such a structure on steric, 

electronic ( ligand of lower trans-influence trans to the nitride) and kinetic 

(trans directing influence of LR3  groups in substitution reactions) grounds. 

Configuration II is much rarer, but it has been proposed for one of the three 

91 isomers of gie0C13(PEt2Ph)2.1 	which has a high dipole moment, and also for 

some ruthenium nitrosyl complexes 92. Our 2,2'-bipyridine complexes probably 

have this structure. Complexes with configuration III are not known. 

There is however the possibility of another type of isomerism it these 

extremely crowded systems. There are two isomers of Po0C1 (PR Ph) -2 2 3 
43 

(R = Me, Et), one blue and one green, having molybdenum-oxygen stretching 

frequencies Ymbo  differing by 10 cm 1. The blue isomer of DvIo0C12(PMe2Ph)1(1.)93  

and the green isomer of U1o0C12(PEt2Ph)1(B)94, both have very distorted 

octahedral structures with men phosphine ligands and a chloro ligand trans  

to the oxo group, that is configuration IV. 

0 

Cl2 	P, 

P
3 P2 

  

011  
IV 
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There are however some important differences between the structures. 

The Mo-0 distance in (A) is 1.6768 and that in (B) is 1.8012, despite the 

fact that y14o0 for the two complexes are very similar. The corresponding 

Mo-Cl
1 distances are 2.5511 and 2.4248 respectively. Furthermore, in (A) 

there is a mirror plane defined by the atoms 0,C1
2'  Cl and P2, but in (B) the 

substituent groups on the phosphine atoms adopt a different mutual orienta-

tion in order to relieve intra-molecular overcrowding, and hence the mirror 

plane is not present. This has been called 'distortional isomerism'.44  

An isomerism of this type is an attractive possibility in EsNBr3(AsPh3)0 

in view of the extreme congestion of its coordination polyhedron, and the 

modified i.r. spectrum of the arsine ligands in Isomer B. It may also be 

present in some of our osmium nitrido phosphine complexes which show two 

 bands in their i.r. spectra due to 	Table 5,11 	1 
The 11 n.m.r. spectrum 

of rgsNC1
3
(PEt ph) 3 (which has two such i.r. bands) shows that only one isomer 2 2. 

is present in solution. The green and blue distortional isomers of 

Etilo0C12  (PMe2  ph)3  3 show similar behaviour 43. This type of isomerism may be 

quite common; it is a possibility for one of the three isomers of 

[Re0C1,(PR,)21 (PR3  PPh3  87, PEt2Ph91) and also two of the isomers of 

ERIa(NO)C13(AsEt2Ph)2T1g2. 
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3 — B NITRENE-LIKE BEHAVIOUR OF THE NITRIDO LIGAND IN SOME OSMIUM AND  
RUTHDNIUM NITRIDO COMPLEXES: COMPLEXES WITH PHOSPHINENITRIDE (NPR

3
) AND 

PHOSPHINININE LIGANDS. 

The reactions discussed in Secs. 3 — B 1 and 3 — B - 2 are illustrated 
in Figure 3.1. 

3 — B - 1. Preparation and characterisation of osmium complexes with 
tri hen 1 hos hitimine 

We have already reported (Sec. 3 — A - 2) that even under the mildest 
substitution conditions, viz the reaction of PPh

3 
with BunNE)IsNX40 

(x = Cl,Br) in acetone at room temperature, we- could not isolate osmium 
nitrido phosphine complexes. These reactions gave paramagnetic species 

[OsNC13(PPh3)311 e2C0 (lieff  1.8 B.M.), (C) and LosNBr3(1Th3)3l0Me2CO. Complex 

(C) was also formed when the nitrido complexes COsNC13(PPh3)1 and 

[osNC1
3
(ism3  )2  were reacted with PPh3 under similar mild conditions, which 

suggested that all these Os(VI) nitrido complexes had a similar reactivity 

towards PPh3. A protonated derivative of (e), [Us(PU)C14(PPh3);J.Me2C0 

eff 1.6 B.N.) (D), was made by reacting PPh3 
with [OsNC1

4
.1-  in the presence 

of 1 mole oft tetraphenylarsonium chloride', TPC. ('TPC' is in fact 

Ph
4
AsCH50gC12' 95  and therefore a convenient source of HC1 in readily con-

trolled small quantities). Complexes (C) and (D) are interconvertible. 

Complex (C) was protonated to give (D) by treating it in acetone suspension 

with TPC, and the deprotonation of (D) to give (C) was accomplished by 

triethylamine in acetone in the presence of excess PPh3  

EOsNel3 
 (PPh

3  )3 
HC1 	Es(NH)C1

4
(PPh

3
)-21 

Et
3
N, PPh

3 (C) 	(D) 

—57— 



aq.HC1, 

Me2C0' 60°C 

FIGURE 3.1. 

r-  IV, 	PMe2Ph, Me200. 25°C 	v s kliEvle2Ph)C13 
( AsPh

3 
)] 	 Os xi 

Cl2/Me0H 

-01\°'" 
Vq)  

01'51 
60 	

d31 

V-1) 

AsPh3)2-3 

PR3, He2CO 

25° C 

* 
PPh, 

EsVIN0173- 	5 p  E6sIV(Npph )C1-(iTh ) 
	(c) 4 	Me2CO, 25°C 	3 5 	3 ;-.3  EsI7(NPR )C1_,(PR ) 

3 5 3 2-3 

PPh
3 

TPC,Me2C 

25°C 

Et3N, 	TPC, 

PPh
3 
	Me2CO, 

Me2CO, 25° 	60°C 

.H01 IV, OiliPPh )C1 (PPh ).] (D) 	 
3 4 3 	PPh3,Me2CO 

60°C 

tlf 
r, Ph

4
AsLy.s c1

5
(

3
)] [h PNBIC1 3 2 

* Also for PMe2Ph 

TPC; tetraphenylarsonium chloride, Ph AsUl 0-.1C1 . 
4 	5 2 2 

PR3: PPh3, PPh2Et, PEt2Ph, PEt3, PPh2Me 

TPC,Me2C0 

60° C 
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We propose that these complexes are Os(IV) derivatives of triphenylphosphine - 

nitride, [Ps(NPPh3)C13(PPlyjale2CO, (C), and triphenylphosphinimine, 

[0s(NHPPh3)C14(PPh3)]. Me2CO3(D), formed by nucleophilic attack of the 

phosphine on the nitridoligand, on the basis of the following chemical and 

physical properties. 

1. When complex (D) was heated with 1 mole of TPC in acetone, a mixture 4 

aminotriphenylphosphonium chloride, Etli3  PNIOC1..H2  0 and the red salt  

Ph
4
As[Osc15(Kph3)3 was produced. The phosphonium chloride was removed by 

washing with methanol. The yields were 80 - 90% based on the equation 

DIs(NHPPh3)C14(PPy] Ph4As[h50112--) Ph4As[OsC15(PPh3)2 PPh31c1C1IT,0 + H2O. 

Triphenylphosphinimine is known to react with hydrogen chloride to 

give [Ph3P2HH101. 96. The phosphonium salt had an i.r. spectrum identical 

with that of a sample prepared by a published method 97. When it was pre- 

pared from 15N substituted (D), the strong band in its i.r. spectrum assigned 

to the P-N stretching vibration,YPN, showed a characteristic low frequency 

shift of 20 cm 1. In contrast, the spectrum of Ph
4
As[0sc15(PPh3)] (a 1:1 

electrolyte in acetone solution) had no band which shifted when prepared 

from 15N substituted (D). It showed two bands in the Os-Cl stretching region 

however, and we assign the lower frequency one6o-  the stretching vibration 

of the chloride ligand trans to the phosphine. 

2. Complexes (C) and (D) were readily converted into EsCl
4 
 (PPh,)

2  I in 

85 - 95% yield by treatment in acetone with an excess of aqueous HC1. Com-

plex (D) required 1 mole of PPh
3 

to complete the reaction. 

[Ds(liPPh3)C13(PPh3)D-1-2HC1-)EsC14(PPh3)273+ E2h3P1T1121C1 

Es(NEPPh3)C14(PPh3)11 HCl 4-PPh3-7EsC14(PPh5)-21+ 53PITII;AC1 
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3. A triethylphosphine analogue of (C), [51s(NPEt
3 
 )C1

3 
 (PEt

3  )2
-] was made. 

We therefore rule out schemes which involve attack of the nitride ligand on 

a phenyl ring. 

4. Although (D) is paramagnetic, it had a sharp 111 n.m.r. spectrum, which 

showed chemical shifts characteristic of an Os(IV) complex 98'99.  In 

particular, the resonance assigned to the ortho protons of the phosphine 

ligand was seen at T- 2.5; its intensity was one quarter of the total 

intensity of the resonances due to the remaining protonst We could not 

measure the 1H n.m.r. spectrum of (C) since it was insufficiently soluble, 

and in any case decomposed in solution (i.r. measurements). We have however 

measured the IH n.m.r. spectra of more- stable alkyl-aryl phosphine analogues 

of (C), and they showed sharp, shifted spectra similar to that of (D) 

(Sec. 3 - B - 6). 

5. The infra-red spectra of (C) and (D).showed strong, broad bands at 

1127 cm-1 and 924 cm-1 respectively, which shifted some 20 cm 1 to lower 

frequencies on 15N substitution. Similar bands with small shifts have been 

assigned to P-N stretching vibrations, Y 	100 . in Ph3PNH. 	Ph3PNR.101 and 

Ph
3
PNH complexes 100.  The spectrum of (D) also had bands at 3299 (N-H stretch), 

1243 (N-H deformation) and 586 cm-1  (Os-N stretch), which shifted slightly 

on 15N substitution (to 3291, 1240 and 579 cm-1  respectively) and markedly 

on deuteriation. Deuteriation shifted the high and low frequency bands to 

2445 and 572 cm 1, but the sharp band of moderate intensity at 1243 cm-1 

shifted to the same place as the shifted very broad, very strong band due 

to Ylir This resulted in the appearance of two bands at 979 and 865 cm-1 

both moderately strong and fairly broad. This effect may be due to Fermi 

resonance between YPN and the N-D deformation mode. 

* The shifts decrease, however, with increasing temperature. 
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6. The effective magnetic moments at room temperature of (C) (1.8 B.M.) 

and (D) (1.6 B.M.) are typical values for Os(IV) complexes 99. 

3 - B -. 2 Osmium and ruthenium complexes with tertiary phosphinenitride  
ligands (NPR

3
). 

The reaction of Bu2NFRuNC1.47 with PPh3,and Bu4NCOsNX43 (X = 01,Br) with 

PEt2Ph in cold acetone did not give analogues of the triphenylphosphine-

nitride complex Ps(NPPh3)013(PPh3)0, (C). These reactions and their pro-

ducts are discussed in Sec. 3 - C. Analogues of (C) were however readily 

prepared by reacting dry, deoxygenated acetone suspensions of the nitrido 

complexes PINC13  (AsPh32 (m Os,Ru) with a variety of tertiary phosphines 

at room temperature, which gave the paramagnetic species PEPR3)C13(PR3)2] 

(PR3  = Par  PPh2Et, PEt2Ph, PEt3, PPh2Ne). Using [OsNBr3(AsPh3)] as 

starting material we isolated Ebs(1 Th2Et)Br3(PM2Et).21 and Eps(NPEt2Ph)Br3  

(PEtPh)). The magnetic moments at room temperature of these products are 

B.M. for osmium complexes and "2.9 B.M. for ruthenium complexes, which 

are typical values for Os(IV) and Ru(IV) species 102  

Dimethylphenylphosphine reacted differently with [W.C13  (AsPh3'2-3 under 

similar conditions, giving the intermediate species Pi(NPMe2Ph)C13(AsPh3);1. 
The osmium complex was oxidised back to the starting material in 90, yield 
by chlorine (Sec. 3 - A - 2), confirming that the phosphine had attached 
itself to the nitrogen in these complexes, rather than partially substituting 

the arsine. We suceeded in preparing Es(NPMe2Ph)C13(PMe2Ph)] by reacting 

the phosphine directly with Bun[OsNC11 in ice-cold acetone, after the 4 	4 
manner of the preparation of (C), probably because the complex is rather 

insoluble and can be quickly filtered off. The general unsuitability of this 

method for preparing phosphinenitride complexes can be attributed to the 
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presence of a displaced, poorly sobratedl nucleophilic chloride ion in the 

reaction mixture, which in turn displaces the phosphinenitride ligand. 

3PR3 	[OsNC1L-1.]-  -.40s(NPR3)C13(PR3)21 Cl 

3PR3  + [OsNC13(AsPh3)2] --:,10s(NPR3)C13(PB.3);1+ 2AsPh3. 

The triphenylphosphinenitride ligand in Ehu(NPPh3)C13(PPh3);1 was 
recovered as aminotriphenylphosphonium chloride, Eph3PNH;1C1 by treating 

an acetone suspension of the complex with Ph
4 
 As[H5 02-1C12'  thus confirming 

that this ligand is indeed present, as in the osmium complex 

50s(NPPh3)C13(PPh3)1 (Sec. 3 - B - 1). Attempts to prepare a ruthenium 
analogue of EVs(NHITh3)014(PPh3)J by reacting ElluITC1z(AsPh3)23 in acetone 
with triphenylphosphine in the presence of Ph4As[H502,]C12 gave only 

Ph4As[IiuC14(Plph3)3 and EPh3PNHIC1. 

3 - B - 3 Solution propel:112s of [k(NPR3)C13(PR3);]. 

The i.r. and n.m.r. spectra of chloroform solutions of these complexes 

show that they decompose in solution, in some cases very quickly. Where we 

have been able to obtain solution data it appears that these complexes are 

non-conductors in acetone, and have molecular weights of approximately 85% 

of their formula weights in benzene. These rather low values may indicate 

that slight dissociation of the complexes occurs, or, more likely, that some 

decomposition occurs during the time taken for the measurement. 

3 - B - 4 Infra-red spectra of EI(NPR3)C15(Pli3)23.  
Selected bands from the i.r. spectra of these complexes are presented 

in Table 3.2. The main feature of the spectra is a very strong, broad 

absorption near 1125 cm-1 which we assign to the P-N stretching vibration, 
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ON 

TABLE 3.2. 

E0s(NPPh3)C13(PPh3)2].Me2C0 

1:06(15NPPh3)C13(PPh3)2].Me2C0 

Osmium and Ruthenium Phosphinenitride complexes. 

m.p.Toc.  

136 

y 	cm-1  
PN  

1127s,br 

1104s,br 

-1 y 	cm 

309s 

294s 

285msh 

309s 

293 s 

284msh 

n.m.r. spectra, (r) in CDC1; 

E0s(NPPh2E0C13(PPh2Et)2].Me2C0 132 1085s,br 309s 7‘ 

285s 

269s 

1:0s(NPEt2Ph)013(pEt2Ph)2] 134 1204s 300ssh 9.42, 8.12(triplet): 4.08,3.60(doublet of quartets); 

290s 1.72; 1.32; 0,02(v.complex);-2.92(triplet); 

276ms -11.8(doublet): 	T = 0°C 

rOS(NPEt3)C13(PEt3)2] 1125,s,br 292s 12.36(CH2 	of Et3PN-); 4.38(CH2 	of PEt3): 3.50 

269ms ,(CH3 	of PEt3) -0.08(CH2 	of Et3PI\r): T = -50°C 

E0s(NPPh2Me)C13(PPh2Ms)2] 165 1128s,br 309s 9.00:  8.10: 7.86: 	6.64: 4.64: 3.64: -0.42(triplet) 

(decomp) 296s -8.92: -15.65: 	T = 0°C 

[Os(NPMe2Ph)C13(PMe2Ph)2] 95-102 

(decomp) 

1165vs,br 299s 

286s 

11.40: 8.50: 	7.65: 5.35: 4.00: 2.20: 0.00(triplet), 

-12.65(doublet), 	(T = CPC) 

270s 

[0s(NPMe2Ph)C13(AsPh3)2] 156 1081vs 323s 

294m 7' 

[0s(NITh3)Br,(PPh3)2].Me2C0 122 1125s,br 212s 



TABLE 3.2. contd. 

[0s(NPPh2 Et)Br3  (PPh2 Et)2 ] .Me2  CO 154 	1090s ,br 
( dec omp) 

213s 

1:0s (NPEt2  Ph)Br3  (PEtz  Ph)2 

1:Ru(NPPh3  )C13  ( PPh3  )2 .Me2C0 

1160s 

150 decomp 1108s , br 

205s 

325s 
301s 
280m 

ritu( NPPh2 Et )C13  (PPh2St)2  ] .111e2  CO 	ilk 

pu(NPEt2 Ph)C13  (PEt2 Ph)2 	134 
decomp 

L-Ru(NpEt, )c13  (PEt3  )2 3 

pu(NPPh, me )c3., (PPh2  me )2 	143 

ERu(NPMe2 Ph)C13  (AsPh3  )2 	• /— 

1063s , br 

1165,s,br 

1099s , br 

1114s , br 

1055vs 

317s 
290s 
269s 

320msh 
,7,02s 
259s 

311s 
291ms 

317s 
297ms 

325s 
310ms 
28 6rn 

IC Not measured. 



lipa, since it shifts from 1127 to 1104 cm 
1 	15 on N substitution of 

[0s(NPPh3)C13(Plph3)2]. The frequencies of '10  here are rather lower than in 

R
3
P . NY (Y . alkyl, aryl, p -substituted tosyl), where this frequency has 

been correlated with the electronegativity of Y and R 
101. As the electro-

negativity of Y increases, so the frequency of YpN  falls, and a comparison 

of YPN 
for ruthenium and osmium complexes of the same phosphine would seem 

to indicate that Ru(IV) is here more electronegative than Os(IV), although 

mass effects might complicate the relationship. A comparison of"YpN  in 

[0s(NPMe2Ph)C13(PMe2Ph)d (1165 cm-1) and Eos(NPMe2Ph)C13(AsPh3)-23 (1081cm-1) 

shows that, as one might expect, the ligand PMe2Ph renders the Os(IV) ion 

less electronegative than does AsPh3. 

of R increases, so does'YpN 
101• Such  

In contrast, as the electronegativity 

changes in"YpU caused by changing the 

R groups of the phosphinenitride ligand in these complexes are obscured by 

the change in the electronegativity of Y (i.e. the metal) caused by the 

corresponding change in the phosphine ligands. 

We have not been able to identify YmN in the i.r. spectra of these com-

plexes, nor can we deduce their configuration from the number of i.r. active 

metal-halogen stretching modes, since for each of the three possible isomers 

three such i.r. absorptions are expected (See Sec. 3 — A - 6). Two or some-

times three bands are seen, and the absorption profiles vary as the phosphine 

is varied, although the profiles are similar for complexes of the same 

phosphine with different metals. From steric and electronic 'considerations, 

however, we might expect that these complexes had trans phosphine and merid-

lanai chloride ligands. 

3 — B - 5 Infra-red spectrum of rOs(11EPPh3)014(PPh3)D.Me2CO, (Table 3.3.)  

The P-N and N-H vibrations of this complex are discussed in Sec. 3 — 0 — 1. 
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TABLE 3.3. 

Infra-red spectrum of rOs(NHPP117 )4C14(PPh3 )].Me2CO3  cm-1. (M.p. 163°C) 

NH NH Y.PN YbsN ()sm.. 

E0s(NHPPh3 )014(PPh3 )].(CH3 )2C0 3299ms 1243ms 924vs 586s 333s, 320s, 

303s, 289s, 

U0s(NDPPh3 )014(PPh3 )].(CDO2C0 2445ms 979ms+  $65ms+  572s 334s, 319s 

302s, 290s 

E0s(15NHPPh3 )014(PPh3 )].(CH3)200 3291ms 1240ms 90 6vs , 579s 33+s, 320s 

301s, 290s 

4. See text. 



For its two possible geometrical isomers, V and VI we would expect four 

(3A' 	) and two (1A 1E) i.r. active osmium-chlorine stretching modes 

respectively. 

Cl 

Cl 

Skeletal 
symmetry: 

PPh 

NH 

Cl 

Cs 

3 

Cl 	Cl 

PP h3 	Cl 

• 

V 

\ 
PPh 

3  
NH 

Cl 

0  

Cl 

PPh, 
2 

VI 

C
4v 

We see four bands near 300 cm 1  which do not shift on deuteriation or 15N 

substitution of the complex, and therefore conclude that it has configuratim 

V. 

3 - B - 6 IH n.m.r. spectra of fT1(1TPR.
3 
 )01

3 
 (PR

3  )2
-3. 

 

We have made preliminary studies of the 1H n.m.r. spectra of these species, 

and find that all show sharp resonances with chemical shifts greater than 

those observed in diamagnetic complexes. Sharp, shifted 1H n.m.r. spectra 

have been reported for paramagnetic tertiary phosphine complexes of Os(IV) 

and Re(III) (d4) 98'99  and W(IV)(d2) 103, though there are several differences 

in direction, magnitude and temperature dependence of the chemical shifts 

between the d4 and d
2 
systems. Os(IV) and Re(III) complexes which exhibit 

temperature independent paramagnetism are said to have a diamagnetic ground 
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state with moments caused by mixing in of a triplet state of only slightly 

higher energy 
102'104.  The abnormal temperature dependence of the spectra of 

Os(IV) complexes has been related to this effect 98'99.  The low room temp-

erature moments of W(IV) complexes are due to a high spin-orbit coupling 

constant. 

The spectra of our Os(IV) and Ru(IV) complexes are listed in Table 3.2., 

although only for )s(NPEt3) C13(PHt3)1 have assignments been made. The 
9% 

spectra of the Os(IV) complexes differ from those which have been reported, 

principally in that the temperature dependence of the chemical shifts is an 

inverse function of temperature, and that upfield and downfield shifts over a 

range of 35 p.p.m. ( T= -20 to T= 15)-are seen. The spectra of our Ru(IV) 

complexes show similar shifted spectra, with rather broader lines, even though 

they have moments of 0.2.9 B.M. A thorough study of the IH and 31P n.m.r 

spectra of our Ru(IV) and Os(IV) phosphinenitride complexes, coupled with 

studies on the temperature dependence of.their magnetic moments would clearly 

be of considerable interest. 

3 - B - 7 Structure and bonding in phosphinenitride complexes. 

Preliminary X-ray data for the complex 1 u(PPEt2Ph)C13(PEt2Ph)2] (E) 

are in agreement with our proposed structure for the FI(1PR3)C13(PR3)21 

complexes. There is distorted octahedral coordination about the ruthenium atom 

with trans phosphine and meridional chloride ligands, and flu-CI bonds rather 

longer than in Du2NC18(H2O)P3-. In these respects the complexc(E) 13 

similar to the .rhenium imido 	complexes De(NR)C1
3
(Plif 3)2 

(R a PhOAc, 38.PhOMe, 38  CH3 • 39
). The important structural feature of (E) 

is the presence of a slightly non-linear, Ru-N-PA system (4:RUN ,165°), 

with an overall Ru-PA  distance of 3.458. Phosphorus-nitrogen single and 
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double covalent bond lengths have been estimated at 1.788 and 1.64R respect-

ively 
2
, and so there is likely to be considerable multiple bonding between 

the.nitrogen and ruthenium and/. or phosphorus atoms. 

A possible bonding scheme involves multiple Ru-N bonding and a polar 

=N Pc. bond. We take the Ru-N bond as the z axis and choose x and y 

axes along the Ru-Cl and Ru-P bonds. 

x 
4 

y 

Ru 	 	cmg. z 

If there is sp hybridisation on the nitrogen, then overlap between 

nitrogen 2x, and 2p orbitals and ruthenium 5d
xz  and 5dYz 

 orbitals is possible 

    

anti-bonding 

5d xz 
5d yz 
5d
NY 

    

Ruthonium-nitrogen 

    

    

7('-bonding 
2px  

2p 

    

    

    

    

bonding 

The four nitrogen p electrons fill the two bonding orbitals, two of the 

four ruthenium electrons pair up in the non-bonding 5dxy  orbital with the 

two others remaining unpaired in antibonding orbitals. This scheme gives a 

total Ru-N bond order of two and a :-)P-N = single bond. There may of course 
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also be Pk - Pd  bonding but overlap of a prr  - du  type is probably more 

favourable for N-Ru than N-P bonds. In the anion C(H20)014Ru-N-RuCl4(OH2)33-  

there is a linear Ru-N-Ru system 5, and this has been attributed to such 

Ru-N-Ru du - pu- dn. bonding (Sec. 1 - A - 4). In [Ph3P-N-PPh31+, however)  

Pi4P is near 140°, and could be smaller but for steric interactions 110.  

In Fa2P = INe the nitrogen adopts sp
2 
hybridisation and only one of the 

nitrogen lone pairs is involved in N-P R TT  — do  bonding 111 

A consequence of our bonding scheme for phosphinenitrides is that the 

energy of the metal d and d orbitals is raised above that of the d xz 	yz 	 xY 

orbital. Thus in the osmium (IV) phosphinenitride complexes it is possible 

that the normal ordering of singlet ground state and low lying triplet 

excited state is reversed. If such an effect occurs, we would still expect 

rather low room temperature magnetic moments because of a high spin-orbit 

coupling constant, but these should be temperature dependent. Furthermore 

a normal temperature dependence for IH n‘m.r. chemical shifts for these 

complexes might be expected. 

3 — B - 8 Nitrene-like behaviour of the nitrido ligand in osmium (VI) 

and ruthenium  (VI) complexes. 

The reaction of N(VI) nitrido complexes (N = 0s1Ru) with tertiary 

phosphines to give M(IV) phosphinenitride species D(NPR3  )C13  (PR3  )2-1 is 

unusual. We propose that the highly electronegative N(VI) ion renders the 

nitrido ligand susceptible to nucleophilic attack, i.e. the nitride is 

showing electrophilic nitrene-like behaviour: 

..
: VI : : : N : 	4 	 : PiIV  : N 

• • 	 • • 

1V " Ir N ' 	 IV ..  „ : N 	: PR
3 	

• 	: N : PR << : 11 : N : : PR
3 • • 
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This is in contrast to Re(V) nitrido complexes, where the nitrido 

ligand shows weak nucleophilic properties 85. 

There has been considerable recent interest in the stabilisation of 

the radical nitrene (NH) by coordination to a metal. Nitrene is an inter-

mediate in the decomposition of hydrazoic acid 105, and the decomposition 

of azido complexes has been shown to give electrophilic intermediates which 

probably contain coordinated nitrene 55'57'58. One might expect nitrene to 

be stabilised by metals in low oxidation states via 11 -1i bonding, and 
do  px  

Re(III) organo-nitrene species 108 and one of them shows some evidence for 

nitrene-like behaviour 109  

In our reactions, we have shown that stable nitrido complexes probably 

undergo nucleophilic attack at the nitrogen atom by a phosphine ligand and 

thus might be better described as complexes of deprotonated nitrene, IC. Other 

nucleophiles e.g. Cl, 2,2'-bipyridine, triethyl- and triphenyl- arsine and 

triphenylstibine do not however give similar reactions. The formation of 

complexes of phosphinenitride may perhaps be related to the ability of 

phosphorus to form stronger x-bonds to nitrogen in this situation than any 

of these other nucleophiles. 

indeed stable complexes of alkylnitrenes RN are known for Fe(0) 105  and 

Ir (I) 107. Some Re(V) organo-imido complexes could also be formulated as 
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3 — C. MISCELLANEOUS REACTIONS OF OSMIUM AND RUTHENIUM NITRIDO COMPLEXES  

WITH PPh
3 

AND PEt2Ph. 

These reactions are illustrated in Figure 3.2. for DsNC1 -1. 4 

3 — C — 1. Reactions. 

We have shown (Sec. 3 — B 1) that the reaction of PPh
3 
with RDsNX.1 

4 
= Ph

4 
 As
' 
 BunN- X =.C1, Br) in cold acetone gave the phosphinenitride ' 

complexes tos(NPPh3  )X3  (PPh3  )2-3.1,1e2  CO. Similar reactions using other tertiary 

phosphines and EpsNXT or any phosphine and DuNCli did not give phos-

phinenitrides. From the reaction of PEt
2Ph with Ph4 

 As[OsNX
4
-1 and PPh

3 
with 

PhesrRuNCQ in cold acetone we obtained Phes[osX4(PEt2Ph)2-land 

Ph
4
AsDuCl

4 
 (PPh

3 
 )1
2
. These products are analogues of Ph

4
As[OsC1

4 
 (PPh

3  )
-]
2  

which is produced when PPh
3 
is reacted with Ph

4
AsEpsNci

4  1 in hot acetone. 
The similarity of all these products suggests that the reactions all proceed 

via intermediate phosphinenitride species, which are unstable under these 

conditions. The products are 1:1 electrolytes in acetone or dichloromethane 

and have typical magnetic moments for Os(III) or Ru(III) species. 

The phosphinenitride complex Ds(NPPh
3  )C13  (PPh3  )2-] (C) was not obtained 

if the reaction between PPh
3 
and rosNC1

4
-1-  was carried out in some solvents 

other than cold acetone. If acetone-aqueous HC1 was used then [OsC14(PPh3),;.3 

was obtainedl end if methanol was used then a red product, probably 

Ells(OMe)2C12(PP113)1 was formed. . It is likely that the phoshinenitride (C) 

is an intermediate in these two reactions, since it reacts with these two 

solvents to give the same two products. A solution in dichloromethane of 

gls(OMe)2C12(PPh3);.1 gives glisC14(PPh3)-21 when shaken with aqueous HC1. For 

this reason we prefer its given formulation to Ps0(0Me)C12(PPh3);1 (which 
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[sC1 (PPh )2] 

aci.HC1, 

Me2C0 

PPh
-rd-LOs(liPPh33  ( PPh3  )2  1 ' Me2C0 

PEt

2 

 Ph. 

Me2C0 
PFh3, /Y1e2  CO 60°C 

FIGURE 3.2. 

Ph As LosCl (PEt Ph) 	 Ph As E0sC1 (PPh ) 4 	4 	2 2 	 4 	4 	3 2 
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would have virtually the same analyses), since one would expect such an 

oxo complex to give the stable DsOC1
3
(PPh3  )-]2  19  under these conditions. 

3 - C - 2 Structures. 

We assign trans structures to the bis-phosphine tetra-halo complexes 

[OsC14(PH13)27 and [..i:)sX4(PRI/3)-21-  (X . Cl, Br, PRII3 = PPh3, PEt2Ph), since 

the i.r. spectra of the chloro complexes show only one strong Os -C1 stretching 

absorption (sometimes split by solid state effects). We would expect one 

such band for a. centrosymmetric D
4h 

 complex with trans configuration, where- 
 

as for a -cis configuration (C2v), four i.r. active ICI-Cl stretching modes are 

expected. A similar trans structure has been found for EbsC14(Pme2Ph) 1123 9 

and assigned to Ph
4 
 AsDuCl

4
(PPh

3)2' 
113 

• 

The i.r. spectra of [ps(OCH3)2012(PPh3)3 and rOs(OCD.3)2C12(1Th3)2] 

show that a methoxo ligand 114  is present in these complexes. There is a 

strong, low frequency C-H stretching vibrationyasCH3  at 2Z99 cm-1, 

-\ OrasCD32038cm
-1) and a band assigned to Y 	at 1022 cm (lo 	995 cm

1
). 0-CH 	

1 
3 	 c D3  

Inconsistent analyses preclude positive indentification of this compound, 

but we exclude the possibility of 	 3' E)s0(0Me)C12  (r.vr 127] on chemical grounds - 	'  

(Sec. 3 - C - 1), and also since there is no strong i.r. band near 850 cm-1  

where one would expectYoso. 
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3 - D. EXPERIMENTAL. 

All manipulations involving air-sensitive tertiary phosphine ligands 

were carried out in dried, deoxygenated solvents under an atmosphere of 

nitrogen. 

3 - D - 1. Complexes of the type fi4TX3(L'Ph3)1:  M = Ru, Os, 

X - Cl, Br, Lir = As, Sb. 

To a rapidly stirred solution of L'Ph
3 
(1 g) in boiling methanol (6 ml) 

was added ButINPNX1 (0.1 g). The immediate precipitate of the product was 
• 4 

filtered off, washed with acetone and air dried on the filter. 

a) Trichloronitridobis(triphenylarsine)osmium (VI), COsNC1 (AsPh 
3 -- 3 

Pink-brown diamagnetic precipitate, (90%). (Pound: 0, 47.0; H, 3.4; 
Cl, 11.4; N, 1.7. C36H30As2C13NOs requires C, 46.9; H, 3.3; Cl, 11.5; 

N, 1.5%). 

b) Trichloronitridobis(triphenylstibine)osmium (VI), 1OsliC1 (SbPh 3 	3 2 • 

Orange diamagnetic precipitate, 85%. (Found: C, 42.6; H, 2.9; 

Cl, 10.4; N, 1.5. C36H30C13NOsSb2  requires C, 42.5; H, 3.0; Cl, 10.5; 

N, 1.4%). 

c) Tribromonitridobis(triphenylarsine)osmium (VI), Isomer A, 

[OsNBr3(AsPh3);]. 

Brown diamagnetic precipitate, 85%. (Found: C, 40.9; H, a,9; Br, 22.6; 

N, 1.5. C36H30As2Br3NOs requires C, 40.9; H, 2.9; Br, 22.7; N, 1.3%). 

d) Tribromonitridobis(triphenyl stibine)osmium (VI), 5701sNBr3(SbPh3);3. 

Orange diamagnetic precipitate, 85%. (Found: C, 37.4; H, 2.6; Br, 20.7; 

N, 1.4. C3030Br3NOsSb2  requires C, 37.6; H, 2.6; Br, 20.8; N, 1.2%). 
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e) Trichloronitridobis(triphenylarsine)ruthenium (VI), U-RUNC13(AsPh3)27.1 

Brown-yellow diamagnetic precipitate, 80%. (Found: C, 51.5; H, 3.8; 

C1, 12.5; N, 1.7. 036H30  As2C13NRu requires C, 51.9; H, 3.6; Cl, 12.8; 

N, 1.7%). 

f) Trichloronitridobis(triphenylstibine)ruthenium (VI),IlluNC13(SbPh3)a] 

Orange diamagnetic precipitate, 90%. (Found: 0, 47.3; H, 3.3; Cl, 11.8; 

N, 1.4. C36H30C13NRuSb2  requires C, 46.6; H, 3.3; C1, 11.5; N, 1.5%). 

3 - B - 2 	 LpTribromonitridobistrihen nerB, 

EOsNBr3(AsPh3)2Tj 

A solution of triphenylarsine (1.0 g) and Bu7IN[sNBr] (0.15 g) in cold 

acetone (12 ml) was set aside for 48 hours. The brown microcrystalline 

precipitate (50%) was filtered off, washed with acetone and air-dried. 

(Found: C, 41.1; H, 3..0; Br, 22.7; N, 1.5. C3030A Br3NOs requires 

C, 40.9; H, 2.9; Br, 22.7; N, i.3%). 

3 - D - 3 Trichloronitridobis(triethylarsine)osrnium (VI), C6sN013(AsEt3)2] 

n... 	-1 Triethylarsine (, ml) was added to a solution of Bululus-L.101
4
j (U.5 g) 

in de-oxygenated acetone (2 ml). The mixture was poured onto a watch glass 

and the solvent allowed to evaporate, until a sticky mass of red micro-

crystalline precipitate remained. The precipitate was washed onto a sinter 

with the minimum amount of acetone (1 ml), filtered off, triturated with a 

further portion of acetone (1 ml) and air dried on the filter, to give a 

red microcrystalline solid (5a/0). (Found C, 22.4; H, 4.9; N, 2.0. 

C12H30As2C13N0s requires C, 22.7; H, 4.8;  N,  2.2%). 
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3 - D - 4 (2,2'- bipyridine) trihalo nitrido-osmium (VI), 

C:OsNX
3 
 (bipy)1 (X = Cl, Br) 

Solutions of 2,2' bipyridine (1.0 g) and Bli,l/T[OsNX3 (0.2 g) in acetone 

(5 ml) were set aside for 24 hours and the microcrystalline precipitates 

filtered off and washed with a small amount of cold acetone. 

a) (2,2'- bipyridine)trichloronitrido-osmium (VI) U0sNC13(bipy)]. 

Deep red microcrystals, 60%. (Found: C, 25.8;  H, 2.1;  Cl, 22.7, N, 8.9. 

C10II8C13N 07 requires C, 25.7;  II, 1.7;  Cl, 22.8;  N, 9.0%). 

b) ;(22'.:24T=tdirT)trQ=onitrido-osrli3Tum r
3
(bip)3. 

Purple micro-crystals, 50. (Found:BF. 39.0;  N, 6.9. C10Her3E30s 

requireslrl  40.0; N, 7.0%). 

3 - D - 5 Trichloronitridobis(terti=phosphine)osmium (VI), 

E0sNC13(PR3)-.3  (PR3  = PPh3IPPh2Et,PEt3,Pa211e,PMe2Ph. 

Finely ground Ds(NPR3)C13(PR3).23 (0,2 g), (see below) was suspended 

in methanol (2 ml), and chlorine gas passed through the solution until all 

the starting  complex had reacted (5-30 sec). The brown to yellow complexes 

precipitated from the solution within one minute and were filtered off and 

washed with 1 ml cold methanol. The yields were 50 - 70%. 

a) TsichlttLidobi2Lp,triheniif phasphineosmiuil ;NC1 (PPh 3 	3) 2 
Brown complex (60g). (Found: C, 51.6;  H, 3.8;  Cl, 12.9;  N, 1.8. 

C36H30C13N0sP2 requires C, 51.8;  H, 3.6; Cl, 12.7; N, 1.7%). 

b) Trichlorobis(ethyldiphenylphosphine)nitrido-osmium (VI), 

[OsNC13  (PPh2  Et)2]. 

Light brown complex (60%). (Found: C, 45.2; H, 4.0;  Cl, 14.7;  N, 1.8. 

C28H30C13N0sP2 requires C, 45.5; H, 4.1;  Cl, 14.4; N, 1.9%). 
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c) Trichlorobis(diethylphenylphosphine)nitrido-osmium (V1), 

rOsNC13(2 2F11)-21. 

Yellow-brown complex (70%). (Found: C, 37.5; H, 4.7; Cl, 16.7; N, 2.1. 

C20153 0C13NOsP2  requires C, 37.4; H, 4.7; C1, 16.6; N, 2.2%). NW. 633; req. 643. 

d) Trichloroni122211(Iri211t1plamaine)osmium (VI1ILEC13(PEt3)0 

Brown complex (50%). (Found: C, 2b.4; H, 5.4; 01,20.2; N, 2.5. 

Cl2H30C1 
 3NOsP2  requires C, 26.3; H, 5.5; Cl, 19.4; N, 2.6%). 

e) Trichlorobis(methyldiphenylphosphine)nitrido-osmium (a), 

t0sIT13  (PPh2  Me)2-3. 

Light brown complex, (70%). (Found: C, 43.6; H, 3.8; Cl, 14.9; N, 1.9. 

C26H26C13N0sP2 
requires C, 43.9; H, 3.7; Cl, 15.0; N, 2.0%). M.W. 671; req. 711. 

f) Trichlorobis(dimethyl- osmium- , 

DsNC1 (PMe Ph);I. 3 	-2 

Yellow brown complex, (65%). (Found: C, 32.9; H, 4.0; Cl, 19.1; N, 2.3. 

C161122 C13NOsP2  requires C, 32.7; H, 3.8; Cl, 18.1; N, 2.4%). 

D - 6 Trans-trichlorobistr -

nitride)osmium(IV)acetonate, [Us(NITh3)C13(1Th );1,1,7e CO. 

To a stirred solution of triphenylphosphinei(0.2 g) in dry, cold acetone 

(4 ml) was added Bill•NCOsNC1
4 

 3 0.1 g). Orange crystals (90%) precipitated 
 

from the solution after one minute and were filtered off and washed with 

acetone. (Found: C, 59.4; H, 4.2; Cl, 9.0; N, 1.3; 0, 1.6; P, 8.0. 

C
57
H
51
C1
3
NOOsP

3 
requires C, 59.3; H, 4.5; C1, 9.2; N, 1.2; 0, 1.4; P, 8.2). 
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3 - D 7 cis-te-11---'acillor trilen inimine) 

osmium(IV) acetonate, FOs(NBPPh3)C14(PPylMe2CO. 

To a rapidly stirred solution of triphenylphosphine (0.25 g) in acetone 

(4 ml) was addedan intimate mixture of Ph4Asti1500C12  (0.2 g) and 

Buli
4
t[OsNC1

4 
(0.1 g). The bright red precipitate (75%).  was filtered off 

after two minutes stirring and washed with acetone, then methanol,and air-

dried. (Pound: C, 50.5; H, 4.1; Cl, 15.1; N, 1.8; P, 7.2. 0
39

11
37
01
4 

NOOsP2 

requires C, 50.4; H, 4.0; Cl, 15.3; N, 1.5; P, 6-7%)• 

3 - D - 8 Complexes of the type Uk(NPR3)X3(PR3);),(M a Ru, Os; 

PR
3 

 PPh3, PPh2  Et PEt2  Ph PEt3, PPh2 
 Me; X = Cl, Br). 

The preparation of all these complexes followed the same outline. We 

report below the method with the generally used quantities of reagents. In 

some cases the method was varied slightly because of the particular solubilities 

of the complexes concerned. These modifications will be listed under the 

appropriate complex. 

To a suspension of 0411X3(AsPh30 (0.3 g) in cold, dried deoxygenated 

acetone (5 ml) in a reaction vessel sealed under nitrogen, was added PR3  

(0.7 g, 0.6 ml) and the solution stirred until all the starting material 

had dissolved. This gave an orange (M = Os) or dark brown (M = Ru) solution 

(30 sec). This solution was injected into ice-cold, deoxygenated 60/80 

petroleum ether, (100 ml), also sealed under nitrogen. The mixture was set 

aside at 00C for up to 1 hour, and the orange (DI = Os) or dark brown (M. Ru) 

precipitate filtered off and air dried. The yields were 60 - 90%. If a 

fluffy yellow precipitate is formed when the reaction mixture is injected 

into the 60/80 petroleum ether, dry acetone (up to 10 ml) must be added to 

redissolve it. 
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a) Trans -trichlorobis(ethyldiphenylphosnhine)(ethyldiphenylphosphine - 

nitride)osmium(IV) acetonate, rOs(NITh2EtIC13(2ph2E102.1Me2e0. 

Orange crystals, 80%. The complex may begin to precipitate from acetone 

solution. It can be filtered off from the 60/80 pet. ether solution after 

5 minutes. (Found: C, 53.6; H, 5.3;  Cl, 10.7; N, 1.4. C45H51
e1
3
NO00

3 
requires C, 53.4; H, 5.6; Cl, 10.5; N, 1.4%). 

b) Trans-trichlorobis(diethylphen,lphosphine)(diethylnhenylphosphine-

nitride)osmium(IV), r0s(NPEt2Ph)C13(PEt2Ph)23. 

Orange crystals; filtered off after 1 hour (50). (Found: C, 44.5; 

H, 5.8; Cl, 13.5; N, 1.8. 
C30H45

C1
3
NOsP

3 
requires C o  44.5; H, 5.6; Cl, 13.1; 

N, 1.7%). Molecular weight in benzene, 682; requires 809. 

This complex is particularly sensitive to water in the reaction solution; 

it readily gives an uncharacterised protonated species ()rPN . 962, 

YNH = 3335 cm 1). 

c) Trans-trichlorobis(triethylphosphine)(triethylphoaphinenitride) 

osmium(IV), Ebs(HPEt3)C13(PEt3)-21, 

Triethylphosphine is nyrophoric, and all the reaction solutions must 

be carefully deoxygenated. [OsNC13(AsPh3)21 (1.0 g), acetone (2 m1))PEt
3 

(1.5 ml) and 60/80 pet.ether, 250 ml, were used to prepare this complex, 

which gave orange crystals (50%). The complex is extremely soluble, and 

air and moisture sensitive. (Found: C, 32.7; H, 6.9; Cl, 16.1, N, 2.1; 

C18H45e, 1
3NOsP3requires C, 32.5; H, 6.8; 1, 16.0; N, 2.1%). 

d) Trans -trichlorobis(methyldiphenylphosphine)(methyldi phenylnhosphine- 

nitride)osmium 	NPPh2  Me1C13  (PPh2  Me)].  2 

Orange crystals filtered off after 10 minutes, 80%. (Found: C, 51.5; 
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H, 4.4; C1, 11.5; N, 1.7. C39H39C13NP3Os requires C, 51.4;  H, 4.3;  Cl, 11.7; 

N, 1.5%). Molecular weight in benzene, 761; requires 911. 

e) Trans-tribromobis(ethyldiphenylphosphine)(ethyldiphenylphosphine-

nitride)osmium(IV) acetonate filDs(NPM2Et)Br3(PPh2Et)2],le2CO. 

Orange crystals filtered off after 1 hour, 50%. (Found: Br, 21.34 

C
45
H51Br3NOOsP3 

requires Br, 20.9%). 

f)  

nitride) osmium (IV), [3s(NPEt2Ph)Br4a2p1)21. 

In this preparation, 200 ml 60/80 petroleum ether were used and the 

resultant solution cooled for two hours at -100C. Orange crystals (25%). 

Very soluble in acetone. (Found: Br, 25.3. C30H45Br3NOsP3  requires 

Br, 25.4%). 

g) Trans-trichlorobis(triphenylphosphine)(triDhenylphosphinenitride) 

ruthenium(IV) acetonate)jill(E2h3)213(1Eh3) LEe222. 

The complex is rather insoluble and did not require precipitation by 

60/80 petroleum ether. Dark brown microcrystals (90%). (Found: C, 63.9; 

H, 4.7; C1, 10.0; N, 1.3. C571151013NOP3Ru requires C, 64.2; H, 4.8; Cl, 10.0; 

N, 1.3%). 

h) Trans-trichlorobis(ethyldiphenylphosEhine)(ethyldiphenylphosphine-

nitride)ruthenium (IV) acetonate, fiiu(NPPh2Et)C13(PPh2Et)].14e2CO. 

Dark brown complex (85%). (Found: C, 58.8; H, 5.4; Cl, 12.0; N, 1.5. 

C
45
H
51
C1
3
NOP

3
Ru required C, 58.7; H, 5.6; Cl, 11.5; N, 1.5%). 

i) Trans-trichisdiethirihenylhoshined -

nitride)ruthenium (IV), Eu(NPEt2Ph)C13(PEt2Ph);]. 

Brown complex (80%). (Found: C, 50.7; H, 6.6; C1, 14.6; N, 1.5. 

C
30  l45 Cl3 

 NP
3 
 Ru requires C, 50.0; H, 6.3; Cl, 14.8; N, 1.9%)• 
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j) Trans -chlor9histriethri-hoshine inenitride) 

ruthenium (IV), 5u(NPEt
3
)C1

3
(PEt

3
) 

The quantities used for this very soluble complex were [RuNC13(AsPh3)2], 

0.5 g, PEt3, 0.7 ml, Ne2CO, 2m1 and 60/80 pet. ether 250 ml. The brown 

air and moisture sensitive precipitate (50%) was filtered off under nitrogen 

and sealed in an inert, dry atmosphere. For other comments see complex 3-I)-8(c). 

(Found: 0, 36.9; II, 7.3; Cl, 18.8; N, 2.2. C18H45C13NP3En  requires C, 37.5; 

H, 7.9; Cl, 18.5; N, 

k) Trans- isme- osphine)(methyldiphenylphosphine-

nitride)ruthenium (IV), &LIT:ph Me)Cl (PPh he)] 2 	3 	2 	2 ° 

Brown complex (70%).  (Found: C, 57.2; H,"4.7; Cl, 12.6; N, 1.9. 

C
39
H
39
C1
3
NP
3
Ru requires C, 57.0; H, 4.8; Cl, 12.9; N, 1.7%). 

3 - D 9 Complexes  of the type_DOPMegh)C13(AsPh3)27.ULLS1011 

To a rapidly stirred solution of[iVC1
3
(AsPh.5)2] (0.5 g) in cold, dried, 

deoxygenated acetone (5 ml) was added PNe2Ph (0.5 ml). The pink (osmium) 

or green (ruthenium) complex (90%) was filtered off after 30 sec. 

a) Trans-trichloro(dimethylphenylphosphineniLIItie)LiaLaine-

osmium (IV), Cbs(NEle2  Ph)C13  (AsPh )3. 
Pink microcrystalline precipitate. (Found: C, 49.8; H, 3.9; Cl, 10.0; 

N, 1.4. C44H41As2C13NOsP  requires C, 50.2; H, 3.9; Cl, 10.1; N, 1.3%). 

b) Trans-trichloro(dimethylphenylphosphinenitride)bistriphenylarsine-

ruthenium (IV), [11(NPfle2Ph)C13(AsPh3
)23. 

Green microcrystalline precipitate. (Found: C, 54.5; II, 4.4; Cl, 10.7; 

N, 1.3. C
44
H
41
As2Cl1TPRu requires C, 54.8; H, 4.3; Cl, 11.0; N, 1.5%). 
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3 - D - 10 Traza-trichlisdimethy1 -helhosi lhen 117 

phosphinenitride)osmium (IV), rOs(NPMe2Ph)C13  (PMe2  Ph)2-1. 

Dimethylphenylphosphine (0.5 ml) was added to a solution of BulliOsNC141 

(0.5 g) in ice-cold, dried, deoxygenated acetone (2 ml). The orange micro-

crystalline precipitate was filtered off after two minutes, and washed with 

a small amount of ice-cold acetone. (Found: CI  39.0; H, 4.7; Cl, 14.8; 

N, 1.7. C24H33C13N0sP3  requires C, 39.8; H, 4.6; Cl, 14.7; N, 1.9%). 

3 - D 11 Recovery of aminotriphenylphsaphonIum chloride from  

[-Os(EHPM3)C14(PPyl. Eb2C0. 

A suspension of [0s(NEPPh
3
)C1
4
(PPh

3
a Me2C0 (0.186 g) in acetone (5 ml) 

was heated under reflux for ten minutes in the presence of tetraphenyl- 

arsonium chloride, Ph
4 
 AsP

5  02 
 1C12  (0.091 g). The solution was cooled and '  

the resultant precipitate filtered off. The precipitate was triturated on 

the glass sinter with methanol (2 ml), and the methanol then collected and 

evaporated on a watch glass. This left a White residue of aminotriphenyl-

phosphonium chloride hydrate, Eph3PNHDC1. H2O (85%). (Found: C, 64.9; 

H, 5.3; Cl, 11.7; N, 4.1. C18H19C1N0 requires C, 65.1; H, 5.8; Cl, 10.7; 

N, 4.2-Y0)-  

A red product (80%) was left on the sinter which was 

tetraphenylarsonium pentachlorotriphenylphosphine-osmate (IV), Ph4AsrbsC15(PPh)  

(Found: C, 50.4; H, 3.5; Cl, 17.5. 0491135As0150sP requires C, 49.8; 

H, 3.5; Cl, 17.5;). Infra-red bands assigned to VOsC1'  318s, 270m. 

3 - D - 13 Miscellaneous Products. 

a) Tetraphenylarsonium tetrachlorobis(triphenylphosphine)osmate (III) 

acetonate, Ph4As[OsC14(1,2h3)21Mp2C0. 

To a hot solution of triphenylphosphine (0.2 g) in acetone (4 ml) was 
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added Ph
4
AsrpsNC1

4
] (0.1 g). The solution was stirred rapidly for two 

minutes giving a yellow, microcrystalline precipitate (60%), which was 

filtered off, washed with acetone and air dried. (Found: C, 57.1; H, 4.7; 

Cl, 11.2. C63H56AsC1esP2  requires C, 58.3; H, 4.4; Cl, 10.9%). Molar 

conductance (in acetone) 62.11-1cm 2  in 10 311 solution. Os-Cl stretching 

frequency: 298cm-1(vs). 

b) Tetraphenylarsonium tetrachlorobis(diethylphenylphosphineloRpAtt 

(III), Ph4AsE0sC14(PEt2P12)1. 

Ph4. As[OsNC14] (0.1 g) was added to a solution of diethylphenylphosphine 

(0.5 ml) in acetone (2 ml). The solution was stirred for two minutes giving 

a yellow microcrystalline precipitate (50%), which was filtered off, washed 

with acetone and air dried. (Found: C, 51.0; H, 4.8; Cl, 13.2. 

0AsC140sP2  requires C, 50.4; H, 4.8;  8; Cl, 13.5%). Molar conductance. 
C44H5 

(in acetone) 62Q-1  cm72  in 10-3M solution. Os-Cl stretching frequency: 298vs. 

c) Tetra-n-butylammonium tetrabromcbis(diethylphenvlphosphine osmate 

(III),Bur:INCOsBr4(PEt2Ph)). 

As the previous preparation, but using Bunli[OsilBr4] (0.1 g); yellow 

brown microcrysta)s (60%). (Found: Br, 15.3; N, 1.6. C_ H 56-66 

requires Br, 15.7; N, 

d) Tetrachlorobis(triphenylphosphinelasmium  .(IV), E0sC14(PPh3)]. 

Ph
4
AslOsNC1

4
3 (0.1 g) was added to a solution of triphenylphosphine 

(0.2 g) in acetone (4 ml) and concentrated hydrochloric acid (1 ml). The 

light brown precipitate (900 was filtered off, washed with acetone and air 

dried. (Found: C, 50.3; H, 3.9; C1, 16.6. C36H30C140sP2  requires 

C, 50.5; H, 3.5; Cl, 16.6%). Os-Cl stretching frequencies: 330s, 323ssh, cm71. 

Br4NesP2  
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e) trans-Dichlorodincobistrihps aiumly, 

E0s(OMe)2C12(PPh3)2] 

A solution of Bui2[0sNC14(3 (0.1 g) in methanol (2 ml) was added to a 

warm solution of triphenylphosphine (0.2 g) in acetone (2 ml). A red 

microcrystalline precipitate was formed which was filtered off, washed with 

acetone and air dried. (Found: C, 53.5;  H, 4.3; C1, 8.5. 

C
38
H
36
C12020sP2 requires C, 53.8; H, 4.3; Cl, 8.4%). Os-C1 stretching 

frequencies: 324s, 313ssh, cm 1. 
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CHAPTER 4. 

POLYNUCLEAR NITRIDO COIPLEXES  

ABSTRACT  

The reactions of K3[Ru2NC18(H20)2]  with chelating and 'a-bonding ligands 

have been studied and a number of new substitution products ootained. The 

product from the prolonged reaction of osmium tetraoxide and aqueous ammonia 

has been reformulated as a trimer with a linear Os-N-Os-N-Os unit. From 

solutions of this complex in aqueous HX, similar trimers Cs310s3N2X11( 

21120 (X . Cl,Br) can be isolated. The polymeric nitrido complex 

KnCOsNBr4 
 1 is described. 

INTRODUCTION. 

The nitride ion 1, like the isoelectronic oxide ion 3  can act as a 

- 	7 	9 terminal ligand, and also bridge two 5, three or four metal atoms in 

linear, triangular or tetrahedral arrays. 

The best known binuclear nitrido complexes are those with 

_IV units (M = Os,Ru) 8. One of these complexes, 

K3[Ru2NC18(1120)) has been studied by X-ray diffraction: it has a linear 

Ru-N-Ru unit, short, equivalent Ru-N distances (1.720R) and considerable 

intra-anionic strain 5. An extensive series of diamagnetic complexes con-

taining this unit with a wide variety ofd;tendant ligands (e.g. Cl,Br, NH3, 

NCS-,NO2 ) have been characterised 8. These normally have the stoichiometry 

[M2NX8Y2] n-, and it is assumed that the two Y groups are trans to the nitride 

as are the aquo ligands in K3[Ru2E018(H20)]. In several of the compounds 

Iv 
the attendant ligands are not normally found in mononuclear II complexes, 
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e.g. [H1V(NH3)5Ci]31-  are unknown. 

The existence of nitrido bridged trinuclear complexes was firmly estab-

lished by an X-ray structure determination of (NH4)4Ur3N(SO4)6(H20)31 7. 
This has a planar, triangular Ir3N unit with fairly short, equivalent Ir-N 

distances (1.918R). The prolonged reaction of osmium tetraoxide and liquid 

ammonia gives the trinuclear Os(VI) complex Os N
7

127 for which a 
3

nitrido bridged structure with a linear Os-N-Os(N)-N-Os unit has been pro-

posed 8. The corresponding reaction between ruthenium tetraoxide and liquid 

ammonia gives 
Ru4N11012H33 which may also contain bridging nitrido ligands. 

It has a similar i.r. spectrum to Os3N709H21 
115 

 

Complexes in which a nitrido ligand asymmetrically bridges two metal 

atoms are also known. For example the tetramer (MOGI 3
4 
has 

Mo = N 	Mo G N... bridges 37, and the polymer K2n[ReN(CN)4]n.nH20 has 

infinite ...Re = N....Re = N... chains 6. The terminal nitrido complex 

[ReNC12  (PEt2  Ph)3] acts as a weak nitrogen donor and forms a presumably 

asymmetric Re G" N...Pt bridge in the heterometallic compound 

[(PEt2Ph)3012Re = N -4- ItC12(PEt3)] 85. 

SECTION 4 - A BINUCLEAR RUTHENIUM NITRIDO COITTI,XES. 

In order to test the hypothesis that the binuclear nitrido complex 

K3Du2NC18(II20)) behaves in its substitution reactions as if it had a 

lower oxidation state than its formal Ru(IV), we have attempted to substitute 

this complex with ligands not normally found with Ru(IV). A more convenient 

starting material than the chloro anion is often the hydroxide 

Ru2N(OH)5.nll20, made by adding sodium hydroxide to aqueous solutions of 

K5[Hu2NC18(H20)2] 8. We have attempted to produce a suitable starting 
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material for substitution reactions in organic solvents by evaporating to 

dryness solutions of Ru2
N(OH)5.nll20 in aqueous HC1. This gives a brown 

material which shows two bands in its i.r. spectrum due to y as.  M2  N'  . and is 

probably [Ru2NC15]la  xH20. 

This complex is quite soluble in methanol, but less soluble in acetone 

and other mild organic solvents. Unfortunately, reactions in alcoholic 

solvents with [Ru2  NC15 n 2 0 readily give reduction rather than substitution 

products. 

4 - A - 1. Carbonyl complexes. 

Solutions of Ru2N(OH )5.nil20  in concentrated aqueous EX (X = Cl, Br) 

N 	N (effectively [Ru2NX8(H20)2
1j 3-) when heated under reflux, slowly took up 

carbon monoxide, and from the resulting solutions Cs
3CRu2NX(CO)j w 

isolated. The reactions only took place in concentrated acid solutions; 

no carbonyl complex was isolated from a similar reaction in 2M HC1. These 

reactions are similar to that between CO and DuClA3  in aqueous HC1 which 

n 2- 116. , gives [Ru(CO)C1
5
] 	here too an increase in the rate of CO uptake with 

decreasing pH has been observed. It is also possible to prepare 

Du2NO18(C0))
3- by heating under reflux a solution of Ru2N(OH)5.nH2O in a 

2:1 mixture of concentrated formic and hydrochloric acids. Again, [RuC16]3-  

. '2- 117 reacts under similar conditions to give [Ru(CO)C1 j 

The i.r. spectra of Cs3tRu2NX8(C0)1 show bands which we assign to 

C-0 stretching frequencies, Yco  at 2038 cm- 1  ( kX = Cl) and 2022 and 1970. 	cm-1  

(X = Br) which are similar in freouency to those in Du(CO)X12 . The 

nitrido complexes also have bands at 1016 (X . C1) and 984 cm-1  (X = Br) 
- 1 which we assign to)fas  M2  N; these are some 50 cm lower in frequency than 

5 
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Ya MN in the corresponding diaquokoctahalo parent complexes. We have not 

been able to obtain Raman spectra for the carbonyl complexes because of their 

poor colours, but the i.r. spectra of Cs3(Ru2NC18(1120)
2
1 and 

Cs3[Ru2NC18(C0)] have similar profiles in the Ru -C1 stretching region, and 

we therefore propose that our two carbonyl complexes contain a linear 

OC -Ru-N-Ru -CO unit. 

If this is indeed the case, then a strong rr-donor ligand,is trans to 

a Tr-accepting ligand, a situation rather similar to that of 

tRu(N0)(NH3)4(NH2)) 2+ 118, where the rare Tr-donating terminal amide ligand 

is stabilised by the presence of a trans u-accepting nitrosyl ligand. The 

N-0 stretching frequency in the amido complex is some 50 cm 1  lower than in 

, Diu(N0)(E
3  )5

3+  j 	and this has been attributed to less Ru-NO a bonding and 
' 

more Ru-0.NO backibonding in the amide. We would therefore expedtY0  in 

our complexes to be subject to two influences. Firstl 

higher than in [Ru(CO)X
5
12-  because of the increase in oxidation state, and 

secondly the influence of the transudonating nitrido group should lower the 

frequency. The similarity in Yo  for [Ru 1  J 2- and ERu2I NX8(CO)Y 

suggests that the effective electron density on the metal experienced by the 

carbonyl ligand is approximately the same in these complexes. The lowering 

of yasRu 2N in the carbonyl complexes probably reflects the competition of 

the nitrido and carbonyl ligands for the same metal t2g Tr-orbitals. 

4 - A - 2. Cyano complex. 

By dissolving [Ru2N(OH)51- .nR2  0 in a hot concentrated aqueous solution 

of potassium cyanide we obtained the very stable yellow cyano complex 

K5ERu2N(CN)101.31120. The water molecules of crystallisation were quantit-

atively removed by heating the complex to 110°C, and thesewere taken up again 

y, yco  should be 
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quantitatively when the complex was set aside in the atmosphere. The i.r. 

and Raman solution and solid state spectra of the complex are presented in 

Table 4.1. 

The i.r. spectrum of K5Du2N(CN)1013H20  was very complex in the C-N 

stretching region near 2000 cm7.1, and also showed high frequency (3500 - 

- 3650 cm 1  ) bands due to crystal water. On dehydration the band structure 

- near 2000 cm 1   became much simpler. This behaviour is similar to that ob- 

served served in Na21Fe(011)5110].2H20 whose i.r. spectrum 
119  near 2000 cm 1  is 

similarly more complex than that of Na2[Fe(0)5(NO)]. X-ray studies 120  

show that the water molecules in Na2[Fe(0)5(NO)12H20 have equivalent 

positions in the lattice and along with_nitrogen atoms from some cyano ligands 

are weakly bonded to the cations. There may also be weak hydrogen bonding 

from the water molecules to the complex anion. 

The Raman and i.r. spectra of K5[Ru2N(CN)10; are very similar in the 

solid state and in solution, which suggests that there is no change of co- 

ordination geometry in solution. In all, seven bands due to Yo. are seen 

in the solution spectra, three i.r. bands and four Raman bands, with two 

of the latter polarised. However, for both the likely configurations of 

[Ru
2
N(CN)

10  1
5-  with either eclipsed cyano ligands (D4h,c.f. [Ru2NC18(H20)2]3-. 5  

or staggered cyano ligands (D4i, c.f.[Co2
(CN)

1(')
36- 121 and  [Yin2(CO)]

122) 

we would expect this number of bands. We cannot therefore distinguish between 

these two configurations on the basis of this study, but the difference in 

band profiles in the 2000 cm-1  region for Du2N(CN)1X-  and Dn2(00)1)123  

suggests that as expected the symmetry of this anion in solution is D
4h
. 

We provisionally assign the highest polarised Raman active band near 
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I.r. aqueous 	 2142m,2121vs, 
solution 	 2044m 

- 	 1006s 

TABLE' 4-.1. 

Vibrational spectrum of 1{5  Ellu2 N(CN)1 0  ] 2  cm-1  

YOH 	 1CN 	 H2 0 
	

yas Ru2 N yS  Ru2 N 

K5  Pu2 N(CN)1 0  ] 	I.r. solid 	 2150m, 2140s, 2138ssh 	 1017sb 
2120s, 2088m, 2078m 
2033m, 2040m 

• 

Raman solid 2155(7),2142(6) 
2134(7),2123(1) 

IMO 2 62 ( 4 ) 

Raman aqueous 	 2156( 	, 2142( 6), 
solution 	 2130( 3) , 2116(1)+ 	 264( 7)+ 

K5 [Ru2 N(CN)10 ].3H2 0 I.r. solid 3625ms 3590s 2143s , 21388 , 2130s , 2122s , 	1635s , 1620s 1010s 
2110s, 2095w, 2080mw, 	1610s 	985s 
2055ms , 2040ms 

.4- Polarised 



- 1 2000 cm to the symmetric stretch of the cyano ligandq and the lower fre-

quency, weaker, polarised band to that of the cyano ligands trans to the 

nitride. This lower frequency probably occurs because the axial cyanide is 

trans to a strongly trans-influencing nitrido ligand. One might therefore 

expect a weaker Ru- Caxial  bond and possibly greater Ru-.PC is-back bonding 

and both these effects would lower y 

This competition for oorbitals between nitride and cyanide may also 

be reflected in the symmetric and asymmetric Ru2N stretching vibrations 

YSRu2 N and 'asRu2N  which are both some 60 cm 71  lower than in 
[Ru2NC18(1120)]3 . A similar fall in the frequency of YReN  is observed in 
the solution spectrum of ERe(N)(CN))3' compared with De(N)(CN)4(H2012- 48,  

to which the penta-cyano complex is readily hydrolysed. Careful Raman studies 

of solutions of 1Ru2N(CN)10]5  show no free cyanide is present in the 
solution even after setting the solution aside for several days at room tem-

perature. 

4 - A - 3 Complexes with chelating ligands  

The 'chelate effect' leads to greater stability constants for complexes 

with chelating ligands compared with similar monodentate donors, due to a 

favourable entropy effect. In the Ru-N-Ru system the increased steric 

requirements of chelating ligands could well produce a correspondingly un-

favourable enthalpy effect in view of the steric constraints resulting from 

the short Ru-N bonds. We have accordingly attempted substitution reactions 

of [Ru2NC18(H20)2]3-  with chelating ligands. 

The 1,2-diaminoethane (dae) complex [Ru2N(dae)4C12] C13.H20 was readily 
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prepared by heating an aqueous solution of K3[Ru2NC18(H20)] under reflux 

with 50% dae. The 2,2'- bipyridine (bipy) complex [Ru2N(bipy)4C12] (PF6)3  

was similarly made by heating under reflux an aqueous solution of 

yhu2NC18(H20)1 with an acetone solution of the amine. If methanol was 

used to dissolve the amine, and the reaction carried out under similar con-

ditions, reduction to the red salt [Ru(bipy)3C12  occurred. Because of 

steric interactions a trans arrangement of bipy ligands is uncommon 124 and 

hence in our binuclear complex it is likely that the chloro-ligands are cis 

rather than trans to the nitrido ligand. 

The reaction of sodium diethyldithiocarbamate, Na.(dtc) with an aqueous 

solutionofic
3
[Ru

2
Nn

8(12
0)
2

gave 	1[Ru2_N(dtc)
4
01], 1Thich is a non-electro- 

lyte in acetone. This may be polymeric in the solid state with 

-Ru-Cl-Ru-N-Ru-Cl-Ru chains. One might expect considerable steric repulsions 

in this complex, since X-ray studies on [Re
205(dtc)41 

63.  show that such 

repulsions cause a staggered configuration of cite ligands on adjacent metal 

atoms, presumably at the expense ofxbonding in the Re-O-Re system. The 

complex [eN(dtc))35  has a five-coordinate structure with an N-Re-S angle 

of 108°. 

4 - A - 4 Miscellaneous reactions. 

We have made several attempts to prepare phosphine derivatives of 

-1 3° [Ru2NC18(B20)2.1  9 but the anion has a marked inertness towards these 

ligands. An acetone/water solution of PPh
3 
and K3Din2NCI8(H20)2 when 

heated gave a small yield of a diamagnetic complex whose i.r. spectrum 

showed a band due to 'as  Ru2  N and had a chlorine to phosphine ratio of 2:1. 

The analyses were consistent with its formulation as K2tRu2NC16(P1113)2(00], 

and this rather odd structure supported by the presence of a band near 
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3600 cm 1 in the i.r. spectrum which we assign to )(OH'  If ethanol/water 

was used as a solvent for this reaction, then reduction occurred giving 

[RuC13(PPh3)1. 

Attempts to prepare nitric oxide analogues of the carbon monoxide 

complexes described in 4 - A - 1 were made by passing NO gas through a 

solution of [Hu2  NC18  (H2  0)132 -  in concentrated HC1 heated under reflux. 

Caesium ion precipitated a soluble yellow salt from this solution within  

at 1850 cm and yas  Hu2  N at 1020 cm
-11  but no pure products were ever iso-

lated. Prolonged reaction times gave Cs2[Ru(NO)C15  I and this material norm-

ally contaminated the yellow salts. An aqueous solution ofglu2NC18(H20)2,13-  

was reacted with hydrazine hydrate in an attempt to prepare a nitrido com-

plex. A vigorous reaction took place, and from the reaction mixture salts of 

the [Ru(NH3)5N21
2+  cation were isolated. 

Attempts to reduce Eftu2NC18(1320)2] 37.were made using a variety of reduc-

ing agents (e.g. SO3
2- 

8204
2-
, SnCl2, BH4-, Na/Hg amalgam), but in no case 

did we isolate products suitable for analysis. The more vigorous reducing 

agents (e.g. BHA ) often produce metallic ruthenium. The yellow solutions 
-r 

of the cyano complex [Ru2N(CN)10]5  were not reduced to the metal by BH
4 

Red solutions were formed from which yellow solutions could be regenerated by 

passing air or adding hydroxide ion to them. Whereas the ions Du2NX8(H20)13- 

(x = C1,Br) give excellent baths for electrodeposition of ruthenium from 

aqueous solution 125, the cyanide anion gives no deposit of metal under similar 

conditions. Refluxing solutions of [Ru2NC18(H20)13-  in formic acid/hydro-

chloric acid (19:1) gave red solutions from which caesium ion precipitated 

red salts which had i.r. bands characteristic of carbonyl, chloride and formate 

ligands, but no bands due to YasRu2N. Dissolution of these salts in dilute 
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aqueous HC1 led to reformation of [Ru2NC18(H20)13-. 
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SECTION 4 - B POLYNUOLEAR OSNaTIM NITRIDO COITLEIES. 

4 - B - 1. Trinuclear osmium nitrido complexes. 

Some early work by Claus 
126 showed that the prolonged reaction of 

osmium tetraoxide with aqueous ammonia yielded a black, diamagnetic, amorp hous 

precipitate said to be E0s02(NH3)2(H20).1. The reaction proceeds via yellow 

solutions which contain the nitrido anion 10s0
3 	

When the black material 

was dissolved in concentrated 11019  [Osel (FH )1 was said to be formed 
126,  

4 3 2 

We examined.the i.r. spectrum of the black material and found that it was 

rather similar to that of os3N70H21' the black, diamagnetic material pro-

duced by prolonged reaction of osmium tetraoxide and liquid ammonia 127 The 

- 1 spectrum had two broad bands near 1000cm , which we assign to the vibration 

of bridging nitrido ligands. A 15N substituted sample of this material was 

prepared by dissolving Kps0
3
150 in aqueous 14NH

3' 
and these bands near 

1000 cm 1  shifted some 20 cm 1  to lower frequencies. This strongly supports 

the presence of nitrido ligands in this complex. The ligands whose vibra-

tions shift must be derived from the nitride in osmiamate, since no 	peaks 

were seen on the spectrum. We therefore reformulate the complex 

[0s3N2(NH3)4(OH)8(H20)). This black material dissolved in concentrated aqueous 

HX, (X = C1,Br) and from the yellow-brown solutions, diamagnetic salts 

Cs Ds N 3 	3 2 11(1E3)31  

of these salts showed the same two strong absorptions near 1000 cm 1 as the 

black starting material. These are lower in frequency for the bromide than 

the chloride salt, and shift some 20 cm-1 to lower frequencies in a 15N sub-

stituted sample of the chloride. Characteristic amine bands were identi-

fied by their shifts ondeuteriation of the chloride complex, which caused 

only a small shift in the bands near 1000 cm71. 

.2H20 were precipitated by caesium ion. The i.r. spectra 

We propose that these complexes have structure I or II, and assign the 
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i.r. bands near 1000 cm 1 to vibrations of the bridging nitridoligands. 

X X NH NH X 
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These species contain osmium in an average oxidation state of +43 

i.e. OsV- 0sIV- OsV  or OsIV- OsVI-OJT, and we rationalise their diamagnet- 

ism using the bonding scheme applied to 'ruthenium red' 129  

CRu3  02  (NH 3 i )„4  ]6+, which has a similar structure with a linear 
RuIII- 0- Rull  -0-RuIII 128 unit. In our complex there are four fewer 

electrons to feed into the multicentre it-bonding system which covers the 

129 Os -N-Os -N -Os unit. It has been proposed -. that in ruthenium red, the three 

filled orbitals of highest energy are non-bonding orbitals, two from a 

combination of the d
xy  orbitals on the terminal ruthenium atoms, and another 

from the d 2 2 orbital on the central ruthenium atom; they have similar x-y 

energies. Thus in our complex the four fewer electrons are missing either 

from the combination of terminal osmium d
xy 

 orbitals givingOsV osIV  OSIT, 

or two from the central osmium d 2xy  2 orbitals, and two from the higher energy 

molecular orbital of the two formed from the terminal osmium d orbitals 
xy 

giving OsIV  - OsVI osIV.  

4 - B - 2 Polymeric osmium nitrido complex. 

Dehydration of the red terminal nitrido salt K[Os(N)Br4(H20).3.H20 

(Sec. 2 - A - 4) at 110°C gave a green substance ISJOsNBri-ljn  which quickly 
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reverted to the starting material on setting aside in the atmosphere. The 

loss and uptake of the two molecules of water occurred quantitatively. A 

comparison of the i.r. spectra of K[OsNBr4(H20)].H20 and K 1PsNBqn  shows 

that, whereas in the former the Os N stretching frequency is seen as a 

very sharp moderate intensity band at 1109 cm 1, in , n the latter it is very 

much broader and stronger and is at 1002 cm 1. There is a similar difference 

n 130 in W a 0 stretching frequencies in monomeric EWOC14
(L)J 	and the polymer 

&on4n 
68  and in Re 0 N stretching frequencies in K3[ReN(CN)5] and the 

polymer K2n.[ReN(CN)].rill2
0 44. We propose therefore that in 

KjOs(N)Brija  there are infinite linear Os = N....Os = N.... chains. 
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SECTION 4 - C, EXPERDEZTAL. 

Tricaesium Dicarbon loctachloro- -nitrido-diruthenate ry) 

gg3[Ru2NC18(C0)21. 

Method (a) The complex K3[11u2NC18(H20)2] (2.5 g) was heated under 

reflux in concentrated hydrochloric acid (25 cm3) under a stream of carbon 

cm3) monoxide (15 h). The solution was cooled, hydrochloric acid (10 cm3j added, 

and the resulting solution set, aside under the gas stream (1 h). The solution 

was then filtered to remove starting material and caesium chloride (2.0 g) 

added to Precipitate the light brown product (30), which was filtered off 

and washed with acetone (Found: C, 1.9; C1, 30.3; Cs, 41.2; N, 1.3. 

C2C18Cs3NO2flu2 
requires C, 2.5; Cl, 29.7; Cs, 41.7; N, 1.5). 

Method (b) The complex K3[Ru2NC18(1120)) (2.0 g) was dissolved in boil-

ing water and the insoluble precipitate Ru2N(OH)5nll20 formed by the addition 

of sodium hydroxide. The precipitate was'filtered off, washed with boiling 

water, and dissolved in formic acid-hydrochloric acid (2:1, 20 cm3). The 

resulting solution was heated under reflux (90 min) and on cooling caesium 

chloride (2.0 g) was added to give a yellow-brown precipitate, which was 

mainly the caesium salt of the starting material. The precipitate was filter-

ed off and acetone (50 cm3) added to the filtrate to precipitate the light 

brown product (10); the latter was filtered off and washed with acetone. 

(Found: C, 2.0; Cl, 30.1; Cs, 42.1; N, 1.5%). I.r. spectrum: 2038s; 1016s; 

590w; 470m; 321m; 300m; and 264m cm 1. 

Tricaesium Octabromodicarbonyl-p-nitrido-diruthenate (Iv), 

3ILiu2nr8(C0)2.1 

An adaption of method (a) for the chloro-complex was used with 
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K3[Ru2NBr8(H20)2], hydrobromic acid, caesium bromide and a reflux time of 

6h. The complex is yellow-brown. (Found: C, 1.7; Br, 49.3; Cs, 31.2; 

N, 1.3. C2Br8Cs3NO2Ru2 requires C, 1.8; Br, 48.5; Cs, 30.4; N, 1.1%). I.r. 

- spectrum: 2022s; 1970m; 984s; 570w; 457m; 4.32w; 245s; and 210m cm 1. 

Potassium Decacyano-11-nitrido-diruthenate (IV), K5tRu2N(0N)1012.020,_ 

The complex K32  NC18  (H2  0)12  (1.0 g) was dissolved in boiling water 

and the insoluble precipitate Ru2N(OH)5,nH2O formed by the addition of sodium 

hydroxide. The precipitate was washed with boiling water and stirred (20 min) 

in a boiling aqueous solution of potassium cyanide (4 g in 10 cm3). The 

cooled yellow solution was poured into methanol (40 cm3) and the yellow prec- 

ipitate (80g) which formed was filtered off and washed with boiling methanol 

(200 cm3). (Found (for the trihydrate): CI  16.3; K, 26.7; N, 20.9. 

requires C, 16.5; K, 26.9; N, 21.2%). ClOH6K51111°311112 

Dichiorotetrakis (1 2-diaminoethane -nitrido-diruthenium 

Trichloride, [Ru2N(dae) Cl 701 4 2— 
013. 

A solution of the complex K5[Ru2N018(H20)2] (1 g) in 

cm3) was added to boiling aqueous 1,2-diamineethane (50%, 

solution heated under reflux (3 h). Hydrochloric acid (2 

the cooled orange solution to precipitate orange crystals of the complex. 

(Found: C, 14.9; 	5.3; Cl, 27.2; N, 19.7. C8H32C15N9Ru2  required C, 15.2; 

H, 5.1; Cl, 28.0; N, 19.9%). I.r. spectrum (neglecting bands due to 

1,2-diaminoethane): 1052s and 315m cm-1. Raman spectrum: 359(6); 353(5); 

260(7); 202(3); and 174(1) cm-1. 

nr) 

boiling water (10 

20 cm3) and the 

cm3) was added to 
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Tetrakis (2,2'-bipyridine)dichloro-g-nitrido-diruthenium (IV) 

Trishexafluorophosphate, fdlu2N(bipy)4C12112?6)3. 

Warmed solutions of the complex K3Du2NU8(H20)23 (1.0 g in 20 cm3  

water) and 2,2'-bipyridine (4.0 g in 30 cm3 acetone) were mixed and heated 

under reflux (4 h). The resulting mixture was filtered, cooled, and a 

solution of ammonium hexafluorophosphate (4 g in 10 cm3 water) was added to 

precipitate the brown complex (80'70), which was filtered off and recrystallised 

from acetone. (Found: C, 36.1; H, 2.4; Cl, 5.0; N, 9.1; P, 6.4. 

C40H32C12F18N9P3Ru2 requires C, 35.6; H, 2.4;.01, 5.2; N, 9.4; P, 6.5). 

I.r. spectrum (neglecting bands due to 2,21-bipyridine and PF6-): 1054m and 

340m cm-1. 

Ghlorotetrakis(diethyldithiocarbamato)-v-nitrido-diruthenium (IV), 

[Ru2NS2CNEt2)4C1]. Hot solutions of the complex K3[Ru2NC18(H20)2] (1.0 g 

in 10 cm3  water) and sodium diethyldithiocarbamate (4.0 g in 10 cm3  water) 

were mixed and warmed on a steam-bath (2 min). The brown precipitate which 

formed was filtered off and dissolved in acetone. This solution was filtered 

and evaporated to dryness to give the brown product (60). (Found: C, 29.6; 

Ho  4.9; Cl, 3.3; N, 8.6; S, 30.2. C20H40CIN5Ru2S8  requires C, 28.4; 

H, 4.7; cl, 4.2; N, 8.3; S, 30.3%). VE- 11(asym) 1030 cm 1. 2   

Potassium hexachlorohydroxotris(triphenylphosphine)-p-nitrido-

diruthenium (IV) [Ru2  NC16  (PPh3  )3  (001  

ipu2Nc18(H20)2] (2 g) was dissolved in 40 ml boiling water, and 

PPh
3 
(6 g) dissolved in acetone (100 ml). The hot solutions were mixed and 

warmed on a steam bath for 15 minutes. The solution was then made up to 

140 ml with acetone, and the precipitate collected on a warmed filter to 

remove K3  [Itu2  NC18  (H22 andreprecipitated with 80/100 petroleum ether. 
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(Found: C, 48.1; H, 3.4; Cl, 15.9; N, 1.1; P. 7.5. C54H46016K2N0P3Ru2  

requires C, 49.4; H, 3.4; Cl, 16.2; N, 1.1; P. 7.1%). I.r. spectrum 

(neglecting bands due to triphenylphosphine ) 3545m; 983s; 848m; 342m; 

314w cm71. 

Ruthenium nitrido nitrosyl complex. 

In a typical reaction, nitric oxide gas, freed from nitrogen dioxide 

was passed through a solution of K32  NC18  (H2  0)2  1 (2 g) in concentrated 

hydrochloric acid (50 ml) heated under reflux. 5 ml portions of the 

solution.were extracted at the hourly intervals and their contents precipi-

tated with caesium chloride. The yellow products obtained after up to three 

hours refluxing showed i.r. bands at 1850 cm 11( ) and 1020 cm-1 ('Y as Ru2  N)- NO 	' 

after six hours refluxing, Cs2tRu(N0)C15 
 was obtained. 

Tricaesium Di-p-nitrido-bis(amminetetrachloro-osnate (V) amminetrichloro-

osmate (IV)) Dihydrate, Cs3E0s3N2C111(NWLZ-120. 

The method of Claus 126-was used to prepare the complex [0s00(NH3 )2201 

which we reformulate [0s3N2(NE3)4(OH)8(1120)?. The black complex (1.0 g) was 

heated under reflux in concentrated hydrochloric acid (30 min) and the 

solution then filtered. To the filtrate was added caesium chloride (2.0 g) 

to precipitate the brown product (402). The latter was filtered off, washed 

with concentrated hydrochloric acid and acetone, and dried at 110°C. (Found: 

Cl, 26.7; Cs, 26.0; N, 5.2. C11E13Cs3N502023  requires Cl, 26.4; Cs, 27.0; 

N, 4.8%). I.r. spectrum (figures in parentheses refer to deuteriated sample): 

3540sb (2430); 3260s (2300); 3200s (2260); 1620s (1225); 1565msh (1140); 

1335s(obc.); 1025ms, 1004+; 970s, 948+; 550m; 450m; and 320s cm 1. 

+15N substituted sample. 
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Potassium catena-p-Nitrido-tetrabromo-osmate (VI), K E0sliBr
4 n
] . 

A sample of the complex K[OsNBr4(H201,H20, prepared by a literature 

method,11  was heated to 110°C (15 min) and the green product sealed in an 

ampoule. (Found: Br, 56.7. Br4KNOs requires Br, 56.8%). Weight loss on 

dehydration: 6.5. Cale. for 2H20: 6.0. 
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CHAPTER 5. 

SULPHAI'IIC ACID AND SULPHANATO COMPLEXES AS SOURCES OF PLATINUM- 

METAL NITRIDO COMPLEXES. 

ABSTRACT 

The new complexes K3(me15(NH2SO3)J 	. Rh, Ir, Ru, Os) and 

K2[PdC12( RH2 
 SO
3  )21 have been characterised and their chemical reactions 

studied. Spectroscopic data suggest that sulphamate is bonded via the 

nitrogen atom in these salts and also in K2[PtX2(NH2SO3)2) (x = Cl,Br,I ) 

and the imido sulphonate Cs4[PtC12(NES03)). The complexes 

K
3Cmcl63. nNH3So3(n = 0.9-1.1) are also described. 

5 — A - 1 Introduction. 
A recent report has described the preparation of the nitrido complex 

(NH )3  [Ru2  NC18  (H2  0)12  by heating together under reflux aqueous solutions of 4  
sulphamic acid and ruthenium trichloride 1 

 . We have therefore examined the 

reactions of this and other platinum-metal chloro complexes with sulphamic 

acid, to see if other nitrido complexes can be made by this route, and to 

identify the intermediate species present in such reactions. In order to 

interpret the vibrational spectra of the intermediate species we have stud-

ied the i.r. and Raman spectra of sulphamic acid, potassium sulphamate, and 

their respective deuteriates. 

Sulphamic acid is a--white, crystalline solid (m.p.205°C) and a strong 

monobasic acid in aqueous solution. Although its aqueous solutions are quite 

stable at room temperature, it is hydrolysed at higher temperatures to 

ammonium bisulphate (40 	
105.  in 6hr. at 80°C) 	Baumgarten proposed a 

zwitterionic structure for the molecule 132  and this suggestion has been 
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verified by a neutron diffraction study 133. The -NH
3 

protons are staggered 

with respect to the 7S05  oxygen atoms and there is extensive N-H....0 inter-

molecular hydrogen bonding. A neutron diffraction study of potassium 

sulphamate has also been made 134, and the anion has the same atomic frame-

work as the acid with one proton removed. The tetrahedral co-ordination at 

the nitrogen atom in this salt indicates that there is no N-S Pn-du, 

bonding, although the N-S distance (1.678) is somewhat shorter than in the 

free acid (1.76R). 

Few complexes of sulphamate ion have been reported. There are the 

platinum complexes K2  EPtX2  (NH2  SO3  )21 (X = Cl, (cis, trnns), Br,I,VH.2  SO3 
 ) 135,  

and also the amine species FM(NH5)5(NH2S05 ] 2+  (M . Co, 136,137 Ru  138).  

..1.-i- 137,138 The complexes EM(NH5)5(NHS05)1 	and K4[PtC12(IIHS05)] 135  are also 

known; the acidity of coordinated sulphamate in aqueous solutions of 

ICo(PH3  )5  (NH2  SO3 
)]2+(pKa  = 5.8)  137 and Du(RH

3  )5  (NH2  SO3  112+  (pKa = 2.6) 138  

is at least 1010 times greater than that of the free ion. 

5 - A - 2. Pre aration of sul hamato and sul hamic acid containin 

complexes. 

( The reaction of hot aqueous solutions of [MC1613  J4= Rh,Ir,Rup0s) 

with sulphamic acid in the presence of potassium chloride gave the 

sulphamato complexes 9215(RH2S03)1 in good yield. A palladium complex, 

K2[PdC12  (NH2  SO3  ) 2] was prepared by warming together aqueous solutions of 

K2[PdC14 
 and sulphamic acid, a method similar to that used to prepare trans- 
 

K2[ptc12(1TH2s03)] 135. From this latter complex were made K2[?tX 2(NH2S05)3 

(X' = Br,I,NH2S05) and Cs4[PtC12(NRS05)] 135  

If aqueous solutions of potassium chloride and sulphamic acid were . 
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added to solutions of DIC1613  in warm 6M hydrochloric acid, then another 

series of complexes, K3[1401].nNH3SO3 (n = 0.9 to 1.1) were precipitated as 

shiny platelets from the cooled reaction mixture. Similar reactions using 

K2[M'C14  (N' = Pd,Pt) did not give complexes containing suiphamic acid. 

Attempts to prepare sulphamato or sulphamic acid complexes using the 

n 2- / 
tetravalent chlorides UM" Clo 	k..K" = Os,Ir) were not successful. The 

reaction of [0s016'
2- 

 with sulphamic acid gave an immediate precipitate of 

( 
4
)
2
[pseld which indicates that this anion readily catalyses the hydrolysis 

of suiphamic acid. 

The magnetic moments of all the new rhodium, iridium, ruthenium and 

osmium complexes were consistent with the presence of trivalent metals. 

The palladium complex was diamagnetic. X-ray powder photographs of the two 

rhodium salts showed none of the lines characteristic of NH
3
SO
3' 

KNH2SO3' 

KC1, K2[RhC15(H20)] or K3DhCl6]. On the.basis of the following spectro-

scopic data, we propose that the sulphamato complexes have a 11-bonded 

sulphamato ligand, and those containing sulphamic acid have this zwitterion 

hosted in a lattice of PM6  )3-  ions. This is in accord with previous 

chemical ecidence for N-bonding in sulphamato complexes 137,138 Also, we 

have been unable to prepare analogues of these species by reacting 

K3[hhC16 with methanesulphonic acid(CH
3 
 SO
3 
 H) or its potassium salt, 

KCH
3
SO
3 
(the anion of which is isoc-electronic with NH2SO3 ) using a variety 

of reaction conditions. This suggests N- rather than 0-bonding in sulpha-

mato complexes, and that the zwitterion nature of suiphamic acid is import-

ant in K3[MC16].nNH3S03. 
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5 - A - 3 Vibrational spectra. 

a) Potassium sulphamate and sulphamato complexes. 

Incomplete data on the Raman 139 and i.r. 140, spectra of potassium 

sulphamate and its deutero-analogue have been reported. In Table 5.1. we 

present the i.r. and Raman spectra of these two species from 200 to 4000 cm 1; 

we use the notation of Katiyar 141  

The symmetry of the sulphamate ion is C
s 
134, and fifteen normal modes 

of vibration are expected (9A' + 6A"), all of which are i.r. and Raman active. 

The -1TH2 vibrations (3A' + 2A") were readily identified by their shifts on 

deuteriation. We reassign Ylls  in KND2S03  to the band near 800 cm-1  in view 

. of the relative intensities of the two Raman lines at 809 and 728 cm 1, this 

mode is mixed with 8 S'  (v ) 141°  ND2 	6  

The i.r. spectra of DiC1
5
(NR2S03A3  (11 = Rh,Ir,Ru,Os) are compared with 

that of KNH2SO3 in Table 5.2. They are consistent with N-bonding of the 

sulphamato ligand. The -NH2  vibrations of complexed sulphamate, identified 

by preparing deuteriated samples of the rhodium and iridium complexes, are 

affected more than the -S0
3 
vibrations by coordination, and vary slightly 

from metal to metal. The asymmetric -NH2  rocking mode 012) is particularly 

affected; its frequency falls to the region in which the corresponding vibra- 

tion tion occurs in mercury (II) amides 9  and platinum-methylamine 	complexes. 

The N-S stretching frequency is lower in the complexes than the free ion. 

The small changes in the -S03  vibrations brought about by coordination are 

s5milar to those seen in S-bonded illiosulphate complexes 143, that is a 

small increase in -SO3  stretching frequencies and a corresponding small 

decrease in -S0
3 

deformation frequencies. The -S0
3 
rocking frequencies were 

not identified in our complexes; they are possibly obscured by the ICI-C1 

stretching bands. 
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TABLE 5.1. 

Vibrational spectra of potassium sulphamate and potassium sulpharnate-d2 ,  cm 1. 

KNH2  S03 	 KND2  S03  
IR 

y9(A' ) sym. SO3  rock 	359s 

Y14 (A") asym. SO3  rock 	403m 

y5  (A' ) sym. SO3  def. 	502m 

yi  3  (A 1  ' ) asym. SO3  def. 	562vs 

y3  (A' ) sym. SO3  str. 	1054s 

y6  ( Ai ) sym.NH2 wag

12 y4  (A 1 ) sym. SO3  str. 	111977m  vs 

1  (A' ')  ) asym. SO3  str. 	1225vs 

- Y2 (A' ) sym. IZ-I2  bend 	1545m 

yi (A' ) sym. NH2  stretch 	3265s 

yi 0  ( A ' ' ) asym. NH2  stretch 3315vs 

Raman IR Raman 

367( 3) 292s 302(1) 
324m 

406( 6) 365w 388( 5) 
383m 

494(1) 432m 432(1) 

562( 5) 5436 544( 4) 

583(3) 578 s  580 (3) 
. 587 

803(5) 806s 809(5) 

952(1) 718m 728(1) 

1046(20) 

1141(1) 

1192(3) 

1251( I/2) 

1549(1) 

3262(7) 
3324(2) 

1040ssh 
1047s 

819ssh 

1195vs 

1210vs 

1156m 

2391s 
2473m 

1041(20) 

obsc,, by y7 ? 

1196( 1) 

1 	2)  1 /  1156(1) 

2396(6) 
2489(3) 

I I-, 	 ye(A') sym. SO3  def. 	586 vs  
595 

y7(A t ) sym. N-S stretch 	807s 

Yl 2 (A l T  ) asym, NH2  rock 	956w 



(i) Proton vibrations. 

TABLE 	5.2. 

Infra-red spectra of N-bonded sulphamato complexes; for description of modes see Table 5.1. 

o Y2 Yt Y12 Y7 

KNH2S03  3315vs 3265s 1545m 1127m 956w 807s 

K3 [RhC15 (NH2S03 )] 3248m 3143m 1516m 1151m 676w 724s 
1128m OD4w 

(ND2  2424w 2315w 1122m 903m 516w 708s 
478w 

K3 EIrC15(NH2S03 )] 3234m 3133m 1519m 1169m 700w 723s 
1146m 612w 

K,[IrC15(ND2S03 )] 2410m 2309m 1125m 921m 560w 706s 
519w 

1 H a 
MO 

K3[RuC15(NH2S03)] 3248m 3153m 1515m 1150w 
1122m 

658m 
595w 

726s 

I 

K3 LOSC13 (NH2 S03 ) ] 3230m 3138m 1517m 1156m 674w 721s 
1139m 598w 

K2[PdC12(NH2S03)2] 3180s 3112s • 1533m 1168m 758s 736s 
1143m 626m 

transK2[PtC12(NH2S03)2] 3168s 3110s 1534m 1193m 781m 738s 
1153m 634m 

■ 
transK2[PtC12(ND2S002] 2368s 2297s 1134m 948m 595m 725s 

861m 

Cis K2PtO12(NH2S03)23 3206s 3115s 1540m 1185m 742$Sh 750S 

1146m 

K2 LPtBr2 (NH2S03 )23 3148s 3119s 1550m 1194m 626m 727s 
1524m 1168w 



TABLE 5.2. contd. 

K2  EPtI2 	NH2S03 )23 3141m 3120m 1538m 
1525sh 

1188m 622w 719s 

cs4 EPtc12 (NHso02 ] " 3244s 1270m 883s 

Cs4  [PtC12  (NDS03  )2 	++ 2401s 960m 839s 

++ yi Q ; N-H or N-D stretch: 

( ii) 	-S03  and other low frequency vibrations. 

y6r; N-H or N-D deformation: 

Yk 	Y3 	Y8  

y7  N-S stretch 

Y13 	Y15 Other absorptions 11 i 

KNH2 S03  1225vs 1197vs 1054S 595s 
586s 

562vs 502m 

K3  [RhC15  (NH2  SO3  )] 1293vs 1252s 1058s 575m 538m 492m 330vs , 310m, 302m, 257w 

K3  [RHC15  (ND2  S03  )] 1277VS 1246VS 1057s ' 574m 536w 478w 324vs, 310ssh, 297msh 

K3  [IrC13  (NH2 S03  )] 1290vs 1259vs 1058s 575m 538m 498m 313vs, 297vs, 259mw 

K3  [IrCl5  (ND2  503  )] 1278s 1248s .1058s 580m 538m 485m 312vs , 295s, 255mw .  

K3 [RUC15  ( NH2 S03  )] 1290s 1252s 1057s 573m 537m 486m 323vs, 308vs , 285ms 

K3 1:0SC15  ( NH2 S03  )] 1293vs 1256VS 1058s 571m 536m 490m 319vs , 306s, 297s, 274m 

K2  PdC12  (NH2S03 )2 ] 1265vs 1240vs 1054s 585m 541m 508s not measured 

trans-K2  [PtC12  (NH2S03 )2] 1263vs 1245VS 1051s 582ms 541ms 512ms 373s, 343s, 280m, 225m 

trans-K2  [PtC12  (ND2S03 )2] 1260vs 1240vs 1056s 563ms 528ms 505ms 345s, 282m, 210m 



Table 5.2. contd. (ii) 

cis-K2  UPtC12  (NH2 SO3 )2 1268vs 

1313vs 
1295vs 

1310vs 
1293s 

1238vs 

1265vs 
1244vs 

12603 
1237s 

1052s 

1056s 

1051s 

581m 

578s 

575s 

543m 

545m 

548m 

500m 

520m 
505m 

513m 
501m 

373m, 

382s, 

378s, 

359m, 

286m, 

280m, 

335s, 

220vs 

235w 

278w 

K2 EPtBr2 (NH2 SO3 )2 

K2 EPtI2 NE2 SO, )2 3 



The spectra of the known platinum sulphamato complexes K2(ptX2(NH2S03)) 

(X = Cl (cis,trans), Br,I) 135  were measured for comparison and are pre-

sented in Table 5.2., along with that of K2EpdC12(NH2S03)). They show 

the same features as the penta-halo complexes, but the -NH2  and -S03  

stretching frequencies are somewhat lower, and the corresponding deformation 

frequencies rather higher than in the six-coordinate complexes. This may 

indicate that there is a stronger interaction between the sulphamate ligand 

and the metal in the square-planar complexes. The spectra of the platinum 

and palladium complexes show two absorptions other than those due to YTS  

in the region 400 - 200 cm 1, at 370 and 280 cm-1. The higher frequency 

band is shifted in trans K2[PtC12(ND2S03)], probably to under the Y 
.PtC1 

absorption at 343 cm-1, and we therefore assign this to Ym, and the lower 

frequency band to an -SO
3 
rocking vibration. We assign a trans configuration 

to K2[PdC12(NH2SO3)21  since the Pd-N and Pd-C1 stretching absorptions are 

single bands in the i.r. spectrum; for a cis (C2v) configuration, two bands 

of each type would be expected. 

The i.r. spectrum of the deprotonated species Cs4tPt(NHS03)2C1) has 

just one N-H stretching absorption, and one high frequency N-H deformation 

mode. The N-S frequency is some 150 cm-1  higher than in K2tpt(NH2S03)2C121, 

and this may indicate some N-S 	du  bonding is present. 

b) Sulphamic acid and complexes containing sulphamic acid. 

Incomplete data on the i.r. 140,144  and Raman 145  spectra of sulphamic 

acid and sulphamic acid-d
3 
have been reported. In Table 5.3. we present the 

i.r. and Raman spectra of these two species from 200 - 4000 cm-1. We use 
sym 

the notation of Vuagnat and Wagner 140, noting their misassignment of'rso  
. 3 
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TABLE 5.3. 

Vibrational s _ctra of Sul•hamic acid and Sul hamic acid-d 

Raman 

336(7) 

517(8) 

Yi 	(E) 	degen. SO3  rock 

y4  (A1  ) sym. SO3 	def, 

NH3  SO3  

352 m  
370 

538ssh 

Raman 

357( 
364(5) 

539(7) 

ND, SO3 

IR 

343 
367 8  

507, 
516 - 

0 (E) degen. SO3 	def. 544 558(5) 531 s  542(5) 
s  552  539 

y5  (A1  ) N-S stretch 690 683(3) 670, 665(1) 706  vs 702(1) 685 — 688( 3) 

y9 (E) degen. NH3  rock 1002 1024(1) 792 808(1) 
1014 m  802 m  

y3  (Ai  ) sym. SO3  stretch 1068 s  1061(20)  1056 1057( 20) 
1070 1061 vs 

1065 

y8(E) degen. SO5  stretch 1260, 1275, 1290 1282(1) 1255 VS 1292(1) 
1305, 1320,vs 1308(1) 1315 1314(1) 

1320( 2) 

y2  (Ai  ) sym. NH3 	def , 1437 1095m 
1443 	m 1440(1) 
1450 

y7 (E) degen. NH3 	def. 1336,„ 1542( 1) 1114 1108( 2) 
1568 m  1573(1 /2 ) m  1142 

yi  (A1  ) sym. NH3  stretch 3.200- 
2900 3044(3) 2269m 2280(3) 

v6(E) degen NH, 	stretch vc, ,b 3130(2) 23/15 
2 -7/o 

2371(2) 



(Y3,A1) and 5s0sYm  ()0(4,A1) 144. 
3 

The symmetry of the sulphamic acid zwitterion is approximately C3v, 

the slight solid-state distortions being due to extensive inter-molecular 

hydrogen bonding within the unit cell 133. Twelve fundamental modes of 

vibration are expected belonging to the classes 5A1  + A2  6E. The Al  and 

E modes should be both i.r. and Raman active, and the A2  mode (N-S torsion) 

active in neither. Of these vibrations, five involve the -NH
3 
group 

(2A1  3E),.and these, along with"Yil;.s  (A1) were readily identified by their 

shifts on deuteriation. Several of the absorption bands showed extensive 

splitting, and this has been attributed to the low site symmetry in the 

crystal (Cr) and the coupling of modes -within the unit cell 140. 

The i.r. spectra of K3(MC161nNH3SO3 (kl. Rh,Ir,Ru,0s) are all very 

similar, and these are presented in Table 5.4 along with that of 

K
3
[RhC1

6
].n10

3
SO
3 
and, for comparison, sulphamic acid. The spectra are 

consistent with the presence of molecules of sulphamic acid hosted in the 

latticeof[11C16)3 ions,w hydrogen bonds. 

The bands which are shifted on deuteriation of the rhodium complex 

have positions and profiles characteristic of an -NH
3 

rather than an -NH2 

group. The positions of these bands are shifted from those of the corresp-

onding bands in sulphamic acid, but the strong N-H...0 hydrogen bonds of the 

acid will not be present here. The -NH
3 

stretching vibrations still occur 

at rather low frequencies in the complexes, however, which indicates that 

here too there is hydrogen bonding. In this case, however N-H....C1 
anion 

bonds are more likely. 
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TABLE 5.4. 

Sulphamic  acid containing complexes, infra-red spectra 4000-200 cm
-1 

For descriptions of modes, see Table 5.3. 

(i) Proton vibrations. 

Y6 YI Y7 Y2 Y9  Y5 

NH,S03  3200s 3140s 1568m 1450m 1014m 706s 

1536m 1443m 1002m 690s 

1437m 

i K3  [RhC 16 ] Mi3  SO3  3075s 2990vs 1550m 1389m 999m 692s 
H 1527m 
H 
VI 
I 

K3[RhC16] I1DOO, 2279s 2210s. 1124w 1071w 791w 678s 

K3[IrC16].NH3S03 3030s 2995vs 1547m 1385m 995m 691s 
1525m 

K3 URuC16].NH3S03 3078s 2995vs 1547m 1387m 996m 689s 
1525m 

K3[0sC16].NH3S03 .  3075s 2998vs 1550m 1587m 996m • 689s 
1527mw 



TABLE 5.4. cont. 

(ii) -.123  and low frequency vibrations. 

'10 Yk Yli Other absorptions 
Y8 Y3 

NH3 O, 1320vs 1070s 582s 538ssh 370m 
1305vs 1068s 544 s 352m 
1290vs 
1275vs 
1260vs 

K3 ERh.C16 ].NH3S03  1293vs 1071vs 542s 518m. 343s 33Ossh, 315s, 285w 
1279ssh 

K3 [RhC16].ND3S03 1291vs 1094vs 532m 495m - 320vs,b, 288w 
I-,  
I-,  a■ t 

4[IrC16INH3  SO, 

1277sh 

1293vs 
1278ssh 

1068s' 542s 517m 344s 322ssh, 305s, 295ssh, 

K3 [RuC16],VH3S03 1292vs 
1280ssh 

1071vs 542s 518m 343s 320m,304vs 

"K3 E0sC16].NH3S03 1295vs 1071vs 542s 516m 343s 304msh, 290s, 275wsh 
1280ssh 



z: 

Apart from the N-H stretching region, the spectra of the complexes 

are extremely simple, showing only the nine absorptions anticipated for a 

sulphamic acid molecule with 	configuration, and only two of these 

absorptions (y7(E), andY8(E)) show any splitting. If oxygen-coordinated 

sulphamic acid were present, then we would expect considerable changes in the 

-so3 group frequencies, and splitting of.the E modes due to the lowering of the 

local symmetry of the molecule to Cs. 

For an octahedral [MC1613-  ion we expect one i.r. and two Raman active 

11-C1 stretching modes. The Raman spectra of the rhodium and iridium complexes 

show two - such bands, but in general the i.r. stretching absorption is split 

into two, probably a result of solid state effects. 

5 - A - 4 Electronic spectra. 

In view of the similarities between the i.r. spectra of all the sulph-

amate complexes, and the similarity of the i.r. spectra of those complexes 

containing sulphamic acid, we only measured the electronic spectra of the 

two types of rhodium and iridium complex since their spectra are easier to 

interpret. 

The ground state of low spin octahedral d
6 

complexes is a lAlg state; 

excitation of an electron to give the configuration to t2g 
5eg

1 produces 

the states 3Tlg 
 + 1T

lg 
1T2g 4.  3T2g 

146. The singlet excited states have 

higher energies than the triplets. The spectra of K3DqC16.1
/ 147  and 

K2[MC15
(1120)] 148(M. Rh,Ir) have been interpreted on this basis (despite 

the lower symmetry of the latter complexes), and the singlet-singlet trans-

itions assigned. The wavelengths of the singlet-singlet absorptions in 

K.3[MC16] and K2DIC15(H20)] are compared in Table 5.5. with those of the 

corresponding absorptions in K3[IIC15(NH2S03)] and K3  [IqC11.nNH3S03. 
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TABLE 5.5. 
Electronic Spectra of Suiphamate and Sulphamic-acid containing complexesy  700 - 200 nm. 

1 H I-,  co 
1 

(i) 

K3 ERhC16].nNH3S03  

K,ERhC16] 

K2 ERhC15(H20)] 

K3 URhC15(NH2S03)] 

(NH4)2[RhC15(NH3 )] 

Rhodium complexes. 

Singlet-Singlet transitions 

508(105)+ 	380(100)4" 

528m 	422m 

518(102) 	412(82) 

507(99) 	402(99) 

520m 	417m 

475( 80) . 	382(80) 

475m 	395m 

470m 	390m 

Others 

321m 

342m 

306m 

330m 

Aq. Solution 

Reflectance 

Aq. solution1 47 

Aq. solution 
148 

Reflectance 

Aq. Solution 

Reflectance 	: 

Reflectance 

+ Absorptions due to CRI1C15(0H2)]2- 



Table 5.5. Contd. 

(ii) Iridium complexes. 

Singlet-Triplet transitions Singlet-Singlet transitions 	Others 

562(m) 
	

479m 	370m 	313w 

615(8) 
	

415(76) 
560(10) 

550( 12) 
	

405(110) '347(110) 

530:(10') 
	

365(100) 330(115) 

503m 	387m 	343m 	298w 

K3[IrC16]nNH3S03 	Reflectance 

K3[IrC16] 
	

Aq. S olut ion 1.47 

K2 EIrC15  (112 C)] 
	

Aq. Solution 
 

H 

K3  1:1TO13  ( NH2 SO3  )]. 	Aq. Solution 

Reflectance 

Figures in parentheses are molar extinction coefficients, 



It can be seen that the absorption maxima in solutions of 

K
3
[IC15(NH2SO3

)) are at shorter wavelengths than the corresponding aquo 

complexes, as would be expected for a nitrogen donor. Furthermore the 

maxima in the complex K
3
Dh01

5 
 (NH

2 
 so
3  )] have similar wavelengths to those in 

(NH
4
)
2
[Rh01

5
(NH

3
)1 The reflectance spectra of K3  EMC1j6 .nlili3  SO3  show 

absorptions due to the same two transitions at much longer wavelengths, and 

near the maxima reported for K3  [&1C16]  147 The solution spectrum of 

K3Dh0l6].nNH3S03  shows that the species present is almost certainly 

ERhC15(H2012 ; the Dh0103-  ion is rapidly aquated in solution. 

5 - A - 5 Reactions of N-bonded sulphamato complexes. 

When aqueous solutions of K3  DuCl5 (NH23  SO)]iwere heated under reflux 

in a nitrogen atmosphere, then the binuclear nitrido anion Du2NC18(H20)] 3-

was formed. It was precipitated as the caesium salt in 80 yield. Sulphite 

ion is also produced by this reaction. Similar reactions using 

K
3
E0s015(NH2SO3)D gave products which contained only small amounts of 

Cs3[Ps2N018(H20)], which was identified by its characteristic i.r. absorption 

at 1135 cm-1. Similar impure products were obtained when Na
3  [0sel6] was 

heated under reflux with an excess of suiphamic acid. The mechanism of 

these solution reactions is not clear. A possibility in the ruthenium 

reaction is a two-electron oxidative decomposition reaction to give a Ru(V) 

imido (Ru(III) nitrene) complex 55  in a similar manner to the proposed 

decomposition of Re(III) azido and hydrazinium complexes to give Re(V) nitrido 

species 19. 

[cis 
 NH2  SO3:]37-11. [P15

RuV(N0]2-  HS03  L.  

This intermediate could then react with another Ru(iII) species to form the 
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bridging nitrido linkage. 

Di5RuV( 	- Ly 5 	Nil2s0)37,,,[015Ru-N-Ruci)5-  NH3S03  ria Ruiz' 

The decachloro complex is then aquated 8  to give [Ru2NC18(H20)2] 3 . 

Some Ru(III) complexes have been shown to undergo disproportionation to 

Ru(II) and Ru(IV) 149, and such a process could also be involved. The course 

of the sulphamato complex decomposition will obviously depend on the rate 

of the M-Nli2S05 bond-breaking process and the stability of the inter-

mediates involved; either or both of these factors must not be favourable 

in the osmium case. Pyrolysis of K3[RuC15(NH2S03)] at 250°  also gave a 

nitrido complex. When the productwas dissolved in dilute aqueous HC1 which 

contained caesium chloride, Cs3tRu2N018(H20)3 was formed.- 

Noevidence for the formation of nitrido complexes was obtained by 

heating aqueous solutions of K
3
EK'Cl5  (11H2  S041 (M' Rh,Ir) under reflux. 

The iridium salt was recovered unchanged after reaction for two days, where-

as the rhodium salt was converted into K2[RhOl5(NH5)3 after one day. This 
amine complex was also formed by heating aqueous solutions of rhodium 

trichloride and sulphamic acid together for two days. 
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SECTION 5 - B EXPERIMENTAL 

Potassium Sulphamatopentachlororhodate (III), IsERII(yH2s03)N1J120, 

Hydrated sodium hexachiororhodate (III) (1.5 g) and potassium chloride 

(1.5 g) were dissolved in water (10 ml) and a saturated solution of 

sulphamic acid (1.2 g) added. The mixture was warmed for 2 min, cooled, 

and the light orange microcrystalline solid filtered off and washed with 

water and acetone (yield 800). (Found: Cl, 34.4; K, 22.6; N, 3.4; S, 6.4. 

H
4 
 Cl
5  K3 

 NO
4 
 RhS requires Cl, 34.7; K, 22.9; N, 2.7; S, 6.3%). The complex is 

diamagnetic. 

Potassium Sulphamatopentachloroiridate (III), K3[Ir(NH2S03)01],2H202._ 

This was prepared in a similar manner to the rhodium salt but using 

hydrated sodium hexachloroiridate (III). The product is salmon-pink (yield 

75%). (Found: Cl, 28.9; K. 19.0; N, 2.4; S, 4.8. H6C15K3IrNO5S requires 

Cl, 28.7; K, 18.9; N, 2.3; S, 5.20). The complex is diamagnetic. Raman 

spectrum of normal salt: 326(10), 305(6), 258(2), 169(1) cm 1; of deuteriate 

the same. 

Potassium Sulphamatopentachlororuthenate (III) K3rRuOTH2S03)O151,_ 

Potassium hexachlororuthenate (III) (1 g) and sulphamic acid (1.2 g) 

were refluxed together in water (10 ml) for 15 min, and potassium chloride 

(1 g) then added to the mixture which was filtered while still hot. On cool-

ing, the brown microcrystalline salt separated out; it was washed with 

water (5 ml) and then with acetone (yield 505). (Found: Cl, 35.6; K, 23.3; 

N. 3.0; S, 6.6.. H2C15K3NO3SRu requires Cl, 36.1; K,23.9; N, 2.9; S, 6.5%). 

Gram susceptibility ( Xg) 3.74 x 10-6  c.g.s.u. (25°C) ( Veff  2.18 B.M.). 
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Potassium Sulphamatopentachloro-osmate (III), K
3
t0s(mi2  so3  )ca.5  3. — 

This was made by reaction of sodium hexachloro-osmate (IV) (0.9 g) 

and stannous chloride (0.49 g) in 25% hydrochloric acid (7 ml). This mixture 

was warmed with sulphamic acid (1 g) and potassium chloride (1.2 g); on 

cooling, yellow platelets of K3E0sC16],1.1(FH3S03) separated out. This 

(0.7 g) was warmed with sulphamic acid (1 g) and potassium chloride (1.2 g) 

in water (5 ml) under a nitrogen atmosphere. After 2 mm. yellow crystals of 

the product were formed and were filtered off (yield 4ar.). (Found: Cl, 31.1; 

K, 19.6; N, 2.4. H2C15K3NO3S0s requires Cl, 30.5; K, 20.2; N, 2.4%). Gram 

susceptibility Xg  3.27 x 10-6  c.g.s.u. ( Ileff  2.21 B.M.). 

trans-Potassium Bis(sulphamato-N)-dichloropalladate (II), 

K2CildilLTH2S03)2C121.2.  

Sulphamic acid (2 g) was added to a hot solution (10 ml) of potassium 

tetrachloropalladate (II) (2 g). The yellow precipitate was formed immediat-

ely (yield 80%). (Found: Cl, 15.6; N, 6.4. H4c12K2m206Pds2  requires 

Cl, 15.9; N, 6.0%). Raman spectium 31820), 3125(1), 1534(i), 1272(1), 

1248(2), 1165(1), 1066(3), 768(1), 708(1), 623(1), 578(i), 548(1), 496(2), 

312(9), 269(1) cm 1. 

cis-Potassium Bis(sulphamato-N)-dichloroplatinate (II), 

K2  EPt(NH2  SO3 )22  3 2H2  O. 

This was made by the literature method 135. (Found: 01, 12.5; N, 5.1; 

S, 10.6. H8C12K2N208S2Pt requires Cl, 12.6; N, 5.0; S, 11.4%). Raman 

spectrum: 3202(1), 3155(i), 1290(1), 1265(1), 1245(3),  1176(1), 1150(1), 

1050(10), 1024(1), 1010(10), 792(1), 745(5)1. 622(3), 584(4), 545(1), 503(3), 

376(1), 329(2), 325(10), 274(1) cm 1. 
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trans-Potassium Bis(sulphamato-N)-dichloroplatinate (II), 

K2[Pt(NH2S03)20111.  

This was made by the literature method 135. (Found: Cl, 13.2; N, 5.6. 

H
4C12

K2N206PtS2 requires Cl, 13.2; N, 5.21). Raman spectrum: 3176(1); 

3119(1); 1538(1); 1277a), 1252(1), 1191(1), 1156(1), 1066(10), 764(4), 

739(3), 648(1), 580(2), 544M, 506(3), 366(1) cm-1. 

IpoiassiariB ,to-Nhal2x2an-di:ioplatinate (II), K2tptnTH2S03)2Br2], 

This was made by Kirmreuther's method 35. (Found: Br, 25.6; N, 4.6; 

SI  9.6. H4Br2K2N206PtS2 requires Br, 25.6; N; 4.5; S, 10.2g). Raman 

spectrum: 1280(1), 1250(1), 1070(10), 756(2), 743(10), 600(3), 577(2), 

547(1), 500(5), 375(1), 283(3), 200(10) cm-1. 

Potassium Bis(sulphamato-N)-di-iodoplatinate (II), K2tPt(NH2S03)2I21,_ 

This was made by the literature method 135. (Found: N, 4.1; S,8.4, 

H4I2K2N206PtS2 requires N, 3.9; s, 8.9.) 

Potassium Hexachlororhodate (III)-Sulphamic Acid, K3tRhC12,1.1NH3S03. 

Rhodium trichloride (hydrated; 1 g) was dissolved in hot concentrated 

hydrochloric acid and potassium chloride (1.5 g) and sulphamic acid ( 1.2 g) 

added. Shiny pink platelets of the salt were precipitated upon cooling the 

solution; they were washed in ethanol and acetone (yield 70g). Similar 

complexes of iridium, ruthenium and osmium (III) may be prepared in like 

manner using Na3  FrCl6].2H20 (green shiny platelets, 80%), K3  Etue161 

(brown shiny platelets, 7%) and Na3  [0s0161 (yellow shiny platelets, 80%). 

-124- 



Caesium Bis(imidosulphamato)dichIoroplatinate (II), Cs
4
[Pt(Nlis0

3)2Cl2]. 

This was made by the literature method 135. I.r. spectrum;  3244s, 

1270m, 1140s, 1120s, 1008s, 886s, 770m, 720m, 635m, 580m, 510s, 311s, 

280m cm 1. 

Potassium 11-Nitrido-octachlorodiaquodiruthenate (Iv), 

1C311322N218(.11201?. 

An aqueous solution of K
3
Du(NH2s05)02. (0.5 g in 2 ml) was refluxed 

for two days; Potassium chloride (2 g) was added to the solution and the 

brown crystals of the product filtered off ( yield 80%). 

Ammonium Amminopentachiororhodate(III),(  4)2[RhC15(NH3)]. 

An aqueous solution of sulphamic acid (7 g) and of hydrated rhodium 

trichloride (3 g) were refluxed in water (30 ml) for two days. The solution 

was then evaporated to low bulk and conc.. hydrochloric acid (5 ml) added. 

The brown crystals were filtered off and washed with water to remove 

(NH4)3DhC10 . (Found: Cl, 51.4; N, 11.8. H11C15N3Rh requires Cl, 53.5; 

N, 12.6%). 
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Llysical Measurements. 

Infra - red spectra were measured as nujol mulls between caesium 

iodide plates on a Perkin-Elmer 325 instrument (4000 - 200 cm-1), and Raman 

spectra (4000 - 40 cm-1) on a Cary 81 instrument with a CRL52 Kr laser using 

excitation at 647.1, 568.2, and 530.8 nm. 1H n.m.r. spectra were measured over 

a temperature range from 223 to 308°K on a Perkin-Elmer II - 12B instrument, 

which operates at 601,111z. Electronic spectra were obtained from a Cary 14 

machine. 

Eicroanalyses were performed by the Nicroanalytical Department at 

Imperial College, Alfred Bernhardt, and F. Pascher. Potassium, ammonium, and 

caesium were determined as tetra-phenylboronates. 

X - ray powder diffraction studies were made by Miss J. Osborne of 

this department. 
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Sulphamato-complexes of the Platinum Metals 
By W. P. Griffith and D. Pawson, Department of Chemistry, Imperial College, London SW7 2AY 

The new complexes K3[M(NFI2S03)C15] (M = Rh. Ir, Ru, or Os) and K2[Pd(NH2S03)2C12] have been charac-
terised and their chemical reactions studied. Spectroscopic data suggest that sulphamate is nitrogen-bonded to 
the metal in these salts, in K2[Pt(NH2S03)2X2] and in the imido-sulphonate Cs4(13t(NHS03)2C12]. 

WE have recently described the properties and structure 
of the nitrido-bridged species K3[Ru2NC18(H20)2],1  first 
made 2  by reduction of K2[Ru(NO)C15]. Another recent 
publication has shown that (NH4)3[Ru2NC18(H20)2] can 
be made from ruthenium trichloride and sulphamic acid 
in the presence of chloride ion.3  As part of a general 
study of platinum metal nitrido-complexes we have 

magnetic moments of the four pentachloro-species 
indicate that the metal is in the trivalent state, and, in 
the case of the rhodium complex, X-ray powder photo-
graphs show that the complex contains no free 
K3[RhC16], potassium sulphamate or sulphamic acid. 

Several properties suggest that the sulphamato-ligand 
is bonded to the metal via its nitrogen atom rather than 

I.r. spectra of sulphamate derivatives in the N-H and N-S regions (cm-1) 
VNIIn" VNE”6 arab," axana  NH,trock vs-x 

H(NH2S03) a  3328s 3250s 1546m 1128m 956m 805vs 
K(ND2S03) 2508s 2417s 1160m 803m 718m 712vs 
K3[Rh(NHIS03)C12] 3248m 3143m 1516m 1151m 676w 724vs 
K3[Rh(NDIS03)C12) 2424m 2315m 1122m 903m 516w 708vs 
K3[RhC12],1•1NH3S03  3075s 2990vs 1550s 1389m 999m 692s 
K3[RhC1e],1.1ND3S03  2279s 2210s 1124s 1071m 791m 678s 
NH3SO3  6  3200s 3140s 1570m 1446m 1015m 695s 
ND,S03  2370s 2299s 1143m 1102m 801m 683s 
Cs4[Pt(NHS03)2C12] 3244s 1270m 883s 
Cs4[Pt(NDS03)2C12] 2401s 960m 839s 
• Using the assignments of L. Kaityar, Indian J. Pure Appl. Phys., 1968, 6, 686. 

B. L. Wagner, J. Chem. Phys., 1957, 26, 77. 
Using the assignments of A. M. Vaugnat and 

studied the reaction between the metal halogeno-
complexes and sulphamate ion in order to establish the 
nature of the intermediate species involved, and to 
investigate the possibility of making nitrido-complexes 
from them. There are few fully characterised sulpha-
mato-complexes in the literature: those previously re-
ported are of platinum(ii) 4'5  and [M(NH2S03)(NH3)3]3+ 
(M = Co 8.7  and Ru 8). 

We find that reaction of hexachloro-complexes of 
trivalent rhodium, iridium, ruthenium, and osmium 
with sulphamic acid in the presence of potassium chloride 
yields K3[M(NH2SO3)C15] in good yield, and a similar 
method with K2[PdC14] gives K2[Pd(NH2SO3)2C12]. The 

I M. J. Cleare and W. P. Griffith, Chem. Comm., 1968, 1302; 
J. Chem. Soc. (A), 1970, 1117. 

2  L. Brizard, Compt. rend., 1896, 123, 182. 
2  G. S. Reddy and P. Taimsalu, Trans. Inst. Metal Finishing, 

1969, 47, 187. 
' L. Ramberg and S. Kallenberg, Ber., 1912, 45, 1512; 

H. Kirmreuther, ibid., 1911, 44, 3115. 

oxygen in these new complexes as well as in the platinum-
(II) species K2[Pt(NH2S03)2X2] (X = Cl, Br, or I). I.r. 
(and, where obtainable, Raman spectra) of the solids 
when compared with those of potassium sulphamate 
show that it is the —NH2  modes (easily identified by their 
shifts on deuteriation) rather than the —SO3  modes 
which are affected by co-ordination (see Table and 
Experimental section). The large shifts in the —NH2  
modes are similar to those found in mercury(is) amides,9  
while the much smaller shifts in —SO3  modes are similar 
to those found in S-bonded thiosulphato-complexes.w 
A drop in the N—S stretching frequency from free to 

5  V. V. Lebedinskii, In. Inst. Plat., 1947, 194, 99. 
6  F. Ephraim and W. FlUgel, Hely. Chim. Acta, 1924, 7, 724. 
7  L. L. Po and R. B. Jordan, Inorg. Chem., 1968, 7, 526. 
a J. N. Armor and H. Taube, Inorg. Chem., 1971, 10, 1570. 

N. Q. Dao and D. Breitinger, Spectrochim. Acta, 1971, 27A, 
905. 

" G. W. Cox, T. M. Sabine, V. M. Padmanabhan, N. T. Ban, 
M. K. Chung, and A. K. Surjadi, Acta Cryst., 1967, 23, 578. 
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11,  

co-ordinated sulphamate is observed and would be 
expected for nitrogen co-ordination. In the imido-
sulphonate complex Cs4[Pt(NHS03)2C12] (made 4  by 
deprotonation of [Pt(NH2S03)2C12]2-), the N-S frequency 
rises to 886 cm-1  due presumably to the greater degree of 
N-S n-bonding attendant on the removal of a proton 
from the sulphamate amide group. The electronic 
spectrum of the rhodium complex K3[Rh(NH2S03)C13] is 
very similar to that of K2[Rh(NH3)CI3], and indeed the 
latter complex may be made from the former by reflux-
ing in aqueous solution, which again suggests N- rather 
than 0-bonding of the (NH2S03)-  ligand. Attempts to 
prepare complexes of CH3S03-  from platinum metal 
halogeno-complexes and methanesulphonic acid or its 
salts were not successful, which again suggests that the 
isoelectronic (NH2S03)-  group probably co-ordinates via 
nitrogen ; on chemical grounds one would expect the 
more basic nitrogen centre to co-ordinate preferentially.7•8  

A curious feature of the reaction system sulphamic 
acid-platinum group halogeno-complexes is the form-
ation, in very acid solutions, of plate-like crystals of 
K3[MC16],nNH3S03  (n = 0.9-1.1). The spectra of all 
four species (M = Rh, Ir, Ru, and Os) are very similar to 
each other and that of sulphamic acid in solution (i.e. the 
spectrum of sulphamic acid in the solid state is more 
complex than that of the solid ' complex '). X-Ray 
powder photographs for K3[RhC161,1•1NH3S03  are quite 
different from those of K3[RhCI6], solid sulphamic acid, 
potassium sulphamate, or potassium chloride; moreover 
the colour of K3[0sC13],NH3S03  (yellow) is quite different 
from that of K3[0sC16] (red). It seems probable that 
the zwitter-ion structure of sulphamic acid may be 
responsible, the lattice of the ' complex ' containing 
distorted molecules of [RhC16]3-  and NH3+S03-  held 
together by dipole-dipole interaction or by N-H • • • Cl 
hydrogen bonds. A similar situation may exist in the 
double salt K2SO4,2NH3S03  recently reported." The 
failure to prepare analogous species with K3[MC16] and 
methanesulphonic acid also suggests that the zwitter-ion 
nature of sulphamic acid may be involved. 

Prolonged refluxing of K3[Ru(NH2S03)C13] in aqueous 
solution gives K3[Ru2NC18(H20)2] and sulphite ion 
(simple pyrolysis of the ruthenium sulphamato-complex 
at 250° also gives the nitride). No such reaction 
is observed for the rhodium or iridium salts, but 
K3[0s(NH2S03)C13] gives a very low yield of a mixture 
of K3[0s2NC18(H20)2] and another nitrido-species, 
probably K3[0s2NC110]. The mechanism of the reaction 
with the ruthenium system is not clear; perhaps there 
is an oxidative two-electron process [via ruthenium(v)] 
of the type suggested by Chatt for formation of rhenium- 
(v) nitrido-complexes with hydrazinium ion,12  or possibly 
a disproportionation of ruthenium(m) to ruthenium(ii) 
and (iv).13  

EXPERIMENTAL 
Potassium Sulphamatopentachlororhodate(111), K3[Rh-

(N1-12S03)C15],H20.—Hydrated sodium hexachlororhodate- 
11  S. Uchida and M. Mochizuki, Chem. Letters (Japan), 1972, 

1, 5.  

(in) (1.5 g) and potassium chloride (1.5 g) were dissolved 
in water (10 ml) and a saturated solution of sulphamic acid 
(1.2 g) added. The mixture was warmed for 2 min, cooled, 
and the light orange microcrystalline solid filtered off and 
washed with water and acetone (yield 80%) (Found: Cl, 
34.3; K, 22.6; N, 3.4; S, 6.4. H4C15K,NO4RhS requires Cl, 
34.7; K, 22.9; N, 2.7; S, 6.3%). The complex is dia-
magnetic. Electronic spectrum (nm) reflectance: 475m, 
395m; aqueous solution 475 (e = 80), 382 (e = 80). 
I.r. spectrum of normal salt: 3248m, 3143m, 1516m, 1293vs, 
1252vs, 1151m, 1128m, 1058vs, 724s, 676w, 604w, 575m, 
538m, 492m cm-1. 

Potassium Sulphamatopentachloroiridate(111), K3[Ir-
(INTH2S03)C10,2H20.—This was prepared in a similar 
manner to the rhodium salt but using hydrated sodium 
hexachloroiridate(m). The product is salmon-pink (yield 
75%) (Found: Cl, 28.9; K, 19.0; N, 2.4; S, 4.8. 
I-16C15K3IrNO6S requires Cl, 28.7; K, 18.9; N, 2.3; S, 
5.2%). The complex is diamagnetic. Electronic spectrum 
(nm) reflectance: 503m, 387m, 343m; solution 530w, 
365vs, 330vs. I.r. spectrum of normal salt: 3234m, 
3133m, 3013w, 1519m, 1290vs, 1259vs, 1169m, 1146m, 
1058s, 723s, 700w, 612w, 575m, 538w, 498m, 309s, 295m, 
255w cm'. Raman spectrum of normal salt: 326(10), 
305(6), 258(2), 169(1) cm-1; of deuteriate the same. 

Potassium Sulphamatopentachlororuthenate(m) K3[Ru-
(NH2S03)C10.—Potassium hexachlororuthenate(m) (1 g) 
and sulphamic acid (1.2 g) were refluxed together in water 
(10 ml) for 15 min, and potassium chloride (1 g) then added 
to the mixture which was filtered while still hot. On cool-
ing, the brown microcrystalline salt separated out; it was 
washed with water (5 ml) and then with acetone (yield 
50%) (Found: Cl, 35.6; K, 23.3; N, 3.0; S, 6.6. 
1-12C15K2NO,SRu requires Cl, 36.1; K, 23.9; N, 2.9; S, 
6.5%). Gram susceptibility (xg) 3.74 x 10-6  c.g.s.u. (25 °C) 
(12eff. 2.18 B.M.). I.r. spectrum: 3245m, 3143m, 3010w, 
2289w, 1515m, 1290s, 1252s, 1150w, 1122m, 1057s, 726s, 
658w, 595m, 573m, 537m, 486m, 323s, 306s, 284s, 272w cm-1. 

Potassium Sulphamatopentachloro-osmate(m), K3[Os(N11,- 
S03)C15].—This was made by reaction of sodium hexachloro-
osmate(w) (0.9 g) and stannous chloride (0.49 g) in 25% 
hydrochloric acid (7 m1). This mixture was warmed with 
sulphamic acid (1 g) and potassium chloride (1.2 g); on 
cooling, yellow platelets of K3[OsC1,],1.1(N1-13S0s) separated 
out. This (0.7 g) was warmed with sulphamic acid (1 g) 
and potassium chloride (1.2 g) in water (5 ml) under a 
nitrogen atmosphere. After 2 min yellow crystals of the 
product were formed and were filtered off (yield 40%) 
(Found: Cl, 31.1; K, 19.6; N, 2.4. H2C15K3NO3S0s 
requires Cl, 30.5; K, 20.2; N, 2.4%). Gram susceptibility 
7.g 3.27 x 10-6  c.g.s.u. 	2.21 B.M.). I.r. spectrum: 
3230m, 3138m, 1517m, 1293vs, 1256vs, 1156m, 1139m, 
1058vs, 721s, 674w, 598w, 511m cm-1. 

trans-Potassium Bis(sulphamato-N)-dichloropalladate(n), 
K2[Pd(N1-12S03),C12].—Sulphamic acid (2 g) was added to a 
hot solution (10 ml) of potassium tetrachloropalladate(ii) 
(2 g). The yellow precipitate was formed immediately 
(yield 80%) (Found: Cl, 15.6; N, 6.4. H4C1,K,N,O,PdS, 
requires Cl, 15.9; N, 6.0%). I.r. spectrum: 3180s, 3112s, 
3040m, 1533m, 1265vs, 1240vs, 1168m, 1143m, 1054s, 758s, 
734s, 626m, 585s, 541s, 508s cm-1. Raman spectrum: 
3182(4), 3125(1), 1534(4), 1272(1), 1248(2), 1165(1), 1066(3), 

12  J. Chatt, C. D. Falk, G. J. Leigh, and R. J. Paske, J. Chem. 
Soc. (A), 1969. 2288. 

13  D. P. Rudd and H. Taube, Inorg. Chem., 1971, 10, 1543. 
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768(1), 708(1), 623(1), 578(4), 548(4), 496(2), 312(9), 
269(1) cm'. 

cis-Potassium 	Bis(sulphamato-N)-dichloroplatinate(n), 
K2[Pt(NH2S02)2C12],21180.-This was made by the 
literature method' (Found: Cl, 12.5; N, 5.1; S, 10.6. 
H8C12K2N208S2Pt requires Cl, 12.6; N, 5.0; S, 11.4%). 
I.r. spectrum: 3600s, 3498s, 3149s, 3115s, 3040m, 1614s, 
1586s, 1551m, 1522m, 1295vs, 1266m, 1245m, 1180m, 
1146m, 1123m, 1067vs, 1064s, 1055s, 1046s, 792m, 748s, 
724s, 625m, 619m, 576s, 543m, 503m, 345w cm-1. Raman 
spectrum: 32020), 3155(4), 1290(1), 1265(1), 1245(3), 
1176(1), 1150(1), 1050(10), 1024(1), 1010(10), 792(1), 745(5), 
622(3), 584(4), 545(1), 503(3), 376(1), 329(2), 325(10), 
274(1) cm'. 

trans-Potassium Bis(sulphamato-N)-dichloroplatinate(ii), 
K2[Pt(NII2S03)2C12].-This was made by the literature 
method' (Found: Cl, 13.2; N, 5.6. 114C12KIN2O6PtS2  
requires Cl, 13.2; N, 5.2%). I.r. spectrum: 3168s, 
3110s, 1534m, 1263vs, 1245vs, 1193m, 1153m, 1051s, 781w, 
738s, 634w, 582s, 541m, 512s, 373m cm'''. Raman spectrum: 
3176(1), 3119(1), 1538(1), 1277(4), 1252(1), 1191(1), 1156(1), 
1066(10), 764(4), 739(3), 648(1), 580(2), 544(4), 506(3), 
366(1) cm'. 

Potassium 	Bis(sulphamato-N)-dibromoplatinate(ii) , 
K 2[Pt (NH 2S0 3)2Br2].-This was made by Kirm-
reuther's method * (Found: Br, 25.6; N, 4.6; S, 9.6. 
11413r2K2N206PtS2  requires Br, 25.6; N, 4.5; S, 10.2%). 
I.r. spectrum: 3148s, 3129s, 3052m, 2420w, 1550m, 1524m, 
1313vs, 1295vs, 1265vs, 1244s, 1194m, 1168w, 1065s, 727s, 
626m, 578s, 545m, 520m, 505m, 382w, 287w cm'. Raman 
spectrum: 1280(1), 1250(1), 1070(10), 756(2), 743(10), 
600(3), 577(2), 547(1), 500(5), 375(1), 283(3), 200(10) crn-1. 

Potassium 	Bis (sulphamato-N)-di-iodopdatinate (it), 
K 2[Pt(NH2S0 3 ) 2I 2 ].-This was made by the literature 
method' (Found: N, 4.1; S, 8.4. 114I2K2N206PtS2  re-
quires N, 3.9; S, 8.9). I.r. spectrum: 3141m, 3120m, 
3030m, 1538m, 1525m, 1310s, 1293s, 1260s, 1237s, 1188m, 
1051s, 719s, 622w, 575s, 543m, 513m, 501m, 376w, 279m 
cm-1. 

Potassium Hexachlororhodate(iii)-Sulphamic Acid,  
K3[RhC14],1.1N1-18S03.-Rhodium trichloride (hydrated; 1 
g) was dissolved in hot concentrated hydrochloric acid and 
potassium chloride (1.5 g) and sulphamic acid (1.2 g) added. 

Shiny pink platelets of the salt were precipitated upon 
cooling the solution; they were washed in ethanol and 
acetone (yield 70%). Electronic spectrum, reflectance: 
522m, 422m nm. I.r. spectrum: 3075s, 2955vs, 1547s, 
1525s, 1389m, 1293s, 1279s, 1071vs, 999m, 692s, 542s, 
518m, 343m cm'. Similar complexes of iridium, ru-
thenium, and osmium(m) may be prepared in like manner. 

Caesium Bis(imidosulphamato)dichloroplatinate(ii), Cs4- 
[Pt(NHS03)2C12].-This was made by the literature 
method.* I.r. spectrum: 3244s, 1270m, 1140s, 1120s, 
1008s, 886s, 770m, 720m, 635m, 580m, 510s, 311s, 280m 
cm-1. 

Potassium 	11-Nitrido-octachlorodiaquodiruthenate(w) , 
K2[Ru2NC18(1-120)2].-An aqueous solution of K3[Ru-
(NI-12S03)C15] (0.5 g in 2 ml) was refluxed for two days; 
potassium chloride (2 g) was added to the solution and 
the brown crystals of the product filtered off (yield 80%). 

Ammonium A mminopentachlororhodate(m) , 	(NH4) 2- 
[RhC16(NI-18)].-An aqueous solution of sulphamic acid 
(7 g) and of hydrated rhodium trichloride (3 g) were re-
fluxed in water (30 ml) for two days. The solution was 
then evaporated to low bulk and conc. hydrochloric acid 
(5 ml) added. The brown crystals were filtered off and 
washed with water to remove (N114)3[RhC16] (Found: Cl, 
51.4; N, 11.8. 1-I11C15N3Ith requires Cl, 53.5; N, 12.6%). 
Electronic spectrum: reflectance 470m, 390m nm. 

Electronic spectra were measured on a Cary 14 instru-
ment (700-200 nm); i.r. spectra on a Perkin-Elmer 325 
(4000-200 cm-1) as Nujol mulls in caesium iodide plates. 
Raman spectra were measured (4000-160 cm' or, for 
weak scatterers, 400-160 cud) on a Cary 81 instrument 
with a CRL 52MG laser (argon-krypton), using excitation 
at 6471 and at 5682 A. Microanalyses were performed 
by the Microanalytical Department at Imperial College and 
by Alfred Bernhardt, Munich; potassium and ammonium 
were estimated as the tetraphenylborates. 

We thank Miss J. Osborne for performing the X-ray 
powder diffraction work, and we thank Johnson, Matthey 
Ltd. for loan of platinum metal compounds. One of us 
(D. P.) acknowledges a C.A.P.S. award from the S.R.C. and 
Johnson, Matthey Ltd. 
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Metal Nitrido- and Oxo-complexes. Part I. Complexes of Ruthenium 
and Osmium 

By William P. Griffith • and David Pawson. Department of Chemistry, Imperial College, London SW7 2AY 

The preparation and physical properties of the new complexes Cs2[Ru(N)X5] and R[M(N)X4] (M = Ru or Os; 
R = Ph4As or Bun4N ; X = CI or Br) are described. New binuclear nitrido-bridged complexes of ruthenium(iv) 
with carbonyl, cyanide, and chelate ligands, the polymeric nitrido-bridged species [0s(N) Bri]:-  and [0s3(N)2X11-
(NH3)3P-  (X = CI or Br), and oxo- and dioxo-complexes of ruthenium are also reported. The structures of the 
species are discussed on the basis of vibrational spectra and other properties. 

THE nitride ion (N3-), like the isoelectronic oxide ion 
(021, can function as a terminal ligand 1  or, less com-
monly, bridges two,2  three,3  or four 4  metal atoms in 
linear, triangular, or tetrahedral arrays. Recently we 
briefly described the preparation of ruthenium(w) 
terminal nitrido-salts Cs2[Ru(N)X5] (X = Cl or Br) and 
related dioxo-species,5  and here we give fuller details of 
these and of other terminal nitrido-complexes. We also 
report an extension of our previous work on binuclear 
and polynuclear nitrido-bridged complexes of ruthenium 
and osmium? 

RESULTS AND DISCUSSION 

Terminal Nitrido-complexes.-Mononuclear species 
containing MEN groups have been established for very 
few metals, viz. vanadium,7  molybdenum and tungsten? 
rhenium? and osmium.1° In general the MEN distance 
is short (ca. 1.71), and the metal is in a high oxidation 
state due to the very effective a- and Ts-donor properties 
of the nitrido-ligand.1  

Despite the considerable stability of nitrido-complexes 
of osmium(w) and osmium(vm), the only ruthenium 
nitrido-complexes hitherto established are binuclear 
with symmetric Ru-N-Ru units .6  We found that re-
action of the complexes trans-[Ru(0)2X4]2-  (X = Cl or 
Br) in ice-cold HX solution with an excess of azide ions 

I W. P. Griffith, Co-ordination Chem. Rev., 1972, 8, 369. 
: 2  M. Ciechanowicz and A. C. Skapski, J. Chem. Soc. (A), 1971,- 

1792. 
3  M. Ciechanowicz, M. J. Cleare, W. P. Griffith; D. Pawson, 

and A. C. Skapski, Chem. Comm., 1971, 876. 
4  N. Q. Dao and D. Breitinger, Spectrochim. Acta, 1971, 27A, 

905. 
5  W. P. Griffith and D. Pawson, Chem. and Ind., 1972, 609. 

M. J. Cleare and W. P. Griffith, J. Chem. Soc. (A), 1970, 
1117. 

7  J. Stahle and K. Dehnicke, Z. anorg. Chem., 1965, 338, 287. 
8  J. Statile, Z. anorg. Chem., 1970, 375, 238; 1971, 380, 96; 

W. Kolitsch and K. Dehnicke, Z. Naturforsch., 1970, 25B, 1080. 

and caesium halide gave the light brown diamagnetic 
salts Cs2[Ru(N)X5], and the known osmium complexes 
Cs2[0s(N)X5] 11  could be prepared by similar methods 
using trans-[0s(0)2X4]2-. Liberation of free halogen 
and nitrogen during these reactions is consistent with 
the formation of a ruthenium(vi) or osmium(w) azido-
complex which undergoes oxidative decomposition to the 
nitrido-complex. Furthermore, from the reaction of 
the complex trans-[0svI(0)2(OH)412-  with azide and 
caesium ions in dilute acetic acid, the complex Cs[osvn r_ 
(0)3N] could be isolated (the osmiamate ' ions do not 
react with acetic acid). Such a mechanism has been pro-
posed for the formation of rhenium(v) nitrido-complexes 
from rhenium(m) species and azide ions? and of molyb-
denum(vi) nitrido-complexes from MoC15  and azide 
ions.12  

The use of large organic cations as precipitants in 
place of caesium in the preparations of the [M(N)X5]2-  
ions gave pink diamagnetic salts R[M(N)X4] (M = Ru or 
Os; R = Ph4As or Bull4N ; X = Cl or Br), which were 
1 : 1 electrolytes in acetone. It has been shown that the 
addition of [Ph4As]+ and [Bun4N]+ ions to solutions of 
[Re(N)C15]2-  precipitates R[Re(N)c14],13  and mono-oxo-
complexes Cs2[M(0)X5], R[M(0)X4] (M = Mo or Re; 
R = Ph4As or Bun4N; X = Cl or Br), and R[M(0)X4L] 
(L = solvent molecule) can be isolated.14,16  The 
considerable repulsion between the axial rc-donor 
and the equatorial halide ligands in [M(N)X4]2-  or 

9  J. Chatt, C. D. Falk, G. J. Leigh, and R. J. Paske, J. Chem. 
Soc. (A), 1969, 2288. 

10  J. Fritsche and H. Struve, J. praht. Chem., 1847, 41, 97. 
11  A. Werner and K. Dinklage, Ber., 1906, 89, 499; 1901, 34, 

2698. 
12  R. D. Bereman, Inorg. Chem., 1972, 11, 1149. 
13  N. P. Johnson, Proc. 14th Internat. Cont. Co-ordination 

Chem., Toronto, 1972, 657. 
14  F. A. Cotton and S. J. Lippard, Inorg. Chem., 1966, 5, 9, 

416; 1965, 4, 1621. 
15  J. G. Scane, Proc. Phys. Soc., 1967, 92, 833; A. Sabatini 

and I. Bertini, Inorg. Chem., 1966, 5, 207. 
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1088s 
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1084s 

1106w t 
1123m (1085) 
1073s (1040) 
1120m (1082) 
1109m 

vmx,(sym)(A1) * 
318 (10) 

346 (10) 
207 (5) 

348 (10) t 

358 (10) 
198 (10) t 
229 (10) 
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[M (0) X4L] - tends to weaken the trans-axial ligand 16  as 
shown by X-ray studies of the complexes K2[0s(N)C15]," 
trans-[Re(0)Br4L]-  (L = MeCN or H20),14  [Re(0)C14- 
(H20)],17  and [Ph4As][Mo(0)Br4(H20)] .16  Lattice-energy 
considerations may also be important. 

Vibrational spectra. The main features and assign-
ments of the vibrational spectra of the terminal nitrido-
complexes are summarised in the Table. We find 
that the MEN stretching frequency vIAN  is higher for the 
solid salts R[M(N)X4] and [0s(N)X5]2-  than for the 
corresponding Cs2[M(N)X5] species (M = Ru or Os; 
X = Cl or Br; R = Ph4As or Bun4N). This may be 
due to interaction between the polarisable Cs+ ion and 

plexes are some 10% higher than those in the corre-
sponding Cs2[M(N)X5] salts. This remarkable increase 
may be due to the four halide ligands in solid R[M(N)X4] 
adopting a position which gives better a- and rt-overlap 
with the appropriate metal orbitals, steric constraints 
imposed by the sixth trans-ligand being removed. Such 
an effect has been observed in X-ray studies of the 
complexes trans-[Re(0)C14(H20)] 17  and monomeric [Re-
(0)C14] ; 22  in the latter the Cl-Re-O angle of 105° is 
some 7° greater than in the former, and the Re-Cl 
distance is shorter. 

Binuclear Nitrido-complexes.--The anion in K3[Ru2- 
(N)C12(H20)21 is centrosymmetric (Do  with a linear 

Vibrational spectra of metal nitrido-complexes 

235m 307 (1),* 284 (3),* 233 (5) * 

267m 304 (4),* 266 (5) * 
206m 201 (1) * 
230m 

(330) 243m (238) 
(324) 

262m 334 (2),t, 324 (4),t 264 (4) t 

(362) 271w (262) 352 (1) * 
(232) 216m (21o) 
(269) 233m 228) 

1261m 619sb, 535sb, 300s 
1250m 

Complex 
Cs2[Ru(N)C12] 

[Ph,As][Ru(N)C14] 
Cs2[Ru(N)Br2] 
[Ph4As][Ru(N)Br4] 
Cs2[0s(N)C1s] 

K2[Os(N)C15] 

[Ph4As][Os(N)C14] 
Cs2[0s(N)Brs] 
[Ph4As][0s(N)B1-4] 
K[Os(N)]3r4(H20)],1-120 

vix,(asym) (E) 
1340s 
1338s 
378s 
2)57s 
302s 

5331s 
1325s 
1336s 
1329s 

365s 
234s 
274s 
232s 

(200-1200 cm-i) 
s...N(E) 	Other strong bands 

1105w 
K„[Os(N)Br4]„ 	 1002sb 

	 241s 
Bands due to the cation are not quoted. All spectra from i.r. studies on solids, except where indicated. Frequencies in paren-

theses refer to "N substituted species. 
* Raman data on the solid. t Spectra on complex in D20 solution with an excess of the X-  ion. ;11.. In D20 solution. 

the nitrido-ligand; an analogous effect has been noted 
for rhenium(v) oxo-species." This frequency is also 
higher for osmium than those for ruthenium in corre-
sponding complexes and the stretching force constant 
k MN  has been shown to be some 10% higher for osmium 
than that for ruthenium." The X-MEN bending mode 
has been identified for the first time in nitrido-com-
plexes by "N substitution; it is ca. 250 cm-4  and changes 
in sympathy with VMN. 

The spectra of the R[M(N)X4] salts are consistent 
with the C4, symmetry of the square-based pyramid.* 
The presence of substantial • • • MEN • • • MEN • • • linear 
chain bonding seems unlikely; it has been shown that 
the complexes K2„[Re(N)(CN)41„ 20  and [W(0)C14]„ 21  con-
tain such chains and their i.r. spectra in the 850-1100 
cm-1  region, as compared with those of K,[Re(N)(CN),] 
and monomeric [W(0)C14] respectively, show a lowering 
and considerable broadening of the stretching modes. 
No such effect is observed with the R[M(N)X4] salts as 
compared with those of Cs2[M(N)X5]. 

The M-X stretching modes in the R[M(N)X4] corn- 

* Note added in proof: Single-crystal X-ray studies on the 
salt [Ph4As][0sNC14] confirm that the anion has C„ symmetry 
(F. Phillips and A. C. Skapski, unpublished work). 

16  D. A. Bright and J. A. Ibers, Inorg. Chem., 1969, 8, 709. 
17 P. W. Frais and C. J. L. Lock, Canad. J. Chem., 1972, 50, 

1811. 
19  J. G. Scane, Acta Cryst., 1967, 23, 85.  

Ru-N-Ru unit).2,6  Here we describe complexes con-
taining such a Ru-N-Ru unit with ligands not normally 
found with ruthenium(iv). 

Solutions of the complex K3[Ru2(N)C12(H20)2], when 
heated under reflux in concentrated aqueous HX (X = 
Cl or Br), slowly take up carbon monoxide, and from the 
resulting solutions the complexes Cs3[Ru2(N)X8(CO)2] 
could be obtained. The reaction only occurs in strong 
acid; analogous reactions are found for solutions of 
[RuC16]3-  in HC1.23  It is also possible to obtain chloro-
carbonyl species by reaction of the complex K3[Ru2(N)- 
C12(H20)2] in formic acid-hydrochloric acid (2: 1) 
(again, [RuC16]3-  undergoes an analogous reaction with 
HCO2H-HC1).23  Although we were unable to obtain the 
Raman spectra of the Cs3[Ru2(N)X8(CO)2] complexes 
because of their colours, the i.r. spectra in the metal-
halogen stretching regions are very similar in profile to 
those of the complexes K3[Ru2(N)X2(1120)2], which 
suggests that the carbonyl groups are trans to the 

19  R. J. Collin, W. P. Griffith, and D. Pawson, J. Mol. Spectro-
scopy, in the press. 

20  N. P. Johnson, J. Chem. Soc. (A), 1969, 1843. 
21  D. M. Adams and R. G. Churchill, J. Chem. Soc. (A), 1968, 

2310; M. Hess and M. Hartung, Z. anorg. Chem., 1966, 344, 157; 
B. G. Ward and F. E. Stafford, Inorg. Chem., 1968, 7, 2569. 

22  A. J. Edwards, J.C.S. Dalton, 1972, 582. 
23  M. J. Cleare and W. P. Griffith, J. Chem. Soc. (A), 1969, 

372; J. Halpern, B. R. James, and A. W. Kemp, J. Amer. Chem. 
Soc., 1966, 88, 5142. 
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nitrido-group as are the water ligands in the parent 
species. The asymmetric Ru2N stretching frequency of 
the carbonyl complexes is some 40 cm' lower than those 
of the corresponding aquo-species; if the carbonyl 
groups are indeed trans to the nitrido-group, this drop 
in frequency may well arise from competition of CO and 
N3-  ligands for the same metal t20  orbitals. A related 
situation is that in the complex trans-[Ru11(N0)(NH2)- 
(NH3)4124-, where the terminal n-donor amide ligand is 
stabilised by the strongly n-accepting nitrosyl group.21  

The reaction of [Ru2(N)C18(H20)2]3-  with potassium 
cyanide gave the very stable species K3[Ru2(N)(CN)101,- 
3H20. The i.r. spectrum of the solid was very complex 
in the CEN stretching region and also showed sharp high-
frequency water bands; on dehydration the CEN band 
structure became much simpler. This behaviour is 
similar to that observed for the complex Na2[Fe(CN)3- 
N0],2H20, where X-ray and careful i.r. studies have 
shown that the water molecules occupy equivalent sites 
in the lattice and have low site symmetry with very 
weak hydrogen bonding.23  The nitrido-species is stable 
in aqueous solution and there is no evidence that aqua-
tion occurs. The Raman spectrum of the dehydrated 
solid was similar to that of the solution, suggesting that 
there is no change of configuration in the latter. In 
solution we observed four Raman modes (two polarised, 
one an intense band at 2156 cm-1, and a weaker band at 
2116 cm-1) and three i.r. bands with no coincidences 
between the two sets. However, for both the probable 
symmetries Da (equatorial ligands eclipsed), as found in 
K3[Ru2(N)C18(H20)21,2  and Dm (equatorial ligands 
staggered), as in [Mn2(C0)10],28  we expect this behaviour. 
Although no distinction can be drawn between these 
two symmetries on the basis of our study, the difference 
in band profiles in the 2000 cm' region for [Ru2(N)- 
(CN)10]8-  compared with [Mn2(CO)10] and [Co2(CN)10]8-  
(ref. 26) suggests that the complex has the expected 
Do  symmetry in solution. We provisionally assign 
the strongest polarised band to the symmetric stretch 
of the cyano-ligands, and the weaker band to that of the 
axial ligands. The symmetric Ru2N stretch occurs as a 
strong, polarised band at 264 cm-1  in the Raman spec-
trum of the solution. 

The existence of carbonyl and cyano-complexes of 
ruthenium(w) is unusual; it appears that ruthenium 
in these binuclear species is behaving more as ruthen-
ium(In) or even ruthenium(n). This is probably due 
to the strong n-donor effect of the nitrido-ligand which, 
in effect, fills the 49  orbitals of each metal atom which 
then behaves as a pseudo-0 system, ready to delocalise 
electron density on to n-acceptor ligands. There is also 
evidence for the formation of phosphine and nitrosyl 
complexes containing the Ru2N system. 

24  F. Bottomley and J. R. Crawford, J.C.S. Dalton, 1972, 2145. 
25  M. Holzbecher, 0. Knop, and M. Falk, Canad. J. Chem., 

1971, 49, 1413; P. T. Manoharan and W. C. Hamilton, Inorg. 
Chem., 1983, 2, 1043. 

26  D. M. Adams, M. A. Hooper, and A. Squire, J. Chem. Soc. 
(A), 1971, 71; G. L. Simon, A. W. Adamson, and L. F. Dahl, 
J. Amer. Chem. Soc., 1972, 94, 7654. 

27  E. D. McKenzie, Co-ordination Chem. Rev., 1971, 6, 187. 

Despite the steric constraints imposed by the short 
ruthenium-nitrido-group bonds {Ru-N = 1.718 A in 
K3[Ru2(N)C18(H20)2]2}, it is possible to isolate stable 
complexes containing the Ru2N system with chelating 
ligands, e.g. [Ru2(N)(dae)4C12]C13  and [Ru2(N)(bipy)4C12]- 
(PF6)3  (dae = 1,2-diaminoethane, bipy = 2,2'-bipyrid-
ine); in the latter case the 2,2'-bipyridine ligands are 
presumably not in a plane about each ruthenium atom 27  
so that the chloro-ligands are likely to be cis to the 
nitrido-ligand. A diethyldithiocarbamate complex, 
[Ru2(N)(S2CNEt2)4C1] has also been prepared; this is a 
non-electrolyte in acetone solution and may be polymeric 
in the solid state with • • • Ru-Cl-Ru-N-Ru-C1 • • • 
chains. 

Polynuclear Nitrido-complexes of Osmium.—Dehydra-
tion of the red salt K[Os(N)Br4(H20)],H20 at 110 °C gave 
a green substance, K„[Os(N)Br4],i, which quickly reverted 
to the starting material on setting aside in the atmosphere. 
Comparison of the i.r. spectra of K[Os(N)Br4(H20)],H20 
and IC„[Os(N)BrA]n  shows that, whereas the Os=--"N stretch-
ing frequency in the former is sharp and intense at 1109 
cm', in the latter it is much broader and drops to 1002 
cm-1; the NE0s-Br bending mode drops below 200 
cm-1. We propose that in this complex IC3[0s(N)Br4]n, 
as in that of K2n[Re(N)(CN)41n,20 there are linear 
• 

 
• • MEN • • • MEN • • • chains. 
The reaction of osmium tetraoxide with concentrated 

aqueous ammonia yields a black, diamagnetic material 
originally formulated as [0s02(NH3)2(H20)]; with 
hydrochloric acid, [OsCl4(NH3)2] is said to be formed.28  
We found that, from solutions of the black material in 
HX, the caesium salts Cs3[0s3(N)2X11(NH3)312H20 
(X = Cl or Br) could be precipitated; the salts are 
brown and diamagnetic. The i.r. spectra of the normal 
and deuteriated salts showed bands due to co-ordinated 
NH3  or ND3; two strong bands in the 950-1100 cm-1  
region were, however, barely shifted by deuteriation, 
and these we assign to bridging nitrido-ligands. We 
propose that these complexes have the structure (I) 

CI CI CI CI Cl Cl 
\ / 	\ / 	\ / H3N —Os =N =.-05=:=N=r—..- Os —NH3 
/ \ 	\ 	/ \ 

CI CI 	CI NH3 CI CI 

El) 
and the diamagnetism of this formally Osv-Osw-Os`' 
species may then be rationalised using the bonding 
scheme applied to ruthenium red, [Ru3(0)2(NH3)14]8+,23  
which has an analogous structure." A similar structural 
unit has been proposed for the product obtained from 
the prolonged reaction of osmium tetraoxide and liquid 
ammonia.6,31 

28  C. Claus, J. prakt Chem., 1863, 90, 97. 
2° C. K. Jorgensen and L. E. Orgel, Mot. Phys., 1961, 4, 215; 

L. E. Orgel, Nature, 1960, 187, 504. 
38  F. M. Smith, T. Fealey, J. E. Earley, and J. V. Silverton, 

Inorg. Chem., 1971, 10, 1943. 
al G. W. Watt and W. C. McCordie, J. Inorg. Nuclear Chem., 

1965, 27, 2013. 

3- 
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Ruthenium Oxo-complexes.-The formation of [Ru-

(N)C15]2-  from azide and transiRu(0)2C14]2-  ions promp-
ted a further investigation of ruthenium oxo-complexes 
as possible precursors for nitrido-species. Only trans-
[Ru(0)2Bre-  ions were useful in this respect, but we 
have isolated a number of other oxo-species in the 
course of this work. The only firmly established 
ruthenyl ' species are those of trans-Cs2[Ru(0)2C14] 32  

and trans-[Ru(0)2(OH)2(py)21 (py = pyridine); 83  al-
though spectroscopic data have been reported on salts 
of the anions [Ru(0)2Br4]2-  and [Ru(0)2(SO4)212-, no 
preparative details were given 34 

From solutions of ruthenium tetraoxide in carbon 
tetrachloride with ice-cold solutions of HX and CsX 
(X = Br or iC204), the salts Cs2[Ru(0)2X4] were obtained; 
from mildly alkaline solutions of RC1 (R = NH4, Hbipy, 
or Hpy), the species [Ru(0)2(NH3)4jC12, [Ru(0)2(bipy)- 
C12], and [Ru(0)2(py)2C12] were similarly obtained. All 
the complexes are diamagnetic, consistent with there 
being a trans-Ru02  unit, as in the corresponding osmium 
dioxo-species.35  The complexes all showed a charac-
teristic strong band in the i.r. ca. 830 cm-1  which we 
assign to the asymmetric Ru02  stretch, while for those 
complexes whose Raman spectra could be measured the 
symmetric Ru02  stretch appeared in the same region. 
The stretching force constants for the Ru02  systems, 
calculated from the equations of Cotton and Wing,36  are 
some 10% lower than those for the corresponding osmium 
species." 

The reaction of ruthenium tetraoxide with an ice-cold 
solution of sodium cyanide in the presence of caesium 
ion did not, surprisingly, yield the complex Cs2[Ru(0)2- 
(CN)4] ; a green paramagnetic salt, which showed i.r. 
bands characteristic of co-ordinated cyano- and iso-
cyanato-groups, was formed. We formulate this com-
plex as Cs3[Ru(0)(CN)4(CNO)2] ; a strong band at 787 
cm-1  in the i.r. spectrum, which also appeared in the 
Raman spectrum of the solid, is assigned to the Ru=0 
stretch. The magnetic moment of 3.0 B.141. is similar to 
that recently reported for arylimido-complexes of 
osmium(v).38  The reaction of potassium tetraoxo-
ruthenate(vi) with sodium cyanide in the presence of 
caesium ions yielded a yellow paramagnetic material 
Cs5[Ru2(0)5(CN)3j, the structure of which is still under 
investigation. 

EXPERIMENTAL 

Dicaesium Pentachloronitridoruthenate(w), Cs2[Ru(N)C15]. 
-A solution of ruthenium tetraoxide in carbon tetra-
chloride (10 cm3) (vide infra) was stirred rapidly with 8M-
hydrochloric acid (7 cm3), and the resulting red solution 
cooled to 0 °C. Sodium azide (0.24 g) was added to the 
reaction mixture and the solution stirred at room tempera-
ture until effervescence had ceased (ca. 15 min). Caesium 
chloride (0.8 g) was added and the light brown precipitate 
(80%) was filtered off, washed with ice-cold concentrated 

22  J. L. Howe, J. Amer. Chem. Soc., 1901, 23, 775. 
33  W. P. Griffith and R. Rossetti, J.C.S. Dalton, 1972, 1449. 
34  B. Jezowska-Trzebiatowska, J. Hanuza, and M. Baluka, 

Ada Phys. Polon., 1970, 38A, 563. 

hydrochloric acid (2 cm3), then acetone, and finally dried at 
110 °C [Found: Cl, 31.4; Cs, 47.5; N, 2.6. C15Cs2NRu re-
quires Cl, 31.8; Cs, 47.6; N, 2.5%]. 

Tetraphenylarsonium 	Tetrachloronitridoruthenate(vi), 
[Ph4As][Ru(N)C14].-A solution of tetraphenylarsonium 
chloride (0.8 g) in methanol (5 cm3) was added to the above 
reaction mixture in the place of caesium chloride. The 
pink precipitate (80%) which formed was filtered off, washed 
with water and methanol, and recrystallised from aceto-
nitrile [Found: C, 45.0; H, 3.2; Cl, 22.9; N, 2.1. C24H20- 
AsC14NRu requires C, 45.0; H, 3.1; Cl, 22.2; N, 2.2%]. 

Tel 	Tel  
[Bun4N][Ru(N)C14].-Tetra-n-butylammonium hydroxide 
solution (40%, 2 cm3) replaced tetraphenylarsonium 
chloride solution in the preceding preparation. The pale 
pink precipitate (80%) which formed was filtered off, 
washed with water and diethyl ether, and recrystallised 
from acetone to give brown crystals of the product [Found : 
C, 38.4; H, 7.0; Cl, 28.9; N, 5.2. C161136C14N2Ru re-
quires C, 38.5; H, 7.2; Cl, 28.4; N, 5.6%]. I.r. spectrum 
(excluding cation bands): 1095m; 376s ; and 265m cm-1. 
Molar conductance (in acetone) 121 12-1  cm-2  in 10-3m-
solution. 

Dicaesium Pentabromonitridoruthenate(vi), Cs2[Ru (N)Br5]. 
-Sodium azide (0.24 g) was dissolved in an ice-cold solution 
of water (2 cm3) and concentrated hydrobromic acid (5 cm3). 
Ruthenium tetraoxide solution (10 cm3, vide infra) was 
added to the solution and the mixture stirred vigorously at 
0 °C (5 min). Caesium bromide (0.9 g) was added to the 
solution and the light brown product (40%) was filtered off, 
washed with acetone, and dried at 110 °C [Found: Br, 
50.3; Cs, 34.2; N, 1-9. Br,Cs,,NRu requires Br, 51.2; Cs, 
34.1 ; N, 1.8%]. 

Tetraphenylarsonium Tetrabron2onitridoruthenate(w) [Ph,- 
As][RuNBr4].-A solution of tetraphenylarsonium chloride 
(0.5 g) in methanol (5 cm3) was added to the above reaction 
mixture in the place of caesium bromide. The bulky yellow 
precipitate which formed was filtered off and washed with 
methanol to leave a light pink precipitate (40%) [Found: C, 
35.2; H, 2.6; Br, 38.9; N, 1.6. C24H20AsBr4NRu re-
quires C, 35.2; H, 2.4; Br, 39.1; N, 1.7%]. 

Dicaesium Pentahalogenonitrido-osmate(vi), Cs 2[0s(N)X5 ] 
(X = Cl or Br).-The chloro- and bromo-complexes were 
prepared by literature methods; 11  an alternative procedure 
which eliminates contamination with the corresponding 
osmium(vi) dioxo-complex is as follows. 

Chloro-complex.-Potassium osmate (0.08 g) was dis-
solved in concentrated hydrochloric acid (3 cm3) and sodium 
azide solution (0.03 g in 1 cm3  water) added. The solution 
was stirred (20 min) and caesium chloride (0.05 g) was added 
to precipitate the purple product. 

Bromo-complex. The procedure was similar to that used 
for the chloro-complex but hydrobromic acid and caesium 
bromide were used to give the purple product. 

Organic cation salts of the tetrahalogeno-osmate(w) com-
plexes were precipitated from solutions of [0s(N)X5]2-  in 
HX (X = Cl or Br) using the procedures described for the 
ruthenium salts. Tetraphenylarsonium tetrachloronitrido-
osmate(vi), [Ph,,As] [Os (N)C14]. Pink crystals (90%) [Found: 
C, 39.5; H, 2.9; Cl, 19.2; N, 2.0. C24H2OAsC14NOs requires 

35  K. A. K. Lott and M. C. R. Symons, J. Chem. Soc., 1960, 
973. 

36  F. A. Cotton and R. M. Wing, Inorg. Chem., 1965, 4, 867. 
37  W. P. Griffith, J. Chem. Soc. (A), 1969, 211. 
38  J. Chatt and J. R. Dilworth, J.C.S. Chem. Comm., 1972, 549. 
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C, 39.5; H, 2.7; Cl, 19.5; N, 1.9%1 Molar conductance 
(in acetone) 113 0-1  cm-2  in 10-3m-solution. Tetra-n-butyl-
ammonium tetrachloronitrido-osmate(vi), [Buu4N][0s(N)C14]. 
Red (90%) [Found: Cl, 23.8; N, 5.5. C18H3,C14N20s 
requires Cl, 24.1; N, 4.8%]. I.r. bands (excluding cation 
absorptions): 1125m; 353s; and 262w cm'. Molar 
conductance (in acetone) 124 0-1  cm-2  in 10-3m-solution. 
Tetraphenylarsonium tetrabromonitrido-osmate(w), [Ph4As]- 
[0s(N)Br,,]. Pink crystals (90%) [Found: C, 32.0; H, 2.0; 
Br, 35.5; N, 1.7. C24H20AsBr4NOs requires C, 31.8; H, 2.2; 
Br, 35.3; N, 1.5%]. Tetra-n-butylammonium tetrabromo- 
nitrido-osmate(vi), [Bun4N][0s(N)Br4]. Deep red crystals 
(90%) [Found: Br, 40.8; N, 3.5. C18H38Br4N2Os requires 
Br, 4F7; N, 3.7%]. I.r. bands (excluding cation absorp-
tions): 1120m; 270s; and 232m cm-1. Molar conductance 
(in acetone) 124 5I-1  cm-2  in 10-3m-solution. 

Tricaesium Dicarbonyloctachloro-ti-nitrido-diruthenate(w), 
Cs3[Ru2(N)C12(C0)21.-Method (a). The complex K3[Ru2- 
(N)C15(H20)2] (2.5 g) was heated under reflux in concen- 
trated hydrochloric acid (25 cm3) under a stream of carbon 
monoxide (15 h). The solution was cooled, hydrochloric 
acid (10 cm3) added, and the resulting solution set aside 
under the gas stream (1 h). The solution was then filtered 
to remove starting material, and caesium chloride (2.0 g) 
added to precipitate the light brown product (30%), which 
was filtered off and washed with acetone [Found: C, 1.9; 
Cl, 30.3; Cs, 41.2; N, 1.3. C,C1,Cs2NO,Ru2  requires C, 
2.5; Cl, 29.7; Cs, 41.7; N, 1.5%]• 

Method (b). The complex K3[Ru2(N)C18(H20)21 (2.0 g) 
was dissolved in boiling water and the insoluble precipitate 
Ru2(N)(OH)5,nH20 formed by the addition of sodium 
hydroxide. The precipitate was filtered off, washed with 
boiling water, and dissolved in formic acid-hydrochloric 
acid (2: 1, 20 ems). The resulting solution was heated 
under reflux (90 min) and on cooling caesium chloride (2.0 
g) was added to give a yellow-brown precipitate, which 
was mainly the caesium salt of the starting material. The 
precipitate was filtered off and acetone (50 cm3) added to 
the filtrate to precipitate the light brown product (10%) ; 
the latter was filtered off and washed with acetone [Found: 
C, 2.0; Cl, 30.1; Cs, 42.1; N, 1.5%]. I.r. spectrum: 
2038s; 1016s; 590w; 520w; 470m; 32Is; 300m; and 
264m cm-1. 

Tricaesium Octabromodicarbonyl-v..-nitrido-diruthenate (Iv), 
Cs3[Ru2(N)Br8(C0)2].-An adaption of method (a) for the 
chloro-complex was used, with K3[Ru 2(N)Brs(H20)2], 
hydrobromic acid, caesium bromide, and a reflux time of 611. 
The complex is yellow-brown [Found: C, 1.7; Br, 49.3; 
Cs, 31.2; N, 1.3. C2Br5Cs3NO2Ru2  requires C, 1.8; Br, 
48.5; Cs, 30.4; N, 1.1%]. I.r. spectrum: 2022s; 1970m; 
984s; 570w; 538w; 500w; 457m; 432w; 245s; and 210m 
cm-1.  

Potassium Decacyano-p.-nitrido-diruthenate(w), K5[Ru2-  
(N)(CN)10i;31120.-The complex K3ER112(N)C18(H20)2] (1.0 
g) was dissolved in boiling water and the insoluble precipi-
tate Ru2(N)(OH)5,nH20 formed by the addition of sodium 
hydroxide. The precipitate was washed with boiling water 
and stirred (20 min) in a boiling aqueous solution of potas-
sium cyanide (4 g in 10 cm3). The cooled yellow solution 
was poured into methanol (40 cm3) and the yellow precipi-
tate (80%) which formed was filtered off and washed with 
boiling methanol (200 cm3) [Found (for the trihydrate): 
C, 16.3; K, 26.7; N, 20.9. Ci0ll,K5N 1O2Ru2  requires C, 
16.5; K, 26.9; N, 21.2%]. I.r.: (dehydrated solid) 2150m; 
2140s; 2138ssh; 2120s; 2088m; 2078m; 2055m; 2040m,  

1017sb; 632w; 462m; 437w; 420w; 405w; 378msh; 
370m; 360msh; (aqueous solution) 2142m; 2121s; 2044m; 
and 1006s cm-1. Raman spectrum: (dehydrated solid) 
2155(7); 2142(6); 2134(7); 2123(1); 493(4); 262(4); 
(aqueous solution) 2156(7); t 2142(6); 2130(3); 2116(1); t 
493(5); 369(1); and 264(7) t cm-1. 

Dichlorotetrakis(1,2-diaminoethane)-11-nitrido-diruthenium-
(w) Trichloride, [Ru2(N)(dae)4C121C13.-A solution of the 
complex K3[Ru2(N)C18(11,0)2] (1 g) in boiling water (10 
cm3) was added to boiling aqueous 1,2-diaminoethane 
(50%, 20 cm3) and the solution heated under reflux (3 h). 
Hydrochloric acid (2 cm3) was added to the cooled orange 
solution to precipitate orange crystals of the complex 
[Found: C, 14.9; H, 5.3; Cl, 27.2; N, 19.7. C51-1,2C15- 
N2Ru2  requires C, 15.2; H, 5.1; Cl, 28.0; N, 19.9%]. I.r. 
spectrum (neglecting bands due to 1,2-diaminoethane): 
1052s and 315m cm-1. Raman spectrum; 359(6); 353(5); 
260(7); 202(3); and 174(1) cm'. 

Tetraleis(2,2'-bipyridine)dichlorol-nitrido-diruthenium(w) 
Trishexafluorophosphate, 	[Ru 2(N) (bipy),C12.1(PF,) 3  . - 
Warmed solutions of the complex K3[Ru2(N)C15(1-120)2] (1.0 
g in 20 cm3  water) and 2,2'-bipyridine (4.0 g in 30 cm3  
acetone) were mixed and heated under reflux (4 h). The 
resulting mixture was filtered, cooled, and a solution of 
ammonium hexafluorophosphate (4 g in 10 cm3  water) was 
added to precipitate the brown complex (80%), which was 
filtered off and recrystallised from acetone [Found: C, 36.1; 
H, 2.4; Cl, 5.0; N, 9.1; P, 6.4. C40H32C12F15N„P3Ru2  re-
quires C, 35.6; H, 2.4; Cl, 5.2; N, 9.4; P, 6.9%]. I.r. 
spectrum (neglecting bands due to 2,2'-bipyridine and 
PF6-): 1054m and 340m cm-1. 

Chlorotetrakis(diethyldithiocarbamato)-;x-nitrido-diruthen-
ium(w), [Ru2(N)(S2CNEt2)5C1]. Hot solutions of the com-
plex K3[Rua(N)C15(H20)2] (1.0 g in 10 ems water) and sodium 
diethyldithiocarbamate (4.0 g in 10 cm3  water) were mixed 
and warmed on a steam-bath (2 min). The brown precipi-
tate which formed was filtered off and dissolved in acetone. 
This solution was filtered and evaporated to dryness to give 
the brown product (60%) [Found: C, 29.6; H, 4.9; CI, 3.3; 
N, 8.6; S, 30.2. C201140C1N5Ru2S8  requires C, 28.4; H, 
4.7; Cl, 4.2; N, 8.3; S, 30.3%]. vm.N(asym) 1030 cm-1. 

Potassium catenall-Nitrido-tetrabromo-osmate (n), Kn[Os-
(N)Br4]n.-A sample of the complex K[Os(N)Br4(1120)],- 
H20, prepared by a literature method,11  was heated to 
110 °C (15 min) and the green product sealed in an ampoule 
[Found: Br, 56.7. Br4KNOs requires Br, 56.8%]. Weight 
loss on dehydration: 6.5. Calc. for 2H20: 6.0%. .  

Tricaesium Di-v.-nitrido-bis[amminetetrachloro-osmate(v)]- 
[amminetrichloro-osmate(w)] Dihydrate, Cs3[0s3(N) 2C11 - 
(NH3)3],2H20.-The method of Claus 28  was used to prepare 
the complex [Os(0)2(NH3)2H20] which we reformulate 
[0s3(N)2(OH)8(N1-13)3],H20. The black complex (1.0 g) was 
heated under reflux in concentrated hydrochloric acid (30 
min) and the solution then filtered. To the filtrate was 
added caesium chloride (2.0 g) to precipitate the brown 
product (40%). The latter was filtered off, washed with 
concentrated hydrochloric acid and acetone, and dried at 
110 °C [Found: Cl, 26.7; Cs, 26.0; N, 5.2. CfiliisCs,- 
N5020s3  requires Cl, 26.4; Cs, 27.0; N, 4.8%]. I.r. spec-
trum (figures in parentheses refer to deuteriated sample): 
3540sb (2430); 3260s (2300); 3200s (2260); 1620s (1225); 
1565msh (1140); 1335s(obsc.); 1025ms; 970s; 550m; 
450m; and 320s cm-1. 

t Band polarised. 
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Tricaesium Dill-nitrido-bis[amminetetrabromo-osmate(v)]- 

[amminetribromo-osmate(iv)] Dihydrate, Cs3[0s3(N) 2Br1 -
(NH 3 )3 ],2H 20.-The method used was similar to that used 
from the chloro-complex except that hydrobromic acid and 
caesium bromide (40%) were employed [Found: Br, 44.8; 
Cs, 19.3; N, 4.4. H13BruCs3N6020s3  requires Br, 44.8; Cs, 
20.3; N, 3.6%]. I.r. spectrum: 3510sb; 3200s; 3120s; 
1610s; 1550msh; 1322m; 1115w; 1015ms; 957s; and 
230s cm-1. 

Dicaesium trans- Tetrabromodioxoruthenate(w) , Cs2[Ru (0) 2-
Br4].-A saturated solution of caesium bromide in hydro- 
bromic acid (5 cm3) and water (2 cm3) was cooled to 0 °C 
and ice-cool ruthenium tetraoxide solution (5 cm3) was 
stirred into it. The light brown precipitate (40%) which 
formed was quickly filtered off, sucked dry on a frit, and 
washed with acetone [Found: Br, 43.9; Cs, 37.6. Br4Cs2- 
02Ru requires Br, 44.5; Cs, 37.0%]. I.r. spectrum: 825s; * 
821ssh; * 230s; and 226ssh cm-1. 

Dicaesiuni trans-Bisoxalatodioxoruthenate(w), Cs2[Ru(0) 2- 
(ox)2].-Oxalic acid (0.45 g) and caesium carbonate di- 
hydrate (0.90 g) were dissolved in water (4 cm3) and the 
solution cooled in ice. Ruthenium tetraoxide solution 
(6 cm3) was stirred into this solution and the light green 
precipitate (30%) which formed was filtered off after 5 min, 
and washed with carbon tetrachloride and ethanol [Found: 
C, 8.0; Cs, 45.8. C4Cs2010Ru requires C, 8.4; Cs, 46.2%]. 
I.r. spectrum: 1710sb; 1680s; 1668s; 1335s; 1192m; 
910w; 878m; 838s; * 810s; 549m; 460m; 385w; 361ssh; 
and 350s cm-1. 

trans-Tetra-amminedioxoruthenium(vi) Dichloride, [Ru-
(0)2(NH3)4]C12.-Ammonium chloride (1.0 g) and sodium 
carbonate (0.1 g) were dissolved in ice-cold water (4 cm3) 
and ruthenium tetraoxide solution (6 cm3) was stirred into 
the resulting mixture. After 15 min the yellow micro- 
crystalline precipitate was filtered off and washed with 
carbon tetrachloride and ethanol [Found: H, 4.7; Cl, 26.4; 
N, 20.7; 0, 12.1. H12CI,N402Ru requires H, 4.4; Cl, 
26.1; N, 20.6; 0, 11.8%]. I.r. spectrum (deuteriated 
sample in parentheses): 3360vsb (2420); 3070vsb (2280); 
1660m; 1623m (1148); 1583m; 1540msh (1080); 1322s 
(1018) ; 1304s (1008); 870s (650) ; 845s; * 782s (622); 
478m (440) ; 278sb (250) ; and 215s cm-1. Raman spec-
trum: 841 (10) cm-1. 

trans-Dichlorodioxodipyridineruthenium(w), [Ru (0) 2(py)2- 
C12].-A solution of pyridine (1 cm3) in water (2 cm3) was 
neutralised with hydrochloric acid and the solution made 
alkaline with sodium carbonate (0.1 g). Ruthenium 
tetraoxide solution (6 cm3) was stirred into the ice-cool 
solution and, after 5 min, the yellow microcrystalline 
product was filtered off and washed with carbon tetra-
chloride, water, and ethanol [Found: C, 34.0; H, 2.9; Cl, 
18.8; N, 7.9. C1ollug12N202Ru requires C, 33.1; H, 2.8; 
Cl, 19.6; N, 7.7%]. I.r. spectrum (neglecting bands due to 
pyridine) : 825s * and 325 cm-1. 

trans-(2,2',Bipyridine)dichlorodioxoruthenium(vi), [Ru (0) 2- 
(bipy)C12].-2,2'-Bipyridine (0.3 g) was stirred into water 
(3 cm3) and 2m-hydrochloric acid added until the ligand was 
completely dissolved. Sodium carbonate (0.1 g) was 
added to the ice-cool solution, and then ruthenium tetra- 
oxide solution (6 cm3). The yellow crystalline product was 
filtered off after 5 min and washed with water and acetone 
[Found: C, 33.6; H, 2.4; Cl, 19.6; N, 7.9. C10H8C12N202  
Ru requires C, 33.3; H, 2.2; Cl, 19.7; N, 7.8%]. I.r. 
spectrum: 839s; * 325s; and 319ssh cm-1. 

Tricaesium Tetracyanodi-isocyanato-oxoruthenate(v), Cs,- 
[Ru(0)(CN)4(CNO)21.-Ruthenium tetraoxide solution (5 
cm3) was stirred with an ice-cold saturated aqueous solution 
of sodium cyanide (5 cm3) which contained caesium chloride 
(1.09 g). The green precipitate which formed was filtered 
off after 5 min and washed with methanol [Found: C, 10.2; 
Cs, 56.7; N, 12.3; 0, 6.7. C6Cs3N603Ru requires C, 10.2; 
Cs, 56.4; N, 11.9; 0, 6.8%]. I.r. spectrum: 3600w; 
3315w; 3440w; 2195vs; 2125s; 2060w; 1630w; 1335w; 
787s; 690w; 640w; 609w; 450w; 388ms; 370ms; and 
328m cm-1. Raman spectrum: 2200(1); 2149(5); and 
787(10) cm-1. 	5.57 x 10-6  c.g.s.u., geff = 3.00 B.M. 

Ruthenium Tetraoxide Solution.-The solution of ruthen-
ium tetraoxide in carbon tetrachloride was prepared by an 
adaptation of Nakata's method," commercial ruthenium 
trichloride (10 g) being converted to the hydrated hydroxide 
which was then oxidised by sodium periodate (45 g in 
400 cm3  ice-cold water). The resulting aqueous solution of 
Ru04  was divided into three portions and each portion was 
extracted with 3 x 30 cm3  of carbon tetrachloride, the 
final solution being made up to 300 cm3  to give a ruthenium 
tetraoxide concentration of ca. 22 g 1-1. The solution was 
stored at -5 °C in the presence of sodium periodate. 

All the complexes are diamagnetic unless otherwise 
stated. The complex K2[0s(N)C15] was prepared by the 
literature method." The 16N substituted osmium com- 
plexes were prepared from K[Os(0)316N] obtained from 
isotopically enriched ammonium chloride (95%) and 
osmium tetraoxide in potassium hydroxide solution. I.r. 
spectra were measured as Nujol mulls between caesium 
iodide plates on a Perkin-Elmer 325 instrument (4000-200 
cm-1) and Raman spectra (1200-140 cm-4) on a Cary 81 
instrument with a CRL52 Kr laser using excitation at 6471, 
5682, and 5308 A. Microanalyses were performed by the 
Microanalytical Department at Imperial College and Alfred 
Bernhardt, Munich; caesium and potassium were deter-
mined as the tetraphenylborates. 

We thank Johnson, Matthey for the loan of platinum 
metal compounds, and the S.R.C. and Johnson, Matthey 
for a C.A.P.S. award (to D. P.). 
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Osmium Nitrido-complexes with Triphenyl-phosphine, -arsine, and -stibine, 
with Evidence for Nitrene-like Behaviour of the Phosphine Complex 

By WILLIAM P. GRIFFITH* and DAVID PAWSON 
(Inorganic Chemistry Research Laboratories, Imperial College, London SW7 2AY) 

Summary The new complexes [OsNX3(AsPh3)2] and 
[OsNC13(LPh3),] (X = Cl or Br, L = P or Sb) have been 
made; we propose that nucleophilic attack of the nitrogen 
atom by triphenylphosphine occurs in some of these 
complexes to give derivatives of triphenylphosphine imine. 

ALTHOUGH osmium imido tertiary phosphine complexes are 
known" there are no nitrido-analogues, and no arsine or 
stibine nitrido-complexes of any metal. We find that the 
salts Bun,N[OsNX,], made by addition of Bun,NX to 
solutions of [OsNX02-  in HX (X -= Cl or Br),2  react 

methanol reacts with chlorine to give [OsNC13(PPli,),]. The 
bromo-analogue of (I) has also been prepared. The com-
plexes [OsNX,(LPh3)2] are non-conductors in acetone and 
have properties typical of osmium(w) nitrido-species :2  they 
are diamagnetic and have sharp Os-=-N stretching i.r. bands 
near 1060 cm-1  the frequencies of which decrease by ca. 
30 cm-1  on 15N substitution. 

Addition of an equimolar quantity of Ph4Ast11502.1C12, to 
Ph4As[OsNCI4] with triphenylphosphine in acetone yields a 
second paramagnetic product of empirical formula [Os-
NHC14(PPli,),],Me,C0 (II) (pt 1.6 B.M.) ; this may also be 

quickly in methanol at 70° with an excess of triphenylarsine 	made directly from (I) and Ph4As[H500C12  in acetone. 	If 

TABLE 

Colour v(M..-14N)/cm-I v (M 	/cm-1  .M.p. (t/°C) 
OsNC13 (PPh,), 	. . Brown 1068 1027 145 (decomp.) 
OsNCI,(AsPh3)2  Brown 1059 257 
OsNBr,(AsPh3)2  Brown 1068 1035 221 
OsNCla(SbPh,)2  Orange 1065 1032 170 
Os(NPP113)C13(PP14)2,Me,C0 (I) Orange 1127a 1104a 136 
Os(NPPlio)Br,(PPlis),,Me2C0 Brown 1123a 122 
Os(NHPPNC14(PPlis),Me2C0 (II) 

a P-N stretching frequency. 

Red 924a 906a 163 (decomp.) 

Elemental analyses for all complexes (C, H, N, 0, halogen) are in satisfactory agreement with the quoted formulae. 

or triphenylstibine to give [OsNX,(AsPh,),] or [OsNCle  
(SbPh3)2]. With triphenylphosphin,), 	wer, a sus- 
pension of Pl 4 ks[OsNCI,] in acetone at :WM temperature 
yields a paramagnetic species of emr irical formula [OsNCIp-
(PP113)31,Me2C0 (I) ile ff 1.8 B.M.); a suspension of this in 

aqueous HC1 is used for these two reactions, [03C14(PPh8)2] 
is formed. Deprotonation of (II) to give (I) may be 
accomplished with strong bases, e.g. triethylamine, in the 
presence of triphenylphosphine. We forrallIate (I) air: 
as Os" 06711:Alves of triphenylphosphire imine, i.e. [0:: 
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(NPP113)C13(PPh3)2],Me2C0 (I) and [0s(NHPP113)C14(PPh3)],- 
Me,C0 (II) for the following reasons. Prolonged treatment 
of (II) with an equimolar quantity of Ph4As[H502]C12  gives 
[Ph3PNH2]C1 and Ph4As[OsC15(PPh3)] in high yields. Tri-
phenylphosphineimine is known to react quantitatively 
with hydrogen chloride to give [Ph,PNH2]CI.5  The i.r. 
spectra of (I) and (II) have strong bands at 1127 and 924 
cm-1  respectively, which shift downwards some 20 cm-1  on 
15N substitution, and we assign these to P-N stretching 
modes (similar bands and shifts have been observed in 
Ph,PNH and its complexes and in Ph,PNR 4). Complex 
(II) has additional strong bands at 3299 and 1243 cm-1  
which we assign to the N-H stretching and deformation 
modes respectively. There is no evidence from the i.r. 
data that the acetone molecule is co-ordinated in either 
complex. The 1H n.m.r. spectrum of (I) could not be 
measured owing to the low solubility of the compound, but 
that of (II) gave a sharp resonance centred at z — 2.5 which 
we assign to the ortho-protons on the Ph3P group directly 
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co-ordinated to osmium ; its intensity relative to the 
remaining phenyl protons is consistent with this assignment. 
Shifts of this magnitude, together with sharp resonances, 
are characteristic of osmium(w) complexes which exhibit 
temperature-independent paramagnetism. 5t 

Since (I) and (H) are obtained from [OsNC14]-, and (I) 
can also be made by reaction of triphenylphosphine with 
[OsNC18(LP113)2] (L = P or As), we propose that their 
formation proceeds by nucleophilic attack of the phosphine 
on the co-ordinated nitrogen, which is here behaving as an 
electrophilic, nitrene. This is in contrast to the nucleo-
philic behaviour of Re --_N in [ReNC12(PEt2Ph)3],5  although 
nitrene-like behaviour has been observed for rhenium' and 
iridiums imido-complexes. 
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