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Examples of symbiotic and antisymbiotic behavior 
involving ambidentate ligands such as the NCS ion 
have thus far been restricted to, respectively, octahedral 
complexes of class ‘a’ metals and square planar com- 
plexes of class ‘b’ metals. In the latter case, only the 
strong trans-influence of n-acid ligands has heretofore 
been observed to cause antisymbiosis. The title com- 
plex was chosen for study because it involves an octa- 
hedral complex of an ambidentate l&and and a class ‘b’ 
metal (re: [Ir(SCN)6]3-) wherein the former is sub- 
jected to the strong trans-influence of a ligand which 
can only function as a o-base. In the solid state, anti- 
symbiosis is demonstrated by the stability of the N-bound 
trans-[Ir(pip),H(NCS)]NCS, and counteranion control 
by the synthesis and stability of the S-bound isomer as 
the BPh, salt. When trans-[Ir(pip),(NCS)(H)]NCS 
or its BPh,- salt is put into solution, IR studies indicate 
that N-bonding initially prevails in solution, irrespective 
of solvent dielectric. The prolonged aging of methylene 
chloride solutions of either trans- ]Ir(pip)4(NCS) (H)] 
NCS or of trans-[Ir(pip),(SCN)(H)]BPh, produces 
the soluble cation trans-[Ir(pip),(SCN),]+. The YCN 
frequency of the noncoordinated NCS is remarkably 
sensitive to the solvent dielectric, suggesting the exist- 
ence of H-bonding to the amine proton of the piperidine 
ligands in the low dielectric solvents. NMR data support 
the existence of a mixture of six- and seven-coordinate 
species in all solvents for the NCS salt, as a conse- 
quence of the observation for each solution of a doublet 
hydride resonance. Solutions of the BPh, salt, on the 
other hand, exhibit only a single hydride resonance, 
indicating the presence of only a six-coordinate moiety. 

Introduction 

The advent of the Hard-Soft Acid-Base Principle’ 
has stimulated much research and discussion in the 

area of acid-base chemistry. One of the primary out- 
growths of this activity has been the development of 
the principles of symbiosis and anti-symbiosis. Symbio- 
sis, when used in the chemical sense, was defined by 
J9rgensen2 as the phenomenon of like ligands flocking 
together, “like” refering to their relative hardness or 
softness. An example of this principle can be seen in 
the systems [Co(NH&X]‘+ vs. [Co(CN),X13-. When 
X is a halide ion, the order of complex stability for the 
pentaammine complex is F > Cl-> Br-> I-. However, 
the stability order for the pentacyano complex is I-> 
Br->Cl->>F. In the case of the pentaammine com- 
plex, the five hard nitrogens of the ammines make the 
sixth site hard. Conversely, the five soft cyanides in 
the pentacyano complex make the sixth site soft. Other 
examples of symbiotic behavior include the system 
trans-[Co(dmg)2L(CNS)], studied by Marzilli and 
co-workers3, where dmg is the monoanion of dimethyl- 
glyoxime, and L represents a series of substituted 
pyridines, phosphines, and phosphites. The symbol 
CNS is meant to imply the presence of the thiocyanate 
ion without specifying its bonding mode. As the n-acid 
character of the L ligand decreases, the S/N isomer 
ratio also decreases, i.e., the harder the L ligand be- 
comes, the harder the sixth site (where the thiocyanate 
is located) becomes. 

The principle of antisymbiosis and its relation to the 
trans effect was enunciated by Pearson4, i.e., “two soft 
ligands in mutual trans positions will have a destabiliz- 
ing effect on each other when attached to a class ‘b’ 
metal atom”. For example, trans-[M(PPh,),(CO)X], 
where X = Cl- or I- and M = Rh(1) or Ir(I), would 
be expected to be more stable when X = II, if the 
complex were behaving symbiotically. In reality, it is 
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more stable when X = Cl- because a good tram 
director (CO) is located truns to X. 

Ambidentate ligands have been used to good ad- 
vantage as test ligands for symbiotic or antisymbiotic 
behavior. The thiocyanate ion has been particularly 
useful in this regard’. Virtually all of the examples of 
antisymbiotic behavior for ambidentate ligands have 
involved square planar complexes with the trans ligand 
being a good n-acid. According to Pearson, the trans 
director need not be a good n-acid or, for that matter, 
a n-acid at all, to effect antisymbiotic behavior. It 
would, therefore, be advantageous to have an example 
of antisymbiosis involving a trans ligand with no n-acid 
character and one that was for a complex of different 
geometry, as well. 

One complex which fits both of these requirements 
is truns-[Ir(pip),(CNS)(H)][NCS] (pip = piperidine), 
which was first synthesized by Birnbaum6. The complex 
has octahedral geometry with a non-n-acid, strongly 
truns-directing, ligand (hydride) trans to the thio- 
cyanate. Since the corresponding thiocyanatopenta- 
ammineiridium(lI1) complex was found’ to be stable 
in the S-bound form, as in [Ir(SCN),]%‘, the fact 
that Birnbaum found6 the title complex to be N-bound 
in the solid state suggests that it represents the example 
we sought. A study of the thiocyanate bonding mode 
as a function of solvent, temperature, and counter anion 
was compelling, since all of these factors can influence 
the bonding mode of ambidentate ligands’. 

Experimental 

Preparation of Complexes 
The trans-hydridoisothiocyanatotetrakispiperidine- 

iridium(II1) thiocyanate complex was synthesized by 
the method of Birnbaum6. 

Trans-hydridothiocyanatotetrakispiperidineiridium- 
(III) tetraphenylborate 

To a solution of 0.352 g (0.54 mmol) of trans-[Ir 
(pip)a(NCS)(H)][NCS] in 20 ml of methylene chlo- 
ride, was added 0.185 g (0.54 mmol) of Na(BPh,) in 
20 ml of ethanol. The mixture was stirred for 15 min 
and evaporated to dryness under reduced pressure so 
as not to apply heat to the system. The residue was 
slurried in water, stirred for 0.5 hr, isolated by filtra- 
tion, washed with distilled water, and dried in vacua. 
Yield, 81%; melting pt., 189°C (dec). Anal. Calcd: 
C, 59.32; H, 7.19; N, 7.67. Found: C, 59.37; H, 6.95; 
N, 7.79. The complex was diamagnetic, and had the 
same pale yellow color as the starting complex. X-ray 
powder diffraction data, 10 most intense lines: d(A) 
(I/I,) 11.70 (.30); 10.16 (1.00); 8.22 (1.00); 6.48 
(1.00); 5.40 (SO); 4.88 (JO); 4.50 (.40); 4.18 (.60); 
3.93 (.60); 3.70 (.20). 

Physical Measurements 
The magnetic susceptibility and X-ray diffraction 

instruments have been described elsewhere’. All infra- 
red spectra were recorded on a Perkin-Elmer Model 
180 grating spectrophotometer, using matched calcium 
fluoride cells for solution spectra and KBr disks with 
Nujol for the solid state mulls. A cold-pressed poly- 
ethylene disk was prepared by taking 4.2 mg of truns- 
[Ir(pip)4(SCN)(H)] [BPh4] and 28.2 mg of powder- 
ed polyethylene, mixing well, and then pressing into 
a l/2 inch disk at 500 pounds (25°C 500 psi) for 
20 seconds. The infrared spectrum of this disk was 
recorded on a Perkin-Elmer Model 457 Spectro- 
photometer. Integrated absorption intensities for the 
YCN bands in the infrared solution spectra were deter- 
mined by Ramsey’s method of direct integration’. 
Solid state YCN integrated absorption intensity ratios 
were determined by the method of Hassel and Bur- 
meister”. Proton NMR measurements were made 
using a Bruker HFX-90 spectrometer in the time- 
average mode. All chemical shifts were assigned rela- 
tive to TMS. 

Results 

Trans-[Ir(pip)4(NCS)(H)] [NCS] 
Table I summarizes the infrared and proton nmr 

data collected for the isothiocyanato thiocyanate com- 
plex. The solid state infrared spectrum (Nujol mull) 
exhibits a YIr-H peak at 2215 cm-’ and two peaks in 
the vCN stretching region corresponding to the N- 
bound thiocyanate (2087 cm-‘) and the ionic thio- 
cyanate (2045 cm-‘). A KBr disk yielded the same 
spectrum and a solid state bound YCN integrated 
intensity ratio of 1.47, which supports Birnbaum’s 
initial conclusion6 that the coordinated thiocyanate is 
N-boundlo. Upon heating a sample for 72 hr at 157°C 
no change in the infrared spectrum was observed. 

The infrared spectra of solutions of the complex in 
solvents of low dielectric constant exhibit two peaks in 
the YCN stretching region at 2087 cm-’ and 2045 cm-‘. 
As the dielectric constant of the solvent in which the 
complex is dissolved is increased, the latter peak 
diminishes in intensity, and a new peak appears at 
2057 cm-‘. When DMSO, which has the highest 
dielectric constant of the solvents employed, is used, 
the 2045 cm-’ peak disappears entirely. The proton 
NMR spectrum of this complex in DMSO exhibits a 
doublet hydride resonance in accord with that reported 
by Birnbaum6. However. the very weak hydride reso- 
nance in Birnbaum’s spectrum at -27.01 ppm (6) 
is not observed. The proton NMR spectrum of the 
complex in every one of the other solvents investigated 
likewise has a doublet hydride resonance at ca. -25 
ppm (6) the actual position of the resonances being 
solvent-dependent; but in no case is there a resonance 
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Solvent YCN Stretch 

(cm-‘) 

vCN Integrated 

Absorption 
Intensity, 
A (x l~M-‘cm-z) 

+I (ppm)” 

Nujol mull 2215’, 2090’, 2045’ - _ 

KBr disk 2215a, 2087b, 2045’ 1.47’ _ 

1,1,2-Trichloroethane 2087b, 2046d 13.0b, 11.4d 25.19m, 25.40s 

1,2-Dichloroethane 2087b, 2043* 13.lb, 11.7d 25.21m, 25.42s 

Methylene chloride 2087b, 2046* 13.0b, 12.5d 25.17m, 25.37s 

Acetone 2085b, 2057e, 2043d 7.31b - 

Acetonitrile 2086b, 2058e, 2050dsh 7.4ab 25.47m, 25.59s 

Nitromethane 208gb, 2058’, 2050d 6.4gb 25.34w, 25.44m 

Dimethylsulfoxide 2087b, 2057e 6.36b, 4.01e 25.73w, 25.82m 

a Ir-H stretch. b N-bound vCN stretch. ’ Ionic vCN stretch (solid state). d Ionic vCN stretch (H-bound, see text). 

’ Ionic YCN stretch (free, see text). ‘ Unitless ratio for vCN band of N-bound thiocyanate. * All 6 values are upfield, 
relative to TMS. Abbreviations: w = weak, m = medium, s = strong, sh = shoulder. 

in the vicinity of -27 ppm (6). In view of the greater 

sensitivity of the NMR instrument employed in the 

present study, it seems reasonable to conclude that 

the original assignment of a hydride resonance at 

-27.01 ppm (6) is erroneous. One batch of the trans- 

[Ir(pip),(NCS)(H)]NCS used in the current inves- 

tigation produced a very small resonance in each 
spectrum just above the strong resonance (that is, at 
higher fields). Since this phenomenon did not appear 
in the proton NMR spectrum of a second batch of the 
complex, it is ascribed to a trace of an unknown im- 
purity. 

Truns- [Zr(pip)&CN) (H)] [BPh,] 
The thiocyanato tetraphenylborate complex, syn- 

thesized by a metathesis reaction between truns-[Ir 
(pip),(NCS)(H)] [NCS] and Na(BPh,), yields com- 
pletely different results in its IR and NMR spectra 
than those of its precursor. Infrared and proton NMR 
data are summarized in Table II. The solid state infra- 
red spectrum of the complex contains a hydride peak 
at 221.5 cm-l and a vCN stretching band at 2104 cm-‘. 
When the complex is pressed into a KBr disk, the 
vCN stretching frequency drops to 2087 cm-‘. When 
the complex is heated for 3 days at 157°C in the pure 
solid state, no change in its spectrum (Nujol mull) is 
observed. If the complex is pressed into a cold-pressed 
polyethylene disk, the YCN band remains at 2104 cm-‘. 

The initial solution infrared spectra of the complex 
exhibit two peaks in the YCN stretching region at 
2104 cm-’ (sh) and 2087 cm-’ for solvents of low 
dielectric constant and only the 2087 cm-’ peak for 
higher dielectric constant solvents. The proton NMR 
spectra exhibit only one hydride resonance, around 
-26 ppm (6) in all solvents examined. When an 
equimolar amount of thiocyanate anion was added to 
a CHzClz solution of the complex, two resonances in 

TABLE II. Infrared and NMR Data for tram-[Ir(pip), 

(SCN)(H)] [Bhl. 

Solvent vCN Stretch (cm-‘) -6 (ppm) 

Nujol mull 2215a, 2104b _ 

KBr disk 2215a, 2087’ _ 

Cold-pressed 
polyethylene disk 2215”, 2104b - 

1,2-Dichloroethane 2104bsh, 2077s’ 25.90 

Methylene chloride 2104bsh, 2087s’ 25.69’ 

Acetone 2081’s, 2043dw - 

Acetonitrile 2086’ - 

Nitromethane 2088c - 

Dimethylsulfoxide 2087’ 26.07 

a Ir-H stretch. b S-bound vCN stretch. ’ N-bound vCN stretch. 
d Ionic YCN stretch (trace). ‘When an equimolar amount of 

thiocyanate anion was added to a CH& solution of this 
complex, two resonances in the hydride region appeared at 
-25.47s and -25.33~ ppm. 

TABLE III. Time Dependence of vCN (cm-‘) for frans- 
[Ir(pip),(CNS)H]X (X = NCS- and BPh,) Complexes.” 

Time X = NCS- 

Initial 2087,2046 

246 hr 2125, 2086,2046 

65 d 2122,2088, 2046 

a Solvent: methylene chloride. 

X = BPh, 

2104,2079 
2125,2083 
2125,2089 

the hydride region appeared at -25.47s and -25.33~ 
ppm, as in the isothiocyanato thiocyanate spectrum. 

Time Dependence of vCN 
The two complexes were dissolved in methylene 

chloride and their IR spectra monitored as a function 
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of time. The results are shown in Table III. After 
246 hr, a new peak appears at cu. 2125 cm-’ in both 
spectra, and continues to grow with time. In the case 
of the isothiocyanato thiocyanate, the intensities of 
both the Ir-H and ionic vCN bands diminish concur- 
rently, as do the intensities of the Ir-H and N-bound 
vCN bands in the spectrum of the tetraphenylborate. 

Discussion 

Infrared Spectra 

The solid state infrared spectra of both complexes 
provide an interesting study of the effects of internal 
and external controls on the bonding mode of the 
thiocyanate. The isothiocyanato thiocyanate complex 
exhibits the same infrared spectrum, irrespective of 
whether it is measured as a Nujol mull or a KBr disk, 
the vCN frequencies and intensities being characteris- 
tic” of one N-bound and one ionic thiocyanate. The 
spectrum of the thiocyanato tetraphenylborate com- 
plex, however, was found to be medium-dependent. 
The elimination of the thiocyanate counter anion re- 
sults in a simpler infrared spectrum in the vCN region; 
however, the 2104 cm-’ YCN stretching frequency 
observed in its Nujol mull spectrum is suggestive” of 
S-bonding for the coordinated thiocyanate. A simple 
solid state vCN integrated absorption intensity study 
would have afforded confirmation of this. Unfortu- 
nately, upon pressing the complex into a KBr disk, 
the YCN frequency observed shifts to the N-bound 
2087 cm-’ value. Since heating the complex did not 
produce isomerization, the possibility of having ob- 
served either a pressure induced and/or a KBr as- 
sisted linkage isomerization became more and more 
attractive. A cold-pressed polyethylene disk was made, 
and the resulting observation of the 2104 cm-’ peak 
provided convincing evidence that the presence of the 
KBr had caused the isomerization to occur. When the 
thiocyanato tetraphenylborate complex was dissolved 
in methylene chloride and the solvent evaporated off, 
the resulting solid complex was found to be N-bound. 
Upon heating, this complex reisomerized to the S- 
bound form, proving that it is the more stable form in 
the solid state (in the absence of KBr). Thus, it repre- 
sents a rare example of anion induced linkage isomeri- 
zation’, the first example being the [Pd(Et,dien)SCN] 
[BPh4] complex, also discovered in one of our labora- 
tories”. The rationale for the anion-induced linkage 
isomerism is probably the same as that described 
earlier’* for the [Pd(Et,dien)SCN] [BPh4] system. 

The proclivity of these complexes toward teratism 
has permeated this entire study. The solution infrared 
spectra1 behavior of the isothiocyanato thiocyanate 
complex is a good example of this. The coordinated 
thiocyanate is also N-bound in solution as reflected” 
by both the position and integrated absorption intensity 

of the 2087 cm-’ band in all solvents. It is, therefore, 
a valid example of antisymbiosis involving a non-n- 
acid trans director in an octahedral complex. The ionic 
thiocyanate exhibits a unique behavior which is de- 
pendent on the dielectric or insulating ability of the 
solvent. In low dielectric solvents. the lower than 
normal frequency of the ionic vCN band is attributed 
to hydrogen bonding interactions with the proton on 
the nitrogen of the piperidine ring. As the dielectric 
constant of the solvent increases or as the insulating 
power of the solvent increases the hydrogen bonding 
interaction is inhibited and the “free” ionic band for 
the thiocyanate begins to appear, as in acetone and 
acetonitrile. When the dielectric constant becomes 
sufficiently large to overcome all H-bonding inter- 
actions, only the free ionic value is observed, as in 
DMSO. The presence of hydrogen bonding interactions 
in low dielectric solvents is further supported by the 
nature of the N-H stretching band at around 3200 
cm-‘. There is a very large enhancement of the in- 
tensity of the N-H stretching band in the solid state 
Nujol mull spectrum of the isothiocyanato thiocyanate 
complex relative to that of the thiocyanato tetraphenyl- 
borate complex. Similarly, the intensity of the N-H 
stretching band for complexes of the type truns-[Ir 
(pip)4(H)(X)]X.H20, where X = Cl-, Bi, or I-, 
has also been found to be enhanced relative to that 
for complexes of the type trans-[Ir(pip),(H)(X)]CI04, 
where again X = Cl-, Br- or I-r3. The integrated 
absorption intensity of the ionic vCN band is con- 
siderably enhanced, relative to the free ion value, when 
hydrogen bound, as previously observed by Peciler4. 
However, Pecile also observed an increase in the YCN 
frequency upon H-bonding as opposed to the fre- 
quency decrease observed in this study. The observa- 
tion that the “free” ionic integrated absorption in- 
tensity value for the DMSO solution is rather high, 
relative to that of the N-bound group, can be ration- 
alized by realizing that there is probably some dis- 
sociation of the coordinated thiocyanate in DMSO, 
which tends to promote ionization. This would con- 
tribute to a greater concentration of ionic thiocyanate 
than is calculated, and thus a greater integrated in- 
tensity value. 

The solution infrared spectral behavior of the thio- 
cyanato tetraphenylborate complex is less complicated 
than that of its isothiocyanato thiocyanate counterpart. 
The only unique feature is the initial presence of a 
weak band at 2104 cm-‘, due to small amounts of the 
S-bound isomer in the low dielectric solvents. This is 
attributed to a kinetic effect of the solvents. The com- 
plex, being S-bound in the solid state, will isomerize 
more readily in those solvents which have greater 
ionicity. Complete isomerization occurs during the 
time of mixing in all solvents but 1,2-dichloroethane 
and methylene chloride. In these, the S-bound isomer 
eventually disappears entirely at longer times. In ad- 
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dition, upon long standing of either complex in CH2C12, 
the hydride peak as well as the ionic and N-bound 
vCN peaks slowly diminish, while simultaneously a 

new peak forms at 2125 cm-‘. These observations 
most probably reflect a slow transfer of hydride to the 
solvent” ; and, since the 2125 cm-’ peak is very 
similar to the YCN frequency of the trans-[Pt(NH3)4 
(SCN)$ cation (2122 cm-‘), the formation in both 
cases of the truns-dithiocyanatotetrakispiperidineirid- 
ium(II1) cation. 

Proton NMR Spectra 
The hydride resonances exhibited by the isothio- 

cyanato thiocyanate complex represent the most enig- 
matic portion of this study. As reported earlier by 
Birnbaum’j, both the corresponding isocyanato cyanate 
and the isoselenocyanato selenocyanate complexes ex- 
hibit (aside from a common, and now believed to be 
erroneous, very weak resonance at -27.01 ppm (6)) a 
single hydride resonance. Only the isothiocyanato thio- 
cyanate complex exhibits multiple chemical shift values in 
the hydride resonance region. It was inferred” from this 
difference that the trans-[Ir(pip),(NCS)(H)]NCS 
existed in solution as a mixture of N-bonded and S- 
bonded linkage isomers. However, such an interpreta- 
tion is not consistent with the infrared spectral results 
obtained during the present investigation. The hydride 
NMR spectrum of the isothiocyanato thiocyanate com- 
plex could, perhaps, be explained by considering the 
six-coordinate Ir(II1) as being coordinatively un- 
saturated, i.e., that seven-coordination is possible. 
Examples have previously been cited for seven-co- 
ordinate complexes of Ir(III)‘“‘8. One of the hydride 
resonances would be attributed to the six-coordinate 
species while the other would be associated with the 
seven-coordinate species. The seven-coordinate species 
has the possibility of existing in two isomeric forms, 
one where the incoming thiocyanate is on the same 
side of the original octahedron as the hydride and the 
other where it is on the opposite side. Although these 
two possibilities might be expected to give slightly 
different resonances for the hydride, the difference 
does not seem to be within the resolving capability 
and/or sensitivity of the NMR instrument. When the 
anion is changed to tetraphenylborate, only one hydride 
resonance is observed at approximately -26 ppm (6) 
in all solvents examined (see Table II). Although the 
solution infrared spectrum of the tetraphenylborate 
complex in methylene chloride initially indicates the 
presence of some S-bonding, the NMR spectrum ex- 
hibits only one hydride resonance, indicating that the 
NMR method cannot distinguish between linkage 
isomers of these complexes using the chemical shift 
of the hydride resonance as an indicator*. Also, upon 

* The precision of the instrument is 0.010 ppm. 

addition of equimolar amounts of thiocyanate ion to a 
solution of the tetraphenylborate complex, one ob- 
served the growth of new peaks in the hydride reso- 
nance region (see Table II) whose position and in- 
tensity correspond to the position and intensity of the 
doublet in the spectrum of the isothiocyanato thio- 
cyanate complex, allowing for small differences in 
chemical shifts caused by concentration differences 
and by the presence of the BPh4-ion. Clearly, the 
ionic thiocyanate is causing the doublet hydride reso- 
nance in the NMR spectrum and the seven-coordina- 
tion rationale seems to best explain the observed data. 

Acknowledgements 

The authors wish to express their sincere gratitude 
to Dr. Walter Freeman, Department of Chemistry, 
University of Delaware, for invaluable assistance in 
obtaining the proton NMR data cited herein. An 
equally important expression of gratitude is due to 
Dr. James L. Lauer and Mr. Melvin E. Peterkin, Sun 
Oil Co., Marcus Hook, Pennsylvania, for preparing 
the cold-pressed polyethylene disk of the thiocyanato 
tetraphenylborate and measuring its infrared spectrum. 

References 

1 R.G. Pearson,J. Am. Chem. Sot., 85, 3533 (1963). 

2 C.K. Jgrgensen, Znorg. Chem., 3, 1201 (1964). 
3 L.G. Marzilli, R.C. Stewart, L.A. Epps and J.B. Allen, 

J. Am. Chem. Sot., 95, 5796 (1973). 
4 R.G. Pearson,Inorg. Chem., 12, 712 (1973). 

5 J.L. Burmeister in “The Chemistry and Biochemistry of 
Thiocyanic Acid and Its Derivatives”, A.A. Newman, 
Ed., Academic Press, London, 1975, Chapter 2. 

6 E.R. Birnbaum, J. Inorg. Nucl. Chem., 34, 3499 (1972). 
7 H.-H. Schmidtke, Inorg. Chem., 5, 1682 (1966). 
8 E.R. Birnbaum, J. Inorg. Nucl. Chem., 31, 2628 (1969). 
9 D.A. Ramsey, J. Am. Chem. Sot., 74, 72 (1952). 

10 R.L. Hassel and J.L. Burmeister, Inorg. Chim. Acta, 8, 
155 (1974). 

11 R.A. Bailey, S.L. Kozak, T.W. Michelson and W.N. 
Mills, Coordin. Chem. Rev., 6, 407 (1971). 

12 J. L. Burmeister, H. J. Gysling and J. C. Lim, J. Am. Chem. 
Sot., 91, 44 (1969). 

13 E.R. Birnbaum,J. Inorg. Nucl. Chem., 33, 3031 (1971). 
14 C. Pecile, Inorg. Chem., 5, 210 (1966). 
1.5 R.A. Schunn, in Transition Metal Hydrides (Edited by 

E. L. Muetterties), Vol 1, Marcel Dekker, New York 
(1971) p. 245. 

16 B.E. Mann, C. Masters and B.L. Shaw, Chem. Comm., 
703 (1970). 

17 L. Vaska, Inorg. Nucl. Chem. Letters, I, 89 (1965). 
18 J. W. Dawson, D. G. E. Kerfoot, C. Preti and L. M. Venanzi, 

Chem. Comm., 1687 (1968). 


