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Siudies of the cyanide complexes of transition metals are of considerable current
interest, attention being paid to synthetic chemustry! -2 and problems of catalysis® as well
as to bonding charactenstics of the cyanide group?

The bonding properties of the cyamde group 1n transition metal complexes appear to be
a function of both o-donor and m-acceptor abilities This situation places the cyanide group
in a rather peculiar position as a mononegative igand The relative importance of these two
exireme types of bonding 1s difficult to evaluate and 1t 1s reasonable to think that 1t wall
depend on the total intramolecular environment and the oxidation state of the metal atom

In consideration of the great parallel interest in the chemistry of the phosphine
complexes of transition metals, we have mitiated comparative studies on the effect of CN™
ligand on the general properties of mixed cyanide—phosphine complexes®™® The present
paper is an extension of our previous work, with the pnmary objective being to study the
effect of the CN™ group on the stability as well as on the reactivity of such complexes

A RELATIVE STABILITIES OT 4- AND 5-COORDINATE COMPLEXES

The reaction of Ni(CN}, with tertiary phosphines PR; (R = alkyl, aryl). in addition to
the planar complexes Nu(CN}, Py, generally yields the lJow-spin tris-phosphme complexes
Ni(CN); Py (P = phosphorus atom of a tertiary phosphine)} Equilibria of the type

Ni(CN), Py & N{(CN), P, +P

are present in solution®+? The stabihty of the Scoordinate complexes depends on the
nature of the organic substituent R and foilows the order PEt, Ph >> PEt; ~ PEtPh, >
PPr”, ~ PBu; This order does not correlate well with the size of the phosphines and
must be attributed to electronic effects of the R substituent. The complexes with PPh, and
PCy are extremely unstable (Cy = cyclohexyl)

The reactions of NiX; (X = hahde, NCO, NCS} with tertiary phosphines generally yield
4.coordimnate complexes NiX, (PR;), (even in excess of the phosphine)® Only the
phosphines PMe, {ref. 10), 2-phenylphosphindoline and 9-phosphofluorene!! can give
5-coordinate low-spin Ni1X,; Py complexes

Coord Chem. Rey , 8 {1973)
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With the secondary phosphines HPR, , complexes NiX, P3 can be obtamed*? not only
when X = CN but even when X = Ci, Br,I Spectrophotometric evaluation of the stability
of these complexes towards the dissociation mnto NiX; P, and phosphine reveals the
sequence HPEt, > HPEtPh >> HPPh; > HPPhCy With the phosphine HPCy,, the
complexes NiX, P; have been observed only for X =CN

The coordinating properties tn the corresponding cobalt(il) complexes are similar to
those described for mekel(I1), although cobalt appears to attain S-coordination more
readily Thus tertiary phosphines can yield the CoX, Py compiexes not only® when X =CN,
but also'? when X = NCS Again, the complexes with PCy, and PPh; are extremely
unstable The phosphines 2-phenyl-phosphindohine, 9-phosphofluorene’’, PMe,Ph and PMe;
(ref 14) also yield CoX,P; complexes for X =Br Secondary phosphines easily give the
CoX,P; complexes even when X = halogen It 1s again found that CN™ increases the stabulity
of the 5-coordinate complexes Thus with the phosphine HPCy,, the complexes can be
obtamed!? for X =CN (or NCS) and not for X =Br

The data presented here show that the cyanide group may be of critical importance 1n
deterrmining the stahlity of MX, P complexes In fact, some of the complexes can be
formed only for X = CN When they are also gtven by X = halogen, the corresponding
cyantdes always prove to be much more stable

The electrome factors which depend on the nature of the organic substituent R appear
to be of munor importance and are evident only tn the tertiary phosphine complexes

Much more smportant appear to be stertc effects depending upon the size of the
phosphines, as 15 clearly shown by the instability of the cyanide complexes with PCys,
PCy,Et and PPh; It 1s concluded that the size of the phosphines®® 15 the factor which
prtmarily determines the stability of the MX,; Py complexes. From this point of view the
phosphines mentioned above can be divided into three classes of compound.

(1} Phosphines with critical size PCys, PCy; Et, PPhy The tris-phosphine complexes are
unstable even when X = CN

(z) Phosphines with intermediate size PEt;, PEt, Ph, PEtPh,, PEt, Cy, PMePh,, PPr',,
PBu”,, HPCy, In thus case, steric effects can be compensated for by good bond energies,
which can anse from the binding of CN groups Only the complexes M(CN), P5 are stable

(11t} Phosphines with relatively small sizes PMe, PMe, Ph, 2-phenylphosphindoline,
9-phosphofluorene and secondary phosphines with the exception of HPCy,; The
complexes MX, P53 can be stable even when X = halogen

The unique role played by the CN group n promoting stabilization of MX, Py
complexes 1s also apparent 1n the chemustry of the ditertiary phosphine complexes of
nickel(I1) and cobait{ll} The metal halides react with the diphosphines Phy P(—CH,—),PPh,
{diphosph, 11 =2, 3, 4) giving etther'*~'® 4-coordate complexes MX, (diphosph) or*?
1onic 5-coordinate complexes {MX(diphosph). ] X When X 1s the CN group, the stable
S-coordmate complexes shown in Fig 1 are obtained, in which the characteristic M{CN); P53
grouping given by the tertiary phosphines 1s maintained® %%

The stabthzation of 5-coordmation by CN™ found for the suckel{Il} and cobalt(II)
complexes 18 also evident in the complexes of cobali(I) and rhodum(I} Thus, the complex
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Fig 1 Schematic representation of the structure of S—coordinate complexes M{CN}; {dtphosph}, and
[M(CN};{diphosph}; 5]2

Co(CNj(dpe), (dpe = Ph, P(—CH, —), PPh, ) 1s a stable S-coordinate compound’® in the
solid and 1n solution By contrast the bromide, CoBr(dpe),, 1s extensively dissociated m
polar solvents, where 1t gives?® the 4-coordinate 1on [Co(dpe).|* As expected, the
corresponding 3-coordinate complexes of rhodiem(l) are less stable Thus with X = Cl, only
1onic 4-coordinate complexes, {Rh(dpe), ], have been reported?’ Again, one finds that the
cyanide Rh(CN)(dpe), 15 a stable 5-coordinate compound??, although in polar solvents it
stowly undergoes solvolysis to [Rh(dpe),]" and CN™ In a non-polar solvent such as
benzene, the compound slowly transforms into an insoluble 4-coordmate polynuclear
complex which analyzes as Rh(CN}Ydpe), 5, and 1s possibly the binuclear
(dpe}Rh(CN)dpeRh(CNKdpe}, with one dpe molecule acting as a bridge between two
thodium atoms

B RLCACTIVITY OF Co(CN};P3 COMPLEXES

Despite extensive interest®*** 1n the reactions of Co(CN)s *™ the study of mixed
phosphine--cyamide cobalt(I}) complexes has received attention only very recently®

The reactions of the Co(CN), (PR, )3 complexes lead to cobalt compounds of difficult
charactenization More convement systems have proved to be the complexes with
ditertiary phosphines, particularly the compound Co(CN},{dpe), . The reactions studied
with this compound are 1n part summarnized tn Fig 2, and can be compared with those of
Co(CN)s >~

The reactions with the organic halides R—X and X—R—X appear?** to follow patterns
substantially similar to those of Co(CN)s ™ Thus Co(CN)a.{dpe), at 40° reacts with
C,Hsland, more slowly, with C, Hs Br. Durnng the reaction one first observes the
formation of CH,=CH, , foillowed by CH,—CH; No reaction has been observed with
baiing C; HsCl The order of reactivity R1 > RBr > RCl and the prelimmary formation of
CH,=CH, suggest a halogen abstraction mechamsm from the organic halide by the
metal complex, simular to that previously found for Co(CN)s*~ The yellow cobalt
complex cation [Co{CN),(dpe),]" can be isolated from the reaction solution (Fig. 2)
Coord Chem. Rev ,8(1972)



teadp) HNDyo xaduos ag) jo suonaral swies ¢ g

n_z nnau __na._ ﬁeﬁ_—__ =i
1=y
_Es@_5“__,_____:__3@“3:zu 90D = ey

P RIGO, A TURCO

) )

(no % %)

b2 4y _“m?_;v A__ uv SH_ ey
..v/mw LI
%)
M e i—n
n.,réa
%2 +5% +X w@ ts) {u3) i * u
Y
__w N
_ _
T..v LAY \\n_ Lf e
pord + %] + &W\L?\ AR m“\g/:\
I
] oo
: [}
N
_
0
SEVAAN
2 nog ol

'




PHOSPHINE-~-CYANIDE COMPLEXES OF TRANSITION METALS 179

The complex is diamagnetic, and 1ts mfrared spectrum shows only one absorption at
2112 em ™!, atinibutable to the yey stretching Thus 1t 15 an octahedral complex of
cobalt(IIT) with two CN™ groups in frans positions, with two chelatig diphosphines

Reaction with CICH.CH, Cl, BrCH, CH, Br and with a benzene solution of 1ICH; CH; 1
gives the same cobalt(Iil} complex and CH,=CH, The reactivity order is again [ > Br >
Cl Simufar results have been found 1n the reaction of Co(CN)s*~ with orgami¢ dihalides,
and have been mterpreted in terms of a free radical mechanism mmvolving halogen
abstraction 1n the first reaction step™*.

The general features of the reactions with oxygen in CH3;OH or C;H; GH are also
stmilar?® to those shown by Co(CN); 3~ Manometric measurements of the oxygen
absorbed by solutions of Cao(CN);{dpe), show that two moles of the complex absorb
one mole of oxygen. After reaction, the solution contans aldehyde, and by treatment with
NaClO4 gives the perchlorate of the cation [Co(CN);(dpe); |* These results strongly
suggest that the bridged oxygen adduct (CN), (dpe); Co—0—0O—-Co(dpe), {CN}; s inrtially
formed (Fig 2}, which by further reaction with the solvent yields the aldehyde and the
cobalt(IIl) complex. When the reaction with oxygen 1s carried out n CICH, CH; Cl, the step
mvolving the absorption of one mole of oxygen per two moles of complex 1s followed by
further slower uptake of oxygen and simultaneous evolution of carbon dioxide In ths case,
the reaction of the cobalt—oxygen adduct with the solvent 1s very complex and 1nvolves,
mter aba, complete demolition of Co(CN), {(dpe}, molecules to give CoClz ™ moteties
whuch are stabilized?® by binding to a CN™ group in the “zwitterion™
Co(CN}(dpe); CN—-CoCl,4

The binuclear complexes {Co(CN); (diphosph}, s]; (diphosph = Ph, P(—CH,—),,PPh,,
where n = 3, 4)® do not react with oxygen m alcohols or C HyCl; Thus result 1s easily
understood considenng the structure of the compounds depicted 1n Fig 1 Steric reasons
prevent the intermolecular formation of the oxygen bridge between cobalt atoms of two
binuclear complexes, nor can one oxygen molecule “insert” intramoleculacly between the
two cobalt atoms bound by a bridging diphosphine

The lack of reactivity connected wath the structure of such complexes is confirmed for
other reagents which can give “insertion” reactions Thus we find that the complex
Co(CN); (dpe): reacts readily ai room temperature with SO, tn benzene or with SnCiy mn
ethanol, whereas the binuclear complexes mentioned above do not show any reactivity
towards the same reagenis under the same experimental candiiions Although the reaction
products given by Co{CN); {dpe); have not been fully characterized, there 1s Iittle doubt??

X
!

that the first reaction step with SO; and SnCl; 1nvolves the formation of Co—Y—Co

!
X

binuclear compounds stmilar to those already observed i the reaction of Co(CN)s 3~

The behaviour of the 5-coordinate complex Co(CN), {dpe); 1n the reactions discussed so
far 15 very similar to that of the Co(CN)s >~ ion This shows that substitution of three CN—
groups by three phosphorus atoms 1n the absence of important steric effects does not

Coord Chem. Rev , 8 {(1972)
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percephibly alter the chemical behaviour of the cobalt atom In particular, the “free radicat™
character of the 47 “low spin™ configuration of cobalt(I1) 1s preserved, as shown by ths
reactions with oxygen or with orgamic hal:des

However, there 1s an important difference between Co{CN)s *~ and the Co(CN), P»
complexes, and the evidence for this comes from the reactivity towards the H, molecute
In contrast to the easy reaction® of Co(CN)s >~ with H, leading to CoH(CN)s 3>~ we find
that the mixed cyano—tertiary or —ditertrary phosphune complexes do not appreciably
react with H, even under a pressure of 100 atm, in several solvents The lack of reactivity
with H; 1s a little surprising considering that other substituted cobalt{II} cyanides, for
example the muxed amune—cyamde complexes, give hydrides by reaction®®+2% with H,. The
lack of reactivity may arise from the low stability of CoH{CN). P53 complexes, however,
one cannot rule out that it is due to kinetic mnertness In fact, a “concerted™ mechanism
similar to that of the reaction®® of Co(CN)s 3~ with H, may represent a difficult pathway
i the case of the phosphine—cyanide complexes where more severe steric restrictions are
operative

Another mteresting aspect 1n the chemistry of the phosphine—cyanide complexes of
cobait(l1) 1s that they do not appear to catalyze the hydrogenation of activated olefins, 1n
contrast to Co{CN)s 3™ (ref 3) and the amuine—cyanide complexes®®-2° Thus we find that
the complexes with PEt; Ph, PEtPh, and diphosphnes, in ethanol, benzene or C; H.Cl; do
noi catalyze the hydrogenation of styrene and cinnamic acid under ambient conditions

The reactions of the diphosphine complexes wath dilute solutions of perchloric acad or
hydrogen chloride 1n ethanot have also been studied Under strictly contro:ied anaerobic
condtttons, we find that the complex Co(CN),{dpe), reacts with H' giving the cobali(1H)
complex ton [Co(CN); (dpe), |t By contrast, complexes with the other two diphosphimes
{Fig. 2) do not react with HCIO,; under the same conditions We believe that this different
behawour is due to the availabihity in the Co{CN); (dpe}; molecule of one un-coordinated
phosphorus atom Thus, loss of one electron from the cobalt(II) atom may readily lead to a
6-coordinate cobal{(IID) complex by further coordimation of the free phosphorus end of the
diphosphine The driving force for the oxidation reaction is provided by the simultaneous
formation of a ¢obalt—phosphorus bond With regard to the mechanism of oxidation 1t 1s
possible that the nitrogen atom of a coordmnated CN group 1s preferred as a reaction site of
the protonated species, and that an inner-sphere CN-bridged electron transfer occurs from
the cobalt(Il} atom to the proton The destiny of the reduced proton has not yet been
ascertained. In fact, only trace amounts of H; are evolved during the reaction

Finally, we shall comment briefly on the reactions of the Co(CN}, P; complexes with
carbon monoxide. Complexes with tertiary phosphunes react in solution with carbon
monoxide giving first the substitution products Co{CN), P, (CO) The latter compounds
give by disproportionation the cobalt(I) derivatives Co(CN)P, (CO); and un-charactenzed
cobalt(I1I} complexes®" The complex Co(CN),{dpe),, however, in alcohols, benzene or
CH, Cl; also reacts with carbon monoxide to give a stable cobalt(III) compiex'* The
stoichiometry of the reaction 1s depicted by

2 Co(CN),(dpe); +2 CO — Co{CNXdpe)(CO). + [Co(CN);(dpe}, }5 +dpe + CN™
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and 15 similar to that found®?® in the disproportionation of Co(CN)s >~ to Co(CN)3{CO}. 2=
and Co(CN)s>~

C REACTIONS OF COBALT{} AND RHODIUM(I} COMPLEXES

Most of the work has been carrted out with the complex Ca(CN}(dpe), (ref 14) The
compound can be obtained by reduction of Co(CN); (dpe), with hydrazine in botling
ethanol. It undergoes characteristic oxidation reactions to the complex ion
[Co(CN)(dpe), |" This ion can revert to Co(CN)(dpe), by reduction with NaBH, or go
back to Co(CN)2(dpe), by controlled addition of cyanide 10ns

The reactions studied with the complex Co(CN)(dpe), are depicted mn Fig 3
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Fig 3 Some reactions of the complex Co(CN){dpe)s

The compound reacts rapidly with oxygen at 25°C m C; HyCl; or C; Hs OH solution
The reaction requires I 5 moles of oxygen per mole of the complex After reaction, the
solutton contains cobatt(II) cyamde compiexes and the diphosphine dioxide dpeO,

When the reaction s carried out at 0°C in C, H4Cl;, two distinet oxygen absorption
steps can be observed Manometric measurements show that about 0 5 moles of oxygen per
mole complex are taken up during the first reaction step This step can be better
investigated by carrying out the reaction 1n ethanol in the presence of excess sodium
perchlorate, only 0 5 moles of oxygen are taken up in this case with the precipitate
[Co(CN)(dpe), I* forming in practically quantitative yield during the reaction
Acetaldehyde s another reaction product. A solution of the compound
[Co(CN)(dpe); 1 CIO, 1 C; HyCl, can further react with oxygen (1.1 molar ratio) giving
cobalt(IIl} cyanide complexes and diphosphine oxide

Caord Chem Rev., 8 {1972}
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The overall patterns of the reaction with oxygen may be depicted as follows A reactive
cobalt—oxygen adduct s formed in the first reaction step during which 0.5 moles of oxygen
per mole complex are consumed The oxygen adduct reacts readily with the solvent giving
the complex 10n [Co(CN)(dpe), ]*, which can further react with one mole of oxygen to give
finally cobalt{III} complexes and phosphine oxide With regard to the nature of the
cobalt—oxygen adduct, the stoichiometry O, -2 Co found for the first reaction step may
indicate, although 1t does not prove, the formation of a bridged Co—0O—0—Co binuclear
complex This type of binding, unusual for 4-coordinate g* complexes, is conceivable for
d® 5-coordinate compounds

The compound Co(CN){(dpe), 1s also readily oxidized to {Co{CN){dpe), ]* by reaction
with stoichiometric 1odine in ethanol or benzene The compound Co(CN)I{dpe),, which can
be obtamned from the selution, 1s probably 6ccordinate 1n the solid and extensively
dissociated into [Co{CN)(dpe): 1 and I~ in C; H4Cl; solution

Finally, easy ox:dation of Co(CN)}dpe), to [Co(CN)Xdpe), |7 was also observed by
reaction with 0 1 M HClO4 1n ethanol The reaction leads to [Co(CN)(dpe); |* both with
storchiometric amounts or with a large excess of perchloric acid Evolution of hydrogen
was not observed during the course of the reaction Considening that the 5coordinate
CoH{dpe); reacts*' with HCIOQ; in ethanol to give [CoH,(dpe), ]+ and that the complexes
[CoHCI(dpe), " (ref 20)and [Co(CN),(dpe),]" are stable, it was expected that
[CoH{CN)(dpe), ]* could be a product of the reaction However, the data presented here
suggest that [CoH(CN)(dpe).]" 1s an unstable compound which, 1f formed, readily
decomposes 1n ethanol to give [Co(CN)(dpe), " and other products

Comung to the reactrons with H, , we find that Co{CN)(dpe), 1n ethyl ether solution
does not react with Hy at 70 atm By contrast, 1t 1s known?° that the 10nic 4-coordmate
[Co(dpe),]* readily adds hydrogen to give {CoHy{dpe).]" It thus appears that the
oxidative addition process, typtcal of d° 4-coordinate complexes, 1s suppressed in the case
of Co{CN)(dpe),, which 1s a stable 5-coordinate compound In principle, oxtdative addition
in the latter case could occur 1f accompanied by substitution It seems evident that in the
present case oxidation to cobalt{III} and substitution of phosphine or cyamde groups by
hydrogen atoms 1s energetically unfavourable

Finally, the reaction with carbon monoxide shows that one diphosphine 1s readily
replaced by two carbon monoxide molecules to give the previously mentioned compound
Co(CN}dpe)(CO), The rhodium(l) complex Rh({CN}dpe), vields by reaction with CO at
100 atm the 4-coordinate complex®* Rh(CN)(dpe)CO Ths result differs from that given
by the cobalt(I} complex, and is not unexpected considering the lower stability of the
5-coordmate complexes of rhodium as compared with those of cobalt

An interesting sertes of reacttons with carbon monoxide and oxygen has been studied
with the compound Rh{CN){(PPh,}; (ref 22), which reacts with CO1n benzene to give the
substitution product Rh(CN){(PPh;), CO This reaction ts sirmular to that given?? by
RhCI(PPh;);. When the reaction of Rh(CN)(PPhj); with CO 1s carried out in the presence
of excess phosphine n light petroleum, the S-coordinate Rh{CN)(PPh;); CO slowly
separates from the solution The compound 1s fairly stable in the solid state, but 15, however,
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extensively dissoctated in solution where it gives the 4-coordinate Rh(CN)(PPh3); CO By
contrast, we find m accordance with other reports®? that the tris-phosphine carbonyl
complexes are not given by RhCI(PPh, )5 even in the presence of large amounts of the
phosphine The instability of RRCH(PPhs )3 CO can be contrasted with the stability*? of
RhH(PPh3}; CO and Rh{CNXPPh3)3CO These observations show that the Scoordmate
tris-phosphine carbonyt complexes of rhodium(l) are stable only when the antonic ligand
gives goad covalent bonds This conclusion is i agreement with the previous discussion on
the 5-coordinate MX, P; complexes of cobalt{Il) and nickel(II)

The complex Rh(CNY}PPhs), CQO in CH, Cl; solution reacts with oxygen at 50 atm
giving the adduct Rh{(CNYPPh4), (COXO, } It 1s known that the corresponding chlonde
RRCKPPh;); CO does not interact with oxygen and that attempts to prepare solid samples
of Rhi(PPh4), (COXO,) have failed, although an interaction between RhI(PPh;), CO and
0O, may oceur in solution® In keeping with the conclustons of Ibers and coworkers®, the
increasing capacity for uptake in the sertes CI, I, CN should be interpreted m terms of
mcreased electron density on the rhodwm atom However, considering the electronegativity
values of CI, Br, I and CN this explanation does not appear to be satisfactory3®. The
capacity for oxygen uptake of the cyanide complexes of rhodium(l) 1s confirmed by the
fact that Rh(CN)(PPh,); either mn the sohd or in petroleum ether solution readily yields
the oxygen adduct Rh(CNY(PPh3),(0;)

In conclusion, these results confirm those on the complexes of cobalt(I1} and nickel(IT}
The primary effect of the eyanide group 1s to stabilize S-coordination as compared with
4-coordination Moreover, the cyanide group affects the reactivity of the complexes by a
combination of two factors The first factor depends directly on the stabtlization of the
5-coordinate substrates, the second comes from the effect of the CN™ group on the
electronic properties of the central metal atomn

REFERENCLS

i BM Chadwick and A G Sharpe, Advan fnorg Chem Radiochem . B {1966} 84, and refercnces
therein
2 DF Shnwver, Struct Bonding (Beriin), 1 {1966) 32, and refercnces therein
3§ Kwiatek, Caral Rev , 1 (1967} 37, and references therem
4 R L DeKock, A C Sorapu and R ¥ Fenske, frorg Chent , 10 (1971} 38
5 P Rigo, C Pecile and A Turco, fnorg Chem |6 (1967) 1636
& P Rigo, B Carair and A Turco, fnorg Chem , 7 (1968} 1623
7 P Rigo, G Guastalla and A Turco, fnorg Chem | B (1969) 375
8 P Rigo, M Bressanand A Turco, fnorg Chiem , 7 {1968) 1460
9 P Rigo, M Bressan, B Coram and A Turco, Chem Commun , (1970} 598
10 K A Jensen and O Dahl, Acta Chem. Scand , 22 (1968) 1044
i1 BW Allen, I T Miltar and T G Mann, S Chem Soc A4,(1969) 1101, and references therein
12 P Rigaand M Bressan, unpublished resnlts
13 T Boschy, P Rigo, C Pecile and A Tuico, Gazz Cium ftal , 97 (1967) 1391
14 P Rigo, unpublished results
15 C A Tolman,S Amer Chem Soc., 92 (1970) 2956
16 G R Van Hecke and W D Horrocks, Ir, fnorg Chem: , 5 (1966} 1960
17 WD Hortocks, Jr, G R Van Hecke and D D Hall, fuorg Chem , 6 (1967} 694

Coord Chem Rev , 8 (1971}



184 P RIGO, A TURCO

18 L Sacconrand J Gelsomns, frorg Chem , 7 (1968} 291

19 A Saccoand F Gornen, Gazz Chim fral , 93 {1963} 687

20 A Sacco, M Rosstand CT Nobile, Chert Commun., {1968) 589

21 A Saccoand R Ugo,J Chem Soc, {1964) 3274

22 G Favero and P Rigo, napublished resulfs

23 J Halpernand M Prtbame, J Amer Chem Soc , 93 (1971) 96, and references theremn
24 PB Chock and J Halpern, J Amer Chem Soc , 91 (1969) 582

25 A.Ham and W K Wiimarth, f Amer Chem Soc , 83 (1961} 509

26 P Ripo, B Longato and G Tavero, fmorg Chem L 11 €1972) 300

27 A A Vlecek and F Basolo, fuorg Chem., 5 (1966} 156

A& O Pirrnger and A. Fackas, Mature, 206 {1965 1040

29 G M Schwab and G Mandre, S Caral , 12 (1968} 193

30 F Halpern and M Pribame, fmorg Chem., 9 (1970) 2616, and references therem

31 M Bressan, B Coramn, P Rigo and A Turco, fnorg Chem , 9 (1970} 1733

32 7 A Osborn, T H Jardine, J T Joung and G Wilkinson, J Chem Soc¢ A, €1966) 1711
33 §S Bathand L Vaska,f Amer Chem Soc . 85 {1963} 3500

34 3 A McGmnety, NC Payne and J A Tbers, J Amer Chem Soc [ 91 (1969) 6301

35 L WVaska and J Peone, Ir, Chemn. Commuun {1971} 418

End of Bressanone Conference

Emmainm

The following equatton was printed incorrectly in Coordmation Chemistry Reviews,
~ Vol 7,No 3,p 248, and alsom Vol 7,No 4, p. 420.

\ /T AV N\ S NI
¥—Pt—¢ : ) Mz—Fe—x , v 2 ZS: > Pr—x  (13)
/N VAN /\ VAN



