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TDE CHEMISTRY OF METAL CARI3ONYJ_S: “THE LIFE WORK OF 
WALTER HIEBER”* 

H. BEHRENS 

Institut fiir Anorganische Chemie II der Universit~t ErZangen-Mimberg, Egerlandstmsse 1, 
8520 Erlangen (B_ R. D.) 

Professor-Hieber, Ladies and Gentlemen! 

It is a greater honour and a special pleasure for me to address this disting- 
uished international audience of scientists at the beginning of this symposium 
on metal carbonyls, on the subject of the life work of my most respected 
teacher Walter Hieber. 

When, a few months ago, Prof. E-0. Fischer and Prof. W. Beck asked me 
to give this lecture, I was at first hesitant because I was not sure that another 
colleague could not better do credit to the subject. In spite of this I am giving 
this talk** and the reason is that for 25 years of the more than 40 years of 
Walter Hieber’s research on metal carbonyls I have had the personal pleasure of 
working in close contact with him at the Technische Hochschule Mlinchen and 
of having personally experienced a large proportion of his most important 
scientific achievements from very close quarters. 

In an earlier symposium on metal carbonyls, arranged by the American 
Chemical Society in 1964 in Philadelphia, our friend and colleague Professor 
Dahl described Professor Hieber as the “Father of Metal Carbonyl Chemistry”. 
I do not believe that one can improve upon this description of the role of 
Walter Hieber in the development of the coordination chemistry of metal carbo- 
nyls which itself has played such a special part in the Renaissance of inorganic 
chemistry in general. This characterization of Walter Hieber rightly expresses 
the significant impulses which he has given to metal carbonyl chemistry, and 
therewith to the whole of organometallic chemistry, and how his work has 
formed a basis for so many later developments of which the chemistry of the 
so-called z-complexes is an important example. 

When Walter Hieber began his first experiments on iron pentacarbonyl in 
1927 the number of known carbon monoxide metal compounds was very small 
indeed as can be seen from Fig. 1. Knowledge of the structures, bonding and 

* Resented at the Symposium on Metal Carbonyl Chemists-y. dedicated to Professor Walter Bieber. 
held at Ettal [West Germane). July 2lst-Ju.I~ 27th. 1974. 

** I should like to thank Dr. Malcolm Pitbroxu for the translation of the text- 
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Fig_ 1. Metal carbony compounds 1871~1928_ 

chemical reactivity of this new class of compounds was at that time non-existent 
or at most minimal_ Their unusual compositions and properties did not allow 
them to be cIassified with other known compounds, and in the literature of 
that time one finds strange formulations. Thus it was suggested that metal 
carbonyls were metaI sa.Its of organic pseudo-acids containing carbon chains 
tith the metal bonded to oxygen atoms_ As I began my own studies in 1933, 
textbooks assigned structures to Ni(CO)4 and Fe(CO)5 such as those shown 
in Fig_ 2_ 

Thus, as Walter Hieber began his chemical research, the time was ripe for 
a systematic study of the metal carbonyls then known and for the initiation of 
the study of the coordination chemistry of metal carbonyls based on consider- 
ations of their structures. 

significant achievements in scientific research ahnost always result from a 
happy combination between scientific ability and imagination, together with the 
intuition to do the right experiment at the right time. We shall see in the course 
of this talk that with his very first experiments Prof. Hieber indeed began a 
series df the right experiments at the right time. 

A further important condition for scientific achievement is an ability to 
attract intelligent and promising young co-workers with whom research can be 
carried out. Prof_ Hieber had the special ability to stimulate students’ interest 
in new problems and ideas. I can still well remember the fascination for the 

~ig2_Old formulations forNWOl4 and Fe<COk. 
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Fig. 3. Publications of W. Hieber. 

subject which Prof. Hieber generated in the lectures on complex chemistry 
which he gave in 1935 immediately folIowing his appointment to the chair of 
inorganic chemistry at the Technische Hochschule Miinchen. All the students 
found that his presentation of the material brought a completely fresh approach 
to the subject. In subsequent discussions with a great many Hieber students I 
have been convinced that it was indeed his lectures which filled many talented 
young chemists with enthusiasm for inorganic chemistry and particularly for 
complex chemistry. It was these attributes of Walter Hieber which enabled him 
to build up a large and respected research school with which, in spite of the 
many problems associated with the times, he could begin and continue his life’s 
research. 

The extraordinary extent and success of this research is indicated by the 
impressive number of his publications. These are summarized in Fig. 3. In the 
years 1928 to 1970 Walter Hieber published a total of 213 reports on metal 
carbonyls. His review articles listed here and which appeared in 1937,1942, 
1946,1952,1960,1961 and 1970 serve as milestones in his more than 40 years 
of pioneering work in metal carbonyl chemistry. In addition he has published 
39 papers on nitrosyl compounds and a further 32 on general complex chemis- 
try, including work as early as 1928 on silver(D) compounds. This research 
serves as an example of the broadness of Prof. Hieber’s interests and of how 
the early experiments on coordination chemistry influenced and stimulated his 
metal carbonyl work. 

It is obvious that in the space of time available today I can only concen- 
trate attention on the most important aspects of this vast area of research and 
on those experiments which have been most significant in the general develop- 
ment of metal carbonyl chemistry. Since its beginning just about 50 years ago, 
and particularly since the early 1950’s with Mealy and Pauson’s discovery of 
“Ferrocene” and Fischer and Hafner’s preparation of “Dibenzenechromium”, 
research in the chemistry of metal carbonyls has developed explosively. Thus 
at present more than 1500 papers on carbonyl complexes are published yearly_ 
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There is no doubt that the foundations for this unexpected development 
have been the examplary works of Walter Hieber. This is the more impressive 
when one remembers that the modem spectroscopic methods of compound 
characterization were only available to Hieber in the last years of his research 
career. It is amazing that Hieber gave exact analytical data and proposed struc- 
tures for often very complicated compounds, many of which in recent years 
have been proved correct by X-ray structure determinations. 

Of course, even in the earlier years, various physical-chemical methods of 
compound characterization were available such as magnetic and dipole moment 
measurements; IA7 spectroscopy and since 195’7 IR spectroscopy have had 
broad application in the clarification of structural problems- 

In current times, when the area of the chemistry of metal carbonyls and 
their derivatives has become so vast and explosively growing that one can 
hardly keep up with all the developments and when the most modem and 
rational methods of structure determination are available, it is still most inter- 
esting to ask about the first steps which Walter Hieber made into the then 
“terra incognita” of metal carbonyl chemistry. 
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As is shown in Fig. 4, Prof. Hieber’s first publication from 1928 was in 
collaboration with F. Sonnekalb and had the title “Reactions and Derivatives 
of Iron Carbonyl”. In this and in the work which immediately followed dealing 
with the reactivity of iron pentacarbonyl and triiron dodecacarbonyl towards 
various amines and alcohols, several new problems presented themselves. These 
problems and their solutions were to be of fundamental importance for the 
subsequent advances to be made in the chemistry of metal carbonyls. These 
reactions with amines result in the expulsion of carbon monoxide with the 
production of deep-red amine-containing iron carbonyls. They were described 
as amine-substituted iron carbonyls although at the time the unusual stoichio- 
metry was difficult to comprehend completely. As we shall see in detail later 
these compounds are complex salts of polynuclear carbonylferrate anions and 
hexacoordinated iron(D) cations. Although the description of these compounds 
was incorrect at the time the finding that carbon monoxide could be displaced 
by other neutral ligands was to be of great significance. Hieber’s report, also 
from 1928, of the reactions of iron pentacarbonyl with chlorine, bromine and 
iodine which lead to dihalogeno-tetracarbonyl complexes clearly showed the 
coordinative bonding of the carbon monoxide thus indicating that in metal 
carbonyls and their derivatives the carbon monoxide is present as a neutral 
molecule. With these important results the carbonyl complexes could definitely 
be described as coordination compounds for which the “Inert Gas Rule” holds. 
This, of course, meant a considerable simplification of the formulation of these 
complexes. At the same time this initial work set the scene for further research 
and achievements for Prof. Hieber, namely for: (1) the preparation of anionic 
carbonyl complexes, (2) the discovery of carbonyl hydrides of iron and cobalt, 
and (3) the systematic study of substitution and disproportionation reactions of 
metal carbonyls. 

Between 1953 and 1960 Prof. Hieber and his group fully explained the 
reactions of mono- and polynuclear metal carbonyls of the $&metals with 
nitrogen and oxygen bases. As early as 1935 the hexacarbonyls of the Group 
Via metals had been shown to react with such nitrogen Lewis bases as pyridine, 
l,lO-phenanthroline or 2,2’-bipyridyl to give substitution products. In contrast, 
the mono- and poly-nuclear carbonyls of the other 3d-metals gave valency 
disproportionation of the particular metal. With this knowledge came the ex- 
planation of the reactions of iron carbonyls with various amines and alcohols 
which had been performed between 1928 and 1931. 

In the top part of Fig. 5 can be seen the formulations from 1928 of com- 
plexes formed by the reactions of iron carbonyls with ethylenediamine, py- 
ridine and methanol. These are in fact ionic compounds. All these reactions 
occur by disproportionation of iron(O) with the formation of hexacoordinated 
iron cations and the-mono- or poly-nuclear carbonylferrate anions: 

[Fe(CO),l*-. [Fe,(CO),]‘-, [Fe,(CO),,]‘- or [Fe,(CO),3]2-. 

The stoichiometries of these anions obey the Sidgwick-Bailey rule. It is not 
always predictable, however, which of the possible mono-, di-, tri- or tetra- 
nuclear anions will be formed in any particular reaction. This depends on the 
carbonyl, the Lewis base and also on the reaction conditions, particularly 
temperature. These carbonylferrate anions are isoelectronic with the req?ective 
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1928 -1932 I F&CO), en,. FeL(CO)l* en,, Fe*(CO), en3, Fe (CO), en 
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WCOL, - CH,OH, Fe,KO& - CH,OH 

1957 - 1959 : nF6 - FiT+ 1 Fe”_$ (n=2,3.1,5) 
Fer* 6B - tkB,f 

Uncharged carbonyl 1 Carbonylferratc anion 

Fe (CO& 
Fe,KOL, 

Fe3 GO),, 
( Fe,(CO\, lw 

-1 unknown 

I 1 Fe (CO), I*- 

I 
1 Fe, (COl,l*- 

IFe,KO1,f- 

I FeJCOl,, f- 

Fig. 5. Reactions of iron carbonyls with nitrozeen and oxygen bases. 

neutral iron carbonyls if one considers that 2 electrons replace one carbonyl 
group- 

Mono- or poly-nuclear carbonylferrate anions can also be obtained by the 
so-cahed “Base Reactions”, i.e. by the reaction of iron pentacarbonyl, diiron 
enneacarbonyl and triiron dodecacarbonyl with alkali, as shown in Fig_ 6, The 
existence of these anions was proved by their precipitation with complex cations, 
by which reactions hydrido carbonylferrate ions can also be produced depen- 
ding upon the acidity. 

The structures of most of these various carbonylferrates has since been 

1s k(CO~+f.Oki- [Fe (COE1”+ C$+ 2 I%0 

l+JCO),+GOH 1957: -I Fe*cog-+ c@ 2 f-$0 

F& CCOb+ L OH --dF&JcolJr* a$+ 2&O 

1 FdcO~l*-+ 40 + I HFGKOlr+ OH- 
kJCO~l+ H20e i HFeJCOlJ-• OH- 

H 

CO 

OC 

4 

? 
M.B. Smith and 8.6~ 1973 

. 

I =0 

iii 

t HFe(COkl- 

Fig. 6. The “base-reactions” of iron carbonyls. 
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Fig_ 7_ structure5 of C~~3KO~ 1 il- and Fe3KZO)12 <L-F_ Dahl and coworkers 1965/1966)_ 

shown by X-ray methods. Thus Smith and Bau have recently shown that the 
[HE’e(CO)J anion exists as a distorted trigonal bipyramid with three equato- 
rial carbon monoxide ligands. This structure is of considerable importance with 
respect to the structure of the isoelectronic hydrido tetxacarbonylcobait since the 
thermal instability of this latter compound, which was discovered by Hieber in 
1934, has precluded its X-ray structure analysis. 

The X-ray results of Dahl and his co-workers on the neutral complexes 
Fe,(CO), and Fe,(CO),,, and on the anions [HFe,(CO),I]- and [Fe,(CO),,]‘- 
are especially interesting since they clearly indicate the structural relationships 
between these systems, as shown in Fig. 7. The structure of ixiiron dodecacar- 
bony1 can readily be related to that of diiron enneacarbonyl by replacement of 
one of the three CO bridges in the latter by a cis-Fe(C0)4 group. The difference 
between IHFex(CO)I 1]- and Fe,(CO) I* lies in the presence of a hydride bridge 
in place of a CO bridge whilst in [Fe,(CO), ,I’- the Fe-H-Fe bridge is appar- 
ently replaced by a direct FeFe bond, 

In the [Fe,(CO),,]*- anion shown in Fig_ 8 the four iron atoms form a 

0 8=C @=Fe 

~ig.8.St~~ctureofthe CFe&x0~31 '- anion (RJ. Doedens and L-F. Dabl. 19661. 
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0 
nNi - Ni ** + I Ni,, f- (n=3,4.5,(51 

I%&:9G3: [ Ni, (CO&12-; [ Ni,(CO&f_ [N& (m,f~ [Ni,(CO&f- 

Fig 9. Reactions of Ni(CO)a with nitrogen Lewis bases. 

tetrahedron with an Fe(CO), group as an apex, This is bonded by Fe-Fe 
bonds to the three Fe(CO)s groups which form the base of the tetrahedron_ 
The thirteenth CO molecule bridges these three iron atoms of the base_ 

I have made a special point of dealing with these polynuclear carbonyl- 
ferrate anions in some detail, because, as a result of earlier discussions with 
Prof. Hieber, I well know how the extremely difficult chemistry involved in 
this area had long fascinated him and for how important he considered this 
particular work within his general research programme. I think that you, Prof. 
Hieber, will be especially pleased and satisfied that your excellent conclusions 
have found such an impressive proof. There is no doubt that this work repre- 
sents a great fulfillment of your first experiments aimed at revealing the Secrets 
of metal carbonyl chemistry and which you carried out 4’7 years ago in Heidel- 
berg_ Before I begin to discuss the history of the discovery and development of 
hydrido metal carbonyls I should like to conclude this section on anionic car- 
bony1 complexes with a short summary of the most important results associated 
with the other 3&metals_ 

Similar to the iron carbonyls, nickel tetracarbonyl undergoes valency 
disproportionation with nitrogen Lewis bases (Fig. 9) to give polynuclear car- 
bonyhrickelate anions; these also obey the Sidgwick-Bailey rule, but they have 
been less well studied because of their ready decomposition. 

In contrast to these reactions of metals with even atomic numbers dicobalt 

_--__._ - 
1937and 1952-1958: l&s- cs+zca ----I 

3c4(CO&* 12 NH3 - Z(C~(NH,)~I(c~(cO)‘1,+ 8CO 

1960: 
.__ - 

p4d - Mnr+2Mril 

3Mn",(&&,+12 pyr rzdc Z[M~pyr,l(M~(CO),1,+10CO 

1931 and 1952 -I953 I 3 Ce(COI, %fk 2 CO*+ L [Co(COLf + 8 CO 
8Co,(CO1,+32 OH- + 8C0 -lG[Co(CO),l-+ 8CO;*lC Hz0 

11 COJCO)~+ 32 OH-- 2Co*+ 2O(Co(CO),l-+8CO;+l6H,O 

1957158 I 13 MnP(cO),,+.LO OH-S 2Mnr+2L(Mn(CO)S1-+10C0~+20H,0 

13% 10. Reactions of CO+<CO)~ aod Mn2<CO)l~ with nitrogen Lewis bases. and -base reactions” of 

~2~COh a.nd MndCO) lo- 
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octacarbonyl and dimanganese decacarbonyl disproportionate with nitrogen and 
oxygen Lewis bases to give only the mononuclear carbonylmetallate anions 
[Co(CO),]- and [Mn(CO),]- with the elimination of carbon monoxide, as 
shown in Fig. 10. This work, especially that on dicobalt octacarbonyl, was car- 
ried out between 1952.and 1958 by Prof_ Hieber and his research team and 
represents an extraordinarily thorough investigation involving reactions with a 
vast number of different nitrogen and oxygen Lewis bases. Tetracobalt dodeca- 
carbonyl reacts in the same way with Lewis bases as the dicobalt complex, 

In contrast, the reaction of dicobalt octacarbonyl with alcoholic alkali 
follows a completely different course since the carbon monoxide set free in the 
valency disproportionation causes the real base reaction with formation of 
carbonate and the tetracarbonylcobaltate anion (Fig. 10) Thus this reaction dif- 
fers from the “base reactions” of the three iron carbonyls mentioned earlier in 
that in the cobalt system the number of CO groups in the cobalt carbonyl and in 
the tetracarbonylcobaltate anion is the same. 

The “base reaction” of dimanganese decacarbonyl with alkali is analogous 
and is also shown in Fig_ 10 in an overaIl equation_ 

In Fig. 11 it is shown that if instead of treating dicobalt octacarbonyl with 
nitrogen bases, triphenylphosphine is used, for which like carbon monoxide 
double bonding to the metal is possible, then, depending on the solvent and 
reaction temperature the product may be the triphenylphosphine-substituted 
cobalt carbonyl or a disproportionation to Co” and Co-’ can take place. The 
formation of the five-coordinate cobalt tricarbonyl cation in this latter reaction 
represents the first experimental indication of the existence of cationic metal 
earbonyl complexes. In later work, even after his official retirement, Prof_ 
Hieber made considerable contributions to the chemistry of these cationic sys- 
tems, particularly for iron, ruthenium and osmium, as also for rhodium and 
iridium. 

Cq(CO)s + PR, 

!< 
tCi;(CO~(PR,),ItC~‘(CO),l C& (CO), ( PR, )* 
A Sacco 1956 

I 

i 2Co” - co-*+ Cd’ 
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F‘ig_12_Reactions of 3d-metalcarbonylswith.Lewisbases<1961)_ 

As to the question of whether the reactions of mono- and poly-nuclear 
metal carbonyls will give carbon monoxide substitution or disproportionation 
the acceptor and donor characteristics of the particular ligand are of deciding 
importance_ The table shown in Fig. 12 was drawn up by Prof. Hieber in 1961. 
It is based on the research of several decades and represents an excellent sum- 
mary of the reactions of metal carbonyls with Lewis bases. 

In the series of ligands from triphenylphosphite through triphenylphos- 
phine, isonitrile, the IV-heterocyclics bipyridyl and phenanthroline to pyridine 
the tendency to cause disproportionation becomes steadily greater tis the ‘IT- 
acceptor character of the ligand decreases, especially in the cases of the dinu- 
clear carbonyls of manganese and cobalt. This tendency seems also to be 
inffuenced by the increasing electronegativity of the 3d-metals in the series 
from chromium to nickel, 

The reduction of normal and substituted metal carbonyls with alkali met- 
als has proved to be a most useful method for the preparation of carbonyl- 
metallates containing only CO ligands or of carbonyhnetallates with a mixture 

1961: R&(CO&, (@ 2 Na(R&CO&l 

1961: Co”, (CO),(PR,), ?i$" - 2 NatC~(CO)3PR31 

1965: ~~(co~(p(o~&ci “$? ) NatdIcO),UWR&l 

1960: FeKO),(NO), w [Fe(CO),NOl- 
isoe1ectr. with KoKO~l- 

Fi~l3.Carbonylmet prepared byraductionwithsodiumamalgam. 
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of ligands. Some examples are presented in Fig. 13. In 1960 this method was 
utilized for the first preparation of the nitrosyl tricarbonylferrate anion which 
is isoelectronic with the tetracarbonylcobaltate anion. 

One of the most exciting high points of Prof. Hieber’s research career has 
definitely been the discovery of the carbonyl hydrides of iron and cobalt; a 
result which opened up the chemistry of a whole new class of interesting and 
characteristic compounds. The first result, that of the formation of iron carbonyl 
hydride by decomposition of ethylenediamine adducts of iron carbonyl with 
acids, was published by Prof. Hieber as early as 1931 in “Berichte der Deutschen 
Cbemischen Gesellschaft” (Fig. 14). 

At this point I should like to quote what Prof. Hieber himself wrote about 
this early discovery in the 1970 volume of “Advances in Organometallic Chem- 

istry”. He wrote: “Already in the early experiments involving treatment of 
iron tetracarbonyl with ethylenediamine hydrate, we observed that upon acidifi- 
cation of the solutions an extraordinarily intense repugnant smell was released. 
I can still clearly remember the day when I, together with my co-workers 
Leutert and Vetter, at the Heidelberg Institute, was able to freeze out a volatile 
water-clear liquid from the decomposition of the etbylenediamine-containing 
iron carbonyls, identifying it as H,Fe(CO)o”. 

The famous paper entitled “Base reactions of iron pentacarbonyl and the 
formation of iron carbonyl hydride” appeared in “Zeitschrift fiir anorganische 
und allgemeine Chemie” in 1932 (Fig. 15). 

The isolation of the free iron carbonyl hydride (Fig. 16), prepared by 
acidification of the alkaline solution, was at first particularly difficult because 
of its extreme instability and was only achieved after fractional distillation in 
high vacuum. In later work at the Technische Hochschule Miinchen, the car- 
bony1 hydride of cobalt was made by the base reaction of dicobalt octacarbonyl 
which I have described earlier (Figs. 10 and 16). 



1932 jH,Feo, Fe(CO1, * 3Ot-f - tHFe(CO),l- + CO:-+ t-I,0 
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+H+ 

H,Fe(CO), 
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1s ! HMn (CO), 1 1% , HReKO), ] 
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Fig. 16, Hydzido metat carbonYk I- 

-26 

-1 

(-HN031 



Thus this work from more than 40 years ago represents the first preparations 
of compounds containing hydrogen covalently bonded to transition metals- This 
bonding was immediately and completely correctly interpreted by Hieber and 
it led to the most useful concept that the HzFe and HCo (or HMn) groups can 
be regarded as pseudo-nickel and pseudo-iron atoms respectively_ When one 
thinks that to date more than 300 hydrido complexes of the transition metals are 
known of which more than 100 are carbonyl hydrides then one has to aGpre- 
ciate the enormous importance that this early work of Prof. Hieber has had on 
the development of this particular area of chemistry. This is emphasized still 
further when one thinks of the role which hydride complexes now play in 
homogenous catalysis systems. 

This early work by Walter Hieber represents masterpieces intbe experimen- 
tal art. Not only were these extremely sensitive compounds’prepared in a pure 
form but they were also exactly analyzed. Further, data on their physical prop- 
erties, which are still valid today, were determined in full_ 

In the winter of 1937, when I began my Diploma-work at the Technische 
Hochschule Miinchen as a student of P+of_ Hieber, I saw for the first time the 
beautiful pale yellow crystals of cobalt carbonyl hydride which, after extremely 

- = 0.02Gn Co(C0kl-l; 

------ = 0,026n HNOQ; ------ = 0,026n HCl 

Fig_ 17. Potentiometric titration curve of RCo(C0)4 in methanol <O°C). 
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difficult experimentation, had been prepared by his co-worker Dr_ Schulten. I 
can still clearly remember hbw great was the disappointment as it was found 
that over the weekend the cooling system had been inefficient and the wonder- 
ful product had decomposed to leave only dicobalt octacarbonyl. 

The carbonyl hydrides of manganese and rhenium which are more stable 
were prepared in 1958 and 1961 respectively (Fig. 16). Whilst the iron, man- 
ganese and rhenium compounds are only weakly or very weakly acidic in water 
the potentiometic titration curve of cobalt carbonyl hydride (Fig. 17) shows 
it to be only slightly weaker an acid than hydrochloric acid and a little stronger 
than nitric acid at the same very low concentrations. This titration curve is 
taken from a Hieber publication from 1953. 

In the course of subsequent work not only were polynuclear carbonyl 
hydrides of iron prepared but also mononuclear phosphine and phosphite 
substituted complexes of manganese and cobalt were isolated_ Some examples 
are given in Fig_ 1% One of the most important characteristics of these cobalt 
compounds is that, as substitution of the carbon monoxide groups by phos- 
phorus ligands increases, not only does the thermal stability in comparison 
with hydrido tetracarbonylcobalt increase but also the acidity decreases_ The 
dicarbonyl compounds show no acidity at all in aqueous solution. In this 
context, I should like to mention the phosphine substituted carbonyl hydride 
of vanadium which was reported in 1962. The parent hydrido hexacarbonyl 
vanadium still remains to be isolated_ 

It was more than 40 years ago that Prof_ Hieber began to concern himself 
with the question of the existence of organometal carbonyls with metal-carbon 
o-bonds, “If the carbonyl hydrides are acidic in water, then”, postulated 
Hieber, “one must be able to esterify them.” This postulation forms the basis 
for 25 ye-&s df difficult research_ This was how long it took to isolate the 
extremely unstable methyl tetracarbonyl cobalt from sodium tetracarbonyl- 
cob&ate and methyl iodide. 

With the passage of time the interest throughout the world in the chemis- 
try of metal carbonyls had steadily grown and an intensive international com- 

1957 p&Eq 
Ka=1,5 -10’ 

HCo(CO), P(OPhS 1 and -1 

dcc.> O-C dcc. > 20’12 

Ka=l.13 - 10” Ka=1.09 -10” 

1s HCo(COI.JP(OPh&] and HCo(CO),(PPh& 

mp. 88X dec. ) 120% 

dec. > 1LO’C 

Fig_ 18_ Hydride metal ca.rbonyIs II. 
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petition developed with this expansion. Thus it is not surprising that the first 
preparation of an unsubstituted alkylmetal carbonyl, namely methylpentacar- 
bonylmanganese, was reported by Coffield and co-workers in 1957 and a little 
later by the Hieber group. Nowadays it is not at all unusual for different labo- 
ratories to make the same important discovery at the same time and completely 
independently. 

Figure 19 presents, for example, 4 different groups’ contemporary work 
on the preparation and characterization of alkyl- and acyl-metal carbonyls of 
cobalt and rhenium and their perfluoro derivatives. 

One can see from the melting points thtit the stabilities of the cobalt 
compounds substantially increase as the CO ligands are substituted by phos- 
phines or when alkyl and acyl groups are replaced by their respective perfluoro 
analogues. It is also noteworthy that methylpentacarbonylrhenium is highly 
stable and indeed was isolated two years before the hydride complex IIRe( 
It is quite definite that the development of this field would have followed a 
very different course had not the preparation of methyltetracarbonylcobalt 
been so difficult_ 

Prof. Hieber’s group’s researches between 1930 and 1955 on the various 
methods of preparation of known and unknown metal carbonyls have played 
a most important role in the development of metal carbonyl chemistry. 

One striking example of preparative technique which owes a great deal to 
Prof- Hieber’s pioneering work has been the method of reductive carbonylation, 
This most appropriate term was coined in 1961 by Podall but the method had 
then long been in use in Hieber’s laboratory. With the exception of iron pen- 
tacarbonyl and nickel tetracarbonyl, which can be made by direct interaction 
of the metal with carbon monoxide, all the other metal carbonyls have to be 
made under reducing conditions in the liquid or solid state. Not only has re- 

compound mp.I’C) -_ _--_ 

CHJo (CO), -LL 

CF; Co (CO), 13 

C,F,Co [CO), 38 
-- - 

CF,Co [CO), PPh, 168 

CH,Co~CO),[P(OPhl-,l, 50 

cIi,coco CCOL - 33 

cF~coCoKO~‘ f. 

CHJO Co [CO), PPh, 123 

CF, CO Co [CO,, PPh, 172 

ref. - 

W. Hiebcr et al. ?958 

WRMcClellan 1961. W Hisber et al.1961 

EEA. Stone et al. 19135 

W. Hieber et al. 19Gl 

RE Heck 19C3 

R-F Heck et al. 1960 

W.Hieber et al. 1961 

RF: Heck et al. 1960/62 

W Hieber et al. 19Gl 
------pm-_ __-~ 

CH, Re (CO,, 120 W. Hieber et al. 1959 

C,H,Re [CO& LG W. Hieber et al. 19GO 

C2F5Re(C0& 39 EG.A. Stone 19GO 
--.-__-. ___- ~ __.. -..-__ 

CH,CO Re [CO& 80 W.Hieber et al. 19GO 

C,E$O Re KO15 81 F.G.A. Stone 19GO 

Fig. 19. Alkyl- andacyl-metal carbon~ls. 
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1952: Ni2*+ s&+ 4 ofI-+ 5 CO - N;(COk + 2 SO;-+ 2 H,O 

(g++ ‘S 2cf-+ 6 OH-+ 4 co - [d 3 S$-+3 * (C_okl-+ i-I,0 

1955: NiS+ SCO+LOH-Y N:(COk+ C$+ S2-+ 2 H20 

2cos + 11 co +12 OH-- 2 [c&co)Ll-+ 3 CO;-+ 2 S2-+ 6 f-$0 
Fig, 20_ Syntheses of metal caxbonyls in the liquid phase_ 

ductive carbonylation been applied by Hieber’s group and later by other Iabor- 
atories to the preparation of pure carbonyls, but it also finds utility in the 
syntheses of metal carbonyl derivatives such as halogenometal carbonyls. 

A suitable reducing agent together with CO can be used or CO itself can 
act as reducing agent. Figure 20 shows examples of liquid systems using normal 
CO pressures. In the fiit reactions, which, by the way, were described by E-O- 
Fischer in his doctoral thesis, dithionite is oxidized to sulfite. The lower exam- 
ples show the oxidation of carbon monoxide molecules to carbonate. 

One of the moat important series of reductiv, carbonylation re&tions to 
be carried out was that undertaken at the Tectnische Hochschule Miinchen 
stazting in 1935 in which high pressures of carbon monoxide were used at 
temperatures of 150 to 250°C. To begin with, this work involved the develop- 
ment of high pressure apparatus_ Apparatus had to be built which not only 
allowed for the extreme reaction conditions under carbon monoxide but also 
allowed the experiments to be carried out safely. 

The reactions of anhydrous metal halides with carbon monoxide in the 
presence of copper or silver have been extremely successful, particularly in the 
case of iodides, which usually give quantitative yields of metal carbonyls 
(Fig_ 21)_ 

At this point I should like to mention an important result of a reductive 
carbonylation which was carried out in 1941_ In the reaction of rhenium pen- 
tachloride with CO (Fig. 21), instead of the expected dirhenium decacarbonyl 

kJz + 5C0 l 2Cu - Fe(CO& + 2 CuJ 

1942 2CoJ, l 8C0 l 4Cu - Co, (CO), + 4 Cu J 

NiJz + 4CO + 2cU - Ni(COk + 2CuJ 

19tl_ WCl,+ 6CO+ 6Cu - W(CO), + 6CuCI 

1941: ReC&+5CO*LCu - Re (CO&Cl l 4 Cu Cl 

1941: Re,O, l 17 CO 
250 oti. 
250-C - Re$OI,,+ 7C0, 

Fig.2l.ReductivecarbonylationunderCO pressure <2OOatm,2OO"C). 
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OSO‘ + 9co $p- Os(CO),+ 4c0, 

1953 mp.: -15°C 

3 0~0, + 24C0 :5::t= OsJCO),,* 12 CO, 

mp.: 22z”c 

: 1942 oscI,+4co ecu gg% osKo),cl,+ CUCI 

1943: [ Rh(CO),Cll, Rh,(CO&, (Rh$Ol,l 

Ed black 

Rh, (CO),, 

L F. Dahl 1963 

1941: IrCI, G$$+ Ir(CO~,CI, G$$+ Ir(CO),Cl 

-cua tlr,(CO~, 

Fig. 22. Carbonyls and halogeno carbonyls of osmium. rhodium and iridium_ 

the extremely stable chloropentacarbonylrhenium was formed, the first 
rhenium carbony complex. There was naturally great excitement a little later 
when the first pure carbonyl of rhenium was prepared using high pressure 
systems. For this preparation dirhenium heptoxide was used as starting mate- 
rial. 

The same reaction principle was used in 1943 to prepare osmium penta- 
carbonyl and triosmium dodecacarbonyl (Fig_ 22); which product is formed 
is dependent on the CO pressure and the temperature. In 1962 Dahl and his 
co-workers showed by X-ray studies, that in the trinuclear carbonyl, the three 
osmium atoms form a triangle haying no CO bridges_ With osmium trichloride 
as starting material the product is dichlorotetracarbonylosmium. Analogous 

o=o l =c @=Cl 

Fig. 23. Structure of Rh(CO)$l (L-F. D&l. C. Martell and D.L. Wampler. 1961). 



156 

to the iron compound of the same formula this complex readily loses carbon 
monoxide on heating to give compounds having low CO content. 

Rhodium carbonyls were prepared by Prof. Hieber by high pressure 
synthesis in 1943 (Fig. 22). Their structures were determined by DahI and his 
group between 1961 and 1967, That of the cloro complex, given in Fig. 23, 
shows that it consists of two planar Rh(CO)# groups bridged by chlorine. 
The angle between the planar groups is considerably less than 180” and the 
dimeric molecules are bonded by metal-metal bonds. 

The compound which Hieber reported as Rh,(CO) 1 1 has in fact been 
shown to be hexanuclear containing an octahedron of rhodium atoms and 
16 CO groups- This error is very readily understood when one considers that 
*he insolubility of this complex precluded molecular weight determination 
and that the analyses of both compounds are almost identical. 

Iu the synthesis of the tetranuclear iridium carbonyl from iridium trichlo- 
ride and carbon monoxide it has been shown convincingly that carbonyl hali- 
des exist as in%ermediates (Fig_ 22) Th~us one can often obtain yellow crystals 
of the tetranuclear carbonyl together with the brown carbonyl halide. 

In contrast to the rhodium complex the tetranuclear iridium carbony 
was show-n by DahI and his co-workers in 1967 to contain no CO bridges. In 
1961 ‘Kaesz and co-workers, and independently Hieber’s group, prepared 
ditechnetium decacarbonyl by high pressure synthesis. It has the same structure 
as the analogous manganese and rhenium carbonyls. 

High pressure experiments with metal halides in the presence of halogen 
acceptor metals have led to the discovery of a further new class of compounds. 
Prof_ Hieber has described these as “mixed metal carbonyls” (Fig. 24) If the 
reaction of cobalt(II) b romide with carbon monoxide at 200 atmospheres 
pressure and 200°C is carried out iu the presence of zinc in place of copper, in- 
stead of the expected dicobah octacarbonyl one obtains a zinc derivative which 
is characterized by linear Co-Zn-Co bonding. Mercury and cadmium form 
simiIar compounds. The reaction of COAX with cadmium shown in equa- 
tion 2 of Fig. 24 is especially interesting since, as far as I am aware, it re- 
presents the first example in carbonyl chemistry of an “insertion reaction”. 

r 1) ZCoBr, + 3Zn + 8C0 - (OC&Co-Zn-Co(COI,+ ZZnBr, 

1s I 
HgBr,+ 3Co l 8C0 - (OCkCo-Hg-Co(COIL+CoBrz 

21 CoJCOl* + Cd - (OC),Co -Cd -Co(COi 

3) ZCo+Zn + 8CO - (OC), Co -Zn -CoKO), 

b mPthod 3 ak0I TI CoKO), and TI iCoICO),l, 

1957: Ph,P (OCl,Co-Hg -Co(CO), PPh, 

1963: (ON)(OC),Fe-Hg-Fe(CO),(NO) 

F% 24, med metal caxbonyls with Post-transition met& (200 atm CO. 200°C). 
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The cadmium is inserted into the metal-metal bond of the dinuclear complex. 
All these complexes can be prepared by total synthesis shown in equation 3 
of Fig. 24. The beautiful crystals of the thallium derivatives are especially 
worthy of mention, Edgell and his co-workers have recently shown by X-ray 
work that the thalliuti(I) derivative has a sodium chloride structure with dis- 
crete Tl* and [Co(CO),]- ions. Prof. Hieber’s group has carried out a whole 
range of interesting reactions with these “mixed metal carbonyls”, including 
CO substitution. The existence of the iron nitrosyl compound, which is iso- 
electronic with the cobalt species, has also been shown (Fig. 24). 

I have already referred to some of Hieber’s work on metal carbonyl halides. 
I think, however, that I should mention that as early as 1928 Hieber described 
the reaction of iron pentacarbonyl with iodine; this represents the first example 
of the reaction type which we now know as an “oxidative elimination”. 
Figure 25 shows several carbonyl halides of iron with one, two and three CO 
groups as well as similar compounds of cobalt and rhenium. The number of 
experimental results which Prof. Hieb&r obtained over the years for the metal 
carbonyl halides of other transition metals is too great to allow a detailed 
description to be given here. 

I hope, Professor Hieber, that you will excuse me for the fact that I have 
dealt with several of your research interests only briefly and that there are 
several topics which I have not mentioned at all. This is especially true of your 
important work on metal isonitriles and on the metal carbonyl nitrosyl re- 
search which began in 1930 and through the years has been added to continu- 
ously- You have also been greatly interested in those complexes which act as 
intermediates in metal carbonyl formation. I have already referred to the metal 
carbonyl halides. Others especially worth mentioning are the cyanocarbonyl- 
metallates and the several types of polynuclear chalcogenometal carbonyls- 

The dimeric sulphur-ligand carbonyl shown in Figure 26 was first described 
by you in 1937. In 1960 you assigned the structure on the basis of IR and 
dipole moment results. This structure has been shown to be completely correct 
by X-ray work carried out by Dahl’s group in 1963. 

With this piece of work I should like now to conclude this most incom- 

IF~(cO)LJ~( 1-z Fe(CO&.+J2-FeKO)cJz+ CO 

1966-1962: Fe(CO)tJ2; Fe(CO),(TePh2) J, i Fe(C0)2(PPh3)2 J, i Fe(CO1 (CNR), J, 

1E: CoCCO& (PPl-$X and COB (FP~12X (X=c1.Br.J) 

Re(C013 pyr2 Cl 

R&O), phenC[ 

19%: t Re(CO),(PPt&l Cl 

Fig_ 25. Halogenometal carbonyh. 



plete report on your scientific work, Your excellent scientific accomplishments 
have been honotied many times in Germany and in other countries. The Uniyer 
sit&s of Heidelberg and Wiirzburg have awarded you honorary doctorates. The 
Bayer&he Akademie der Wissenschaften and the.Deutsche Akademie der Na- 
turforscher in Halle have both made you a fellow of their organizations. The 
Gesehschaft Deutscher Chemiker awarded you the Alfred Stock Memorial 
Prize in 1951 and in 1959 you were made an honorary member of the British 
Chemical Society. In 1964 the same honour was bestowed upon you by the 
Swiss Chemical Society. 

-In the cpurse of our 25 years of working together at the Technische 
Hochschule Michen between 1937 and 1962 we have experienced both good 
and bad times together. The atmosphere in the Munich Institute was happy and 
harmonious, but there was also sorrow. The bomb destruction which your 
institute suffered towards the end of the second world war brought a halt to 
your research for several years. After the war, however, the same tireless 
energy which you gave to scientific problems was applied to rebuilding your 
beloved institute. 

I hope that in this talk I have succeeded in showing that the fascinating 
and exciting development of metal carbonyl chemistry provides an impressive 
exampIe of the fact that real progress in science often results from discoveries, 
such as that of nickel carbonyl, which at first are difficult or even impossible 
to understand. This deveIopment of metal carbonyl chemistry has fundamen- 
tally influenced the whole of chemical thought_ It has opened up the organo- 
metallic chemistry of the transition metals; it has played a most significant 
role in the development of bonding theories; it has presented new problems 
and new answers in structural chemistry; it has had important influence on 
catalytic and industrial process development and even has a relevance to bio- 
chemical research. 

I-+ 26. me mokc~lar configuration of L’&H5SFe<C0>312 CL-F- Dahl and C-Ha Wei. 1962). 



Your life-work, Prof. Hieber, not only initiated these dramatic advances, 
but throughout 4 decades has served as a stimulating ;h-Sluence and example 
for continued dev&lopment. In addition, it shows the fundamental importance 
of basic research which at first is always a venture into the unknown_ You have 
put your whole life and personality into the service of science and it is in 
acknowledgement of this service that chemists from all over the world are gath- 
ered here in Ettal to express their gratitude. 

Thank you Professor Eeber! 


