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Introduction 

The title of this article reflects the fact that over the years the topics of re- 
search in the area-of organometallic and coordination chemistry studied at the 
Institute for Organic Chemistry TN0 (Director: Prof. Dr. G.J.M. van der Kerk) 
have covered a wide range. This is because the organometallic research program 
of the Institute, which belongs to the Netherlands Organization for Applied 
Scientific Research (TNO), has been considerably influenced by external factors. 
The Institute had no specific interest in &rganometaBic chemistry until it was. 
approached in 1950 by the International Tin Research Council to embark upon 
an explorative study of organotin chemistry. The tidies in the organotin field 
which were initiated by Van der Kerk and Luijten (for early reviews see refs.12) 
formed the basis for a rapid expansion of the Utrecht organometallic research 
program in the late 195O’s-and early 1960’s, when studies dealing with a num- 
ber of othermetals were taken up following requests by international non-profit 
research organizations or by private industry. In 1959, organogermanium re- 
search was started on behalf of the Germanium Research Committee, Brussels. 
In 1960, the International Lead Zinc Research Organization, New York began 
sponsorship of an explorative program in organolead chemistry, and in 1962 
this was extended with a program in organozinc chemistry. In the meantime, the 
field of transition metal chemistry had been entered-in 1957, when an industrial. 
sponsor requested a study of the synthesis and catalytic properties of novel or- 
ganovanadium compounds. Since that time sponsored and non-sponsored, short- 
and-iong-term projects deaiing with main group and transition~metals includ- 
ing antimony; bismuth, boron, idium, copper silver, .gold, palladium, man- .- 
ganese and cobalt, have been:psrt of the.organometaBic.research program. 

In these studies much emphasis was given to the synthesis of new. corn; ..- 
pounds, to developing new or improving existing synthetid methods,and finding : 
new applications. Examples of the last named are (i) the discovery..in Utrecht of. 
the hiocidal properties of triorganotin compounds 131 which no+, m iddition to 
other application& &-used as agri&ltural and industrial fungicide& as acari-- :. 
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tides, as antifoulants in underwater coatings, or as preservatives of textiles and 
wood; (ii) research dealing with long-chain dialkylt& [4] which has led to the 
present day large-scale use of di-n-o&y&in compounds as non-toxic stabilizers 
for PVC used as packaging materials; (iii) the discovery of various organozinc- 
catalyzed processes, including the polymerization of aldehydes [5,6], epoxides 
[7 1, episulphides [‘7], and la&ones [S] , the alkylation of aromatic compounds 
191, and the cyclotrimerization of butadiene IlO] and of isocyanates [ 111. 
However, ;J1 addition to the application-oriented studies, fundamental research 
has been pursued throughout the years. Some of these studies arose naturally 
from application-directed studies, others were initiated on the basis of the view 
that the development of novel applications requires the development of novel 
chemistry. 

The present paper deals exclusively with fundamental studies in organometal- 
lit chemistry in the author’s laboratories. Attention will be focussed on some 
older work dealing with organotin hydrides which marked the author’s first en- 
try into the area of organometallic chemistry and on more recent work dealing 
with novel Group IB arylmetal cluster compounds. Space does not permit refer- 
ence to other recent studies, such as those dealing with the coordination chem- 
istry of organozinc [123 and organoantimony [13] compounds. 

Synthetic and mechanistic studies into the chemistry of organotin hydrides 

In the early organotin research at Utrecht, considerable attention had been 
given to deveIoping improved methods for the formation of tin-carbon bonds 
[15,16]. In particular the cyclic Wurtz process for the manufacture of dibutyl- 
tin compounds [15] developed in 1954 may be mentioned in this connection. 
However, the methods for tin-carbon bond formation available at that time 
were unsuitable for the introduction of carbon-functional groups. Therefore, 
the observation in 1955 [l?] that the Sn-H bond in organotin hydrides readily 
enters into a non-catalyzed addition reaction with reactive carbon-carbon un- 
saturated compounds which may contain functional groups constituted an im- 
portant advance in synthetic organotin chemistry, the more so since the func- 
tionally substituted adducts obtained proved amenable to I’urther chemical 

R&H,, + (4-n) H,C=CHY --f R,Sn(CH,CH,Y),, 

Y = CN, CH,CN, COOMe, CONH,, OCOMe, C,H,, etc. 

transformations without cleavage of the functionally substituted organic groups 
from tin [18-21]_ Following the first Utrecht papers dealing with preparative 
applications [X7,22,23], organotin hydride chemistry developed in the 1960’s 
into one of the most active areas of organotin research (for a review see ref. 24). 
Among the many contributors the groups of Neumann 125,261 and of Kuivila 
[29,30] deserve special mention. 

In addition to being eminently usefyl starting materials for the preparation of 
functionally substituted organotin compounds [X3,22,23 J, organotin hydrides 
were shown to be applicable in a wide variety of organic as well as organometal- 
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lit syntheses. In this paper only a few examples taken from the Utrecht work 
are briefly mentioned. 

The l/l reaction of organotin dihydrides with bifunctionally unsaturated 
molecules provided a synthesis of a variety of organotin polymers containing 
tin atoms in the chain by hydrogen-transfer polymerization 1301, e.g.: 

” R,SnH2 + n H,C=CH CH=CH, 

” 

In addition to a,w-diynes such as 1,5-hexadiyne or 1,4-diethynylbenzene 1311, 
dienic reactants such as di-p-styrenyl derivatives of Ge, Sn and Pb or.l,4-divinyl- 
benzene 1321 were used, to give linear polymers with a variety of physical prop- 
erties and with weight-average molecular weights ranging from 15,000 to 
100,000. In addition to simple diorganotin dihydrides R,SnH,, more complex 
hydrides such as p-phenylene-bis(dimethy1tin hydride) were also employed [ 331. 

The l/l reaction of diphenyltin dihydride with phenylacetylene, which in 
principle might afford a polymer, instead gave a cyclic product 1343, which we 
have shown more recently to fall into the novel 1,3,5-tristannacyclohexane class 
of compounds [35] : 

CH,Ph 

)_ 
SnPh, 

3 Ph2SnH2 + 3 PhCsCH - Ph,Sn 

t 
>- 

CHaPh 

SnPh2 
CH,Ph 

Similarly, the l/l reaction of Ph,SnH, with divinylorganometallics instead of 
polymers afforded the novel I-stanna-4&a- and I-starma-4-germanacyclohexane 
ring systems [ 343 : 

Ph,SnH, + Ph,M(CH=CH,l, - (M = 5. Ge) 

The l/l reaction of R,SnH, with 1,5-hexadiyne in addition to linear polymer 
affords the 7-membered organotin heterocycle I [ 311. Ring-formation is steri- 
tally favored in the reaction with o-diethynylbenzene resulting in the isolation 
of the l/l cyclic adduct II and the 2/2 cyclic adduct III [36,37] _ The hetero- 

R\s /R 
, 

(--J Q(-Jg 0: : 0 
AR 

R 0 

(II 
(II) 
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cycle (II, R = Me) has been converted by a simple substitution reaction with phe- 
nyllichloroborane into 3-phenyl-3-benzoborepin, which was shown by ‘H NMR 
and UV spectroscopic measurements to be the first example of a csrbon-boron 
heterocycle with aromatic character [38 J _ It is worth noting that this method of 
synthesis has been used more recently for the synthesis of avariety of organome- 
tallic heterocycles.[39,40], including the 1-phenylborabenzene anion [41] and 
phospha-, arsa- and stiba-benzene 1421. 

f Me2SnCi2 

Although other methods have been employed in the Utrecht synthetic work 
concerned with metal-metal bonded compounds (see, e.g., the synthesis of al- 
kylpolygermanes [43,44], (Ph,M’),M [45] and (Ph,Pb),Pb [46] 1, the hydro- 
stannolysis of metal-carbon or metal-heteroatom bonds provides the most ver- 
satile route to tin-metal bonded compounds [47]. Our observation that the 
tin-nitrogen bond is particularly susceptible to hydrostannolysti (see also ref. 
48) has enabled us to synthesize a large variety of linear and branched poly-tin 
compounds 149,503, e.g.: 

2 R,SnN(Ph)CH=O + R;SnH, + R,SnynSnR, + 2 PhNHCH=O 

Appropriate combinations of hydrostannation (in particular the formation of 
Sn-N bonds starting from phenylisocyanate [51,52] ) and hydrostannolysis re- 
actions has enabled us to obtain linear stannanes containing up to six tin atoms 
]50]. Hydrostannolysis reactions have similarly been used by us for the synthe- 
sis of tin-germanium 1531, tin-titanium and tin--zirconium 1541, tin-magne- 
sium [55,56] and tin-zinc and tin-cadmium [57,58] bonds. 

In our &rly work on hydrostannation reactions we tentatively proposed a 
four-centre mechanism for the non-catalyzed hydrostannation of carbon-car- 
bon double bonds [18]. Following the report by Neumann et al. that the hydro- 
stannation of carbon--carbon double and triple bonds proceeds by a free radical 
chain mechanism [25,59] we embarked upon a more detailed study of the 
mechanistic and structural aspects of organotin hydride reactions [47,60] us- 
ing instrumental techniques (NMR, GLC) not available at the time of the earlier 
studies. 

An investigation of the structure of the addition products from trialkyltin 
hydrides and a variety of acetylenic compounds revealed that several products 
are obtained C61-631, e.g.: 

R,SnH C H--CC-COOEt - 

H SnR, H H H 
\ / \ 

_, 
/c=c 

+ Cd’ 

R,Sn 
\ 

+ Cd’ -t 
\ / \ f \ 

H COOEt R,Sn COOEt H COOEt 

+ R,Sn-CH,-CH,-COOEt f R,Sn-CEC-COOEt 
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The formation of these products could only be partly explained on the basis 
of a free radical mechanism; F’urther studies then revealed that the hydrostanna- 
tion of carbon--carbon triple bonds can proceed by an ionic trans-mechanism 
as well as a free radical frans-mechanism. For electrophilic acetylenes such as 
cyanoethyne or methyl ethynecarboxylate the addition reaction involves nu- 
deophilic attack of the hydride hydrogen on carbon as the first and rate-deter- 
mining step, as shown by stereochemical data, kinetics, and substituent, solvent 
and isotope effects [64] : 

---I 
R’ 

\ I 

R,Snti + R’-CGC-R” 
slow 

.:;’ 

1 

H . . . R” 

?inR, 

R’ R’ 
\ 

SnR, 

-+ R,SnO + 
1c51 

C=CC - 
\ / 

/ \ 
Q R” 

H/c=c\R’* 

Hydrostannation of ethynes containing only an electron-releasing substitu- 
ent (e.g. n-hexyne), or both an electron-withdrawing and an electron-releasing 
substituent (e.g. ethyl 1-propynecarboxylate), proceeds by a free radical trans- 
mechanism 1653. 

Whereas olefins normally react by a free radical chain mechanism [ 251, in ad- 
dition to the usual j3-adduct an cY-adduct may be formed in a polar (nucleo- 
philic) reaction if the olefin contains a strongly electrophtic substituent, 
a3 in acrylonitrile [66] . 

Hydrostannation of the C=O group of strongly electrophilic carbonyl com- 
pounds, such as pentafluorobenzaldehyde or chloral, similarly proceeds by nu- 
cleophilic attack of the organotin hydride hydrogen on the carbon atom of the 
carbonyl group, as indicated by the kinetics and solvent and substituent effects 
[67]. 

The hydrostannation of C=N and C=S double bonds in iso(thio)cyanates 
[51,52] provides a further example of the ability of organotin hydrides to re- 
act by a strictly polar mechanism. Kinetics, the influence of substituents at- 
tached to both the tin hydride and the iso(thio)cyanate; solvent and isotope ef- 
fects revealed nucleophilic attack of the triorganotin hydride hydrogen on carbon 
to be the first and rate-determining step in the hydrostannation 168,691: 

R3SnH + d--N=C=X 

R*-N=CH-S-SnR3 
+ R$r? -f 

x=s 
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As for the mechanism of tin-metal bond formation via hydrostannolysis, 
these reactions again are of a polar nature, as evidenced.by the lack of activity of 
free radical generators or scavengers and by the influence of the polarity of the 
solvent on the rate of reaction. Kinetics, isotope effects, and the influence of 
substituents attached to tin and to nitrogen on the rate of hydrostannolysis of 
organotin-nitrogen derivatives showed electrophilic attack by the organotin hy- 
dride hydrogen at nitrogen to be the first and rate-determining step [70,71]. 
Substituent and solvent effects favor an identical mechanism for the hydrostan- 
nolysis of tin-oxygen bonds [71,72] : 

R,SnH + R;SnOR” R,Sr? + R$diR” 

A 

R3Sne -F Ri_dR” fast_ 

A 

R$nSnR, + R’OH 

It is of interest to note that Kuivila has presented convincing evidence that the 
hydrostannolysis of carbon-halogen bonds proceeds by a free radical mechan- 
ism 1283. 

In summary, while organotin hydrides predominantly react by a free radi- 
cal pathway, the Utrecht work has clearly established that depending on the 
electrophilicity or nucleophilicity of the substrate molecule organotin hydrides 
can also react by a nucleophilic or an electrophilic pathway, thus displaying a 
reaction pattern fully analogous to that of hydrocarbons. 

Chemistry of aryl derivatives of the Group IB metals copper, silver and gold 

Following earlier work at Utrecht in the area of organogold chemistry which 
had resulted in the isolation of quite stable dialkylgold(II1) N,N-dialkyldithio- 
carbamates [73], we embarked in the late 1960’s upon more extensive research 
in the area of the Group IB metals copper, silver and gold. At that time only a 
few o-bonded organocopper and organosilver compounds were known, the major- 
ity of which, moreover, displayed thermal, oxidative and hydrolytic instability. 
Aiming at the isolation of more stable compounds, we set out to stabilize the 
metal--carbon bond by internal complexation, i.e., rather than coordinating to 
the metal and external ligand (e.g., pyridine or triphenylphosphine) we intro- 
duced a potentially coordinating group into the organic &and bound to the met- 
al (e.g., R = 2-Me,NC,H, or 2-Me,NCH,C,H,) 174,751. This approach enabled 
US to isolate a series of arylcopper [74-771 and arylsilver [78] compounds hav- 
ing stabilities considerably exceeding those of the compounds previously report- 
ed. More recently, we have characterized similar type arylgold(1) triphenylphos- 
phine complexes as well as ligand-free RAur compounds [79]. Very pure, un- 
complexed phenylsilver C,H,Ag was obtained via the reaction of phenylsilver- 
silver nitrate complex with trialkylphenyl-tin or -lead compounds [SO]. 

An X-ray structure determination of, 5-methyl-2-I (dimethylamino)methyl]- 
phenylcopper which is tetrameric in solution, revealed a tetranuclear structure 
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Other examples are R,Li, and RJu,Auz R,M,Li,: M = Cu. Ag or Ac: 

Fig. 1. Schematic structures of tetranuclear home- and heterometallic Group IB cIuster compounds. 

with extremely short Cu-Cu distances (2.38 A) and, perhaps as the most inter- 
esting feature, the presence of bridging aryl groups [Sl,SZ] (see Fig. 1). 

Mass spectroscopic studies revealed that the R&u4 cluster has considerable 
stability as evidenced by the high relative abundance of the R&u,+ fragment 
which forms the base peak 1821. The tetranuclear arylcopper compounds readi- 
ly undergo intercluster exchange reactions with formation of each of the three 
mixed cluster species R,R’Cu,, R,Ri&, and RR:&, probably via an octanucle 
ar intermediate [82] : 

_ 

R4Cu4 t R’4C~4 z 

[ I s 2 R2R’+u4 = etc. 

Whereas molecular weight determinations and NMR studies have shown that 
strongly coordinating solvents or external ligands such as pyridine or triphenyl- 
phosphine leave the R&u, structure unaffected, the l/l interaction with 1,2- 
bis(diphenylphosphine)ethane (Diphos) results in the break-down to a monomer- 
ic RCu-Diphos complex, while addition of excess of Diphos induces an unus- 

ual CAlk -P bond cleavage reaction [83] : 

f R4&4 qJ&; 250 
2Diphoe Ph,PCu - Diphos + Ph,PCH=CH, + RH (R = 2-Me2NCH2C6H4) 

In the presence of isocyanides, arylcopper compounds undergo insertion reac- 
tions into the Cu-C bond with the formation of novel types of organocopper 

+ C-C,H,,t’iC 
C6H6 L 

25O 
c-cu 

II 

R&u,. X = Me,NCH, 
Nk-C6H,,) 

R&u,. X. = H Dimeric in benzene 
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compounds [ 843 . Interestingly, the interaction of phenylsilvelilver nitrate 
complex with solid or gaseous carbon dioxide in ethanol, instead of resulting in 
insertion into the Ag-C bond, involves the formation of a carbon dioxide com- 
plex with the composition [C,H,Ag - CO, - Ag], [85]. 

Aryl-copper and -silver compounds form complexes of well-defined stoicbi- 
ometry with metal halides [75,78,86,87] ; e.g., 2-Me2NC6H4Cu forms a 2/l com- 
plex with copper(I) bromide which is dimeric in benzene. An X-ray structure 
determination of this hexanuclear complex revealed an octahedral cluster struc- 
ture with very short Cu-Cu bonds and bridging aryl groups and bromine atoms 
[88]. Perhaps the most striking chemical property of these R,Cu,X, compounds 
is their ability to undergo ligand-substitution reactions (e.g., substitution of X 
by arylacetylide) with retention of the hexanuclear cluster structure [87]. The 
interesting thermolysis behavior of the resulting R,Cu,R; compounds, i.e., ex- 
clusive formation of RR’ without a trace of RR and R’R’ formation, has been 
explained in terms of the arrangement of the organic ligands R and R’ around 
the Cu, cluster 1871. 

Whereas interaction of a&copper compounds RJSI, with copper(I) halides 
results in the formation of ‘new copper(I) cluster compounds, the l/l interac- 
tion of R,Cu, with copper halides results in the formation of RR, RX and 
RH, and this has been explained on the basis of intramolecular electron-transfer 
taking place in inner-sphere activated complexes of the type R,Cu_,Cu---X-s-- 
Cu’lX(Cu”lX,),,, e.g.: 

R.&U, c (CUX*), - .[ 
I I lx If R,Cu3Cu ----X-Cu X(Cu X,1,_, 1 - [ R’ R,Cu:Cu’X-Cu’XtCu=X,),_, 1 

followed by intramolecular trapping of the R’ radical by C!u’-R or by Cur’-X 
bonds [89]. 

In addition’to the R&u, [ 76,821, R,Cu, [ 773, R,Ag, [ 78,801, R,Au, [ 791, 
R&u, [SS] , R,Cu,X* [87,88], R,Ag,X, [78] and R,Cu,R; [SS] homometal- 
lit cluster species we have included Group IR heterometallic polynuclear com- 
pounds in our studies. 

[ 2-Me,NCH,C,H,] ,CuLi [ 86,901 and the corresponding silver-lithium com- 
pound 1911 were obtained via intercluster metal exchange or lithium+alogen 
exchange reactions as thermostable, hydrocarbon-soluble, crystalline com- 
pounds. Molecular weight determinations and the results of ‘H and 13C NMR 
spectroscopic studies revealed that these compounds have a tetranuclear, mixed- 
metal cluster structure containing aryl groups bridging one lithium and oue cop- 
per (or silver) atom and the four dimethylamino groups being coordinated to li- 
thium [86,90,91] (see Fig.. 1). The NMR study of R,Ag,Li, permitted, in addi- 
tion to lithium-carbon coupling, the observation for the first time of silver- 
proton and silver--carbon couplings [91] . More recently, the corresponding 
gold-lithium compound has been isolated, and this from molecular weight and 
NMR studies appears to be isostructural with the R,Cu,Li, and R,Ag,Li, clus- 
ters 1921. Compounds of this type are useful starting materials for the synthesis 
of uncomplexed arylgold(1) compounds R,Au,, as shown by the reaction with 
triorganotin halides which may well proceed via an A@-Sn intermediate [79] : 

R,Au’Li + R$%X 5 [R,Au”%nR$] + R’,SnR + RAui 
(dirner) 
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The reaction with copper(I) halides provided the first example of a tetranuclear 
gold(I)-copper(I) cluster [92] : 

R,Au,Li, + 2 C!uX 4 R,Au,Cu, + 2 LiX 

Attempts to prepare arylgold(III) compounds by the reaction of AuCl, with di- 
phenylzinc in benzene instead gave an orange-coloured compound with composi- 
tion Ph,AuZn, which, based on its dimeric molecular weight in benzene and on 
‘II and 13C NMR studies, has been assigned a tetranuclear R,Au,Zn, structure 
(Fig. 1) with four aryl groups bridging gold and zinc atoms [93], fully analo- 
gous to the aryl-CuzLiz [90], -Ag,L& [91], -AuzLiz (921 and -AuzCuz 1921 
cluster species (see Fig. 1). It is clear that multi-centre bonded aryl groups, 
which had previously been uncommon in organometallic chemistry with the ex- 
ception of arylaluminium dimers [94] and a few osmium trinuclear clusters 
[95], have emerged from the Utrecht studies as being a normal structural fea- 
ture for aryl compounds of the Group IB metals. 

Acknowledgements 

I wish to express my gratitude to Professor G.J.M. van der Kerk, who first in- 
troduced me to organometallic chemistry, for guidance and advice throughout 
the years. I thank past and present colleagues, in p_articular Dr. A.J. Leusink and 
Dr. G. van Koten, for invaluable experimental and intellectual contributions 
without which this review could not have been written. 

References 

G.J.M. van der Kerk. J.G.A. Luijten and J.G. Noltes, Angew. Chem.. 70 (1958) 298. 
G.&M. van der Kerk. J.G.X. Luijten. J.C. van Egmond and J.G. No&es, Chimia. 16 (1962) 36. 
G.J.M. van der Kerk and J.G.A. Luijten, J. Appl. Chem.. 4 (1954) 314 and 6 (1956) 56. 
J.G.A. Luijten and S. Pezarro. Brit. Plast.. (1957) 183. 
Neth. Pat. 6703805: Neth. Pat. 6708558; Neth. Pat. 7005705. 
J. Boersma and J.G. Noltes, J. Organometal. Chem.. 21 (1970) P32. 
Neth. Pat. 7009841: Neth. Pat. 7208811. 
J.G. Noltes F. Verbeek. H.G.J. Overmars and J. Boer-a. J. Organometal. Chem.. 24 <1970) 257. 
Neth. Pat. 6817530. 

10 Neth. Pat. 6709771. 
11 J.G. Noltes and J. Boer-a. J. OrganometaL Chem.. 7 (1967) P6. 
12 J. Boersma and J-G. Noltes. Organotinc Coordination Chemistry. Schotanus and Jens N-V., Utrecht. 

1968. 
13 H-A. Meinema and J-G. Noltes. Organoantimony Coordination Chemistry. Jansren N.V., Nijmegen, 

1971. 
14 J.G. Noltes and H_A_ Meinema. Ann N.Y. Acad, Sci.. 239 (1974) 278. 
15 G.J.M. van der Kerk and J.G.A. Luijten, J. AppL Chem.. 4 (1954) 301. 
16 G.J.M. van der Kerk and J.G.A. Luijten. J. Appl. Chem.. 4 0954) 307. 
17 G.J.M. van der Kerk. J.G.A. Ltiten and J.G. Noltes. Chem. Ind. (London). (1956) 352. 
18 J-G. Noltes. FunctionalI~ substituted organotin compounds. Ph.D. Thesis. State University of Utrecht. 

1958. 
19 G.J.M. van der Kerk and.J.G. Noltes. J. APPL Chem.. 9 (1959) 113. 
20 G.J.M. van der Kerk and J.G. Noltes. J. AppL Chem.. 9 (1959) 176. 
21 G.J.M. van der Kerk and J.G. Noltes. J. AppI. Chem., 9 (1959) 179. 
22 G.J.M. van der Kerk. J.G. Noltes and J.G.A. Luijten, J. Appl. Chem.. 7 (1957) 356. 
23 G.J.M. van der Kerk and J.G. Noltes, J. Appl. Chem.. 9 (1959) 106. 
24 E.J. Kupchik. in A-K_ Sawyer <Ed.). Organotin Compounds. VoL 1. Marcel Dekker. New York, 1971. 

p_ 7. 
25 W.P. Neumann, Angew. Chem.. 76 (1964) 849. 



-156 

26. W-F_ Neumann. Die Organimhe Chemie des Zinns, Ferdi&d Enke Verlag, Stuttgart, 1967. 
-27 H-G. KuiviIa, Advan. O~anometeL Chem.. 2 (1964) 47. 
28 H.G. KuiviIa, Synthesis. (1970) 499. 
29 G.&M. van der Kerk and J.G. Noltes. N.Y. Acad. Sci.. 125 (1965) 25. 
30 J.G_ Noltes and G.J.M. van der Kerk, Chimia. 16 (1962) 122. 
31 J-G. Noltes and G.J.M. van der Kerk. Rec. Trav_ Chim. Pays-Bas. 81 (1962).41_ 
32 J.G. Noltes and G.&M. van der Kerk. Rec. Trav. Chim. Pays-Bas. 81 (1961) 623. 
33 AJ. Leusink. J-G. Noltes. HA_ Budding and G.J.M. van der Kerk. Rec~Trav. Chim. Pays-Bas, 83 

(1964) 609. 
34 M-C. Henry and J.G. Noltes, J. Amer. Chem. Sot.. 82 (1960) 561. 
35 A.J. Leusi& and J-G. Noltes. J. Organometal. Chem;. 16 (1969) 91. 
36 A.J. Leusink. J.G. Noltes. H.A_ Budding and G.J.M. van der Kerk Rec. Tav. Chim_ PavrBas. 83 

(1964) 1036. 
37 A.J. Leuaink. H.A. Budding and J.G. Noltes. J_ OrganometaL Chem.. 24 (1970) 375. 
38 A.J. Leusink. W. Drenth. J.G. Noltes and G.J.M. van der Kerk. Tetrahedron Let+. (1967) 1263. 
39 P. Jutzi. Chem. Ber.. 104 (1971) 1455. 
40 H.A. Meinema. C.J.R. Crispim Romao and J.G. Noltes. J_ Organometal. Chem., 55 (1973) 139. 
41 A.J. Asbe and P. Shu. J. Amer. Chem. Soc.,93 (1971) 1804. 
42 A.J. Ashe. J. Amer. Chem. Sot.. 93 (1971) 3293 and 6690. 
43 E.J. BuRen and J.G. NoItes. J. OrganometaI. Chem.. 16 (1969) P8. 
44 E.J. Bulten and J.G. Noltes. Rec. Trav. Chhn. Pays-Bag 91 (1972) 1041. 
45 L.C. Wihemsens and G_J.M. van der Kerk. J. OrganometaL Chem., 2 (1964) 260. 
46 L.C. Willemsens and G.J.M. van der Kerk. J_ Organometal. Chem.. 2 (1964) 271. 
47 H.M.J.C. Creemers. Hydrostannolysis: A general method for establishing tin-metal bonds, Ph. Thesis, 

State University of Utrecht, 1967. 
48 W.P. Neumann. B. Schneider and R. Sommer. Ann_ Chem.. 692 (1966) 1 and 12. 
49 H.M.J.C. Creemers. J-G_ Noltes and G.J.M. van der Kerk. Rec. Trav. Chim. Pays-Bas. 83 (1964) 1284. 
50 H_M.J.C. Creemers and J.G. Noltes. Rec. Trav. Chhn. Pays-Bas, 84 (1965) 382. 
51 J.G. Noltes and M.J. Janssen. Rec. Trav. Chim. Pays-Bas, 82 (1963) 1055. 
52 J-G. Noltes and M.J. Janssen. J. OrganometaL Chem.. 1 (1964) 346. 
53 H.M.J.C. Creemers and J.G. Noltes, J. Organometal. Chem.. 7 (1967) 237. 
54 H.M.J.C. Creemers, F. Verbeek and J.G. Noltes. J. OrganometaL Chem.. 15 (1968) 125. 
55 H.M.J.C. Creemers, J.G. Noltes and G.J.M. van der Kerk. J. OrganometaL Chem.. 14 (1968) 217. 
56 P.G. Harrison. J.J. Zuckerman and J.G. Noltes. J. Organometi Chem.. 31 (1971) C23. 
57 F.J.A. des Tombe. G.J.M. van der Kerk, H.M.J.C. Creemers and J.G. Noltes. Chem. Commun. (1966) 

914. 
58 F.J.A. des Tombe, G.J.M. van der Kerk. H.M.J.C. Creemers. N.A.D. Carey and J.G. Noltes. J_ Organo- 

metal. Chem.. 44 (1972) 247. 
59 W.P. Neumann and R. Sommer. Ann_ Chem.. 675 (1964) 10. 
60 AJ. Leusink. Hydrostannation. A mechanistic study. Ph.D. Thesis. State University of Utrecht. 1966. 
61 A.J. Leusink. J.W. Marsman. H.A. Budding. J.G. Noltes and G.J.M. van der Kerk. Rec. Trav. Chim. 

Pays-Bas. 34 (1965) 567. 
62 AJ. Leusink. J-W. Marsman and H.A. Budding, Rec. Trav. Chim. PaysBas. 84 (1965) 689. 
63 A.J. Leusink. H.A. Budding and J-W. Marsrnan. J_ OrganometaL Chem.. 9 (1967) 285. 
64 AJ. Leusink, H.A. Budding and W. Drenth. J. OrganometaL Chem.. 9 (1967) 295. 
65 A.J. Leusink and HAA. Budding. J. OrganometaL Chem.. ll(lS68) 533. 
66 A.J. Leuaink and J.G. Noltes. Tetrahedron Lett. (1966) 335. 
67 A.J. Leusink. H.A. Budding and W_ Drenth. J. OrganometaL Chem.. 13 (1968) 163. 
68 A.J. Leusink and J.G. Noltes. Rec. Trav. Chins. Pays-Bas. 84 (1965) 585. 
69 A.J. Leusink. H.A. Budding and J.G. Noltes. Rec. Trav. Chim. Pays-Bas, 85 (1966) 151. 
70 H_M.J.C. Creemers and J.G. Noltes. Rec. Trav. Chim. Payr+Bas, 84 (1965) 590. 
71 H_M.J.C. Creemers, F. Verbeek and J.G. Noltes. J. Organometab Chem.. 8 (1967) 469. 
72 H.M.J.C. Cre-Jners and J.G. Noltes. Rec. Trav. Chim. Pays-Bas. 84 (1965) 1589. 
73 H.J.A. BIaauw. R.J.F. Nivard end GJM. van der Kerk. J. OrganometaL Chem.. 2 (1964) 236. 
74 G. van K&en, A.J. Leusink and J.G. Noltes. Chem. Commun.. (1970) 1107. 
75 G. van Koten. A.J_ Leusink and J-G. No&s. Inorg NueL Chem. Lett.. 7 (1971) 227. 
76 G. van Koten. A-J. Leusink and J.G. Noltes, J. OrganometaL Chem.. 84 (1975) 117. 

77 G. van Koten. A.J. Leusink and J.G. Noltes. J. OrganometaL Chern., 85 (1975) 105. 

78 Ad. Leusink, G. van Koten and J.G. Noltes. J. OrganometaI. Chem.. 56 (1973) 379. 
79 G. van Koten and J.G. Noltes. J_ OrganometaL Chem.. 80 (1974) C56. 
80 C.D.M. Beverwijk and G.J.M. van der Kerk J. OrganometaL Cherir.. 43 (1972) Cll. 
81 J.M. Gum. R. Mason. I_ Sotofte. G. van Koten and J.G. NoItes, J. Chem. 8ac.. Chem. Commun_. 

(1972) 446. 



187 

82 G. van Koten and J.G. Noltes, J. OrganometaL Chem.. 84 (1975) 129. 
83 G. van Eoten and J.G. Noltes, J. Chem. SOL. Chem. Commun. (1972) 452. 
84 G. van Koten and J.G. Noltes, J. Chem. Sot.. Chem. Cormnun.. (1972) 59. 
85 C.D.M. Beverwiik and G.J.M. van de? Kexk. J. Organometal. Chem.. 49 (1973) C69. 
86 G. van Koten, Synthesis and characterization of polynuclear organocopper compounds, Ph.D. Thesis. 

State University. of Utrecht, 1974. 
87 G. vau Koten and J.G. NoIteh J. Chem. Sot.. Chem. Cammun., (1974) 575. 
88 J.M. Guss, R. Mason. K.M. Thomas, G. van Kotenand J-G. Noltes. J. OrwnometaL Chem.. 40 (1972) 

c79. 
89 G. vanKoten and J-G. Noltes. J. OrganometaL Chem.. 84 (1975) 419. 
90 G. van Koten and J.G. Noltes. J. Chem. Sot.. Chem. Commun.., (1972) 940. 
91 A.J. Leusink, G. van Koten., J-W. Marnn au and J-G. NoItes. J. Organometal. Chem., 55 (1973) 419. 
92 G. van Koten and J-G. Noltes. J. Organometal. Chem.. 82 (1974) C53. 
93 P.W.J. de Graaf, J. Boersma and G.J.M. van der Kerk, J. Organometel. Chem., 78 (1974) C19. 
94 J.F. Malone and W.S. McDonald, J. Chem. SOIL. Dalton Trans. (1972) 2646 and 2649. 
95 C-W. Bradford. R.S. Nyholm. G.J. Gainsford. J.M. Guss. P. Ireland and R. Mason, J. Chem. Sot.. 

Chem. Commun_. (1972) 87: J. OrganometaL Chem., 40 (1972) C70. 


