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Starting from the tetrakis(diethylamino) derivatives of titanium and zirconium 
and phenyltin hydrides six intermetallic compounds containing up to nine tin and 
titanium (or zirconium) atoms have been obtained by hydrostannolysis type reactions. 

INI-RODUCTION 

Numerous compounds have been prepared in recent years which contain a 
main group metal covalently bound to a transition metal”. A frequently employed 
preparative method involves the reaction of an organometal halide with an organo- 
metallic anion, e-g_ : 

L,MX+R,M’V- - R,M”-ML,tX- 

or L,M- +R,M’VX - R,MiV-ML,+X- 

L (ligand) = CO, 7r-C5H5, - Msy = Si, Ge, Sn, Pb ; M = transition metal and 
X = halogen. 

Limiting factors in this type of reaction are th lccurrence of nucleophilic attack of 
organometallic anions on metal-metal bonds3*‘, or the occurrence of metal-halogen 
exchange. 

The interaction of reactive organometal hydrides with metal-element bonds 
(e-9. metal-oxygen and -nitrogen 5-g and metal-carbon’“*ll bonds), offers another 
general synthesis of compounds having metal-metal bonds. The hydrostannolysis 
reaction has been particularly useful for the synthesis of compounds with tin-metal 
bonds11*‘2. 

Very recently, compounds containing a metal-metal bond between IVth 
main group and IVth group transition metals have been reported”- 16_ These co,m- 
pounds were prepared via IVth main group alkali metal derivatives_ The high react- 
ivity of the metal-nitrogen bond in compounds of the type M(NR& (where M is a 
IVth group transition metal) towards proton-active species (e.g. hydrolysis, amino- 
lysis and alcoholysis”) has led us to study the synthesis of compounds with tin-tita- 
nium and tin-zirconium bonds by means of hydrostannolysis reactions12. 

< 
* For Part XXIX see ref. I. 
* Taken from the Ph.D.thesis of one of us (H.M.J.C.C.). 
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PROCEDURE AND RESULTS 

Following the gradual addition, at about 50” in the absence of a solvent, of 
tetrakis(dimethylamino)titanium to triphenyltin hydride in a ratio 1:4 a resinous pro- 
duct was obtained, from which after purification by column chromatography tetra- 
kis(triphenylstannyl)titanium was isolated as an ochre-yellow solid : 

Ti(NMe,),+4 PhsSnH - (Ph,Sn),Ti + 4 MezNH 

The corresponding tributyltin derivative could not be obtained in this way. The 
greater reactivity of triphenyltin hydride as compared with trialkyltin hydrides in 
hydrostannolysis reactions has been noted before”. 

The reaction of Ph,SnH with (EtaN)STi in uacuo at 80” in a ratio 2 : 1, followed 
by exposure to humid air or treatment with methanol afforded infusible reaction pro- 
ducts which analyzed for the products shown in the equation below. The intermediate- 
ly formed bis(diethylamino)bis(triphenylstannyl)titanium was not isolated. 

Hz0 

[Ph,Sn-ii-SnPh,], 

NEt, & 
I 

Ti(NEt,),t2 Ph,SnH - Ph,Sn-T-SnPh, 

Excess cyclopentadiene 

NEtz OMe 

Ph,Sn-&SnPh, 
I 

OMe 

monomer reacted exothermally with tetralcis(dime- 
thylamino)titanium, only one -NMe2 group being replacedIg. Upon reaction of the 
resulting sr-cyclopentadienyltris(dimethylamino)titanium with triphenyltin hydride 
in a 1: 3 molar ratio, almost the theoretical amount of dimethylamine was liberated, 
but no well-defined tin-titanium derivative could be isolated. The NMR spectrum 
revealed that the cyclopentadienyl group had been removed from the titanium. 

A number of compounds containing zirconium-tin bonds were obtained start- 
ing from tetrakis(diethylamino)zirconium and triphenyltin hydride in different molar 
ratios. E.g. reaction in a 1: 4 ratio (60°, in uacuo ; no solvent) yielded tetrakis(triphenyl- 
stannyl)zirconium. 

Zr(NEt&+ Ph$nH - (Ph,Sn),Zr+4 Et,NH 

The II2 spectra in the 2-25 rnp region of (Ph,Sn),Ti and (Ph,Sn),Zr were 
nearly identical with those of the corresponding main group IV metal-metal derivativ- 
es (Ph,Sn),Ge and (Ph,Sn),SnzO. 

The following reaction sequence led to a tin-zirconium compound with nine 
interjoined metal atoms. Tetrakis(diethylamino)zirconium and triphenyltin hydride 
were reacted in a ratio of I : 3 and the reaction product was subjected to transamina- 
tion with N-phenylformamide. This transamination is necessary in order to prevent 
diethylamine-catalyzed decomposition of diphenyltin dihydride’in the next reaction 
step (cf- ret 8). The resulting tris(triphenylstannyl)(N-phenylformamido)zirconium 
upon reaction, without prior isolation, with diphenyltin dihydride in a 2: 1 molar 
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ratio afforded the desired compound in reasonable purity: 

Zr(NEt,), -l- 3 Ph,SnH - (Ph,Sn),ZrNEtz i 3 &NH 
(Ph,Sn),ZrNEt,+ HN(Ph)C(O)H - (Ph,Sn),ZrN(Ph)C(O)H+ Et,NH 
2 (Ph,Sn),ZrN(Ph)C(O)H + Ph,SnH, - (Ph,Sn)sZrSnPhzZr(SnPh,), + 

2 HN(Ph)C(O)H 

Following the same reaction sequence but now starting from the zirconium 
compound and triphenyltin hydride in a molar ratio of 1: 2, a polymeric compound 
with alternating zirconium and tin atoms in the polymer chain has been synthesized : 

Zr(NEt& + 2 Ph,SnH + (Ph3Sn)zZr(NEtJ2 + 2 Et,NH 
(Ph$n),Zr(NEt,),+2 HN(Ph)C(O)H - (Ph,Sn),Zr[N(Ph)C(0)H]2+ 

(A) 2 Et,NH 

Phs 
Sn Ph 

n (A) + n Ph,SnHz - 

i J 

L-&r 

&r Ph 

i- 3n HN(Ph)C(O)H 

Phs n 

No definite products could be isolated when using trialkyltin hydrides in these reac- 
tions instead of triphenyltin hydride. Analytical data and melting points of the various 
compounds prepared are given in Table 1. 

EXPERIMENTAL 

Since the organometallic compounds mentioned in this study are air-sensitive 
all manipuIations were carried out in an atmosphere of dry nitrogen. Benzene was 
treated with lithium aluminium hydride and distilled before use in an atmosphere of 
nitrogen. Butyronitrile was distilled three times from phosphorus pentoxide and once 
under nitrogen from potassium carbonate. 

N-Phenylformamide was removed from the final reaction mixtures by treat- 
ment with anhydrous methanol; the Sn-Ti and -Zr derivatives were further purified 
by column chromatography under an inert atmosphere. Residual traces of hexaphenyl- 
ditin were removed by treatment with benzene in which hexaphenylditin is virtually 
insoluble. 

The Ti-N and Zr-N derivatives were prepared according to published pro- 
cedures”. The metal content was determined by wet combustion with a mixture of 
cont. sulphuric acid and fuming nitric acid. The infrared spectra were run using a 
Grubb-Parson Spectromaster. 

Tetrakis(triphenylstannyl)titanium 
Triphenyltin hydride (4.5 g, 0.0128 mole) was brought into a two-necked round- 

bottomed flask fitted with a distillation head and connected via a receiver cooled in 
Dry-Ice with a water-pump. The flask was heated at 50” and 0.72 g (0.003 mole) of 
tetrakis(dimethylamino)titanium was added by means of a syringe with stirring, 
Immediately an evolution of gas set in, and after 20 min heating 1 g of dimethylamine 
had been collected in the receiver. The resinous product left in the flask was taken up 

J. Orgu~~olomefai. Chenz., 15 (1968) 125430 



128 H. M. J. C. CREEMERS, F. VEIBEEK, J. G. NOLTES 

.T_ Organontetal. Chern., 15 (1968) 125-130 



STUDIES IN GROUP IV ORGANOMEI-ALLIC CHEMISTRY. Xxx 129 

in 3 ml of benzene. After the addition of 15 ml of light petroleum a brown paste preci- 
pitated. which turned into an ochre solid on grinding. This was again taken up in hen- 
Irene, the insoluble part filtered off and the benzene solution brought on a chromato- 
graphy column. Elution with benzenk yielded I g (3O”/0) of an ochre-coloured solid 
with m.p. 130°. 

Reaction of tetrakis(diethylamino)titanium with triphenyltirz hydride (1 12) 
3.1 g (0.0125 mole) of tetrakis(diethylamino)titanium were heated towards 

SO” when 6.7 g (0.019 mole) of triphenyltin hydride were added. The reaction mixture 
solidified and I .2 g (theor. 1.4 g) of diethylamine were collected in the trap. The reaction 
prodvct was dissolved in benzene, the insoluble part filtered off and absolute methanol 
(30 ml) added to the brown-coloured filtrate. The ochre-yellow solid which precipi- 
tated was further purified by dissolution in benzene and precipitation with light pe- 
troleum. The final product analyzed for bis(triphenylstannyl)titanium dimethoxide. 

Tetrakis(triphenylstannyl)zirconium 
In the course of 40 min 7 g (0.02 mole) of triphenyltin hydride was added gra- 

dually to 1.9 g (0.005 mole) of tetrakis(diethylamino)zirconium. The temperature 
was kept at 60”, vacuum being applied to the apparatus_ An amount of 1.3 g (theoreti- 
cally 1.46 g) of diethylamine was collected in the receiver_ The dark brown product left 
in the reaction flask was taker?. up in benzene and purified by column chromatography. 
Evaporation of the eluate gave a yellow solid (m-p. 70-73“; sintering at 65O). 

Bis[tris(triphenylstannyl)zirconyl-Jdiphenyltin 
Tris(triphenylstannyl)(diethylamino)zirconium was prepared by the procedure 

in the preceding experiment from 2 g (0.0052 mole) of tetrakis(diethylamino)zirconium 
and 5.5 g (0.015 mole) of triphenyltin hydride (ratio 1: 3 instead of 1: 4) The addition 
of 0.64 g of N-phenylformamide in 5 ml benzene to the residue caused an exothermic 
reaction. After additional refluxing for 1 h the solvent and diethylamine were distilled 
off and replaced by 5 ml of butyronitrile. By means of a’syringe 0.7 g of diphenyltin 
dihydride was added and the mixture stirred at 65” for 13 h. The IR spectrum then 
failed to show any residual Sn-H absorption. Purification by column chromatography 
yielded 1.3 g (22 %) of a yellow solid which melted at 100° with decoxnposition (sinter- 
ing set in at 85O). 

Bis(triphenylstannyl)zirconyl-diphenyitin polymer 
Bis(triphenylstannyl)bis(diethylamino)zirconium (9.3 g), prepared from 3.8 g 

(0.01 mole) of tetrakis(diethylamino)zirconium and 7 g (0.02 mole) triphenyltin hy- 
dride was dissolved in 5 ml of benzene. On the addition of 2.4 g of IV-phenylformamide 
a highly exothermic reaction set in. The bis-formamido compound formed (10.3 g) 
after being freed from solvent and diethylamine was dissolved in 5 ml of butyronitrile 
and 2.7 g of diphenyltin dihydride were added. After stirring the mixture at 50° for 
30 min the G-H absorption had disappeared from the lR spectrum. Volatiles were 
evaporated in cacao and the residue treated with absolute methanol to remove N- 
phenylformamide. The methanolic extract was removed by centrifugation. The 
remaining solid was taken up in 20 ml of benzene, the insoluble part (2 g) filtered off 
and the orange fiitrate evaporated to dryness leaving a sticky mass. This was convert- 
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ed into a crystalline solid by stirring with light petroleum. Yield 4.9 g (m-p_ 160” 
with decomposition; sintering at about llO"). 
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