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4.1 CARBON 

Electron density analysis shows that singlet CH2Li2 structures 

are largely C-Li+ in character with a small amount of three-centre 

bonding. Three centre bonding is, however, less important for 

triplet structures, which have instead a significant degree of 

Li-Li bonding. The anomalous reversed dipole moment of the 

triplet results from decreased positive charge placed on the 

lithium atoms due to charge transfer into a Li-Li bonding orbital. 

To a useful approximation, triplet CH2Li2 may be modelled in part 

as a simple summation of triplet methylene and Li2. 1 Improved 

methods for the synthesis of tetralithiomethane have been 

described. The best results are obtained if tetrakis(chloro- 

mercurio)methane or tetrakis(ethylmercurio)methane are treated 

with excess tert-butyllithium. The latter precursor yields a 

deep red-brown solution in cyclopentane, rather than a suspension, 

which may be quasi-titrated with dimethyl disulphide in hexane at 

-50°C yielding tetrakis(methylthio)methane. Perdeuteriomethane is 

formed on treatment with D20 (Scheme 1). 2 Bis(trimethyl)dilithio- 
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methane, (Me3Si)2CLi2, and (trimethylsilyl)dilithiomethane, 
(Me3Si)CHLi2, have been synthesised by the reaction of lithium 
vapour with (Me3Si)2CC12 and Me3SiCHC12, respectively, at 700- 
720°c.3 Examination of the potential energy surface of C4Li4 
using ab initio SCF and RMP2 calculations has indicated that the 
most stable isomer is the novel tetralithiodiacetylene, (L), of 
D2h symmetry, which lies 73.9 kcal mol -1 below two molecules of 
dilithio acetylene. 4 

Several papers report developments in fluorocarbon chemistry. 
Halogenoperfluoroalkanes such as CF3Br and CF2C12, normally 
considered rather inert, undergo substitution by potassium 
arylsulphides in glass apparatus at room temperature when a 
pressure of about two atmospheres is applied (cf. the little 
reaction obtained when the reaction is performed in an autoclave 
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at SO'C). The products are the fluoro(aryl)sulphides, ArSClF3 
and ArSOF2Cl (major}. Inhibition experiments with nitrobenzene 
show that a radical chain mechanism is involved {Scheme 2). 5 

ArS- + CF3Br-+ ArS' + [CF3Br] '- 

[CF3Br]*--_$ CF3' + Br- 

Ars- + CF3'3 [ArSCF3]'- 

fArSCF3]' + CF3Br 3 ArSCF3 + ICF3Br]'- 

Scheme 2 

Photoelectron spectroscopic studies show 
isomerisation of CF3NC to CF3CN requires 
750°C, suggesting a considerable kinetic 
limited stability of CF3NC is the liquid 

that the thermal 
temperatures exceeding 
barrier (cf. the rather 
phase). 6 Attempts to 

synthesise N-bromodifluoromethanimine, CF2=NBr, have at last been 
successfuI. The method involves the fluoride-promoted oxidation 
of FCiN by elemental bromine: 7 

FCsN + Br2 MF -+ F2C=N-M+ + F2C=NBr 

M= K, Rb, Cs. 

Reaction of [Mo(Q-C~H~)~(C~)~]~ with CF3NC in a 1:l molar ratio, 
leads to the formation of (21, in which the 2n-bonded isocyanide 
bridge ligand functions as a four-electron donor. If an excess 
of CF3NC is employed, the complexes (3) and (4) are produced, the 
former of which has been shown to contain the hexafluoro-2,5-diaza- 
2,3,4_hexatriene, CF3N=C=C=NCF3, a molecule unknown in the free 
state. 8 

The heteroalkenes, CF3E=CF2 (E = P, As), may be obtained quite 
simply by the thermolysis of the stannanes, Me3SnE(CF3)2, at 
lo_3 torr at 300-400°C. Although stable at low temperatures, 
or as 10% solutions in organic solvents, dimerisation, 
trimerisation or polymerisation can occur leading to the compounds 
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I2,2,24Lrifluoroethylidene)sulphur tetrafluoride, CF3CH=SF4, has 
been synthesised in a multistep preparation from HCZC-OR and 
SF5C1 (Scheme 31." Elimination of HF from CF3-CH=SF4 occurs 
practically quantitatively affording trifluoroethylidynesulphur 
trifluoride, CF3-C=SF3, when passed through dried KOH at SO-60°C 
and 10 -1 mbar. Rapid oligomerisation of the product takes place 
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Scheme 3 

at its boiling point (-15 - -1O'C). 11 

The addition of NF30 to perfluoro-alkenes is catalysed by Lewis 
acids and yields the novel compounds RfONF2 (Rf = perfluorinated 
organic group). The orientation of the addition can be 
rationalised by an electrophilic attack of NF20+ on the double 
bonds , perfluoroalkenes giving Markownikov products whilst 
perfluorovinyl ethers yield products with the opposite 
orientation due to the reversed polarity of the double bond: 12 



51 
F2C6+=CS-FRf + N+AsF6- 4 

F/ \ 

R+ d 
F2C'CFRf f -+ [F~C+-CFR~-CNF~IA~F~- 

F-N+F20 
4 

CF3CFRfONF2 + NF20+AsF6- 

Rf = CF3, C5Hll, C(O)F, SF5, CF2OCF2CF~S~~~)CF3, 

CFzO~FOCF(CF3)CF20EF(CF3) 

OF2N+...F- 
l 

F2NOCF2CFX * NF20+AsF6- 

X = Cl, Br, OC2H5, 0CF2CF(CF3~OCF2CF2CF3 

A new class of sulphur-nitrogen heterocycles with the general 
formula RfN-S,-NRf (Rf = CF2Cl or C2F2; x = 1, 3 or 4) results 

from the photolysis of RfN=NRf and S2CL2. The products are 

pale yellow high-boiling liguids which decompose on standing at 
ambient temperature: 13 

RfN=NRf + s2c12 
UV,4h 

Rf = C2F5, CF.+ 

RfN=NRf + S2c12 
uv,8h 
quartz 

1:3 

Rf = CF3CF2, CF2C1. 

R N-NRf f + SC12 

Rf/"--Nyf + SC12 

s\s/s 

7-9% 
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Rf=NR f + s2c12 
uv,l2h 
quartz 

R N-NRf + 
E/ \ 

SC12 

1:4 

9-118 
Rf = CF3CF2, CF2Cl 

Reaction of hexafluoro-cyclobutene and octafluorocyclopentene with 
nitrosyl chloride or nitrogen dioxide in the presence of KF in 
acetonitrile give 80% yields of the blue compounds, heptafluoro- 
nitrosocyclobutane and nonafluoronitrosocyclopentane, respectively. 
Thermal decomposition in Pyrex glass results in the formation of 
the analogous nitro compounds, RfNO2. Cycloaddition with C2F4 or 
1,3-hexafluorobutadiene affords the oxazetidines, (51, and - 
oxazines, (5) I respectively. The products resulting from 
reaction with ~~~~ depended upon the nature of the reaction 
vessel. In Pyrex containers, g '-fluorodiimide N-oxides, (7), - - 
are obtained, but in metal reaction vessels, the difluoroamines, 

CC), are produced. 14 

4 F 0 
f 
N=NF 

F 9 N-O 
F Q N-O 

F F F F 

F 9 
NF2 

4 F 

NF2 

1,2,3,4,5-Pentafluorocyclopentadiene has been obtained in three 
steps starting from hexachlorocyclopentadiene. 
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Typically of cyclopentadienes, it dimerises reversibly even at 
-78°C_15'16 Metallation of the proton, preferably with 
M'N(SiMe3J2- affords the pentafluorocyclopentadienide anion, 

C5F5 ’ however, THF solutions of the metal salts are unstable via 
loss of metal fluoride. Acidity measurements show that C5F5H is 

more acidic than C5H6 (pK5 
12.8P 

= 15.5) but less than CF3CH20H (pK5 = 

Cl 

CClF=CClF hv, hv, 
Cl 



Hexynylcyanoketene, (IO), - is found by the thermolysis (8O'C) of 
the 1,4_benzoquinone, (I'J), in benzene: 18 

R, 
* -0 
NC 

)I_ 

(IJ (10) - 

The ketene dication, CH2=C=0, 24 is accessible by charge stripping 
from C2H20 + 19 . Photolysis of thioformaldehyde S-oxide most 
probably affords rearrangement into the three-membered oxathiirane 
via an excited singlet state, Further photolysis of oxathiirane 
apparently leads to a weakened S-O bond, the product being best 
described as a biradical, whereas no evidence for a possible 
ring-opening to the corresponding formaldehyde 0-sulphide could be 
obtained (Scheme 4). 20 

R-C-S-R 
a 

R-C-O-R 
! 

c=s 
R/ 

\ a 
R-A 

R/ 

c=o + s 

$A 

R\ s 

R/ 
c=o 

Scheme 4 



209 

The structures of a number of compounds have been studied by 
either microwave spectroscopy, gas-phase electron diffraction, 
or X-ray diffraction. Ethynamine, HC-C-NH2, has been found to be 
non-planar with a pyramidal amino group, The calculated barrier 
to inversion is 6.9 kJ.mol -1 21 . Complete structural data for 
perfluoroethylene oxide has been obtained by assignment of 
microwave spectra of normal and 18 0- and l3 C-substituted 
molecules. The fluorine substituents have a shortening effect on 
the ring bonds, although the vicinal fluorine-fluorine distance is 
almost 0.2pL longer than found for other fluorocarbons. 22 A 
combined electron diffraction and microwave study of azidotri- 
fluoromethane shows the CF3 group to he in a staggered position 
with respect to the aside group and tilted away from it by 
!~.8'.~~ Only the Cs conformer of 1,1,2-trichloro-3,3-difluoro-l- 
propene, C12C=C(C1)CF2H, is present in the gas phase at 20°C, 
although the possibility of a small amount (ca. 5%) of another 
form could not be excluded. 24 Electron diffraction yields a 
value of 1.475(12)fl for the O-O bond distance and 119(1O)O for the 
dihedral angle in dimethylperoxide. 25 The crystal structure of 
oxetane, C3H60, m.p. 174K, has been determined at 90K and 140K and 
shown to have exact Cs symmetry with a non-planar ring. The 
endocyclic C-O bond distance (1.46O(l)i? at 90X) is unusually 
large for a single bond. 26 

Sophisticated MO calculations have been performed on tricarbon 
monoxide26 and butatrienone. 27 The former is predicted to be a 
stable linear molecule with a singlet ground state lying 168 kJ. 
mol -1 below the lowest triplet state. The fully optimised 
geometry gives values of the rotational constant and dipole 
moment which agree well with experimentally determined values. 
C302 is predicted to be stable with respect to dissociation into 
C2 + CO by 433 kJ.mol -1 and to have a dH; of 282 kJ.mol -1 . The 
dipole moment is predicted to be 1.85D (cf. the experimental value 
of 2.391D). Both the gas-phase dimerisation of C30 and the 
C30 + C2H4 reaction are predicted not to be rapid. The data 
imply that the CC bonds are double and the CO bond is of somewhat 
higher order. 27 An orthogonal-bent structure is predicted for 
CH2=C=C=C=0. Taken with the previous data for propadiene and 
other results for pentatetraenone and hexapentaenone, the new data 
suggests that bending of the heavy-atom chain is a general feature 
of larger cululenones, CH2=fC)n=0, with the preferred bending 
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direction alternating as a function of n 

orthogonal. 28 The activation energy of 

been calculated to be 15.5 kcal.mol -1 by 

between in-plane and 

CO2 towards hydration has 

ab initio SCF 

calculations using the split-valence 3-21G basis set, in good 

agreement with the experimental value. A quite stable six- 

membered cyclic complex of CO2 and the eater dimer was obtained by 

the calculation. The preferred hydration reaction is with the 

water dimer, the reaction with the water monomer being for less 

favoured. 29 

The reaction of CSe2 with [RhC1(C2H4)12 and the triphosphine, 

(Ph2PCH2)3CMe(triphos), affords the complex, 

[(triphos)RhCl(n2-CSe2)1.C6H6, _ (12), which with Lewis acids is 

converted into the ligand-dimerised cation, 

[(triphos)Rh(q-C2Se4)Rh(triphos)]2', (c).3o 

(12) - (13) - 

4.2 SILICON AND GERMANIUM 

4.2.1 Reactive Intermediates and Multiply-Bonded Species 

The most stable conformation of Si2H2 is predicted to be a 

non-planar bridged structure when polarisation functions are 

included in the basis set. Electron-correlation effects further 

stabilise this form relative to silasilene (H2Si=Si), which is 

computed to be 11.3kcal.mol -1 less stable than bridged disilyne. 

No stable linear conformation of Si2H2 analogous to acetylene was 

found even when electron correlation was taken into account, 31 

Of the thirteen cyclic isomers of C2Si2H4 studied, the silyl- 

substituted silacyclopropenylidene, (14), was found to be the most - 

Si 

/\. 

H/ 'i\SiH 3 
(14) - 



stable. Planar 1,3-disilacyclobutadiene is also a stable 
structure and exhibits significant diradical character. 32 

A useful review of the gas phase reactions of dichlorosilylene 

21-l 

has appeared. 33 Electron diffraction structures of silicon 
dichloride and dibromide, 34 and of germanium dibromide 35 have been 
reported. Bond distance and angle data for all the Group 4 AX2 
species are summarised in Table 1. Laser flash photolysis of 

Table 1. Bond distances (A) and angles (") for Group 4 dihalide 
species. 

MX \ F Cl Br 

C 

Si 

Ge 

Sn 

Pb 

1.304;104.8 1.758;108a 1.907;109a 

1.590;100.8 2.083;102.8 2.243;102.7 

1.732; 97.2 2.186;100.3 2.337;101.2 

1.893; 96a 2.346; 99 2.497;100.5a 

1.989; 95a 2.444; 98.3 2.544;100 

a) Estimated. 

dodecamethylsilylene, (Me2Si)6, in 3-methylpentane or cyclopentane 
at 293K gives a transient absorption band at 350nm due to 
dimethylsilylene. The rate constant for the scavenging of Me2Si: 
by trimethylsilane to give Et3SiSiMe2H was determined to be 
2.0 x IO6 M-Is -1 in cyclopentane. Quenching by methanol also in 
cyclopentane to give MeOSiMe2H proceeded at a rate of 3.1 x IO7 
M-Is -1 at concentrations below O.O5M, but at 5.7 x 106M -'s-l at 
higher concentrations. 36 The insertion of silylene into the CH 
and SiH bonds of methane and silane have non-zero SCF barriers, 
but only the insertion into methane retains a non-zero barrier 
when third-order Mdller-Plesser perturbation corrections are 
included in the 6-31G* basis set. 37 In contrast, the 
corresponding hydrogen-abstraction reactions from methane and 
silane by triplet silylene: 

3 :SiH2 + MH4 -f SiH3 + MH3 

M = C, Si. 
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have significant barriers. 38 The insertion reactions of silylene 
into NH3, H20, HF, PH3, H2S and HCl have been characterised in 
detail by using ab initio MO theory, including electron correlation 
and zero-point corrections, and have been shown to involve the 
initial formation of a donor-acceptor complex followed by a proton 
shift via an unsymmetrical high-energy transition state. The 
complex between SiH2 and NH3 exists in a deep minimum with a high 
barrier for rearrangement (38 kcal.mol -1 ). The complex with PH3 
also involves a fairly deep minimum, but the overall insertion 
barrier is small. The interaction with water involves a complex 
with a fairly high rearrangement barrier (22 kcal.mol -'), but 
those with H2S, HF, and HCl are fairly weak with lower 
calculated rearrangement barriers (13, 10 and 8 kcal.mol -1 

, 

respectively). 39 The effect of fluorine substitution at silicon 
on the insertion of silylenes into the hydrogen molecule has also 
been studied. A dramatic increase in the barrier height is seen 
with fluorine substitution along the series, SiH2, SiHF, SiF2 

(51, 130 and 273 kJ mol-I, respectively).40 The insertion of 
(thermally-generated) dimethylgermylene into the CBr bond of benzyl 
bromide has been shown to occur via a cage abstraction- 
recombination reaction, giving typical 1 H ClDNP effects thus 
proving the singlet state of the germylene (Scheme 5): 

Me Me 

Ph 

A > 

Me2Ge: S 
PhCH2Br 

> PhCH2 * 'GeMe2Br 

+ Me Ge: S 2 

Ph 

PhCH2-GeMe2Br 

S c. PhCH2Br 

-PhCH; 
GeMe2Br2 

Scheme 5 
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After the reaction is complete both PhCH2Me2Ge3r and Me2GeBr2 are 
found as products. The latter, however, is a more effective 

Me2Ge scavenger, and yields oligogermanes containing bromine with 
an average n value of -2: 44 

Me2GeBr2 
Me2Ge: 

> Me2Ge-GeMe2 
nMe2Ge: 

> 
kl EL $r k2 

Me2Ge-(Me2Ge-) GeMe2 
EL 

ni 
Br 

k2>k,, n = 1,2,.... 

Photochemically-generated dimethylsilylene reacts with l,l-dimethyl 
-2,3,4,5-tetraphenyl-I-germacyclopentadiene to bring about a 
silylene-germylene exchange, presumed to involve an initial 
formation of a vinylcyclopropane which subsequently rearranges and 
extrudes dimethylgermylene: 

Me2Si: + 

Me2Ge: + 

PhMelGe'Me Ph 

<- 

Ph 

Ph 

Similar results are obtained when IMe2Si) 
$2 

is used as a 

photochemical source of dimethylsilylene. 
The mechanism for addition of dimethylsilylene to substituted 

1,3-butadienes comprises a concerted 1,2-addition followed by 
ring-opening of vinylsilacyclopropane intermediates to diradicals 



which can either cyclize or disproportionate as in Scheme 6. 
43 

Thermally-generated dimethylgermyl.ene behaves as a nucleophile 

\\ 
Me2 'Si + 

> / 
/ 

Me2Si 

;‘j 

I 

f . 
Me2Si 

/==l 
Me2Si Et \ 

Scheme 6 

towards 1,3-dienes, reacting faster with more electron-deficient 

examples to give the desired [2+4] disrotary ring closure product, 

u5).44 - 

Me\ 7" 
Ge Ph 70"c ,_+ l/n (Me2Gejn 
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Photolysis of (Me2Si)6, the standard method for the generation 
of dimethylsilylene in solution, appears to be more complex than 
first thought since both dimethylsilylene and methylsilene, 
[(MeCH)Si=CH21 (E), have been identified as products. The mode 
of formation of (16) is not clear, but isomerisation of initially- - 
formed dimethylsilylene was thought unlikely. 45 However, this 
isomerisation reaction has been verified by generation of 
dimethylsilylene (yellow) in an argon matrix (photolysis of 
(Me2Si)6 at 254nm), followed conversion to 1-methylsilene 
(colourless) by irradiation at 450nm. Both species are stable 
for several hours in the argon matrix temperatures of upto 35K. 
The infrared spectrum of dimethylsilylene shows considerable 
resemblance to that of dimethylstannylene and dimethyl sulphide. 
That of I-methylsilene is rather similar to that for propene, but 
with the absorption bands generally shifted to lower frequencies 
(v(Si=c) 988cm-', for propene), although the Si-H stretching mode 
occurs at about IOOcm above that usually found in 
trialkylsilanes. 46 Infrared spectra have also been recorded for 
the silenes, Me2Si=CD2 47 In this study, two 
bands, one around 880cm 

";d (CD3)2Si=cD2. 
and the other around 1115cm -1 

contributed to the Si=C stretching mode. Other experimental data 
also point to the establishment of an equilibrium mixture of 
dimethylsilylene and I-methylsilene, irrespective of the direction 
from which the equilibrium is approached. Such a reversible 
isomerisation accounts for many of the previous, apparently 
conflicting, observations. 48 A theoretical study of the barrier 
heights and transition states for the interconversions of silenes 
and silylenes via 1,2-hydrogen, 1,2-methyl and 1,2-silyl shifts 
show that they proceed only at elevated temperatures consistent 
with experiment observations. 49,51 Methylsilene, generated 
thermally from three different precursors, l-methylsilacyclo- 
butane, 2,3-bis(trifluoromethyl)-7-methyl-7-silabicyclo[2.2.2]- 
octa-2,5-diene, and l-methoxy-l-methyl-l-[(trimethylsilyl)methyl)- 
silane, isomerises to dimethylsilylene. With trapping agents 
such as butadiene and trimethylsilane, products expected from 
dimethylsilylene are obtained. 51 

The colourless crystalline tetrahydrofuran adduct of the 
silene, Me2Si=C(SiMe3) (SiMetBu2) (G), has been obtained by the 
room temperature decomposition of Bu2SiF-CLi(SiMe3)2.4thf in 
diethyl ether via the intermediate, Me2SiF-CLi(SiMe3) (SiMetBu2).- 
nthf. In crystals of (17) the thf molecule is clearly - 



216 

coordinated to the silicon atom, which adopts a distorted 
tetrahedral geometry rather than the trigonal planar coordination 
expected on the basis of sp 2 hybridisation. The latter geometry 
is found for the carbon atom, whilst the Si-C double bond 
distance (1.747(5)W) is the shortest such distance yet observed. 
The adduct is probably best regarded as a zwitterion, the bonding 
in which may be described in terms of the resonance formulation. 52 

The series of isomeric silenes, H2C=SiHR and H2Si=CHR (R = CH3, 
SiH3' F, OH, OSiH3, CN and NO2), have been studied at the 
RHF/3-2fG and 6-31G* levels. The two basis sets give similar 
results. Generally, the C=Si bond distances in the former series 
are shorter than in the latter. The experimental distance found 
in (Me3Si)2Si=C(adamantyl)(OSiMe3) is electronically elongated and 
consistent with the calculations. Energy differences between the 
isomers and for the reaction with silane were a so calculated. 
Substituent effects on the thermodynamic stability of the Si=C 
bond are small. A "reversed polarity" of the n-bond, i.e. 
C6+=Si6- I is the most important single electronic factor which 
reduces the reactivity of silenes. The energies of the n and IT* 
orbitals are less significant. 53 The photolysis of I-sila-2,5- 
hexadiene at 1050K leads to the exclusive formulation of hydrogen 
and silabenzene, for which a valence ionisation energy up to 21eV 
of its photoelectron spectrum have been observed. 54 Unsaturated 
silicon and germanium compounds of the types R2E=C(SiR3)2 and 
R2E=N(SiR3) (E = Si, Ge) have been reviewed. 55 

A significant number of papers reporting disilene chemistry have 
been reported. Ab initio calculations predict that the 1,2-silyl 
shift in the silylene*disilene conversion: 

HSiSiH2(SiH3) f (SiH3)HSi=SiH 2 

proceeds at room temperature, in agreement with experimental 
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observation. Interestingly, in this study, the equilibrium 
structures of the two disilenes, (SiH3)HSi=SiH2, are predicted to 
have Cs symmetry with a planar disilene skeleton, in contrast to 
predicted trans-bent5;2h geometry previously calculated for 
disilene, H2Si=SiH2. A separate theoretical study of the 
substituent effects on the bonding in disilenes show that the 
conformation of the molecule depends strongly on the central 71 bond 
and also on the nature of the substituents. 57 Some experimental 
corroboration of these theoretical studies is found in the crystal 
structure determinations of the more stable disilenes. The two 
silicon and four carbon atoms in both tetrakis(2,6_diethylphenyl)- 
disilene58 and trans-1,2-di-tert-butyl-1,2_dimesityldimesityldisilene 59 are 
coplanar as in (18) although tetramesityldisilene 59 has a distorted - 
structure with moderate anti-pyramidalisation at the silicon atoms 
as in (19). The silicon-silicon bond distances in the three - 

(18) - 

compounds are 2.140(2)A, 2.143(1)A and 2.16O(l)W, respectively. 
Pyramidalisation in the digermene, R2GeGeR2 (R = CH(SiMe3)2) is 
more pronounced, but not as much as in the tin analogue. The 
germanium-germanium bond distance (2.347(2)A) is ca. 4% shorter 
than in elemental germanium. 60 Values of the TI bond energy of 
disilenes have been estimated. Experimental data afford a lower 
bound for H2SiSiH2 of 69tllkJ mol-I, whereas ab initio 

-1 calculations give a value of 93+8 kJ mol . A substantial 
disilene probably has a value of 108t.20 kJ mol -1 61 

. 

Tetra-iso-propyldisilene has been generated at room 
temperature in a hydrocarbon solvent by irradiation of the stable 
cyclotetrasilane, (iPr2Si)4, from which di-isopropylsilylene is 
eliminated in two successive stages (Scheme 7). 62 

Photolysis of 2-tert-butyl-2-mesitylhexamethyltrisilane at 
-8O'C produces >95% of the pale yellow disilene, (201, principally 
at the trans isomer, (20a). Further irradiation at 350nm leads - 
to a photostationary equilibrium mixture containing 63% of (20a) - 
and 37% of the cis isomer, (20b). - The cis isomer is thermally 
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[iPr2s2[iPr;i13 + IiPrSi:l -----j 

[*Si(iPr2)-Si(iPr2)-Si(iPr2)-] [iPr2Si=SiiPr2] + EiPr2Si:] 

Scheme 7 

unstable, reverting back to the equilibrium mixture, which is 2Li" 
in benzene contains 98% (20a) and 2% (20b). Similar photolysis - - 

Mes 
\ % 
SiZSi 

% 
\ 
Mes 

(20a) - 

% % 
Si=Si 

/ \ 
Mes Mes 

(gb) 

of 2-mesityl-2[bis(trimethylsilyl)amino~hexamethyltrisilane in 
pentane at -60" gives the corresponding disilene, 
Mes(R)Si=Si(R)Mes, (R = N(SiMe3)2), mainly as the unstable cis 
isomer, which was obtained pure by recrystallisation from pentane 

at -78'~. Isomerisation of this isomer takes place at 25'C in 
benzene to an equilibrium mixture of 94% trans and 6% cis. 63 

Disilenes also appear to be able to undergo a [2+2) 
cyclodimerisation. Thus, tetra-iso-propyldisilene in cyclohexane 
affords octakis-iso-propylcyclotetrasilane (30%) in addition to 
the hydrogen-abstraction product 1,1,2,2-tetra-iso-propyl- 
disilane: 64 
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lPr 
'Pr ’ ipr Xi 

'Pr 
/ 

-Si hv 

&- 

/I 
- 

I’ 

. . 
‘Pr 'Pr 

iPr-ji I ipr -Si 

iPr-$i ’ -SiiPr 
*I .I 
lPr 'Pr 

'Pr iPr 

"Pr ' -kii-bi-ipr 
I I 
H H 

Intermediates with a-bonded silicon or germanium are generated 
during the gas-phase pyrolysis of 1,2-disila- or 1,2-digermacyclo- 
hex-4-enes, and may be trapped by addition or [2+21 and [4+21 
cycloaddition reactions, eg. 

65 

10-2Torr 
SOO-6OO'='C 

Ph Ph 

Me Me 

Me2Si 
’ Me2Si 

[Me2Si=SiMe2] 
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Et2Ge 
I 

Et2Ge 

Me Me 
Me 

10-2Torr = [Et2Ge=GeEt21 + 

Me 500°C 
I 

Ph 

Et2Ge 
1 I Et2Ge 
3 
Ph 

Silaimines have been generated by the flash vacuum pyrolysis of 
dimethoxymethylsilylbis(trimethylsilyl)amine, (211, and trapped by 
hexamethyltrisiloxane: 

CH 
3’o / 

CHj-:i-N 
Siwy 3 

A 'Si(CH 1 

L& (cH313Si-0CH3 + 

CH3' 3 3 

CH3\ /H3 TH3 p-s' 
(CH312Si tN ,Si(CH3)2 

I I 
O\ si-0’ 

Si iCH3) 2 

(23) 

cH3 \ F”3 
p-Si 

(CH312Si 
Y 

/Si(CH3)2 

I 
O\ Si-O/ 

Si(CH312 

/\ 
CH3 CH3 

(24) - 

CH3 
'Si=N 

Si(CH3)3 
/ 

/ 
CH30 

(21) 
I - 

(CH3 

Besides the expected product, (22), arising from - 
Me(CH30)Si=NSiMe3, _ (23)(19%) and (=)(3.3%) were also formed in 
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the reaction, indicating that the silaimines, Me2Si=NSiMe2(0Me) 
and Me2Si=NSiMe2 are also generated. 66 Irradiation of the 

silylboranes, RB(SiPh3)2 (R = Me, C9H,,) or B(SiPh3)3, affords 
triphenylsilboranediyl, Ph3SiB: which may be 
reagents: 67 

RH(SiPh3)2 

h_v, Ph SiB: 
Me3SiCZCSiMe3 

3 
> 

B(SiPh3)3 

Methylsilanone is predicted to be the more 
its isomers. Using the reaction 

trapped by typical 

Ph3Si 

I 
B 

/\ 
c= C 

/ 
Me3Si iMe 3 

stable than any of 

H2Si0 + C2H4 + H2C0 + H2CSiH 4 

the C=O bond is found to be about to kcal mol -1 stronger than the 

Si=O bond. 68 2,2,3,3-Tetramethyl-2,3-digerma-1,4-dithiane (25) - 
decomposes slowly at room temperature by a-elimination to afford 
dimethylgermylene and 2,2-dimethyl-2-germa-1,3-dithiolane. 
2,2,3,3,4,4-Hexamethyl-2,3,4-trigerma-l,5-dithiepane is obtained 
by the further insertion of dimethylgermylene into a germanium- 
sulphur bond of the digerma-1,4-dithiane: 

2ov, Me2Ge: + 

1 1 (25) - 

Me, 
/Get 

Me2Ge GeMe2 
/ 1 S 

L/ 

/ MeaGe 

'S 1 

At 200°C, (25) undergoes thermal fragmentation leading to the same - 
products: 
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Me2 
Me2Ge -GeMe2 /G'\ 

/ \ .p> (5) + Me2Ge + Me2? YeMe 
18h, 2OO'C 

60% 10% 15% 

'Ge' 

rationalised by the formation of intermediate dimethylgerma- 

thione. 69 

4.2.2 Tetravalent Compounds 

Vibrational spectra and the associated force fields for 

methylsilane and silane have been calculated using basis sets of 

double-5 and double-c-plus polarisation quality. The 

calculations predict that the Si-C bond distance should be ca. 

0.0321 longer than the experimentally derived (microwave) value, 

but support the original assignment of the dipole moment in the 

sense +CSi-. When compared with a similar force field for ethane, 

the calculations show that a number of vibrations are insensitive 

to the presence of the sibyl group. The calculated force fields 

for the silyl group are much more sensitive than the corresponding 

force fields for the methyl group. 70 

The gaseous products observed in the infrared laser photo- 

reactions of SiH4-HC1 mixtures are Ha, Si2H6, SiH3C1, SiH2C12 and 

SiHC13, with trace amounts of Si H 3 8 and Si2H5Cl. A solid product 

containing silicon, hydrogen, and perhaps very small amounts of 

chlorine is also formed. The mechanism is best described by 

initial decomposition of silane to silylene and H2 followed by 

competition of silane and HCl for the SiH2 molecules. The 

simultaneous formation of all chlorosilanes suggests that 

decomposition of the initial product of SiH2-HCl reaction leads to 

turn to SiHCl and SiC12 molecules. Temperature dependance 

studies indicate a value of <I.3 kcal mol -1 for the activation 
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energy for the insertion of SiH2 into HCl. 71 The reaction time 
for the preparation of potassium silyl from monosilane in glyme is 
considerably shortened by employing dispersed Na/K alloy. A 
simpler (and shorter) preparation uses dispersed pure potassium. 
Crystalline potassium silyl, free from potassium hydride and 
glyme, can be obtained by recrystallisation followed by slow 
crystallisation from a glyme/benzene mixture. Crystals obtained 
in this way can be stored for 30 months. 72 The novel 
a,w-dihydroperchloro silanes, H(SiC12jnH (n = 3-7) and HSi Cl5 have 
been synthesised starting from perphenylated cyclosilanes: 43 

Ph2 

PC15 
> 

TCE 
C1(SiPh2)5C1 H2S04 > OH(SiPh2)50H 

/ 

/ 
A1203,benzene 

r( 
HCl/AlC13 

H(SiPh213H benzene > H(SiC1213H 

Ph2Si-SiPh2 
I I 

Li ~ H2S04 
Ph2Si-SiPh2 THF 

. Li(SiPh2)4Li Y H(SiPh2)4H 

J 

HC1/A1C13,benzene 

HtSiC12j4H 

Ph2Si-SiPh2 
I I 

Li > Li(SiPh2)5Li H2S04 
Ph2Si SiPh2 

> H(SiPh215H 

'Si' 
THF 

Ph2 

J 

HC1/A1C13,benzene 

H(SiC12)5H 
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Ph2Si-SiPh2 Li 

Ph ?i ’ 
> Li(SiPh2)4Li 

2HPh2SiCl 

2 -SiPh2 THF dioxane 

HC1/A1C13,benzene 

d 
H(SiC12)6H 

Ph2Si-SiPh2 Li 
I 1 

2HPh2SiC1 
> H(SiPh2)7H 

""2"< / 
SiPh2 THF 

k Li(SiPh2)5Li 
dioxane 

Si 
Ph2 / 

HCl/AlC13,benzene 

Ph2Si-SiPh2 
I I 

HCl 
Ph2Si-SiPh2 decalin 

> H(SiPh2)4Cl 
HCl./AK13 

> 
benzene 

H(SiC12) 4C1 

In the mass spectra of these compounds, fragmentation occurs with 

initial cleavage of Si-Si bonds in the middle of the chains. 
74 

The siloxymethylative ring opening of oxiranes leading to 
1,3-diol derivatives can be accomplished by using the cobalt 
carbonyl-catalysed reaction with a hydrosilane and carbon monoxide, 
eg: 

HSiEt2Me 

CH30 co 

0 

25'c, 1 atm. 

The catalytic transformation may be explained by the processes 
outlined in Scheme 8: 
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I R3Si-Co(C0)4 
R3Sio 

T HSiR3 

R' 

\n 

R' 

RSrf 

H 

P+ 

co(co)4- 
I 

3. 0 
R3Si 

I I 

HSiR3 

-R3SiCo(C0)3 

R' 

Y 

co(co)4 
Co(CO)3 

R3SiO 

Scheme 8 

Irradiation of R3SiCo(C0)4 in the presence of R;SiH affords 
R\SiCo(CO)4 and R3SiH at 298K in an alkane solvent. At 77K in a 
rigid alkane matrix, irradiation of R SiCo(CO)4 
dissociative loss of CO to give a 16e 

2 
yields 

complex, R3SiCo(C0)3. If 
the matrix contains a sufficiently high concentration of R3SiH, 
the light-induced loss of CO occurs, and the metal carbonyl 
product is (R3Si) (R3Si)Co(C0)3H. The same species is also formed 
photochemically at 196K in fluid solution. Warming up to 298K 
results in generation of both R3SiCo(C0)4 and R\SiCo(CO),.76 
Reaction of trans-[Ir(PPh ) (CO)Cll with the functionalised 
silanes, 1 23 2 PPh2CH2CH2SiR R H, occur immediately under ambient 
conditions to give white Ir(II1) adducts as single stereoisomers 
(26) at the octahedral iridium centre.77 - X-ray crystallographic 
data for the complex (27) shows that the oxidative-addition - 
of (+)-I-NpPhMeSiH on methylcymantrene takes place with 
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Ph2P- 
HJ' 

I 

-PPh3 

Cl 

(26) - (27) - 

retention of configuration at silicon, ie: 

The germyl complexes (q5 -MeC5H4) (C0j2(R3Ge) (HIM can be prepared 
either by oxidative-addition of RSGeH on (n5-MeC5H4)(C0)3Mn or by 
protonation of the related anions, [(n5-MeC5H4) (CO)2(R3Ge)Mn]-. 
Only the cis isomers are obtained. Both silyl and germyl 
complexes undergo facile elimination of silane or germane when 
treated with PPh3. The Mn-Ge bond is cleaved by 1320, MeOH, Cl2 
and CC14. The observations are consistent with a two-electron, 
three-centre bond involving manganese, hydrogen, and silicon or 
germanium. 78 

The chemistry of ring compounds of all sizes containing 
silicon- or germanium-carbon bonds has provoked substantial 
interest. The thermal decomposition of hexamethylsilirane in the 

presence of selected disubstituted acetylenes, results in the 
formation of silacyclopropenes via addition of dimethylsilylene to 
the triple bond. The products are thermally stable, but are 
extremely reactive towards atmospheric oxygen and methanol or 
ethanol resulting in Si-C(ring) bond cleavage (Scheme 9). The 

Me2C\SiMe 
I23 f Me Sic CSiMe 66°C SiMe3 

3 > 
Me2CY 

Scheme 9 
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very high field 29 Si n.m.r. resonance I-87 to -106ppm) appears to 
be characteristicof the silacyclopropene ring. 79 1 ,l -Dimethyl- 
2,3_bis(trimethyl)silirene reacts with multiply-bonded organic 
compounds (aldehydes, ketones, styrenes, conjugated terminal 
acetylenes, benzene, terminal 1,3-dienes, conjugated imines) 
undergoing ring-expansions, most probably via radical mechanisms, 
to give products such as (28)-(31).80 - - 

Me3Si, /SiMe3 

F'"\,R 

Me2S(J\R' 

(28) - 

Me3Si 
\ / 

SiMe3 
c=c 

Me3S 

Me2S 

t / 
SiMe3 

c=c 
i' 'H 
'CEC-C=CH 2 

H3 

(30) - 

Me3Si SiMe3 

Me :[=c(,c6H5 
2 lN/ 'H 

I 
dH3 

(31) - 

Hexamethylsilirane itself also undergoes similar insertion-ring 
expansion reactions with the formation of silacyclopentanes, 
silacyclopentenes, I-oxa-2-silacyclopentanes, I-aza-2-silacyclo- 
pentanes and 1,2-diaza-3-silacyclopentanes, eg: 81,82 

Me2C\SiMe I “i”” Me 
2 4 + CH2=C- =CH2 

Me2C / 
',y; I$~~;CH2 + M)==j 

Me e Me'"te 

(47%) (15%) 
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Me 

Me2c\SiMe 
I 

1 
2 + PhC-CH Me2CHCMe2SiCECPh 

Me2C / 
I 
Me 

Me Me 

(47%) (20%) 

Me2C, 

/,SiMe* + Qg * MfkJ-q 
Me2C 

MB\e 

(18%) 

Me2C\ 
j,SiMe2 + fjJJ uv, :@ + CH2=i;Me2SiMe2v 

Me2C 

Me 

PhCH=NMe 
> 

Me2ClsiMe I 
Me2C / 2 

--c 

\ ph,N=NPh ~ 

hv 

Me Ph 

ML he 

(47%) 

Me 

Me 

t 

N/Ph 

Me \ 
,N-Ph 

Me Si 

M,/ \Me 

(28%) 
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Alkyllithium reagents, RLi (R = Me, nBu, t Bu) react with 
hexamethylsilirane at O*C to afford initially the ring-opened 
product, RSiMe2CMe2CMe2Li, but in a subsequent reaction the 
reagent metallates the methyl substituents on the silicon atom to 
give RSi(CH3)(CH2Li)CMe2CMe2H as the final product, corroborated 
by deuterolysis, eg. 83 

Me2C\SiMe I 
Me2C / 2 

+ Me3CLi '5R12 D2° 
CH2D 
I 

4 Me3CSiCMe2CMe2H 

i H3 

(46%) 

Several novel cyclobutane analogues have been synthesised. The 
reaction of Me3SiCC12SiMe2Cl with butyllithium in ether, yields 
the 1,3-disilacyclobutanes, (32) and (33) (the structure of the - - 
former was confirmed crystallographically). 84 

M"2 
cl\ /=\ ,Cl 

./c\si/c\siMe Me3S1 
Me2 

3 

(32) - 

(C5H5) 

Me, 

Cl,/<,/ 
SiMe3 

Me Si' 3 'Sij 'Cl 
Me2 

(33) 

The thermal decomposition of hydridosilacyclobutanes has been 
examined kinetically by low-pressure pyrolysis and stirred-flow 
reactor techniques. Proposed intermediates were also generated 
by independent methods. In contrast to previous reports, which 
assumed a series of homolytic bond cleavage reactions, the 
reaction products, RSiH and propene, were considered to arise from 
an initial rearrangement to n-propylsilylenes, viz: 
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H 1,2-H H_S'i 

Support for this mechanism comes from the additional observation 
that when methylpropylsilylene is generated at 500°C in the 
presence of 2,3_dimethylbutadiene, the major product is the adduct 
of methylsilylene: 85 

Me3 

Me 
I 

Si- Si-n-B" 
I 
OMe 

5oo”c 

N2 flow 
-Me3SiOMe 

t( 
-C3H6 

/ - b 
.,/“‘\, 

Metathetical reaction of IMg(CH2)2SiMe21n with the metallocene 
dihalides (n5-CgH5)MX2 (M = Ti, Zr, Nb; X = Cl; M = MO; X = I) 
affords the analogous I-metalla-3-silacyclobutanes, (34). The - 
complexes are thermally stable, and have been characterised 
spectroscopically and by X-ray crystallography. 86,87 The reaction 
of the zirconium heterocycle, (34) (M = Zr), - with paraformaldehyde 
proceeds stoichiometrically with the insertion of a formaldehyde 
into a zirconium-carbon bond with the formation of the l-oxa-rl- 
sila-6-zirconacyclohexane ring compound, (ns-C5H5)2Zr(OCH2CH2SiMe2- 

CH2), the conformation of which was again determined by 
crystallography. 88 A 1,2-silaoxetene, (z), has been produced by 
photolysis of pentamethyldisilanyladamantyl diazo ketone. (35) - 
is thermally very labile, and attempts at its isolation were 
unsuccessful. It is, however, more stable in solution (Scheme 
10). With methanol, a mildly exothermic reaction occurs 
resulting in the formation of the B-silly1 ketone (36) in 86% - 
yield. 89 The germacyclobutanes, (37), have been obtained by the - 
Grignard method, 90 whilst the first example of a 1,2-digerma- 
cyclobutene, (38), was obtained by the reaction of the dioxane - 
complex of GeC12 with 3,3,6,6-tetramethyl-I-thiacyclohept-4-yne. 
The structure of (38) has been determined. 91 The structure of - 
l,1-dimethyl-3,3,4,4-tetraphenylgermacyclobutane, (39), a source - 
of dimethylgermylene, has been determined by X-ray 
crystallography. 92 Thermolysis of 6-oxa-3-metallabicyclo[3.l.Ol- 
hexanes, (40) (M = Si or Ge), in a flow system at 460°C gives rise - 



231 

hv Me3SiSiMe2-I-COAd C6H6> Me3SiSiMeZ-C-COAd + 

N2 

SiMe3 SiMe3 Me3Si 
Me2Si=C / \ 

I 
MeOH + ./CHCOAd 

o=c o-c ' Me2S1 

\ 'Ad 
I 

Ad OMe 

(35) (36) - - 

GA 

Me3SiC:CAd + [Me2Si=Ol 

Ad = I-adamantyl group 

Scheme 10 

(38) - 

Ph Ph 

Ph Ph 

kX M e 

(39) - 

to cyclosiloxanes or -germoxanes on 1,3-butadiene via intermediate 
silanones or germanones; eg: 

460°C 

O ___lll, pentane/N* 

(40) - 

The silicon analogue of carbon dioxide was trapped by 
hexamethylcyclotrisiloxane to yield (411, the expected Spiro 
adduct, in 60% yield: 93 
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o&i$o 4 90 .,,:,-i,, Hg) 

> 

The 'direct' synthesis of silicon-rich compounds, has been 
studied by examining the reactions of chloromethnaes, CHnC14_n 
(n = 0,1,2) with elemental silicon (Cu catalyst) in a fluid bed at 
32O'C. Chlorosilane mixtures obtained were treated with lithium 
aluminium hydride, and the silanes separated by HPLC. From 

dichloromethane, the unbranched carbosilanes, SinCn_?Han (n = 4-12, 

2 terminal SiH3 groups) and SinCnH4n+2 (n = 4-9, 1 terminal SiH3 
and 1 CH3 group) as well as 1,3,5-trisilacyclohexanes with 
carbosilane chains of various length attached either to silicon or 
carbon, were produced. Branched products were obtained with 

chloroform and carbon tetrachloride. 
94 Germanium vapour'reacts 

with acetylene in a stationary metal atom reactor to form a 
polymer of the reproducible stoichiometry, (C2H2 7Ge0 ,2)x. 

95 
. . 

Chlorination of small oligosilanes (Si3HS, n- and iso-Si4H,0, 
n-Si5H,2) by SnC14 or HgC12 in 2,3_dimethylbutane at O'C proceeds 

mainly by substitution at the primary silicon atom giving 
monochlorinated products. Further chlorination takes place at 

other silicon atoms. 96 

a,w-Dihydroperchlorooligosilanes have been synthesised starting 
from the perphenylated cyclosilanes according to the general 
scheme: 

(Ph2Si)n Li'thf> Li(SiPh2jnLi H2S04 > H(SiPh2jnH 

I 
HC1/A1C13;benzene 
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In their mass spectra, fragmentation commences with cleavage of 
Si-Si bonds in the middle of the chains, consistent with infrared 
data, which indicate that the lowest Si-Si force constants also 
occur for such bonds. 97,98 As found for sterically crowded 
hexaorganodistannanes, the metal-metal bonds in hexamesityldi- 
silane and -digermane dissociate reversibly even at low 
temperatures (-60 to -32'C for the former: -12 to +53"C for 
digermane), generating the corresponding trimesitylmetal radical. 
The generated radicals, Mes3Si. or Mes3Ge*, react irreversibly, 
for example, by substituting aromatics or abstracting hydrogen. 
Other hexaaryldigermanes (aryl = 2,6_dimethylphenyl, 2,3,4,6-tetra- 

phenyl, 2,3,4,5,6_pentamethylphenyl and 2,4,6_triethylphenyl) also 
dissociate reversibly. 99 Reaction of various dialkyldichloro- 
silanes, R'R'SiCl 2' with an excess of lithium in tetrahydrofuran 
gives the corresponding peralkylcyclopolysilanes, [R'R2Si] n (n = 
4-7), in reasonable to good yields. Smaller rings, mainly four- 
membered, were obtained with the more bulky substituents. 100 The 
structure of the first peralkylcyclotrisilane, [( t BuCH2)2Si13, 
which has the longest Si-Si, bond of all known peralkylcyclopoly- 
silanes, and is comparable with that in the perarylcyclotrisilane, 

[ (2 ,6-Me2C6H3) 2sil 3, 
101 and the synthesis of the first 

spiropentasilane, octamethylspiropentasilane, (42), are both - 
notable. This latter compound is prepared by the action of 
lithium metal on tetrakis(dimethylbromo- or -chlorosilyl)silane in 
thf. Being highly strained (42) undergoes facile cleavage with - 
LiA1H4 (giving (Me2SiH)4Si), 
(Me2SiC1)4Si).'02 

MeMgBr (to (Me3Si)4Si), and PC15 (to 

(XMe2Si)4Si + Li -f 
SiMe2 

Si 
( I 

SiMe2 

X = Cl,Br. (42) - 

The vibrational spectra of the homologues, (Ph2Ge14, (Ph2Ge)5, 
and (Ph2Ge)6, are nearly identical above 350cm -1 e The [Gel, 

ring vibrations range from 330 to 140cm -1 and are unspecifically 
coupled with mass-sensitive phenyl modes. io3 

A novel synthesis of siloxanes has been reported involving the 
abstraction of oxygen from carbon monoxide by disilanes using a 
catalyst comprising 50% nickel on Kieselguhr: 
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R3Si-SiR3 t CO -f 'C' t R3SiOSiR3 + R3SiOSiR20SiR3..... 

In the presence of hydrogen, the surface-deposited carbon is 

converted to methane. 104 More traditional methods have been 

employed for the synthesis of polysiloxanes of the type 

RR'R"SiO(SiH20)nSiRR'R" (R,R'R" = Me,Me,Me; Me,H,H; Et,Et,Et; 

Me,Me,H): cohydrolysis of H2SiC12 with Me3SiCl and Me2HSiCI using 

NaH2P04/Na2HP04 - buffered media, H2S04-catalysed equilibrium of 

cyclic [H2SiO], oligomers with Me3SiOSiMe3, and the reactions of 

C1SH20(SiH20)nSiH2C1 with MeMgBr, Me3SiOH and Et3SiOH; 105 and 

cyclic germasiloxanes, [R2,GeOPh2Si0]2 (R = Me,Ph).lo6 Along with 

the latter compounds, which have puckered eight-membered rings, 106 

the structures of several other siloxane ring compounds have also 

been reported. The most interesting of these is that of 

tetramesitylcyclodisiloxane, [Mes2Si012, (43), obtained by aerobic - 
oxidation of Mes Si=SiMes2, 2 and a most stabl.e compound (mp. 215', 

survives gas chromatography at 31O"C, prolonged heating in 

refluxing decalin, and lengthy photolysis at 254nm). The 

presence of the four-membered, nearly planar [Si2021 ring is 

confirmed by X-ray analysis, but the most striking feature of the 

molecule is the transannular Si-Si distance (2.3115) which is 

Me s /f/ //~,~,,,Si~\si,,\\ill\\~\Mes 
r&s/ \O/ \Mes 

(43) - 

shorter even than the normal Si-Si single bond distance (2.34A). 

The two independent Si-0 distances (1.66 and 1.72A) are somewhat 

longer than usual (1.61-1.65A), and the Si-0-Si angle is highly 

contrained (86"). These data might strongly suggest the 

retention of some Si-Si bonding on oxidation by oxygen; indeed, 

treatment of [Mes2Si0]2 with lithium naphthalide at -78°C 

followed by quenching with water, affords the disilanediol, 

Me2Si(OH)-Si(OH)Mes2. 107 No similar Si-Si interactions have been 

observed in other four-membered ring systems of the types [Si,X,] 

(X = CH2, NPh, SiPh2, S). The [Si,S,] ring in [(tBuO)2SiS] 

(from alcoholysis of SiS2 by t-butanol) is rigidly planar. 108 
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The silanediol, tBu2Si(OH)2, has a crystal structure comprising 
isolated molecules connected by hydrogen bonds into chains, whereas 
molecules of (HO)tBu2SiOSiMe20SitBu2(0H) form dimeric units. In 
cycle-[tBu2SiOtBu(F)SiO], the silicon atom bearing the fluorine is 
displaced from the plane of the ISi fragment. 109 The eight- 
membered [Si3B04] ring in the cycle-I-bora-3,5,7_trisiloxane, 
[%u2SiOB(F)OtBu2SiOSiMe20], (G), is planar,"' whilst the 

7 
tBu 

'Si/ 

,IB\ 

tBu' \O 
'Sil 
Me/ e x 

(44) - 

O\ 
0' 

0-GePh2-0 

/ \ 
PhGe\O_GePh _OAGePh 

\ 2 
\ / 0-GePh2-0 

(45) - 

structure of the bicyclo[3.3.31undecaner (45), from the reaction - 
of a mixture of PhGeC13 and Ph2GeC12 with silver nitrate in 
aqueous acetone, has also been reported. 111 Treatment of 
di-tert-butylchlorosilanol with ammonia affords the stable 

L 

aminosilanol, LBu2Si(NH2)OH, which may be limited at oxygen by 
butyl lithium producing the lithium aminosilanolate,tBu2SiNH2)OLi. 
This latter compound is tetrameric with a pseudo-Cuban@ [Li404] 
core in the solid. 112 

The flowing afterglow technique has been used to study the 
chemistry of several anionic organosilicon species, such as silyl 
anions, silicon-stabilised carbanions, and pentacovalent silicon 

anions. The structures of several of the isomeric (and hence 
indistinguishable by mass spectrometry) species were determined by 
chemical reaction with nitrous oxide. For example, the M-l ion 
resulting from the reaction of trimethylsilane and H2N- was shown 
not to be MejSi-, but rather Me2Si(H)CH2- (both at m/z = 73) 
resulting from proton abstraction, since the m/z ion is formed 

exclusively when nitrous oxide is added to the system: 113 

N20 
(CH3)3SiH + H2N- e (CH3)3Si- + (CH3)3Si0 

m/z 73 m/z 89 



236 

(CH3)$iH + H2N- -+ (CH3)2Si(H)CH2- N2° 
s (CH3j2Si(H)0 

m/z 73 m/z 75 

Dihydrazidophosphonic and dihydrazidothiophosphonic acid phenyl 

ester react with a,w-dichloro organodisiloxanes and -trisiLoxanes 

in the presence of triethylamine to yield ring compounds, the 

nature of which depends upon the reactants. With dichlorotetra- 
phenyldisiloxane a six-membered ring with two exocyclic amino 

groups (46), - a seven-membered ring with only one exocyclic amino 

group (471, With - and an eight-membered ring (48) are formed. - 
dichlorohexamethyltrisiloxane corresponding mixtures of eight-, 

nine-, and ten-membered rings, (49)-(511, respectively, are -- 
obtained. 114 

H 

X"\,,&S,_;Ph 
*Pf 
/\ C6H50 N,N,St-Ph 

If H Ph 

(46) - (47) (48) - - 

S 

C6H50 
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Trimethyl- and triethylsilyltriflate form strongly polarised 
donor-acceptor complexes with boron trichloride and tribromide. 
Deshielding of 29 Si n.m.r. chemicalshifts and shielding of "B 
chemical shifts are consistent with four-coordinated boron and the 
development of partial positive charge at silicon involving 
O-coordination of boron halide with the triflates. No ionisation 
to silicenium ions occurs. Liyand exchange is a competing 
process, the rate of which increases significantly by incresing 
the temperature of reaction time. The reaction of tristalkyl- 
thio)silyl triflate with BC13 at low temperature only involves 
ligand exchange. Reaction of the alkoxides Me3SiOR (R = Me,Et, 
Ph) with BBr3 (at -30') or BC13 (at -75°C) gives the trimethyl- 
silyl halide and the corresponding ROSiX2, indicative of initial 
complexation followed by rapid Si-0 bond cleavage. The reaction 
of AlC13 and AlBr 

135 
with silyl triflates also results solely in 

ligand exchange. The first example of a silicon thiocyanate, 
(Me3Si)2C(SiMe20Me)(SiMe2SCN) has been prepared from the analogous 
chlorosilane and AgSCN. It is much more readily solvolysed than 
its isothiocyanate isomer. 116 

Trisilylamine, N(SiH3)3, is planar at nitrogen in the crystal at 
115K. There are no short intermolecular contacts. 117 However, 
in the silylamines, Me2SiHNMe2, MeSiH2NMe2, and H3SiNMe2, the 
nitrogen atom has a shallow pyramidal configuration (sum of angles 
at nitrogen: 352.4', 355.6' and 354.6", respectively). The 
preferred conformations of the two former compounds have one Si-Me 
bond gauche to the lone pair of electrons on the nitrogen. 118 

Three conformational models give excellent agreement with the 
experimental data for NH(SiHMe2)2, although one is slightly 
favoured. In this, the SiHMe2 groups are twisted from the 
positions in which the Si-H bonds eclipse the N-Si bonds, so that 
the two SiHMe2 groups are staggered when viewed along the Si...Si 
direction. 119 The [Si3N3] ring in 2,2,4,4,6,6-hexa-tert-butyl- 
cycle-trisilazane is planar, with angles of 104.1' at silicon and 
135.9O at nitrogen. 120 The structures of the two heterocyclic 
compounds (52) and (53) have also been reported. 121 - - The X-ray 
crystal structure of Ph3SiNHPPh2 confirms a trans conformation of 
the P"I lone pair and the N-H bond as a consequence of the 
minimisation of steric and electronic repulsive interactions. 122 

Molecules of (C5H5)3Zn2N(SiMe3)2, prepared from (C5H5)2Zn and 

Zn[N(SiMe3)212, consist of two zinc atoms bridged by a cyclopenta- 
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C-C-Si-N 
ae:I k \ We2 

(52) (53) - - 

dienyl group and an amido group as in (54). 123 - 

(54) - 

The high steric bulk of silyl groups has 
synthesis@ the stable three-membered [N2BI 

tBu 
/ 
SiMe3 

+ F2B-N 
\ 
SiMe3 

been employed to 
heterocycle (55):124 - 

> 
-2LiF 

t BuMe,Si, SiMe 
L \ / 

2tBu 

Y;7 

Me 3 Si' 'SiMe 3 

(55) - 

The reactions of several mono(disilylamino)phosphines with either 
neat carbon tetrachloride or solutions in dichloromethane have 
been examined. Generally, reactions proceeded with elimination 
of CHC13 and/or Me3SiCC13 to form a variety of new P-chloro-N- 
silylphosphoranimines of general formula Me3SiN=P(Cl)R'R". 
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H\C/R 

(Me3Si)2NO< 'RI + CC14 
R" 

Me3Si-C-R' 
I 

Me3SiN=P-R 
I 
Cl 

F 
H-C-R' 

I 
Me3SiN=P-R" 

I 
Cl 

The particular course of the reactions is dependent upon such 
variables as solvent polarity and steric bulk of the substituents 
at phosphorus and nitrogen. 125 The major components of the liquid 
phase in the reaction of hexamethyldisilazane and bis(dichloro- 
phosphoryl)imide are (56) and (57), - which subsequently condense 
further to give high polymers. 126 

p YMe3 
CL-f-N=I-C1 

Cl Cl 

(56) - (57) 

The first stable silylated triazene, t 
L 

Bu3Si-N=N-NH-Si??Bu L 3, has 
been synthesised by treating LBuSiN3 in thf first with LBu3SiNa 
and then with methanol. Although the pale yellow crystalline 
solid melts at 139-14O'C and can be sublimed at 11O“C in vacua, it 
decomposed at 150'C with the elimination of nitrogen giving 
bis(tri-tert-butylsilyl)amine. 127 Partially-substituted 
tetrazenes, (Me3E)N4H4_n (E = Si,Ge) have been prepared by 
photolysis of more highly substituted tetrazenes, or by 
metallation of lower substituted tetrazenes. The compounds have 

the 2-tetrazene constitution with a trans-tetrazene conformation. 
The tetrazenes, (Me3Si)2N-N=N-NHX (X = H,GeMe3) isomerise in 
dilute solution on heating into (Me3Si)XN-N=N-NH(SiMe3). 
Thermolysis of (Me3Si)2N-N=N-NH(SiMe3) leads principally to 
Me3SiN3 and (Me3Si)2NH. Similarly, (Me3Si)2N-N=N-NH2 gives 
Me3SiN3 and Me3SiNH2, and (Me3Si)HN-N=N-NH(SiMe3) affords 
(Me3Si)2N-NH2 and N2 in dilute solution but (Me3Si)2NH and HN3 in 
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concentrated solution. 128 

Gaseous bis(trimethylsilyl)amidolithium at ca. 403K has the 
cyclic [LiNLiNldimeric structure (58) of D2 symmetry. In the - 
model adopted, the bridging [N(SiMe ) I ligands are assumed to be 

3 329 orthogonal to the [Li2N2] ring plane. Complexation of the 

lithium hy crown ethers precludes association via LiNLi bridging 
in the solid state and the 12-crown-4-ether complex of 
bis(trimethylsilyl)amidolithium, [LiN(SiMe3)2.12-crown-41 (59) is - 
monomeric.130 

R3Si SiR3 

\,/"'\,/ 

R3si\N/SiR3 
+ 

R3Si 
/'IA'\ 

SiR3 

R = Me 

(58) - 

The spirocyclic compound, 1,2,4,5-tetra-tert-butyl-1,2,4,5- 
tetraphospha-3-silaspiro[2.2]pentane exists in two diastereo- 
isomers of point symmetry 7 and 2 (%a and Eb).13' The 
endocyclic P-P distance in both of these isomers (2.255A and 
2.242A, respectively) 131 and in the related diphosphayermirane, 

(611, (2.229w)132 - are rather lonqer than normal. The same [GeP2] 
cyclic unit is present in the novel spirocyclic compound, 
1,2,4,5,6,7-hexa-tert-butyl-l,2,4,5,6,7-hexaphospha-3-germaspiro- 
[2.4]heptane, (62), - formed by cyclocondensation of K(tBu)P-P(t13u)K 
with germanium(IV) chloride in the molar ratio 2:l. 133 Tris(tri- 

7 
P 

/I 
/=\F 

P P 

% \I 

XP 
(60a) - (6Ob) - 

t Bu t 

b-PYU 

\/ 

/"$, Et 

(61) 
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TMS 

TMS 

(62) - 

TMS \ 
‘TMS 

(TMS = SiMe3) 

(63) - 

methylsilyl)-tert-butylcyclotetraphosphane, P4(SiMe3)3 tB~, the 

previously unknown member of the series, P4(SiMe3)n(tBu) has 
been obtained by the reaction of P3(SiMe3)5 with tBuPC12. 4iSi A 

very large polycyclic silylphosphane, P6Si4(SiMe3)S, with probable 
structure, (63), has been prepared by the reaction of tris(tri- - 
methylsilyl)chlorosilane with sodium/potassium phosphide in 
dme.135 

Trimethylsilyl(diorgano)phosphines react with elemental tellurium 
to afford the compounds (65), which readily disproportionate: - 

2R2PSiMe3 +2Te t 2R2P-Te-SiMe3Ff: R2P-Te-PR2 + Me3Si-Te-SiMe3 

R = tBu,Ph (65) - 

Reaction with tBuP(SiMe3)2 yields to heterocycle (66):136 - 

tBuP(SiMe3)2 + 4/3Te + l/3 + Me3SiTeSiMe3 

(66) - 

Ph2PSiMe3 also interacts with alkyl(pentacarbonyl)manganese 
complexes giving the ylide complexes (67); a reaction which is - 
favoured by the formation of the strong Si-0 bond: 
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Only when R = mesityl could the two intermediates in the reaction 
be detected (by n.m.r.1. The methyl derivative dimerises rapidly 
to (3). X-ray structures of this product and also of (70) (R = - 
Ph) have been determined. 138,139 

CH3 
I 

(CH3]3Si-S,C,P,C,S-Si(~~3]3 

(CH3)3Si-S/ \P/'S-Si(CH ) 
I 

3 3 

CH3 
(71) 

1,3-Bis~trimethylsilyl)-l,2,3-tri-tert-butyltriphosphane, 
Me3Si(tBuP)3SiMe3, has been obtained by reaction of LiltBuPj3Li 
and Me3SiC1, and exists predominantly as the threo,erythro 
diastereoisomer. 140 

Compounds of silicon and germanium with coordination numbers 
greater than four continue to provoke interest, and the X-ray 
structures of several neutral and anionic species, have been 
determined. Both the [SiF51- and [Ph2SiF31- anions have trigonal 
bipyramidal geometry, with two phenyl groups occupying equatorial 
positions in the latter. 141 In contrast to these isolated 
species, the corresponding germanium anion is a fluorine-bridged 
polymer with six-coordinated metal atoms. Two bridging modes 
have been characterised depending upon the nature of the cation. 
The [XeF5]+ salt contains infinite chains of [GeFel octahedra 
sharing trans vertices, and the cations are arranged alternately 
to either side of the chain along the chain so that each cation 
approaches symmetrically two of the p-fluoro-bridged [GeF6] units. 
In the [C1021+ salt, infinite helical chains of approximately 
octahedral [GeF6] units are joined by sharing cis vertices. The 
anion chains are held together by interactions with the cations. 142 

Each SF3+ cation in the hexafluorogermanate salt, [SF312+[GeF61 2- 

makes close contact with one fluorine from each of three [GeF61 2-' 

anions to give distorted octahedral coordination about germanium 
and sulphur. 143 The I:1 complexes GeF4.L (L = H20, MeOH, Me20, 
CD20, Me2CO) have been formed by codeposition in an argon matrix. 
Infrared data indicate a trigonal bipyramidal geometry. 144 A 

finely-grained glass soot is formed of composition Sil_xGex02 



244 

(0 <x< 1) by the oxidation of gaseous mixtures of Sic14 and GeC14 

at temperatures of 2023K.145 

Silicon-substituted 2-benzoyloxyethylsilanes, PhC02CH2CH2SiX3 (X 

= F or Cl), may exist in solution as either an acyclic form with 

four-coordinated silicon, or as in intramolecularly coordinated 

five-coordinated form, (72), depending on the concentration and 

nature of the solvent. 146 Silicon-29 n.m.r. has been employed in 

the characterisation of the cation five-coordinated silicon species 

[Nu2SiMe2Hl+X- (73) (Nu = 3-methyl-I-imidazolio, N,N-dimethylamino- - 
pyridinio, or pyridinio; X = Cl, I, S03C 3). 147 Fluorine-19 and 

proton n.m.r. spectra for the pentacoordinated fluorosilanes 

containing an intramolecular Si-N coordinative bond, (74a) and - 
(74b), - indicate the presence of distinct pseudorotation and ring- 

opening processes. 148 

(72) - (74a) - (74b) - 

/l i”_ n 
Me-N@TtH-N@-Me X- 

The similar compounds, (75) I49 and (76)15' - - possess trigonal 
bipyramidal geometries. However, when the silicon atom is part of 

an unsaturated five-membered ring system, the geometry at silicon 

is distorted away from trigonal bipyramidal towards a square-based 

pyramid along the Berry pseudorotation coordinate. Thus, whilst 
the geometry of the anion, (7J), is not far distorted from a 

trigonal bipyramid, the similar anions, (78) and (79), have square - - 
based pyramidal geometries, and (80) and (81) geometries midway 

151,152 - 
- 

between the two extremes. The intramolecularly- 
coordinated structure determined by X-ray crystallography for (75) - 
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(77) - 

(76) - 

(78) - 

(79) - (80) - 

(81) - 
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in the crystal is also present in solution below -1O'C (n.m.r.). 

At higher temperatures, however, intramolecular ligand 

rearrangements occur involving rupture of the Si-N bond. 
149 The 

structures of seven qermatranes of the types (82), (83) and (84) - - - 
have been determined. The intramolecular Ge...N distance falls 

in the range 2.1-2.48, the shortest would be for I-bromoqermatrane 

(3, R = Br) and the longest, 2.448, for 1-methyl-2-carbaqermatrane 

(e).153 

(82) - (83) - 

(84) - 

Dissolution of Si14 in dmf results in ionisation of all Si-I 

bonds and the formation of the salt ESi(dmf)614+41-, in which the 

silicon atom is octahedrally coordinated. 154 Crystals of (85) 
155 

- 
comprise both possible enantiomers, whilst the Spiro silane, 

(86), forms the l,lO-phenanthroline adduct, (87), which undergoes - - 
enantiomerisation and diastereomerisation (interconversion with two 

isomers in solution) by dissociation of the phenanthroline 

ligand. 156 

The direct, one-step, high-yield fusion of nido-2,3-[Me3Si]2-2,3- 

C2B4H6 to give nido-[Me3Si12C4B8H10, without the need of a metal 

catalyst, has been reported. The conversion takes place at 210°C 

over a period of 3 days in a sealed reactor tube. Trimethylsilane 
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4 0 
CF3 

X 
Si," CF3 

0' // %j 
CF3 

/ 

cr 0 
CF3 

(86) - 

(87) - 

is also formed. The exact mechanism of the fusion process is not 
known, but a plausible scheme is outlined in Scheme 11. Such a 
scheme involves the high-temperature formation of a trimethylsilyl 

radical, which could then extract one of the carborane bridge- 

hydsogen atoms forming Me3SiH and a reactive carborane fragment 
that could condense with another such fragment. 157 The closo- 

osmacarborane, l-Os(C0)3-2,3-[Me3Si12-2,3-C2B4H4, has been 
synthesised by the reaction of 0s3(CO),2 with either close- 

SnIMe3Si12C2B4H4 or nido-[Me3Si12C2BqH6. The former is the 

preferred method giving almost quantitative yields. 
158 

Several improvements in the preparation and use of [tris(tri- 
methylsilyl)methyllithium have been described. The pertinent 

features may be summarised as follows: preparation of 
methyllithium using M&l (rather than MeBr) (although in reactions 
with metal or metalloid halides, it is advisable to employ the 

same methyl halide); determination of yield can be accompanied 
using 1 H n.m.r. to measure the (Me3Si)4C/(Me3Si)3CH ratio in the 
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n 

Me3Si 

Me3Si l 

Me3Si 

n 

iMe 3 

0 = BH 0 =C o=H 

Scheme 11 

mixture obtained by treatment of the 

MeLi can be destroyed using Me,SiOMe 

solution with Me3SiCl; excess 

or Me3SiOEt, which do not 
154 2 

affect (Me3Sij3CLi. The structures of several compounds 

containing trimethylsilylmethyl groups have been determined. In 

the gas phase at ca. 413K, bis(trimethylsilyl)methyllithium, 

(Me3Si)2CHLi, is monomeric, but it is polymeric in the solid with 
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bridging lithium atoms. 160 The related silylmethylphosphido- 
lithium compound, [Li(b-PR,)12 (R = CHCSiMe3)21, prepared from 

PC1R2 and lithium shot in diethyl ether at 25'C, is dimeric and 
has a planar central [Li2P2] ring. 161 The molecular structure of 
(Me3Si)3CPH2 has been determined in the gas-phase by electron 
diffraction. Steric strain within the [(Me3Si)3Cl group is 
relieved in three ways: compression of the methyl groups within 
each trimethyl silyl group (the Me-Si-Me angles are only 
104.3(4)O), tilting of the trimethylsilyl groups by i'.3O away from 
each other, and twisting of the trimethylsilyl groups by 21.2O 
away from the fully staggered conformation. 162 

The sterically-crowded nature of bis- and tris-trimethylsilyl- 
methyl groups has been used to synthesise stable diphosphenes, 
phosphaarsenes, phosphastibenes and diarsenes such as (88)-(94).163 -- 
The preferred method for the synthesis of the symmetrical 
diphosphene (88) is by sodium naphthalenide reduction of the - 
corresponding organodichlorophosphine. Reduction of an 
equimolar mixture of the two organodichlorophosphines affords a 
moderate yield of the unsymmetrical diphosphene (89). A more 
general preparation for unsymmetrical compounds, including 
phosphaarsenes and phosphastibines, is by the dehydrochlorination 
of a mixture of 12,4,6-(tBu)3C6H2-PH2 with (Me3Si)2CHC12 using DBl 
in thf, by which method compounds (go), (91) and (93) were - - - 
obtained. The same methodology was employed to synthesise the 
diarsenes, (92) and (94). - - In a separate study, the diphosphene, 
(Me3Si)2CH-P=P-CH(SiMe3)2, has been prepared by the reaction of 
(Me3Si)CH-P(H)GeC13 with DBU. Structural data have been obtained 
for (88), (91) and (94).163 - - - 

1 (SiMe3)3 
PZP 

(Me3Si)3C / 

(SiMe3) 2 
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(Me3Si) v 0 
/ Pas 

2CH 
(92) - - 

tSiMe3) 2 

CH(SiMe3)2 
/ (Me Si) C i"-c\, 

=As 3 3-\ 
C-o/II 

-C(SiMe3)3 

0 

(94) (95) - 

Ozonolysis of (88) takes place in a 2:l stoichiometry to give, at - 
low temperature, the relatively stable cyclic diperoxide (95).16' - 
Several complexes of these compounds with transition metal 
carbonyl fragments have been described. The phosphaarsene, (91), - 

reacts with Fe,(CO)g to afford both (96) and (97), whilst the - - 
diarsene, (94): - 
complexes, (98) - 
nickel cluster, 
obtained by the 
has a structure 

reacts with Fe2(CO)g and Cr(C0)5.thf to afford the 
and (99), respectively. 166 A larger diphosphene- - 
[Ni5(CO)6[(Me3Si)2CHP=PCH(SiMe3)2]Cl], has been 
reaction of (Me3Si)2CHPC12 with Na2[Ni6(C0)12], and 
in which the diphosphenes function as c2 bridging 

ligands. 167 

(SiMe3) 2 

CH(SiMe3)2 

Fe(C0)4 

(SiMe3)2 
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Several similar highly sterically hindered doubly bonded 
compounds have been synthesised. The phosphaalkenes, (E), (101) 
and (102) have been prepared by reaction of (Me3Si)2C=PC1 (from 
(Me3Si)2CHPC12 and DABCO) with the appropriate organolithium 
reagent; (z) adopts a planar conformation about the P=C bond, 
with a C=P=C bond angle of 110.7". Treatment of (Me3P)2NiC12 with 
[(Me3Si)2CH12PNa affords the n2-phosphaalkene complex, (103) , which 
has a square-planar arrangement about nickel. 168 Addition of 
(Me3Si)2C=PC1 to K[Mo(C0)3(n-C5H5)1 in thf, yields bright orange 
crystals of (Mo(C0),(r1 -P=C-(SiMe3),(n-C5H5)], whose electronic 
structure can be described in terms of the two canonical forms, 
(104) and (105) :16' 

(Me3Si)2C=P 
\ 

(Me3Si)2C=P 
CH(SiMe3)2 \ C(SiMe3)3 

(100) (101) 

(Me3Si)2C=P 

4 

0 
(102) 

CH(SiMe3)2 

Me3p\Ni/P / 

MeP' ' 
I 

3 C(SiMe3)2 

(103) 

C5H5, SiMe3 
& 

f) MosP=C* 
Od/% \SiMe 

CO 3 

(104) (105) 

The nickel complex (106) reacts with PhE(SiMe,), (E = P,As) to 
afford the complexes (107):17' 

3 L 

H3C-N 
PhE(SiMe3)2 

> 
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Treatment of [bis(trimethylsilyl)aminol[ (trimethylsilyl)- 
methylenelphosphine in ether at -78'C with methyllithium followed 
by quenching with Me3SiCl does not yield the expected phosphine, 
(Me3Si)2NP(Me)CH(SiMe3)2. Instead, the reaction follows a much 
more complicated course forming the bis(phosphino)methane 
derivative (108):171 

2(Me3Si)2NP=CHSiMe3 + 3MeLi + 3Me3SiCl -t 

Me2P-CHSiMe3 
I 

Me/P-CH(SiMe3)2 
+ 3LiCl + 2(Me3Si) 3N 

The reaction of (Me3Si)2CHSbC12 with magnesium in thf affords 
[ (Me3Si)2CHSbln trimers and tetramers. 172 

The compounds MH3C~CCF3 (M = Si,Ge) and their fully deuterium- 
substituted analogues have been prepared by reaction of silyl or 
germyl halides with the Grignard reagent derived from CF3CzCH. 
The sibyl compound, as expected, has a linear [SiCCC] skeleton 

(electron diffraction). Lithium tris(trimethylsilyl)methane and 
the lithium salt of chlorobis(trimethylsilyl)methane reacts with 
fluorosilanes to afford mono- and di-substituted products such as 

(E), (E), (111) and (112).174'175 

Me3Si SiFRR' 

r- 

'C/ 
Me Si' 'Cl_ 3 

. 

(1091 

Me Si 
3 lcNLi ./R 

Me si/ 'Cl + PZSYR" 

Me3Si,C,SiFRR' 

-LiF 
3 Me S/ ' 3 H 

(110) 

L- Me3Si SiFRR' 
'C/ 

Me si/ \SiFRR, + (Me3Si)2CC12 
3 

(1111 
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(Me3Si)3CLi + F3Si-R e (Me3Si)3C-SiF2R 

(112) 

One intramolecular transannular Si . ..S interaction (3.438(3)A) is 
present in 13,13-dimethyl-8,13-dihydro-5H-dibenzo[d,g][l,2,6]- 
dithiasilonine (113). The second silicon-sulphur distance is 
much longer (4.190A).17" 

Reaction of Et3SiH with II(C5Me5)Ir]2C14] gives the complex 
[ (C5Me5)Ir(H)2Cl(SiEt3Jl, which reacts further under more drastic 
conditions, to form [(C5Me5)Ir(H)2(SiEt3)2]. Reaction with 
Ph3SiH affords the analogous triphenylsilyl complex, but with 
[{ (C5Me5)Ir]2C141 the complexes, [(C5Me5)Rh(H) (SiPh3)2] and 
[(CSMe5)Rh(H]2(SiPh3] (SiPh2C1)1, are formed. 173 The oxidative- 
addition of (+)-I-NpPhMeSiH to methylcymantrene to give the 
complex, (-)-(n'-MeC5H4) (C0)2(1-NpPhMeSi) (H)Mn, occurs with 
retention of configuration at silicon. The similar germyl 
complexes, (n'-MeC5H4(CO)2(R3Ge) (H)Mn, may be prepared either by 
oxidative-addition of R3GeH (R = Ph) to (q5-MeC5H4) (C0)3Mn or by 
protonation of 

Ph3, 1 -NpPhMe, 
The acidity of 
complexes, and 

the related anions [(~5-MeC5H4(CO)2(R3Ge)Mn]- (R3 = 

Cl3), although only the cis isomers are obtained. 
the hydrides is close to that of HCl. 178 In these 
the related complexes, [(n5-MeC5H4(CO)2Mn(H)SiFPh21 

170 
and [(n'-MeC5H4Mn(H)SiC131,"z contains two-electron, three-centre 
bonds between manganese, hydrogen and the Group IV metalloid. 
The complexes, (C5H5) (C0)2FeSiFPh2 and (C5H5) (C0)2FeSiC13, contain 
'normal' Fe-Si bonds. The former complex assumes a gauche 
conformation with respect to the Fe-Si bond, whereas in the 
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latter, the silyl ligand is rotated 12O about the Fe-Si axis from 

a staggered conformation. 179 In the complex, (Me3Ge) (Ph3P)Ir(H)- 

(CO), the germyl group is trans to a phosphine liyand, both of 

which are mutually cis. One hydride is trans to the second 

phosphine, whilst the other is trans to the carbonyl group. 180 

The short Ni-Ge bond distance in the complex, (C5H5) (Ph P)(C13Ge)Ni, 

suggests the presence of appreciable d,-d interaction. 3 81 

Studies of the reactions between HFe(CO;4SiC13 and conjugated 

dienes (kinetic data, diene reactivity patterns, observation of 

ClDNP effects) demonstrate that a hydrogen atom transfer free- 

radical type mechanism operates in all cases. In most cases the 

reaction is clearly first-order in each reagent. 182 The reaction 

of (C5H5) (C0)2Fe-SiC1(NMe2)2 with LiNMe2 yields 

(CSH5) (CO)2Fe-Si(NMe2)3 in minor quantities. However, high 

yields are obtained from the reaction of (C5H5) (C0)2Fe-SiBr3 with 

diethylamine. Irradiation in the presence of Me3P affords the 

complex (CSHS) (Me3P)2Fe-Si(NMe I 
2 163 

which reacts with methyl 

iodide to give (C5Hs) (Me3P)2FeI. The labile, air-sensitive 

alkyls, cis-(CO)4Fe(R)SiMe3 (R = Me, Et, PhCH2, CH2CH=CH2), have 

been isolated from the reaction between M[(CO)4FeSiMe3] (M = Na,Kl 

salts and the fluorosulphonates, MeOS02F, MeOS02CF3 or EtOS02F, or 

the bromides, PhCH2Br or CH2=CHCH2Br. When R = Me or PhCH2, 

reductive-elimination of Me3RSi occurs at room temperature. 

Reactions of the salts with acylating agents such as MeCOBr, 

EtCOBrand PhCH2COBr give H2C=CHOSiMe3, CH3CH=CHOSiMe3, and 

PhCH=CHOSiMe3, respectively, via a mechanism (Scheme 22) involving 

initial acylation, a rapid 1,3-silatropic shift to give the 

observable (silyloxy)carbene complex, (CO)4Fe=C(CHZR)OSiMe 3' and 
a 1,2-hydride shift to give the olefine complex, 

(CO),Fe(RCH=CHOSiMe3), which dissociates RCH=CHOSiMe 184 
3' The 

iron and ruthenium complexes, HM(SiEt3) (C0)3(PPh3) (M = Fe,Ru), 

have a meridional structure with hydrogen cis to both the 

phosphine and silyl ligands (the cis-mer)isomer). The 

fat-HM(SiEt3) (C0)3(PPh3) complexes undergo thermal isomerisation 

to the cis-mer isomer upon warming to 298K. Near-u-v. 

excitation of the cis-mer complexes at ca. IOOK in an organic 

glass gives evidence for both the loss of CO and elimination of 

Et2SiH. Similar results are obtained at 298K in fluid solution. 

Irradiation of the cis-mer complexes in a hydrocarbon solution of 

Ph3SiH at 298K results in the formation of cis-mer-HM(SiPh3)(CO)3- 
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1 (CO) 4FeSi(CH3) 3l + (C0)4Fe-Si(CH3)3 
I 

Si (CH3) 3 

(CO)qFe=C 
'CH 3 

H\C,0Si(CH3)3 H\c,0Si(CH3)3 

Fe3(C0).,2 + + (CO)*Fe 
il 
A 

(PPh3) and Et3SiH with a 313-nm quantum yield of ca. 0.6. The 

process is photochemically reversed if the 

H' 'H 

Scheme 12 

cis-mer-HM(SiPh3)(C0)3(PPh3) complex is irradiated in the presence 
of excess Et3SiH. Irradiation of cis-mer-HM(SiEt 

?3 
) (C0)3(PPh3) in 

a hydrocarbon solution at 298K in the presence of CO yields both 
13 CO-enriched M(C0)*PPh3 and 13 CO-enriched 

cis-mer-HM(SiEt3)(CO)3(PPh3). Irradiation of 
cis-mer-HM(SiR3)(C0)3(PPh3) (R = OMe, OEt) or 
cis-mer-HRu(SiMeC12)(C0)3(PPh3) at 298K in the presence of Et3SiH 
yields cis-mer-HM(SiEt3)(C0)3(PPh3), establishing that the light- 
induced reductive-elimination of R SiH occurs for a wide variety 
of groups R attached to silicon. 182 The reactions of 
(CO)5MnSiMe3 and CO with aldehydes, RCHO, and cyclic ethers, 
OCH2(CH2)nCH2 (n = O-2), give the acyl manganese complexes, 
(CO)5MnCOCH(R)OSiMe3 and (C0)5MnCOCH2(CH2)nCH20SiMe3, 

respectively. Experiments in the absence of CO show that these 
transformations proceed via the labile alkyl intermediates, 
(CO)5MnCH(R)OSiMe3 an (C0)5MnCH2(CH2)nCH20SiMe3. When the 
reactions are carried out in the presence of (C0)5MnH under 
careful conditions, the homologated aldehydes, Me3SiOCHRCH0, are 
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obtained. Reaction of (C0)5MnCOCH2(CH2)nCH20SiMe3 (n = 1 or 2) 

with [Et2N13S+SiMe3F2 affords y-butyrolactone and S-valerolactone, 

respectively. Proposed mechanisms are shown in Schemes 13-17. 
186 

B i(CH3)3 
7 

$0 
! 

(C0)5MnSi(CH3)3 + R-C-H + 

0 OSi(CH3)3 
(CO) Mn !? i-H -- 

5 
k 

Scheme 13 

(CO)5KnSiMe3 + 

n = O-2 

Jf 

8 
(C0)5MnC 

7 
SiMe3 qK (C0)5Mn 

7[CH /OSiMe3 
2n 

Scheme 14 

(C0)5MnSi(CH3) 3 + (C0)5MnH + CD3CN 
3, 

0 OSi(CH3)3 
H!!bH *c- 

I!7 

+ Mn2 (~20)~ (cD~CN) 

Scheme 15 
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(CO)5Mn- (CH2)n-O-Si(CH3)3 + [(CH,CH2)2Nl,S+SiICH3)3F2m + 

+ 2(CH3)3SiF 

$2 
[(CH3CH2)2N13S+(CO)5Msf 

0 3 
'(CH2)n 

0 c 9 + [(CH3CH2)2N13S+(CO),Mn 
(CH2)n 

Scheme 16 

I: pSi(CH3)3 

(C0)5MnSi(CH3)3 + R-C-H -f + (C0)5Mn-C-H 
CH3CN A 

t+ 

4 
L 

y3i(CH3)3 co fi 0Si(CH313 
(C0)5Mn- -C-H / A 

A 
7 

(C0)4Mn-C- -H 

(S) 

l(C0)5MnH 

‘1 OSi(CH3)3 I I 
Mn2(C0)9(CH3CN) + H-C-C-H 

R 

(S) = CH3CN or vacant 

coordination site. 

Scheme 17 
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The reaction of GeH3K with Cr(C0)6 or W(CO)6 affords the salts 

K[M(C0)5GeH3] (M = Cr, W), which may be converted into tetraphenyl- 

phosphonium salts using [PPh4lCl. Similar methods have been 

employed to synthesise K[(C5H5)Mn(CO)2GeH3], K[Co2(C0)7GeH31, and 

[PPh41 [C02(C0)7GeH31_~*~ The X-ray structures of a number of 

complexes including [PPh4] CCr(CO)5GeH3] 187 have been determined. 

That of (n5-CSH5)(C13Ge)(Ph3P)Ni(II) (as a hemibenzene solvate) 

exhibits a short Ni-Ge bond (2.248(1)A) suggestive of an 

appreciable dTi- dir interaction. 188 The iridium(III) complex, 

(CO) (H) (Me3Ge) (Ph3Pl Ir, (also as a hemibenzene solvate) has a 

distorted octahedral arrangement, with mutually cis phosphine 

groups, and the hydrido and germyl ligand trans to the phosphine 

ligands. 189 The structures of the complexes (C5H5)(C0)2FeSiFPh2 

and (C5H5) (CO)2FeSiC13 containing 'normal' metal-silicon bonds 

have been compared with the known structures of the complexes 

(MeC5H4) (C0)2Mn(H)SiFPh2 and (MeC5H )(C0)2Mn(H)SiCl3, which 

contain Mn-H-Si three-centre bonds. 4 90 Anions of the type 

[(C5H5) (CO) (L) (MPh3)M']- (L = CO,NO; M = Si,Ge,Sn; M' = Mn,Mo,W) 

react with ally1 halides affording neutral o-bonded alkenyl 

derivatives, which can rearrange to n3 -ally1 complexes and lose 

(allyl)M to give n2-ally1 complexes. Butenyl and hexenyl iodides 

also react with the anions, giving n'-complexes which can 

eliminate CO and rearrange to a n3-ligand, as exemplified by the 

crystal structure of (C5H5) (Ph3Ge)(n3-hexenyl) tNO)Mo: 191 Reaction 

of E (C5Me5)Ir12C14 with methylsilane affords (C5Me5)Ir(H)2Cl(SiEt3), 

which under more drastic conditions, reacts further to give 

(C,Me5)Ir(H)2(SiEt3)2. The analogous rhodium complex reacts with 

Ph3SiH to give (C5Me5)Rh(H)2(SiPh3)2 and (C5Me,)Rh(H),(SiPh,)- 

(SiPh2C1).lg2 Reaction between p4-Si[Co2(CO)7]2 and [Co(CO)4]- 

affords the paramagnetic cobalt carbonyl cluster anion, 

f@8-SiCo9(CO)21] I in which the silicon atom is encapsulated in a 

capped square anti-prismatic array of cobalt atoms. 193 The 

reaction of Pt(PPh3)n (n = 3 or 4) with [(CF3)3Ge]2Hg or 

(CF3)3GeHqPt(PPh3)2GetCF3)3 affords the stable diplatinum complex, 

[(CF3)3GePt(PPh ) I 
l943 2 2 

Hq, which contains a Ge-Pt-Hg-Pt-Ge chain of 

C2 symmetry. 

X-ra:J photoelectron and X-ray emission spectra for the 

tris(tropolonate) complex [Si(C7H502) 3l [PF61 show that the 

silicon-ligand bonding has both ci and T components, and can be 

rationalised using simple molecular orbital theory. 195 Proton 
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polarisation transfer has been successfully applied to 
germanium-73 n.m.r. Despite relatively short relaxation times, 
quadrupole moment, and long, inhomogeneous radio frequency pulses, 
enhancements ranging from 2- to 6-fold for proton-decoupled 
spectra and upto 20-fold for coupled spectra could be obtained for 
compounds with hydrogen, methyl, or ethyl groups bonded to 
germanium. Aquisition times are reduced from 3- to lo-fold for 
a decoupled spectrum to a lOO-fold for a coupled spectrum. 196 

4.3 BIVALENT COMPOUNDS OF GERMANIUM, TIN AND LEAD 
The structure of monomeric Ge[CH(SiMe3)212 has been 

determined in the gas phase at 430K by electron diffraction, and 
has the expected angular structure, with a Ge-C bond distance of 
204(2)A and a CGe valence angle of 107(2)".1g7 However, in the 
crystal like the tin analogue the same compound is dimeric having 
the trans-folded structure (114 , (R = CH(SiMe ) 3 2' M = Gel) with 
a fold angle (0) of 32'. Each germanium environment is 
intermediate between pyramidal and planar (sum of angles at 
germanium = 348'). The germanium-germanium bond distance is 
2.347(2)A (ca. 4% shorter than in elemental germanium. lg8 Ab 
initio molecular orbital calculations with a better than double-r; 

basis indicate that a similar non-planar trans-folded structure 
(114) (M = Sn, R = H) is more stable than a planar structure for 
distannene, Sn2H4, by 26 kJ mol -1 , with a fold-angle (0) of 
46°.1g7 It is interesting to note that the material prepared 
nearly three decades ago 199 from 9-phenanthrylmagnesium bromide 
and SnC12 and described than as 'di-(9-phenanthryl)tin' (implicitly 
a bivalent compound), has been shown to be a mixture of at least 
seven compounds, including the cyclostannanes, (Phen2Sn)n (n = 3, 
4, 6) and Phen3Sn(SnPhen2)nSnPhen3 (n = 0, 1). 200 Synthetically, 
two reports are of note. Zuckerman 201 has described the 
preparation of a new class of stannocene derivatives in which the 

n5 -cyclopentadienyl rings are linked through methylene bridges to 
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a phenyl system. The ortho-, meta-, and para-xylene derivatives 
(115)-(117) were synthesised from the disodium salt of 

4 0 
Sn 

(phenylenedimethylene)aicyclopentadienide with tin(I1) chloride in 
thf. The products are air-stable, off-white powders, soluble in 
organic solvents, which have no definite melting points. Reaction 
of cyclopentadienyltin(II) chloride on the disodium salt affords 
(118). The meta-derivative (117) gives the infusible adduct (119) 
with boron trifluoride: 

P 
Sn 

G 0 
Sr lc) BF3 

In the other, Cowley and Jutzi have shown that stannocene itself 
can undergo sequential lithium and silylation leading to 
polysilylated stannocenes: 202 
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(C5H5)2Sn 1) 2nBuLi ~ I] 2nBuLi _ 
2) 2Me3SiCl (Me3SiC5H4)2Sn 2) 2Me siClr 

3 

[ (Me3Si) 2CsH31 2Sn 
1) 2nBuLi . A [(Me3Si)3C5H212Sn 
2) 2Me3SiC1 

One of these products, [(Me3Si)3C5H212Sn,202 along with several 
other germanocene and stannocene derivatives, has been 
characterised crystallographically. Significantly in the 
silylstannocene, the ring centroid-Sn-ring centroid angle is 
opened out to 162", from the (average) values of 145.8" and 144.1' 
observed for (05-C5H5)2Sn and (n5-MeC5H4)2Sn, whilst in 
decaphenylstannocene, the rings are planar, staggered, exactly 
parallel and equidistant from the tin atom. 203 Germanocene 204 

and decamethylgermanocene 205 are also angular sandwich compounds, 
with the angle between the planes being less for the latter 
compound (22(2)') than for the former (50.4'). The angle 
between the Ge-Cl bond and the ring normal through germanium in 
(n5-MeC5H5)GeC1) is110(2)O, (cf. calculated 115'), whilst the 
Ge-Cl distance is significantly longer than the gaseous 
GeCl 205,206 

2' Cationic (n5-pentamethylcyclopentadienyl)- 
germanium and -tin units (gegenion CF3S03- or BF4-) react with 
bases such as pynidine, pyrazine or 2,2'-bipyridine to form 
adducts. In both of the cations, [(C5H5)Sn.L12+ (L = pyridine, 
2,2'-bipyridine), the bonding of the tin to the ring relaxes from 

n5 towards n2/q3. The gross structure of the pyridine complex, 
[(C5H5N)Sn(C5Me5)l+(03SCF3-I is a chain structure in which the 
[CF3S03-1 anions link adjacent [(C5H5N)Sn(C5H5N)Sn(C5Me5)l+ 
cations. In contrast, crystals of the corresponding bipyridine 
salt comprise isolated [(C,0H8N2)Sn(C5Me5) I+ and [CF3SO31- 
ions.207 Reaction of decamethylgermanocene or -stannocene with 
penta(methoxycarbonyl)cyclopentadiene in a 1:l molar ratio, leads 
to the formation of the ionic compounds [(C5Me5)M]+[(Me02C)5C5]-. 
Reaction in a I:2 ratio affords covalent [(Me02C)5C5]2M (M = Ge, 
Sn) compounds (s), which are fluxional in solution. 
Crystallographic studies of the tin compound show that the metal 
has four-fold oxygen coordination from the two ligands, with a 
further two long intermolecular contacts resulting in a distorted 
octahedral geometry. 208 Tert-butanol cleaves the cyclopenta- 
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dienyl groups from germanocene to afford dimeric di-t-butoxy- 
germanium (121), which with nickel carbonyl forms the complex 
(122L204 

t /“lce_ot& BuO-ge 
'O/ 

t 
BU 

(121) (122) 

C-trimethylsilyl-substituted stannacarboranes of composition 
Sn[MejSi] [R]C2B4H4 (R = H, Me, SiMe3) have been obtained as white 
sublimable solids from the reaction of tin(I1) chloride with the 
corresponding sodium carborane salts in thf. These stanna- 
carboranes do not react with either BH3.thf or BFS to form donor- 
acceptor complexes, and spectroscopic data are consistent with a 
pentagonal-bipyramidal structure in which the tin occupying an 
apical position. 209 Indeed, that with R = Me has been 
corroborated crystallographically. 210 The reaction of closo- 
Sn[Me3Si12C2B4H4 with OS~(CO),~ qives the close-osmacarborane, 
I-Os(C0) -2,3-[Me3Sij2-2,3-C2B4H4, in almost quantitative 
yield. 217 The structure of another stannacarborane, the 
bipyridine complex of Sn(Me2)C2BgH9, has also been determined. 
As with the metallocene adducts reported above, complexation is 
accompanied by a 'slippage' from q5-bonding, and this complex can 
be regarded as a n3-borallyl complex. 210 

MNDO M.O. calculations have been applied to the structures of 
sandwich and half-sandwich cyclopentadienyltin(I1) compounds, and 
to the possibility of multiple bonding by tin in distannene or 
dimethylmethylenestannane. 212 

Material of composition Sn(SbF6)2(AsF3)2 is obtained when 
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Sn(SbF6)2 is recrystallised from AsF3. In this compound, the tin 
is nine-coordinated, with six fluorine from [SbF61- units at the 
corners of trigonal prism and three from [AsF31 units capping the 
rectangular faces. The distortion from regular geometry is 
compatible with stereochemical-activity of the tin lone pair. 
The Mossbauer isomer shift (single narrow line) of 4.66 mm.s -1 is 

the highest yet observed. 213 The structure of phyllo-nonafluoro- 
pentatintetrafluoroborate, tSn5F9) [BF41, consists of two- 
dimensional nets, built up from interconnected [SnF31 and (SnF41 
pyramids, with the [BF~] groups located between the nets. 214 The 

compounds SnC12Br2(MeCN)2, Sn3C18Br4(thf)6, and Sn3C110Br2(0Et2)6 
have been obtained from the reaction of SnC12 and Br2 in MeCN, thf 
and diethyl ether. The two latter compounds are solid solutions 
of SnC14.L2 and SnC12Br2.L2 (L = thf, OEt2) in the proportions of 
I:2 and 2:1, respectively. The reaction between SnC12 and I2 in 
the same solvents afforded SnC14.L2, Sn14, and a small amount of 
Sn13C1. 215 

The structures of several amino-tin(I1) and lead(I1) compounds 
have been determined. That of ISn(NMe2)212 is a centrosymmetric 
dimer with the tin atoms bridged by two dimethylamido groups as in 

(123). The lead analogue is both thermally and photolytically 
unstable, and decomposed rapidly at ambient temperature, although 
variable temperature n.m.r. data show that the solution structure 
of both tin and lead compounds are similar. 216 The tin(I1) and 
lead(I1) bis(trimethylsilyl)amides, M[N(SiMe3)2]2 (M = Sn, Pb), 
are IV'-shaped monomers both in the crystal at 140K and in the 
vapour at ca. 380X (M = Ge, Sn, Pb). The NMN angle varies with 
the metal and the phase [vapour phase: 101' (Ge), 96' (Sn), 
91° (Pb); crystal: 104.7O (Sn), 103.6" (Pb)1.217 The novel cage 
compound (124) has a crystallographic plane of symmetry and may be 
regarded as being made up of two [SnN20Snl trigonal bipyramids 
with a common [SnN2] face. 218 Both PbN2S2,NH3 contain planar 
five-membered [PbN2S2] rings. In the ammonia adduct, the NH3 
molecule is bound to lead in a perpendicular orientation with 
respect to the plane of the ring. 219 The cyclic bis(amino)- 

tBuO- -0% 

i:$jn 1 

,,>"" 

(3) 
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germylene, Me2Si(NCBu)2Ge, reacts with PC13 by a three-fold 
insertion into the P-Cl bonds forming [Me2Si(Nt13u)2Ge(Cl) 3l P, 
(E), which has approximate Cjh symmetry with the germanium, 
chlorine and silicon atoms of each group coplanar and 
perpendicular to the [GeN2Sil ring. The coordination at 
phosphorus is a rather flat pyramid. The unusual nearly planar 
coordination of the phosphorus atom is rationalised by the steric 

iMe 2 

requirements of the substituents. PC13 oxidises the tin analogue, 
whilst liqand-exchange occurs with the lead compound: 220 

Me2Si(NtBu)2Sn + PC13 -t Me2Si(NtBu)2Sn 
lC1 + 

l/n(PCl) 
'Cl 

n 

Me2Si(NtBu)2Pb + PC13 -f Me2Si(NtBu)2P YC1 + 
PbC12. 

Several intramolecularly base-stabilised tin(I1) compounds have 
been synthesised. Transamination of bis(dimethylamido)tin(II) 
or substitution of tin(II) chloride has been employed to obtain 
compounds of the type S(CH2CH2NR)2Sn: 

Sn (NMe2) 2 + ~(CH~CH~N(R)H)~ 

S(CH2CH2NR)2Sn 

SnC12 + S(CH2CH2N(R)Li)2 
-2LiCl 
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The products are monomeric 
E(CH2CH2S)2Sn (E = NMe, S) 
dibenzoylperoxide leads to 
respectively: 222 

SR 

(1261 

Analogous intromolecularly 
RN(CH2CH2Y)2Sn (Y = 0,s; R 

in nature. 221 Reaction of 
with mercaptans (or disulphides) and 
the formation of (126) and (127) 

P c 
N/Me \ 1 s\sn’% 

/c-Ph / yj/ I 
0 
I 
c=o 
I 
Ph 

base-stabilised compounds of the type, 
= Me, tBu) I react with halogens, tin(W) 

331 
chloride, and chloroform by oxidative-addition, eg."' 

RN(CH2CH2Y) 2Sn + X2 -f RN(CH2CH2Y)2SnX2 

tBuN(CH2CH2S)2Sn + SnC14 + tBuN(CH2CH2S)2SnC12 + SnC12 

MeN(CH2CH2S)2Sn + CHC13 -f MeN(CH2CH2S) 2Sn(C1)CHC12 

Mbssbauer data for oxalatostannates(I1) of the composition 

M2Sn(C2Sn(C20412. xH20 have been rationalised for the tin atom. 
In the analogous malonate compound, K2Sn2[CH2(C0,),13.H20, the 
malonate groups function as bridging rather than chelating ligands, 
and the tin atoms are three- rather than four-coordinated. 224 

Both K2Sn2(C04)3x (x = Cl, Br) salts consists of three-dimensional 
networks of tin atoms and bridging sulphate groups with discrete 
potassium and halide ions in holes in the networks. The tin 
atoms have distorted six-fold oxygen coordination. 225 The metal 
is also six-coordinated by oxygen atoms from four ligands in 
lead(I1) D-gluconate, Pb[C6H,,0712 resulting in a two-dimensional 
polymeric structure, 226 whilst in the lead(I1) salt of 2,4,6-tri- 
nitro-1,3_benzenediol, a-Pb[C6HN308].H20, the lead atoms are 
seven-coordinated, and adjacent formula units are paired via 
oxygen bridges. The water molecule is coordinated to the metal 
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and also hydrogen-bonded to the anion. 227 Lead(II) acetate 

trihydrate undergoes solid-state transformations at room 

temperature, resulting in anomalous and variable peaks in the 13C 

cross-polarisation magic-angle spinning n.m.r. spectra of powder 

samples. As a result isotropic chemical shift differences of 

upto 12ppm were observed for the carboxyl carbon atoms and 2ppm 

differences for the methyl atoms. The X-ray structure was also 

reported, confirming the previous conclusions. 228 

The tin (II) thiolate, Sn[SC6HZtBu-2,4,612 is a 'V'-shaped 

monomer in the solid, whilst the less sterically-hindered 

thiolate, Sn [SC6H3 iPr2-2,6]2, has the ternuclear structure, (129), 

in which the central tin atom is four-coordinated and the two 

terminal tin atoms three-coordinated. 
229 The tetraphenylarsonium 

Ar Ar 

Ar Ar 

(2) 

salts, [Pb4Asl [Pb(EPh)31 (E = S,Se), have been obtained by adding 

>3 moles of NaEPh to lead(I1) nitrate, and are isomorphous 

containing discrete [Pb(EPh)3]- anions which have a trigonal 

pyramidal geometry. In both anions all three phenyl groups 

adopt a propeller-like conformation, and are disposed in 

equatorial positions above the basal plane of the chalcogen 

atoms. 230 

Lead(I1) complexes of 16-membered, tetra-aza macrocyclic 

ligands, 1,5,9,13-tetramethyl-l,5,9,l3-tetraazacyclohexadecane and 

1,5,9,13-tetra-azacyclohexadecane, have been synthesised and 

studied by 13 
C n.m.r. For the latter ligand, (L), all four N-H 

groups point to the same side of the macrocycle. In the complex 

with 1eadIII) chloride, which comprises [Pb(L)CSl+ cations and 

chloride anions, the chlorine and the lone pair occupy adjacent 

positions on one side of the lead atom. Crystals of the lead(I1) 

nitrate complex contain five independent molecules, one of which 

have two bidentate nitrate groups, two have one bidentate and one 

unidentate, and two in which the nitrate groups are 

bridging. 231,232 
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Tin and germanium vapours, react with acetylene to form 
copolymers with the reproducible stoichiometries, (C2H2.6Sn0.70)x 
and (C2H2.7Ge0.72)x' The metal is incorporated as both bivalent 
and tetravalent metal, and the resultant materials are air- 
sensitive and possess moderate free-radical concentrations, but 
are non-conducting under normal pressed powder conditions. 233 

4.4 TETRAVALENT COMPOUNDS OF TIN AND LEAD 
The major effort in studies of tetravalent compounds of tin and 

lead has been directed towards structural elucidation. A truly 
six-coordinated trimethyltin complex, Me3Sn[(pzj3BH] (pz = 
I-pyrazolyl), (130), with a fat-[SnC3N3] geometry, has at last 
been characterised. Both the Sn-C and Sn-N bond distances are 
not unusual, although the NSnN bond angles are closed to 74.8" and 
the CSnC angles are opened to 105.2'. 234 The tin environment in 
triphenyltin acetate has also been described in terms of distorted 
mer-[SnC3031 six-coordination, but this description relies upon a 
very long (3.206W) third tin-oxygen interaction. The gross 
structure is that of one-dimensional helical polymer. 235 The 
structures of three other triphenyltin carboxylates, triphenyltin 
salicylate, 0-anisate, and p-methylthiobenzoate, have also been 
determined. Crystals of all three comprise discrete molecules, 
with a highly anisobidentate carboxylate group as in (131). The 
structural distortion in each is a displacement from a 
tetrahedron towards a trigonal bipyramid. Infrared data confirm 
that carboxylate coordination also occurs in solution. 236 

Ph,):J>i -wNR2 
Ph/ 
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Unlike typical diorganotin oxides, the sterically-crowded 

compounds, di-t-butyl- and di-t-amyltin oxide, are cyclic trimers 

with planar [Sn303] rings. 237 2,2-Dibutyl-1,3,2-dioxastannolane 

exists as an infinite ribbon coordination polymer, (132), contain 

highly distorted octahedrally coordinated tin. 238 These 

crystallographic results are, however, at variance with Mossbauer 

data for a series of such compounds, which have been interpreted 

in terms of dimeric species with pentacoordinated metal centres. 239 

Both of the dimeric distannoxanes, [C1Ph2Sn0SSnPh2(0H)1, (as a bis 

acetone solvate) and [C1Ph2SnOSnPh2C1]2, possess Ladder 

structures as in (133) with tin atoms in a trigonal-bipyramidal 

conformation. 240 

n n 

sn = Bu,Sn 
‘ Ph' 'Ph 

(132) x = Cl,OH. 

(133) 

Polymeric structures are present in trimethyltin dimethylthio- 

phosphinate, Me3SnO(S)PMe2, (in which planar (Me3Sn) units are 

[O,S]-bridged by the tetrahedral phosphinate, 241 and dimethyltin 

tetraoxomolybdate, Me2SnMo04, where tetrahedral [MO041 units and 

trans-[SnMe 0 ] octahedra link to form a three-dimensional 

lattice. 2422 4 In contrast to dimethylbis(8-quinolatojtin, in which 

the two methyl groups are mutually cis in an octahedral 

coordination about tin, in ethylpropylbis(2-methyl-8-quinolatojtin 

the geometry is closer to trans-octahedral (CSnC = 145°).243 

Tin-119 Mossbauer data indicate the presence of both four- and 

five-coordinated tin sites in the bis(trialkyltin) carbonate, 

(R3Sn012C0, corresponding to the polymeric structure, (134). 244 

Hitherto unknown salts of the hemiesters of carbonic acid, 

Li[02C-OMMe3] (M = Ge, Sn), have been synthesised by the reaction 

of Li[OMMe31 with carbon dioxide at O*C. 245 
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Structural data for oxy- and thiophosphorus acid derivatives of 
tin have been reviewed. 246 Methylthiotriphenylmethane, -silicon, 
-germanium, -tin, and -lead all have a distorted tetrahedral 
coordination. Only the propeller shape orientation Of the phenyl 
rings seems to be determined by differences in the electronic 
nature of the central atoms, as well as by steric effects. 247 

Tetrahedral four-coordination is also found in Me2Sn[S2AsMe212 24% 

and in [Ph2SnSC6H3C1S12. 249 Unusuaily the latter compound is 
dimeric (135) and contains a twelve-membered [Sn2S4C61 ring. 

Ph 

Crystallographic analysis of the anionic monocyclic five- 
coordinated stannoles, [(C6H40S)SnMe2F] [Et4N], 
[(C6H4C02S)SnMe2ClltEt4Nl, and [(C6H40S)SnMe211[Ph4Pl, shows that 
the trigonal bipyramidal geometry becomes increasingly distorted 
as the size of the halogen increases. The iodo compound is also 
weakly associated into dimers by intermolecular oxygen 
bridging. 250 Crystals of [Ag(PPh3)4] [SnPh2(N03)2(ClgN03)] 
comprise discrete [Ag(PPh3j41 + cations and (Ph2Sn(N03),(C1,N03)l- 
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anions. In the tin anion, the two phenyl groups occupy axial 

positions and the three bidentate nitrate groups (or two bidentate 

nitrate groups and the chlorine) the equatorial sites of a 

distorted 

tin-crown 

the crown 

comprises 

molecules 

hexagonal (or pentagonal) bipyramid. 251 In the 

ether complex, [Sn(OH2)2C14. (18-crown-6).2H20.CHCl31, 

ether is not coordinated to tin. Rather, the lattice 

octahedral [Sn(OH2)2Cl4] units, in which the two water 

are cis, which are linked together with the crown ether 

molecules, and uncoordinated water to give hydrogen-bonded 

chains. 252 A number of other crown ether complexes have also 

been synthesised. 252,253 Both I:1 and I:2 complexes are formed 

with IS-crown-6 and SnC14 and MeSnCl3, but with Me2SnC12, only a 

1:2 complex is obtained. Mossbauer and infrared data indicate 

octahedral coordination at tin in all cases. 

Several tin derivatives with transannular Sn,..N interactions 

have been studied. (136) and (137) have been synthesised by the 

Grignard method, and can be converted into the methyltin 

analogues (138) and (139) b_ v treatment with methyllithium. 254 

MeN(CH2CH2CH2MgC1)2 + SnC14 thf/Toluene 

-MgC12 
> C12Sn(CH2CH2CH2)2NMe 

N(CH2CH2CH2MqC1)3 + SnC14 thf/Toluene 

-MgC12 
> C1Sn(CH2CH2CH2)3N 

(137) 

Me 

M@ c@ 

Me Me 

Sn.. .N transannular interactions have been confirmed 

crystallographically for (140),255 (141)255 and (142).256 For 
(z), n.m.r. data show the occurance of a slow exchange between 

three isomers in solution, which are assigned to those in which 
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the phenyl groups occupy either both equatorial positions, both 
axial positions, or one axial and one equatorial. position in the 
trigonal bipyramidal coordination about tin. The latter isomer 
is the one observed in the solid state, and is also the major 
component in solution. Tin-119 Mtjssbauer isomer shifts have been 

0 
t Bu 

\ I3 

/ 
tB~ Me 

(140) 

Me 

(141) 

correlated to partial atomic changes on tin, calculated 
valence state electronegativity equalisation procedure, 
number of homologous five-coordinated tin compounds. 257 

through a 
for a 

Crystals of the tri-3-thienyltin bromide-triphenylphosphine 
oxide comprise discrete Rr(CqH3S)3Sn.0PPh3 molecules, in which 
their are no intermolecular Sn...S interactions. Each tin atom 
is in a trigonal-bipyramidal environment, with the sulphur atoms 
occupying equatorial positions. 258 Whereas the adducts, 
Ph3SnClttme) (tme = tetramethylurea) and R2SnC12.2(dmtu) (R = Me, 
Ph; dmtu = 1,3_dimethylthiourea), have the expected trigonal 
bipyramidal and trans-octahedral geometries, respectively, 259 the 
structure of the adduct, Ph2SnC12. 3/4(pyz) (pyz = pyrazine), 
(previously thought to have the composition Ph2SnC2.pyz) is quite 
unusual. Crystals are composed of layers which are packed in 
zig-zag [Ph2SnC12.(pyz)], polymeric chains with hexacoordinated 
tin, alternating with layers which contain non-interacting 
[Ph2SnC12.(pyz)] molecules with pentacoordinated tin. In both, 
the pyrazine ligand is a bridging group. 260 2,6_Dimethylpyridine 
N-oxide forms I:1 complexes with both diphenyltin dichloride and 
trimethyltin chloride. Both have the expected trigonal- 
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bipyramidal geometries. 261 The interaction of C13SnCH2CH2C02H 

with aniline bases in dichloromethane solution has been studied by 

U.V. -visible spectroscopy. As measured by the extents of 

complexation with the bases, C13SnCH2CH2C02H is a stronger Lewis 

acid than the esters, C13SnCH2CH2C02R and also a very much 

stronger Brdnsted acid than CH3CH2C02H. The enhanced Brdnsted 

acidity arises from the stabilisation of the anion, 

C13SnCH2CH2C02 , by intramolecular coordination. 262 Surprisingly, 

a reaction takes place between methyl iodide and tin(II) sulphide 

in water at room temperature qiving methyltin triiodide, a facile 

reaction which may have significance in the biological methylation 

of tin. 263 Phenylhaloqenoplumbate salts of the types 

[Et4NI[PhjPh3PbXYl (X,Y = CL,Br,I), [Et4NI[Ph6Pb2X2YI (X,Y = Cl, 

Br), [Ht4N][PhzPbX3] (X = Cl,Br,I), and [Me4N12[Ph2PbX41 (X = Cl, 

Brj have been synthesised and characterised spectroscopically. 

The data are consistent with five- or six-coordination at lead, 

with halogen-bridging in same cases. 264 

The synthesis of 

adamantane, (E), 

reaction sequence: 

1,3,5-triphenyl-2,4,6-trithia-1,3,5+ristanna- 

has been accomplished according to the 

Ph3Sn 

SnPh3 6=2 Sn12Ph 

SnPh3 Sn12Ph 

Na2S/H20 

Ph 
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(143) is unusual in having a severely flattened bridgehead carbon 
atom, and reduces Ph3C+PF6- to Ph3CH almost instantaneously and 
alkyl halides to the corresponding hydrocarbons. These reactions 
appear to be radical in nature and are accelerated by AIBN. 265 

The desulphurisation of trialkyl- and dialkyl sulphides by 
peroxides, copper metal, and halogenoalkanes has been 
investigated. 266 Various organotin phosphates and pyrophosphates 
have been studied as model catalysts in the polymerisation. 
Pyrolysis studies either neat or in the presence of dibutyl 
phosphate show that the phosphato ligands easily condense to give 
P-O-P linkages and also that dibutyl phosphate cleaves Sn-C bonds. 
However, the last butyl group attached to tin is resistant to 
cleavage, and thus monobutyltin compounds are always the ultimate 
products. With excess dibutyl phosphate, condensation of this 
compound with pyrophosphato ligands takes place. Polymerisatlon 
studies with epichlorohydrin indicates that the monobutyltin 
pyrophosphate (144) is associated with an actual active 267 species. 

SnBu 

Crystals of tetrakis(ql- indenyl)tin contain molecules of the 
meso diastereoisomer of point group S4. Diastereotopic effects 
observed in the 13 C n.m.r. spectra of this compound and also 
n-butyltris(l-indenyl)tin are temperature dependent in a manner 
which clearly establishes that nondegenerate intramolecular 
metallotropism in the compounds provides a mechanism for 
intraconversion between all possible stereoisomers. 268 A number 
of new carbocyclic tin compounds have been synthesised. 1,2,4,5- 
Tetrastannacyclohexanes react with I-alkynes and I,l-dimethyl- 
allene in the presence of Pd(PPh3)4 to give I-substituted 
1,3-distannacyclopentenes and 4-methylene-1,3-distannacyclo- 
pentanes, respectively: 269 
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Scheme 19 

The X-ray crystal structure of (144) has been determined. The 
compound crystallises in a cylindrical form with a tin-tin 
distance of 8.45A. The interior of the cylinder cavity is filled 
with the hydrogen atoms of the polymethylene chains. 271 The 
reaction of Ph3PbLi with Ph3SnCl or Ph3GeCl gives Ph3Pb-SnPh3 and 
Ph3Pb-GePh3, respectively. There is no reaction with Ph3SiCl. 
Ph3SiLi reacts with Ph3PbCl to form a regular I:1 Pb2Ph6-Si2Ph6 
phase. The crystal structures of all the products have been 
determined (Ph3Pb-SnPh3, -40'(Z), 0.053 (Ph3Pb-GePh3, -50'(I), 
0.068 (Pb2Ph6S&Ph6, 2O'C); bond lengths 285 (Pb-Pb), 283 (Pb-Sn), 
262pm (Pb-Ge). Hexa-9-phenanthyl-cyclotristannane (145) has 
been synthesised by four different methods, the best being the 
reduction of Phen2SnC12 (Phen = 9-phenanthyl) by lithium 
naphthelide at -78'C, for which a mechanism involving the 
stannylene Phen2Sn (at the corresponding stannylenoid, eg. 
Phen2Sn(C1)Li) and its dimer was proposed (Scheme 20). 273 

2Li*C,0H8 Li 
Phen2SnC12 J 

-LiCl 
Phen2Sn' 

'Cl 
+ Phen2Sn 
-LiCl 

SnPhen2 

Phen Sri''' 
Phen2Sn 

2 -SnPhen2 . 
arhv, -Phen2Sn (?) 

Phen2Sn=SnPhen2 

(145) 

Scheme 20 
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The crystal structures of dodecaphenyl-cyclohexastannane (Ph2Sn)6 

and dodecabenzyl-cyclohexastannanedimethylformamide (Bz2Sn)6.DMF 

have been determined. The molecules of (Ph2Sn)6 show, in 

contrast to those of (Ph2Sn)6.2toluene and (Bz2Sn)6.DMF, 

remarkable differences in the chair conformation. The tin-tin 

bonds of (Bz Sn)6. 

compounds. 272 
DMF are somewhat longer than those of the phenyl 

Trifluoroacetolyses of cis- and trans-(4-methyl- 

cyclohexyl)- and cis- and trans-(4-tert-butylcyclohexyl)triiso- 

propylstannanes proceed stereospecifically with retention of 

configuration at carbon. Electrophilic brominolysis in methanol 

is characterised by a fine energetic balance between inversion and 

retention pathways, with the former favoured for equatorial and 

the latter for axial carbon-tin bonds. Free-radical brominolysis 

yields a stabilised mixture of the cis- and trans-4-alkylcyclo- 

hexyl bromides, expected for bromine atom transfer to a 

4-alkylcyclohexyl free radical. 275 

Tetrathiafulvalene (ttf) reacts with tin(IV) chloride or 

bromide in acetonitrile to afford the salt [ttf12[SnX61. The 

corresponding tetramethyltetraselenafulvalene (tmtsf) salt, 

[(tmtsfJ2[SnCl61, salt can be prepared similarly. In contrast, 

electrocrystallisation of ttf or tmtsf in the presence of SnX6 2- 

or [SnMe2C13] in MeCN or CHC12CH2C1 affords [ttf13[SnX6], 

[ttfl, ISnMe2C141, or [tmtsfl[SnMe2C131. ?I single crystal study 

of [ttfj3[SnC16] show it to possess a layer structure consisting 

of ttf trimers. 276 The salt, [EtNHC(S)CHC(S)NHEt12[SnC161, is 

obtained unexpectedly following benzene recrystallisation of the 

product isolated from the reaction of SnC14 with 

N,N'-diethyldithiomalonamide. The proposed mechanism involves 

initial I:1 adduct formation with a subsequent chelotropic 

rearrangement (Scheme 21). The structure of the salt in the 

crystal comprises independent cations and anions connected by 

hydrogen-bonds. 277 The tin(IV) bromide N,N-di-n-butyldithio- 

oxamide complex (146) is octahedral. 278 Fluorine-19 n.m.r. has 

been employed to identify species of the types [SnClnF6_n] 2-l and 

~~~~:~~~6is'2- Tin-119 n.m.r. 

and their isomeric configurations present in 

magnetisation transfer has been 

employed in the determination of the rate of cis/trans 

isomerisation in the complex SnC14.2SnMe2. A comparison of the 

megnetisation transfer results with line-broadening data shows that 

the cis/trans isomerisation rate is much greater than that of 
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bound ligand-free ligand exchange at 
MNDO parametric SCF-MO treatment has 

'NHEt 

the trans site. 280 The 
been applied to a number of 

tin compounds. 281 Calculated ionisation energies are 

BX 

Br,sn,S\,ONHBt I 

Br’ 'S'lNHEt 
I 
Br 

systematically too large, but dipole moments agree well. Bond 

angles are predicted quite well, although the errors in bond 

lengths are large. 
N.m.r. studies of the reaction of SnC12 with dichlorobis(l-R-3,4- 

dimethylphosphole)platinum(II) (R = various organic substituents) 
(L2PtC12) show that the addition of solid anhydrous SnC12 to 
solutions of the phosphole complexes labilizes such phosphate 
complexes toward complete ligand exchange, producing a solution 
containing several species invluding, inter alia, cis- and trans- 
L2Pt(SnC13)C1, trans-L2Pt(SnC13j2, cis-L2PtC12, and L3PtCl2. The 

latter L3PtC12 species are significant as their presence 
demonstrates that addition of the chloride acceptor SnC12 to a 
solution of a noble metal complex not only labilizes the metal- 
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chloride bond as anticipated, but also labilizes the other 

metal-ligand bonds as well. 282 Several similar trichlorostannate- 

platinum complexes, PtC1,(SnC13),_,[P(0R)312 (n = O,l), 
- 

[Pt(SnC13)3[P (OR) 3121 , [PtC12 (SnC13)41 (L = PR3, AsR3), 

[PtCl(SnC13)2Ll , [Pt(SnC13)3(AsEt3) 1 , and [Pt(SnC13)4(PEt3)12, 

have also been reparted. The complex, Pt(SnC13)2[P(OPh) 1 
3 $63 

adopts a square-planar geometry with trans [SnC131 ligands. 

That of the [Pt(SnCl3)3(1,5-cod)]- anion is a distorted square 

pyramid in which one [SnC13] group occupies the axial position, 

apparently the first characterised example of this geometry. This 

and other olefin complexes may be prepared according to the 
284 processes: 

[Ptc13(olefin) I- + SnCIZ 
CHZCIZ 

.h cis-[Ptc12(SnCl3) (olefin) I- 

and 

[PtC12(diolefin)] + 2SnC12 + SnC13- + [Pt(SnCl3)3(diolefin)]- 

The chlorine-bridged dimer, [Pt2 (p-Cl)2(SnC13)2(PEt3)2] reacts 

with two moles of hexafluorobut-2-yne by insertion into the Pt-Sn 

bonds to give the complex (1481, in which the dichloro bridge is 

preserved and which contains two [Pt-C=C-Snl moieties. 285 In 

solution, trans-[PPh4]3[IrClZ(SnCl ),I slowly isomerises to the 

cis isomer (Sn-119 n.m.r. data). 282 The photoinduced reaction of 

PtC16 2- with Me4Sn affords MePtC15-, whereas with Me2Et2Sn, 

[(CH2=CH2)PtC1212 is also produced. The thermal reaction with 

Me4Sn is catalysed by PtC14-; reaction of this species with Me4Sn 

affords a-methyl complexes of platinum(IV) - The platinum- 

ethylene complex also appears to be formed by B-elimination from 

EtPtCl5'- upon light irradiation. 287 A purple species, believed 

to be [Rh(SnC13)5] 4- is formed from [Me Nl [RhCln(SnC13)6_n] (n = 
428d 2,3,4) and tin(I1) in hydrochloric acid. The complex 

[Rh,(n-C5H5),(b-CO)(b-dppm)] (dppm = bis(diphenylphosphino)methane) 

reacts with tin(I1) chloride to give [Rh2(n-C5H5)2(fi-CO) (p-SnC12)- 

(p-dppm)1.28g Complexes of both types, X4_n[SnM(CO)4PPh31n (n = 

3; M = Mn; X = F,Cl,Br,I. n = 2; M = Mn,Re; X = Cl,Br,I) and 

M2(CO)8[k-Sn(X)M(CO)4PPh312 (M = Mn; X = Cl,I. M = Re; X = Cl,&, 

I) are obtained by the reaction of the appropriate tin(I1) halide 

and M2(C0)8(PPh3)2. In the rhenium complex, Re2(C0)8[b-Sn(C1)Re- 
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(CO)4PPh312, the central fragment contains a planar [Re2Sn21 
rhombus with a transannular Re-Re bond. 290 

13 Q Mn/co co 
oc’ \GeSM;! 

I 
OC\Mn / \ +D 

/ ‘co 
co 

Other structures worthy of note include the seven-coordinate 
chromium species, [Et4N][(Ph3Sn)3Cr(CO)4],2g' 
[(Ph3P)Re(CO)41Sn[~-Re(CO)412Sn[(CO)4Re(PPh3)l, (which contains a 
central [Sn2Re21 four-membered ring with a short (bonding) Re-Re 
distance of 3.1763.2g2 The novel anion [Sn2C05C12(C0)1g]- 
(counterion Co[HB(pz~)~l+ (pz = pyrazolyl), (which has two 
IClSn[Co(CO) I 1 groups mutually trans about a planar [COG] 
fragment, 2934 2 the Mn-Ge multiply-bonded complex, (149), 294 the 
niobium-tin bonded complexes, 
and [(C5H5)2Nb(SnPh3) (CO)1,2g6 

IEt4Nl [Nb(CSHS) (SnPh3(CO)312g5 
the first 'closed' triosmium-main 

group metal cluster compound, [Os3SnH2(CO),0R21 [R = CH(SiMe3)2] 
(obtained by reaction of OS~H~(CO),~ with the stannylene SnR2, and 
which contains a bridging hydride spanning the tin and one osmium 
atom), 297 and the molybdenum-lead bonded complex, 

[(C5H5)2MolPb(02CMe)2. 298 

The electrochemical reduction of the tin complexes 
~Co(CO)41ntFe(CO)2(C5H5)l 3_nSnC1 (n = l-3) proceeds via the 
formation of the radical anion derived from tin-cobalt rather than 
tin-chloride bond rupture. 299 Similarly, the radical anion is 
formed following rupture of the iron-Group IV metal bond in the 
electrochemical reduction of the complexes (C5H5)(C0)2FeMR3 (M = 
Si,Ge,Sn). Exhaustive electrolysis of complexes of the types 

[(C5H5) (CO)2FelnPh3_n SnCl (n = O-3) and [(C5H5)(CO)2Fe]2SnC12 
affords distannanes stabilised by [(C5H5) (C0)2Fel groups. 300 
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4.5 OXIDE AND RELATED PHASES 

A novel synthetic procedure has been devised for the 

preparation of silicon sesquioxide, Si203, which involves the re- 

action of hexabromodisilane with sulphur trioxide at room 

temperature. Yields are almost quantitative and the only 

by-products are bromine and sulphur dioxide. 301 The influence of 

NaF and Na2SiF6 on Si02 and sodium silicates has been 

investigated. Silicon tetrafluoride is also formed and 

influences the reactions as well. With low pressures of SiF4 the 

reactions of NaF or Na2SiF 6 with certain SiO2 modifications leads 

to sodium silicates, whilst with higher pressures of SiF4 to 

cristaholite and tridymite as well as low-quartz. Sodium 

silicates react with NaF to give principally Na2Si03. Na6Sig019 

is only obtained from Na SiO 2 3 when NaF was replaced by Na2SiF6. 

In this case additional low-quartz is formed. The formation of 

tridymite, which is only possible in the presence of certain 

foreign ions, is attainable at 115O'C if HF is added together with 

an alkali metal fluoride. The amount of added fluoride is 

critical for the size of the crystals of tridymite obtained. 302 

The crystalline silicic acid, H2Si2004,.~H20, has been obtained 

from its alkali metal and alkaline earth salts by cation exchange. 

Both the silicic acid and its salts form layered host lattices 

which can intercalate many organic compounds. Thermal 

dehydration at about 15O'C gives silica-X, a partially dehydrated 

form (about Si02.0*09H20). 303 The polymerisation of silicic acid 

adsorbed on iorn(II1) hydroxide from dilute monosilicic acid 

solutions in the concentration range 5-40ppm Si02 has been studied 

over the pH range 6-12, and the nature of the adsorbed species 

examined by trimethylsilylation-gas chromatography. Dimeric 
6- 

(Si207 1, linear trimeric (Si 0 
*3 '0 

*-) and tetrameric (Si 0 

and cyclic tetrameric (Si4C,2 ) species were found. 304 4 l3 
I'-), 

When 

monosilicic acid is adsorbed on aluminium(III) hydroxide, an 

allophane-like compound is rapidly formed, and the monosilicic acid 

adsorbed is consumed until the Si/Al mole ratio of the sample 

reaches 0.33-0.39. Above these ratios, the formation of 

polysilicic acid occurs. 305 Only double four-ring silicate 

anions are observed in trimethyl-2-hydroxyethylammonium silicate 

solutions with molar N:Si ratios of ?:I to 2:1, whilst in 

triethyl-2-hydroxyethylammonium silicate solutions with the same 

N:Siratios, varying quantities of double three-ring and double 
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four-ring silicate anions are detectable. 306 A similar 
constitution is also present in N-(2)hydroxyethyl- and 
N-(2)hydroxypropylpyridinium silicate solutions, where the amount 
of double four-ring silicate increases, and the amount of low- 
condensed silicates decreases, with increasing concentration. 307 

Another novel class of crystalline microporous framework oxide 
molecular sieves, the silicoaluminophosphates, has been 
synthesised. Members of the new class (of which some thirteen 
three-dimensional microporous framework structures are known to 
date) are synthesised hydrothermally. The materials crystallise 
at IOO-2OO'C from reactive mixtures containing organic amine or 
quaternary ammonium templates (R) which are retained within the 
products. The silicoaluminophosphates have a wide range of 
composition of o-0.3R-(SixAlyPz)02 in the anhydrous form, where 

x,y, and z, represent the mole fractions of silicon, aluminium, 
and phosphorus, and range from 0.01-0.98, 0.01-0.60, and 0.01-0.52, 
respectively, with x + y + z = 1. 308 X-ray diffraction has been 
employed to demonstrate that the framework symmetry change 
between monoclinic and orthorhombic nature exhibited in ZSM-5 
zeolite depends not only on the aluminium concentration and on the 
presence of sorbate molecules, but also on the temperature of the 
sample. 309 The composition of the (Na,TPA) (TPA = tetrapropyl- 
ammonium) precursor to silicalite-1 is determined by the base 
content of the reaction mixture, and for both low and high base 
contents the crystallisation is accompanied by apparently 
anomalous pH changes. 310 Potassium aluminosilicate solutions 
with low Si:Al ratios form gels more slowly with increasing KOH 
content, but at higher Si:Al ratios the reverse is true. 311 

Changing the cation has a profound effect on the behaviour of such 
solutions. With sodium, reaction times increase with increasing 
alkali regardless of how much silica is present. The highly 
alkaline solutions put down a white amorphous precipitate rather 
than gelling, and reaction times are in most cases faster than for 
the equivalent potassium solutions. Opposite behaviour seems to 
be observed in the case of caesium, in which case gelation times 
are generally much longer than for the corresponding potassium 
solutions, and are particularly retarded in solutions with the 
highest silica content. For tetramethylammonium solutions, it is 
the low alkali solutions which are particularly inert, but in this 
case the pattern is complicated by the formation of crystalline 
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aluminosilicate compounds from high silica, high alkali solutions. 
No smooth trend in behaviour with cation size is apparent. 312 

KLi3Si04 is isotypic with KLi3GeO4, whose crystal structure has 
been determined. 313 The technique of trimethylsilylation has 
been used to determine the distribution of aluminium in the 

314 tetrahedral layers of a muscovite, a margarite, and a phlogopite. 
The ion-exchange resin Amberlyst-15 is a powerful proton donor for 
SiO bond cleavages and rearrangements of trimethylsiloxysiloxanes. 
In the presence of hexamethyldisiloxane, transformations of 
trimethylsiloxysiloxanes of different structures exhibit two 
effects: (i] highly caged structures become loosened, and (ii) very 
loose structures become more rigid. Tetrameric ring structures 
predominate in the reaction products. In the absence of hexa- 
methyldisiloxane, trimethylsiloxysiloxanes are highly degraded. 315 

Line-broadening in the 29 Si n.m.r. spectra of sodium silicate 
solutions indicate dynamic exchange of Si04 4- groups between 
different silicate anion species with the free SiO4 4- anion 
lifetime in the order of milliseconds. 316 A variable-temperature 
study using selective inversion-recovery 29 Si n.m.r. has also 
afforded information concerning exchange phenomena in alkaline 
solutions of potassium silicate. Rate constants of the order of 
0.5Kq mol -1 -1 s and a free energy of activation of 93 kJ mol -' for 
the dimerisation of the orthosilicate anion were derived. 317 

Magic angle spinning 29 Si and 27 Al n.m.r. has been employed 
extensively to study solid-state structure. Applied to highly 
siliceous ZSM-5 (silicalite), mas spectra reveal that changes in 
the zeolite-structure occur when sorbate molecules are present, and 
that these changes occur at low loading levels and are character- 
istic of the nature of the sorbed molecules. XRD demonstrate 
that the effect is a perturbation of the whole zeolite 
structure. 318 Introduction of both four- and six-coordinated 
aluminium occurs during treatment of highly siliceous ZSM-5 
silicalite with AlC13 vapour at high temperatures. 319 A separate 
paper describes a similar process for the 'alumination' of high 
silica zeolite frameworks. However, in this report only four- 
coordinated aluminium was incorporated into the framework. 320 

High resolution 27 Al mas-nmr spectra for polycrystalline 2:l 
phyllosilicates distinguish clearly between tetrahedral and 
octahedral aluminium coordination. Chemical shifts of the two 
types fall in the ranges 60-7Oppm (four-coordinate Al) and 0-IOppm 
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(six-coordinated Al). In the 29 Si spectra, components associated 
with silicon surrounded by 3Si, 2Si+Al, Si+2Al and 3Al were 
identified, allowing an estimation of tetrahedral Si/Al ratios. 321 
29 Si mas/nmr analysis of zeolite ZSM-39 has resolved the number of 
tetrahedral sites and the deviation from ideal symmetry. 322 Only 
a single sharp resonance is observed in the 29 Si mas/nmr spectrum 
of the completely siliceous analogue of zeolite A, prepared by 
hydrothermally dealuminating zeolite 2X-4, indicating the removal 
of the lattice aluminium whilst retaining the crystalline 
framework. 323 The contributions to 29 Si line widths have been 
systematically discussed and relative importance evaluated. 
Limiting line widths are determined by long-range chemical shift 
effects resulting from the distribution of aluminium in second and 
further nearest neighbour coordination spheres, with the 
additional line-broadening mechanism in many cases being a 
chemical-shift distribution due to crystallographic 
inequivalences. 324 29 Si mas/nmr spectra of twelve glasses in the 
Li20-Si02 system (15<Li20<40 mole%) have been interpreted in terms 
of Q, distribution theory. The principal silica species found in 
such glasses are Q,, Q3 and Q4. 325 29 Si mas/nmr has been used to 
follow the kinetics of the hydration of tricalcium silicate, and 
also to ascertain the course of reaction. 326 

The formation of Ge02 (tetr.), which is kinetically hindered, is 
catalysed by all sodium-containing materials which react with Ge02 
to give Na4Geg020. In the presence of chlorine, which reacts with 
sodium germanates and silicates to produce sodium chloride, the 
formation of Ge02(tetr.) is catalysed by sodium chloride. The 
phase transition temperature for the transformation of Ge02(tetr.) 
into the hexagonal phase is lowered by the presence of small 
amounts of Si02. The precipitates obtained by the addition of a 
solution of NaHC03 to a solution of tin(I1) chloride have been 
identified as 2SnO.SnCl 2.H20 or Sn30(0H)2C12 in the pH range l-9- 
2.5 and 3Sn0.2H20 or Sn3(0H)40 in the pH range 7.0-7.7. In the 
intermediate pH range, the chloride ions are gradually replaced by 
hydroxide ions. The dehydration of the hydroxide oxide to SnO 
occurs in two stages, and the disproportionation reaction to give 
Sn02 and $-tin proceeds via the formation of Sn203. 328 Electron 
microscopy has been employed to show that molybdenum-doped tin(IV) 
oxide contains many planar defects, including twin boundaries. 
The segregation of molybdenum at these twin boundaries is 
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associated with the thermally induced migration of molybdenum to 
more favourable sites within the rutile-type lattice. 329 

Controlled oxidation of the alloys MIMI" (MI = K,Rb,Cs; MI" = Sn, 
Pb) leads to the formation of the new ternary oxides, MI2M IV 203. 
Oxidation of KGe leads to the formation of K2Ge203 together with 
K6Ge207. 330 The ternary oxide, Na4Sn03, is unusual in that it 
contains isolated [Sn03] groups. 331 The ternary digermanate, 

Aq2Ge2C5, has been obtained from the binary oxides at high oxygen 
pressures. In the Ge205 2- network structure, both tetrahedrally- 
and octahedrally-coordinated germanium atoms. These polyhedra 
share both vertices and edges forming a three-dimensional channel 
system in which are found Ag+ ions. Some Ag-Ag interaction 
occurs.332 Heating mixtures of Na2Pb03 and Liz0 affords single 
crystals of LiaPb06, whose structure contains essentially 
hexagonal-close packed oxygen atoms with lead in the octahedral 
holes. 333 

Germanium bis(monohydrogenphosphate1, Ge(HP04j2.H20, can be 
prepared in crystalline form by refluxing the precipitate 
obtained from GeC14 and H3P04 in the molar ratio 1:lO. Three 
GeP207 phases have been characterised on heating to 13OO'C. At 
lower temperatures (600-8OO'C) a layered phase is obtained, which 
then gives a monoclinic (slow heating rate) or cubic (fast heating 
rate) phase in the range 900-105OOC. The two latter phases then 
slightly decompose above 1000°C to give materials having P:Ge 
ratios <2:1. 
occurs.334 

Above 1050°C, decomposition to P205 and Ge02 
Whereas Ge(HP04)2.H20 is hydrolysable, Sn3P04F3 

possesses a high hydrolytic stability. Thermal decomposition of 
this material has also been described. 335 

The thermal decomposition of SnS2 in a nitrogen gas flow 
proceeds via Sn2S3 to SnS. The non-stoichiometric compound, 
Snl_xS is also formed in the decomposition. 336 The structure of 
the synthetic phase, TlInSiS4, has been determined, and is 
characterised by a sheet structure built up from alternating 
infinite (InS3), chains and dimeric [Si2S6] groups, comprising two 
edge-sharing [SiS4] tetrahedra. 337 The compounds, NaaSi4X,0 and 
NaaGe4X,0 (X = S,Se) h ave been obtained by reaction of Ge2X3 with 
Na2X in a mole ratio 1:2 in methanol. The silicon compounds can 
also be synthesised from the elements. 338 The phase, 
In5Sno 5S7, has a similar structure to that of In6S7 in which one 
indium'atom is replaced by BSn2+. The tin atoms are coordinated 
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by a monocapped trigonal prism of sulphur atoms. 339 K6Ge2S6 and 
K6Ge2Se6 are monoclinic and isotypic, forming the K6Si2Te6 
structure. 
structure. 340 

Na6Ge2Te6 crystallises with the K6Sn2Te6 
Ba2Ge2Te5 is orthorhombic, and contains distorted 

IGe2Te61 trigonal prisms connected by common corners to give 
infinite chains. 341 The reaction of KSn with tellurium at high 
temperature gives congruently melting K4SnTe4 and Sn. Depending 
upon the cation and solvent used, a variety of products may be 

4- isolated from solutions containing SnTe4 , including Te4 2- and 
4- Sn2Te6 . The structure of the salt (Me4N14 Sn2Te6 has been 

determined, and the anion has a diborane-type structure with 
effective Dab symmetry. 342 The compounds M2SnTe4 (M = Cr,Mn,Fe, 
Co) have been obtained by mixing the appropriate M 2+ and SnTe4 4- 

anions in methanol. Pressed powder samples of Fe2SnTe4 and 
Co2SnTe4 appear metallic and have low resistivities. Heating to 
6OO'C for 24h. leads to decomposition to FeTe2, FeTe and SnTe. 343 
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