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4.1 CARSON 

The chemistry of perfluoromethyl compounds has aroused interest 

during 1978. Several new perfluorinated peroxides have been 

synthesised- The fluoroformyl peroxide, (CF3)3COOC(0)F, is 

obtained by nucleophilic substitution of (CF,),COUSO,F affording 

the potassium peroxide, (CF3)3COOK, followed by reaction with 

carbonyl fluoride: 

(CP3)3COOS02F C KF- fCP3)3COOK + S02F2 

t 
COF2; -KF 

(CF3)3COOC(O)F 

The peroxide (CF,),COOC(O)OCP, is also obtained via a side-reaction. 

Other peroxides may be synthesised from (CF3f3COOC(0)F- Thus, 

reaction with caesium fluoride at -78*c yields (c~F~)~cooCF~~P, 

caesium fluoride and chlorine fluoride at -78OC give the unstable 

chloro-analoque, (CF3)3COOCF20C& which decomposes at -65OC to 

(CF3)3COOCz and COF2, and hydrolysis at O°C affords the parent 

peracid, (CF3)3COOH. 
1 The preparation of the corresponding peroxyl 

fluoride, 1CF3)3COOF, is achieved by the reaction of fluorine with 

the (CF3)3CO0 anion, generated as before, at low temperatures, and 

reacts with KOC(CF3)3 to form the unstable trioxide, (CF,),COOOC(CF,),. 

Addition of (CF3)3COOF to the alkene CFZCFCE proceeds by a free- 

radical mechanism to afford bath possible isomeric products: 
2 

(CF3)3COOF + CF2CFCt - (CF3)3COOCF2CF2CE 

+ (CF3)3COOCFC%CF3 

~is(trifluoromethylfphosghoryl-u_oxo-bis~trifluoromethyl~phos~h~ne, 

(CF3)2P(0)OPW'3)2, the mixed anhydride of a phosphinous and a 

phosphinic acid, has been prepared in quantitative yield by the 

reaction: 

(CF.&P *o -I- (CF3)2P~O)CZ- (CP3)2P(0)OP(CF3)2 f ICP3f2PC2 

which prohahly proceeds via the formation of (CF,),P(O)O(O)P(CF,),, 

and iS subsequently reduced by [(CF3)2P]20. The same mixed 

anhydride is also produced by the reaction of P2(CF3)4 with nitric 

oxide in the gas phase at 50°C. The yield by this method is also 
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high (843) since further oxidation by nitric oxide is difficult. 

However , in the liquid phase only (CF3)2~(0)0(0)~(~~3)2 (90%) and 

no (CF3)2p(0)0~(~~3)2 is formed. Cleavage of the mixed anhydride 

by HC9, at 20°C takes place at the phosphinyl-oxygen bond yielding 

fCF3f2PC9, and (CF3f2pOOH. The reaction with KC proceeds similarly. 

With Ni(C0)4 at 25O, CO is lost, but the exact nature of the nickel 

product was not fully determined. 3 

The thermal decomposition of CF3CN diluted to 0.2 and 0.5 mol % 

in arqon behind incident shock waves over the temperature range 

2450-3610K gives C2F6, C2N2, C2P4 and a trace of FCN. The course 

of the primary process of decomposition: 

CF 
3 
CN + Ar- CF 

3 
+ Ar + CN 

was followed by monitoring the C?J(O-1) violet absorption centred at 

421_5nm, and the rate constants so obtained were interpreted by 

classical collision theory, afforded a value of the dissociation 

energy Do(CF3-CN) of 102.7 kcal mol 
-1 . The formation of C2F4 and 

FCN as minor products are strongly suggestive of subsequent 

decomposition of CF3 to CF2 and F.4 The photolysis of fCF3)2CO-CH4 

mixtures at 313nm at temperatures in the range 298-443K yields CF3H 

and C2F6, as well as the four oxygen-containing products, CH3COCF3, 

(CF3)3COH, (CF3)2(CH3)COH and (CF3)2(CH3)COCF3, produced according 

to the radical mechanism: 5 

(CF3)2C0 -h% 2CF 
3 

+ co 

2CF3 
- C2F6 

cF3 -I- cw4- CF3H + CH3 

CF3 
+ (CF ) 

32 
CO--(CF3)3C0 

(CF3)3CO i- CH4- (CF3)3COH + CH3 

CH3 
+ (cF312co -- (CF3)2(~H3fC0 

(CF3)2(CH3)CO-- CF3COCH3 + CF3 

(CF3)2(CH3)C0 -I- CH4- (CF3)2 (CI13) COH + CH3 

(CP3),(CH3)C0 + CF3 -- (CF,),(CH,)COCF3 

Attempts have been made to study the kinetics of the reaction of 

atomic hydroqen with (CF3)2C0 vapour. Atomic hydrogen was generated 

from dihydrogen by Hg-photosensitization in the presence of C2H4 and 

(cF~)~CO, but the system was complicated by the loss of C2H5 radicals 

by addition to (CF3)2CO making the kinetic results intractable. 
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When the atomic hydrogen was generated from C3H8, the kinetics were 

again obscured by some unidentified reactions which became more 

important at higher [(CF3)2CO] /[C3H8] ratios- An estimate of the 

rate constant for the addition of H to (CF3)2C0 was possible at low 

[(CF~)~CO]/[C~H~] ratios, and the value 8.5 x 10' Ilrn~l-ls-~ was 

deduced. Among the reaction products, only CF3CHO could be identi- 

fied with any reliability: many of the heavier products remained 

unidentified. 
6 

Carbon tetrachforide reacts with tertiary phosphines to give 

chloromethine-bridged phosphonium salts: 
7 

3R2R'P + CC.%4 --c[R2R' - 
---- C(CQ.) ___- 

- PR'R2]+CP_- C R2R'PC!L2 

R = R' = Ft, Bu 

R = Et, R' = Fh 

Dechlorination of the analoqwJs chlorophosphonium salt, 

[Ph3P ____ C(Cp_1 ---- PCg. Ph2]%_-, by tris(dimethylamino)phosphine 

yields the thermally unstable, but isolable double ylid, 

PhJP=C=PC7Ph2, which gives other phosphonium salts by dimerisation 

and reaction with water and HC9,: 
8 

[Ph3P ---- C(Cp.) ---- PCtPh2]+CP_- 

1 
P(NMe2) 3 

Ph$?=C=PCLPh2 

[ 

'2f Rcj \ Ph3P---i---iPh2 

Ph3P-CH2 -P(O)Ph2]+Cl- [Ph3P----CH----PCQPh2] +CL- 
i 

; 1 Ph2P--- ---PPh3 -- 

The structures of cis-1,2-difluoroethene, 
9 ethyl methyl ether, 

10 

and ethyl methyl thioether 
Il. have been examined in the gas phase by 

electron diffraction. The relative abundances of the trans and 

gauche conformers in the gas phase at 20°C for the two latter compounds, 

given by nt/(nt f nq), are 0.80(8) for EtOMe, but only O-25(15) for 

EtSMe. The barrier heights to internal rotation in CH3SeCN and 

CD3SeCN have been deduced to be 1241 + 50 and 1228 2 50 cal mol 
-1 

, 

respectively. from an examination of their microwave rotational 

spectra-l2 The vibrational data for F3C-C?C-CX-CF3 fit D3d selection 

rules establishing that the molecule possesses a Linear carbon skeleton. 

The CF3 groups rotate freely in the vapour phase, but conformers exist 

in the liquid and solution phases. 
13 

Ricrowave data for three 
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isotopomers of carbonyl chloride have also been reported, yielding 

structural parameters [C-Ca=1.7401(8)% C-0=1.1794(17)%, CR-C-C.t= 

lll_93(8)0] which are rather different from the previously reported 

values- 
I.4 

The crvstal structures of three more oxalate anions, methyl 

oxalate, 
15 

S-methyl monothiooxalate, 
15 

and S,S'-dimethyl trithio- 

oxalate, 
16 

have been determined. All three are approximately planar, 

and the ester groups, which are in mutually trans positions in the 

latter, have the normal z conformation. 

Albano and his coworkers have reported the structures of two 

complex metal carbide species, neutral [Ru 2C2(~~)25] 

anion)" 

(formed from 

the rather unstable [Rh6C(C0)15]2- and anionic ] 
1*- C08C (CO) 18, 

with COALS in isopropanol at 60 
0 18 
. E Rh6C(Co)15 12- comprises a 

central asymmetric metal atom cluster, which can be described in 

terms of layer-packing of atoms (see Figure 1). in which the carbide 

carbon atoms lie as a [C2] unit (C-C, 1.48(2)~). Of the fourteen 

rhodium-carbon contacts, nine are short (mean 2.228) and five long 

(mean 2.582). The [CogC(COI18] 
2- 

anion consists of a deformed 

tetragonal antiprism of metal atoms (idealized n2 symmetry), with 

the carbon atom occupying the centre of the cluster (see Figure 2). 

As in the rhodium complex, there are short cobalt-carbon distances 

(mean 1.998) and also longer, weaker contacts (mean 2.1Sa).18 

Figure 1. View of the Rh12C2 cluster showing its rationalisation 

in terms of the layers of metal atoms (reproduced by 

permission of the Chemical Society). 
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Fiqure 2- Vie\+ of the [CO,C(CO),,]~- anion (reproduced by 

oermission of the Chemical Society). 

4.2 SILICON, r,ERWkNIU>l, TIN AND LEAD 

4.2.1 Reactions Involving Unstable Silicon, Germanium and Tin 

Intermediates 

the reaction of silicon atoms from the 31P (n ,p) 
31 

Si nuclear 

transformation in phosphine-butadiene mixtures yield [31Si]-1- 

silacycfopent-3-ene, which is also obtained in 46% yield from the 

reaction of thermally generated SiH2 with butadiene together with a 

product believed to be [31Si]-1-silacyclopenta-2,4-diene. However, 

the variation of the product yields with composition of the PH3-SiH4- 

C4Hg recoil reaction mixtures casts doubt on the participation of 

ground state singlet . 31SiH 2 as a reaction intermediate, as does the 

failure to detect any of the thermal adduct of SiH to cyclopentadiene, 

1-silacyclohexa-2,4-diene, from the reactions of 
33 

Si in PH3 

mixtures. 19 
-SiHKC5H6 

The kinetics of the reactions of ground state Sn(5 PO) 

tin atoms with several small molecules have been studied- The 

bimolecular reactions with 0 CF,2 and HO2 are exothermic, whilst 

that with NO is endothermic. 
ac; Absolute rate data have also been 
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reported for the bimolecular reactions of Sn(SJPo) atoms with 02, 

D2, CH4, CF4, SP6, SnMe4, CO2 and2y20, and for the termolecular 

reactions with C2H4, C2H2 and NO. 

An infrared and e.p.r. study of the reaction of SiF4 with lithium 

in an arqon matrix has demonstrated that difluorosilylene, SiF2, 

and either SiF2- or a diradical SiF2 species are produced. 
22 

Yonomeric 31 
SiF2, formed in a nuclear recoil system reacts with 

1,3-butadiene, cis- and trans-pentadiene, and 2-methyl-1,3-butadiene 

to sive equivalent amounts of difluorosilacyclopent-3-ene- 3fSi and 

its methyl derivatives. The singletxtriplet 
31 

SiF2 ratios evaluated 

from these systems are all ca. 1:3, and a similar equivalence in 

oroduct yields is also observed for the reaction of 31SiH2 with the 

same diene systems. The reactivity of the silylenes is increased 

bv addition of trace amounts of O2 and NO, due to the formation of 

31SiP 2-donor comnlexes. Yinor steric hindrance is responsible for 

the lower reactivities of the pentadienes, however, the large steric 

effect between the trans- and cis-pentadienes towards a triplet 

'1SiF2-donor complex was attributed to a direct [1,4]-addition 

process.23 The origin of disilanyl products in reactions involving 

SiF 24 
2 has attracted interest- Liv and Hwang have proposed that 

such products arise from the participation of oligomeric (SiF2), 

diradicals. These workers observed that, in the reaction of SiF2 

with cis- and trans-difluoroethene, 1:3, 1x2 and small quantities 

of I:1 adducts were formed. In addition, the reactions were non- 

stereospecific, which indicated a pathway involving initial attack 

of oligomeric diradical at the C=C bond followed by rearrangement, 

thus leading to the production of both isomers: 

F2Si 

I 
F2Si- 

R4 =F 

F2Si 

I 
F2Si- 

n2 -- \c-c/ R3 

Rl' 'SiFS 
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Seyferth and Duncan 
25 

However, have put forward alternative 

mechanisms based on the intermediate formation of highly reactive 

difluorosilirane and -silirene species (vide infra) viz: 

SiF2 H2C 
-CH2 

CH2 
= CH2 + SiF2- i I 

- F2Si -SiF2 

,CH2-eH2 
F2Si' -C SiF2 

AiF2 
HC=CH 

HCZCH + SiF - 2 'SJ - _,CH=cH 

F2Sr* 

h'C=CH 
F2Si-SiF2 

HC=CSiF2SiF2CH=CH2~ 
H-transfer He 

=CHSiF2SiF2CH=cH 

Methylphenylsilylene, produced by the photolysis of 2,3- 

diphenyltetrasilanes, is less reactive towards insertion into 

Si-0 single bonds than dimethylsilylene. Thus, no reaction could 

be detected with cycle-(Xe2Si0)3, but insertion into X,1,3,3- 

tetramethyl-2-oxo-l,3-disilacyclopentane did occur: 
26 

Me 
MePhSix 

- Me'\ 
Me-Si-O I 

Ph 

Trimethylsilyl(methyl)silylene, Me3Si-SiMe, and trimethylsilyl- 

methylsilylene, Me SiCH SiMe, 
3 2 

are formed during the low-pressure 

gas-phase pyrolysis of Me3Si.SiCaMe3 and Re3SiCH2SiCLMe.Sii3, 

respectively, at 600-7OOOC. Me3Si-&iMe results from a 

rearranqement of the disilene, Me2SiSiMe2, and undergoes intra- 

molecular C-H insertion to form disilacyclopropene, which 

subsequently undergoes Si-Si bond fission accompanied by either H- 

or CH 
3 
-miqration to form (silylmethyl)silylenes, which yield the 

final products, 1,3-disilacyclobutanes, (A) and (2): 
27 
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Me 

Me3Si ..Si-H IMe-Si 

i_I? 
V-'l 

Me2SiSiMe2- Me2Si-$Yi!iNe b 
Me\SiASi/H 

/ 
He 

t 
\Me 

y\ Me 

Me2Si _SiH H-$i 

I ---c L 1 H Syi-H 
Me 

(2) 

Reaction of tetramethyldisilene with alkynes leads to the formation, 

1,2-disilacyclohutencs 13f_ These compounds are extremely air- 

senstive, and underqo ring-expansion reactions: 

Me2SiSiMe2 + 

Further reaction of (3) with alkyne is very slow even at: 350°C, 

but proceeds smoothl.y at temperatures of 2%80°C in the presence 

of a palladium complex catalyst to yield 1,4_disilahexadienes (s):28 
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Gas-phase photolysis of l,l-dimethylsilacyclobutane (2) using 

147nm liqht gives as the major product C2H4, inferring the coproduc- 

tion of l,l-dimethylsilaethene, Me2Si=CH2, with small quantities of 

methane, ethane, propane, propene and cyclopropene. The formation 

of the two latter compounds suggests elimination of Me2Si: as a 

second mode of photodecomposition. 29 
Silicon-carbon double-bonded 

species have also been postulated as intermediates in order to 

rationalise the formation of some products. Thus, whilst most of 

the products formed in the photolysis of Me3SiSiMePhSiMe3 may be 

rationalised by the elimination of MePhSi:, the formation of (6) - 

may only be rationalised by a silyl-migration to the aromatic ring: 

&Ie3SiSiMePhSiMe3 

products -tiePhSi: e f 
hv I 

\ 
H 

~j 

iMe 
3 

Me Si-Sible 
-3 

CH =CHCH2CH3 
2 

We3Si-SiCH2CH2CH2CH3 

1 
&le 

(2) 

The nhotolysis of I-phenyl- or I-alkenyldisilanes generally 

leads to the formation of silaethene intermediates. Such inter- 

mediates formed from 1-alkenyldisilanes react with MeOH to give 

the corresponding methoxysilanes in high yield: 31 

CH ----c 2 
\ hJ yi&IeR3 _ 

SiMe2 
'1 
R 

NeOH(D) 
_ 

R1Xe2SiCH2CR2(Df-Si?4eR3(OMe) 



147 

whilst with l-phenyldisilanes, silyl-migration occurs as proposed 

for Me3SiSiMePhSiMe 3 (vide supra)yielding intermediates (2) which 

react with alkenes to afford 1,2-disilyl-substituted aromatic 

compounds (2)‘ e-q.: 

SiMe2SiYe3 
/ -a SiMe 

2 c 1 
CR ===CHR 

hV 
2 

SiMe2CH2CH2R 

\ Si4ej SiMe3 

(2) (8) 

Addition of the intermediates to cis alkenes always afforded better 

yields of adducts than the corresponding trans isomers due to steric 

crowdinq. 
31 

The unambiguous generation and trapoinq of a sila- 

benzene (9_) has been reported by Barton and Burns. 
32 

Generation 

of (9) involved the thermolysis of the l-alkenyl-l-sila-cyclohexa- - 

2,4-Aiene (lo) in a quartz tube nacked with quartz chips at 428OC. - 

When an alkyne was used as the carrier gas, (9_) could be trapped 

as the l-silahicyclo[2,2,2] octatrienyl derivatives (11): - 

/ 

Y! / 
Si 

Wei 

(11) 

t -C3H8 

RC - ZSSCR 

R=H, CF 
3 

I 
Me 

(2, 

Photolysis of aryl-substituted disilanes in the presence of DMSO, 

yields the silicon-oxygen double-bonded intermediate, dimethylsilanone 

Me2Si=0, (z), which is produced by a mechanism involving nucleo- 

philic attack of the DMSO oxygen on the photoexcited disiLane at the 

silyl centre bearing the aryl group, followed by the migration of 

the aryl group to the other silicon atom: 
33 
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(12) - 

The photolysis of Me3SiSiYePhSiPle3 and Ye SiSiMePhSiMePhSiMe 
3 3 

in 

the presence of DWSO occurs by two major pathways.. The first 

involves the loss of [MePhSi:], which subsequently reacts with 

D?GO to yield methylphenylsilanone (13) and Me2S. The second - 

pathway involves the direct generation of methyl(trimethylsilyI_)- 

silanone (14) by nucleophilic attack of DMSO at silicon as above. - 

Both (13) and (14fmay be trapped by (?leZSiO)3 or 2-oxa-1,3-disila- - - 

cyclopentane, e.g.: 
34 

Xe3Si-SiXePh-Sile3 

t 

I 
hv 

Ile3SiSiYe 3 + PhYeSit Xe3SiPh + &le3Si-rMeSi=O C E-Ie2S 

t DMSO (3) 

[PhVeSi=O] + ."le2S t 
products 

(13) - 

t 
products 

Dimethylsilanone is also produced by the reaction of the silirene 

(15) with DHSO, or an amine oxide such as C5H5PJO or Me3N0. The 

reaction of (15) with DNSO at O°C in dry benzene produces >le2S, - 

Ye3SiCaCSi_We3, and the heterocycle (16) via either a stepwise or - 

concerted process: 
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!4e3Si,C=C,SiXe3 

\si' tiT, -Ale2 

Cl,/- ‘Fle 
Ple3Si 

Ne Sik=-' 
2' 4 

O--&Se 

il 
L%- 2 

Xe Sic 
3 

_=;-Si?4e3j 

+ F4e2s j. Ple2S10 

(15) + [Ple2SiO~ - 

(15) 
\ 

or 

t4e3Si 

\CBC' 

SiNe3 

./ - ?4e2Sl 

\ / 
o-_$r4e2 

IW 

Me3Si ) 
\ 7Me3 c-c 

1 I 
Me2Si-0 f Me S 

t 

2 

F I 
pte3SiC~csil'Ie3 + lMe2SiOJ 

We3Si 
\ /si?4e3 

./' 
c=c 

\ .. ?le2Sz,o,SxXe2 

Dimethylsilanone produced in this way can also be trapped by other 

trapping reagents such as fMe3SiO)3 or ?le2Si(OMe12- Hexamethyl- 

silirane reacts simiiarly with DNSO to give the same products, but 

is less reactive. 35 

Besides the now well-established Si=O and Si=C intermediates, 

several other silicon and germanium multiply-bonded species have 

been proposed. The thermolysis of the heterocycle 117) affords - 

the acyclic isomer (18)as well as (Me3Si)2C=N=N and the four- - 

membered heterocycle (191, derived by dimerisation of the 

iminosilene (20) : - 
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Ye 
!4e Ile 

'Si' 

- (Me3Si)2td-S,i-F=N=N 

Me3Si-N 

, ,C,Si!le3 45% 1Me SiMe3 

\N=N/ 'Si!{e 

(18) 

3 

(17) Me2Si=NSiMe3] + (Me3Si)2C=N=N 

(20) 

iLIe2Si-N-SiHe 

I I 
3 

Ye 
3 
Si-N-Si Me 

2 

(l9_) 

Compound (20) shows a tendency, albeit considerably lower than the - 

silaethene analogue, Ve2Si=C(SiMe3)2 (21) to undergo [2+2] 

cycloaddition reactions with itself or benzophenone, but its 

reactivity towards insertion into Si-X single bonds appears to be 

greater than for the carbon analoge (z)_ The efficacy of 

trimethylsilyl compounds as trapping agents for (20) are in the - 

order (?le2Si0)3<cMe3SiNMe2<~~@3SiCL<Me3SiN3. 36 A silyl- 

phosphorane (22) has been proposed as an intermediate in the - 

reaction of hexamethylsilirane with carbonyl compounds in the 

presence of tertiary phosphines. Thus, when a solution containing 

PPh3' hexamethylsilirane and cyclohexanone were heated at 75OC for 

14 hours, 1,4-dioxa-2,5-disilacyclohexane (26%) was produced. A 

nearly quantitative yield (92%) was obtained when the more nucleo- 

philic Me2PhP was employed, consistent with the mechanism. 
37 

(See Scheme I). 

The thermolysis of germanium oxetanes and adducts of germanium 

dioxolanes, oxazalidines and diazolidines with carbonyl compounds 

leads to transient dialkylqermanones, R2Ge=O, which may be 

characterised by addition of alkoxygermanes and OXageIXIaCyClOpentaneS 

to the Ge=O bond, and by insertion and ring-expansion reactions 

with ethylene oxide. 
38 

(See Scheme 2). 
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2.Ie 2 C -CMe2 

‘2 
Me2 

i 5 
!4e2C=CMe 

2 
+ 

Xe2Si: 

Xe2C 

(221 - 

R;C=O 

*-~ 

t dimerisation 

>le SiHoyCR’ 
2‘ I I 2 
“;c\oI SiMe2 

scheme 1 

H 

ix2GkH2Ct120H 
2o"c _ 

/) R2Ge 
2ooc,v.slow_ R GeyoAGeR 

Raney 10 *A_.Po/ 2 

Ni l.so"c 

I 

60-80°C 

R2Ge=O + C2H4 

- R2Ge & R Ge-0 t 2 - 

1 '-d 

R2Ge 
/O 

'0 

Scheme 2 
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+ PhCHO- Et 
2 
Ge=O + 

200% 

Et2Ge 
I 3l 0 

excess 

25*c 
I I 

j-1 
Et2Ge 

\ /" 
0-Ge 

Ph\CyNMe 
> H’ ‘NMe 

120-50°C 

Et2 

Scheme 2 (cont.) 

Treatment of some germaoxazolidines and germadiazolidines with 

Cs2 or PhNCS results in the formation of analogous transient 

dialkylgermathiones, R2Ge=S, by a similar R-elimination reaction 

of the resulting adduct (23). - The same transient species may also 

be derived by the thermolysis of trimeric (R2GeSj3, and by the 

desulphuration OE the germadithiolane (24) by Bu3P, a reaction 

which probably proceeds via transient germathiacyclobutane (31. 

Characterisation of the germathiones was achieved by addition of 

Et3GeSMe. and ring expansion reactions with ethylene oxide and 

sulphide: 
39 

JY / Y-CH2---CH2 
Et2Ge e X=C=S_ 

‘\N 

Et2Ge 

\ 
\ 

S-C-N 
R’ \ 
X=S, NPh 

1 
it R' 

y=o I 

(Et2GeS)3 

NR' 

& 

(23) - 
150°c 

Et2Ge=S + X=C 

t -C2H4 

/-‘\ Bu3P 

Et2Ge\sJ - 14oOc Et2Ge t BU3PS 
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The reaction of germylenes with nhenyl azide leads to the 

formation of transient germaimines. R2Ge=NR', which undergo 

polycondensation to the corresponding cyclic or linear germazanes 

and insertion into the Ge-N bond, e.g.: 

F Ph 

F2Ge + PhN3 2ooc_ [F2Ge=N-Ph] s-- 1 
ii 

1 

-E f 

be-k 

k n 

Me GeNMe 
3 2 

F2(?Ie2M)GeNPh-Ge&Se3 

i 

2Ye3GeNMe2; -2Me3GeF 

(Me2N) 3Ge-NPh-GeXe3 

GelNMe2) 2 f PhN3 

The germaimines also participate in a pseudo-Wittig reaction with 

benzaldehyde, producinq the corresponding germoxanes via new 

germanone intermediates: 

R2Ge [R*Ge=NPh] phCrIo R Ge/'\CHPh 

* \N' 
R2=F2,Ph2,PhCl or Xe2 

t 

Ph 

; IR*GeOln ~[R*G~=oJ + PhCH=NPh 

The analogous germaphosphinimines, R*Ge=PR', are obtained by the 

exchange reaction between Xe2GeC12 and the Z,%disilaphospholane 

(26) in THF at 20°C, and underqo the same types of characterisation 

reactions.41 (See Scheme 3). 

4.2-2 Bivalent Germanium, Tin and Lead Compounds 

Continuing the trend of the last few years, the chemistry of the 

-62 oxidation state of the Group 4 metals is an area of substantial 

activity. Perhaps the most significant report to appear during 

1978 concerns the 'in vitro' biomethylation of Sn(II). 42 Methyl- 

cobalamin has been found to methylate Sn(I1) in the presence of an 

equimolecular amount of aquocobalamin under nitrogen at pH l-0 in 

l.OM NaCl to give methyltin (IV) species- No reaction was observed 
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Me2 

PhP4 + Me,GeCl_ 

L7 

/ 

2o"c 

?le Ge/"> 

2 \p" 

\Si/ L L 
\Ie 

2 

(26) 

4 
[?le2Ge==PPh] 

Ph (50%) Ph 

(20%) 
25% 

Scheme 3 

between Sn(I1) and methylcobalamin in the absence of oxidizing 

agents such as aquocohalamin or Fe(III), and catalytic amounts 

of aguocobalamin produced no significant cleavage. Significantly, 

no cleavage occurred with Sn(lV)_ 

The phase diaqram of the SnC12-SnRr2 system shows the presence 

of two reqions of solid solution (from O-35% and 45-100% SnC12), 

with a small intermediate miscibility gap in spite of the isomor- 

phism of the two compounds. No terniary compounds exist in the 

SnC12 -SnE3r2-SnI 

SnBr2 can form. 
$3 

system, but a ternary solid solution based on 

Two lead(I1) iodide bromides have been 

characterised in the Pb12-PbBr2-H20 system. One, Pb5-14Br6, may 

also be obtained by high temperature synthesis, the other, Pb512BrS, 

is only stable below 220°C at which temperature it undergoes an 

irreversible solid-state transformation. 44 The ternary tin(II) 

sulphide iodide, Sn4S16, has been prepared by annealing stoichio- 

metric amounts of Sn12 and SnS at 280°C, and has a structure based 

on that of Sn12. All four tin atoms are crystallographically 

independent: one is approximately octahedrally coordinated by six 

iodine atoms as in Sn12, the others are irregularly six- or seven- 
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coordinated by sulphur and iodine atoms. 
45 The structures of 

several other halogenometal(I1) compounds have been determined by 

X-ray crystallography and follow previously established patterns. 

Thus, hoth RhGeC13 46 and NH4SnF 47 
3 

consist of N 
+ 

cations and NX - 
3 

anions, which have typical pyramidal coordination with three 

additional longer PI-X contacts. Tin(II! enjoys the same type of 

pyramidal coordination in Sn3BrFS, which has a structure built up 
4n+ 

from layers of interconnected (Sn12F20)n macrocations and 

isolated bromide anions- 48 
However, in both Sn(NCS)F 

49 and 

Sn2IF3 5o the tin atoms are four-coordinated. The latter compound, 

obtained by adding HI to a warm aqueous solution of SnF2 and 

allowinq to cool, also has a layer structure composed of (Sn2F3),, 

layers and isolated iodide anions. Tint111 isothiocyanate 

fluoride was obtained by mixing and concentrating aqueous solutions 

of the two symmetrical compounds has a chain structure very similar 

to that of SnClF, in which the fluorine atoms bridge adjacent tin 

atoms (see Fiqure 3). Perhaps not surprisingly, the structure of 

S-C-N-. Sn -F 

2.398(6)8 \' -Sn-N-C-S 

/ / 
1.120 1.661 

*s- c N-Sn-F 

2*219(11)R b ’ Sn N C s 

Fiqure 3 Schematic representation of the chain structure 

of Sn(NCS)F. 

Sn(NCSJ2 shown in Figure 4 is very similar to that of the ortho- 

rhombic tint111 halides (the PbC12-structure), in which the tin 

atom is primarily coordinated by two nitrogen and one sulphur atoms, 

with contacts to a further six atoms. 
51 

The methylammonium salts, WeNH3SnArX13_x(x=O-3) 

(X=C1,Br,I)53 

52 and MeNH3PbX3 

have the cubic perovskite structure and are 

intensely coloured. The tin compounds possess conducting 

properties, though the lead compounds show none under normal 
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Figure 4 The structure of sn(NCS12 (reproduced by permission 

of the Chemical Society). 

conditions. Although only exhibited by tin(II) when coordinated 

by heavy liqands such as iodine and tellurium, cubic coordination 

of bivalent lead is much more common. Crystals of the complex 

[Co (enIS] 

[Pb2C19];n- 

Pb2C1, C1.3H20 are composed of cations and infinite 

anion chains formed from [PbCl6! octahedra by alternate 

sharing of vertices and edges- 
54,55 

Examination of the structure 

of molten PbCl2 by X-ray diffraction shows that each lead atom is 

surrounded by ca. - eight chlorine atoms at a distance of 2.928, 

which is close to the sum of the ionic radii of Pb 2t and Cl-. As 

an increasinq amount of lithium chloride is incorporated into the 

melt, however, the coordination at lead is lowered to six. 
56 

Tricker and Donaldson 57 have rationalised the 
119 Sn t-1e)ssbauer 

parameters of alkali metal trihalogenostannate(II) salts, MSnX3 

(q=K,Na,.Rb,Cs; X=F,Cl,Br,I), using the concept of orbital 

matching. The heats of solution of the tin(II) halides in the 

donor solvents DMSO and DMF are exothermic in the order 

Sn12 > SnBr2 > SnC12 > SnF2: the heats of solution in DMF being 

substantially greater than in DMSO for each halide. 
58 

The 

electrical conductivity of SnC12_2B20 single crystals, measured 

both with injecting and with metallic electrodes, shows two 
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contributions: a critical, frequency-dependent, behaviour around 

the phase-transition temperature, and a temperature-activated 

process, both in the disordered and the ordered phase. This 

second process causes a very large conductivity along the crystalfo- 

graphic c axis at room temperature of the order of 1O-651-1 cm-l. 

The conduction shows ohmic behaviour at low fields, but is non- 

ohmic at higher fields, and is probably protonic in nature. 59 

Halogenometal(I1) compounds are carbene analogues, and as such, 

not surprisingly, take part in insertion reactions. The germylenes 

GeC12 and EtGeCl react with allyl- and trichloromethyl-trialkyl- 

stannanes with insertion into the Sn-C bond. The resulting germyl- 

stannanes undergo subsequent c-elimination reactions yielding 

bivalent qermanium soecies carryinq an ally1 or trichloromethyl 

substituent, which rapidly polymerise but can be trapped by reaction 

with ethyl bromide: 

polymer - ClGeCH2CH=CH2 -f- R3SnC1 

EtBr/80°C 
Et 

Et?.Ig%r I 
Et3GeCH2CH=CH2 - Cl -Ge- 

dr 

CIf2CH = ctr2 

Et 

EtGeCl + R,SnCH,CH=CH,---b R,Sn- G'e -CH,CH=CH, 
J L L J 

21 
i 

Dolymer - EtGeCH2CH=CH2 

R 

GeCl + !.le3SnCC13- Me3Sn- Lx? -Cl 

R=Et,Cl 

L L 

-I- R3SnC1 

eMe3SnCl + RGeCC13 

The germylenes RGeCC13 so produced can be characterised by insertion 

into ethyl bromide followed by treatment with EtNqBr. Alkyl- 

(dichloromethyl)germylenes may also be generated by an u-elimination 

reaction from alkyl(dichloromethyl)methoxyhydrogermanes~ 60 

Insertion of tint111 and lead(II) halides into alkyl halides has 

been employed to svnthesis=alkylmetal(IV) trihalides. The 
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reaction of SnCl2 Mith ?.lcCl takes place in fused salts such as 

NaAlCl.4 and NaAlC14/KA1Clq mixtures at 365°C.61 Trimethylantimony 

catalyses the reaction of PbI2 GJith alkyl iodides at 140°C in a 

closed reactor to afford alkyllead triiodides as yellow orange 

crystalline solids with 10~~ melting points. 
62 

Insertion of 

anhydrous SnCl 2 into the Ru-Cl bond of (+) 
578 - and (-)578- 

(n-C6H6)RuC1(Me) Ph,PNHCHMePh in THF is stereoselective, and 

(+) 578 - and (-)578- (Q-C~ZI~) Ru(SnC13) (Me) [Ph2PNHCHMePh] are 

produced. The stereoselectivity is dependent on the reaction 

solvent and may be the result of overall relention or inversion 

of confiquration at the ruthenium atom, but the new complexes are 

configurationally stable in a wide variety of solvents up to 60°C.63 

cotton64,65 has studied the insertion reactions of GeC12, SnCIZ 

and SnBr2 with Fe-C o-bonds. Reaction trith (CSHS) (C0)2FeR 

(R=Ydle,Et,n-Pr, p-?IeC6Hq, PhCH2 and p-CF3C6H4) leads to complexes 

with qermanium or tin bonded to iron via a radical chain process. 

A small substituent effect is observed in all cases for the benzyl 

series, the reaction being favcured by increasing electron-donating 

ability of the oara-substituent. The msjor products of insertion 

;-lhen R=allyl(CH2C~1e=CB 

(CSH3) (C0)2FeE152(allyl?, 

or CH CH=CH2) 2 are the complexes 

but in the presence of excess metal 

halide, these slowly react to form (C5H5)(C0)2FeMX3 complexes. 

These insertion reactions are inhibited by small amounts of 

radical scavenqer, and occur initially VJith an allylic rearrangement. 

In methanol, the process is more complex, and an unknown species, 

possibly an iron-alkene dipolar intermediate, and substantial 

amounts of Fe-XX 3 compounds are formed additionally. 

Similar radical insertions of tin(I1) alkyls and amides into 

nhenvl bromide and n-butvl chloride have been studied by Lappert. 
66 

The reactions of SnR2 with PhRr (R=CM(SiXe3)2, NfSi&le3)2) and with 

ii-BuCl (R=N (SiXe3)2) 

more reactive halide 

the absence of EtBr, 

larqer proportion of 

dihalide rather than 

in benzene are catalysed by a trace of the 

EtBr. No reaction is observed in hexane in 

and when THF is employed as the solvent, a 

the product is the corresponding tin(IV) 

the l-1 insertion product, viz: 
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C6H6 
SnR2(Br)Ph + R2SnBr2 

1 

Sn [CH(SiMe3)2]2 

SnR2(Br)Ph + R2SnBr2 

3.3 : 1 

SnR2tBr)Ph 

sole product 

[ THF I SnR2(Br)Ph + R2SnBr2 

9 1 

The reactions of PhBr with Sn[CH(SiMe3)2]2 were found to be first- 

order for both the catalysed and uncatalysed reactions, but the 

rate constant for the latter was 2-3 fold higher. The principal 

pathway for the catalysis was suggested to follow the chain 

process: 

Sn R 2 + EtBr ---C .SnR2Br + Et. 

.SnR2Br + PhBr- SnR2Br2 f Ph. 

SnR2 i- Ph.--c .SnR2Ph 

Propagation 

. SnR2Ph + PhBr- SnR2(Br)Ph + Ph. 

Or, alternatively, the Ph. radical may be generated by reaction of 

PhBr with the Et. radical, and subsequently react with the tin- 

centred .SnR2Br radical to afford the insertion product. 

The effect of PbC12 and PbBr2 on the efficacy of heterogeneous 

oxidation catalysts for the control of motor vehicle exhaust 

emissions has been studied in detail. Introduction of the leadfll) 
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halides on the surface of the catalysts (Ni,Co,Mn,Cu-oxides, both 

neat and alumina-supported, as well as alumina-supported Pt) caused 

a reduction in catalytic activity. The decrease in activity is 

not due to the formation of a new, catalytically-inactive phase, 

but in the case of Xi-, Xn- and possibly Co-oxides, the poisoning 

effect could be satisfactorily accounted for by the formation of a 

monolayer of lead compound on the catalyst surface. The results 

obtained on the Co-oxide are, however, less satisfactorily explained. 

At low temperatures, PbC12 in monolayer amounts caused complete 

deactivation, but at higher temperatures considerably greater amounts 

were required to eliminate catalytic activity. Under all conditions 

a large excess of PbBr2 was required to deactivate the Co-oxide 

completely. With supported catalysts, the lead halides appeared 

to be preferentially adsorbed on the alumina support, Again, 

however, the supnorted Co-oxide catalyst behaved atypically in that 

no such preferential adsorption took place, and even sub-monolayer 

amounts of PbC12 caused the complete elimination of catalytic 

activity. 
67 

nit-h a lone oair and a vacant orbital in their valence shell, 

the qermanium(II1 and tin(II) halides can function both as Lewis 

bases and Lewis acids. With phosphines such as t-Bu3P or 

(".le2N)3P, tin(I1) chloride and bromide form stable It1 adducts, 

whose spectra were interpreted in terms of an ylidic-type of 

bonding, In THF solution or with HCl the complexes undergo 

dissociation: 

(?4e2X)3PSnC12 f nTHF e (Me2N) 3P + 

t-Bu3PSnC12 C HCl- tBu3PH+SnCl3- 

but reaction with Me3SiDRa produces 

R2PSnS: 
68 

the tin{111 phosphine, 

t-Bu3PSnX2 f R2PSiMe3e t-Bu3P + R2PSnX f Me3SiS 

The same method has also been employed in the synthesis of the 

tin(II) arsine, t-Bu2AsSnC1, from SnC12.PEt3 and t-BuZAsSiMe 
3 

at 

low temperatures. 



The physical properties or yellow crystalline t-Bu2AsSnCl 

indicate a polymeric structure with bridging t-Bu2As groups but 

terminal %-Cl bonds suggestive of a structure as in (27) - 69 A - 

complex in which the SnC12_ptBu3 unit functions as a Lewis acid 

(271 - 

may be obtained by displacing THF from the comples (OC)5WSnC12.THF 

with t-Ru 
3 
P at O°C in toluene. The resulting complex, 

(OCf5NSnC12-PBu3, is soluhle in aromatic hydrocarbons, ether and 

CH2C12.70 Substitution reactions at the Group 4 metal in such 

comnlexes can lead to the formation of complexes of metal(I1) 

compounds which cannot (as yet) be obtained directly. Thus, 

reaction of the complexes (OC)5:1.GeC12- THF (\I=Cr.W) with silyl- 

thioethers produces complexes of germanium(I1) thiolates (28): 

(OC) 
5 

M. GeCl 2.THF + 2Me3SiSR- (CIC)~YG~(SR)~ + 2Me3SiCl 

V=Cr,V! (28) +THF - 

The structure of one such complex is illustrated in Figure 5. 

The tomnlexes (28) can incorporate further base (Xe3N,C5H5N.Ph3P) - 

which coordinates to the germanium atom. 
71 

Other monomeric tin(ll) compounds also form complexes with 

transition metals. Tin(I1) diketonates displace PhCN from 

NCl2. 2PhCN (M=Pd,Pt) complexes in benzene to afford palladium(II) 

and platinum(II) comPlexesr 

SnL2 

I - PdC12.2SnL2 

L=02C7H5 

b PdC12.SnC12 

L=dibenzoylmethanate, 
benzoylacetonate 
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Figure 5. The structure of (OC)5Cr.Ge(SC6h2Mej-2,4,6)2 

(reproduced by permission from ref. 71). 

SnL2 

PtC12.2PhCN 
PtC12.2SnL2 

L=02C71f5, benzoylacetonase 

I PtC12.SnL2 

L=dibenzoylmethanate, 
hexafluoroacetylacetonate 

The stoichiometry adopted appears to be largely controlled by 

steric factors. 
72 

Tin(fI) alkoxides have heen recognised as useful synthetic 

intermediates for some time, and further details of the chemistry 

of these compounds have appeared during 1978. Tin(I1) dimethoxide 

is readily protolysed, and reaction with bifunctional hydroxy- and 

thiolato-compounds yields tin(II)-oxygen and -sulphur heterocycles 

such as (z)-(%).73 

Careful hydrolysis of Sn(OMe)2 leads to the isolation of 

Sn604(O?4e14, the first such isolated hydrolysis product, the 

adamantyl structure of which is shown in Figure 6. 
74 Wakeshima 

and his coworkers have investigated the reactions of tin(I1) 
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alkoxides with heterocumulenes such as PhNcS, cS2 
75 and EtNCO. 

76 

At room temperatures, Sn(OEt)2 and PhNCS yield both 1:l and 1:2 

adducts: 

/ 
OEt 

Sn(OEt)2 t PhNCS- Sn - PhNCS---re 
\ 

Sc(NPhCSOEt12 

NPhCSOEt 

but when the reaction is carried out at 80°C, a tin sulphide and 

diethyl-N-phenylcarhonimidate, PhN=C(OEt)2 are formed. Reaction 

of PhNCS with Sn(OCH2CH2NPle2) 2 is exothermic and yields only a 1:l 

adduct even when excess PhNCS is used. An adduct of stoichiometry 

2Sn(OC6H4Me)2. PhNCS was obtained from Sn(OC6HqMe)2, but Sn(OPhJ2 

did not react. CS2 was less reactive, and no reaction was 

observed with Sn(OPhj2 or Sn(OC6H4:.le)2, but with SnfOE:tt2 diethyl- 

thiocarbonate, diethylcarbonate and tetraethylorthocarbonate were 

produced. 
75 

The reactivity of the tin(I1) alkoxides towards EtNCO decreases 

in the order Sn(OCH2CH2NMe2)2 > bis g--(ethoxycarbonyl)phenolato tin 

z Sn(OPhj2 r bis(ethoxycarbonylacetonato)tin > bis(3-ethoxycarbonyl- 

2-nentanoato)tin > bis(l-phenylbutane-1,3-dionatojtin > bis(dibenzo- 

ylmethanatojtin. Triethylcyanurate was the main product of the 

reactions with Sn(OCH2CH2NMe2)2, bis(o-ethoxycarbonylphenolato)tin 

and Sn(OPh12 but with the other compounds both the isocyanurate and 

6-ethylimino-1,3,5-triethvlhexahydro-l,3,5-triazine-2,4-dione were 

produced. 
76 Verville 

77 
has studied the effect of organic 

compounds (polypropylene glycol, hydroxyphenylsulphonic acid, 

methanol, ethanol, formic acid) on the rate of formation of the 

lSn(II)-4Sn(IV) charqe transfer complex in acidic SnSO4 solutions 

and their stability. 

It would appear that the four-coordinated pseudo-trigonal 

bipyramidal geometry with a stereochemically active lone pair is 

much more common for bivalent tin than thought a few years ago. 

Tint111 fluoride, Sn(NCS)F, 
49 

Sn21F3, 
50 

and Sn60q(OMe)4 74 (vide 

infra) have already been observed to exhibit this type of geometry, 

which annears to be preferred when very electronegative ligands 

are bonded to tin. Other compounds which also exhibit this 

geometry are tin(SI)formate, 
78 

anion.*O 

Sn H2P04 2, 7g and the [C13snOC103]2- 

The gross structures of the materials, however, vary 

considerably. Crystals of Sn604fOMe)4 contain molecular units in 

which each oxide and methoxy qroup triply bridge the tin atoms 
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(Figure 6), but in tin(II) formate, each formate group bridges 

adjacent tin atoms leading to a two-dimensional sheet structure as 

shown in Piqure 7. Crystals of Sn[H2P04]2 are different still 

(see Figure 8)- Eere adjacent tin atoms are bridged by a single 

osycren atom from each of four different [H~Po~] groups giving 

infinite [Sn04]_chains. Crystals containing the [C13snOC103]2- 

Figure 7. The layer structure of tin(IIf formate 

(reproduced by permission of the Chemical society). 

Figure 8. The [Sn04], chains in Sn[H2P04]2 

(reproduced by permission of the Chemical Society). 
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anion were prepared from a hydrochloric acid solution of SnC12 and 

(henzenesulphinato-Slpentammine-cobalt(III) perchlorate. The 

structure of the anion is shotin in Figure 9, The Sn-0 interaction 

is fairly long f2.91(1)~), but is presumably the initial step in 

the transfer of oxyqen from perchlorate to tint111 responsible for 

the slow osidative decomposition of the coml)ound over several days 

at room temperature. 
80 

In contrast, the metal atoms in 

Fiqure 9_ View of the [C13SnOC103j2- anion 

(reproduced by permission from ref. 80). 

ii2Sn203 
81 

and K4Pb03 
82 

experience pyramidal coordination by 

oxygen. Roth compounds were obtained by heating appropriate molar 

ratios of slightly oxygen defficient $0 and SnO or PbO at high 

temperatures (ca. 500°) for 7 days. The lead derivative contains 

isolated PbO3 qroups possessing approximately C3v symmetry, 

which are ordered in a very complicated manner and connected by 

K+ cations forminq a layered structure.. K2Sn203 crystallises 

with a perovskite lattice in which half of the anions are missing 

in a regular manner again resulting in a layered structure in which 

-Sn-03 -Sn- layers are stacked parallel to the base in a rhombohedral 

sequence. The material hydrolyses immediately on exposure to air 

to give black SnO. The ternary lead oxides, M2Pb02 fM=K,Rb,Cs) 

were prepared similarly (450°C, 21 days, evacuated glass ampoule). 

and a crystallographic study of the potassium compound showed the 

presence of isolated [Pb,O,] CJ roups also arranged in a layered 

structure with pyramidal coordination of lead- 83 
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Several other mixed oxide svstems involving lead have been 

studied. New mixed valency lead oxyiodides of variable composition 

PbJ(II) ,_xPb(Iv)x0412y have been synthesised by different routes- 

Treatment of the massicot modification of PbD with iodine in water 

at room temnerature yields a brown powder consisting of crystals 

of almost colloidal dimensions of stoichiometry l<xc2 which 

anpear to have body-centred tetragonal symmetry. Better 

crystallised specimens with similar stoichiometry were obtained by 

the reaction of PbI2 and Pb304 at 5OOOC. Crystalline samples 

with a higher iodine content, e.g. Pb(IIJ2 5 Pb(IV)l 5 D4I3, 
. 

could he prepared by the reaction of PbOZ with PbIz in the 

temnerature ranqe 430~550°C. 
a4 

The phase relation of products 

obtained in the reaction between PbO and TiO 2 under hydrothermal 

conditions uo to 500°C and 500 kq cm 
-2 

for 5 hours has been 

investiqated. The yield and crystalline properties of purified 

PhTio3 denend upon the PbOzTi02 molar ratio in the raw mixtures 

as well AS the temperature. Roth PbTi03 and PbTi307 may be 

synthesised at a remarkably low temperature under hydrothermal 

conditions (cf. the iqnition process)_ Pure and well-crystallised 

PbTi03 is obtained by heat-treating above 400°C at Pb:Ti ratios 

qreater than 1.0 and dissolving the excess PbO with acetic acid. 

PbTi307 coexists occasionally with PbTi03 to some extent at Pb:Ti 

ratios less than l-0, but anpears as a sinqle phase in the 

temperature range lOO-450°C at a PbrTi ratio of 0.33. The unit 

cell volume of PbTi03 p repared at the lower temperature is 

considerably larger, suggesting a loosely packed structure. 
a5 

The structure of pure perovskite PbTi03 has been refined at -183, 

-115, 25 and 55OC by the Rietveld neutron powder profile method: 

however, no evidence could be obtained to confirm the low-temperature 

phase transition reported previously, 
86 

The same method has also 

been annlied to PbZro_9Tio 103 at various temperatures in the range 

25-300°C. Cation displacements and octahedral distortions were 

observed to decrease smoothly with increasing temperature, as 

expected for a ferroelectric material. 
87 The equilibrium diagram 

of the PbO-I'ln203 system in the temperature range 20-1200°C in air 

shows the formation OE two compounds: 

at 830°C to afford Pb3?ln6013 and PbO. 
a8 

Pb6Mn6017 
which decomposes 

The equilibrium diagram 

for the PbO-Sb203 system in air shows the formation of several 

phases: PbSb206, Pb 3txSb2'8+x (with a homogeneity range of 23-30 

mole % Sb2031, Pb4Sb209 and Pb6Sb20q- 
89 

The reactions of PbO, 
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pbO2, PbCO3 or Pb(OAc)2.3H20 with Sb203 in a 2:1 molar ratio at 

temperatures up to 700°C yield a cubic pyrochlore together with 

PbSb206. The pyrochlore contains Pb(IV), and has the approximate 

composition Pb(II), Pb(IV)O_5Sb(V1 1.5 00_75- 
After heating to 

9oo"c, rhombohedral Pb2Sb207 is formed, but there was no evidence 

for the formation of a cubic modification with the pyrochlore 

structure. 
90 

Crystalline hydrated lead(II) pertechnetate and 

perrhenate, Pb(hIOq)2. 2H20 (iLI=Ti,Re) may be prepared by treating 

PbC03 or PbO with the appropriate acid, but are extremely unstable 

in air losing all of its water of crystallisation even at room 

temnerature.'l The molybdate, K2Pb(Xo04J2, is obtained from the 

interaction of the two binary molybdates, and has a structure 

based on that of palmierite, R2Pb(SO4)2. 
92 

The thermodynamics of the dissociation of solid PbS03 into PbO 

(tetraqonal) and SO2 in the temperature range 328-375OC have been 

investigated. The enthalny and entropy of reaction were 

determined to be 33.1(1.0) kcal mole -1 and 40.9(1.5) e.u. respec- 

tively. 
53 

The structure of lead selenite, PbSeO3 has been 

reported. Each lead atom has nine contacts to oxygen, four at 

short distances (Z-53-2.67% and a further five at 2.83 - 3.05a.94 

Lead orthotellurate, Pb3Te06, has been obtained as a yellow 

crystalline solid by heating a mixture of elemental tellurium with 

PbO and Na2C03. At temperatures above 400°C, however, slok~ 

decomposition to PbTe03 and PbO occurs. 
95 The two lead atoms in 

Pb2Te30s are crystallographically non-equivalent. Both have 

highly irregular coordination; one with eight contacts to 

neighbouring oxygen atoms and the other nine within the range 

2.28(7) - 3.33(3)R? Crystals of Pb2P4012'4H20 are transformed 

into the dihydrate, Pb2P4012.2H20, by heating at 100°C. Further 

heating at 15O*C results in the formation of crystalline Pb2R3P301( 

which occludes amorphous H3P04. The structures of both products 

have been determined, and each lead atom forms eight contacts to 

oxygen. 
97,98 Static isothermal heating of 2SnHAs04.H20 yields 

first Sn20(H2AsOq)2 and then Sn2As207.9g 

The cyclopentadienyl derivatives of bivalent germanium, tin and 

lead have been the subject of detailed examination over the past 

few years. Nevertheless, in 1978 several new types of reaction 

of these compounds were reoorted. Photolysis of (C5H5)2Sn yields 

the C5H5- radical (e-s-r.) and a yellow solid separates from 

solution, presumably the ultimate product resulting from the 
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inferred other product, the %(I) CSHSSn- radical. 100 
NO 

reactions involving substitution on the cyclopentadienyl ring have 

as yet been reported, However, refluxing a mixture of (CSH512Sn 

with Me3SnPJEt2 in benzene for six hours yields (Me3SnC5H4)2Sn as 

an extremely oxygen and moisture sensitive, slightly yellowish- 

qreen oily liquid. Substantial amounts of (Me Sn)2C5114 and 

(Me3Sn)3C5H3 were also formed in the reaction. 131 

The lack of any substantial ring-substitution chemistry is most 

nrobably a consequence of the facile protolysis of the Sn(II)- 

CSHS bond, and many such reactions, 

to give SnCW(CSHS) (CO)3]2, 

including that with IJ(CSHS) (CO) 

have been reported previously. 

Treatment of (C5H5)2Sn with a three mole excess of ?40(C5H5) (C0J3H 

leads to the formation of HSn [:VIo(C5H5) (C0)3]2f37), presumably by 

an initial protolysis reaction affording Sn[?50(C51t5)(CO)3]2 as an 

intermediate which subsequently inserts into the MO-II bond of a 

further molecule of Mo(CSHS) (C0)3H. Treatment of (37) with - 
chloroalkanes converts it into ClSn[>lo (C5H5) (CO)3!3, whilst 

reaction with HC1 and acetic acid produce X2Sn[%o;C5H5) (CO)3]2 

(X=Cl,0Ac).lo2 As had heen recoqnised previously, the 'H and 
13 

C n-m-r. data for (IIeC5fIq)2Y (M=Ge,Sn,Pb) confirm a skew 

sandwich structure for all three. 3.03 
The photoelectron spectra 

of (CSH5)2Y (M=Sn,Pb) have been interpreted in light of their 

structures. The results do not support the separation of 

covalent centrally-bonded metal cyclopentadienyls into n-bonded 

and u-bonded classes. Rather, the evidence suggests that 

si-bondinq of some type is essential for the formation of the 

centrally-bonded structure, and when this is not possible or 

effective, the peripherally-bonded structure is adopted. 104 

From a comparison of infrared data with other Group 2 metal- 

Fe(C014 derivatives, PbFe(CO)4 is associated in the solid-state. 105 

The structure of GeS, nreviouslv determined by Zachariasen in 

1932, has been reinvestigated. The germanium atoms are each 

pyramidally coordinated by three sulphur atoms in a layer structure 

parallel to the [loo] plane-lo6 Lanthanum and cerium thiogerman- 

ates(I1) and thiostannates(II), >12+%'S4 (N=Ln,Ce; M'=Ge,Sn), are 

obtained as red-brown, isostructural solids on heating a mixture 

of La2S3, C2S3 and M'S at temperatures around 600°C. 
107 

The 

kinetics of growth of oxide films on the 100 face of a PbS single 

crystal are initially linear but subsequently follow a parabolic 

rate law, Lanarkite Pb0.PbS04 and PbSOq were detected in the 

product films. 
108 
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veith109-lll has nublished details of the chemistry of 1,2,3,4x2- 

diazasilastannetidines. Whether these compounds exist as a 

monomer (38)or as a Lewis acid-Lewis base dimer (39) depends on the - - 

(38) 

iMe 

(391 - 

nature of the organic substituent on nitrogen. At room temperature 

when R=t-Bu the compound exists as a red monomeric liquid, but on 

coolinq below O°C two crystalline modifications are found. The 

monoclinic chase contains both monomeric and dimeric units, whilst 

the other triclinic phase oresumably only contains dimers. When 

R=i-Pr, only dimeric units are present in both solid and liquid 

phases. The intermolecular association may also be broken down 

by the addition of oyridine: 
109,110 

2 

i-br 

Oxidation of (38)(R=t-Bu) with oxygen at -78OC in pentane or ether - 
yields the Spiro-tetraazastannane (s), but with sulphur in 

benzene the dispiro(3,3,3]d istannadisulphadisilatetrazane (41) - 

is produced. This latter compound may react further with the 

R R R R 

(40) - (41) - 
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starting stannylene (38) (36h at 130°C) to yield (401 and SnS, a - - 

reaction for which an activation energy of 48.6 kJ mol -1 was 

determined. Compound (38) also reacts with SnC14 in 2:l. or 1:l - 

molar ratio in benzene to afford the Spiro-tetraazastannane (401 - 
and the diazadichlorostannane (Gf, respectively. Again, further 

reaction with (38) may take place giving (40). 
111 

The reaction - 

Me Ne 

(42) - 

of (41) and (38) in the presence of moisture yields a product of - - 

stoichiometry Ne3Si(Mt-Bu)2Sn.Sn0.SnC12. The structure of this 

compound is dominated by a [SnC12] ribbon to which [Ne2Si(t-BuN)2Sn20] 

cage units are connected via the oxyqen atom acting as an electron 

donor. The "molecular" unit is shown schematically in (42t_ The - 

cage mav be understood as a reqular [N2Sn2] tetrahedron (Sn-N, 

2.312) bridged by a [%a2Si] g roup across the N-N edge and by an 

oxyqen atom across the apposite Sn-Sn edge (Sn-0, 2.092). 
112 

The products of reaction of SnCl2 and Sn(NCS)2 with 18-crown-6 

have been formulated in terms of a cationic moiety SnX* (X=Cl,NCS) 

bonded to the crown ether and anionic Snx3- on the basis of tin- 

119 HBssbauer data. In contrast, the product from 18-crown-6 and 

Sn(C104)2. 3H20 contains only one type of tin atom. 113 The rates 

of complexation and decomnlexation of 15-crown-5 and l&-crown-6 

complexes of Pb2* have been determined from ultrasonic adsorption 

measurements over the 15-205 hUiz frequency range at 25OC. The 

data obtained could be fitted to a two-step mechanism, in which 

loss of coordinated water from the ions was proposed as the rate- 

determining step. 
114 
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The kinetics of renlacement of cyclic polyethers (Y) by the Cyclic 

tetraamine (CH2CH2NH)4 (=L) for Pb 
2-J- 

in acetate buffer solutions 

have heen measured- The formation of PbL *+ is first-order in [L] 

~P~(OAC>~], and in [PbY2*], and the relative rates of replacement 

of Y by L are approximately inversely proportional to the relative 

stabilities of the PbY 
2+ 

complexes, with la-crown-6 being replaced 

most slowly. 
115 

The reaction of dioxocyclouentakis(l-iminoisoinoisoindolinato)uraniu~(VI) 

with SnC12 and PbfOAcJ2 results in a ring-contraction: 
116 

Hesaqonal bipyramidal lead(I1) complexes of the hexaimine macro- 

c~~lic ligand (43) (=L3) are obtained by the reaction of 2,6- - 
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diacetylpyridine and 1,2-diaminoethane in the presence of 

Pb(NCS)2 or Pb(C104)2. Metathesis with the perchlorate COmpleX 

yields PbL3(NCS12 _ Preliminary structural data for PbL3(NCS)2 

shows the lead atom to be 8-coordinated, with the six nitrogen 

atoms of the macrocycle defining the equatorial qirdle and the NCS 

qrouns, one nitrogen-bonded the other sulphur-bonded, occupying 

the two axial sites. The macrocycle is distorted significantly 

from planarity. 
117 

4.2.3 Hvdrides 

Silane decomposition in a single Pulse shock tube at 1200-1300K 

takes via an initial molecular hydrogen elimination reaction 

(SiH4-9 SiH 
2 + H2), rather than via the bond fission process 

(SiH4-C .SiH3 f H.) _ The results for SiD4 pyrolysis in the 

presence of excess toluene show conclusively that the deuterium 

atoms generated in SiD4 decomposition under shock conditions arise 

from the fast dissociation of SiD2. 
118 The reactions of SiH4 with 

regulated amounts of zeolitic water in zeolite Na-Y and in Na- 

mordenite have been studied- Between 60 and 200°C, the reaction 

proceeds more readily in the three-dimensional channel system of 

zeolite Y than in the one-dimensional channels of mordenite. 

The reaction products are not displaced by outgassing at 360°C, 

and are probably low molecular +reight condensation polymeric 

molecules. 119 Ab initio Hartree-Pock M-0. calculations have been - 

carried out on SiH4, SiH3F, SiH2F2 
120 

and Si2H6- 
121 

Adding 

silicon 3d functions to the basis set does not substantially 

alter the combined s and p electronic populations for the first 

three molecules. 
120 

The barrier to internal rotation in 

Si2H6 has been predicted to be 2.317 kJ mole 
-1 121 

. 

The alkynylsilanes and -qermanes, H(D)3SiCfCCl, H3SiC3CF3r, 

H3GeCICC1, and H3MCZCMH3 (?-I=Si and Ge) are obtained by the 

reaction of silyl or germyl halides with LiCaCCl, Li2C2 or 

NaCZX3r_122 Small amounts of BC13 catalyse the reaction of 

benzene and C13SiH at 300-350°C to give PhSiCl3 and H2. The 

proposed mechanism involves the intermediacy of boron hydride and 

boron phenyl species. 
123 

2-Germa-acetic acid decomposes in 

dilute acetic acid to yield carbon monoxide, an orange-yellow 

solid of approximate composition GeHo 6, and small amounts of _ 
germane. In strongly acidic solution, however, carbon monoxide 

is evolved quantitatively, and no solid hydride or germane forms: 
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rather the solution contains the GeH3 f (or GeH3(0H2)+) cation. 

It would appear, therefore, that the germyl cation is not stable 

in less acidic solution forming qermylene, GeH2, which disprcpor- 

tionates,124 

Comoleses of several transition metals, principally rhodium, 

cobalt and nickel, are active hydrosilylation catalysts. 

Phosphine complexes of nickel, ruthenium rhodium, palladium and 

platinum ((Ph3P)3RhCl) is the most effective and convenient) 

catalyse the hydrosilylation of 1-hexene by C12SiH2 to give n- 

hexyldichlorosifane exclusively. 
125 (Ph3P)3RhCl also catalyses 

the reactions of hex-1-yne 
126 

and benzylidene aniline 
127 

with 

Et3Si.H. The reaction with hex-1-yne affords cis- and trans-n- 

BuCiI=CIISiEt3 as the major products, the former product being 

favoured by a decrease in catalyst concentration, increase in 

temperature, or increase in the silane/alkyne ratio. The trans 

product isomerises on treatment with the catalyst, but only in 

the presence of silane. 
126 

The silyl-rhodium complex, (Ph3P)2- 

(Et3Si)Rh(II)Cl, is orobahly the active intermediate in such 

h+rosilylations. 

The hydrosilylation of a multitude of alkenes R'-CH=CH2 

(R'=C3F7-C10H21, Ph, SiMe3, CR2 NrIe2, CH2N[Si(OEt)3]2) and 

cyclopentadiene with a variety of silanes HSiRiX3_n (n=1,2; 

R"=Xe,Et; X=Cl; n=O, X=Cl, OEt) in the presence of catalytic 

amounts of CO,(CO)S and Rhq(CO)12 have been described. 

Al!cylchloro(ethoxy)silanes and cyclopentenylchloro~ethoxylalkyl- 

silanes are obtained in quantitative yields after reaction times 

varying from 0.5 to several hours depending on the nature of the 

metal carhonyl, alkene structure, and reaction temperature. 

Hydrosilvtion of vinyl- and isopropenyl-0-carboranes occurs at 

20-30°C over 2-3 days to qive only 20-35% yields of the corres- 

pondinq silanes. 128 Hydrosilylation of alkenes by Ne2SiH2 

catalysed by the system Ni(acac)2-A1R 3-PPh3 involves only one of 

the Si- t1 bonds to afford dimethylorganylsilanes. 
129 

Cobaltacyclo- 

pentadiene complexes react with Et3SiH to give diene complexes or 

uncomplexed, highly substituted butadienes, e.g. 
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When this reaction is carried out at 120°C, (44) is obtained.130 - 

(44) - 

Chlorinated hydrocarbons such as CC14, CC13Cti3, and 1,X,1,3- 

tetrachlosoalkanes are selectively reduced by silanes to give 

CIiC13, l,l-dichloroethane, and 1,1,3-trichloroalkanes, respectively, 

in hiqh yields in the presence of catalytic amounts of ruthenium(II1 

comalexes. The catalysis is rationalised on the basis of 

successive oxidative-addition, reductive-elimination, and hydrogen- 

haloqen exchanqe on the phosohine-ruthenium complex. 131 

The alcoholysis of the Si-H bond is heterogeneously catalysed by 

alkali metal salts such as KF, CsF, KNCS, or potassium or caesium 

carboxylates. The reaction is highly selective, and by choice of 

conditions it is possible to prepare mono-, di- or tri-alkoxysilanes 

by chanqing the salt catalyst or the temperature and/or the [silane] 

/[alcohol] ratio. The proposed mechanism of the catalysis involves 

the coordination of the salt anions to the silane, causing delocal- 

isation of the Si-H electron pair, and the reaction then takes 

place by nucleoohilic attack of the alcohol molecule at the silicon 

atom.132 The role of the solvent in the alkali catalysed hydrolysis 

of 3- [(2-methoxy)ethoxy]-pronyldimethylsilane has been investigated 

kinetically in dioxane/water varyinq the solvent composition. 

Statistical analysis of the kinetic data indicated that approxi- 

mately three molecules of water are involved in the rate-determining 

step in a transition state such as (45).133 - 

r 
I I f 
HO Si_-_-__- H--_-----H----_-OH 

J 
HOH 

(45) - 



Trimethyltin hydride cleaves the Y-E band of RnEM(CO)S (M=Mn,Re; 

E=P,As; R=CF3,nf2) and IRe(CO)S to aff0rd the corresponding 

trimet+ltin derivative and HN(CO)5.134 

4.2.4 Connounds with Four Wztal-Carbon Bonds 

Purely organometallic compounds are beyond the scope of the 

nresent article, 1iowever, certain aspects are worthy of note 

here, The structure of tetravinyltin in the gas phase has been 

stucZied by electron diffraction. The preferred model (of S4 

symmetry) predicts that all four vinyl groups are intermediate 

between the staggered and eclipsed conformations. 135 The 

proximity of a bulky iodine atom in Ph3SnCH21 has a negligable 

effect on the stereochemistry at tin, although 119 Sn n-m-r. data 

show that some perturbation of electronZc distribution occurs. 
136 

The crystal structures of C,C '-bisftrimethylstann_vT)-B-fB-ftri- 

methylsilyl~-methyl~-m-carbarAne137 and 1,1,6,6,-tetraphenyl-1,6- 

distannacyclodecane 13' have also been reported. The latter has 

a 'boat-chair-boat' type conformation in the solid, but in 

solution at room temperature underqoes ranid interconversion 

between the possible conformers ( 
13 

C and 119 
1 

Sn n.m.r.1. 

H and 13 
C n.m.r. studies have established unequivocally that 

the metallotropic rearranqements of cyclonona-2,4,6,8_tetraenyl- 

trimethylstannane 
139 

proceed by successive [1,5] migrations and 

of cyclohegta-2,4,6-trienyltrirnethylstannane 14' by either [1,4] 

or [1,5] migrations, rather than [1,2] shifts. Similarly, 

cyclohepta-1,3-dienyltriphenylstannannae undergoes [I.,!?] shifts. 

It is therefore quite probable that rearrangements in cyclopentan- 

dienlrl- and indenyftin compounds also proceed by f1,5] shifts, 

contrary to previous suqqestions. 
140 

The Mdssbauer spectrum of 

ft-?ejSnf2CN2 exhibits a guadrupole splitting of l.Omm s-1 

indicating a strongly deshielded tin atom. N-m-r. data flH, 

13C 15N and '1' I Sn) reveal a regular distribution of enhanced 

electron density along the CNN moiety, and force c0nstant calcu- 

latians indicate a decrease of bond order in the N-N bonding and 

an increase in the N-C bonding- 
141 

Convenient, high yield syntheses of perfluoromethyl derivatives 

of the heavier Group 4 metals are still elusive. Although 

several new routes have been investiqated, none is satisfactory. 

Controlled, low-temperature direct fluorination of Me4Sn does 

yield partially fluorinated derivatives, but Sn-C bond cleavage 
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occurs as well. 
142 

Bis(trifluoromethyl)mercury is a useful CF3 

group source, and underqoes group exchange with a number of 

germanium, tin and lead compounds. Exchange with GeBr4 and 

GeI4 yields all the perfluoromethyl derivatives (CF3fnGeX4_n 

(n=l-4; X=Br,I) but only mono- and bis-tin derivatives can be 

prepared using SnBr4. 
143 

Exchange of one CF3 group for one 

methyl group occurs for Me4Sn, Me3SnCF3 and Ne4Pb, but product 

yields are low_ %etal-metal bond cleavage With formation of 

"le3SnCF 3 occurs with 2dle6Sn2, but no analogous reaction takes 

place with Me6Si2 or the hexaphenyl derivatives Ph6M2 (M=Ge,Sn, 

Pb) 144 . 

The thermolysis of Me4Si in a culsed stirred-flow system takes 

place by different mechanisms above and below 95OK- .i\t higher 

temneratures, decomposition occurs via a non-chain process with 

homolytic Si-C bond fission as the rate-determining step 

(D (Xe3Si-Ne) = 355 4 6 kJ mole -11 . In contrast, the kinetic data 

at lower temperatures indicate a short chain sequence. 
145 

The 

pyrolysis of dialiyldiorganosilanes at ca. 700°C provides a - 

simple cne-step synthesis of silacyclobutenes, possibly via a 

retroene-type mechanism: 
146 

C3H6 
c [CHZ= CBCH= SiRt] 

c 

cyclic and acyclic alkenyl derivatives of tin continue 110 

provoke interest. The type of product obtained from the 

reaction of diorganodialkynylstannanes and triorganoboranes 

depends upon the organic subsituents on each. Reaction of 

qe2SnfCXR'f2 fR'=t-Bu, SiMe3) With BNe3 or BEt3 affords the 

1-stannacyclo pentadienes (461, which are also obtained by 

stepwise synthesis: 
147 - 



Me2Sn(CXQ') Me2BrSn-CXMe + BBt3 

\ 

Me Et 

BR3 
hexane/80°C / 

>c=c\sEc 
Me2Sn 2 

R' 
\fR 

/ "4 A$... 

Me2sn\C=C 

R/ 'BR' 

(46) - 

With less bulky organic substituents on the alkynyl groups, six- 

membered l-stanna-4-horacyclohexadienes (47) or 2,5-biscdialkyl- - 

boryl)-l-stannacyclopent-3-enes (48) are produced dependingl;;on 

the ratio of starting compounds, R and R', and the solvent. 

R2*Sn(CXMe)2 f RR3 

R=Et,iPr; R'=Ye,Et 

R'Sn(CXMe)2 + BR3 

R,R'=?Ie,Et 

hexane, 

hexane 

/ 
R-B 

CS’, 
\ CzC/SnR*2 

R' 'Me 

R2B\ NMe R 

Rs2Sn AClc/ 

\C_! 

9 B"Me 'Me 
'2 

(48) - 

The reaction of Et3B with Me3Sn-CZR compounds produces high 

yields of substituted allenes: 
149 
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Me3Sn-CzC-R -r- Et3B e [Et$-CSC-R &Me31 

Et2B 

AC-/Et 

\r, 

II \\ Me3SnCCR 

Et2B\C_C,sn'1e3 

?le3Sn-C 
YR 

- 

i 
Et' 'R 

SnMe3 

\ 
Me3Sn 

\ 
Et 

c=c====c 

R' 
(,LB,Et2 

SnMe3 

Addition of Xe3SnH to 1,4-nentadiyne yields both mono-(eland di- 

(SO) addition products, but with R2SnR2 (R=Me,Bu) the cyclostanna- - 

hexadienes (51) are obtained. - 

?le3Sn,C=C,R 

H' ' CH2-CZCH 

(49) - (51) - 

Alkyllithium reagents cleave the endocyclic Sn-C bonds of (51) 

yieldinq lithium reaqents of the type (521, 
150 

but with lithium 

amides (53) is produced. 
151 

- 

Li+ 

Bu Bu 

(52) (53) - - 

The prewaration of trans-1,2_dilithioethylene by the action of 

2 moles of BuLi on trans-1,2-(tributylstannyljethylene is not 

possible since only one Bu3Sn is cleaved. Such reagents can, 

however, be obtained by a stepwise procedure, e.g. the successive 

treatment of trans-Bu3SnCH=CHSnBu3 with molar equivalents of BuLi, 

Ne3SiC1, 
152 

BuLi and acetone produces trans-Me3SiCH=CHCMe20H in 63% 

yield. 
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The rate of acid cleavage of allyltin compounds decreases 

markedly upon the introduction of vinyl substituents at tin. 

Simultaneously, the entropy of activation increases, suggesting 

a progressive decrease in solvation of the transition state. 
153 

Bultan has continued his studie s of the chemistry of small-ring 

monostannacycloal!canes. Halodemetallation (with Clz, Br2, 12) 

and transalkylation (with Fle4_nSnC1n, GeC14, HgC12) reactions 

with l,l-dimethyl-I.-stannacyclonentane wroceed exclusively by 

rinq cleavaqe. rather than by demethylation, indicating substantial 

rinq strain, producinq unsymmetrical compounds such as 

>1e2C1Sn(CH2)4SnClnYe3_n (n=l-3), Ye2ClSn(CH2)4M (M=GeC13, HgCl). 

Reactions of the correspondinq sis- and seven-membered ring 

systems with iodine likewise proceed by preferential cleavage of 

the endo-cyclic Sn-C bond, with an order of reactivity: (CH2)4Sn' 

(CH2)5Sn>(CH2)6Sn>SnYe. With tin and mercury halides, however, 

the order of reactivity is: (CH2)4Sn>MeSn>(CH2)5Sn'(CH2)6Sn.154 

As with the corresponding P-sulnhides, the reactions of 

Ph3SnCIf2CH2NXe2 with electrophilic reagents proceed in two 

distinct ways: fi) Sn-Ph hond cleavage (with HqCl2, Br2 and I,), 

and (ii.) formation of Ph3SnX, CH2=CH2 and EWle2 (with p-MeC6H4S02-Cl, 

o-N02C6H4S-C1, ;.IeCOCl and Ye-1 (E-X) ), each electrophile reacting 

nredominantly, if not exclusively, via one of these reactions. 
155 

Amido-methyl derivatives of silicon, qermanium and tin such as 

Ph,"$cF13COi\iEt 2 (+l=Si,Ge,Sn) and ClPh2SnCH2CONEt2 have been obtained 

us&q the zinc reagent BrZnCH2CONEt2. 156 The reaction of the 

2-netalla-1,3-dithiones (54) with Fe2(CO)9 yield the tetracarbonyl- 

iron complexes (55). 
157 - 

- 

n 
“\/” 

?IYe 
3 

+ Fe2(COlg - + Fe(C0)5 

(54) (55) - 

4-2.5 Compounds with Wetal-Haloqen Bonds 

A method of preparing high purity SnBr 
158 

(levels of Mg,Al.Fe,Cu, 

Pb and Sb <lO 
-4 

%) has been described. Group exchange between 

SnZl 4 and Et2Pr2Sn at 200°C qives EtPrSnC12 in high yield (85%). 
159 

The phase diagram of the binary Sn-Cl system is very similar to the 

Sn-Rr and Sn-I systems, showinq the formation of only two compounds, 
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SnC12 and SnCl4. 
160 

The reaction of SiF4(g) and Si(c) has been 

studied by effusion mass spectroscopy in the temperature range 

1590-1782K, yield values of dHf(298) of -5.8(5), -140.6(3) and 

-259.3(5) kcal mol -1 

SiF3(q).161 

, respectively, for SiF(q), SiF2(gf and 

First-order reaction kinetics have been observed for 

the reactions of SiCl4, SiBr4 and GeC14 with a large excess of 

oxyqen. 
162 

As in previous years, there have been many studies involving 

complexes of (orqano)metal(IV) halides. SiC14 and GeC14, like 

CC14' absorb heat when mixed with acrylonitrile, and the resultant 

mixtures have vapour pressures in excess of those predicted from 

Faoult's law. With SnC14, crystalline SnC14. 2CH2CHCN is obtained. 
163 

The thermal dissociation of the adducts, SiF 4.2Am (Am=aniline, 

p-toluidine, p-anisidine, p-phenetidine, p-chloro- or p-bromoaniline) 

into their components are first order with activation energies in 

the ranqe 17-19 kcals mol 
-1 164 

_ SnC14 and HCl have been found to 

react with l,l-diphenylpropene to give a small equilibrium amount 

of the diphenylethylcarhonium ion (with SnC15- as the gegenion). I.65 

19 F n.m,r- spectroscopy has been employed to study ligand 

distrihution in the GeF6 
2- 

- ZleCN system. lYixed anions 

such as GeF5(XCSj2- 

- Ge(NCS)4 

and a- and trans-GeF4(NCS)22- are observed, 

but with a large excess of Ge(NCS)4, neither these species nor 

GeF62- are present, 

GeF2(NCS14*- 

and G- and trans-GeF3(NCS)3'- and cis- _ 

are formed instead. 
166 

The anisotropic e.p.r- 

spectra detected in powdered samples of BaGeF6, K2SnF6 and BaPbF6 

at 30K under v-irradiation have been assigned to the hexafluoride 

%F63- anion radicals. 167 Vibrational anisotropy of the tin atom 

in NiSnF6. 6Ff20 has been studied by YBssbauer spectroscopy. 
168 

The same technique, alons with 1 H and lgF n-m-r. second moment 

data, have demonstrated the occurrence of a phase transition in 

[(NH~)~C]~S~F~ at ca. 165K.16' K2SnC16 is known to undergo two 

phase transitions at 261 and 255K. At room temperature (280K) 

the material has the cubic K2PtC16 structure, but is tetragonal at 

265K and monoclinic at 190K. The structural changes involve 

mainly two successive rotations of the SnCl6 octahedra: (i) an 

alternating rotation about [lOOI in layers perpendicular to the 

c axis, and (ii) an in-phase rotation around [1iO].170 Solid 

phases such as Sb2SnF6. 4HOAc and (NH4J2SnF6.nHOAc (n=2,4) have 

been isolated from solutions of the salts in acetic acid at 250C.171 
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Stable 1:l adducts, thought to be of the type tHMPA+SiMe3 ]+ X-, 

have been isolated from the interaction of HMPA with halogenosil- 

anes, Ye3Si.X (X=Br,I)_ Conductometric studies show that the 

eauilibrium for the formation of these adducts in CH2C12 lies well 

over to the adduct for X=Br or I, but for X=Cl the equilibrium 

lies close to the reactants. 172 Organosilicon isocyanates show 

no evidence of Lewis acidity, but the isothiocyanates, RnSi(NCS)q_n 

(O<n<3) react with (4-n) molecules of Lewis bases giving adducts 

of hiqh stability. Enthalpy data for the formation of adducts 

of various bases with Ye3SiNCS, ?*1e2Si(NCS)2 and Si(NCS)4 in EIeCN 

solution suqqest that the sulphur atoms behave as the Lewis acid 

centres. Si(rJCS)4 forms an adduct with five molecules of 

nvridine-?Z-oxide; - - the first four molecules probably coordinating 

tG the four sulnhur atoms and the fifth to the silicon. 173 

Kriegsmann 
174 et al have estimated the strength of the intramolecular -- 

interactions in Me3MF (M=C,Si,Ge,Sn) compounds (from vibrational 

data). Chemical shift and coupling constant data have been 

reported for \Ie3SnBr, Me2SnRr2 and Ye2SnI2 in 29 different organic 

solvents. Strong donors (based on coupling constant data) were 

found to be: DMSOzDMF%fcrmamide>pyridine%EtOH%2-picoline, whilst 

moderate donors were: acetoneGleCN>THF%2,4.6-trimethylpyridine> 

1,4-dioxane%toluidine>PhNO2%Et20- 175 
The crystal structures of 

several orqanotin complexes have been determined. Me3SnC1.HMPA 

is a neutral comolex with trigonal bipyramidal coordination, but 

the corresnondiny bromide is an ionic compagd with [Me3Sn(HMPA)2]+ 

and ["Ie3SnBr21- ions of the same geometry. The Sn-Cl bond 

distances in the [Ph3SnC12?- anion are the same 2.58(l) and 

2.60(1)8 , but are different in the [Bu3SnC121- anion 2.573(7) 

and 2.689(6)2 -l77 Ph2SnC12 forms 1:l adducts with both 

benzthiazole and 2,aminobenzthiazole, for which ?Ibssbauer 

quadrupole splitting data suqgest trigonal bioyramidal and 

distorted octahedral geometries, respectively. The structure of 

the former compound has been confirmed by an X-ray study. Both 

phenyl groups occupy eguatorial sites, with the remaining equatorial 

site and one axial site occupied by the two chlorines (see Figure 

1o).l78 The complexes, MenSnX4_,-2HMPA (n=O-2; X=Cl,Br) are all 

octahedral and centrosynunetric with trans donor molecules (and 

methyl groups) - 
179,180 

The structure of Me2SnBr2.2DMS0 is similar, 

but in t4e2SnC12 *2DMF the DMF molecules are mutually cis. 
180,181 

In MeSnC13.2DMF, the donor qroups are again cis, and the methyl 
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Fiqure 10. The structure of Ph2SnC12-benzthiazole 

(reproduced from ref. 178). 

qroup is randomly averaqed. XeSnBr3 -2DI4F has a trigonal bipyra- 

midally coordinated tin. 
182 

The adducts, RSnC13_pyz (R=;Me,Bu, 

Oct,Ph: pyz=pyrazine), are polymeric compounds in which the 

ligand acts as a bridqing bis-monodentate group to adjacent six- 

coordinated tin atoms. The three chlorine atoms were deduced 

to be in meridional positions. 
183 The complexes (56) have been - 

synthesised by the reaction of Me2Sn(Y2CNEt2)2 (Y=S,Se) compounds 

with e,w-dibromoalkanes. The complexes react with Li + TCNQ- to 

afford the corresponding TCiUCl- salts.l84 

Me2SnBr3- 

(56) - 
Organotin(IV) chlorides of coordination number greater than four 

through intermolecular coordination of a donor function remote in 

the organic ligand have received considerable attention. 8- 

carbonylethyltin chlorides are obtained in high yields by the 

reaction of a carbonvl-activated alkene, HCl, and either tin(II) 

chloride or metallic tin. When SnCl 2 is employed, the five- 

coordinate monoalkyltin trichlorides (57) are produced, but the - 



I.84 

major products startinq from tin metal are the corresponding 

dialkyltin dichlorides (58).185 - 
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Although the synthetic procedure is 

(581 - 

exceedingly simple, the 

mechanisms by which the products are formed are not totalfy Clear. 

The initial suqgestion that the reactions proceed via the formation 

of chlorostannane intermediates such as HSnCl3, which has been 

reported to be formed as an etherate when HCl is passed through a 

saspenslon of SK12 in ether, and their subsequent addition to 

the alkene appear to have no foundation. Rather, the composition 

of the pale veflow oily phase which separates out in the SnC12- 

Htl-ether system has since been shown to be principally the 

tetrachlorostannate(II1 species, H2SnC14.2Et20, with only small 

amounts of HSnCl3.Et20. 
18fi 

A similar viscous yellow oily phase 

of composition H2SnRr 4.3Et20 (59) is obtained in the corresponding 

SnBr2 -HEW-Et20 system. By the addition of pyridine lpyf or 

aniline fan) to (581, other adducts such as HSnBr3.2an, HSnBr3.3py, 

H2SnBr4. 2an and H2SnRr4. 2py may be produced. la7 The protons in 

these species are highly acidic, and the preferred mechanism for 

the formation of (57) has been rationalised Tn terms of a 1.4- - 
addition involving initial protonation of the carbonyl oxygen atom 

of the carbonyl-stabilised alkene: 

+ 
)c=c-c=o _H - [ -OH 

I I 
;&& &+= 

I I I F 1 

f 

I i * 
-SnCl3 (Or f 

2- 
SnCl4; -Cl-l 

C13s”-&CF-C=* 
I I 

Z Cl3Sn-d-C=C-OH 
I I I 

It is also unlikely that the reactions involving tin metal proceed 

via such species as H2SnC12 or IiSnCl, Since the reaction of tin 

metal and RCl in ether yields the identical H2SnCl.4.2Et20 phase 
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as does SK12 under the same conditions, and in addition tin metal 

promotes the disoroportionation of monoorqanotin trichlorides to 

the corresponding diorganotin dichlorides, it would ap;>ear that 

the reaction 5Jith tin metal follows a similar course to that for 

SnC12 alOn@, with a subsequent disnroportionation of the organotin 

trichloride initially produced. 
186 

Triorqanotin halides with an intramolecularly coordinated 

amino-substituted aryl qroup are ohtained by the reaction of 

diornanotin dihalides with aryl-lithium, aryl-copper, or aryl- 

gold lithium intermediates- This method has been employed to 

synthesise the chiral triorqanotin bromide (e), PJhOsel;~SOIUte 

confiauration was determined by S-ray crystallography, and also 

the ionic hromides (61). 
I.89 

- The dimethyltin compound (a;R=I\Ie) 

is completely dissociated in FJater. N.m.r. data show that the 

cation has the triqonal binyramidal qeometry in tJhich the nitrogen 

atoms occupy axial sites. Dynamic n.m.r. spectra of the corres- 

oonding methyl-phenyltin compound show that above -9OOC rate- 

determininq sn-N bond dissociation occurs, and t!lat above 5OC 

a second process involvinq rate-determininq rotation of the 

substituted aryl group around the fN2JC-Sn hond begins. 
189 

Idew 

chiral halogen-tin derivatives, methylnropylfluorenyltin and 

propylphenylfluorenyltin chlorides and iodides, have been 

synthesised by Lequan et al., and have the lowest rate of -- 

intermolecular exchanqe yet observed for organotin halides. 
190 

Br 

(60) - (61) - 

Br- 

4.2.6 Oxides 

The major areas of interest here concern investigations of the 

neat and modified metal (IV) oxides themselves, principally 

adsorption and chemisarption studies, and the natural and 

synthetic silicate and qermanate minerals. 
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An ab initio SCF calculation has predicted a 1z+ electronic -- 
ground state and Dmh symmetry for molecular SiO2, 

P91 which may 

be matrix-isolate d by condensing evaporated SiO and atomic 

oxyqen generated by microwave excitation. Force constant data 

for matrix isolated SiO and SiO2 are very similar, indicating no 

further increase in bond order in the two-atom soecies (cf. CO - 

and C02).lg2 The rutile modification of GeO2 has been obtained 

by using the chemical transport method with chlorine as the 

transnortinq agent and deposition temperatures lower than 900°. 

The colour of the columnar crystals varied from yellow to amber. 
193 

Chemisorntion on to silica from the gas phase has been studied 

for some time, and present investigations in this area are largely 

concerned with silica-supported metal catalyst systems, but their 

large volume precludes coverage here. Of interest, however, is 

a comnarative study of nitroqen (at 78K) and water vapour (at 273- 

298K) adsorption isotherms with precipitated silica, a flame 

hydrolysec? product (cabosil), and with cabosil the surface of 

which had heen modified by treatment with Me3SiC1 to give a 

surface covered with hydrophobic Si-OSiNe3 groups. For 

relatively mild outgassinq conditions (e-g- 373-423K1, cabosil 

and precipitated silica gave water isotherms of BET type II, and 

isosteric enthalpies of adsorption were consistent with a physi- 

sorption mechanism with hydrogen-bonding to surface hydroxyl 

Srou"s_ Following the completion of an isotherm, evacuation at 

298x invariably left some residual water on the sample- Most of 

the hydrogen-bonded hydroxyl qrouns are removed from silica by 

evacuation at 773K, whilst most of the free hydroxyl groups are 

removed from cabosil at 1173K. The water isotherm on a cabosil 

sample so treated was of BET type III, typical of a hydrophobic 

surface- The trimethylsilyl-modified cabosil obtained by 

soakinq were of BET type II, but samples modified by refluxing 

were generally of type IV. The hydrogen-bonded hydroxyl groups 

of these samples were proqressively removed at temperatures in 

excess of 4GOK, but the [Ye3SiO] groups are only appreciably 

affected at 973K. Complete dehvdroxylation is achieved at 

1073K.lg4 

Navel are studies of chemisorption on to silica from solution. 

Two main tvpes of surface-adsorbate interaction can be identified 

from heptane solutions of anisoles 
195 

and phenols 
196 involving 

the formation of hydrogen-bonds between silanol groups and the 
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aromatic n-electron svstems and the oxygen atoms in the adsorbate 

(62-64). -- Electron-withdrawing substituents weaken both types of 

Me 
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,’ O-we 35 * 

,/“’ /“* 
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Si 
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/Si\ 

(65) - 

interaction . In addition, hydroqen-bonds may also be formed with 

suitable functional substituents on the aromatic ring, e.g. nitro 

qroups (6.5). Similarly, - hvdroqen-bond formation takes place 

between surface silanol groups and mono- and diketones from CClq 

solution. 
197 

Analysis of infrared absorbance data for 2- and 

3- comoonent liquid systems of these tynes can yield the relative 

nroportions of adsorption. 
198 

The catalytic activity of tin(IV) oxide and metal-'doped' tin(IV) 

oxide has stimulated a larqe number of investigations into the 

chemisorntion and other arooerties of these materials. Tin(D) 

oxide differs from silica by possessing a high Lewis acidity and 

a high oxidising capacity, but a low Br&?sted acidity. This, 

however, is increased in mixed oxide systems such as Sn02.Sb 0 
23 

and Sn02.Y003. NBsshauer studies of tin-antimony oxides of 

comnosition Snl_xSbx02 (x=0-01-0.10) form solid solutions after 

calcination at 873K in which the lrl&ssbauer parameters steadily 

deoart from those of SnO2 itself, but provide no evidence for 

the formation of localised Sn(I1) sites. E-s-r. measurements 

also indicate the presence of a spin-free surface. At compositions 

above x=0-10, a two phase system is formed. 
199 

!?ater isotherms 

on neat SnO2 exhibit a discontinuity due to physisorption of water 

molecules with surface hydroxyl groups, probably on the [loo] 

crystal plane- The discontinuity can be removed by pretreatment 

in vacua or by hydrogen, but was restored by treatment with 
- 200,201 
oxygen. The influence of SO2 on the chlorination of SnO2 

has been studied. Chemisorption of SO2 on SnO2 starts at 4oo°C 
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and of Cl2 at 650°C. By 700°C, the surface coverage of SO2 

corresponds to that of a monolayer. No chemisorption of oxygen 

on to nure Sn02 v~as observed, but in the presence of sorbed SO2, 

irreversible adsorption of oxygen takes place above 500°C and SO3 

appears in the gas phase- At the same temperature, chlorine 

adsorntion onto the SO*-treated surface is facilitated, and both 

SnCl4 and SO 202 3 are desorhed. 

Roth Sn02 and transition metal-'doped' Sn02 catalyse the CO-02 

and CO-I\IO reactions, important in vehicle exhaust emission COntrOl, 

and much effort has been invested in the elucidation of the 

surface species present and the mechanisms involved. Surface 

unidentate carbonate and bicarbonate are formed slowly when Sn02 

is exnosed to CO-02 mixtures, essentially independent of the gas 

mixture composition in the ranqe lo-70% CO, but pretreatment at 

723K affords a hidentate carbonate. Hydration of the surface 

severely inhibits adsorntion, as does ammonia pretreatment, which 

with co* leads to the formation of a surface carbamate.*03 

-Adsorption of NO on reduced SnO2 causes replacement of oxide 

deficiencies in the surface layer with the formation of N2 and 

X20, even at room temnerature. 
4+ 

On oxidised Sn02, the NO radical 

is first coordinated to a Sn site, and then reacts with further 

NO to c-rive surface (NOI dimer species.204 Sn02 -catalysis of the 

CO-?10 reaction starts below 200°C, but complete conversion is 

only achieved at temperatures in excess of 300°C. Very large 

increases in the rate and amount of adsorbed NO are obtained by 

adding 1% Cr203 to Sn32, and complete conversion in the CO-NO 

reaction occurs at temneratures of 150-220°C_ CO, however, soon 

poisons oside surfaces towards the CO-NO reaction but, rather 

surprisinaly, such noisoned surfaces are still highly active for 

the CO-O2 reaction catalyseA by Sn02. 205 Catalysis of the CO-NO 

reaction hy SnO2 ion-exchanged with Cr(III), Mn(II), Fe(III), 

Co(I1) and Cu(I1) has been studied by adsorption of CO and NO 

individuallv, and CO-NO mixtures. Adsorption of CO takes place 

via carbon at a surface transition metal cation for all except 

the Cu(II1-exchanged oxide, to which CO bonds via oxygen. 

Surface carbonate species also bonded to transition metal sites 

were also observed, which could be either uni- or bidentate 

depending on the metal- The nature of the surface species 

resulting from i\lO adsGrptiGn varies significantly with the 

transition metal. The presence of a carbonate species and, in 
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most cases, physisorhed CO2 is consistent with a redox mechanism 

for the CO-NO catalysis. Interestingly, however, the mechanism 

for the Co(lI)-exchanged oxide aocears to be different from the 

others. This catalyst preferentially adsorbs CO from CO-NO 

mixtures, and selectively reduces NO to N2. Others, notably the 

Co(II), Ni(X1) and Fe(III)-exchanged oxides, adsorb IGO from the 

ctas mixture, and selectively reduce NO to N20. 
206 

The mechanism 

of the CO-NO reaction on Sn02-Cr203 has been proposed to involve 

dissociative chemisorption of F-10 to give surface nitrogen sites. 

These could then react with further NO to give surface ]-N-N-O 

(desorhs as N20) or CO to qive surface isocyanate groups 3-N-C-O 

(which react with further NO qivinq N2 and CO,).2o5 The mechanism 

of formation of surface isocyanate on Sn02.0.55Cu0 has been 

intensively studied usinq , 13C 15tJ and l8 0 isotopic substitution. 

The results of this study, however, show unequivocally that the 

oxygen atom of the surface isocyanate originates from NO rather 

than the oxide surface or CO, indicating a mechanism involving 

initial dissociative chemisorntion of CO, formation of an inter- 

mediate fulminate, I-C-N-O, which rearranges to give the isocyanate. 207 

Brt)nsted acidic oxides such as Sn02_No03 and Sn02_Sb205 are 

catalysts for alkene oxidation and isomerisation, and alcohol 

dehydrogenation. Electronically-excited singlet molecular oxygen, 

which could play an important role in hydrocarbon oxidation 

reactions, can he thermally generated and desorbed from a 

Li-%-P-O catalyst. 
208 

Oxidation of propene to acetone over 

Sn02.'1003 _ oroceeds via oxidation of strongly surface-bound propene 

by lattice oxygen to qive surface isopropoxide groups, which then 

undergo oxidative dehydrooenation. 
209,210 

The catalytic oxidation 

of isohutene to methacrolein over mixed Sn-Sb-0 cat?l:sts is very 

similar, 211 whilst methacrylonitrrle is formed by passage of a 

mixture of isobutene-ammonia-air -water vapour over a Sn-Sb-Fe-O 

catalyst. Acceptable yields (70% at 425OC) of nitrile are 

observed only with hydrocarbon-poor (3%) and steam-richfZO%) mixtures, 

and excess of ammonia. :Iethacrolein is the main product at low 

conversions. 
212 

The isomerisation of alkenes over room-temperature- 

outaassed Sn02.Sb203 nrobably proceeds via a carbonium ion-type of 

mechanism with BrBnsted acid sites as the source of protons. The 

rates of reaction increase with increasing antimony content to a 

maximum at ~a.50 atom 4 Sb, and decline thereafter. Oxides - 
outgassed at higher temperatures were only active at compositions 
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with less than 50 atom % Sb, and could be poisoned by treatment 

with bases or sodium acetate. 
213,214 

The Mg2+ and Fe2+ cations in annealed, synthetic samples of 

olivines, Mq are not randomly distributed. 
;;,x=xex;;4;e2+ 

When 

0.15x<O.6, cations preferentially replace Mg 
2+ 

cations in octahedral sites, and the lattice dimensions do not 

chanqe in this ranqe. Quenching tends to yield samples with more 

randomly distributed cations, and the lattice dimensions now 

annroach those of natural olivines. 
215 

Several other monosili- 

cates have heen studied- Sinqle crystals of CdNd4[Si04]30 have 

been obtained from molten alkali metal fluoride melts, and contain 

columns of [SiO,] tetrahedra. 
216 

Sodium titanium silicate, 

Na Ti.05, 
2 contains layers of [Si04] tetrahedra and [TiO5] square 

nvramids joined by sharing corners and separated by layers of 

sodium ions. 
217 

Tribarium silicate, Ba30Si04, is isostructural 

with Cs3ClCoCl4, with slightly distorted SiO tetrahedra. 
218 

4 
The structures of the thorium silicate polymorphs, huttonite and 

thorite, have been reinvestigated. Huttonite has been confirmed 

to be isostructural with monazite. consisting of [SiO,] monomers 

and a compact arrangement of edge-sharing [Th09] polyhedra. 

Thorite is isostructural with zircon, consisting of [SiO ] tetra- 

hedra and a relatively open arrangement of edge-sharing il 1 
219 

Th08 

nolyhedra- An electron microprobe analysis of crystals of 

Malayaite, CaSnOSiO 4, a rare tin silicate found in skarns and 

hiqh-temperature hydrothermal veins gave the composition as 

CaO 98Sno.94Ti0 05' si1.0204- The structure consisted of chains * . 
of vertex-sharinq tin octahedra cross-linked by isolated silicate 

tetrahedra. Calcium occupies a large irreqular polyhedron. 
220 

The composition of sklodowskite, generally given as MgO-2U03-2Si02- 

6H20, actually contains seven molecules of water thus making it 

isostructural with cuprosklodowskite. 221 
The fundamental 

structural units in hoth skl.odowskite and kasolite, Pb(U02)(Si04).H20 

are [fU02)2(Si04)2]4- sheets.221'222 The halogen apatites, 

N4La6fXOq16Z2, and oxyapatites, ~%4La8fX041602 (M=Sr,Pb,Ba; x=si, 

Ge; Z=F,ClJ have been prepared from M3La6(X04)6. The products 

"M3La6(X04) 6" and "M4La6(X04)60" are actually mixtures of various 

phases. Their respective apatite phase is a solid solution 

between M2La8(X04)602 and the defect apatite M La fX04160 
4 423 

, whose 

compositions mostly approximate to ?*12La8fX04)602. 
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The high temperature reactions between samarium metal and the 

Group 4 metal(W) oxides, ?102 (W=Si,Ge,Sn), have been investigated 

by T.G.A., X.!?.D_ and infrared. With SiO 2, initial oxidation of 

samarium to R-Sm203 takes place at ca. 5oo°C, with Sm4(Si04f3 being 

formed at temperatures 800°C. Reaction with Sn02 at ca. 500°C 

yields Sm2Sn207, which has the pyrochlore structure, and B-tin- 

Germanium metal and Sm203 are the chief products of reaction with 

Ge02_ 224 Coprecipitation from chromium silicate solutions with 

sodium sulphide or thiosulphate yields an amorphous silicate which 

is stable up to 300*~, but which above this temperature decomposes 

to Cr203, SiO2 and Na2Cr04. Further heating at and above 800°C 

results in the formation of NaCrSi206, stable up to 1050°C. 
225 

The synthetic orthopyroxenes, ("Ego 776Coo 224)Si03 and (?Ego_g25 

?In~_075)Si03, show partial cation ordering over the two non- 

equivalent octahedral sites in the structure. The preference 

for the n(2) site follows the order !4n Co i4g. 
226 

Crystals of 

synthetic Li2Cu5(Si 0 ) 
2+2 7 2 

contain pyrosilicate [Si207J groups, 

three kinds of Cu coordination polyhedra, and triqonal bipyramid- 

ally-coordinated Li 
f 

ions_227 

Yodifyinq influences on the general structure of the feldspars, 

SrGa2Si208, BaGa2Fi208 and BaGa2Ge208, arise from the size of the 

metal cations, the mean Si-0 and Ge-0 bond lengths and the 

tetrahedral cation combination. 
228 Sodium metaqermanate, 

Na GeO , is isostructural with ?ia 

diztanfe of th;2iGe.206]4- 

SiO 
2 3' 

The bridging Ge-0 bond 

anion is 0.08& larger than the terminal 

Ge-0 distance. The crystalline hydrated basic strontium 

diqermanate Sr3(0Hj2 Ge204(OEE)4 . 2H20 has been synthesised by 

cooling solutions containing SrO, Ge02 and l-2N NaOEf. X-R-D. 

and infrared studies of the thermal decomposition show the loss 

of two molecules of water at 25O*C. At 312OC the inner-sphere 

hyclroxyl groups of the diqermanate decomposes with the formation 

of x-SrGe03. 
230 The structures of the scandium garnets, 

Ca3Sc2Si3012, Ca3Sc2Ge3012 and Cd3Sc2Ge3012, have been refined. 231 

That of K2Ba[Ge40g]2 is closely related to K2Ge409 and BaGeqOg, 

and consists of rings built up from [Ge04] tetrahedra, which are 

linked by LGeo61 octahedra forminq a three-dimensional network. 

Powder X.R.D. shows that the corresponding sodium and rubidium 

compounds, and Q2Sr[Ge40g] (Pl=IJa,K), are isostructural.232 A new 

series of sodium ion conductors of the type Na5&ESi4012 fM=Be,Tn,Sc, 

Y, and the rare earths Lu--Sm) have been prepared by hydrothermal 
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solid-state reactions. The sodium ion conductivities are propor- 

tional to th? size of the Xl 
3+ 

cation, and range from 2x10 -3 ( cm)-1 

for M=Sc to 3~10-~( cm)-l for al=Sm at 3OOOC. The hehaviour is 

consistent with a structure consisting of [Si1203J rings stacked 

to form columns held apart by [X06] octahedra. Immobile sodium 

icns are situated within the rinqs and mobile sodium ions between 

the columns. The size of the channels is dictated by the size 

of the byjl octahedra. 
233 

An analysis of esperimentally determined Si-0-Si geometries of a 

number of silicates has demonstrated that the determining factors 

are very often the almost constant Si-Ofbonded) and Si...Si (non- 

honded) distances. 
234 

Samples of the layered orthosilicate, 

chloritoid (idealised formula (Yg,Fe)2Al(A13Si2010) (OH)4) from 

three distinc' \- geological sources, in both naturally-occurring 

and heat-treated forms, have been examined by X-IeSssbauer spectro- 

scopy. Only one type of site of Oh symmetry is occupied by Fe 
2+ 

ions. The Fe3+ ions are nresent to such a small extent as to 

nreclude an evaluation of their preferred siting. The Rhode 

Island sample displayed an anomalous Fe 
21 

doublet arising from 

minute interqrowths of ilmenite (FeTi03).235 Zeolites, including 

variants of retite, zeolite A, zeolite L, Zeolite 2.1, faujasite and 

gismondiril, 
236 

have been obtained from the Na20-BaO-A1203-Si02-R20 

system. 

The trimethylsilylation technique has been employed to follow 

chanqes in the constitution of hemimorphite, Zn4fOH)2(Si207).H 0, 

on heating at various temneratures up to 1300°C. 
2 

The changes 

were also followed by T.G.A., D.T.A. and S.R.D. An abrupt 

chanqe in the chromatoqraphic pattern occurs at 600-630°C 

corresponding to the disappearance of the [Si2O7] and emergence 

of the [Si04] d erivatives as the main product of the trimethyl- 

silvlation, coincidinq with the loss of hydroxyl groups and 

formation of 9-Zn2Si04_ The initial stage of the reaction at 

G27OC shows first-order kinetics. At 835OC, the transformation 

of E-Zn2si0, into c,-Zn2SiOq commences. 
237 

The application of the 

same method to dioptase, Cu Si 0 
6 6 18-6H20, yields Si6018(Si&?e3)12 

and Si6017(Si:'re3)lo as the main products. Three isomers of each 

prociuct are observed. When HCl is added to the reaction mixture, 

the predominant product is Si60L7(Si!4e3)10, indicating that the 

c 112- Si6018 ion is converted mainly into the [Si6017]l"- ion in an 

acidic aqueous medium. 238 
Silicate minerals also react similarly 
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with "le3GeCl in the presence of water to afford analogous 

trimethylgermyl derivatives. 
239 

The reaction of the [SiW12040] 
4- 

anion Mith an excess of hydroxyl ion at an ionic strength of 1-O m 
-3 

dm to form the [SiO4] *- and [WO,] *- anions has been studied. 

The reaction proceeds in three distinct stages, VJith the [SiWllOjg] 
8- 

and [SirJg034 llO- anions being formed as intermediates. The 

first stage proceeds via a base-dependent path, the second-osdsr 

rate constant decreasing in the order K+>Naf-Li 

staqe, the hydrolysis of the [SiW 1103p]8- aniort~-proZLl~@~~~" 

both hase-dependent and -independent pathbJays to give silicate and 

tunqstate anions directly in this medium. The third stage, the 

hydrolysis of the [SiW9034]l"- anion, shows a very large dependence 

on the choice of cation, and studies in mixed-cation media suggest 

the formation of larger ion agqregates. 
240 

Meso-tetraphenylpor- 

phyrin reacts trith selected cations in the interlamellar surfaces 

of montmorillonite, a s*Jelling lalrer lattice silicate related to 

mica. Stronqly acidic hydrated Fe 
3t 

and V02+ cations react 

quantitatively with the free-base porphyrin to give the protonated 

oornhyrin dication in the form of intercalated monolayers- 

xlonolayers of the porphyrin dication are also formed by reaction 

of the hydronium ions on the silicate surfaces, but weakly acidic 

hydrated Na 
+ 

and .\Ig 2* ions on surface-exchanged sites afford only 

traces of the dication. Co2+, Cu*+ and Zn*+ cations react to 

qive mainly the metalfonorphvrin in solution and a hydronium- 

exchanged form of the silicate. 
241 

4.2.7 Xolecular Comoounds with Metal-Oxygen Bonds 

Valence shell orbital energy level data for ?Ie3SnOI.Ie, R3Snacac 

(R=lle,Et_), R2SnC12 (R=?Ie,Bu). R2=Sn(acacj2 (R=Xe.Buf and 

Ye2Sn(tfac)2 have been evaluated from He(I) photoelectron spectra. 242 

The silicon atom in Ph,Si(OH)2 is four-coordinated, but each 

oxyqen maintains two hydrogen-bonds forming an infinite network 

ahout and along the 2 axis. 243 The ionic hydroxy-silicon species, 

[Si(OH12(bipy12] 12.2H20, is formed by the partial hydrolysis of 

SiI4(biny)2. The yello>J crystalline material, tihich decomposes 

at 120°C, contains G-octahedral [Si(OH2) (bipy12]2s cations with 

C2 symmetry and exceptionally short Si-0 bonds (1.643(4)2). Each 

water molecule hydrates exclusively one of the two hydroxyl ligands 

by hydroqen-bonds. 
244 

Ph3SnOH and Ph3PbOH are isomorphous and 

isostructural, comprisinq zig-zag chains parallel to the 5 axis in 
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which alanar Ph3M fragments are joined by hydroxyl groups- In each 

compound the metal.-oxygen distances are unequal. 
245 

The crystal structures of (Ph3Si)20 246 and (Ph3Sn)20247 have been 

determined. Both contain isolated molecules, however the former 

comnound is exactly (crystallographic symmetry) linear at oxygen, 

whereas the tin analogue is bent (SnOSn 137.0(l)"). Microwave 

data for CH30SiF3 and CD3OSiF3 are consistent with a very short 

(only 1,56(1)a) Si-0 bond distance and an angle of 132(1.51° at 

oxygen- 248 The antisymmetric Si-0-Si stretching mode of 

(C13Si)20 in argon,krypton and nitrogen matrices is split into a 

doublet, the highest separation (1117 and 1147 cm -I) being 

observed in solid nitrogen. These data have been interpreted in 

terms of a quasi-linear structure for the compound, but with a 

sufficiently hiqh barrier to linearity that the molecule obeys 

Cav symmetry selection rules for the fluid phases. 
249 

Some 

nineteen products have been identified from the photolysis of 

(Me3Si)20 at 15OC with a low-pressure mercury arc (eff.?, =185nm). 

The main event in the photolysis is the rupture of a Si-C bond. 

No Si-0 bond fission is observed at all. The major products are 

(Ye3SiOSi%le2f2, CH4 and C2H6- 
250 

The reaction of (HOfPhWeSi 20 

with Sic14 _ produces racemic trans, trans-2,4,8,X+tetramethyl-2,4, 

8,10-tetraphenylspiro 5.5 pentasiloxane(a), whose structure has 

been studied by X-ray diffraction. The two trisiloxane rings are 

almost mutually perpendicular (dihedral angle 80.7O), and the 

averaqe SiOSi bond angle is 132_70_25f The thermal decomposition 

of CuOSiMe3 4 at 70-80°C and lo-3 torr proceeds by loss of 

Me 
ph, 1 

/si-o 
Me 
I NPh 

“\ ‘sif o-si\O 

Si-0' ' 

'I Ph 

0--;i<Ph 

Me Me 

(66) - 

(MejSi)20 to afford Cu1802[OSiMe3]14. This compound possesses a 

structure comprisinq large snherical molecules with an inner core 

consistinq of the copper and oxygen atoms and the Me3SiO groups 

distributed over its surface- 
252 

The reaction of SnCl4 and 

K[Af(Oi-Pr)4] yields SnfAl(Oi-Pr)4]4, proposed to contain eight- 
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coordinated tin. 
253 Germanium and tin butenoxides such as 

Ge(OCMe2CH=CH2)q and BunSn(OCMe2CH=CH2)4_n(n=l-3), 
254 and organotin 

amidoximes, R3SnON=C(NH2)R' (R=We,Bu,Ph; R'=Me,Et,Pr,Ph),255 have 

been prepared by standard methods, Allyl-alkoxytin derivatives 

eliminate ketones on thermolysist 
256 

R 

(XBu2Sn)20 + (CH2=CH-CH2)RR'COH~L-XDu2Sn-O-~-CH2-CH=CH2 

I!* 

X=Cl,Ru (6Jf 

II 200°C/12hr. 

XBu2SnCH2 -CH=CH2+R'COR" 

The last reaction is often reversible, and tributylallyltin 

chloride adds to ketones and alkehydcs to give organotin alkoxides 

of the same type as (67).257 - The structure of Ph3PbOC6H3(F-21NO-4 

consists of infinite chains in which adjacent Ph3Pb groups are 

bridqed by the organic residue: 
258 

_,=,___;,$+&=o----,;;--Oa-N=o --- 

Ph Ph Ph Ph 

The product from the transilylation of bis(trimethylsily)-acetamide 

with fC1CH2fMe2SiCl has been shown to actually be (681 rather than 

(~L=59 

ue\siyo*\c/Me “\\ 
Ye,,/l ~;+isiFle2cl &le~c-N(Si~se2CH2C1) 2 

Cl 

(68) (69) - 

The kinetics of the decomposition of the peroxy-derivatives, 

R$?OOR (E=Si,Ge,Sn: R=Me,Et;R'=t-Bu,CMe2Phf in alkenes, 
260 

and of 

the KCN-catalysed rearrangement of Ph3GeOOSiPhj 261 have been 

investigated. The peroxides, R3EOOR', and alkenes initially 

form 1:l complexes, which facilitate the peroxide decomposition 

via a homolytic mechanism: 
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R3EOOR' + X2C=CY2= [R3EOOR'.X2C=CY2] 
WT L 

R3EOCX2&2 + R'O' R'OCY2eX2 f R3EO* 

The base-assisted rearranqement of Ph3GeOOSiPh3 proceeds with the 

formation of Ph2(PhO)GeOSiPh3 in a first-order reaction with an 

=-ei---r+ic- cncrqy of 13.5(8) kcal mol -1 ._ I._. ._._A_.. in a benzene PrOH mixture 

(cf. 27.7 kcal mol 
-1 

for the thermal rearrangement in anisole). 

Of the various sites available to the nucleophile, the germanium 

atom Cs less sterically hindered than silicon, and interaction of 

the nucleophile leads to a distribution of electron density and 

contributes to the migration of the organic group from germanium 

to osyqen via a transition state such as (E).261 

ph\,eP 
,’ 

,’ . 

Ph:_ 
*_ I 

-. 

-0" 

;;I"\ 

SiPh3 

(70) - 

Ligand isotope exchange bettleen Ge(acac)3 Cl04 and Hacac 14C 

has been studied in C2C14, NetJO and MeCN at lOO-120°C. The 

data indicate that the rate-controlling step of the exchange is 

governed by the ease of proton-transfer between incominq and 

leaving acac qroups in an intermediate. 262 
N.m.r. data for 

methoxv(B-diketonatojtin dihalides indicate an octahedral conform- 

ation with Dzh skeletal spn.ctry (71). Such diners are very - 
stable in the solid, but underqo facile disproportionation in 

solution- 263 The orqanotin derivative of monothio-S-diketones, 

RnSn (R' CSCHC9R” ) 4_n, have been obtained by standard procedures. 264 

x_ Cl Ye Cl 

I 

I 

2 O\ /O\ _/O-K I 

x 

“‘\,_. /Sn\ ,““\,_/” 

% 
I 

Cl 7 Cl 
I 

Me x 
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A series of bis(substituted oxinatojtin dichlorides has been 

prepared by the cleavage of phenyl groups from Ph2SnC12 at 180°C. 265 

YBsshauer data for several orqanotin oxinates have been reported. 266 

1 H n-m-r. and infrared data show that the water molecule in the 

complex Ye2Pb(qbha).H,O (qbha = (72)) is coordinated to the metal 

thus making it seven-coordinated. Deprotonation-ionisation of 

the comnlex takes place in D~ISO and H!IPA. 
267 

Xehrotra et aI_ 268 -- have svnthesised tin(IV) tetracarboxylates 

(73) by the reaction o_ f tinfIV) tetrathiolates with acid anhydrides: - 

Sn(SRj4 f 4(R'CO)20 - Sn(O2CR')4 -+ HR'COSR 

R=Et,Bu; R'=Ye,Et (731 

The mixed compounds, Sn(SR)n(02CR') 
4-n' could not be obtained by 

any of the various methods tried, but mixed chloride acetates, 

SnCln(OAc)4_n (n=1,3) were nreaared by mixing the symmetrical 

compounds in the correct pronortions, Higher homologues and 

mixed carhoxylates were obtained hy transacylation, e.g.: 

Sn(OAc14 -I- nRC02H - Sn(OAc)4_n(02CR)n + nHOAc 

n=l-4: R=C~CH~, C12CH, Pr.Ph 

The reaction of Sn(02CR)4 (R=IIe,Et) with (3-diketones in refluxing 

toluene or chloroform yields tin(IV)mR-diketonate tricarboxyl- 

ates and di-S-diketonate dicarboxylates as stable monomeric 

compounds. The latter derivatives are the final products even 

when the R-diketone is in excess, but the carboxylate ligands are 

easily replaced by thiohenzoate and thioacetate groups. 269 

Several types of product are obtained from the reaction of 

divinyldiallyltin and carboxylic acids, RC02H(R=H,!le,CH2C1,CHC12, 

CC13,CP3), in water-acetone medium at room temperature depending 

on the nature of R- Trivinyltin carboxylate is the sole product 

when R=H or %e. but when R=CH2Cl the two distannoxanes (74) and 
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(75) are produced as well. Both distannoxanes (74) and (75Iare - - 

obtained when R = CHC12 and CC13, but when R=CF3 only (75) is found. 

R2'SnOH 
I 

R$Sn(02CR) 
I 

/O\ 
(RC02)R;Sn,0,SnR;(02CR) 

.$OH R'=vinyl R&O2CR) 

(74) (75) - - 

The trivinyltin carboxylates appear to result from the dispropor- 

tionation of the appropriate distannoxanes, a process which was 

established experimentally for R=CH2Cl, and is favoured by protic 

media such as water-acetone and methanol in comparison with aprotic 

solvents such as XeCE? and CHCL3- 
270 

The structure of another 

example of a distannoxane of type (75),{l~e2Sn(02CCF3)]20}2. has 

been reported, and is very similar to that determined previously 

for C[8u,Sn~O,CCCl3)]20?2- The dimeric unit lies on a mirror 

plane, with both carboxylate qroups functioning as bridging 

ligands but in different ways. Both tin atoms have basic trigonal 

binyramidal coordination with one or two further neighbours. 
271 

The structures of bis(trimethyltin)malonate 272 
and c 

1 273 
Me2Sn(02CCH2C1)_ 2 

have also been reported. Again the coordination at tin in each 

is triqonal bipyramidal. Tn bis(trimethyltinfmafonate, planar 

trimethyltin moieties are bridged by each oxygen atom of the 

malonate residue forming a three-dimensional network, whilst 

discrete dimeric units are present in [Me2Sn(02CCH2Cl)]2. In 

these, the two methyl groups and the Sn-Sn bond occupy equatorial 

positions, with the carboxylate qroup bridging slightly asymmetri- 

cally the two tin atoms via the axial sites. Nssbauer spectro- 

scopy has also been employed in the structural analysis of organo- 

tin carboxylates. Data for several tributyltin carboxylates 

taken at 80K indicate pentacoordinated polymeric structures at 

this temperature, but room temperature infrared data supported 

the presence of tetracoordinated monomeric species. 274 
The 

Wssbauer spectrum of an aged sample of Ph3Sn02CC13 exhibited 

peaks due to two species, the original monomeric complex and a 

second with a quadrupole splitting (x3.8 mm s -1 1 suggestive of a 

polymeric form. Whether monomeric or polymeric forms of such 

triphenyltin carboxylates are obtained by reaction of Ph3SnOH with 
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the acid depend on both the solvent and the reaction conditions. 

Procedures involving non-polar solvents, e.g. ~~14 or benzene, and 

those involving heatinq tend to cause Ph-Sn bond fission (to give 

for example PhSn(O)O2CC13), but such bond rupture may be inhibited 

by the use of a polar solvent at room temperature. Thus Ph3SnOH 

and Cl3CCO2H in anhydrous methanol at room temperature yield the 

solvate, Ph3Sn02CC13.qeOH, which on recrystallisation from CC14 

affords monomeric Ph3Sn02CC13. However, if the reaction is 

carried out in absolute ethanol, a product is obtained which is 

dried only with difficulty, and after 4 days at ca. 10 
-2 torr 

white, 
275 

powdery polymeric Ph3Sn02CC13 is obtained. Analysis of 

the Zeeman hyperfine spectrum for diphenyltin glycylglycinate shows 

that the quadrupole splitting is of negative sign (-2.235 mm s -l) 

with an asymmetry parameter n of 0.805 (cf_ values from a point - 
charge calculation Q.S. -2.70,n = 0.84). The electronic charge 

is thus inferred to be concentrated in the equatorial (NSnPh2) 

plane. 
276 MBssbauer data for several polynuclear dithiooxalato- 

copper(I)-tin(IV) complexes have been reported. 
277 

Organotin derivatives of L-cysteine, L-cysteine ethyl ester, 

and DL-penicillamine have been synthesised by the reaction of the 

diorqanotin oxide, HCl and the amino acid in alcohol-water. The 

tin-sulphur bonded structures (76),(77) and (78) were proposed for 

the products. 
273 

Roy and Ghosh279 have investigated the 

demetallation of triorganotin carboxylates by mercuryfI1) salts- 

Products resulting from sequential demetallation and/or hydrolysis 

are observed. 

‘O-H a- : 
jlH* 

O,C 
I 

Cl 
I/R 

:: 

-CH-CH2-S-Sn 

?'R 

R 1 
'Sn 

ii 

R' 
I 

-S-CH2-CH-C 

\ \f, 
Cl H2f" 

: 
H-O AH 

R = Xe,Bu 

(76) - 



Me 

Me 

al \:_/ s -CH2\CH_C/o 
BU’* \..( ‘OEt 

(77) - 

(78) 

Tin(IV) nitrate reacts with triphenylphosphine and -arsine to 

give the polymeric products (2) with bridging phosphonate/arsonate 

grouts and uridentate nitrate as white amorphous solids: 

Sn(X03)q + EPh3- (Ph2E02)2Sn(NOj)2 

E = P,As (79-l 

Polymeric {OSn(N03)2) is obtained from the reaction of Sn(N03f4 

and nitric oxide both in Ccl4 solution and in the gas phase. 

Solvolysis occurs cnn dissolution of Sn(N03)4 in carboxylic acids 

and anhydrides. With acetic acid or anhydride, Sn(OAc)$ is 

formed, but the nitronium salt 2N02f{Sn(02CCF3)63 
2- and its 

solvate 2iSOZfiSn (02CCF3f6~*- -CF3COZH result from dissolution in 

fCF3C0)20 and CF3C02H, respectively.280 The structures of the 

two complexes, Ph2Sn(NOj)2 (Ph3PO) 281 and Ph2Sn(N03)2(Ph3As0)282 

are similar. Both contain seven-coordinated tin, with bidentate 

nitrate groups and the Ph5EO liqand occupying equatorial sites 

and the two phenyl groups in axial positions. However, the 

arsenic compound differs from the analogous phosphine oxide 

complex in several ways: (i) the nitrate ligands are essentially 

symmetrical in the arsine, (ii) the CSnC group is nearly linear 

(178O) in the phosphine but bent (156O) in the arsine, and (iii) 

the Sn-O(ligand) distance is substantially longer (2.15% in the 



201 

phosphine compared to the arsine (2-03~). 

Extremely hydrolytically sensitive di- and trisulphinic esters of 

silicon, R,Si(OSR')4_n (n=1,2; R=R'=Me,Ph: R=Ph,R'=p-tolyl), have 

been synthesised from RnSnCl4_n and Ag02SR'. 
283 The reactions of 

tin compounds with SO2 have been investigated in detail over the 

past years. However, contrary to a previous report, simultaneous 

cleavage of the Sn-C and Sn-Sn bonds occurs when Me6Sn2 reacts 

with liquid or dissolved SO2. The structure of the product, 

Me6Sn2.2S02, was proposed to be (80) from spectroscopic data- - 

Decomposition to Me2SnSO4 and 1Me3SnO2SMe occurred at 12%130°C. 
284 

Tin metal reacts with the mixed solvent DMSO-SO2 to yield 

Sn(DMS0) (S 0 ) , 

sulphate628a ' 2 

whereas lead metal reacts to yield the metal 

d 
Me 

? n 

(80) - 

Several types of Group 4 metal selenites have been prepared. 

The derivatives, R3E02SeR' (E = Si,Ge,Sn,Pb; R=Me,Ph; R'=Me,Et,Ph), 

are obtained by the reaction of R3EC1 or R3EBr with the sodium or 

silver salts of the selenic acid. The silicon and germanium 

derivatives have an ester-type structure, in which the metal is 

linked to only one oxygen atom. The tin and lead compounds, on 

the other hand, have polymeric structures in which the [02SeR*] 

ligand bridges triorganometal moieties, - a structure which was 

confirmed crystallograohically for Me3Sn02SeMe. 
286 The polymeric 

diorganotin and -lead selenites, R2E(O SeR')2 (R=Me,Et,Bu,Ph; 

R'=Me,Et,Ph) were obtained similarly, 
227 but the monomeric 

selenites, (R3Sn0)2Se0 (R=Me,Bu,Ph) were synthesised by insertion 

of Se02 into the Sn-0 bonds of (R3SnJ20. The reaction of 

Me3SnOH with Se02 yields (Me SnO)$ieO or Me3SnOSe(O)OH depending 

on the ratio of reactants. 
283 The formation constants of 

trimethyllead complexes of S032-, SeOj2-, S203 
2- 

COX2-, Cl-, Br- 

, SCN-, HPO4'-, 

and I- have been determined in aqueous solution. 

The values are generally fairly small and the extent to which the 

complex is formed is strongly dependent on the pH. 
289 



202 

Trimethylsilylphosphinite, >le3SiOPMe2, has been synthesised from 

Me3Si.NMe2 and hle2P(OIH, and its chemical reactions investigated 

(Scheme 4).2go Difluorophosphonic acid reacts with SnCl, to 
-l 

afford the phosphate-bridqed, polymeric compound, SnC12(02PF2)2- 
291 

QN-siMe3 

we2P\ 
0-SiXe3 

(Me3SiOPMe2)2Ni(C0!2 

\ 1 

Me3SiN3 S 

Ni(C014 

5e3SiOPWe2 

>Me3SiOSMe2 

c7H8~10tco)Y 

cis-(Ple3SiOP~e2)I\lo(C0)1 

I 

w;$Ie si) o + Me iPkIe 

3 2 2 2 
2(CP3)2C0 

GSiMe3 

Scheme 4 

4.2.8 Compounds with Bonds to Group V Elements 

Several new heterocyclic compounds containing Si-N bonds have 

been synthesised using established procedures, principally by 

Wannaqat and his coworkers, and the major new structural frame- 

works'are nortrayed in structures (81)-(86?g2, (~)-(~)2g3, (901, 

(91)294, (z)-(94)2g5, (~)-(~)2Q';; (l&)"', (G),(E)2Q8 and 

;&2QQ. - 
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3 
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R Ii 
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2 

I 

,Ge,N\Si,N,G~,N-Si~e2 

I 
IMe2Si-N / \N' \N/ 'N-Si>~e 

R R R R 
2 

(931 (94) - - 
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The tetraazastannane (105) crystallises at room temperature in 

the monoclinic space group C2/c with four molecules per unit cell, 

in which two of the cell edge distances are remarkably similar 

(~=~=18.604(10)%, b=8,993(5)O, 8=116.1(1)"). The molecules in 

this modification occupy a 2(C2) site, but their inherent symmetry 

does not deviate much from 22m (Dad). When the temperature is 

raised above 365K, this pseudo-orthorhombic cell is transformed into 

a truly orthorhombic cell, passing through an intermediate phase 

between 341 and 365K (X-ray powder). The high temperature phase 

belonss to the space group Fddd with eight molecules per cell and 

~=20_47(2), b=9.657(7) and ~=31.06(5), the molecules attaining 222 

(02) site symmetry. The phase change between the two modifications 

only entails a change in the y-axis parameters, and hence the 

molecules thus suffer a loss of symmetry by packing (z2m-+2), but 

which is partially recovered when heated in the solid (2+222)-300 

The structures of two more tris[bis(trimethylsilyl)-amidol-metal 

derivatives, the thallium 
301 

and neodymium302 compounds, have been 

determined. The former is isomorphous with the aluminium and iron 

derivatives with a planar skeleton_ In contrast, the neodymium 

derivative is non-planar. 
303 

Trimeric [LiN(SiMe3)2]3 has a planar 

Li3N3 central ring- The X-ray patterns for the trimethyl-metal 

(Si,Ge and Sn) derivatives of hydrazine can all be indexed as face- 

centred cubic. However, on cooling these "plastic" phases, which 

are stable over-a wide temperature range (ca.250°C), undergo a - 

transformation, via another mesophase, to a low-temperature form 

with a regular van der Waals packing of the molecules. The 

intermediate mesophase is primitive cubic. 304 A normal coordinate 

analysis of Ele3%NMe2(M=Si,Ge,Sn) has been performed- 
305 

The first primary lead amine, t-Bu3PbNH2, has been prepared by 

the reaction of t-Bu3PbI with KNH2 in liquid ammonia at -30 
o 306 
. 

Bis(trimethylsilyl- and stannyl)amines react with CF3S02N=S=0 to 

form (106): 

CF3S02N==S -0 f (Me3M)NR'- CF3S02N(MMe3)2 

M = Si; R' = Me, SiMe3 

M = Sn; R' = SnMe3 
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The stannyl derivative (106) is very reactive, and reacts with a 

variety of halogen compounds: 

1% 
2(Ne3 Sn)2NS02CF3 + SC12-C CF3S02N NSO2CF3 

I 1 
f Me3SnC1 

Ye3Sn SnMe3 

SC1 
2 

Se 
3 (?4e3Sn) pS02CF3 CF3S@* \,,Si2, ,02SCF3 

f / N\ +4We3SnC1 
Ye2Sn SnMe2 

2Ye2SiC12 'N N' 

CF SO' 'Si' 
3 2 

\O SCF 
+2Me4Sn 

Me2 
2 3 

Cl 
4(Me,Sn) + As 0 SCF3 

1) 2 NS02CF3 2AsC13- CF3SO 2\N/ INI 2 

-2Me3SnC1 

cr,so, 
S02CF3 

SnMe3 

We2 

The structure of (107) was determined by S-ray crystallography and 

contains trigonal bipyramidally coordinated tin. 
307,308 



207 

The reactions of Me3Si-N=N--SiMe3 with (C5H,-)2TiC12 and (CsH5)2M 

(M=V,Cr,Mn) afford (C5H5)2TiNN(SiMe3)2, (C5H5)2VNN(SiMe3)2, 

~C5H5)CrNNfSiMe3)2]2 and t(C5Hg)MnNN(SiNe3)212, respectively. 

In the case of the titanium and possibly the vanadium compounds, 

the bis(trimethylsilyl)isodiazene ligand is terminally bound to 

the metal, in the manganese (X-ray analysis) and possibly the 

chromium compound, the ligand bridges two metal atoms. 
309 

N-Silylphosphinimines, '4ejSiN=PX20SiMe3, rather than the isomeric 

vhosphine oxides, (Me3Sil2NP(OfX2, result from the reaction of 

LiNfSiWe ) 3 2 with the phosohoryl chlorides, ClP(O)X2 (X=F,Cl,Ph)- 
310 

The silyl-, germyl- and stannyl-phosphinimines, R3P=i+-MMe3 

(V=Si,Go;Sn), exchanqa with haloqenogermanes: 

R3P --N-M?-le 
3 

+ Ri_nGeXn- R3P=N-GeR;_nXn f Me3i4X 

311 
but R3P=N-SiYe3 and Me2GeI2 form an adduct (108). X-ray 

analysis of the germyl-phosphinime, Ye3P=NGeC13, shows the 

nresence of a centrosymmetric dimer as well as two symmetry- 

related monomers in the unit cell. The dimer contains a planar 

four-membered Ge2N2 ring with trigonal bipyramidal geometry at 

qermanium. 
312 

2+ 

21- 

Pommier313 has investigated the mechanism of the primary steps 

of the reactions between Grignard reagents and dichlorogermyl- 

and dichlorostannyl-porphyrin. The results show that when 

alkylation does not occur at the metal, the primary attack is at 

the macrocycle, which is reduced through the intermediate formation 

of a free-radical species. 
313 

Rings and caqes appear to have been the most important aspect 

of silylphosphine chemistry during 1978. Metathesis between 

the a,w-dichlorooliqosilanes, Cl(Si?le2fnCl (n=l-61 and Li2PPh 

yields heterocyclic phosphasilanes. When n=4-6, the corresponding 
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S-,6- and 7-membered ring compounds are formed, but when n=3, a 

polymeric material of probable formula [PhP(SiMe2)3]2 is formed. 

A six-membered ring, [PhP(SiMe2)2]2, is obtained when Cl(SiMe2)2Cl. 

is employed- 

depends upon 

formed which 

150°C to the 

the reaction 

The product obtained from the reaction with Me2SiC12 

the temperature. At -40° the dimer, (PhPSiMe2)2, is 

is stable at room temperature, but is converted at 

trimer, (phPSiMe2)3 (1091, the product obtained when 

is carried out at 40°C. Compound (109) displaces 
^T 

cycloheptatriene from (C01380C7HS forming fffOf.Ji4 A similar 

caqe complex (111) results from the reaction of MeSi(PBu213 with 

0 0 0 

Rti3 (CO) f2 in refluxing benzene. 
315 Fritz and Uhlmann 316 have 

employed the monoZithium salt of the methylphosphine to prepare 

(r\le2SiPXe) 3, (!leHSiPFleJ3 and (t-BuSiPMe12. The reactions proceed 

via the initial formation of R2Si(PHXe)2, which subsequently 

decompose, - a reaction sequence confirmed in the reaction of 

LiPfIt-Bu with Xe2SiCI2, from which Me2Si(PHt-Bu)2. (Me2SiPt-Bu)2, 

and f?Je2Si)3P4(t-Buf2 (112) were isolated. On heating to 190°C, 

Ye2Si(PHt-Bu)2 decomposed to afford the two latter compounds. 

The caqe compound with the adamantane skeleton (113) has been 

Me Si/'\ 
2‘ 

I 

\ 
Ple2Si 

t-BUPyP/ 
I 

(112) 

Pt-Bu 

I 
.SiYe 

2 

\ P- SiWe 2 

Me3Si1P 
/p\~~si,e 

’ I 

3 

I 
PYPIP 

(1141 



prepared by the thermolysis of a variety of compounds including 

(Ye3Si)2P-SiMe2-P(SiMe3)2, (Me3Si)2P-SiMe2C1, Me2Si(PH2)2, and (G), 
317 

which was itself obtained by the reaction of white phosphorus with 

Na/K alloy and subsequent treatment with Me2SiCl2- 
318 The structures 

of (s)319, (g)320 and (m)321 have been confirmed by X-ray 

analysis. 

The reaction of white phosphorus with dimethylstannane in ether 

in the Presence of DMF yields (?te2Sn)5PZ, which has the structure 

tm,. In the absence of organic bases such as DMF or pyridine, 

Me Sn”’ 
2 

I 

\ 
SnMe2 

Me2Sn 

?le Sn 
/ 

I 

2 1 pHSnMe2 

(Me2Sn)6Pq is produced. 
322 

Tris(trimethylstannyl)phosphine is 

cleaved by methyl lithium in ether solvents (ether, DME) to afford 

(Me3Sn)2PLi(ether), which reacts with Me 
3 
SnCl to regenerate 

(Me3Sn)3P.323 Silyl- and germyl-phosphines, Me3E-Pt-Bu2 (E=Si,Ge) 

are cleaved by silver chloride in toluene to give Me3ECl and 

t-Bu2PAq, but silver bromide and iodide form 1:1 complexes, 

t-Bu2(_Me3EfPAgX (X=Br,I)_ The reaction of >le3SnPt-Bu2 with 

silver bromide affords a fairly soluble material which exhibits 

two broad siqnals in the 
31 

P n-m-r. spectrum, but which eliminates 

Me3SnBr in significant q_uantities even at -15OC after 48h. 
324 

The reactions of Hg(CF3)2 and Me3SnCF3 with germyl phosphines and 

phospholanes lead to insertion of CF2 into the Ge-P bond. 
325 

t-Bu2tMe3Sn)Sb and (Me Sn)4Sb2 are formed in the reaction of 

(Me3Sn)3Sb and t-BuI. 
326 

4.2.9 Compounds with Bonds to Sulphur, Selenium and Tellurium 

Compounds in this section fall into two categories, molecular 

compounds and metal chalcogenide derivatives, 

The glass formation tendency of GeS2 is influenced by chemical 

disorder in the melt, and the high rate of cooling (17°S-1) 

necessary for qlass formation results from the presence of 

structural units richer in germanium. 327 
The glasses, Ge2S3 and 

Ge2Se3, are soluble in solutions of Na2E fE=S,Se) in methanol 
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yielding iUaGGe2E3.4MeOH, which lose methanol on heating- 

Vibrational data show the presence of [Ge2E6]6- anions.328 A 

second compound, Ag2GeS3, which has an orthkhombic variant of the 

Kurtsite structure, has been synthesised from Ag2S-GeS2 mixtures. 

Treatment in a AgI/AqCl eutectic yields the quaternary compound 

Ag7GeS51. 
329 

Crystals of Eu3Ge3Sg contaiy3;he cyclic [Ge3S916- 

anions, which have the chair conformation. Heating a mixture 

of the two binary sulphides in a quartz ampoule at 400-540°C 

under arson yields Au2BaSnS4, which is structurally similar to the 

Cu2BaSnS4 and Ag2BaSnS4 analogues. Each of the three crystallo- 

graphically independent tin atoms is tetrahedrally coordinated 

by sulphur atoms. 331 

Pb4IngS17 

All the lead atoms in Pb316_g3;13 ,a:ydstals 

are in irregular eight-fold coordination. 

of K 6 Si2Te6 are obtained by heating a stoichiometric mixture of 

the elements in an evacuated quartz vessel at 630°C. The 

structure contains discrete [Si6Te6] anions in the staggered 

conformation. Aq8GeTe6 has a pseudo-cubic rhombohedral 

structure with [GeTe4! tetrahedra.334 

The atom-atom potential method has been used to calculate the 

equilibrium geometry and barriers to internal rotation in organotin 

sulphides and thiolates. 
335 

Dimethyltin telluride (from Ne2SnH2 

and elemental tellurium) is trimeric, 
336 

and presumably has the 

same tr-list-boat conformation as has been determined for the 

selenium analoque. 337 
The corresponding sulphide is also trimeric, 

but the reaction of i-Pr2SnC12 with sodium sulphide yields 

crystals of (i-Pr2SnSfn, with the linear structure (1161, if the 

initially-formed low molecular weight product is allowed to 

stand under DMF. 338 Bis(2-pyridylthiolato)tin dichloride has a 

R\ IR 
/y 

R\sn/R 
N-s 

'\Sn/ 

s’ ‘s 
\ 

R' 'R 

(1161 

distorted octahedral structure with the 2-pyridylthiolato ligands 

chelating the metal. 339 u v . . photoelectron and variable tempera- 

ture 
1 r 1 
H n-m-r. spectra of Sn-S-C-C-S heterocyclic compounds 

demonstrate the non-planarity of the ring and the flexibility of 
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the S-Sri-S intracyclic angle. 
340 

The germyl chalcogenides, (MenH3_nGe)2E (E=O,S,Se,Te; n=O-3) are 

effectively synthesised by the reaction: 

2YenH3_nGeI + Li2E ----L (MenH3_nJ Ce)2E + 2LiI 

whilst germanethiols and -selenols, Yen113_nGeEH (n=O-3) are 

isolated as intermediates in the reaction of the digermoxanes 

with H E and from eguilihrium mixtures of (MenH3_nGe)2E and excess 

H2E.34s The reaction of haloalkenes and Ple3SnSAr follotrs second- 

order kinetics and Hith inversion of configuration tiith optically- 

active (+)-1-methvlhentvl bromide indicating a mechanism involving ._ 
bimolecular nucleophilic attack on the haloalkene: 342 

P =F 

R3SnSAr t a\C-x SlOVJ SnS---_-C___-_;; 

h/’ h 
3 f 

Ar b' 
C I 

2 
R3SnX + ArS-C, 

h 
'\ b 
c 

Vith Ye3SnSVe and >IeI, 3le3SnI and the sulphonium salt Me S 
+- 

343 
3 

I were 

produced. A stable orange solution of a charge-transfer 

complex results from the interaction of TCNE with Sn(SPh)4 in 

benzene, from which the components can be isolated even after 72h. 

However, the charge-transfer complex initially formed with Me3SnSPh 

underqoes conversion to the extremely unstable insertion product 

(Xl which decomposes on heating to above -3OOC: 344 

?ale SnSPh 
3 

+ 

TCNE - Me S,_'E-:"SPh 
3 

Cr: dw 

NC 

Me3Sn-N=C 
&-T--++N 

+ $PhSSPh 
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Several more diorganotin bis(dithiocarbamates1 have been prepared 

by standard routes. 
345 

4.2.10 Compounds with Bonds to Main Group Metals 

The cathodic reduction of triorganohalosilanes using DME as 

solvent and BU4NC104 as supporting electrolyte yields the corres- 

ponding disilanes in nearly quantitative current efficiency. In 

contrast, C1Me2SiSiMe3 and C1Me2SiSiMe2C1 da not react- Ph2SiC12 

affords cycle-(SiPh2)4 as well as polymeric products, whilst 

MeSiC13 and Sic14 yield only yellow polymers. 
346 

Cycle-(Me2Sif 

may be obtained quantitatively in high purity by the reaction: 
349 

6?#1e Sic1 
THF 

2 2 + 12Li c12LiCl + (Me2Si)8 
0°C/6h 

Cycle-(Ph2Sij4 contains an essentially square, quasi-planar four- 

membered Si4 ring, 348 but cvclo-(Ph2Si)5 has a puckered five- 

membered Si 5 ring. 349 

l-Chloro-1-methylsilacyclobutane reacts with organometaltIV1 

lithium compounds to give (118) and (119) as monomers. 
350 

Procedures to cleave Si-Si bonds in industrial chlorosilane 

residues have been devised. One procedure employs a pressure of 

Me3Sn\Sfi 
Me’ v 

M=Si,Ge 

(118) (119) 

hydroqen (25 bars) in the presence of HMPT/(C5H5J2Ni mixture Or 

nickel (resulting from the reduction of dry NiC12 by Et3SiH) 

leading to the formation of MeSiC12H, MeSiC13 and Me2SiC1H.351 

The methylchlorodisilanes, C1$4eSiSiMeC12, C1Me2SiSiMeC12 and 

ClMe2SiSiMe2C1, are cleaved by HCl in the presence of Pd(PPh3J4 

to gfve methylchlorohydrosilanes in good yields, e-g- 352 

Pd" 
C12MeSiSiYeC12 + HCl - 

140°c 
MeSiHCl.2 + MeSiC13 

(50:50; 90% combined yield). 
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Palladium complexes (Pd(PPh3)4 or Pd(PPh3)2C12) also catalyse the 

addition of fluorinated disilanes to 1,3-dienes, methyl vinyl 

ketone and p-benzoquinone to afford mainly 1,4-addition products, 

FMe2SiSiMe2F + 

Me2SiF Me2SiF 

The reaction of MeOMe2SiSiMe20Me with the PhC CPh IR 

temperature with sodium methoxide as catalyst yields 

is fairly stable in air: 
354 

(major) 

(minor) 

THF at room 

(120), which 

MeOMeZSiSi.Me20Me f PhCsCPh+Ph 
Me2 

\c/Si'Si&le 
II 2 

Ph/'\'Si 
/ 

Me2 
(120) 

Gielen and Tondeur 
355 

have synthesised the first example of an 

optically-active hexaorganodistannane. t PhiPhCMe2CH2)MeSn 3 2, by 

the stereoselective decomposition of the corresponding organotin 

hydride in the presence of palladium. The reactions of 

t-Bu(PhCMe2CH2)PhSn*H with Ne2Hg and of Me(PhCMe2CH2)i-Pr(trityl)- 

Sn with LiAIH4 afforded racemic distannanes. Very sterically 

crowded hexaorganodistannanes, R6Sn2 (R=2,4,6-Me3C6H2, .2,4,6- 

Et3C6H2) reversibly dissociate on heating. Bond dissociation 

energies (derived from e-s-r. intensity measurements) were 198(8) 

kJ mol-l and only 125(5) kJ mol 
-1 

, respect;vely, for the3;nthyl 

and ethyl derivatives fcf- 210-240 kJ mol for Me6Sn2). 

Tributylstannyl radicals generated by photolysis of Bu6Sn2 abstract 

bromine from Me3SiO(CH2)2Br: 
357 

Me3SiO(CH2)2Br + Bu3Sn* +Bu3SnBr + Me3SiO(CH2)2- 

+hv bsolvent 

Bu6Sn2 Me3SiOCH2CH3 



However, no reaction occurred between Me6Sn2 and 2, 4,6-Ple3CsH2-CH=NPh 

in the presence of t-Bu202. 
358 The reaction of Me Sn with TCNE 

G 359 
takes place by the initial formation of a 1:l complex: 

f 
CN C” Ne3Sn-b-c -SnMe3.TCNE 

Cp: &I 

Comnles (121) may be isolated in 30% yield when the reaction is 

carried out in CH2CC12. It is almost insoluble, colourless, and 

extremely susceptible to homolysis and atmospheric oxidation when 

it isonerises to black (122) reported previously. The kinetics 

of IICl cleavage of Ph6Pb2 have been examined in anhydrous dioxane, 

CHC13 and 205MeOH-80%C6H6, and are consistent with a four-centre 

mechanism involving preferential cleavage of the Pb-C bond by 

undissociated HCl. A [ArSPb2Cl] species was proposed as an 

intermediate, which could either rapidly disproportionate or suffer 

further Pb-C bond cleavage. 
360 

The dissolution of sodium/tin alloys of compositions near 

NaSn2*2J 
in ethylenediamine yield oranqe-red solutions containing 

the Sng - anion. The 'lg Sn n.m.r. spectra of such solutions 

exhibit a sinqle resonance with Wsn_119 
Sn coupling demonstrating 

that the individual environment of the static monocapped square 

antiprism structure are averaged intramolecularly in some manner. 

Na-Sn-Pb alloys afford solutions containing all possible mixed 

(PbnSn9_n) 4- (n=r)-9) anions. 361 

The reduction of aryldiqermanes and -disilanes by LiAlH4 leads 

to the corresponding hydrogermanes and -silanes in high yields. 

The reactions proceed via intermediate lithium germyl or silyl 

aluminates which are stable under inert atmospheres, e.g. 362 



Ph3GeGeRu3 + LiAIHq aBu3GeH + Li+[(Ph3Ge)H3Al]-.THF 

1 
THF; -LiB 

Ph3GeLi f LiAlH4 

A neutral Ge-Al bonded compound has been synthesised by mercury 

displacement: 

THF 
3Hg(GeMe3)2 + 2Al v 2A1(GeXe313-THF -I- 3HCI 

Attempts to prepare the corresponding tin compound failed: instant 

decolourisation of (!.le3Sn)2Bg occurs in contact with ajll-;inium, but 

the desired product decomposes below room temperature. 

Triethylbismuth underqoes Bi-C bond cleavage with (C6F5)3GeH and 

(C6F5) 2GeH2: 
364 

Et3Bi + (C6F5)3GeB 

9+1*oof k700c 

(C6F5)3GeBiEt2 [(C6F5)3Ge]2BiEt2 

(C6FSj2GeH2 + Et3Bi I -C2H&[(C6FS)2G~-BiEt] 

B 

-C2H6 
Et 
Bi 

(C~FS)~G{ )e(C6F512 - 

Bi 
Et 

Tin carboranes may be preoared by the reaction of SnCl2 with 

bis{O- or m-carboranyl-(9))mercury: 
365 

(C2~2~10H9)2~g f SnC12- (C2H2B10B9)2SnC12 + Hg 

Me2SnB10H,2 is cleaved by bromine and iodine to give ,Ye2SnX2 

(X=Br,I) and B10H12X2 as pro;f;ts. With a deficiency of bromine, 

Ne2BrSnB10ii12Br is produced. The treatment of a solution of 
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Me3SnLi in THE' with one equivalent of PhSCu affords PhS(Me3Sn)CuLi, 

a new reaqent for the transformation of S-iodo-enones into S-trimethyl- 

stannyl-a,S-unsaturated ketones. 367 

4.2.11 Compounds with Bonds to Transition Metals 

The reaction of HMe2SiSiMe3 with Fe2(CO)S in benzene at room 

temperature yields the extremely air-sensitive silanediyl-iron 

complex (123). The silanyl and silanediyl ligands are displaced by 

H 
f 

Me Si=Fe(CO) 
2 1 3 (123) 

SiMe3 

PPh 3, (PhCH=CH)2 and PhCsCPh.368 Insertion of cyclohexyf isocyan- 

ide (RNC) into the Si-Fe bond of (C5H5)FefCu)2SiHe3 does not take 

place even under photolysis. Rather, sequential replacement of 

both carbonyl groups by RNC occurs Leading to racemic (C5H5)Fe(Co)- 

(RNC) SiMe3 and (CgH5)Fe(RNC12SiMe3. 369 1,3-Dienes react with 

HFe(CO),SiCl, by addition of the Fe-H function to the multiple- 

bond system. Isoprene appears to add predominantly by [1,4] 

addition, but [1,2faddition occurs with 2,3-dimethyl-1,3-butadiene. 

Both tynes occur with butadiene- Stable (n-allyl)Fe(C0)3SiC13 

complexes are formed with both isoprene and butadiene. 370 

p4e2Si (n5 - C5H4)Fe(CO)2C5Hll 2 thermally decomposes principally 

by a $-hydrogen elimination process, whilst (124) eliminates 

l-pentene: 
371 

,(CgH4)Fe(C0)2(CHZ)5(OC)aFe(C H ) 

Xe S i 
S4\ 

2\ / 

SiMe2 

(C5H4)fe(Co12(C"2)5(OC)ZFe (C5H4) 

(124) 
CA 

2C3H7CH=CH2 + 2Me2Si (n 5 - C5H4)Fe(C0)2 2 

The complexes MfSil~e)CH2CHzCR2)(M=Fe(C5H5fC02, Mn(COf5) have 

been prepared by substitution of I-chloro-1-methylsilacyclobutadiene. 

Reactions cf the iron product are summarised in Scheme 5. 
372 
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X2 (X=Cl,Br A Fe(n-C5H5) (CO)2X + XMeSwH2 

hv 
- [Fe(n-~5~5) (co).-J2 

A{-SiMe[Fe(n-C5H5) (CO)2]CH2CH2CH2-In 

Fe(n-C5H5(C0)2L- PMePh 2- 
hv 

Fe(n-C5H5) (CO) (PZtePh2)L 

Fe(n-C5Hg) (PMePh2)2L 

[Fe(n-C5H5) (CO12]- + [SiMe(n-Pr)O2]*- 

L= S-H2 

dl 

I Hcl- J?e(n-C5H5) (C0)2CSiMe(n-Pr)Cl} 

(major product) 

Fe(n-C5H5) (C0)2CSifle(n-Pr)OHI 

Scheme 5 

The silaferracyclopentane (125) is obtained by the reaction of 

dimethylsil.acyclobutane with Fe2(CO)g (preferred route) or, with 

u-v. irradiation Fe(CO)5 or Fe3(C0)12. The compound may also be 

prepared by the reaction of Cl?le2Si(CH,),Cl %A;: Na2[Pe(CO)4]- 

Reactions of (125) are described in Scheme 6. Ring-expansion 

as a route to silaferracyclopentanes seems to be independent of 

the exocyclic groups attached to silicon, which may be Me0 and Cl 

in addition to Me. l-Yethyl-l-hydrosilacyclobutane and Fe2(C0)g 

give both substitution and insertion products, (126) and (127). 

whilst reaction with (Ph3P)2(C2H4)Pt affords (z)- 
374 



218 

c Water,N2- SIMe2(n-Pr) (0H)tFeH complexes 

Water,air- SiMe2(n-pr) (OH)~~Fe(CO)~~Fe3(CO~~ 

Rcl--c SiMe2(n-PrICl + Feel2 

pc15- SiMe2(n-PrICl + SiMe2Cl2 f 3C0 

PMe2Ph(=L)- pe(CO)3L2 f Fe(COI*L 

Scheme 6 

0 
c H Fle 

Ne 

(OC)IFe(H)-& 3 -‘?” 
(Ph3P)2Pt(Hf-Si 

3 

@-(%le3GefFe(COf4375 and cis-(?-IeH2Ge)Fe(C0)4 
376 

have been 

prepared by reaction of the halogermane with Na2[Fe(C0)4]. The 

trimethylqermyl derivative rearranges in vacua yielding A- 

(Ne3GeI20, Fe(COJ5 and Fe3(CO)12, whilst the hydromethylgermyl 

comnounds, cis-(Me H 
"3%" 

Ge)Fe(COIq (n=1,2) eliminate the correspon- 

dlnq methylgermane. Reactinq patterns of (ReH2Ge)2Fe(C0)4 

with halogen compounds have been investigated in detail. 

Haloqenation by milder reagents e.g. SiC14 is stepwise and 

alternately at each germanium atom. Nore reactive hydrogen 

halides also cause suhstitution, and subsequently cleave the 

Fe-Ge bonds. 
378 

Diqermanyl chloride reacts with l?a[Co(COIq] in 

ether to afford Co(CO)q(Ge2H5,_, the Ge-Co bond of which is cleaved 

by HqC12. Reaction with [?/ln(CO)S]-‘ gives Mn(CO)5(Ge2H5).37g 
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Three distinct reaction pathways may occur in the reactions of 

MenSiC14_n (n=O-3) and Na[Co(CO)d d p e ending on the acidity of the 

chlorosilane and the hasicity of the solvent: (i) attack at the 

silicon via the cobalt atom of [COG]- forming Si-Co bonds, 

(ii) reaction involving a carbonyl ligand leading to the formation 

of clusters such as R3SiOCCo3(C0)9, and (iii) chlorosilane-induced 

attack of [COG]- on the solvent yielding products derived from 

THF, eg HO(CH2)4CCo (co)9_ 
380 The miscellaneous complexes, 

Ph3SnfPh3P)CofCO)3 
331 

and (C5H5)Pe(CO) (L)SnPh3 IL=CS,CNMe, C fN2C2H,)~82 

have also been synthesised. 

Ionisation and appearance potential data for several compounds 

containing Mn, Fe, and Co bonds to silicon and tin have been 

measured. 
383 

Detailed analyses of the vibrational spectra of 

(C5H5) Fe(CO) 2MPh3, 
384 

[(C5H5)Fe(C0)2]2MC12 and (C5H5)Fe(W)2MX2 

(Y=Sn,Ge; S=Cl,Br)385 have been presented. 

Optically-active germyl-lithium compounds displace carbonyl 

liqands from transition metal carbonyls to afford complexes with 

optically-active germanium bonded to the transition metal e.g. 

%ePhNpGe%-Li c (M=N(CO)5, Mo(C0)5, Fe(C0)4)_386 Several organotin- 

manqanese complexes of the type R3Sn- and ClR2Sn-Wn(C0)3L2 

(L=P(OPh)3; PPh3) have been prepared by the substitution method. 
387 

Only the Sn-C bonds of Ph3SnM(CO)5 (M=>In,Re) are cleaved in liquid 

so2_ The primary bis(O-sulphinato) complexes (129) formed at 

20°C rearrange easily to the more stable polymeric O,O'-sulphinates 

(130) and monomeric (131). In the range 20-60°C monomeric I__ 
tris(O,O I-sulphinato) 

B 
(~IC)~M,~~,O-S-P~ 

ph' 'O-S-l% 
11 

complexes (132) are formed. 
388 

?h Ph 

Ph 1 Ph 
M(C0) 5 

0 

(129) 

Mn(C0) 
0 1 o5 

PhS' 'Sn' 'SPh 

(130) H = Mn, Re 

PhS---O 

M(CO)5 

I \I 
0 SnAo~SPh 

/\ '0' 

"\/O 

Ph (132) 
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Several cationic Sn-Ni(II) complexes have been reported. 

Complexes of the general formula _MNi(PPh3)3(EPh3) (THF)x (M=Li, Na: 

E=Ge,Sn,Pb) and Me3Ni(PPh3) (EPh3)3(THF)x (E=Ge,Sn) are formed by 

substitution of (Ph3P) 2Ni(C2H4) by MEPh3. The analogous silicon 

complexes could not be obtained because of the formation of SiPhq 

from LiSiPh3 and coordinated PPh3_ 389 Similar cationic complexes 

(133) result from the reaction of LiSnPh3 with NiCl(L) BPhq in 

THF at -70°C:3go,3g1 

i- 

BPh; E=N,P 

/-, 
Ph I Ph 

Ph 

(133) 

Cyclooctatetraenes (C8H7R, R=H,Me,Ph,SiMe3) react with 

R~fSiMe3)~(C0)~ in refluxing hexane to give trimethylsilyl- 

migration products Ru(SiMe3) Q0&,(C8H7R(SiMe3)) together with ring- 

closed tetrahydropentalenyl complexes Ru(SiMe3) (CO)2(C8H8R). The 

structure of the former product (R=H) was established by X-ray 

analysis. Heating the cyclooctatetraenes with Ru(SiMe3)Z(CO)q 

or the comolexes Ru(SiMe3)(C0)2iC8H7R(SiMe3)>directly in heptane 

effects ring-closure with the elimination of the C-bonded Me3Si 

group giving diruthenium pentalene complexes Ru2(SiMe3)2(C0)4(C H R) 

in moderate yield, again confirmed by an X-ray determination. 
395f,593 

The silylruthenium complexes RuH3cSiR3) 1PPh3)2 and RuH(SiR3) (l?;?3)3 

are effective catalysts for the addition of Ccl4 to l-octene. 

The lemon-yellow crystalline product from the reaction of SnC12, 

PPh3 and the red ruthenium soluticn obtained by treating 

RuC13xH20 in EtOH with CO is actually [RuC1(SnC13) (CO) fPPh3)~fOCMe2) 

Me2Co (X-ray), and not [Ru2C13(SnC13) (CO)2(PPh3)& (OCMe2)2 as 

previously thought. 
395 

The structure of (Me2PhP)2AuSnC13 has been 

determined. Gold is coordinated by the two phosphines and an 

[SnC13] ligand in a trigonal geometry, but with considerable 

distortion towards a linear PAUP 

anion.3g6 

qroup and an uncoordinated SnCl‘; 

The rare earth complexes fC,..,HS)2MSnPh3 (M=Er,Yb) and 
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(C5H5j2ErGePh3 result from the reaction of Ph MLi with the corres- 
397 

3 
ponding rare earth chlorides. 

CO2KO)8 reacts readily with Me4Si2H20, Me4Ge2H20 and (Me2HSi)2CH2 

to yield the complexes (1341, which decompose slowly at -78OC under 

nitrogen to Co4fC0)12 and polysifoxanes and -germoxanes. With 

FefCOf5 or Ru3(C0)12 under u-v. photolysis, the five-membered 

heterocycles (135) are obtained. 
398 Similar four-membered 

Me E/XIEKe ? I2 
(OC) 4co co (CO) 4 

(134) 

X=O:E=Si,Ge 

X=CH2; E=Si 

M=Fe, Ru 

F0 
Me2 I co 

X/E oc p” 
/ 

\E --Lo 
Me2 061 

co 

(135) 

metallocycles, L2Pd(Si2Me20), L2(CO)HIr(Si Me40), 
2 

L2(CO)HIr(Si2Me4CH2), 

L2Pt(Si2Me4CH2) and L2Pd(Si2?-Ie4CH2) (L=PPh3) have also been 

prepared and act as catalysts for the disproportionation of 

tetramethyldisiloxane into dimethylsiloxane and linear polysiloxanes 

in neutral medium at room temperature. 
399 

Eaborn has continued his studies of the reactions of organotin 

compounds with Pt(II) complexes. Aryl-for-chlorine group 

exchanqe occurs between ArSnNe 3 and [PtlCod)C12],400 

/_Pt(CodfC1(PMe2Ph)]BF4,401 or cis-[Pt(C2H4)C12(PPh3j] .4o2 In the 

former case, one or both chlorines can be replaced. The use of 

one mole of ArSnMe 3 usually affords the monoaryl derivative in 

high yield, whilst the diary1 complex is obtained when two or more 

moles of reagent are employed. With cis-[Pt(C2H4)C12(PPh3)!, the 

chloride-hridqed complexes [Pt2Ar2C12(LPPh3J2] are obtained with 

one mole of ArSrWe 3, but excess causes decomposition to 

[PtArC1(PPh3J2] complexes. The reactions of [Pt(C2H4) (PPh312] 
with orqanotin halides RnSnX 4_n (n=O-4) proceed by insertion of 

platinum into the Sn-R(Ar) or Sn-X bonds depending on the nature of 

the tin substrate, affording complexes of the types cis- 

[PtR(PPh3)2(SnR2X)] , a-[PtPh(PPh3j2(SnPhX2)], and z- and trans- 

[Pt(PPh3)2 (SnR2X)~1.403 " The reaction between trans-[PtH3{P(hexyl)3}- 

and MXH3 (M=Si; X=H,Cl,SiH 
3: M=Ge, X=H) compounds yield trans- 

PtHfY) fP(hexyl)3]] (Y=MXH2) complexes, probably via intermediate 
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LPL-H3(Y) {P(hexylj3]]. Unusually, the silyl group is trans to the 

hydride in LPtH(SiH31P(hexyl)3?].404 Similar insertion reactions 

of [Pt(Ye2)2 (N-N)] (N-N=bipyridyl, substituted phenanthroline) 

complexes into Ge-X (?C=Cl,Rr) bonds of organo-germanium halides 

have been demonstrated by Kuyper. 405 

Bimetallic Pt-Sn complexes containing up to six tin atoms are 

formed between amine-Pt(I1) complexes and chlorotin compounds. 

In solution, competing eguilibria are established. 406 
The Pt-Sn-Cl 

system has been shown to be an effective homogeneous catalyst for 

the water gas shift reaction. A typical catalyst system consisted 

Of K2PtC14 (O.ZSmmole) and SnC14. 5H20 (7.lmmole) in 40ml glacial 

acetlc acid with lOm1 concentrated HCl and 1Oml water, giving a 

rate of catalysis at 8S°C of ca. - 25 turnovers/day/platinum ion, 

with no loss of activity upon recharging. [Pt(Cl(CO) (SnC13t2]- was 
considered to be most probably responsible for the catalysis of H2 

formation, and [PtC12(CO) (snC19) j- responsible for CO2 generation. 407 

Photoirradiation of a homogeneous solution in propan-Z-01 of a 

Rh-Sn-Cl catalyst markedly enhances the endothermic reaction rate 

to produce acetone and Hz. 408 

Trans- 'PdL2(SnC13)2y and cis-[PdLZ(SnC13)C1] (L=phosphine) -.. 
complexes have been prepared by the reaction of phosphines with 

Pd-SnC13 complexes in HCl-EtOH. 409 
Thermal analysis studies show 

that the cis_CPtL2(SnClj)C1] (L=phosphinef complexes are converted 

into the more stable trans isomers when heated in the solid state. 

Heats of isomerisation were in the range 5-11 kcal mol -1 410 
- The 

reactivity of rPt(SnEIe 3 2(PPh2CH2)2] towards air, base, acids, ) 

thiols and orginic and metal halides has been examined. Many 

reagents cleave both Pt-Sn bonds in a stepwise fashion. 411 
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