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4.1 CARBON

The infrared-matrix isclatilon technigue has been applied in the
study of several carbon systems. The reaction of oxygen with
phenylcarbene, produced by irradiation of phenyldiazomethane,
PhCHNz, in an argon matrix affords both benzaldehyde and benzoic
acid. The ratio of these products depends on the oxygen content
of the matrix and on the thermal treatment of the matrix. Short
irradiation times and at low (8K) temperatures, benzaldehyde is

the sole product. Benzoic acid is produced at higher
temperatures. Reactlion proceeds via the diffusion of atomic
OXygens:

3

PhEC: + O(°P) - >PhCHO

PhCHO + 0(3P] + PhCOOH

0010-8545/83/$33.60 © 1988 Elsevier Science Publishers B.V.
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Diffusion of O, only occurs at higher temperatures.1 Matrix-
isclated tricarbon monoxide has keen produced by pyrolyzing
fumaroyl dichleocride seeded in excess argon. Two possible
reaction pathways were prostulated (Scheme 1):

HC=C—-COC1 #+| ::C=C

Scheme 1

The v, (2242.6 cm '), v, (1907.2 cm™') and v, (579.6 cm ') bands
were observed, and a normal coordinate analysis vielded a general
harmonic force field.2 The microwave spectra of the same
molecule isotopically substituted with 13C or 180 at each of its
four atoms have yielded accurate gecometrical parameters (C1—0
115.0pm, €,7Cy 130.6pm, C,-Cq 125.4pm) . Discrepancies with ab
initjio MO calculations are somewhat larger than usual, attributed
to the effect of a low-frequency bending vibration.3

Codeposition of CF3I and czone in excess argon on a CslI window at
17K gives a CF;I-04 nolecular complex, which photodlssociates upon
irradiation yielding CF3IO. Further photelysis produces CF,OI
and two CF,0--IF molecular compleng.4 The oxide—-transfer
technique, inveolving transfer of O from leo to a suitable
acceptor, coupled with matrix—-isolation has heen employed to
synthesise and characterise the mono- and dithiocarbonate anions,
co,52” and coszz', and the cozez", all as triple ions with two
T1® cations.- The cozsz' anion was characterised by sharp,
intense C-0 stretching bands at 1445 and 1202 cm |, and a C-S
stretching mode at 603 em V. The two most intense bands of the
COS22- anion occurred at 1506 cm~ | (C-O stretch) and 606 cm |

{antistmmetric C-35 stretch). The calculated force constants

3

suggest increased localization of the n bonding on the carbon-



195

oxygen bonds as the number of sulphur atoms in the anion is
increased, On warming, the matrix-isclated T15C02F22_ triple
ion eliminates TI1F giving T1+C02F_. The simultanecous matrix
depeosition of lithium atoms and acetylene molecules at high
dilution in argon at 15X yields infrared spectra due to four
species. The major product(l1} has a LiC2H2 stoichiometry which
is most likely to be planar, with the lithium bridging the =
system and cis C-~H groups and CCH angles estimated to be 140+10°C,
The C-C stretching mode is reduced to 1655 cm-1, near to that of
ethylene, and rationalised by the sharing of electron density
between the 7 system of acetylene and lithium rather than lithium
valence electron transfer into an antibonding n* orbital of
acetylene, The minor reaction products have different
stoichiometries. Conclusions frem the propyne-lithium reaction
were similar. All the observed species were unstable above 30K.6
The three minima (2)-{4) have been isclated on the potential

Li Li . F
LLd

Clz\.\: r—c” \F c;; Li-C/ Li

/ N ~p” \ Li g

H H F

(1) (2) (3) (4)

surface of CLiZFz’ of which the most stable is the lithium-
bridged species (g).7 only one type ©of low-binding-energy
carbon and lithium environment has been observed for both
methyllithium and dilithiomethane, in accord from previous
structural (MeLl) and snectroscopic data. In addition, the
direction of the carbon 1s core level shifts and the 13C

chemical shifts suggest an increased charge density of the
methvlene carbon in the latter compound. The data also indicate
a single lithium environment for CH2Li2 strongly suggesting a
highly symmetrical structure.8 1H, 7Li and 13
demonstrated that lithium 2-lithio-1,1,3,3-tetraphenylpropenide

adopts the ionic allyl-lithium structure (5) with C, symmetry.

C n.m.r. have

The second lithium is covalently bonded to the central carbon
atom.” Deltic acid molecules {(§) prokably form infinite chains
linked by two very strong unsymmetrical OH,..0 hydrogen bonds.
All fundamentals of the vibrational spectra in the range 4000-20

10

cm_1 have been assigned. Attempts to record the microwave

spectrum of dichloroketene, c12c=c=o, were unsuccessful, probably
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HO-C=C-0OH

()

(5)

due to the near zero dipole maoment. However, the Fourier
Transform infrared spectrum was able to be recorded under the

11 Theoretical calculations on flucorcacetones

same conditions.
and their conjugate acids exhibit an inverse dependence of the
proton affinity on the number of fluorine substituents. The
good ceorrelation found between increasing proton affinity and
decreasing ionization potential is attributed to the observation
that the ionization of a non-bonding electron is essentially
localized at a single atom which is also the site of
protonation.12

The CARS (Coherent Anti-stokes Raman Spectroscopy) technique has
been employed to study the photodissociation of trans—azomethane,
CH3N=NCH3, vapour.13 The dissociation is complete within 2 ns,
and the nascent N2 vibrational distribution appears to be
consistent with the thecoretical prediction ©f seguential bond

cleavage mechanism:
N=N + R~=N=N. + .R =+ 2R. + N

The photolysis and thermal decomposition of both pyruvice acid,
CH3.C[=0).C02H,14 and glyoxylic acid, H.C(=O).C02H,15 have been
investigated. The major products from the photolysis of
glyoxylic acid (1-6 Torr and 355K} were co, and formaldehyde, with
minor amounts of CO and H,. Primary processes involve H-atom
transfer followed by dissociation. The same major products were
also formed during thermal decomposition at 740-710K, although the
formation of formaldehyde was always less than stoichiometric and
the CO/COz ratio was observed to increase with increasing
temperature. 002 and acetaldehyde were formed in the photolysis
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of pyruvic acid. Again the primary process was an internal
H-atom transfer, followed by dissociation inte Co, and CH,-C-OH,
with this species rearranging to give acetaldehyde and other
prcoducts.

The thermal decomposition of the potentially explosive azide,
F,HCN,, has been studied in a controlled way by using a flow
systemn under reduced pressure and PE spectroscopic gas analysis.
Decomposition leads to the formaticon of N, ., FCN and HF, presumably
via the intermediate nitrene, F2HCN.16 Treatment of a
suspension of NaCN in acetonitrile with an excess of C2F4 resulted
in the formation of a red solution. Evaporation of this
solution to dryness yvielded a red amorphous solid, which, after
redissclution in water and addition of a sclution of Ph4AsCl,
afforded two salts, yellow {Ph4A5+][CF3C(0)C(CN]2_] and red
[Ph,As” ) [ (NC) ,CC(CN)C (F)NC (CN) ,1. "7
trifluoromethyl isocyanide results in the formation of both
isomers of the compounds, CF3N=CHF, CF3N=CHC1, and CF3CHBr.
Electron diffraction studies indicate that the E isomers of the

Hydrogen halide addition to

fluoroc and chlore compounds predominate, with isomeric ratios
(from n.m.r. data) ©f 15.4:1 (fluoro compeound}, 6.7:1 {chloro
compound) , 2.8:1 {bromo compound). All three methanimines
dimerize slowly, forming the corresponding aminomethanimines,
CF3N=C(H)N(CF9(CX2H) {(x = F, Cl, Br}. The addition of SFcBr to
CFBNEC yvields the pentaflucorcthio-substituted methanimine,
CF3N=C(Br)SF5.18 Both exo conformers, eqgq—exo and ax—-exo, fit the
experimental electron diffraction data for perfluoronitrosocyclo-
butane, C3F5NO, almost equally well and therefore not permitting

any estimation of the ratio of isomers.19

The perfluorophospha-
alkene, F3CP=CF2, reacts as a dienophile at temperatures between
=20 and +15°C with cyclopentadiene, 1,3-cyclohexadiene, butadiene
and 2,3-dimethylbutadiene to give the Diels-Alder adducts (7y=-(10)
in high yields.20 The same adducts may alsc be obtained in a
one-pot procedure hy reaction of F,CPI,, with t£in{II} chloride in

the presence of the corresponding 1,3—dienes.21

CF CF
ﬁb% ﬁﬁ\/wz CI N
P p
/ B! 4 \CF3 ScF
CF CF,
(1) (8)

(9) (10)
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Several new methods for the synthesis of bis{trifluoromethyl}-

sulphine, [CF3}2C=SD, have been reported, and are summarised in

Scheme 2. Reactions are summarised in Scheme 3.22

FBQ\

F,C s CF
‘i 3 \C/ \C/ 3 anthracene
A KE/DMF

p.c” N \CF

3 3

/ MCPBA
F3C\ 490
CF O F3C—C—S
CF.CO_H 3 |

3773 |
~C1l > C1 s-C1
(_I: —

FoC
3
>c=s
F3C
]Cl2
CF3
Cl—%————-s
CF3
+ H20 [ad} 4.
CF3
e
CF3

F.C O
I a J
S5-CH #—h C=5
// anthracene

MCPBA = m—chlorcoperoxybenzoic acid

Scheme 2

All five corresponding S-oxides (11)-(15) have been obtained by
the oxidation of 2,2,4,4~tetrakis(trifiuoromethyl}—-1,3-dithietane
(16) . Thermal decomposition of these S—-oxides yields
(F3C)2C=S=O, the thiirane (17),. (F3C)(F2C=)C802F, and
F3C)C=C(CF3)2, dependling on the oxide. Oxidation of the
thiirane (17) affords only the eplsulphoxide (18), but not the

episulphone (19) (Scheme 4y .23
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The behaviour of 1,1,3,3-tetrachloro- and 1,1,3,3-tetrabromo-1,3—
dithietanes ((20) and (21), respectively) is generally quite
similar {(Schemes 5 and 6). Thermolysis of the tetrachloro-1,3-
dithietane 1,1-dloxide (22) provides a convenient synthesis of the
tetrachlorothiirane (23). 4 Reaction of 2,2,4,4-tetrafluoro-1,3-
dithietane with the Lewis acids MFS {M = As, Sb) affords the
stable 2,4 ,4-trifluorc-1,3-dithietan-2-ylium salts (331.25 The
crystal structure of the arsenic derivative has been determined.
The C-F and C-5 bonds to the cationic carbon are significantly
shorter than those to the saturated carbon.26 Ozonolysis of 2~
(benzoylmethylene)-1,3-dithietane 1,i1-dioxide (25), prepared via
the oxidaticen of 2-(benzoylmethylene)-1,3-dithietane (26) affords
1,3-dithietane {(27), the first dithietane containing an

a-oxosulphone structure.zT

o o, L0 o 0, L0
s PhC X PhC S
+ . ~
o TSS NS S
s H 5 H o &
(24) (25) (26) (27)

Trifluorcethylidvnesulphur trifiuvoride, CF3CESF3, the first
compound with a carbon-sulphur triple bond, has been prepared by
the dehvdroflucorination of CFscH=SF4 or CF3CH25F5 and is a
colourless gas, mp. -122.8°C and an estimated bp. of -15°C. The
C-C=8 linkage is almost linear {angle 171.5°C) with a C=5 bond
distance of 1.394A (determined by low—temperature {(-130°C)
crystallographyk Dimerization of the molecule occcurs on warming
up to -30°C, which is probably formed on internal cleavage into
the carbene, CF3C-SF3. The dimer 1s a substituted butene,
CF3(SF3)C=ClCF3)SF3, with a trans (E) configuratien.28 The
alkenes, CF3SF4CF=CF2 and CFBSF4CH=CF2, are formed on dehydro-—
chlorination of CF3SF4CHFCF2C1 and CF35F4CH2CF2C1, respectively.
Addition across the C=C double hond of CF45F4CF=CF, occurs on
reaction with soze, SE‘4 (or SOFZ), 8206]5‘2 and C1lF to afford the
compounds, (CF3SF4CFCF3}2502: CF3SF4CF[S(O)F]CF3o
CF3SF4CF(SO3F)CF2(SO3F), and CF3SF4CF01CF3, resgpectively.
CF38F4C1 behaves as a chlorofluorinating agent towards highly
hindered alkenes such as FSOZC(CF3)FCF20CF2CF=CF2 and
CFP4SFCF=CF,, although with CF3CECH equinolecular amcocunts of

CF4SF ,C(CF ) =CHC1 and CF,C(C1)=C(SF,CF;)H are obtained.??
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o (20)
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{(Triflucrcomethyl) sulphenyl chlcoride, (trifluoromethyl)sulphinyl

4,0

Br

O

Z

EUPAN
[¥s}

O

A

N

chloride, and {(trifluworomethvl)sulphonyl chloride react with

cyclic amines t¢ afford the corresponding N-substituted

derivatives such as {(28)-(31).3°

SCF3
Mez?i-——N Sl.’LMe2
HN NH
Mezsi— N SiMez

SCF3
(29)
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Hexafluorcacetone reacts with the Group VvV nitriles, CF3P{CN)2,

P(CN) 5, and Sb(CN)3, via E-CN bond cleavage to yield the compounds

(32)—-(34), re5pectively.31

R
R—'———O
o) R
R
N
F,C-P R
0—C—N
1N
R
yR
R--F——ﬁo
R
(32)
K 5 ]
0—C—CHN Sk |-0—C—N
// [ I N0
R R
_N—FP R R
O — \
! R
R>< 0—(‘2--CN R0
R R 3
o L L _
R
{(33) (34)

Sodium thiocyanate reacts with hexaflucorocacetone in a 1:2 molar
ratio to give the anion (36), possibly via the anion (35}:

AN
- Y _
FoC "o> F,C /C—S —cos F3C B I~ F,C
c=5 N _ e %N CFq
F,.C e -
3 F,C F,C F O -~

3 \O/ CF3

(35) (36)
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Hydrolysis of (36) in aqueous Ph,P’Cl” affords the crystalline
hydrate, [(CF3C(0H)2.{CF3}20{O]OH]_[Ph4P]+. Dimeric dianions are
observed in the solid-state, which are connected via four
unsymmetrical and twe symmetrical O---H-—-0 bonds.32

The nitriles, R-CN {R = Cl, CF,, CC13, CHB) react with chlorine
and bromine in the presence of HgF2 to form the N,N—dihalogeno-
1,1-difluorcamines, R-CFz-N}{2 (¥ = Cl1l, Br}) in high yields. The
analogous bromochlorcamines, RCF2NBrC1, could not be isolated in a

pure state. The diazines, {(R-CF —N=]2, were obtained by either

photolysis or thermelysis of the gmines. 3 A new general method
for the synthesis of perfluoropolyethers from hydrocarbon
polyesters has been described, which involves three steps: (1)
rerfluorination of the hydrocarbon peolyvester, (2) reaction of SF,
with the ester carbonyl to produce a CF, unit, and (3) high
temperature cleavage to volatile perfluctopolyethers and
oligomers.34 A review of the chemistry of hexafluoropropane
oxide has been published.35

Formamide reacts with carbon disulphide in the presence of
sodium hydride to yield crude scodium N-formyl dithiocarbamate,
Na[szc—CHJCO—H]. Acidolysis with HC1 produces the free N-formyl
dithiocarbamic acid, which can be converted intc other MI salts by

36

treatment with the metal alkoxide, Crvstals of the potassium

salt comprise a hydrogen-bonded sixteen-membered ring system

formed by four [Szx-NH—CO*H]_ anions.37 Alkyl esters, H-CO-NH-

38

CszR, have alsc been characterised. Analogous N-thioformyl-

dithiocarbamate salts can be prepared by using thioformamide.39
The crystal structure of the tetra~n-butylammonium N-thioformyl
dithiocarbamate salt is built up of dimeric aggregates consisting
cf two alkylammonium cations and two [Szc-NH—CS—H]' anions, which
are linked together by -CS-,..H-N bridges.40 The alkyl esters,
H-C5-NH-C5-5R, are obtained from the reaction of this salt with

an alkyl diodide. Oxidation of N-thioformyl dithiocarbamates with
iodine yields 1,2,4~dithiazole=3~thione, H-G=N-C5-5-5.%7 The
reaction of a solution of potassium N-methyl N-formyl dithio-
carbamate, K[Szc—NMe-CO-H] (ocbtained as before from N-methyl
formamide,42 in acetone-d, with gaseous HCl at =78°C affords
unstable N-methyl N~formyl dithiocarbamic acid, H-CO-NMe-CS5-S5H,
characterised by n.m.r.,43 whilst reaction with alkyl iodides
procduce the N-methyl N-formyl dithiocarbamate esters.44 N-methyl

thioformamide has been obtained by the treatment of N-methylform-
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amide with P,S5,,, and reacts with carbon disulphide in the
presence of metal hydroxides to yield the corresponding N-methyl
N-thicformyl dithiocarbkamate salts, M{Szc—NMe—CS—H]. Attempts to
prepare the free acid were unsuccessful.45 The S-methyl ester of
N-methyl N-thioformyl dithileccarbamic acid, H-C5-NMe-CS5-SMe, has
been obtained from the reaction of potassium N-methyl N-thioformyl
dithiccarkbamate with methyl iodide.46 Reaction of metal 1,2-
ethanedithivolates with carbon disulphide gives the corresponding
1,2-ethane-bis (trithiocarbonates), M,[S5,C~SCH,CH,5-CS,]1.%7  with
hydrochleric acid at 0°C, the potassium salt gives the unstable
deep yellow 1,2=-ethane-bis{trithiocarbonic) acid, whilst alkyl
iodides afford the corresponding esters.48 Crystals of the
dimethyl ester, MeS—CS—SCH2CH25—CS—SMe, comprise isolated
molecules.49 The mixed dithiocarbamate-dithiocarbimate,
Nazlszc—NH—N=C82].7H20, and the 1,2-hydrazine-bis{dithiocformates),
M2[82C-NH—NH-C82], have been prepared by the reaction of

hydrazine hydrate, carbon disulphide and NaOH in agueous

50,351 [szc—NH—NH—cszlz" anions are linked by N-H...S

52 The

sclution.
hydrogen bonds in crystals of the potassium salt.
S-methyl ester of dithiocarbazic acid reacts with carbon
disulphide in the presence of sodium or potassium hydride at —-15°C
to yield the salts of the S-methyl ester of N-dithiomethylene-
dithiccarbazic acid, M2[52C=N—NH—CS—SME].53

Ultrascnic irradiation of water under an atmosphere of argon
containing small amounts of C02 affords oxygen as the major
product together with a small amount of formic acid. The main
products from the decompeosition of methane under similar
conditions were hydrogen, ethane, ethene, C3 and C4 hydrocarbons,

and carbon monoxide.54

4.2 SILICON, GERMANIUM, TIN AND LEAD
4,2, Theoretical Studies
The structures and energles of SiHn2+ dications {n = 1-5) have

keen calculated. 51H2+ is predicted@ to be a strongly bound

species and SiH22+ a kinetically stakle species. The higher

homologues, 51H32+, SiH§2+, and SiH52+, in contrast, are weakly
bound complexes of siH2 * with atomic and/or molecular hydrogen.
Studies of the two-dimensional potential energy surface for the
insertion of singlet silylene into the H, molecule have shown this

reaction proceeds in a similar fashion to the insertion of singlet

55
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methylene, with an activation energy of 6.3 kecal mt::-Z'..'-1 at 600K.
The data alsc yielded an activation energy for the thermal
decomposition of silane of 60,2 kcal rnt::l_1 at 600K.56 Least-
motion versus non—-least-motion pathways for the dimerization of
methylene and silylene in both singlet and triplet states has been
investigated. Ground-state triplet methylenes combine in the
non—least—-motion path to give ground-state ethylene without
barrier. Ground-state singlet silylenes give a ground-state
disilene with barrier in the least-motion path and without barrier
in the nen-least-motion path. A ground-state methylene and an
excited-state silvlene give a ground-state silaethylene without
barrier in the least-motion path, and an excited-state methylene
and a ground-~state silylene also give ground-state silaethylene
without barrier in the non-least-motion path.>’ Ab initio MO
calculations for Sj.zH2 have been reviewed.58 New MNDO

calculations confirm that the dibridged structure (37) is
58

superior to the classical structures (38)-140). Ab initio
H H H H H H
TS s e ol ~ 13
Hpw—Si Si === /81251\ 7 i—3i ,Si—SJ.
H H H H \H H Hf H
(37 (38) (32) (490)

calculations on Snzl-I4 with better than double ¢ basis indicate
that the non-planar trans—folded conformation is more stable than
a planar structure by 26 kJ mol“1 and also that the optimal angle
between the Sn-Sn vector on the SnH, planes is 46“.59 The
photoelectron spectrum of dichlorosilylene exhibits three single
and two dcouble bands, and has been employed to optimise

synthetic routes thereto.so Ab initio MO calculations with
basis sets cof split valence plus pcelarization funetion quality
have been carried out on the fully substituted silylenes, Sixz,
disilenes,xzsisixz, and silylsilenes, XSiSiX3, (X = Me, Li, F).
All three silylenes are strongly bent in both their singlet
ground-states and triplet excited-states, except for SiLi2 has a
triplet ground—-state with a linear gecometry and a bent singlet
excited-state. The 512Me4 isomers resemble the analogous Si2
species. Thus, the singlet disilenes and silylsilylenes are
almost isocenergetic, the disilene dissociation energies toward two

simple silvlenes are comparable, and both disilenes feature very

Hy
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flat potential energy surfaces for bending of the geminal
groups in a mutual trans fashion or twisting around the Si-S5i
bond. In contrast, no clesed shell minimum could be located for
FzsiSin corresponding to a disilene. A minimum was obtained for
the diradical-like triplet,-FZSiSiF2, but this was considerably
less stable than the singlet silylsilylene, :FSiSiF3. No
minima could be located either for a conventional disilene or a
silylsilvylene for the model SizLi4 species. The glcobal minimum
for singlet SizLi4 was a distorted, planar structure with two
bridging lithium atoms with Con symmetry.61 The photolytic
fragmentation of trisilane to disilane and silylene has been
studied by means of a pseudopotential method.62
Two ab initio MO studiles of bonding between silicon and

63,64 Nominally normal single

phespherus have been published.
{pyramidal), double {(planar) and triple {(linear) Si-P bonds were
predicted to be stable with positive harmonic force fields. Both
studies included data for phosphasilene, HP=SiH2, which were in
close agreement. The barrier of insertion of silylene into the
P-H bond of phosphine is predicted to be just 2 kecal molm1
(consistent with experimental evidence), while the barrier to
insertion of phosphinosilylene into H, is ca. 17 kcal mol—1. The
40 kcal mol”’

phosphinesilene to the corresponding silylene is similar to the

barrier for the singlet 1,2-hydrogen shift from

barrier found for other 1,2~shifts. The potential energy surface
of the dimerization of silanone has been predicted to proceed with
no barrier to yield the cyelic product (stiO)2 by forming
stepwise two new bonds. The dimer, like (stislz, has a planar
four-membered ring with D2h symmetry.65

The SiC 7 bond strength has been calculated to bhe 27 keal mol_1,
intermediate between the values for the CC (65 kcal mol_1) and
SiSi (22 kcal mol”! 66
with formaldehyde to give silanone and ethylene via a 1,2-sila-
oxetane intermediate has been studied at the SCF level. Whilst
the reaction is exothermic by ca. 30 kcals mol“1, the proposed
intermediate is more stable than both the reactants and productis
by at least 50 kecal mol_1, although if the product is the
silanone dimer the reaction is more exothermic with the products

lying 25 kcal mol_1 kelow the silaoxetane.s7 Ak initio

} m bond strengths. The reactlon of silene

calculations for monosilabenzene, 1,4-disilabenzene, hexasila-
benzene, and their valence isomers illustrate the reduced aromat-
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icity of the silabenzenes and the relative weakness of 5i-C =
bonds compared to C-C w bonds and Si-8Si o bonds.68'69

Multipeaked cyeclic voltammograms for silicon phthalocyanine
monomer-cligomer sets can be predicted from initial-state MO
energy levels if field shifts are used tc allow for the charges of
the anions and cations. For the dimers, a 459 staggered
conformation is predicted to be slightly more stable than the
eclipsed conformation.70

The MNDC approxXimation has been applied in several areas
including pentacoordination in silicon chemistry,71 dicyclopenta-
dienylsilenes,72 stannylenes,73 organotin radical cations?4'75
2,4,6—trithia—1,3,5-tristannaadamantane,76 and a large number of
lead compounds.77 wWhen tetrahedral silicon is involved in the
formation of an additional doncr—acceptor 5i+Y bond, it acquires
a higher positive charge compared with the tetracoordinated state,
and electron density is transferred to the equatorial and axial
ligands, affecting predominantly the charge on the other axial
atDm.71 The most stable form of (C5H5}251 has been calculated to
be the bis-monohapto isomer with a CSiS angle of 105.4°. The
bis=-pentahapto isomer is of comparable energy, with a minimum
energy (but not a genuine minimum)} for a structure of D g symmetry.
In the silene derivatives (nl—CSHslzsiCYE, the unique SiC
interaction is a genuine Si=C double bond and the molecular
[CzsiCYzl skeleton 1is planar. However, in the isomeric
pentahapto speciles (ns—C5H5)251CY2, which do not represent genuine
energy minima, the unigque S§i-C interacticn is a long, highly polar
konded in a twisted [xzsiCY2] s?gleton in which the xzsic and
SiCY2 planes are perpendicular. Dimethylstannylene is
predicted to have a singlet ground—state and a C3nC bond angle of
99.1°. Insertion reactions of dimethylstannvlene into the Sn-Cl
bonds of Mezsncl2 and Me3SnC1 and also into the C-I bond of
methyl icdide have also been stl:;d::.ed.?4 The results of a
combined gas—phase UV photoelectron spectroscopic study and
pseudopotential ab initio calculations on the nature and

mechaniasm of interactions between Tozo and ¢ orbitals in

sSn-C
organotin acetvlides clearly indicate that the o/n conjugation is
quite extensive along the whole series and that the mechanism 1s
critically controlled by the substituents at both the tin atom and

the alkynyl moiety.78
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4,2.2 Transient Intermediates and Their Stable Analogues
29

The high-temperature cation radicals 255i0° and 22Si0° have been

generated by both electron bombardment and photoijionization methods

and trapped in neon matrices at ca. 4K, The Si0O{g)} sample was
prepared by vapourization of SiO(s) and 5i0,(s) at :2000K.79
Dehalogenation of organcochlorosilanes (a wide variety - some 21

examples) with K/Na alloy vapours at 0.1-1 torr and 300-320°C
vyields products derived from the reactions of short-lived
intermediates such as silyl and silvlmethyl radicals, silylenes,
and sila-alkenes. Small ring silacycles of low stability are
formed as the intermediates in some reactions. Combination and
hydrogen—-atom abstraction are the maln reactions of silyl and
silymethyl radicals, but these radicals are not prone to
decomposition reactions when C-H, C-C, or S$Si-—C bonds are at the
g-position to the radical centre. The pentamethyldisilanylmethyl
radical decomposes at the g(Si-Si) bond with the formation of
M9251=CH2 and the trimethylsilyl radical. The generation of
alkylmethylsilylenes is accompanied by their decomposition with
the formation of 1-alkene and methylsilane.ao Dimethyldiazido-
silane, Mezsi[N3)2, and the trisilane, PhMezsi—SiMez—SiPhMez, have
also been employed as precursors for the photochemical generation
of dimethylsilylene, the assignment of the UV-visible spectrum of

which has been confirmed.31 Dimethylsilylene abstracts chlorine
atoms from carbon tetrachloride. The resulting CCl3 radicals
dimerise to hexachloroethane.82 Extrusion of dimethylsilvylene

from 1,1-dimethyl-1~silacyclopent-3-enes occurs on vacuum flow
pyrolysis at 700°C, and can be trapped by addition to
1,3-dienes.83 The formation of cis-3,3-dimethyl-3-silahepta-1,4-
diene {(41) as the major product from addition of dimethylsilylene
to cis,cis~hexa—2,4—diene is probably a result of a concerted
1,5-sigmatropic hydrogen shift in the rearrangement of the
vinylsilacyclopropane intermediate formed by a concerted 1,2-cis—

addition of the silylene (Scheme ‘?):84

= S—\
Me,Si: + - > Mezsi Et
{41)

2 P A

Scheme 7



Free dimethylgermylene undergoes cycloadditions with two
molecules of a—-substituted styrenes via a regiospecific but not
stereospecific mechanism, forming egual amounts of syn/anti 3,4-
diphenylgermacyclopentanes. The 4,4,5,5-tetraphenyl derivative
has an extracrdinarily strained five-membered ring with a very
long C3~C, bond (1.6268).°%  1In dilute solution 1,8-diazabicyclo-
[5.4.0)lundec~7—ene dehydrochlorinates organochlorochydrogermanes
such as PhClzGeH and R2C1GeH leading to theagorresponding
germylene via an anionic germanate species.

The photochemically induced or palladium salt catalysed
cleavage of hexa-t-butylcyclotrisilane leads to di—-t-butylsilyl-
ene, Butzsi:, and tetra—-t-butyldisilene, Butzsi=SiBut2, both of
which can be trapped by a wide variety of multiply-bonded reagents
such as phenylacetylene and ketones {(Scheme 8).87 The stable
disilenes (42) react with elemental sulphur in benzene at 25° to
give the disilathiiranes (43), the crystal structure of one of

which (R = mesityl) has heen determined.BB Similar sterically

Mes R S
7

Si==5i
\ .
R Mes Mes(R)Si——5i {(R)Mes

(42) (43)

congested disilenes interact with alkali metals to produce
tetraorganodisilenyl radical anions, [R28i=SiR2]-.89 Hexakis-
(2,4,6-triisopropylphenyl)cyclotristannane {(44) may be

transformed photochemically into tetrakis(2,4,6-triisopropylphenyl)
—distannene (45) with which it is in rapid equilibrium at room

temperature or above. 90

Ar
Sn2
- o
2 \\ hv. =78 9;.3Ar25n=8nnr2 e
Ar,Sn Snarx {(100%) Me
2 2 Me
(a4) (45) ax =
Me
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S8ignificant advances have been made in the chemistry of

compounds containing CGroup IV - Group V multiple bonds. The
first stable silaketimine {iﬁ},91 silaphosphene (47},92
germaphosphene (gg),93 and stannaphosphene (22}9 have been

reported, whilst phenvl silaisocyanide (50}, the first example of

a species containing a S5i:=N triple bond has been generated
95

aceording to Scheme 9, Some reactions of {46) are illustrated
in Scheme 0.
Bu2
g i=N-—SiBut8
BuT’/
(iﬁ} 'F==:Si
(47)
O (.MeBSi) 2(1.\[-.1'~ O
Ge=—P /Sn=P
(Me3Si)2CH
(48) {49)
+3R351N3 N3
{(+a1¢1 ) °
@-sm13 3. 1-N _T > 700°% _ N=gi
-3R,SiC1 N3 -4N,,

Scheme 9



Butzsi—NSiBut3 . .
4 \N - {BU,S1=0} + Bu,SiN=N=N

H

t N N/

oy e S -
Bu281 NSlBu3 ‘"“_______{iﬁ) —e Bu251 llQS:LBu3
H,C—CH (OMe) _H
YH,O
B, 51-NuS 1B
Bl si-NsipdE ’1 ?
2 1 1..13 P (I)
+{(46)
OH H Eutzsi-NHSiButB

Scheme 10

Pyrolysis of é-oxa-3,3-dimethyl-3-silabicycle[3.1.0lhexane is a
convenient method for the generation of dimethylsilanone. The
decomposition most probably invelves the intermediacy of a
silaoxetane which could be formed by either a concerted or a

26,97 The dominant feature in

biradical mechanism (Scheme 11).
the visible portion of the chemiluminescence spectrum obtained

from the reaction of ozone with silane at low pressure in a beam-
gas apparatus was thought to correspond to emission from silanone,

a8
stiO.

Pyrolysis of 1,3,5,7-tetrxamethyl-1,3,5,7-taetrakis (trimethyl-
silyl)cyclotetrasiloxane in the presence of 1,3-butadiene affords
the silacyclopentene product from trapping of the siloxysilylene,
MeBSiOSEMe. Although this observation is consistent with
isomerization of the silanone, Me3si(Me)Si=O, to the silylene by a
1,2-84ilyl shift, an alternative route to the silylene cannot be
excluded. No evidence for the reverse isomerization of

Me3Si0§iMe to the silanone could be found, although the silylene
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Scheme 11

29 The Si=0 stretching

freguency in silanone HZSi=0 has been assigned as 1202 cm-1,
close to that in dimethylsilanone (1204 cm—1).100
Silenes have been obtained in a number of ways: thermolysis of

the strained molecule (51) at 330“,101

apparently decomposes to silanones.

photolysis of acylsilanes

such as (52) and (éé),102’103 or by the elimination of LiF from
(211.104 The structures of two stable silenes, (55} (formed from
neo-Pent
L
| 2 (Me ;S1) ;81C0
o
(51) (52)
ﬁ Me SiMe3 Me ,f81M33
(Me ;S1) ,8iC-C oH, ¢ Me-Si-C-SiMe (B, s1=c]_
BJ: F Li Me SiMe(BJiz

(53) (54) (55)
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Me3Si //OSiMea
\\Si=C 2d = adamantane
sy

™~

Me3 ad

(56}

(54)) and (56) {(formed from (53)) have been determined.'04+:10°

The S5i=C bond distances, however, vary substantially, That for
(55) (1.702(5)A&) fits very nicely into the range (1.69-1.714&) pre-
dicted by ab initio calculations, whilst that of (56) is consider-
ably longer at 1.764(3)R. Nevertheless, both are considerably
shorter than Si-C single bond distances (1.87-1.94A). 2,2,4,4-
tetramethyl-2,4-digermanthietane, (57), althoug relatively stable in
solution at room temperature, but simultanecusly dimerizes and
easily dissociates on heating. The decomposition reaction
proceeds with formation of germathicone and germaethylene and leads
toe (58) and (59) (Scheme 12). Pyrolysis of digermathietane dimer

at 230°C leads to the same heterocycles.106
Mez 5 MEz
Me.Ge —S5-——+Ge Vs ~Ge T\
| | | —] > Me ,Ge Ge_  SeMe,
H. C = Ge+==5-——GeMe S T
2 2 Me2
(58)
MeZ(ISe—-—CH2
/v H,C—GeMe,
r_[Me2Ge=CH2]
CH2 S
Me Ge/ GeMe Me.Ge” ““GeMe
2 2 2
\“xs’/’ l l -—
. H,C~,_ _~CH o
(57) \ X 2"y 2 230°C
- Mez
H
2
/C
Me .Ge \“GeMez
_ [Me,Ge=S5]1—" l | -—
2 S‘\ ‘,S
Ge
Me, (s59)

Scheme 12 (MezseS)3 -
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4.2.3 Low—valent compounds

Bis (pentamethylcvclopentadienyl)germanium and -tin are readily
obtained from the corresponding diorganometal{IV) dichlorides by
reduction using alkali metal cyclococtatetraenides or

naphthalenides: 107

K,CgHg

(CsMes) 2('56(312 — (Csﬁesl 2Ge

Li2C8H8
(CSMeslzsnxz _E_T-—h_w- (CSMeS)ZSn
L1C1 OHB

X = Cl, Br.

Decabenzylgermanocene, prepared by addition of GeI2 to a
freshly prepared solution of pentabenzylcyclopentadienyllithium:

THF

2C Bn5H + 2LiC4H + Gel — (CSBnS} 2Ge + 2LiT + 2C4H1D

5 9 2

H.CH

Bn = QG 5 2

is monomeric and air-stable with an angle of 31° between the
planes of the two 05 rings. One of the phenyl groups appears to
form an additional interaction with the lone pair of the metal
at«:m'a.‘”‘r')8 Despite also having bent structures, both pentamethyl-
germanocene and -stannocene, exhibit photoelectron spectral
patterns similar to those expected for higher (DSd) symmetry.
There is no unambigquous evidence for the involvement of metal p
subshells in the metal-ring bonding, and the high ionization
energies associated with the ns2 electrons are indicative of a
pronounced "inertness" of the metal lone pair, and therefore of
109 Ge [CH(SiMe, )], is a
V-shaped monomer in the gas-phase at ca. 430K, with a CGeC angle

of 107'.59 Bis(dichloromethyl) stannylene has been obtained as a
tetrahydrofuran sclvate, (CHC12)2Sn.xTHF, from the low-temperature
reaction of LiCHCl, with tin{II) chloride. The stannylene
associates via Sn-Sn bond formation upon removal of the solvent.110
nSwacetyl= and alkoxycarbonyl-cyclopentadienyltin{(II} compounds,
nS—RC(=0)C5H4SnCSHS-n5 (R = Me, OMe, OEt) have been obtained from

the reaction of the substituted cyclopentadienylsodium salts and
111

almost ionic metal-ligand bonding.

n5—cyclopentadienyltin{II} chloride. The structure of Main
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Group Lewis acid complexes is not as simple as first thought.

The material coriginally formulated as the donor-acceptor complex,
(Csﬂsizsn:-*BF3 is actually a three-dimensional lattice comprising
the four types of unit, {[BF4]“}, [(n5—C5H5)23n]. {[nS—C5H5Sn]+}:
and THF. The lone palr of electrons play no reole in bonding.112
The reaction of 1,1'-di-t-butylstannocene with BF, in dichloro-
methane affords [qs—ButC5H4Sn]+[BF4}_, whose structure comprises
anions and cations.113 Pantacarbonyichromium and -—-tungsten
complexes of chloro{cyclopentadienyl)germylenes and stannylenes

have been prepared by the alkylation of the dichlorometal

complexes, C12{THF}MIV+M(CO)5 (MIV = 8e, S5n; M = Cr, W) {S5cheme 13).
CpSiMe3 C&\
- Ge-+M {CQ)
ﬂﬂsiues c’/+ S
P e
Cl3?e+M(CO)5
THF
Cc1l
Me _C_.SnMe
55 3 . >GE+M[C0)5
—ClSnMe3 Mesc5
—THF
Me_ C_SnMe, c%\
C128n+M(C0)5 -~ Sn+M(CO)5
t -Cisnie, Me C’/
THF - 5-5

M = Cr,W.

Scheme 13

An X-ray analysis of the germylene complex, Mescs(cl)Ge+W(CO)5,
confirms the general structure, and shows further that the
bonding ©of the c5 ring changes on complexation from n® to n? in
nature.114 A novel boron—nitrogen ring—-substituted stannccene,
bis{i-tert=butyl~2,3-dimethyldihydro—1,2-azakorolyl}tin, has been
synthesised by the reaction of tin{II) chloride with 1-tert-butyl-

2,3-dimethyldihydro-1,2-azaborolyllithium in THF at —-45°C. The
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compound is unstable and decomposes with the formation of
metallic tin above =20°C. Structurally the compound resembles

other stannccenes, with n® rings forming an angle of 46.5° with

115

each other. The analogous reaction with Li[C(PMez]B] in ether

does rnot afford a tin{II)-carbon bonded species. Rather the
tetraphosphanetin(II} complex (60) with a pseudo trigonal

bipyramidal geometry is formed.TTG

PMez

Me, P
Et,0 I _—FHe;

SnCl, + 2Li[C{PMe,),] —_ - :Sn
-2LiCl | \“xpnez

Me P
PMe .,

(60)

Bis (aryloxy)germylenes and dlaminogermylenes are formed in the
reaction of GeCl,.dioxane and lithiated ortho-substituted phenols
and sterically-hindered amines, respectively:

. n—-Hexan/THF
2ROLi + ClzGe-C4 gC2 - (RO)zGe

H_ O
-2LiCl, —C, HgO,

— — t — i
R = CcClg, CgFg, 2,4,6-BuyCcH,, 2,6 PfEC6H3.
2RR'NLi + Cl,Ge-C,HgO, n-Hexan/THF (RR'N) ,Ge
-2Licl, -C,H_,O
4Hgb2
R,R' = 2,2,6,6—tetramethylpiperidine

R = 2-MeCgH,, 2-FC¢H,, 2,6-Me,C H;, 2,4,6-Me,C.H,, Z,G-PfECGHB
rR' = SiMe3



220

R R
A &
N AN
l: Li |, c1,6e-c 150, n-Hexan/THF ___ e
N/Li -2LiC1, —C,HgO, N/
I &

R

(61}

Mixed compounds of the type R(Me,Si)N-Ge—OBY are obtained on
lithiation of the amines with tert-butyllithium in n-hexane/THF.
The use of dilithiated amines leads to the formation of the
diazagermacyclopentanes (gl).117 Gaseous tin(II} tert-butoxide
has a trans—dimeric structure with the remarkably small endocyclic
0OSn® angle of 76°. Both germanium{IT) and tin{IXI}) bis{tri~-tert-
butyl)methoxides exhibit 'V'—-shaped mcnomeric structures in the
178 gis(ai-tert-butylphosphino)tin(II), [(Bd),P],Sn,
has been obtained by metathesis using the potassium salt of the
phosphide, whilst bis{tert-butylthioc)tin(II}, (Butslzsn, results
from either the reactioen of tinl(II) chloride and (tert~butylthio)-
trimethylsilane or by the pyrolysis of stannocene:

sclid state.

SnC12 + 2KP[t~C4H9)2 - 2KC1 + [(t—C4H9)2P]2Sn
SnCl, + 2(t-—C4HBS]SiMe3 > 2Me3sicl + (t—C4HQS)28n
Sn(C5H5)2 + 2 t—C4HQSH - 2C5H6 + (t—C4HQS]2Sn

In scluticn both compounds are dimers with bridging electro-
negative grOups.119 5-tert-Butyl-5-aza-2,8-dithia-1-stanna(IX) -
bicyclo[3.3.01'5]octane, [Sntsczﬂd)zNBut] r 15 alsc dimeric with a

central four—-membered [Snzsz] ring (62}.1 0
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The crystal structure of lead{II) ethane-1,2-thiclate comprises
rolymeric sheets of lead and sulphur atoms. Each dithiolate
ligand chelates one lead aton, which interacts further with four
additional sulphur atoms to give distorted six-coordination for
lead. The valence angles at the metal suggest some stereo-
chemical activity for the lone pair.121 The thiolato- and
selenatostannate(II) anions, [Sn(EPh)3]+, are oObtained on
addition of tin{II} chloride to sclutions containing &3 moles of
the appropriate sodium salts. Both have the expected pyramidal
geometry.122 1,3-Di-tert-butyl-2,2-dimethyl-1,2,3,4x2-diazasila-
stannetine forms 1:1 crystalline adducts with triphenylphosphine
oxide and triorganophosphorus ylides. No stable adducts could
be isclated with triorganophosphines or with triphenylphosphine
sulphide. Protolysis occurs with triphenylphosphineimine and
Sn(NPPh3)4 is obtained. The structures of hoth the latter
compound, which contains tetrahedrally coecrdinated tin, and the
adduct with Ph3BCH2 have been determined.123 The cubane—like
cage compounds, (MNBut)4 {M = Ge, 8n), form 1:2 adducts with two
moles of aluminium trichleoride, which unlike other adducts do
contain Ge-Al and Sn-Al bonds.124

Several modes of behaviour of silylamidometal (II) compounds
with transition metal complexes have been distinguished: function
as a neutral two-electron donor, insertion into transition metal-
halogen bonds, and cleavage ©f the amido group from the Group IV
metal to give other metal (IT) derivatives.125-130
chemistry i1s illustrated in Scheme 14. Irradiation of M{CO)6
{M = Mo, W) with Sn[NlSiMe3)2]2 in hexane with UV light results in
the formation of mono— and both cis and trans-disubstituted
complexes, M(CO)SSn[N[SiMe3]2]2 and M{CO}4{SnEN(SLMe3)2]2}2.

Homoleptic d10 complexes of pd and Pt, M(M1(NR2)2)3 (M = Pd or Pt:

M1 = Ge or Sn; R = SiMe3l, have been obtained by reaction of

Typical

125

excess of the bivalent donor and Pd(cod)012 or Ptlcod)2 {cod =
cycloocta=-1,5-diene) . With C0O, these complexes are converted
into the heterobimetallie trinuclear clusters, [M{u—M1(NR2)2}CO)3.
The complex Pd(Sn{N(SiMe?];}2)3 has a trigonal planar environment
at each of Pd, 5n and N. 2 The tin(XT) amide displaces
cyclooctene from {Rh{n—CBH14)2Cl}2 affording the complex
[Rh(u—cl}{Sn(NRz)z}zlz, which can be transformed into the arene
complex Rh[n—PhMe)(n~C8H4}{SnC1(HR2)2}. Arene complexes are
more generally obtained by treating {Rh(alkene)ztu—Cl)}z with
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tin(II} amide and excess of arene. 128 The platinum and
1

palladium complexes {M{uz-M1{NR2}2}(CO}3 {M = Pd or Pt; M = Ge or
Sn; R = SiHeB) undergo reversible one—electron reduction to afford
e.s5.r,.~characterised reduction products, which contain a PdnSn2 or
Pt,Sn,; core in the case of the tin complexes. The tin complexes
have a planar [MSn(CO)]3 framework.131

The previously reported 113

Sn M8Bssbauer parameters for the B8, ¥
and liguid phases of tin(II) fluoride are erronecus and due to a
SnF, hydrolysis product. Revised data show that the 8 and v
rhases have parameters which are indistinguishable within
experimental error from those of u—SnF2.132 Enthalpies of
mixing of the liquid mixtures of PhO + PbF2 have been measured at
1170K. Values are negative and show a well-defined minimum of
ca. =320 J.m01_1 near NPbO = 0.7.133 Amines, amides, and dmso
can be intercalated in the layered structure of tin{IVv) hydrogen
phosphate hydrate. Pyridine, 4,4'-bipyridine and dmso form a
monolayer, while piperidine, aniline, m-toluidine, and
3,5—dimethylaniline form a bilayer. Many molecules, such as
urea, thiocurea and formamide, do not intercalate. However,
HN,N-dimethylformamide does. The thermal decomposition of the
resulting intercalates takes place in three stages: dehydration,
removal of the organic molecule, and condensation of the hydrogen
134 The lead(II} conplex of
Phencxyacetic acid is a two-dimensional polymer with a repeating

dimer sub-unit. One lead atom has an irreqgular [MOB]

phosphate to pyrophosphate,

coordination, whilst the second has an irregular [MO7]
coordination.135 Complex formation between lead({(II} and
different non—cyclic ligands, crown ethers, aza crown ethers, and
cryptands have been studied in methanol.136'137 Lead (IT) ions
interact with DNA in two different ways: (i) wvia the phosphate
chain leading to stabilization of a double=helical structure, and

(ii) wvia base donors destabilizing a double-stranded structure.13B

4.2.4 Molecular Tetravalent Compounds
Bis(triphenylphosphine)palladium dichloride catalyses two
reactions of 1,1=dimethyl-2,3-bis{trimethyl)silirene: formal
dimethylsilylene extrusion followed by trapping by unsaturated
species and insertion of unsaturated substrates into the silirene
ring.139 Nickel=catalyzed reactions of silacyclopropenes and

(phenylethynyl)polysilanes with phenyl (trimethylsilyl)acetylene
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140 The structures of three three-—

have also been studied.
That of (63}, the

menbered heterocycles have been determined.
first representative germirene and prepared according to the

reactilon:

GeMe
ok 2,
ﬂ' +« 8 I | —= ¢ GeMe,
Ph
(63)
+
Ph
Ph
Ph
Ph

exhibits intramolecular Ge-C bond distances which are distinctly
shorter than usually observed for Ge-C(spzj bonds.141 Reaction
of di-t-butyldiidosilane with eXxcess lithium naphthalenide
followed by treatment with dichloro{2,4,5-tri-t-butylphenyl} -
phosphane leads to inter alia the 1,2,3-diphosphasilirane (64).

The P—P distance in both this and the similar diphosphagermirane

(§§)143 are somewhat elongated.
£ t t
Bu, Bu\\ //Bu
51 P P
/ \P Ar = \Ge/
ae” Nar Et,
{65}

142
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Several new methods for the synthesis of dioxygermoles and
dithiagermoles have been described:

Nas CN CN

S
R,GeCl, + —THE R,Ge + 2NaCl

5

NasS CN CN

{R = Me,Et,Ph)

Ph OK Ph 0\
+ R,GeCl, ~——ifp I R, + 2KC1
2 2 2
Ph oK Ph o
HO_ .~ Fh o Ph
CH CeH, Py
R,Ge (NEt,), + I —_— ch;e\. + 2Et,NH
c

(R = Me,Ph,Prl)

Exchange reactions between dloxygermoles or dithlagermoles and
thiophosgene afford a dioxclethione and a dithiolethione,
respectively. With GeClz-dicxane, the new stable germylene (66}
is formed.144

O Ph
Ge/
~ Ph
(66)

Silicon and germanium hydrides are cbtained in high yield by
the reduction of the corresponding hale and alkoxy derivatives
with LiAlI-I4 in the presence of phase—-transfer catalysts.145
Tributyltin hydride reduces halopentaboranes(%) to the parent
pentaborane {(9) as well as other haloboranes and halometallo-
boranes. The use of tributyltin deuteride gives deterio-

substituted product5.146 Catalytic amounts of aluminium chloride
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or bromide effect the selective mono-, di-, tri-, or tetramethyl-

ation of GeCl, by tetramethylsilene. The proposed mechanism
invelves the initial formation of Me4Ge {(regardless of the

preportions of starting reagents) followed by disproportionation
147

reactions., Trimethylsilyl trifiuoromethanesulphonate (67) is

generated by the thermally-induced rearrangement of {dimethyl-
silylimethyl triflucromethanesulphonate:

CH, CH, o) CH, O
+ (CF480,) ,0 | i a
H,C~Si-CH.,,OH = H,C-Si-CH.,,-O-S—-CF, —=# H,C-Si-0-S-CF
3 2 3 2 3 3 3
—CF,S0.H ] f i
H H o CH; O
+C  H COCH 4 (67)

+N(C2H5) 3

—[HN(C2H5}3]CF3803

c 3) 3

6H5~§—O—Si{CH

CH,

(68)

Transformation toc the enolate (68) occurs with acetophenone in t
presence of triethylamine.148 Trimethylsilylmethanesulphinic
acid and derivatives of the type Me3SiCH25(0)—Y (y = OH, OM, OR,
NR,) are fonm?fgby the insertion of S0, and RNSO into
Me3SiCH2MgC1. Addition of organotin anions to Cs, affords
stannanedithiocarboxylates, R35n082 , which can be allylated to
give the dAithiocesters, R3SnC52R'. The synthesis of transition
metal complexes such as RBSncszl-i(CO)4 (M = Mn, Re) requires the
initial iso%g;ion of the dioxane adducts, R38n052M'.nC4H802 (M*
Li, Na, K).

Striking similarities in the spectra of TCHNE complexes of the
Group 1V element tetraphenvyl derivatives indicate that there is
appreciable pr+dr bonding between the phenyl groups and the
central atoms and that the energies ¢of the phenyl v orbitals are
unaffected by the size or electronegativities of the central
atoms.151 The main reaction in the gas—phase pyrolysis of

dialivldimethylsilane is the retroene elimination of propene wit

he

no

h
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the formation of a silacyclobutene {Scheme 15). Extensive
secondary reactions also occur.152 Flash wvacuum pyrolysis of
[o-(dimethylsilyl)phenyl] acetylene at 800°C produces 1,1-dimethyl-
1-silaindene (692) in 84% yield wvia largely an insertion of an
intermediate vinylidene intc the S8i-H bond (Scheme 16). At 650°C,
howewver, the isomeric 1,1-dimethyl-2-methylenebenzo-1-silacyclo-

butene (70), arising from an initial 1,5-hydrxogen shift from

silicon, is also obtained. =3
Haf-—cgi
Mezsi con, > MepSi + CH2=CEM
's
Ao —p cH o, e
| cH
HC
ah‘cmz
+
Mez?i—ﬁﬂz
HC=CH
Scheme 15
"
2"
\
> I+ |
SiH s1i — SiMe,
Me2 Me2
(69) (70}

Scheme 16

The first stage intercalation compound of potassium in graphite,
CBK' reacts with tin(II) chloride to afford tin-graphite, which
with allyl bromide gives diallyltin dibromide wvia a double

oxidative-addition reaction.154 Treatment of CH2(HgBr)2 with THF
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gives ancther Grignard reagent of approximate composition
CH2MgCH2(MgBr)2. Both of these reagents are useful for the
synthesis of metallomethanes such as (Me3M)2CH2 {(M = Si, Ge, Sn),
polygermacycloalkanes, [Me2MC? ;n (nh = 2-4), and polystannacyclo-
alkanes, (MEZCH2)n in = 3,4). The reactions of n-butyllithium
and t-butyllithium with tetramethyltin have been examined in order
to determine the degree of competiticon between proton abstraction
from the methyl groups and nucleophilic displacement of these
groups from the tin atom. Only the latter type of reaction is
observed for n-butyllithium, with all four methyl groups being
successively displaced. Only twe methyl groups were displaced by
t-butyllithium,. Evidence was obtained for the formation of
ButMezanH Li by trapping the anionoid by reaction with ethyl
bromide.15g Both Sn-CH5; and Sn-CH, sites in Me 3 SnCH MMe 4 M = C,
Si, Ge, Sn} are attacked by iodine and bromine in wvarious soclvents
with Sn-CH2 cleavage favoured in noen-polar solvents and for M = Sn.
Proteolysis leads to Sn-CH, cleavage only, and this site appears to
be activated by the Me3M substituent. In contrast, organo-
metallic electrophiles attack exclusively the Sn-CH3 and the
Me ,MCH, groups are deactivating.157 Treatment of (Me3Sn}4C with
one equivalent of methvllithium followed by one equivalent of
Me3MC1 iM = 51, Pb) give mixt?ggs of the metallomethanes,
C(SnMe,) (MMe3), . (n = 0-3).

The carbasilatrane derivatives (71) and (72) have been prepared

b¥ the Grignard method:159

Me
.
MeN (CH,CH,CH,MgCl)., + Me,Sicl, —Sther N
2722 2 2 2
~MgCl, +
Me -—S53i
|
Me
(71)
, THF/CH
N (CH,CH,CH,MgCl) ; + MeSiCl, N
—Mgcl2 +
sli
Me

—
Iq
M
-
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The Si+N coordinate bond distance (2.291A) in 1-phenylcarbasila-
trane is some 0.13A longer than in other phenylsilatranes.160
1=Methyl-1-germaadamantane (73) has been synthesised according to

Scheme 17. The methyl group can be replaced by chlorine using

Br“\\‘ Br BrMg MgBr
Br BrMg
Mg
—_—
Me3GeCl
%e
Ge Me3Ge GeMe3
Me ., Ge
AlCl3 3
B —
(73)
Scheme 17

excess trichloreosilane with a catalytic amount of chloroplatinic
acid.161 Molecules of ClSn(CHZCH2CH2)3N contain trigenal
bipyramidally coordinated tin, with the tin, nitrogen, and
chlorine atoms lying on the crystallographic three-—-fold axis.162
The relative rates of reaction of several silatranes and

mercury {IXI} chloride in acetone—d6 to yield the corresponding

organomercury compounds are of the order of ca. 5 x 10_1 l.mol
5_1, rates which are unexpectedly high compared to the essentially
inert parent organotrialkoxysilanes. Thus the apical 5i-C bond

of s=ilatranes 1s extraordinarily susceptibkble to direct
163

1

electrophilic attack by mercury(II).
Stannane and the methylstannanes react in fluorosulphuric acid
at -90°C to produce Sn.Me3_an+ (n = 0-3) cations. At higher
tempera?gies decomposition to Sn2+ and/or SnMezz+ cations
oCcours., Crystals of silylfluoride at 96K comprise chalns of
melecules with intermolecular F-—-——5i interactions. The Si-F
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bond distance is lengthened from the gas-phase value.165 Silicon

tetrafluoride and PhSiF3 react with O-trimethylsilyl derivatives
of N,N-disubstituted aminoethancls and with the N-trimethylsilyl

derivative of N,N,N'-trimethylethylenediamine to yield monofluoro-

silyl compounds which peossess strong N+5i intramclecular bonds:166
R R N
1.2 3
R RT"NCH,CH,O0S5iMe + R™SiF —_——
272 3 3
S:L—-—-O
CH,0S5iMe + R3SiF —_—
2 3 3
Me
3 ’N
Me2N qu + R SiF3 ——-
SiMe3
"“Si NMe
RV |
R3 = Fp Ph.
The thermal decomposition of K2[SiF6] is influenced by the
presence of traces of oxygen and water introduced during
preparative procedures.167 The reaction cof silicon tetrachloride

with NEt,SH in liquid hydrogen sulphide followed by
recrystallisation of the product from CH2012/CCl4 mixture afforded
crystals of NEtd[SiSC13].O-5CCl4. Crystals comprise discrete
ions with disorder of sulphur and chlorine atoms. The germanium
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analogue prepared similarly is isomorphous.168

The Lewis acidities of trimethylchlorosilane, —-germane, and
-stannane have been determined calorimetrically and follow the
order Sn>Ge>Si. The chlorosilane exhlbilts Lewis behaviour
similar to that of the germane, and the previously reported
acidity of the chlorosilane is attributed to hydrolysis.169 The
structure of three organotin halides are worthy of note. That of
bis(chlorodiphenylstannvl)methane is illustrated schematically in
{74) showing beth the inter- and intramclecular chlorine
bridging.1?0 Dicveclohexyltin dichloride is alsc associated by
chlorine bridging giving a severely distorted trans-octahedral
geometry at tin,171 but crystals of bis(biphenylyl=2)tin

dichloride comprise discrete monomeric units with very distorted

tetrahedral coordination at tin-172
! CH
S
., 2 Cl
1R
Ph-—-$n1/ \Sn
ph” ! e TN TPh
roet Ph
. s
c1 H,C . ( Ph Me\(il
1 -
N / Snf /Sn Me
Sns ' Ph
_-S12 Ph c1 T
Ph . ' e
'Cll 1 C=s-."";-_-
Ph R yd o)
“ ot Ph-N
w1 e ne
311/// ci
Ph—SA, -~
/" N Snz_______Ph
PL , c1 {75)
[ Ph
1 -.'
(74)
Aminosulphines form 1:1 adducts with Hezan12 via 2'-0
coordination as in [22].1?3 The structures of =several othex

dimethyltin dichleride adducts have been determined. The tin
atoms in the adduct with 2-(p-methoxyphenyliminomethyl}phenol174
and the diaguadichlorodimethyltin-purine(1/4) complex175 have the
all-trans octahedral geometry. The [SnHezcl4]2_ anion in the
tetrathiafulvalene complex [ttf][SnMezcl4] are digsordered with
respect to the Sn—-Me and Sn-Cl bonds. In the analogous complex
[ttf][SnM32C13], the anions exist as dimers.176 Both cis and
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trans isomers of the complex ©of dichlorcbis(4-chlorophenyll}tin
with 4,4'-dimethyl-2,2'-bipyridine can be obtained.177 Four
different phases have been isclated from the PClg-SnCl, system
depending on the conditions such as solvent, relative
concentrations and temperature: [PCl ]2[SnCl§8, {PC14]3[SnC16]-
[PClE], IPCl 1[8n C110], and [PC14][SnC15]. Other tin ?iéide
structures whlch have been determined included SnC14.2DMSO, and
SnI4.2DPSO180{which both have a cis-octahedral geometry), (DMSO =
dimethylsulphoxide; DPSO = diphenvylsulphoxide}, EtSlI3.2DPSO (cis

180 and

181

DPS0 ligands; ethyl groups trans toc one DPSO};
(NMeAJZEtSnC15, (NMe4) BuSnBr5 and (NMe4lzsnBrG. 1
chlorocform solutions of Schiff base complexes of Co undergo

Air-stable

rapid cobalt oxidation on addition of n-butyltin trichloride
affording complexes such as Bu Sn(OMe}Clz.CoCl(salen]. In this
complex the methoxy group bridges the two metals.182 Dimethyl-
ethylene urea and dimethylpropylene urea form adducts of the types
Ph3SnX.L {(x = ¢c1, Br, I}, Ph3PbX.L (¥ = Br, I}, 3Pb3PbC1.2DMEU,
and 2Ph3PbC1.DMPU, with triphenyltin and -lead halides. N.m.r.
studies indicate rapid ligand exchange occurs in solution.183
The structure of (76), the first chiral lead compound, has been

184
Me2 OMe
b~ -
(::::L\Me

determined.
(76)

[ L ]

Germanium(IV) cyanide reacts with [(CF,),C8], to afford (77)
which contains tetrahedrally ccoordinated germaniuam, 185 The
1B-crown—-6 adduct of dimethyltin dithiccyanate (as a dihydrate)
comprises alternating [Mezsn(NCS)2IOH2)2] and 18-crown=-6 moieties
linked by hydrogen bonds to form a linear polymer. The crown
ether is guite distorted from the regular geometry.186 Triphenyl-
tin pseudcochalides, Ph3Snx (X = NCO, NCS, N3}, undergo facile
halogenodephenylation with lodine monochloride and/or bromide to

vield mixed diphenyltin halide pseudchalides. With DMSO,
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Ph,Sn(NCS)Br forms the adduct Ph,Sn{NCS)Br.2DMso.'®’

_-S—CR,
Ge N=C | R = CF
3
\cp.z-s 4

(77)

It

Several papers report studies on sterically-hindered silane

and stannane compounds. The crystal structures of five silanols
have been described. i

Bu,Si (CH)F crystallizes as a O-H...O
hydrogen-honded tetramer. The fluorine atoms do not participate
in the association.18a BJZSi(OH!z forms hydrogen-bonded dimers
which are linked by additional hydrogen bonds into a ladder

structure (ZQ).189 The structures of [(Me381}3C1(Ph)Si(OH)2 and

[(Me3si]3C1(Ph)Si(OMe)OH also comprise hydrogen-bonded dimers,

but in the latter compound the two components are held together by

a single hydrogen—bond.190 The triol, [tMe3SiO)3CSi(OH)3], has

an hexameric cage structure which 13 extremely stable.191'192

But2 But2 ]5.!.'1:1t But
/Si\ PN \Sn/
—0 O+ - H—0 0. .. x”7}  T~oH
: H : .
H : it : = .
---o\ o—H---oo\ O —— ~——r
53 si “T \
Bt st BUT  a,t
bt} 2
(7Z8) (79)
2 {
R
.
Rzrsln P\Rl
o}
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Tin—-119 n.m.r. and MBssbauer data for tetrakis{adamantyl)stannane
indicate some charge separation of the type AdBSnﬂ_...Ada+.
Other sterically-hindered compounds exhibit similar, but less
dramatic effects.193 Tin-119 n.m.r. has been employed to
examine the stability and self-asscciation of (neophyl3Sn)20,
neophleSnOH, and (neophyl3Sn}2C03 in solution. Facile
dehydration of the hydroxide occurs even at room temperature, thus
preventing i1ts isolation from solution, in sharp contrast to
previous reports that the bulky alkyl groups render the hydroxide
stable with respect toc dehydration. Both the hydroxide and
carbonate, unlike their n—-alkyl homologues are unassociated in
solution.194 Di-tert-butyltin hydroxide halides, BJESn(OH}X (X =
F, Cl, Br}, have been obtained either by hydrolvsis of the
corresponding dihalides or by reaction of the oxide with hydrogen
halide. All three compounds are dimeric, with two five-
coordinated tin atoms linked by oxygen atoms in a central four-
membered [Sn202] ring (79}. These dimeric molecules are further
held together in the crystal by O-H...X hydrogen bonding.195
t—Butyltris(diethylamino)stannane,]men{NEt2]3, has been
synthesised by alkylation of tetrakis(diethylamino)}stannane using
t-butyllithium, Alccholysis with t-bhutancl affords But(OBut)3.
whilst reacticn with trimethylchlorosilane gives ButSnCl3, which
decomposes rapidly at room temperature to tin(II) chloride and
t-butyl chloride.196 Di-n-butyltin dimethoxide reacts with
organo-bis—-o~hydroxyphenylphosphines to afford the five-
coordinated benzoxaphosphastannolins {gg).197
1,5-Dihydro-1,5—-dimethy1-3,3,7,7-tetraphenylcyclotetrasiloxane
exists in two isomers, cis (81) and trans (82) in the crysta1.198

In (83), the [PN]3 and [5104] rings form a dihedral angle of

100.1°.199 Octaphenyldigermadisilatrioxane (84) has been

ﬁh Te ﬂh T
S0 m——Si sSi—o0 Si
| | |

Me O/Ph FPh O/H Me O/Ph Ph 0/}'13

|/ |~ ./ '

Sli-——O --—-Sli ?i—-—O 511

H FPh H Ph

(81) (82)
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Me\\8£/,ne
Me., N MMe
®2 ~ /’Nﬁk e 2CH CH 0/, \‘o Me
r L 2 o~ ~..
e n” N 1\NH CHy 51 Si
2 g N
N N MS o O Me
N_ A N
//R\\ /,Si
Me N NMe., Me \\Me
(83)
Phi?e ifphz
O (o]
PhySL _SiPh,
(84)

synthesized by the reaction of ClthGeGethcl with thsiCOH)z.
and has only a slightly puckered ring with C, symmetry.zoo The
cobalt complex CoH(Nzl(PPh3}3 selectively promotes C-0O bond
¢cleavage in allylic and vinylic trimethylsily) ethers at room
temperature to give Co(OSiMe3){PPh3}3.and releasing the
correspending olefins. In contrast the rhodium complex
RhH(PPh,} , is active principally for Si~0 bond cleavage at 80°C,
whilst the ruthenium complex Rqu(PPh3)4 promotes the cleavage of
both bonds at 80°C. Mechanism of C-0 bond cleavage is thought to
proceed via insertion of the olefinic double bond into the M-H
bond followed by f—elimination of the [Me3siol group from the
transition metal complex. The Si-0 bond cleavage is compatible
with nuclecphilic attack of the metal hydrides in the silyl

201 The formation of iminodioxolane derivatives has been

ethers.
observed in the reaction of tributyltin ws—-halo-alkoxides,
Bu3SnO(CH2)nx (X = C1, Br, I}, with isocyanates. Yields are
affected substantially by various factors including solvent,
temperature, the halogen, and the substituent on the
isocyanate.202
The expansion of the coordination sphere of silicon from four

to five has been mapped using known structural data. The
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correlation diagrams are interpreted in terms of geometrical

transformations along the S.,,2 inversion pathway, and provide a

N
possible model for the molecular motions of dynamic rearrangements
involving an intermediate coordination number (5+4-5) at silicon
203

Rapid

rositional exchange of the fluorine atoms occurs for 1-(trifluoro-

in chelated complexes of five-coordinated silicon.

silyl)-1,2,3,4—tetrahydro-1,10-phenanthroline at room temperature
19
{

irregular mechanism involving the instability of the coordinative

F n.m.r.), which cccurs as an intramolecular reaction by an

bonding. Intermclecular fluorine exchange does occur but is

204

relatively slow. The structure of two analcgues, (85} and

(86), have been determined, both of which exhibit trigonal

bipyramidal five-coordination at silicon. Whereas the silicon is
achiral in (85}, that in (86} is chiral and both enantiomers are
found in the crystal.205 The structures of no less than eleven

= ~

- -
N N

N=-%$iMe . C1 ~SiMeC12

2

(85) (86)

spirocyclic five-coordinated silicates and germanates (87)-(94)
have been determined.206-208 Hydrogen bonding between the cation
and the oxygen atoms of the spirocyclic framewerk, e.g. in (87),
causes displacement of the geometry towards a rectangular pyramid,.
When this 1s precluded by bulky substituents, e.g. in (88), the
trigonal bipyramidal geometry is found. Increase in the electron
donor ability of the organic substituent on the silicon also
causes a displacement of the geometry towards a rectangular
pyramid. The same general rules for the observation of a
trigonal bipyramid wversus a rectangular bipyramidal geometry also
apply for five-coordinated germanium species.

The reaction of trimethylsilyl derivatives Me3six {x = ¢cl1, 1,
NCS, CN, N3, NEtz, SMe, H, F, OMe, NCO, ozcue} with acetonitrile
oxide leads to the formation of O-trimethvlsilylacetohydroxyamoyl

adducts:zog
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[Et,NH) Ph-—Ti..,_\O
G
0> ¢ SOe
[Et N}
L J
(88)
(89) =

Cl
O/ \S

{(90) R = oa=Np, Bu” or Bu

l O'\Blr/()
0/ \O
(92) (93)
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[
CH3C:N—O + Me3SiX + CH3$—N—OSiMe3

X

Diphenvyldichlorosilane reacts with acetonitrile in the presence of

imidazole yields the known dienolate {25) in addition to the new

stable hexacoordinate complex {g§1:210

T_N
2 , B "-.‘\
N
H
1=’-h283,(312 + 2 = - O...Siao + Ph—S8i—Ph

Y\( . ~

Iy PIDAN
HO o !l B 1™ (95)

N

H

Germyl acetate adopts a cis-planar conformation in the gas-phase
with the Ge-O bond eclipsing the C=0 bond.?'?  Trimethylsilyl
trichloroacetate in refluxing scolvent (toluene, chloroform, or
dichloromethane) in the presence of a phase transfer catalyst and
solid dxry potassium fluoride is a useful dichlorocarbene source.211
Flash pyrolysis of alkyltributyltin acetates at temperatures of
600=850°C under a moderate vacuum leads to the formation of
vinyltin ceompcounds [(Scheme 173L212 Phenyltin oxycyclohexane-
carboxylate has an extremely unusual hexameric structure (27) in
which the tin has an octahedral cocrdination.213 Other crystal
structures worthy of note include the diphenyltin dinitrate
complexes of cis and trans 1,2-bils({diphenylphosphoryl)ethylene,
whieh both contain tin in a pentagonal bipyramidal environment,
the silver-tin complexes, [Ag(AsPh3]43[Snth(NO3)3] and
{AgPhq)4][Snth(NO3)2Cl},215 the dimeric trichlorotin phenoxide
{2§)2 6 and chlorgotriphenyl (gquinolinium=-2=-carboxylato) tin(IV)
monohydrate.217 The structures of tin compounds containing a

four-membered [Sn202] ring have been critically analysed.21e

214

1
2 R 2 2
1 /R i.Bu,SnMgCl | f/R a/N, Bu;Sn R
R COCH - BuBSnCCH ——:Eﬂu——*' C=C
Ng3  ii.Mecocl | ™Ng3 1077 mm Hg. R‘!/ g3
OCOMe

Scheme 17a
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Fh cyclohexyl
cyclohexyl
o{12'}-Cc(11"}
/ v
cycleohexyl 0(31) ——— . 8Sn(3)—=0(1"}) c{21'}
¥ \i /l P]/\
c{31) (11" //’ Si21%)
L(sz) c(2) AP \‘,012/2') sz.)/
\ l/om T
2, I . \
C“)/ oh 0(2")
ci(31"
ot \ et (317)
o{1)— 5n(3*) 0{31") cyclohexyl
cyclohexyl
Ph c{il)
0(12)
cyclochexyl Ph
(97)
R
:Zi::::::zi
c1 /0 woa
c1%"5n\ Sn/\;CI
I
cl” on o/ c1
R
R

(98)
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Tetrathiafulvalene (TTF} and tetraselenafulvalene (TS5F) salts
with [cis~R2Sn{C 4)2] _, [TTF or TSF]2 0-4. 0[cis--R Sn(C204)2]
(R = Me, Et) have been prepared by the reaction of [TTF or TSF],-
[BF4J2 with [015-R28n(02 4]2] in acetonitrile, and by the
electrolysis of TTF or TSF in aceteonitrile sclutions containing
[NBJ}]z[cis~R28n(C204)2] as electrolytes.219

Esters of carbonic acid, Me3EOCODMe,2é§ =, &i, Ge, &n, Pb)
have been obtained by several methods. Various aryl-bis-
(trimethylsilyl)phosphonic acid esters have been prepared from
P(OSiMe3)3 or a mixture of HP(O)(DSiMe3)§/P{051M93]3/(Me3si)2NH in
the presence of nickel comppounds, e.g.:

[Nt} g
. .
Br + P{OSiMe3}3 _-_-—+14{]—200°C P(OS:LHE3)2 + Me3SJ.Br

Bis{trimethylsilvl)hypophosphite undergo oxidatlion with
chalcogenides giving [Me3SiO) P{(X)H (X = 0, 5, Se, Te). The
complexes (99) containing a heterocyclice [M0P2 2Si] ring have been
obtained by the route.223

222

[NHEt,] [Mo (CO) , ((PPh,0) ,H) ] + C1,51{Me)R' + Et N _TIHF
T2
+ //P"——O\\ -swﬂe
2Rt3NHCl + (CO) 41!‘10\ Si\
r;-—-—-o/ R
th

Several reports of organcotin derivatives of biologically-active

molecules have appeared including complexes of thiopicolin-

amides,224 6—thiopurine,225 adenine, adencosine and

9-methy1adenine,,226 and derivatives of bipyridylium cations.227
The trimethyltin complexes of two terminally-protected

dipeptides, (100) and (101}, have been synthesgised as models for
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[ 8]
H 0
Ph N N OCMe
Y H
o S
SnMe 3
(100} (101)

228 In the solid,

the interaction of trimethyltin with proteins.
intermolecular association occurs for both compounds (variable
temperature MBssbauer)}), but is broken down in solution where
isomers due to the restricted rotation about the peptide and amide
bond are cbserved {13C n.m.r.). .

Mbossbauer spectroscopy and n.m.r. have been employed
extensively in the characterisation of tin compounds. Variable
temperature Mossbauer data for a large number of phenyl- and
cyclohexyltin compounds has extended further the use of these data
for the classifaication of sclid lattices. Lattices based upon
nen—-interacting units, or polvmers which are helical (102) or
'S-ghaped (103), show the highest temperature coefficients. The
value of this parameter is generally reduced for zig-zag polymers
{104}, while the most rigid lattices are based upon a rod-like

architecture l105).229

TATNTN TS T
H : ' 1 i
’ ! ‘l " »
X X
(102)
—— X
x x \ / \
X X
o
(103) (104)
- X »> X
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Variakle—temperature MUssbauer data have indicated polymeric
structures for the compounds SnCl3CN(Me3SiCN] (from SnCl4 with
Me,SiCN in CCl, solution) and SnClZBrCN'THF). and an oligomeric
structure for SnClzICN[THF) {both from the reaction of XCN (X =
Br, I) and SnCl2 in THF].230
variety of triorganotin compounds correlate with partial atomic

charges on tin.231 Other MWssbauer studies include studies of

Msskbauer isomer shifts of a wide

tin(IV} chloride trapped in the pores of a2 Corning Vycor ‘thirsty

glass',232 cis and trans isomers of SnClﬂL3 (L = dma, dmf, dmso,

and tetrahydrothioprhen} and SnBr4(dmf]2, 3 and ditin compounds

of the types {R_X sn),¥ (X = Ccl, Br, I, OAc, OH, SPh; n = 0-3;
n 3-n 2 234

Y = CH2, CH2CHZCH2, CH2CH2CH2CH2 or CH2C6H4CH2).

Molecular interaction of dimethyltin dichloride with Lewis
bases has been investigated by measuring the concentration and
temperature dependance of the two-~band coupling constant
2J(1198

concurrently in scluticen, and thermodyhamic data were derived.

n-1H). Beth 1:1 and 1:2 complexes are formed

235
Proton n.m.r. data confirm that Cl/mercaptoester exchange
reactions in butyl- and g-carbomethoxyethyltin compounds ocecur
readily in deutercochloroform at 35°C. The positions of
equilibria are determined by intramolecular carbonyl=-to=tin
coordination from the mercaptoester groups in the butyltin cases,
but in the analogous A-carbomethoxyethyl systems carbonyl=-to=-tin
coordination from the B-carbomethoxyethyl groups also competes.236
13C data has been obtained for the first time on so0lid methyltin
compounds employing the proton-decoupled, cross-polarization magic
angle spinning technique.237_239 The methyltin 13C chemical
shift is insensitive to slight variations in bond angles and bond
distances, However, as in solution the one-bond coupling
constant, 1J(1195n-13c} varies monotonically with the MeSnMe bond
angle. Multiple methyltin resonances were chserved for
trimethyltin acetate and trimethyltin hydroxide indicating
hindered rotation of the trigonal planar {Me3Sn] group in these
one—dimensional polymers. The single 170 chemical shift
observed in the spectra of tri—-n-butyl and di-n-butyltin
carboxylates has been interpreted in terms of a fast exchange of
the oxygen atoms of the carboxylato group bonded to the tin

atom.240 Triorganctin(IV) oxinates have been shown by a

combination of 130, 15N, and 1198n n.m.r. to contain five-

coordinated tin in both non—-coordinating solvents. In the former
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type and in the neat liqgquids the geometry is cis-trigonal
bipvramidal, whilst in donor seolvents a trans—trigonal
bipyramidal arrangement is found with the oxinate group

241 The 1195n chemical shift is indicative of

unidentate,
coordination number in tricyclohexyltin derivatives, with the
chemical shift moving to lower frequency on increase in
coordination number. Thus the oxide, chloride, bromide, iodide,
hydreoxide, acetate and benzoate are all monomeric and four-
coordinate in solution, wheieas the tropolonate is five-
coordinated.242 values of the C-Sn~C bond angles in octahedral
comprlexes of the tvpes st?ch 1g(Ch ?3bidentate %%gand) h?ve been
estimated from the n.m.r., JI{ C) and “J( Sn-C-H )
coupling constants. Complexes with g-ketoenolato ligands have
trans alkyl structure with angles between 174° and 180°.
8-Hydroxyquinolato complexes have very nearly cis geometries with
angles in the range 109-126°, whereas the sterically-crowded 2-
methyl=8=-hydroxyqgquinolato complexes have intermediate skew=cis
structures. Trapezoidal bipyramldal frameworks were observed for
the tropolonates and 1—picolinates.243 The isomers of the 1:1
adduct, thanlBr.0=PBu3, undergo_fapid Berry pseudorotation with
a calculated barrier of 35 kJ mol above approximately -75°C in
244 1 ""?sn NOESY n.m.r.

spectra have demonstrated unambiguosly that the ditin compound,

dichloromethane solution. Two—dimensiona

CH [PhSn{SCHZCH zﬁgelz, isomerizes at the tln ?$gtre1%? an
uncorrelated way. The magnitude of the J( Sn}
coupling constant in hexacorganodistannoxanes is strongly
dependent upon the nature of the organic group. The effect is
attributed to changes in the Sn=-0-8Sn bond angle which should
strongly influence the magnitude of the Fermi contact term.246
Tin-tin coupling has also been detected for the first time in
tetracrganodistannoxanes, with a marked difference observed
between halogen- and oxygen-bridged distannoxanes, In the
former type one kind of coupling was interpreted in terxms of an
anionic chloride bridge, whilst a covalently bonded oxygen bridge

was suggested on the basis of the appearance of additional

coupling in the latter compounds.247 The mixed species,
Sn(SFh} [TePh)a have been characterised by 77Se, 1198n and
125Te, n.m.r. 8" C n.m,r, spectra of dihydroxoc-5,10,15,20~

tetraphenylporphyrinatotin{IVv) exhibit unusual 13C-1H residual

couplings which are rationalised by 'through space' interactions
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between the centrally cocordinated hydroxy hydrogen and porphyrin
carbon nuclei.249
One-bond 1J{15N

from the 15N satelliites in 2951 n.m.r. spectra. Values are

—2951) coupling constants are readily measured

strongly dependent on the nitrogen hybridisation and the nature
of the Si-N bond.250 Positive ion fast atom bombardment mass
spectra of phenvl-substituted germanium, tin, and lead compounds
are generally similar to the corresponding electron impact

spectra.251 The applications of both UV/PES and X-rav/PES in

organometallic chemistry has been reviewed.252 Asymmetry
parameters for the electric field gradilent at the 35Cl nuclei of
pelycrystalline Cl{CHz)BSnCl3 a;S;TK are consistent with a

trigonal-kipyramidal structure.

Bromine-n.q.r. measurements
have shown that the anion in {NHMe3]2[SnBr61 has a regular
octahedral structure in the temperature range 77-300K,. [SM23]2—
[SnBr61 may well have a similar structure at room temperature,
whereas [NMedlz[SnBrG] undergoes a phase transition to a less
regular structure between 178 and ??K.254

The structures of several compounds centaining bonds to sulphur
have been reported, Condensation of Ph3SiSH gives PhasiSSiPh3,
which is remarkably resistant to hydrolysi=s, and is bent at
sulphur (5isSSi = 112.0°}?55 Reaction between sodium methylene
dimercaptide and SiCl4 affords spiro-bis{ethylenedithia)silane, in
which the S5i-5 bond distances are guite short {mean Si-§ =
2.116A}.256 Whereas mercury(II} bis-tr-tert-butoxysilanethiolate,
Hg[SSi(OBut)3]2, is moncmeric with a linear S-Hg-S unit,257 the
corresponding silver(I) salt is tetrameric with a central eight-
membered [Ag454] rinq.258 Coordination around tin in
ClPhSn[(SCH2CH2)2S] i=s trigonal bipyramidal with two Sn—-S bonds
and the phenyl group occupying equatorial sites, and the chlorine
259 The
structures of both ortherhombic and triclinic modifications of
thPb[(SCH2CH2)20] have been determined at -160°C. Both contain
transannular Ph---0 interactions, but the triclinic modification

260 Crystals of
261

and a transannular Sn——-=-5 interaction the axlial sites.

has an additional intermclecular S5——-Pb contact,
PhBPbSPh comprise discrete tetrahedral monomeric molecules.
Other structures which hawve been reported include the dithio-

rhosphato compounds, PhsGeszPCOMelz, thGe[SzP(OMe)zl2 {(both with

262 Ph.,.FPbS,P(OEL) {unidentate)
32T o612

unlidentate dithicphosphate groups),
and thPbtszP(OCHzPh}zlz (anisobidentate groups),
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Ph SnCl(SCOPri) {1195n n.m.r. data reported as well],263

2
BuPhSnCl[52CNEt2],264 BuPh28n82CNMe2,265 Ph3Sn82CN{CH2)4 and
Ph,PbS,CN(CH,) ,.°®  That of 1,3-diselena-2,2-dichlorogermyl-
[3] ferrocenoprhane (106} has also been determined at 1631(.267 The

two cyclopentadienyl rings are eclipsed and inclined to one

.

Fe

-
A

{10

ancther by 6.1°.

The structures of alkyltin isooctyl thioglycollates
R.SnCl_(I0TG) {n = 0,1) and RsSnCl1_[IOTG] {in = 0-2) have been
2 n 2-n 1 19 3-n
H and “S5n n.m.r. Redistribution
of Cl and IOTG ligands proceeds to maximise the degree of ligand

mixing and of chelation stabilisation by BuOCOCH,CH, and IOTG

investigated by Iinfrared and

groups.268 The syntheses and spectroscopilc properties of a
large numker ©of organotin and organoleaddithioclates have been
reported.?%?  Reactions of 4,5-dimethyl-1,2,3-selenadiazole with

hexaalkylditins or trialkyltin anion followed by gquenching with
trialkyltin chloride affords only dimethylacetylene and
{MeBSn)zse.z70 Bis(trimethylsilyl) telluride, (Me3Si)2Te, does
not react with simple ketenes, but does undergo spontaneous
reaction with acyl halides:

O O

P I i
2RC + [(CH3]3Si]2Te - R-C—-Te-C-=R
\c1 -2(CH4) y8iC1

R = Me, Bub

Mixing (Me381)2Te and MeCOTeCOMe at -20°C without solvent results
in the separation of elemental tellurium and an intense blue
colouration, the final products of the reaction beilng the (Z} and
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{E) isomers, {(107a) and (107b) (Scheme 18):271

5.3 e
[(CH3)35112Te + HBC—C-Te-C—CH3 - 2 H3CCf
. -2Te
051(CH3)3
H3Q\ /CH3 HBQ\ /pSi(CHB)B
Cc=C + Cc=C
{C 5i 4 \bSi H o \C
H3)3 io (C 3)3 (CH3)3810 H3
(107a} {107b)

Schems 18

The molecular structures of the silylamines, NMe(Sinnelz,

NMe{SiHM92}2272 273

have been determined by electron diffraction. In the latter,

and hexamethylcvclodisilazene, [MezsiNMelz.

the four-membered ring and the nitrogen bond configuration are
planar or nearly so. The structures of several other amine
derivatives have been determined by X-ray crystallography. The
three trilithio derivatives (108), prepared by the reaction:

RSi(NHSiMe3) + 3C4H9Li - 3C4H10 + RSi[N{Li)SiMeBJ

3 3
R = Me, Bu%, Ph. (108)
form dimers in the solid state. The dimers have a central,

electron—-deficient [L16N6
are arranged in a trigonal antiprism and to which two

274 Both 1,4-bis(tri-
methyl- germyl)- and 1,4-bis({trimethylsilyl)-1,4-dihyvdropyrazine

] core, in which the six lithium atoms
[Rsi(NsiMe3)3] fragments are attached.

(109) and (110} exhibit virtually planar six—-membered ring
conformations and wvery little pyramidalisation at the nitrogen
atoms. In contrast, the more sterically crowded 2,3,5,6~tetra-
methyl~1,4<bis{trimethylsilyl)—1,4-dihydropyrazine (111) has a
proncunced boat confermation with a dihedral angle of ca. 140°
between the ring halves.275

The structure of (112) is unusual, and consists of two four-
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?eMe3 ?iMe3 ?iMe3
N N Me N Me
N N Me u Me
He3Ge Measi Me3Si
(109) (110} (111)
P
N AlPh Me,
2 51 But
Me. 51 But-n? ~x Ph
2 N ~a* ~u
? AlPh, ot Non
But
(112)
(113)
Bu® cl But
I e
N— A1

N

N-——H
I I
t B

Mezsi MeZS{//’ \\\In—Me
\\\N,/’
ut

-,
—
—
e
S’
i
)
s
L
b

membered rings which share a common Al-N edge. One of the rings
consists of a tetravalent silicon, a three—-valent nitrogen, and

an aluminium and nitrogen atom with four—-fold coordination. The
second ring unites the two latter atoms together with a
tetrahedral aluminium and carbon atom of a phenyl group. The
structure is therefore better represented by (113}. In non-polar
solvents, the compound iz fluxional at low temperatures. In
(114}, an intramolecular N-Al bond is responsible for the
formation of a four-membered [SiN2A1] ring. The indium compound
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(115) may be described as a polycyclic unit built up of three
four-membered rings standing orthogonally against each other and
sharing common edges.276

Fluorosilylamines, stiF{NHz), (R = Pri, NMeSiMe3), are
obtained by the reaction of the corresponding diflucorosilanes with
LiNH2 and react with butyllithium to forﬁ-the lithium salts,
R,8iF (NHLi) . Elimination of LiF from Pr,SiF{(NHLi) leads to the
formation of cyclodi-, -tri and -tetrasilazanes, but with
(Me3SiNMe}251F(NHLi) only a&a cyclotrisilazane is obtained.277
Hexamethylcyclotrisilazanes and their lithium salts react with
F,BN(SiMe,)}, to afford monc-, bis-, and tris({flucroboryl)cycloc-

trisilazanes, eg.278

H H
N N
v \ a
Me251 SiMez FzBN151MeB}2‘ MeZTi SiMe2
HN NLi ~LiF HN\ N-BFN (SiMe,) ,
5i Si
Me2 Me2
+BulLi

+FzBN(SiMe3}2

H H
N N
\SiMe

™~ Ve
Mezsi iMez 2F2BN{SiMe3)2h Me2T1 l 2

L
il Npi Caar P N
Ny (Me4Si) ,NFB i BFN (SiMe,)
Mez Mez
The hydrogen atcoms in {116} can be substituted by Main Group III
elements to which organic groups or chlorine atoms are attached.
Several families of compounds have been characterised including

(117 -(121) .27°
R l?ut
N-H N
~ v
Mezs{\ Mezsi El-Me
N-H \.'
) ! +
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?ut ?ut
Mezsi Al Hezsl
\\N// NC_H \\N-Elxz
) & 55 | ¢
Bu Bu
(118) (119) El1 = Al,Ga,In
X = Me,Cl
|
.//N E1X, _N-ElX,
Me,S1 Me,Si
by 0
1
But But
(120) El = B,Al,Ga,In,T1 {121) E1 = Al,Ga
X = Me,Cl X = Me,Cl
The reaction of LiN(SiMeBJR' {R'" = CMe3, SiMea) with NSF vields

linear (eg. (Me3C—N=S=N)25, Me3C—N=S=N-CHe3r He3Si—N=S=N—SiMe3,

and (Measi)zN—S-N=S=N—SiMe3l as well as cyclic thiazenas.zao
Trimethvlsilyl azide, Me3SiN3, reacts with the chromium and
tungsten carbene complexes (CD]?M[Cthl (M = Cr,W) to afford the
complexes, {CO]SM[N(H)=CPh2].28 The aminoimino borane,
But(He3Si)N—B=NBut (122) has been obtained by the LiF-elimination
route and dimerises at room temperature, although it may be stored

at -30°C (Scheme 19}. Typical reactions of (122) involve

additions to the more unsaturated BN band.282
B 2N +2LiBu +3Et,0.BF,
2 N-H = -
HEBSi,/ =2C,H,, ~3Et,0, -2LiBF,
//cneB Me,C
(-]
Me,Si-N, cMe, _430°C NeBk N—CMe
... /~ -FSiMe,
BE="N Me,.Si
/ \
F SiMe, {122)

Scheme 19
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Several new reactions,

including a variety of 1,2-additions and

complexation to Fe(CO)4 of the trigilylated aminomethylene-
phosphine, {123), have been reported, and are shown in Scheme

20,283

(M6381)2NP=CH31HE

{123}

2

thPCl

CH,C1,,0°C

28:2

—Me= 3 BiBr

~+Me CX

Y

CH,CL1

2777

3 25°C,6 days

CM
Me.Si ==//—- 3

Feztco)g

~FE(C0)5

Scheme 20

cl

{Me Si)zN—P—CHSiMe

3 3

Pth

Br Br

Me BiN=P—CHSiMe

3 3

Br

MeQC=CH + {Me.Si) . NF

2 3 2

CH,,2iMe

. o
(MEBS:L]zN !
B e C---'-"-S:i~.|‘.'1te3

H e C o S i M

e

3

2

{CO) Fe

N
/

{Me3Si)2N

//,SiMe3

P==C

\\\H
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Trimethylsilvldiethvlamine and MoOCl4 undergo a free rggical
readeox reaction in CH2C12 or Et20 to form MQCIBO(HNEtz).
Me3Sn—NEVCl3 is obtained from the reaction of VCl4 and MeBSiN3 and
forms volatile orange-red crystals which are extremely moisture
sensitive and comprise monomeric molecules with an almost linear
[8iNV] axis. With 2,2'-bipyridine and PPh4[MeBSiNVCl4] are
formed.285 Antimony{(III) chloride and Na[N{SiMeB)zl give
monomeric MeSb[N(SiMea)zlz, wh;gg is converted to
MeSbCl [N[SlMe3}2]2 by 502012. Zirconium{IV) and hafnium{IV}
halides react with one egquivalent of LlN(81Me2CH29R )2 (R = Me,
Prl, Bu® ) to give the complexes MCl [N(SlMe2CH PR2}2] (M = Zr,Hf).
The stereochemistries of HfCl [N(SLM82CH2PME ]2] and
ZrCl, [N(SiMe CH, PPE'] exhibit stark differences. The latter, in
both monoclinic and orthorhombic modifications has the facial
gecmetry, whilst in the zirconium complex the tridentate ligand
is bound in a meridional fashion.zs? The lanthanide thioclate
complexes [LnL2[u-SBut)]2 (L = N{SiMe3)2: In = Eu,Gd,¥Y) have been
prepared by metathesis between [Lan}{l(THF}]2 (Ln = Eu,Gd) or
Ychl(THF)2 with LiSBut. The structure of the gadolintum
complex has been determined.288 The metal-carbon bond of the
four-membered metallacycles [(Me3Si)2N]2ﬁCstiMe2N§ime3 (M = U,Th)

reacts under mild conditions with acldic hydrogens of alcohols,

phenols and alkynes with pyridine to give the orthometallated
products from sp2 Cc-H activation.289 PCl3 reacts with
Bu (Me351] N in a 1:2 meolar ratic to give ClP[NBu [SnMe3)]2 which
has only been detected spectroscopically, and eliminates Me4Sn to
give the zwitterion (124), whose structure has been determined
{Scheme 21).290

Trimethyliodosilane and MeaGeBr react with allylphosphine in
CH,Cl, in the presence of Et, N to afford the unsymmetrically
substituted (silyl)- and (germyl)-allylphosphines, which are
unstable and undergo redistributicn to allylphosphine and the
»CHCH,, M = 5i,Ge
Reaction of KP{ButP)2 with Me3SiCl or Me3SnCl leads to
3 and (ButP]zPSnMea, although a
better route teo the latterx compound is by the cyclocondensation
of C1(Bu%)P-P(Bu®)Cl with P(SnMey) 5.%%%  Tris(trimethylsilyl)-
heptaphosphanonortricyclene, P7ISiMe3} undergoes cleavage in the

corresponding symmetrical phosphine, (Me M) oPCH
291

Ge) .

the cyclotriphosphanes (Bu P) SiMe

3'
presence of triphos—nickel and —-cobalt species to give compounds

containing the cyclic triphosphirene unit.293 The disilyl-



252

SnMe
2Bu —-N
SnMe

=-2Me . SnCl +Pc13

3
i
N—SnMe3
Cl-p
N-—-SnMe3
e
Bu
--SnMe4
?ut But
N
® ./ \o AN
P SnMe,C1 > P ® SnMe,Cl
N y
But But

{124)

Scheme 21

phosphidoiron complex, E(nS—CSH5)(CO)zFeP{SiMe3)2], reacts with

pivalovl chloride to give the phosphaalkenyl complex (125}:294

+Butc{ojc1

[{n3~C_H.} {CO} ,FeP {SiMe,} , ]
575 2 372 -Me,SiCl

[(HS-C5H5)(C0)2F3P=C(051Me3}(5ut)]

{125)

Bis (trimethylsilyl)phosphines, RP(SiMe,)}, (R = Me, Ph, Bu%, c3H11)
and phenyl isothiocyanate give the insertion products (126}:2 s
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,/Si(CH3)3 [CH3)351 ﬁ Si(CH3)3
H.C N=C=8 + R-P - N-C-p
576 \\ o \\
Si[CH3)3 HSC6 R
{126}

The structure of the methyl derivative (126, R = Me) has been

confirmed by X-ray crystallography.296

4.2.5 Compounds with Metal-Metal Bonds
One of the Si-S1 bonds of cis,trans—-1,2,3-tri-tert-butyl-1.,2,3-
trimesityleyeclotrisilane (127) is slgnificantly longer than the

other two consistent with the reported chelotropy of photocleavage
tc give both E- and £2-1,2-di-tert-butyl-1,2-dimesityldisilenes.

The structure of the cis,cis isomer (128) has alsco been

297

determined. Tetraisopreopyltetraneopentylecyclotetrasilane

assumes a folded structure with a large dihedral angle (39.39"].298
Molecules of tetradecamethylcecycloheptasilane, (Mezsi}T, have
approximate C, symmetry and adeopt a twist-chair conformation.299
E.s5.r. spectra have been reported for anion radicals formed by
reduction of a large number of cyclotetra~ and —-pentasilanes.

Mogt give single line spectra, although proton hyperfine

splittings are resolved in a few cases. In all the unpaired
electron is delocalised cver the cyclosilane ring.300 13C and
29

Si ENDOR signals have also been cobserved for the radical anions,
(ButMesi}4- and (Etzsi)S_. The data show only a small hyperfine
anisotropy for 5i, consistent with Si-51 o* or 34 spin
population but not with #n=-type delocalisation.301 The perhalo=-

genated cyclopentasilanes, SisBr10 and Si5I10 are isomorphous and

Mes Bu
SeM B Bu Bu Bu
S ’ -~
oSt—|—-s1_ ::Si ————s:.<
Bu v Mes MesS MeS
, 40 \\
SIi A si
|
Bu MeS

{127) (128)
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exhibit Si5 ring cogggrmations which are intermediate between
envelope and twist. Aliphatically substituted polydiorgano-—
silvlenes display reversible thermochromic behaviour in solutioen
with a bathochromic shift occurring with decreasing temperature.
The temperature dependence of the UV absorption maxima is thought
to be due teo conformaticonal chandges occurring along the polymer
303,304 Photolysis of the high
polymer {n~C6H13MeSi)n in carbon tetrachloride leads to the
formation of C2C15, indicating that the photodegradation pathway

backbone with temperature.

of these polymers includes the formation of gilyl radicals,
Mechanisms involving both the extrusion of silylene units and the
formation of silyl radical terminated polymer fragments were
proposed to explain the observed silane products.305 The first
stage of the reaction of n-decamethyltetrasilane with peroxy-
benzoic acid involves the oxidaticn of one of the two terminal
Si-Si bonds, rather than the oxldaticn of the central S5i-5i
bond.306

The four silyl-substituted polysilacycloalkanes (129)-(132) have

been prepared by co-condensation of 1,2-bis{chlorodimethylsilyl)-

e
(|:H2 \ P (|3H2 Si (Me)SiMe,
sS4’
C{z\ yd \SiMe3 CHp SilMe)SiMe,
Si 81
Me, Mez
(129) {130}
Me Me ., Me
CH, N e yd CH, N Me
Si—/;si | c\r:z /Si\
CH CH .
2 / VAN o2 - S5 SiMe,
5i 5i 2 Me
Me, Me ., 2
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alkanes and 1,1-dichlorotetramethyldisilane with a lithium
dispersion in the presence of a catalytiec amocunt of Ph3SiLi in
thf. Photolysis of (129)-(132) involves elimination of
silylenes.307 1,2,2,3,3,4,5,5,6,6-Decamethyl-7-thia-1,2,3,4,5,6-
hexasilanorbornane (133} is formed in a surprisingly simple
reaction from 1,4-dichlorodecamethylcyclohexasilane and st with

the elimination of HCl.308

=
Me
“‘sf’l
M Me
S si/ ~
= Me
Me Sf \\
//’//,Ee _Me
Me -~==5i Sih“Me
Me
{133)

Potassium silyl reacts preferentially as a powerful reducing
agent rather than as a nucleophilic substitution agent. PCl,
and Me,PCl give polymers with P-H bonds. Me;51Cl1 undergoes
transmetallation with complicated conseguences. C02 is reduced
to CO and potassium formate, and nitrous oxide 1s reduced to
nitrogen. Silane and polymeric silicon hydrides are produced in
all reactions.309 Potassium disilanyl, 2-potassium trisilanyl,
and 2-potassium isotetrasilanyl are formed by the reaction of
KSiH3 with di-, tri-, n-tetra-, iso-tetra, and pentasilanes,
respectively. Product purity wvaries between 95-99%, and the
stability increases with increasing number of silicon
atoms.370¢317  sitnium tris(trimethylsilyl)silanide (134) (as a
1.5DME adduct), synthesised from {Me3si)4Si and methyllithium in
DME, has a structure built up from two [LiSi(SiMe3)3] units which
312 (134) reacts with
halogencsilanes to give thermally stable compounds of the type

(Me3Si}3Si—Si(X]i_{K = halogen},313 and with cp?WCl2 to afford the
4

3

are connected via a bridging DME molecule.

tungstencocene derivative [(Me351)35105ﬂ4]2WH2.
Several substitution reactions of the digermanes [xptheGethxlz
(x = C1, C13C002) are gshown in Scheme 22, The structures of both
(135) and (136) have been determined. The six-membered [Ge,0,)
ring og (135) has the chair conformation (molecular symmetry Czh].
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The five-membered [Ge3Se ] ring in {136) has the half-chair
confcrmation.315 Symmetrical ketones (Ar C2) or e~diketones

{{ArCO)z) are cohtained f£rom tgﬁsxeactlon of aryl chlorides
{ArCOCl) with hexaethylditin, 1.2-Dichliorotetraalkyldi-
stannanes, c1nzsn9nn2c1 {R = Me, Et, Bu), have been prepared by
the electrolysis of acetonitrxile solutions of the appropriate
dialkyltin dichloride on a mercury cathode.31? The tin-tin bond
in {SnClR,}, (R = CH(SiMe3)2} is relatively (2, 844{1)3.1 3 The
reaction of triorganotin oxides with formic acid provides a good
route to hexaorganocdistannanes, In addition, this route affords
small guantities of several new linear polystannanes.318
dodecamethylcyclohexastannane and its perdeuteric analogue have

Pure
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heen prepared in high wvield according to the route:
3Me,5nH, + 3Me,Sn(NEt,), = (Me,Sn). + 6HNEL,
In selution, the cyclohexastannane egquilibrates even at 20°C but
more extensively at B0®°C with three other cyclostannanes, {Mezsn}n

fn = 5, 7, and 8).319 Controlled cleavage of (B&zsn)4 with
iocdine in toluene sclution affords the linear 1,4-~diocdotetra-

stannane, I(BJESn)dl, which has an all-trans structure in the
crysta1.320 Unsymmetrical diplumbanes have been synthesised from

R3PbLi and R'3PbCl at =-60°C in tetrahydrofuran, although products
exhibit migrations of R and R' in the transition state. Thus,
the crystal structure of szPhB(p-toll3 shows it to comprise twgz1
independent molecules of composition, Ph(p—tol)zpbeth(p—tol).
{Tricyclohexylstannayl}tricyclohexyllead has been synthesised from
[CGH11)3PbLi and ;g§H11]3SnC1 in thf at -50°C, but decomposes at
room temperature. The reaction of trimethylstannylalkalies
[Me3SnM, M = Li, Na, K) with alkyl halides has beéeen studled by two
groups in several solvents. The reactions occur by electron-

transfer processes involving radical intermediates.323'324

[2,2,2—crypt—K+}3(KSn9)3_ is the major product of the reaction of
the ternary alloy XHgSn with 2,2,2-crypt in ethylenediamine. In
addition to the cations, crystals contain infinite chains of
composition K-(Sng)—K-(Sng)—.... The Sn9 cluster has a mono-
capped sdquare antiprismatic structure.325 Mbssbauer data have
been recorded for [Sns]zh, [Sn914—, [TlSnalsb, [Snzsizlz—,
[Sn894]4', [SnTe4]4' and [SnSe3_xTex]zzz_ (x = 0~3, z = 1, 2)
and the data interpreted in terms cof known crystallographic
infcrmation.326

Product and kinetic studies on the reactions of Me ;SnMMe 5 (M =
51, Ge, Sn) with HCl in methanol show that both 5Sn-M and Sn-Me
cleavage occur at similar rates and are followed by other
reactions giving a complex mixture of products. Similar
behaviour is observed for trifluorcacetolysis in €Cl, solution,
whereas that of Heaan(CH3)3 regults in exclusive Sn-Me

327 SnMMe, (M = Si, Ge) with Me,SnCl

Reactions of Me 3
328

cleavage. 3

or MeZSnCl2 in methanol involve Sn-Me cleavage.
A large number of papers report chemistry of compounds with

bonds to transition metals. Notable is the report of the

reversible insertion of carbon monoxide into a silicon-zirconium
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bond yielding the silaacyl complex (137):

R Ry
EAE

37)
in which the silaacyl group is bonded to the zirconium atom in a

bidentate fashion.329 Structures with 'naked' germanium and lead

SiMe

3
—
——

atoms have been described. The germanium complex (138) has been
ocbtained by the hydride route from GeH, and {CSMeS)Mn(CoithHFi in
the presence of sulphuric acid. In the crystal two conformers
are present in a 1:1 ratio. The conformers are related by a 180°
rotation of the [(C MeS)Mn{CO}2] fragment around the [Mn-Ge—Mn)
vector.330 The same synthetic strategy is unsuccessful in the
case of lead. However, the lead analogue (139) was cbtained

using lead{II) chloride. The Mn-Pb-Mn unit is almost linear
(177.2(1)".331 Reaction of Na2W2(CD)10 with germanium{iv) or
tin{IV} chlorides afford the complexes {(140) and (141),
respectively, which contain trigeonally planar

332 {141} reacts with THF to form

Te to give (143}.333

coordinated germanium and tin.

(142} and with Hz

co co co co

P
» ’

| @

TS Mnsks GomaMn Mﬁ:-:Pb=M13

ocC co Q co <o

{138} (139)
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g(CO)S v.HCOJS
Ge sSn
(co)5w w(co)s (co]SW W(CO)S
{140) (141)
(Co) W thf {CO) W
5 5
|\\§n// “Te=Té
g )
{CO}SW w(co)s W(CO)5
W(CO)S
{142 {143)

A wide variety of chemistry involving bonds between Main Group
and Transition metals has been reported, and many complexes have
been characterised by X-ray c¢rystallography. The zirconium and
hafnium complexes, (Cp)zmisiMe3iCl (M = 2r, Hf) have been obtained
from the dichlorides (Cp]2MC12 and Al(SiMe3)3.0Et2. The
2irconium derivative reacts with oxygen to give the siloxide,
[Cp)zzr(OSiMe3)Cl, whereas water cleaves the metal-metal bond.
The chloride ligands are readily substituted to afford the
complexes (Cp]2M(81Me3)x (X = 55,CNEt,, BH, , OCMe3]. In the
structure of (Cp)zzr(SiMEB)(52CNEt2), the silicon and two sulphur
atoms are bonded to the zirconium in a plane which nearly bisects
the two cyclopentadienyl rings.334 Photolysis of the manganese
complexes (MeCp](CO}Z(PR3)Mn with diphenwyisilane or diethylsilane
gives hydrido silyl complexes of the type
(MeCp)[CO){PRB)Mn(H}Si{H)RFz containing Mn-H-S1 three-centre
bcnds.335 Treatment of the thf complex, (CSMeS)Mn(CO)zthf, with
menesilane similarly affords the dinuclear complex
(u—SiH2}[(CSMES)Mn(CO)zﬂlz, which has a bent Mn-sSi-Mn framework.
Thermolysis yields elemental hydrogen, but the other expected
{unknown) complex (u—Si)[(CSMBSJMn(CO}2]2 is not 0bserved.336
Reaction of the tetraphenylporphinatotin complexes lTPP)SnC12 with
Hg[Mn(C_O)5]2 and Hg[Co[CO)4]2 gives the complexes,
(TPP]Sn—Mn{CO)4—Hg—Mn)CO)5 and (TPP)Sn-Co(CO)3-Hg-Co(C0]4. The
structure of the former complex has been determined, and contains
a bent four metal atom unit with one of the =shortest Sn-Mn bonds



260

yet observed {2.554{(7}A&). The tin lies about 0.8SA above the
plane defined by the four nitrogen atoms of the porphyrin ring.

337

Niocbocene and tantalocene hydrides, Cp2MH3 {iM = Nb, Ta) react with

PhMe,SiH to give szm(HZ)SiPhMez complexes. The structure of
the tantalum derivative was confirmed bv X-ray crystallography.
No Nb—-Si complex was isoclated using Et3SiH, but szan3 and

Me S5iOSiMe,H give low vields of szwb{H)zsiMezosiMe3. Cp,NbH,
catalyses H/D exchange between Et3SiH and c6D6' and produces
deuterated [CP(u-nl,ns—C5H4}HNb]2 as the major organometallic
product.338 CO inserts in the Pa-Si bond of {CSMeS)Ta(SiMe§)Cl3

tc give {(144). A possible mechanism is shown in Scheme 23. 39

co < 5 <o
Cp*C13TaSiMe3 €p*Cl,Ta-C-5iMe,; > Cp*C13Ta+=C-SiMe3 -
-CO

0
o
c

{
c

WL Ipl 16

PR

N QEt
T
Cp*C13TaO/ SiMe, <> cP*c13Tao’ SiMe, <> Cp*C1,Ta0” “SiMe, —

_ Et
8/’ OEt
Ao=c” *cn ,Oahc’/
Cp*Cl1.Ta | 2 > Cp*Cl,Ta | + CLH
TN o CH, 3TN ¢ 274
I H SiMe3
SiMe3
B N . )
(144} Ccp CgMec

Scheme 23

Acetylenes may be disilylated or distannylated using Si—Mn or

Sn~Mn reagents:340
" R R'
RBMLi,MeMgI H“Hm
R=C=C-R" - C =:-C\
MnC12 R“3M/ MR"3

M = 5i,5n. (lﬁé)
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The method can be successfully applied to the svnthesis of the
highlv strained tetrakis{trimethvlsilyl)ethene (which is not
readily available by other known routes) from Messi—CEC—SiMe3.
Reaction of the molybdenum complexes, (bipy)(P]Mo(C0)3 {bipy =
2,2'-bipyridine; P = P(C6H4X—4)3, X =Cl, F, Me, Me0), with SnCl4
yvield the novel seven-coordinate complexes,
(bipy)(P}(CO)zMo(Cl)(SnCl3). Methyl- and phenyltin trichlorides
behave similarly affording the dicarbonyl complexes,
[bipy}{P]{CO]2MD{CI){SnRC12), and {bipy}[CO}3M0(C1)(Schlz) (R =
Me, Ph}.341 Crvstals of the complex [CSHS)ZMO[MEQSnClI2,
comprise two independent, isclated molecules containing Mo-5n
bonds of different lengths. The inequivalence of the distances
within the molecules appears to be accounted for by the formation
of a secondary intramclecular SnCl—--=%n bond (Sn---Sn, 3.616A;
Cl---sn, 2.898). 342

The extent of reaction of the cobalt complexes
ColCSHS)(COJ(X}SnX3 with CO in chloroform at 20°C and 1 atmosphere
is markedly dependent on X. When X = Cl1l, the reductive
elimination of SnCl4 is complete within 30 minutes, and
Co(CgHg) (CO}, is formed almost quantitatively, but also
reversibly. Mo detectable reaction occurs when X = I, but when
X = Br an intermediate solution is observed with both starting
material and product present in the reaction mixture. In
contrast, substitution reactlons take place with both (Ph0)3P and
Ph3P{L] giving Co(CSHS)(L)(x}{Snxai. The course of the reactions
of the complexes CO{CSHS)(L){x)(SnX3) with CO depends upon the
ligand L. when L = P(OPh)3 and X = Br, the sole product is
Co(CgHg) (CO),, but when L = PhiP and X = Br
Co(CSHSJ(CO)(Br){SnBrB) and then some Co(CSHS)(CO)2 are formed.
ColC5H5}(PPh3)(Cll(SnC13) does not appear to react with CO.343
Reaction of the hydridosilyl-metal carbonyls, RSin—MLn (ML, =
CGC{CO)3, MOCp(C0)3, WCp(CD)3, FeCplCD)Z, Co(C0)4) {obtained from
RSinﬁr (R = Me, Ph) and carbenyl metalates) with Coz(co]B
produced the open trinuclear complexes R(MLp)SiCo,(CO), (146),
but only for MLy = Hon(CO}a, WCp(C0)3 and FeCp(CO)z. Subsegquent
thermolvsis of the molybdenum and tungsten complexes gave the
mixed metal clusters, RSiCGZMCp(C0)8.344
complexes RGeCo3(C0)9 {R = Me, Ph, But) as well as the new
tetranuclear clusters (RGe),Co,(CO),,; (R = Ph, Bu®t) (147) are
formed in the reaction of organogermanium trihalides with

The trinuclear
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KCO(CO)4. The dinuclear complexes Ln'M—Gelz-MLn (ML =
FeCp(CO)z, Cc(CD}4, NiCpCO) (from the insertion of GeI2 into the
metal-metal bonded precursor) also react with KCO(CO)4 to form

the clusters (148). Crystal structures were determined for both
Cp(CO)zFe-GeCGB(CO)9 and (ButGe)2C03(C0}8NiCp confirming their
structures.3 The germylidine clusters (149) (R = Me, Ph, But}

open to form the complexes (150) on heating with CO under
pressure. With PPh;, either addition to form (131} or
substitution to give (152) occurs. Organometal dimethylarsenides
Cp(CO)3M—AsMe2 (M = Cr, Mc, W) react similarly for R = Me or Ph to
yield the addition preducts (153) or for R = Bub to give (154).
Thermolysis of these complexes affords complexes such as (155)-

(157) .%%®  The clusters (158) and (159) are formed by reaction of

347
RGeCoB(CO)9 and [CpM{CO)},1, (M = Mo, W}.

R R
(Co) ! Ge
3 S8i
'y -
co\ / MLp (co}ac:o'—/—ﬁc\(cmz
oc —Co l AN / SO
(CO) 4 (CO} 3CO\\GE//CO (co),
R
(146) (147}
Ge Ge
(CO) 4Cg'—— | —Co (CO} 4 (CO) ;€0 — | —Co (CO) 4
Co Co
(coj 4 (CO} 4
(148) {149)
R R
Ge ff’#’,-Ge
(co) 3CO—-"’/ \ (co) 3C‘.fo \
oc’ Cae{co) , OE Co (CO) ,FPh,
(CO)\;CO Ph,P(CO) ,Co
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The electrochemical behaviour of the silyl-and stannyl clusters,
PhMC03ICO)n (M =5Si, n= 11 M = 8n, n = 12), have been examined
by cyclic voeltametry in dichloromethane solution. In both cases
the radical anions PhMCo3(C0)nT are unstable and rearrange to the
CO{CO)4 anion amongst other products. With the silyl cluster,
however, the radical anlion is sufficientliy stable to allow
detection of anion recxidation at medium scan speeds. The half-
life of PhSiCo3(CO}11T was determined to ke 2.3 s at 2S°C.348
4]l Ge~Ge and Ge-H bonds are cleaved in the reaction of
polygermanes or silylgermanes with Coztcois. Digermane gives
the known complex (ud—Ge)[C02{CO)7] together with the new
compound, 662C06[C0)20, which is alsc formed from Me2Si(GeH3)2.
MeBGeGeH3 and MEBSiGeH3 from mainly (uq-Ge)[C02(COJ7] and
Me MCo{CO) , (M = Si, Ge). Ge2Co6(CO}20 loses CO guantitatively
at 50-60°C to give Ge2C06(CO}10, whose structure comprises a
quadrilateral of cobalt atoms bicapped by {u4-GeC0(C0)4} groups,
and having one Cc(CO}z—Co(CO)z edge symmetrically bridged, the
opposite Co(C0)3—Co(COJ3 edge unbridged, and the other two edges
semibridged by CO.349 The Re-=-5n bonded complexes szReSnClS,
szReSnMe012 and CpReSnMe2C1 have been synthesised according to

the route:

NEt
Cp,ReH + SnMe Cl, == Cp,ResnMe Cl, _ + Et,NH'Cl

All three complexes exhibit a marked shortening of the metal-
metal bond compared to the sum of the covalent radil and a sharp

deviation of the {SnMenCl

geometry.350

29

3-pn] fragment from tetrahedral

Si n.m.r. spectra of a large number cof silyl derivatives of
the iron=-Group metals have been recorded, and several empirical
relationships found:

(i} for series of M(SiMe3_nC1§£ {n = 0-3) compounds, MeSiMeCl,
derivatives usually gave the Si resonance to lowest field,
(ii} for M(SiMe3_nCln) complexes the 2981 resonance shifts upfield
on going to¢ the transition metal{(M) lower in the Perlodic Table,
(iii) for M(C0}4[51Me3_ncln) the resonance of the trans isomer
came to lower field than that of the ¢ls isomer, and

(iv) for (arene)Ru(CO)(SiCl3)2 there is a linear correlation
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between the 2°Si chemical shift and the CO stretching
331 In the solid state. the three ruthenium atoms of
the cluster anion, [HRu3¢COI10(SiEt3}2]_, form a triangle, the
longest edge of which is bridged by the uz—hydride. The
triethylsilyl groups occupy egquatorial positions at the two

fregquency.

bridgehead ruthenium atoms. In scluticn, only the four carbonyl
groups of the unbridged ruthenium atoms are fluxional, and the
hydride bridge presumably undergoes a rocking movement
perpendicular to the [Ru3] plane. At a plagégum electrode, the
anion is oxidized to give a neutral species. Displacement of
the (CHLCN) ligand from the compounds M,{(COC},,_ (MeCN) (n = 1 or
2; M = Ru, 0s) by corgancgermanes and —stannanes provides a
general method for the preparation of triosmium— and triruthenium
clusters of the type T3(H)(C0)11{g;§3) and 0s. (H) (CO) 4 {CH,CN) -
(M R4} (M = Ru, Os; M’ = Ge, Sn):

toluene
Ph,RGeH + 053[c0)11(cn3cn) 053(H)(C0)11(G3RPh2)
r.t.,12h
R = Ph, Me. (70-80%)
toluene
R3SnH + 053{C0)11(CH3CN) —_— . 053H(C0)11(SnR3)
r.t.,i2h
R = Ph, Bu". (60~70%)
PhyM'H + 085(CO) 4o (CHLCN) , toluene
r.t., 5h

053(H)(CO)10(CH3CN](M'Ph3) * 053H(C0)11(M'Ph3)

{70-75%)} (5%)
M = Ge, Sn.

CH2C12
FPh.,M'"H + Ru, (CO) (CH_ CH) —=% = e Ru,H{CO) {M"Ph.)
3 3 11 3 -40°C, 2h 3 11 3
M= Ge, Sn. (60%)

Two reactions of the osmium—tin cluster (160) have been reported:
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ﬁozﬁe
R (CD) C
(CO.,Me)} ..C
/KOS(CO}z CH, rzfluazc ’
/\ / - n—-heptane
{CO) T J—
OMe
R = CH(SiMe3)2
{(162)
R H
\Sn/ \OS(CO}
3
2 o0 osico,
““nﬂ,f’/
{160}
reflux
n-heptane
R
g / \Os(CO)3
\05{c0)3
{C0) OB
3 -h‘__\"\-H

(161)

(161) is obtained essentially guantitatively on heating (160) in
heptane, whilst (162) is= formed only in low y'ielc'i.:‘}s‘l

The reaction of (dppe)PdC12 {dppe = bis(diphenvlphosphino)-
ethane) with bis(dialkynvl)stannanes yilelds diynes and the stable

palladium{II)-stannyl complexes (dppe)Pd(Cl}SnMe2C1 and



(dppe) Pd (C:CR)SnMe,Cl (R = H, Me, Bu®) (Schemes 24 and 25) . 3553
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Scheme 24
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Scheme 25

(Trimethylsilyl) trimethyvlstannane adds to alk-1-ynes in the
presence of Pd[PPh3}4 both regic- and stercospecifically:

R-C=C-H + Me_ S5i-SnMe

3 3
Pd(PPh3)4
R H R\ H
'\C===C/, + c===c/’
' ~ -~ N
MeBSn .SiMe3 Me3Si SnMe3

R = Bu", Ph, PhCH,, Me,NCH,, MeOCH,, HOCH,, HOCHMe, HOCMe,,

and HOCH2CH2.

Regiospecific addition to 1,1-dimethvlallene was also observed.356

The [RhHISnC13)4Cl]3— appears to be the predominant species
initially present in the organic phase when rhodium{lIl) chlorides
are extracted into 4-methylpentan-Z2-one from dilute hydrochloric
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357 .
acid containing tin{II}) chloride. The equilibria

[{C5Me5)Rh(H)2(SiEt3)2] + C2H4===HSiEt3 +
[(CSMeB)Rh(H) (SiEt3] (C2H4)]

and
[[C5M25)Rh(ﬂ}(SiEtB)(Czﬂﬁ]] + C2H4;==HSiEt3 + [(CSMES)Rh(C2H4)2]

can be induced either thermally or photochemically starting from
either side.358 The macrocycle Rh2(C0)2012[u—(Ph2P129y12

reacts with tin{Il) chloride to form the complex
hasnz{C0)2C16[u—(Ph2P}2Py]2, the molecular core of which consists
cf the bent chain, Rh-Sn-Rh-SnCl3. The central tin atom resides
within the cavity of the macrocycle, and is coordinated to two
nitrogens, two rhodium atoms, and one chloride.359 The role of
alkyl derivatives of rhodium and platinum in homogeneous olefin
hydrogenation and isomerisation has been discussed.360 The
asymmetric hydroformylation of the three isomeric straight
butenes catalysed by [(R,R}—Diop]Pt{SnCl3)CI {Dicp = 2,2-dimethyl-
4,5-bis(diphenylphosphinomethyl)-1,3-dioxeclane) has been
reinvestigated. Depending on the conditions, hydroformylation
can be accompanied by extensive isomerisation and hydrogenation

of the substrate.361 The trans—[PtCl{CD—n—hexyl)(PPh3)2]/SnC12

has been investigated by 31P N.M.T. In CD,Cl, or acetone-—d6 two
species are observed at low temperature in equilibrium with the
starting complex. One is assigned as the complex

trans—[Pt[SnC13)(CO—n—hexyl}(PPhB)Z]; the other shows no P-Sn
coupling and is tentatively ascribed as a complex having chloride
bridging platinum and tin centres. Formation of the former
complex is prevented by adding ethancl to the solvent mixture.3
31?, 1198n,r and 195?t n.m,r. data for the similar complexes,
trans—[Pt(SnCl3l(carbon ligand)(PEt3)2] h?ve1?§en ﬁggorted.

JA{ Sn- Pt) wvary
from 2376Hz to 11895Hz, with the COPh ligand having the smallest
value, and the C6015 ligand the largest. Trans—[Pt(SnC13)(COPh)-
(PEt3}2] has a slightly distorted sqgquare planar geometry, and the
longest Pt-Sn bond yet observed for sqguare-planar Pt-5nCl
complexes. The Pt-Sn bond correlates well with the 1J(1 9Sn—

62

Values of the one-bond coupling constant
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19SPt) value3.363 [PtCl(SnCl3)(p*chloroaniline}{PEt3)] also has

a slightly distorted sguare planar geometry, with the ligand
. 364
disposed as in (163).

Et.P c1
3\Pt/
Cl3Sn/// \\\“NH206H4-p—Cl

{163}
The iridium{III}) complexes, [Ir(H!(Sncl3)2(1,S-C0D}Lla
[Ir(H)2(SnCISJ{1,5-C0D)L], and [Ir{H)z{SnC13)L3] {L = tertiary
arylphosphine have been obtained according to Scheme 26, and

¢characterised by n.m.r.

2PR3
2SnCl2

H
[Ircl(?,5-coOD)], —2 w [IrH,(5nC1,) (1,5~COD) (PR3)]
acetone
R = Ph, p-OCH,C¢H,,

p-F-CgH,, p-Cl-C H,

2PR3
4SnC12

HC1 {gas)
4PR3 acetane

2SnC12

[Ir{SnCl3} {1,5—-COD) {PR3) 2] iIrH(SnCl3) 2 {1,5~COD) (PR3) ]

CHCl3 H

L
[IrH2(SnC13>(PR3)3]

R = Ph, p-OCH;~CgH,

Scheme 26
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The complexes [Ir(H)Z(SnC13}(1,5—COD]L] exist as cis,cis- and
cis,trans-(L trans to SnC13-) isomers in solution. The three

rhosphine ligands in [Ir{H)2(SnCl3}(PPh3)3] are in a pseudo-

meridional arrangement and the two hydrides mutually cia.365

7Li-—1H coupling has been

The first direct observation of resclved
seen in the complexes, (CgMeg)Ir{H),(SiMe,)Li(pmdeta) and
{CSMeS)Ir[H)3Li(pmdeta].3 6 A silyl=-iridium(I) complex,
[Ir(PPhZCH2CH281Me2)[PPh3)(C0)2], has been isolated and

characterised by X-rav crystallogrphy. The silicon atom

occupies an axial site in the five-coordinate geometry.367 A

one—-bond 51V—117'119
[CpV(SnCl3)(CO)3]_ anion.

Bis(cyvcleopentadienyl) samarium and ~lutetium chlorides react with

Sn coupling of 900Hz has been observed in the
368

Me,SiLi in dme to give the complexes [Li(dme)B][szLn(SiMe3)2]
{Lm = Sm,Lu). The structure of the samarium compound was

determined.369

4.2.6 Binary and Ternary Chalcogenides and Pnictides
mas 22
of silicates. The large difference in the spin-lattice

8i n.m.r. continues to be of ilmmense value in the study

relaxation times allows the distinction of microcrystalline and
non-crystalline regions in lithium silicate glass.370 The
technique can also be used to demonstrate the uniqueness of
zeolites of very similar structures,; eg. ZSM—5 and ZSI‘-1-11,3’71
and indicate phase transitions such as that occurring in ZSM=-5 in
the temperature range 295-3631{.372 Studies on (Di,Poly) calcium
hydrogen silicate prove it to contain end and middle [8104]
tetrahedra (di- and polvsilicate) only.373 The two phases (a
and $§) phases of phvllosilicic acids {stizoij can be
distinguished by the different isotropic wvalues of the chemical
shift. The a-phase has a regular layer structure, while the &§-
rhase is characterised as a phyllosilicic acid with partial
highly-condensed areas. Compared with the s-phase, the Si-0H

groups in the é-phase form weaker hydrogen bonds.3?4'375

Two
intermediate phases have been identified in the dehydration of
afwillite, Ca5{SiO40CH},.2H,0. A non—-crystalline phase with a
structure asimjilar to the mineral killalaite, Ca30H1512060H) is
formed at 250-300°C. Between 300 and 500°C, this compound is
converted to a non=crystalllne kilchoanito=-like phase

y-Cazsioq.Ca4Si 0 consisting of ordered y-Ca Sio4 and

3710’ 2
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disordered trisilicate layers.376 The new silicic acid
trimethyvlsilylester, (Me351)14si7021, has been obtained by the
trimethylsilylation of barium chloride silicate,
2BaO-33aClz-2Sigg.377 Polysilicate eguilibria have been studied
in a D.6 meol dm NaCl medium at 25°C. Besides a dimer,
5i,05(0H) ,%7, a cyclic §i40, {oH) ;37 and linear S$1,0.(OH)°” trimer
are formed, but the prevailing polysilicate is tetrameric.

Species with higher nuclearities are formed in minor amounts.378
Upto 16 different oligomeric silicate anions have heen detected
and guantitatively estimated in 0.1M~-3M tetrapropvlammonium and
tetraethylammonium silicate solutions. The organosilico-
molybdate complex anions, R3SiGM003- {R = Ph, But) have3§gen
proposed as models for silica-supported Moo3 catalysts, whilst
the polvsiliciec acid ester, [518012]{0Me)8, has been synthesised
as a molecular building bklock for the synthesis of ceramic
materials.381 The structures of both compounds have been
determined. Light-blue manganese-doped monocrystals of Ca,Si0,
have been grown from a CaCl2 flux using raw mixes (2CaC03 + 15102}

3
with different contents of MnCOB. 82 Annealing of such crystals

at temperatures in excess of 1450°C causes decolourization.383
Crystals of NaECa81206 contaigaguckered six—membered [516018]12'
rings of silicate tetrahedra. Both Rb2L125104 and
szLizceO4 have been prepared frogaghe respective bhinary oxides
at B00°C and 850°C, respectively. Single crvstals of K,GeO,
have been prepared by heating K,0 and Geo%BéK=Ge = 3.0:1.0) in a
silver cylinder at 700-800°C for 10 days. The structures of
two phases of BaGezﬂs have been determined. The low pressure,
high temperature phase (BaGezoS(II}) has three kinds of parallel
chains of germanate polvhedra, whilst the high pressure, low
temperature phase {BaG6205[III)) has a sheet structure. 87
Opague blue crystals of a new mixed-valence cerium germanate
containing [Ge04]4;é8[Ge207]6— and [Ge301018- anions, have been
prepared at 1555XK. New modifications of the phases PbGeO3 and
Pb5G93011 have been obtained by the simultaneous hydrolysis of
lead and germanjium aloxides, followed by washing and drying.
These modifications are transformed to the known monoclinic and
hexagonal modifications, respectively, at temperatures of 575-
610°C and 410—450“0.389

The disproportionation of tin{(II} oxide has been investigated

in the temperature range 200-750°C and over variocus time periods.
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Reaction starts at about 250°C producing metallic tin and an
intermediate oxide of formula Sn30, . This intermediate slowly
decomposes in the temperature range 425-550°C to tin metal and

Sno, . At temperatures in excess of 550°C the disproportionation
390

2-

The effects ©f heat treatments in air or water at high pressure

prroducts are the thermodynamically stable phases Sn and SnO

on an hvdrous tin(IV}) oxide lon exchanger have been studied. The
exchanger in the H' form is stable in both air and water up to

ca. 80°C, but above this the exchange capacity progressively
decreases with temperature, being only about one quarter of the
initial value at 300°C. Crystallisation begins at 300°C, forming
cassliterite crystals by 500°C. In contrast, the Na® form of the
exchanger is more stable, and retains 40% of the initial capacity
at 400°C.391 Metal hexahydroxystannates, MSn(OH}6 {M = Mg, Co,
Zn, Mn, Cd, Ca, Sr, Ba), and their so0lid seolutions have been
prepared by coprecipitation from aqueous solutions of Nazsn(OHlG
and MClz. Decompositions of these salts afforded HSn03
materjals. The structure of MSntOH)6 depends strongly on the
radius of the M2+
below 1.268R and hexagonal above 1.26A. Crystalline MSnO, were

jons, being cublic with a NaCl-type structure

obtained by calcination above 500-600°C, and their structure is
also related to the cation radius, having an ilmenjite—type
392 Both

the high-temperature and low—temperature polymorphs of LiFeSnO,

structure below 1,098 and a perovskite-tvpe above 1.14A.

with ramsdellite-related structures undergo lithium insertion
reactions with n-BulLi at ambient temperatures to stoichiometries
Li,FeSnO, (HT) and Li, gFesnO,(LT).>>>  The formation of tin-
molybdenum oxides by the calcination of precipitates involves the
initial dehydration of amorphous gels to give, at low
temperatures, highly disordered rutlile—type solids capable of
accommodating high concentrations of molvbdenum. Excess
molybdenum segregates, under the influence aof moderate thermal
treatment, from the ecrystallising rutile-type phase to form
macroscoplically distinguishahble MoQ which wvelatilises at higher
temperatures. Prolonged calsination at high temperatures gives
materials which mayvy be described as sclid solutions containing
low concentrations of Mo(V) in the SnO, rutile-type 1attice.394
Alkylamines intercalate into the Sn{HP04)2.H20 layer structure.
n-Alkylamines intercalate as a bimolecular f£film of extended
molecules with the carbon chain backbone roughly ineclined at 66°C
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to the plane of the sheet. Infrared spectra and thermal Jdata
suggest that the alkylamines exist as alkylammonium ions within
the lavers., The intercalate [Sn(nBuNHz)z)(HPO4)2.H20] readily

exchanges transition metal ions.395

Tin(IV) selenophosphate has
been synthesised by mixing agueous solutions of tin(IV} chloride,
sadium selenite, and sodium dihydrogenphosphate in a 1:1:2 ratio
at pH = 0,396

The structure of Pb302(0H)2 has been determined by Rietwveld
analysis of neutron powder diffracticon data. The solid
comprises discrete dodecahedral clusters with composition
Pbﬁoﬂ(OH)4 and 4 symmetry, and connected by hydrogen bonds.397
The structures of two modifications of PbVZOE' monoclinic and
{metastable) orthorhombic, have been determined. The former
comprises columns of edge—-sharing [v05] sguare pyramidals in
between which are dispersed the lead atoms. The latter has a
structure with zig-zag chains of corner sharing [V04] tetrahedra
with the lead atoms in parallel planes.398'399
of PbRezoe,
Reo3 at 500°C, are isotvpic with the trigonal meodification of
PbNb,O 400
Pb%I[LiO-SSb1.5]OG‘5 has been characterised.
phosphate Pb2Cs3[P4012)(PO3)2

(P4012)4- ion and a linear infinite (PO,) _ chain.
403,404

Single crystals
obtained from a stoichiometric mixture of PbO and

The cubic pyrochlore

and contain the [Re,0,.] unit.
2710 401

The complex
contains a tetrameric cyclic
402

some 45 new polytypes of Snsz, as well as 6 large period
polytypes of SnSez,405 have been characterised. The oxysulphide
of lanthanum and tin, (Lao)qsnzse,
ent layers of {Lao}n and {SnS}3n paraliel to the (001) plane.

406
Ba CdSn256

comprises alternating independ-

The tin has a distorted octahedral environment,

. 407
and Ba6CdAgZSn4S16 are isotypic. Both Ba2818e4 and

BazsiTe4 are isotypic with Sr,GeS,. The latter is the first

telluridosilicate with discrete [SiTe4]4_ anions. 208 In

3

NaGSiZSeBr two {SiSe4] tetrahedra are connected by a Se-8e

covalent bond, forming a discrete [SiZSeals— anion.409

Na4Siqse10 contalns adamantane-like [5145910]4_ anions.410
Na4GeSe4 (from Na2Se, Ge and Se at ZED“C) con:?ins discrete,
almest regular tetrahedral, [GeSe4] anions. NazGeSe3 is
isotypic with NazGeSe3,

sharing {GeSe4] tetrahedra. The structure of NaBGe4Se1O is

and contains infinite chains of corner-

analogous to that of NaBGe4Te10 (meodification I), with two
octahedral [692896] units connected by a common edge to form a
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[Ge4Se10]8- anion {ocf the silicon analogue above).410 The zintl

anions, Snx32- and Snx44- {X = Se, Te) have been obtained by

extraction cof the appropriate Zintl KM{Te/Se) or NaM(Te/Se) phase
with ethylenediamine or ligquid ammonia in the presence of
2,2,2-crvpt. Snx32- are trigonal-planar and Snx44’
tetrahedral.®'?  The ternary phosphides Na, M,P. (M = Si,Ge)
contain [MP4] tetrahedra connected by a common edge giving
[M2P6]10- anions.*13 In contrast the [Sn,As,] anions in

CagSn,As, are made up of corner-sharing {SnAs,] tetrahedra.

414
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