Coordination Chemistry Reviews, 49 (1983) 193—279
Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

Chapter 4
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1,1 UNSTABLE INTERMEDIATES OF CARBCN, SILICON AND GERMANIUM

4,1.1 Carbenes and Related Speocies
Triplet e.p.r. spectra of g-carboranylcarbene and its methyl

analogue (1) (from photolysis of the diazo precursor (2)).,
Cbserved at 5K in frozen soluticn, indicate little delecallsation
of the 1 spin density into the carboranyl molety (cf. benzenoid
systems).l
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The interaction of the alkadienylidenecarbenes, R2C=C=C=C:, with
the triorgancmetal hydrides, RaMH {M = 81, Ge, 5n), leads to the
formation of the novel silicon-, germanium— and tin-functichalised
cumulanes, R2C=C= =CHMR5. The reaction is general for both alkyl-
and aryl-substituted carbenes giving 26-88% yields of product,
which are relatively stable, although somewhat air-sensitive, pale
yellow 0115.2

2,2-Dimethylpropyliynephosphine, Meac—CEP, has been obtained by
the decomposition of [2,2-dimethyl-1-{trimethylsiloxy)propylidene]-
trimethylsilylphoaphine in the presence of small amounts of solid

sodim hydroxide at 20°C:3
Me3SiO\\\ ’/’51Me3 NaOH
C==P ———p Me C—-CEP 4+ Me_ 51051Me
~ 3 3 3
Me3C

An electron diffraction and microwave study has shown that the
CZP bond distance in Heac-CEP (1.536(233) is somewhat shorter than
in either H-C3P (1.542(3)23 or Me-CEP {1.544(4)3). The C-C{P)}

bond 1s shorter (1.473(4)2} than the {Me)C=-C distance (1.543(2)2)?

The structural parameters of phosphaethene, CH,=FH, have alsc been

2
deduced from microwave data. Relevant data are: C=P : 1.6713,
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= 124.5°, uep,., = 119.1°, cPH; 95.5°.°

P-H : 1,425, HCP (£)

(2)
4.1.2 Sllylenes, S1llaethylenes and other Miscellanecous Species

An ab initic {SCF + MP2 methods) study of the inserticn of
carbene and sllylene intc dlhydrogen pradicts that the former
S5peclies reacts with no energy barrier, but that the latter has to
overcome a 36 kJ mol—l barrier.6 Monomeric 3151E‘2 reacts with tweo
moles of ethylena to yield l,1—dif1uoro[3lsi]silacyclopentane as
tﬁe final product. Competition experiments, however, indicate
that ethylene is about ten times leas reactive than butadiene
{giving 1,1-dif1uoro[3181]silacyclopentene) for the trapping of
difluorosilylene.7 In the gas phase, SiF2 reacts with propene to
afford products which contailn only the (Sirz) unit expected for
carbene~like behaviour (Scheme 1). The product mixture from
cocondensation experiments is much more complex {Scheme 2), and
comprises several products contailning (SiF251F2) units as well as
polymeric species.a

MeCH=CH, (g} + SiF,(g}~

lRoom temperature

%?
HC —— CH Me Me
/S 2
sy ::CHCHZ F_abstraction :>CHCH2
Fa P, Si P81
2 3
H abstraction
H22CH51F3
Me\ Me Me\ /SiF3
CHCH.S1F, | E.2bstraction | Nopoy o0 | ZH, ComenC,
. 2 2 Y 2 3 V4 \
H H
Me
\C===C/H + CH,=CHCH,SiF
F£=9 2 251F3
H SiF

3
Scheme 1
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SiF, + MeCH=CH, S1F, + MeCH=CH,
l—196°c 1—196°C
Me Me Me
\HC CH SiF, \HC CH \CHCH SiF,SiF
N7 2 —_— i 72 —-— : 220020702
Si F Si—~SiF,
F
2
HeCH=CH2
Me Me
v v N SiF., 51 4
Me Me CHCH,S1F,S1F,CH,CH
\CH-CH \CHCH SiF dimerisation ;
-~ .2 . 2.2
Fzsl
F |
CH,=CHCH, S1F, S1F,CH,CH, Me
- (cnzcal-cnz—s iF, )n—
v
H
Me C2
?HCH%51F3 Me—Hl’i‘ ?192
Me-HC S1P
-Hl 1}1 N 2
Hy
CH,=CHCH, S1F MeCH,CH,S1F
Scheme 2

Dimethylsilylene insertion into the Si-H bonds of trimethylsilane,
pentamethyldisilane, and symtetramethyldisllane occcurs with zero
activation energy and relative rate constants of 1:;3.1:4.3,
respectively. The activation energy for insertion into HC1l was
deduced to be 28 kJ mol'l. Photochemical reactions with
methylchlorosilanes are much more complex, involwving little or no

silylene chemistry. Rather the reactions which occurred in these
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systems appear to proceed almost entirely by radical mechanisms.9
A kinetic isotope effect for the insertion of dimethylsilylene
into 0-H and Si-H bonds has been demonstrated. For insertion
into BuMe,SiH, “H/D is 1.3, and for the insertion into the O-H
bond of alcohols, the ratio varies between 1.8 and 2.3, favouring

the mechanismga
~
/51: + ROH == r—b—n| B9y, Rro—si—n

N

Insertion of dimethylsilylene into Si-S, 5-5 and C-S bonds has
also been demonstrated. Reaction with the silylthiocethers,
MeasiSR and Me351551ue3, glves the disilanylthiethers, M955125R
and M95512551Me3 respectlively, whilst insertion into the S-S bond
of dialkyidisulphides yields the bis (thioclatoc)silanes,
Mezsi(SR)z.lo
regiospeclfically leading to the formation of allylic dimethyl-

{methylthic)silanes (Scheme 3).11

Insertion into allylic.methylsulphides proceeds

Me
+  Me,Si: —eee == Z
5-Me s
S17
we” e
’.le 2,3-sigmatropic
S1-5-Me
i rearrangement
Me
18%
lMEZSi H
e e
/ S'i-—Si—S-He
[}
Me Me
25%

Scheme 3
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{Trimethylsilyl)phenylsilylene, {MeBSi)PhSi:, generated by the
photolysis of {He3Si)3SiPh, inserts clearly into the C~Cl bonds of
allyl chlcride, 2-methylallyl chloride and 2-octyl chloride
affording the adducts, Me3Si-51PhRCl {R = CH,=CHCH, , CH2—C{ME)CH2,
CBHIT)' With sec-butyl chloride, however, a second reaction

involving the eliminaticn of isc-butene alsc ocecurs, which with
tert~butyl chloride becomes the sole reaction {(scheme 4).12'13

cl
T + 3
—C — —-Si-P
/C_,\ syCl Me3c Si-Ph
5¥ SiMe
7N 3
/ Fh SiMe
3
(Me ,Si) PhS1:
—cC c1*
N
_5i-51iMe

3

HZC
NeN,

|

M62C=CH + HSiClPhSiHe3

Scheme 4

Dimethylsilylene, generated in an argon matrix at 10K, undergoes
photoisomerisation to 2-silapropene, which forms 1,3-dimethyl-

1,3-disilacyclcbutane on annealing. Similar processes also
accur in hydrocarbon matrices at 77K, but in this case annealing
14

leads to rapid reversion to the silylene (Scheme 5),

Me u
e
Me,Si: —i¥™ MeSi=CH, —p si” > s1”
2 ~ i 2 //' ~S N
H H Me
Scheme 5

Products characteristic of dimethylsilylene reactions such as
pentamethyldisilane {formed by insertion into the Si-H bond of
trimethylsilane}, dimethylsilacyclopentenes {by trapping with

butadiene), and dimethyldisilacyclcbutanes (by dimerisation) have
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been identified in the pyrolysis products of the l-methylsila-
ethylene precurscr, methylsilacyclobutane, thereby providing
strong evidence for an 1lsomerisation of the intermediate sila-
ethylene to dimethylsilylene (Scheme 6). Trapping of the
gilylene by Me3SiH 1s particularly characteristic of silylenes,
since 1t shows no reactivity towards silaoclefins. Although the
formation of 1,3-dimethyl=-1,3-disilacyclocbutane could have arisen
from the dimerisation cof l-methylsilaethylene, it was shown to be
the major product resulting from initial dimerisation of
dimethylsilylene followed by rearrangement of tetramethyldisilene.

H., 51 SiMe. + MeHSi 51 HMe
2 2
u \/

12.6% 22.6%

SiHMe -
| | 3> SiMe2 + SJ.Me2
—CHy

52% 12%

He3SiH

H
]
M3351Sine2 + HZSI/N\SiMe2 + MeHSi/ﬁ\\Siﬂﬂe
14. 2% 25% 35%
Scheme &

Although sllaethylenes have generally been prepared by the
thermolysis of silacyclcobutanes, decomposition of this type of
precursoxr has also been accomplished using a tunable pulsed CO
laser. Thus, irradiation of 1,1,3,3-tetramethyl-1,3-disila~
cyclobutane in the presence ¢f methanol affords Me351OMe via
intermediate Me251=CH2. Decomposition of 1,1-dimethylsilacyclo-
butane, using SFG-sensitisation generates the silaoclefin in
80£10% yield.l6 Vacuum flash photlysis of the adducts {1} at
650°C and 0.2 Torr affords silaclefins {(2) with hydrogen,
deuterium or chlorine substituents on silicon:

2
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X X
| = NoS
CF4CECCF 4 —» X,Si=cH,
. —_——
X
o {2)
(1)
2

X = H, "H or Cl.

The silaolefins (2} may be subsequently trapped and characterised
spectroscoplcally in argon matrices at 10K.17 The thermal
decomposition of 1,1-dimethylsilacyclobutane in the presence of
3510Me, another

product (3} resulting from a rapld secondary addition of Me3SiOMe

methanol gives, in addition to the main product Me
to the silaclefin in the early stages of the reaction:

Mezsi:CH + Me3SiOMe —3 Me SiCH. S1Me. OMe

3 P4 P
(3)

2

The same adduct is formed when the pyrolysis of 1,l-dimethylsila~
3SiOMe at 681K, but no

reaction other than those producing normal products were
18

cyclobutane 1s carried out with added Me

chserved in the presence of added dimethylether.,
Butyllithium and phenyllithium convert the silylated bromides,
(Me35i)2(Me2xsi}CBr, at low temperature into the corresponding
lithium derivatives, (He351}2(M32xSi)CLi, which in some cases
(X = R, RO} are thermostable, whereas in others (X = halide,
tosylate, (Pho)zPoz, PhS} readily eliminate LiX generating the
silaethene intermediate, Mezsi=C£SiMe3)2. In the absence of
trapping reagents, the silaethene dimerises to the 1,3-disila-
cyclobutane, [MeZSiC(SiMe )2] s but undergoes a variety of
insertion, [2+4]-, [2+3]~, [2+2])-, and [2+2+2]-~cycload@ition, and
ene~type reactions, as illustrated in Scheme 7. Some of the
cycloadducts are thermolabile, und@ergoing cycloreversion to
elther the silaethene or to the silaimine, Me28i=NSiMe2.19—21
The first example of a stable s0lid silaethene has been
reported. The compound, 2-adamantyl-2-trimethylsiloxy-1,1-
bis{trimethylsilyl)=-1-silaethene {4}, is produced by photolysis
of a solution of the isomeric acylsilane (5).
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(Me 351 } 2C:I.*iISiMe 3

>50%C
—_ cyclorever—
Hez?i C(SiMe3)2 sion
Y SiMe3
Me 2Sj.-C (SiMe3} 2 A Mezsi.——C(51He 3) 2
S_ Me 351N—N51Ma'3
H Me3SiY
)\ / {(Y”= C1,0Me,
or Nﬂez}
Me 351N=N51H33

Me251=c (SJ.HeB} 2

Ph2C=Y
(R,RY = H or Me) (¥ = O or NSiMej)

Y =N=N
(¥ =0 or
NSiMe3)
MeZSi—C(31Me3)2 * Mezsi—c(siﬂea)z
He2Si—C(SiMe3)2 I
—_— ¥Y—CPh
R R1 2
¥ N

Ny#
cycloreversion

(Me,51=Y] + (Me,Si),CNN

l/n{MeRSiY}n

Scheme_7
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O 0SiMe
hv 3
(Me351}351-——c/ = (Me,si) 251=c/
C10f15 C10f1s

(5) (@)

Solid {4}, m.p. 950, is stable at room temperature under argon,
but on exposure to alr immediately reacts excthermically producing
white smoke.22 Photolysis of ethylpentamethyldisilanyldiazo-
acetate () in THF affords the disilylketene {7} cleanly in
guantitative yield. That the process involves an intermediate
silaolefin is supported by the formation of alkoxysilanes (8) in

high yield when the photolysis 1g performed in the presence of

alcohols:23
Me N2
Me381——Si-C—-C02Et
}
Me
{6
SiMe SiMe
3 MeOH
Me,Si=C ———= Me,Si—CHCO,Et
\C02Et |
OMe
(8)
SiMe3 Me3Si
~
MEZSi=C —_— /C=C=O
. /C—-O Mazfi
EtO OEt

(n

Ab initio S5CF calculations have heen carried out on flfteen

isomers with the chemical formula CZSiH4

formal double and triple bonds to silicon, as well as carbenes

including isomers with

and silylenes, thus enabling a direct comparison to be made.
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The principal conclusions are: {i} the magnitudes of the energies
favouring C=C over Si=C are not huge, {i11) the situation for Si=C
is quite different; ch=si competes favourably with RCESiR,

The calculations also suggest C=5i=C 1& also unstable, {111) methyl
substitution stabilises Si=C relative to hydrogen, (iv) wvinyl
substitution stabilises sti: relative to methyl substituticn,

(v) cyclic silylenes are relatively less strained than their
cyclic isomers, (vi} the energy difference between =ilylenes and
their w-bonded isomers are much smaller than the eneryy
differences between comparable carbenes and thelr unsaturated
1somers.24 The calculated SCF relative stabilities of
l-silabutadiene (8}, 2-silabutadiene (10}, and their respective
singlet sllylene isomers, allylsilylene {ll} and methylvinyl-
s8ilylene (12} are in the order (12} < (10; < (9) < {11).

,/,CH=CH2 ”,CH=CH2
H,S1=CH H,C=51
{9) {10)
CH=CH2 CH=CH2
HSi-CH, CHy=S1
(11) (12)

Analysis of energy shifts indicates the occurrence cof
f=conjugation in the silabutadienes, and the w-charge transfers are
predominantly in the direction Si=C+C=C in (9} whilst in the sense
C=8i+C=C in (l0j. This conjugation strongly stabillises ({§) with
respect to {l1), while conjugatiom 1n {10} 1s balanced by the
1rc=c->3pzsi delocalisation occurring in (lg).zs The structure

and stabllity of the S1=C triple bond in silaethyne, HC=S1H, has
been investigated via an analysils of its isomerisation to
sllylidene, H2

relative to acetylene and silaethylene. It was deduced that

C=5i and through a study of its hydrogenation energy

sllaethyne 1s rather unstable in a thermodynamic sense. However,
whilst SCF calculations predict that this species should
rearrange to its more stable isomer with no energy barrier, the
introduction of perturbation gorrections suggest the existence of
a small barrier separating the two isomers.26
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Photolysis of 2,2-dimesltylhexamethyltrisilane {13} in a
hydrocarkbon sclvent affords tetramesityldisilane {14), the first
stable compound containing a Si=5i double bond. The vellow-
orange solid is stable at room temperature in the absence of air,
but reacts rapidly with Clz, EtOH and oxygen. U.v. indicates that
the Si=5i 7 bond is distinctly weaker than the equivalent C=C beond

in alkenes.z?

Alr Ar Ar
Me 4Si—Si—SiMe, S >Si=Si<
AX AT AT
(13) (14)
[en
Ar,Si-—SiAr,

1
Cl Cl

Photolysis of diazidosilanes affords highly reactive Si=N
double-bonded intermediates which may be trapped by reaction with
t-butyl alcohol {(Scheme 8}.28

K751 (N,), s [R1(N,) si=8R"] Hhme v,) 55 (0BuE)
NHPh
/ [R1N=Si:NR2'} i\
< t t
MeNHS1 (0Bu®) 5 (PhNH) ,51 (0Bu®) ,

i, BuOR(R* = Me, R® = Ph); it, ButoH(RY = % = Ph); 1i4, BuboH

Rl = R? = Me).

Scheme B

Matrix i.r. of argon resonance photolysis products of SiCl4
include the previously identified 51Cl, and SiCl3 radicals, SicCl
and possibly sicl,t., similar studies with GeCl, and SnCl, give
MC1, and MCl, (M = Ge, sn).2?

+
3

3
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Dimethylgermylene may be smoothly generated by the thermolysis

of {15) in the temperature range 70-150°C.

Trapping of the

germylene using the (E) ,{E)-isomer of diphenylbutadiene results in
the exclusive formation of the cis adduct (26}, whose
dehydrogenation leads to the formation of (17).

Me Me

Neo”

Ge

Ph Ph
Ph m. R
Ph
R
R

70-150°C
—_— - .
MezGe.

ph._ﬁr_ﬁL_ph

S, Ge ~
H,‘., H

-
Ma Me
{

16)
ldehydrogenation

Ce

-
-~
-~

Me Me
(A7

The adduct (18) 1s similarly obtained by trapping with

3,4-diphenylhexa~2,5-diene:

Ph . Ph

Ph Fh
D i
Me,Ge: + . "
Me Me H” *H
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The results indicate that thermally-generated dimethylgermylene
reacts as a singlet germylene, in accord with theoretical studies
which place the singlet states of germylene and dimethylgermylene
19 and 14 kcals mol_l, respectively, lower in energy than the
corresponding triplet states.30 Halogenogermy lenes of the types
GeXY (X = F, Cl; ¥ = F, Ph) insert into the Ge-Ge bond of
digermanes, affording the trigermanes {13} which decompose
thermally by an c~elimination process giving halogermanes and
germy lgermylenes {20). The latter may be trapped by 2,3-dimethyl
butadiene.3l

{CGF

5}3GeGER3 +  GeXYy ——3= (C6F5)3Ge-GexY-GeR3

(19

R=2¢C FS’ Et

6 #s=-elimination

(CgFg) jGe—GeY

{20)

<

Y
X
{C6F5}3Ge

Ab 1lnitlo calculatlons with double r(+d orhitals) basis sets and
full optimisation at the SCF level predict planar structures for
both germanone and germathione. Calculated parameters are:
H,Ge=0 Ge-0 = 1.63K, Ge-H = 1,558, HGeH = 112°. H,Ge=§ Ge-5 =
2,02E, Ge~H = 1,558, HGeH = 110°, The ¢ and = Geiii_i:lo bond
pelarities suggest that the bonding 1s intermediate between
(HZGe=O} and semipolar (HzGe:+0) bonding.32

Germadithiolanes undergo desulphuration on treatment with
trialkyiphosphines yielding germathiones via intermediate
germathietanes (Scheme 9).

The formation of germylenes also observed in these systems
arises from the further reduction of the germathiones by

trialkylphoesphine. 33

Di- or trimercurated geminal polygermanes
are generally of low stability and undergo thermal or

photochemical decomposition to germynes, germylenes or germanium-—
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EtGe/s pﬂ.}sc [Et,Ge=s] « ec”
+ Bu v, Ge i> e c=C
2\ ~Bu,PS x s \

\\

R3GeSMe
(R = Et or Bu)/ {(excess

500%) (F‘.-tzGeS)3

[RyGesGe (Et,) sMe] + (Et,Ges)

l

1/2(R3Ge}25 + 1/2Et2Ge(SMe}2 = 1/2{EtzGeS{
L4
14%

[

Scheme 9

centred radical species, and alsc to intermediate Ge-Ge
biradicals, which may be considered as limiting forms of
germanium-germanium doubly-bonded species. The intermediates
were characterised chemically and aspter_ﬂ:rosc»:)pj.cally.:N

Reactlon of Ge0 and difluorine in an argon matrix after
photolysis using a high pressure mercury lamp affords FzGeO.
Isotopic splittings and force-constant calculations show that the
observed fundamentals correspond to a planar structure, The
force constant for the Ge=0 double bond (7.43 x 10°N m 1) 1s as
expected (cf. GeO, 7.32 x 10°n m-l), but the Ge~F bond 1is
unexpectedly weak (5.0 x 102N m 1),
4,2 MOLECULAR CARBON COMFOUNDS

The elusive thlirens molecule {21) has been chtained by
photolysis of 1,2,3- thiadiazole.Bg_

[_}\tn——&-)?+nz

s~



208

Pyrolysis of the substituted cyclobutene-1,2-diones {22) leads to
the formation of the corresponding disubstitbted acetylenes (23}:

X o
e c/ 2
T 200 o X-C=C-X X= cl, SMe, SeMe.
C—-C {23)
\ —
X o

(22)

Spectroscopic data indicate the C2 conformation (24} in the gas

phase for the svlphur and selenium compounds.37

Me
E-CEC-E/
Me

(24

The alkylketenes, R2C=C=O {R = H, Me, Et), chloroketene, ClHC=C=0,
and cyeclcketene, NC-HC=C=0, can be generated by elimination of

HCl from the appropriate acyl derivative, RZCHCOCI. Dichloro-
ketene, C12C=C=O, is obtained by reduction of CC13C0Br with zinec
metal, whilst monobromoketene, BrHC=C=0, resolts from pyrolysis
of 2-bromocyclcobutanone. Similar methods have bheen employed to
generate ‘fulvene-ketene' {25) and ethylene ketene (26) from
cyclopentene, carbonyl chloride and cyclopropyl spiro-substituted

Heldrun's acid:38
COCl o
390K @( 170Ky, | ,c=C=0
cocl {25)
cloc
40

c 0 Me
D< > 560K, DC=C=0 + Me,CO + CO,
c 0
&

o (26)
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The thermally-induced elimination of HC1 from the wnsaturated acyl
chlorides, MeRC=CHCOCl1l (R = H, Me}, gives the vinylketenes,
H2C=CRHC=C=O. Iomeric alkylideneketenes, MeRC=(C=C=0, are
produced in the 760K short-path pyrclysis of alkylidenemalonates,
but rearrange on prolonged residence time in the heating zone inte
the thermodynamically more stable vinylketenes.39 The heavy
atom skeleton of methyleneketene, CH2=C=C=O, has been shown by
microwave spectroscopy to be bent at the middle carbon atam by
approximately 26° from linearity. This non~linearity is
confirmed by the identification of ¢ls and trans forms of
monodeuterio methyleneketene, by the lack of intensity alternation
in the spectral lines, and by a substantial perpendicular
component of the dipole moment.40

The thermal decomposition of carbon dioxide has been studied
thermcdynamically by calculation the equilibrium concentration of
the decompusition products as a functicen of temperature and total
pressure, Cver a fairly wide range of these two variables,
carbon dioxide disscciates into carbon monoxide and oxygen with
no precipitation of carbon. At each total pressure, however,
there is a critical temperature above which the carbon monoxide
disproportionates and the decomposition products are carbon and
oxygern.

The reactions of carbon suboxlde with sewveral platinuwm and
rhodium complexes have been reported. The complexes (27} and
{28) are obtained with [?t(PPh3)2(C2H4)] and [Pt{PPh3}202],
respectively. No reaction occurs with elther [hh(Caﬂlz)Cljz or
[Rh(CgHg) (C,H,),] in dichloremethane, but with [®n (PPh,)C1] the
carbonyl complex [Rh(PPh3){CO)Cl], PPh3 and polymeric (C20)n are
produced. Reaction with [Rh(CaH14}201]2 yields the complex
[Rh{Caqu) (co>c20)c1] for which the ketenyl-bridged polymeric

structure {29; was proposed.42

Ph3P\\\P£//,C=O
VRN 7\
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Irradlation of thiazyl fluoride and hexaflucropropene affords

the sulphenylaziridines {(3C) and (31) in 28 and 12% yields,
respectively:43

NSF + CF,-CF=CF

3 : ‘hE"‘~ﬁ;
/ ]
(N-S-NSPz) FBC-C\\\
' N-5F
cm”’
CF ,=CF=CF,
NSF
P
F3C-C\\\
N=-SNSNCF (CF.)
//f 372 F
F.C )
2 F3C-C
(31} | N-SNSF,
F,C
{30}

The chlorofluorination of nitriles using a 1:1 mixture of

ClF-F2 leads to the formation of N-chloro-N-fluoroalkylamines
according to the process:44

RN+ C1F — [rep=ncl] —Ss rernel,
F2 F,, =C1F

RCF2NC1F
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The structural parameters of several molecules have been
reported from either microwave or electron diffraction studies.
Electron diffraction data for bromotrichloromethane,45
moncfluoro~ and pentafluoroethane46 are nct unusual. Cisg=-1,3-
dichlorec-l-propene has a conformation in which the chlerine atom
of the methyl group and the C=C doubkle bond are mutually gauche.47
2,3-Dichloro-l-propene comprises a mixture of two conformers with
the chlorine atoms anti (torsion angle ¢$=0°) or gauche {$=109°)
to each other, the anti form being the more stable. The
compoeition (mole fraction) of the vapour changed on increase in
temperature according to 0.55 {24%¢), ©.49 (90°%) and 0.41 (273%),
corresponding to an energy difference cf 0.7(3) kegal mol-l
48 1-Chloro-2-methylpropane has an

and

batween the two forms.
unsymmetrical conformation.49 T™wo conformers also axist for
dichlorcacetyl chloride in which the hydrogen and oxygen atoms are
Syn and gauche to each other. Temperature/composition studies
indicate almost equal energy for both forms with an almost
invariant composition {0.73 syn 1somer}.50 Carbonyl bromide has
expected dimensions with C=0 = 1.178(9}2 and C-Br = 1.923(5}3.51

A pyramldal configuration at nitrogen has been found for both
tetramethylurea {C=0 1,240(5)%} ana tetramethylthiocurea {C=S
1.676{3]2}.52 Thicacetamide exhibits a conformation in which aone
ClH bond eclipses the C=S§ double bond, (C=S 1.647(3Hf).>3 &
unigque structure could not be determined for 1,4-pentadiyne by
microwave spectroscopy. However, analysis of moments of inertia
indicates that the bond distances are close to typical values
fqund in other related compounds. The data are cansistent with
either the central CCC angle being close to the tetrahedral value
with the acetylene groups pushed away from linearity by ca. 3-40,
or cpening of the central CCC angle to about 113° with linear

acetylene groups. A range of structures between these two
54

extremes 1ls also possible. Hormal ccordinate analysis of the
possible rotamers favours a planar trans structure for
methylvinylether.ss

4.3 BIVALENT COMPOUNDS OF GERMANIUM, TIN AND LEAD

4.2.1 Bonds to Carbon

The crystal structures of both bis{cyclopentadienyl}tin{(II)
(32) and bis({pentamethylcyclopentadienyl) lead{II) (33} (a deep
red solid from the organolithium reagent and lead(II) chloride in
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THF}, have been reported. Both are moncmeric in the solid with
pentahapto cyclopentadienyl rings, in contrast to the chain
structure determined for bils{cyclopentadienyl)lead(II}. The ring
centroid-metal-ring centroid for each compound is larger than
expected. The wvalues for the two crystallographically
independent molecules of bis{cyclopentadienyl) tin{TI) (148.00

and 143.7°) are marginally greater than in bis{pentamethyl)tin (IT),
suggesting strongly that electronic rather than steric factors
contrel the wvalue of this angle. The value of ca. 125o guoted
for bis (cyclopentadienyl)tin{IX) iin the rather old vapour phase
electron diffraction study is probably now in need of a
redetermination. The angle in bhis{pentamethylcyclopentadienyl}-
lead(II} is even larger (151°). Although the metal-carbon bond
distances in both compounds vary substantially [}C5H5)28n 2,56
2.853; (Me5C5)2Pb 2.69—2.90&], the bonding 1s nevertheless best
regarded as pentahapto.56 Monocyclopentadienyltin {(I1}
derivatives of the type (CSRS)Snx (R = H or Me) assume both
covalent and ionic structures depending upon the nature of X.

When the group X is poorly nucleophilic (e.g. BF, , A1c14',

Sn Me Me
“ll‘ <!i! Me Me
l Me
{32) {33} (34}

CF3503_}, the compounds are ionic and contain the pentagconal
pyramidal cation {34). With more nuclecphilic groups, covalent
compounds such as (CSMeS}Snoch (R = CF3, CC13) are obtalned.
This type of compound,is, however, sometimes unstable with
respect to disproportionation to bis{pentamethylcyclopentadienyl)-
lead(TI1} and the tin(II} carboxylate (e.g. R = H, Ph, CH2C1).57
The products of the reaction of bis{cyclopentadienyl)tin(II) with
DJ(CSHS)(CO}3H] in chlorinated hydrocarbon sclvent has been shown
to be the complex, ClSn[W{(C Hc) (€O) 5], and not Sn[ﬂ(Csﬂs) (co)3}2
as proposed previously.sa'SE The ionic compounds R SnPh3' (R =
Me ,N, {PhsP)zﬂ, Na{l5~crown=5) or K{l8-crown-6}}, containing the
triphenyltin (IT} anion, have been prepared from the alkalimetal
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Phaan derivatives by reaction in liguid ammonia. The products

are yellow crystalline solids, which are scluble in weakly basic

solvents. Nmr and wvibrational spectra indicate a c3v structure

for the Ph3Sn- anion, %

4.3,2 Bonds to Nitrcogen, Phosphorus and Arsenic

Reaction of tin{II} chloride with the lithium amide
(Li!sll-!is_n}25)‘.&!@2 affords the cage compound (Me251)3(NMe)SSn2 together
with pelymerilc (SnNMe)n. The structure of the former compound
is beet regarded as a four-membered [Sn2N2] ring bridged in the
[1,3]-positions by a [Mezsi-NMe-Sj.Hez] group and by a

[I‘il"le—SiMez-NMeJ group across the [2,4]-positions as illustrated
in {35).

Me Me Me
1 / /
Me N Si-Me Me N
i - N\ \\ Me
Me\ N——si —r : Vs
S A l A
e ",N—— — 5= N-Me Sn—Ny e
Me  NZ si_ ?’1"‘? Me
' HE ‘\ Me *
J‘fe Me ‘N ‘Sn
(35) Me
(36)

The same compound also results from the reaction of Hezsi(NBut) 2Sn

and Hezsi (NHEH)Z; a reaction which also affords another cage

compound , {Mezsi) [NMe)SSn4, as a byproduct, when the reaction is

carried out without solwvent. The structure of this compound

resembles a 'basketane', in which four tetrahedrally orientated
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tin and four nitrogen atoms form a cube, one edge of which is
enlarged by the [Mezsi-NMe] bridge as shown in (36}. N.m.rI.
studies of (36) indicate the occurrence of valence fluctuations
at ordinary temperatures in organic solvents.sl The structure
of the trimethylaluminium adduct of the {(ButN} OSné] cage {37}
has been confirmed by crystallographic studies.g

Depending an the molar ratio of the reactants, both 1:1 and
1:2 adducts (38) and (39}, respectively, can be obtained from the
interaction of GeCl_-dioxan with 1,2-bis{diphenylphosphino)ethane
{dppe). 31P n.m.r? data indicates a rapid equilibraticon of
germanium between the two phosphorus centres in the 1:1 adduct.
This observation is not in fact surprising in view of the solid-
state structure of the adduct shown in (40). Although the
dermanium ateom is much closer to cne of the phosphorus atoms
{Ge=F = 2.51&), the second phosphorus is conly 3.348 away. The
overall gecmetry of the adduct can be described as a pseudo-
trigonal bipyramidal in which the axial sites are occupied by a
chlorine and the long Ge-P interaction, and the equatorial sites

by the second chlorine, the shorter Ge-P hond, and a stereo-

chemically active lone pair.63 In nitromethane, tin{II) and
GECl2 C12Ge GeCl2 C1
Phip PPh PhlPY *PPh é .o
2 2 2 2 Eeﬁ.Pth
1
thg\/)
{28) {39) {490}

lead{II} hexaflucrcantimonates), M(SbFG)2 {M = Sp, Pb) forms 1l:1

complexes with the di- and polyphosphines thP Pth,

+
o] pPCH,CH,PRPh,,

and

—\
PhP PPh, ,, MeC(CH,PPh,)},, [Ph,PCH,CH

Ph,P[(CH,},PPh], (CH EHth, B[ “PPh

272 22 213
thPfﬁ_\PPh2]2(CHz)zPth. The phosphonium ligands are formed in
situ. Slow inter- and intramolecular exchange is observed for
all the complexes except for the last two ligands, which may be
invelved in rapid intramolecular exchange. In most cases, the
ligands were shown to function with maximum denticity. 1:2 and

1:3 complexes have been cbserved with triphenylphosphine oxide
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and lsolable 1l:1 complexes with th(O}P P(O}th,

PhP(0) [ B(0)Ph,], and (0)BF “E(0)Ph,] ,.%?

The assoclated structure (41} has been proposed for the ylidic
arsenic-tin ccmplex, Bu 2A§-Snclz, (from tin(II) chloride and
But3As or Bu 2(Me Si)as), with bridging arsino groups and
terminal chlorines,

s
N r\\

c1 K n {R = Bu®)

4,3,3 Bonds to Oxygen
The two ternary tin{II) oxides Mzsnzo3 {M = K, Cs) have been
prepared by heating mixtures of tln(II) oxide with either

KOy 4g OT €SOy 4. under argon using Al,0; cylinders at 550° (K} or
4806 {Ca). The compounds are yellow in colour, and have layer
structures with pyramigal [Sn0,] wnies.%7%7  sis(trimethyl-
Blloxy)-~germanium{II} and =-lead(II} have been cbtained via the

routes:
Geclz.dioxan + 2Na0$1Me3 -+ Ge(OSiMe3]2

PO + 2Me3510H + Pb{OSiMe3)2

Both are fairly soluble in all inert ordanic seolvents. The lead
compound is dimerie in benzene.68
The structures of four lead{(IT} carboxylates have been reported.
€9 70
All, Pb{(0,CC.H NH,=R),, - [Pb{0O,CC.H, 08-p),.H,0]H,0,

Pb(02CC H HH2 E}(HOB),7 and Pb{Och H NH m}(NO Y, 2 are polymeric

6°4 [}
with coordination numbers wvarying fram 6 to 9. In
Pb (0O CCGHQNH -2)2, both carboxylate groups chelate the metal

although one alsc acts as a bridging group linking adjacent metal
atoms into a one-dimensional chain structure. The coordination
polyhedron is quite distorted, and is cleosest to a trigonal
prism.69 Both carboxylate groups in [Pb(0 2CCH dOH-Elz.HZO]Hzo
function as both chelating and bridging ligands, although one
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employs both oxygen atoms to bridge adjacent lead atoms, whersas

the other uses only one. The second oxygen atom of this
carboxylate group forms hydrogen honds with the two water molecules.
The hydroxy function of the aryl group also participates in the
hydrogen-bonding network to form a three-dimensional network, and

does not coordinate to 1ead.70

Adjacent lead atoms in the two
lead {11} carboxylate nitrates are bridged by both types of ligand.
The lead atoms in the carboxylatco-bridged chains in
Pb(02CC6H4NH2—E)(NO3) are connected laterally by the amine group
to a lead atom in an adjacent chain to form a layer structure.
The layers are further bonded together by the nitrate groups and
by hydrogen-bonding between nitrato oxygen atoms and the amine
group. The cocrdination number cof lead is eight.71 In the
other lead{II) carboxylate nitrate, Pb(02CC6H4NH m}(N03), tha
coordination number is nine, the lead atom being coordinated by
four oxygen atoms from three carboxylate groups, four oxygen atoms
from two nitrate groups, and the amino group nitrogen atom.
Again, adjacent lead atoms are bridged by carboxylate groups
forming a two~dimensional layer structure, which is interconnected
by a network of hydrogen bonds.72 In lead({Il; bis(dihydrogen-
phosphate), the lead atom is coordinated by seven oxygen atoms from
seven different dihydrogenphosphate groups. The coordination
pelyhedron is irregqular with five short and twe longer lead-
oxygen distances. Rydrogen-bonding links the infinite chains into
a three-dimensional polymeric network.73
The structure of the mixed-valence tin carboxylate
[Sn Sn 0(02CCF3)4]2.C H6 comprises 1lndependent centrosymmetric
[Sn SnI
atoms are bridged by two triply-bridging oxygen atoms forming a
central [Snivoz] four-membered ring. Octahedral coordination at
tin(IV) is completed by trifluorcacetate groups which bridge both
tin{II}) and tin{IV} atoms. The tin({II} atoms have a distorted

square-based pyramidal geometry with the apical site occupied by

O(OZCCF }412 units, in which two symmetry-related tin(IV)

a triply-bridging oxygen atom, and the basal positions by oxygen
atoms from the brldging carboxylate groups. The remaining apical
site is presumably occupied by the lone pair.74
Hydrolytic reactions of lead{II) ions have been studied
calorimetrically at 25° in an agqueous solution and dioxan-water
mixtures (0.1 and 0.2 mole fractlon dioxan) containing 3 mol dm—3

LiClO4 as a constant ionlc medium. Values of enthalpies and
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entropies for the formation of the complexes Pb2{03}33+,
Pbd(OH)44+, Pba(OH)42+ and PbG(OH)B4+ in agqueous solt:ttion.-"5 A
solvent deuterium isotope effect on the hydrolysis of lead(II)
has alse been r.a;:ncu:'ted.-"6
Complexes of tin (II} chloride, perchlorate and iscothiocyanate
with 15-crown-5 have been described, The 2:1 complex with tin(II}
perchlorate, (15—crown—5)2sn(ClO4)2, exhibits one of the highest
M8ssbauver ilsomer shifts yet recorded, and may be regarded as a
"bare" tin(II} cation sandwiched by the two polyether molecules,
The two other complexes have stoichiometry (15-crown-5),[Snx,],
(X = C1, SCH), and contain tin in two different chemical
environments, one of which is similar to that in the perchlorate,

and the other corresponding tc a [Snx3_] anion.77

4,3.4 Bonds tc Sulphur
The structure of tin{II) sulphide has been determined, and
comprises layers parallel to the [100] plane. Each tin atom is

surrounded by six sulphur atoms forming a distorted octahedron
with three short {2.622{1l), 2.662(2), 2.662(2)3) and three longer
{3.385, 3.287, 3.2872} tin-sulphur interactions. The layers are
linked by weak Sn=8=--5 and Sn=--=-8n interactions.78

The solubilized thiclate—-ligand, 2-(mocrpholin-4-yl)ethanethic-
late (mes) and its ammonium conjugated acid (Hmes) form the
_crystalline complexes, Pb2(HmES}3(N03)4' Pb(mes}z, Pb(mes]{NO3),
Pb(mes)(ochH3} and Pb(mes)(OZCCF3), which are soluble 1n aguecus
media, Crystals of the complex Pb{mes)(NO3) contain chains of
alternating lead and bridging thiolato-sulphur atoms {Pb-5 =
2.646(4), 2.795(4)2}, with the lead also coordinated by the
tertiary nitrogen atom {Pb-N = 2.61{1)f). The nitrate ions
weakly bridge lead atoms along the c¢hain {Pb-0 = 2,69(2), 2.88(2),
2.98¢2), 3.03()R®.7°

4.3.5 Bonds to Halogen
Mbssbauer data have been recorded for the three known phases of

tin {II} flucride. In the meonoclinic o-phase, the two
structurally different tin environments have M8ssbauer parameters
which are undistinguishable from cne another. A discontinuity
in the temperature dependence of the MbBssbauver parameters cccurs
at the a+y phase transition at ca. 425K, The high temperature
v-phase exhiblts a very large asymmetry in line intensity of the
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quadrupole split doublet. No such discontinulty 1s observead at
the yzf second-order phase transition; instead progressive

80 Tin-119 M#sshauer studies of a single crystal

changes occur,
of o=8nF, and partially oréinted o~PbSnF, shows that the sign of
eQVZz in both 1s pesitive,

The nature of solutions cf tin{(II} halides in various donor
solvents has been investigated by tin-119 n.m.r. All spectra
comprise single resonances, the chemical shifts of which are
markedly seolvent, concentration and temperature dependent in most
cages. The chemical shift values increase in the order
San <SnC12 <SnBr2 < SnIz,
for heats of solution and adduct stabilities. Significant
2 in DMSC and HMPE:,

Chemical shift data were lnterpreted in terms of adduct formation
B2

the same ¢rder observed previously
solution conductivity was found for Snl

and ionisation processes.
The correct composition of "basic" tin{II} chloride has been
shown to be Sn21C116(0H}406, the structuregof which is .
characterised by two different nets, M1 = _[Sn.(OH) C1.]“" and
M2 = 3[5n303(0H)4C15]3+r stacked along [001] with intercalated
chloride icns, M1l and M2 comprise condensed [Sn(OH)i] and
[Sn(OH)2c12] or [Sn(OH)3] and [Sn(0H32c1]-type groups,
respectively. Additionally, M2 contains the new cubane group
[5n,0,(0H)], which is linked by [Sn{OH),] and SnCl fragments,
All but one of the tin atoms exhibit typical pseudo-trigonal
83 DTA and XRD studies of the

SnBr2~SnIz system indicate the presence of SnBrl besldes the two
84

bipyramidal coordination.

symmetrical halides. Matrix isclation studies show that tin{II)

halides and alkalimetal halides form ion pairs in the matrices.

2=
4 were

The species SnF3 ‘ SnCle_, SnCle‘ and {tentatively) SnF
identified, %

The structure of molten lead(II) chloride has been reexamined by
XRD, In the melt, each lead atom is surrounded by three chlorines
at an average distance of 2.63 as well as four at 3.148, The
lead-lead interaction is within 108 and is similar to the same
distance in the face-centred-cubic arrangernent.86 Matrix
isclation studies of lead({II) fluoride and caesium fluoride
indicate the formation of Cs+PbF3— ion pairs. The force constant
for the C, PbF,” anion (1.83 mdgg 871y is apprectiably lower than
for other lead fluoride species. Activities, activity

coefficients and partial molar free energies have been calculated
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for each component in the systems PbBrthBr {Mm = K, Rb, Cs).
The systems contain complex ions, most probably mixtures of
Pbarqz’, PbBrsd- and some PbBr3-.

4.4 TETRAVALENT COMPOUNDS OF SILICON, GERMANIUM, TIN AND LEAD

4.4.1 General

Heats of formation and dissociation of the methylsilanes and
chlorosilanes and radicals derived therefrom have been determined,
leading to calculated values for bond dissoclation energies in
these molecules as Well as the 51-51 bond dissociation energy in
the disilanes X,51SiX; (X = H, Me, Cl) (Tables 1-4).°°

4.4.2 Bonds to Hydrogen
The structures of several silyl derivatives have been reported,

including the cls and skew isomers of methylvinylsilane (barriers
to internal rotation = 1866:3% cal mol © (cis) and 1698:22 cal
mol_l (EEEE)),QO silacyclopentane {(S1i-E (assumed) = 1.4788, si-C =
1.891(4)8, csic = 96.4(6)%),%? silyichloroacetylene, HjSicsccl,
(linear skeleton, si-c = 1.812(5)%, czc = 1.234(6)K, si-u =

1,488 (12)8, c~c1 = 1.620¢(5)8),%% ana silylmethylacetylene (linear
skeleton, Si-C = 1.802(#)&, cz¢ = 1.213(H)8).%>  Microwave ana
i.r. data for the {deuterio}germyl halldes, GeD3x and GeHsz {X =
F, Cl, Br, I) have been recorded, affording improved structural
data for these molecules. Values of the HGeX angles show a corre-—
lation with the Ge-H stretching frequency, but no correlation with
the Ge~H bond distance was apparent.

Substitution at both silicon and germanium centres of H351G9H3
can occur depending on the reagent. With tin{iV} chloride
substitution at silicon oceurs, but lodine reacts at the
germaniwn centre:95

5351?eﬂ3
l snC1,{0.8:1) I,(0.7:1) l
2h. RT gh. 45°
[siGeH.C1] [SiGeHSI]
excess MeMgI excess

MeMgl

HeSi}izGeH3 H3SiGeH2He
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The reactlon of the sllyl and germyl molecules MH Q M = 5i, Ge;
Q=H, F, ¢l, Br, I) with [HPt(PEt }5] BPh,” affords products which
depend on M and Q. When M = Ge and Q = F, Cl or I, triphosphino
cations of 6~coordinate platinum(II} are identified as the initial
products at 213K by n.m.r. These decompose on warming eliminating
Et3PH+BPh4" and forming'trans-[PtH(?EtB}z{Mﬂzo)], the only product
ldentified when Q@ = Ex and M = Ge or Si. With SiH4 oxr SiH3C1,

the only products detected were the [Pt(PEt33 51H2C1]+ cations.,

No reacticon cecurred with GeH4 or SiHaF, and none of the products
was 1solab1e.96 The reactieons of the iridium complex,

trans-[Ir (PEt,),(CO)I] (42) with several silyl derivatives have
alsoc been studied. With (H3S£)2Y (¥ =0, 8, Se} in benzene, both
[Ir{CO)HI(PEt3)2(SiH2¥SiH3)] or [{ Ir{CO)HI(PEt,), (51H,)},Y] are
formed, although when ¥ = 0, the formation of the former species is
difficult to detect. Reaction of {(42) with P(SiH,), leads to the
formation of [Ir(COHI (PEt,){ S1H,P(SLH,},1],
[{Ir(cO)HI(PEL,),(S1H,)},PSiH,], or [{Ir(CO)HI(PEL,),(S1H,)},F],
depending on the proportions of the reactants taken. Reaction
between {42} and N(51H3)3 gives [Ir_(_CO}HI{PEta)'z{smzu{sma}z}]
and [{ Ir(CO)HI(pEt3)2(31H2)}2N51H3], but no tris{iridiosilyl)amine
was detected, Structures in which the two phosphine ligands,

the iodo- and carbonyl ligands, and the hydride and silyl ligands
are mutually trans were proposed for the products.g? Cleavage of
the E-E bonds in ligands of the types RZEER; and RZEE'R‘ {R,R' =
CH,» CF3: E =P, As; E'! = 5, Se, Te) coordinated to H{CO)S (M = Cr,
Mo} fragments by trimethyltin hydride has been studied by 1H and
19F‘n.m.r. In comparison to the analogous reactions with the

free ligands, the rate of reaction 1s considerably reduced, whereas

the direction of cleavage is generally retained.gB

4.4.3 Bonds toc Carbon

An electron diffracticn study of (M9331)3CH shows that the 51CS8i
bond angles are unusually large (117.2(4)%), implying an unusually
high degree of p-character in the orbital used to form the C-H bond.
A slight lengthening of the Me,Si-C (1.8878) bond (cf. Me-5i
1.8732) is also chserved. The high acidity associated with a C-H
bond of high p-character can be most simply attributed to
delocalisation of the lone pair of the conjugate carbanion into the
d-orbitals of the siliccn atoms, and the lnherent effect may be
substantially enhanced by the geometry whereby the near planarity
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of the three silicon and central carbon atoms means that very
little movement of atoms will be needed to giwve the maximum
conjugative stabilisation on golng to the carbanicn.99 Molecules
of bis di-tert-~ butyl{tert-butylaminc}silyl acetylene has a
crystallographic centre of symmetry, with the two (NHBu)SiBu2

100 In

substituents attached to the central C C bond.
Mezsi{CSH5}2T1C12, the titanium atom is sandwiched between the two

cyYclopentadienyl rings as 1in {g}}.lol The vapour phase structure

of tetraphenyltin has been investigated by electron diffraction at

310°. an S,

"open" Doy model with Sn—C = 2.160(7) K. The geometry of the

symmetry model gave a hetter fit to the data than an

rhenyl ringe appears to be almost unaffected by bonding to tin.lo2
Tetrakis {trifluoromethyl)germanium and —-tin are obtained in

reascnable vields (43% and 66%, respectively) by treatment of

Gel, or SnBr, with (CF3)2Cd.g1yme.103

q |
normal coordinate analysis, and electron diffraction structural

Vibrational spectra,

data have been reported for Sn(CF3)4.
symmetry with C-F = 1,338(2)%, sn-C = 2.201(5}% and FCF =
108.2¢2)°, Compared with SnMe
lengthened by 5.8(6)pm.104

The cleavage of phenyl groups from Ph,Sn or PhSnBu, by [18FHF2
in CFCl, or cCl, at 178° is a rapid synthesis of [185] f1uoro-

3
benzene.105

The molecule has Td

4’ the Sn=C bonds are weakened and

Phosphorus (V) fluoride cleaves methyl groups from

106
CH2(SnMe3}2.

CHz(SnMe3}2 + 2PF + 2MePF

5 + CHz{SnMezF}2

4

Phenyl groups are cleaved from tetraphenyltin and -lead by

meso,Nprcl: 107

MPh4 + MeSOzﬂBrCl - HeSOzﬂ{Cl}MPh
M = Sn, Pb.

3
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Mechanisms involving platinum(IV) intermediates have heen
proposed for the homogenecus catalysis by platinum(II} complexes
of the redistribution reactions:

Pt {(IT)

2M.e35nR ———e Meqsn + S1-11«'1152:R2 R = aryl

(Scheme 10), and for the formation of cis-[PtMe{SnMe,Cl) (PPhy),]
from [PL(C,H,) (PPh;),] and Me SnCl (Scheme 11).%7°

[Pt (c,H,)L,] [Ptr, (SnMe,} L, ]

eis-[PtR {snMe ;) Lz-_l

iilifa -ii{a)
~11i(a) i {a)\

[ptR, (snMe ) (SnMe, R} L, ] [PtMe (R) (SuMe ;) (SnMe,RIL,]

11i(b) 11<al,/’///’
-111(b)

~ii(b}
cis~[PtR{SnMe R)L,]

Scheme 1C¢ (L = PPh3] i, +SnHe3R, -CZHd' i1, (a) +SnMe3R,
{b} -Snneq, 111, {a} +SnMe2R2, {b) —SnMe3R,
iv, +SnMe3R.
[Pe(c H, D] - [Pecl,(SnMe,) 4L, ]

N A

cis-[PtCl(SnMe,)L,]

lii(a)

[(PtMe (C1) (SnMe ) (SnMe,C1IL,]

l 11 (b}

cls-[PtMe (SnMe,C1)L,]

Scheme 11 (L = PPh3} i, +Sn.He3C1, -C2H4, ii, {a) +SnHe3C1,
(b} -Snﬂe3cl, iii, +Sn1-5e3cl.
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Arylmethylstannanes, Hed_anSn {R= aryl; n = 1=3} react with
[Pt(c,H,) (PPh;},] (44) to yield the complexes,
gis-[PtR(SnMe, R, _;) (PPh,),] (n = 1 or 2), but with excess of
Me3RSn {if R has no 2-substituents}, the complex,
Eig—[btR{SnMe2R){PPh3)2] is also formed.
Eig—[PtR(SnMeB)R}(PPh3}2] reacts with Meszsn to form
gig-[PtR(SnMezR}(PPha)zj. The system catalyses the
redistribution reactions:

2Me3SnR — SnMe,R, + BSnMe,

and cis-[PtR(SnMezR)(PPhB}é] catalyses the redistribution of
aryl groups (R,R'} between SnMezR'2 and SnMesz.lo9

4.4.4 Bonds to Nitrogen

Electron diffraction studies of the silylamines, (MeH2Si)3N,
FZP(HBSi)lell and (FZP}z(H3Si)N}11 and the germylamine,
(F,P)GeNR,, '% show that in all four the central [NM,] skeleton is

planar. In (MeH251)3N, one silicon-carbon bond lies perpendic-

110

ular to the plane, whilst the other two silicon-carbon bonds are
twisted up to 20° out-cf-plane to give overall C, symmetry, The
51-N bond distances in F2P(H3Si)2N and (FZPJZ(HSSi}N are
substantially longer than in other silylamines, In each of these
compounds, the conformation adopted by the [F,P] groups is such
that the axes of the nitregen and phosphorus lone pair orbitals
are approximately orthogonal. A similar lengthening of the Ge=N
bond is cobserwved in {FzP)GeNHz. Again, the conformation adopted
ls such that the nitrogen and phosthorus lone pajr orbitals are
almost orthogonal, whilst those of the two phosphorus atoms lie
approximately ¢is to each other in the gkeletal plane.

The structures of several ring and cage sillazanes have been
determined, including the 1,3-diaza-2,4-disilacyclcbutanes {44)-~
(&ﬁ),113—115 the heterocycle (47), in which the three rings are
planar with the [SiNzcz] rings attached to the same side of the
central ring and interplanar angles of 114.4 and 114.80,116 the
cyclosilazanes {48), in which two boat conformation [513Nj] rings
are joined by a [Sin] bridge,ll? and (49}, which possesses an
approximately planar trisilazane ring joined by three silicon

spirc atoms to three trisiloxane rings,llB the cyglotetrasilazane

(50) , which has the general boat conformation,ll9 and the
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Me\ Me  Me F\ JF Me\ e /He
s1 5i
5
Me/Si“'--..__Nﬂ_,—-"'"- \ / \N/ \N.—-—*"‘"" 1\He
— \31 /
—TN N T~y
e Me Me
(48}
e
™~
thlsi |SiPh2
) 0
\si/
HN ™ g
Ph Ph
25— 0 , ] ) 512
0 \51 /Si/ \0
\51 ™ ~o si
th th
(49)
Ph
Me
N
X Si—Ph
Ph/ /Ph 51
’/,/’/’ Mea Me
(5

bicyclo—[B.3.3]-hexasilazane cage compound {51}, the trieyclic
sllazane core of which has nen-crystallographic C3h symmetry.
Unusually, the nitrogen atams lying on the 3 axis have an almost

prlanar configuration (mean Si-N-S5i (apical) 119.1(5)0).120
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mzsi/n\\smez

/// SiMe2 \\\
R—N \ N—R

N 5

—S1Me

“*sh“ _,——”sl

(51)

2
€

Other novel silazane frameworks which have been synthesised

include (52)-(56}.12%
¥ L&
-~ N W
>5i~N NH »si-N N Sie
Ngi—s1” Nsi— s
A A A A
(52) (53)
M g r
Si— N N
)sa.—r!w r!-m( -—N/ \51/ \91<
s1—si” Nsp—y”
A A AN
(54) (55)
v o I -
/Si N\ /N\ /N
—n sS4 51
\sl---hlx/ > Nn<
(56)

The new (silylamlno}boranes, {Me SiH}2N BPhNHe2 and
Mezsi-CHZCHZSiMezﬂ BPhNMe2 have been prepared by the reaction of
HezﬂBPhC1 and the N-lithic derivatives of the corresponding
silylamine. Similar reaction with PhBCl2 afforded the
monc{silylamino}borane, HezsiCHchZSiMeiNBPhcl, from which the
corresponding Bemethyl and B~amino derlvatives may be obtained by
treatment with methyllithiur and ammonia. Boran trichloride
reacted with two equivalents of the cyclic W-lithio silylamide to
yleld [Me,SicH,cH,Sime,N],BC1. 2% The dtalkyl[(trimethylsilyl)-
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ftrimethylsiloxy}amino boranes, R2B-N(OSiMe3)SiHe3, prepared from
{Me Si) N OSiMe3 and R BCl, can be thermolysed in the liquid
phase at -70° ' ellminating hexamethyldisiloxane and giving a
mixture of RzB—NR-BRrN{OSiMe3)SiMe3 and (RBNR)3.123
five-membered [CzBNSi} ring compounds (57) have been prepared
according to the route:

The novel

B:C, CH, M, B C, CH
— ——— >===< +
} < M
< 0%, THF - .
(HgC,) ,B S1{CH,) 4 (HgCp) HB SL{CH,) 4
NH,
M = Na, K
HgC Hy
€2l / ( Ll o
. ~¥ s1 > 100"C
~CH 4 // \\E,f’ \\ - C2H6
H5Co
/N
H M
HeCo CH , H.C, CHy
;;————3—2 /CH3 srt )——.__=< _/CHy
H C,-B_ | Si\ — % HC,~ 53
o ca, M Na” \033
| l
M R
R = Me, SiMe3 {571}

Several fluorosilylamino derxivatives of various elements have been
obtained by substitution. Representative examples are illustrat-
ed in Schemes 12 and 13.125

The stable silylated methylenephosphine, {Me Si) N—P:CHSiHe3,
results from the dehydrohalogenation of (MBBSl) N-PCl~- CH281M93
using LiN(SiMej),. 2%  The cations, [(MezN)(tBuMezsl) np) t,
[ (Me,N) (e ,51) NP]+ and ([ (Me;51),N} ,P1" are obtained by
treatment of the appropriate precursor chlorides and a
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R-—Si—N/ 2 R 1;|
" " r"
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Scheme 13
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stoichiometric amount of aluminium{IXI} chloride in
dichloromethane.127 The reactions of Mezsi(NMez}z and the Group
IV metal chlorides, HCl4 {M =Ti, Zx, HE, Si, Ge, Sn} fall into
two categorles: {(a) N-donor chelation leading to 1l:1 complex
formation (M = Ti, 2r, Hf, Sn), and {b) halide-NMe, exchange (M=
51, Ge). Decomposition of T1C14-SiH32(NHe2)5 to T1C13(NH82)
occurs in both sclution and the solid-—state.l 8 Reaction of
butyllithium with tris- or bis(trimethylsilyl)tetrazenes leads to

the formation of the tetrazenidea, (58)-(80), which are sensltive

to hydrolysis, thermclysis, and molecular oxygen:129
Et,0,
Me.,S1 I1
-10% > Ny-n” + W=N
/_ 40 min, N
Heasi\ Li 100% Ye 381 SiMe,y
/N—N=N-N\ cn
Me .Si SiMe, 676" )
\\ 259 Me3Sl » ~
{58) > N-SiMe, + Li N=N=N
oh, Me ;51
100%
Et.,0,
703C
s >
H\ /Li 100% q\ H ]
/N-N=N-N 1/2 /N-N\ + 1/2 N=N
Me3Si SiMe3 CGHE, He351 SiMe3
(59) \ loo“c >
8. + 172 (50)
100%
Et,0, )
120% He 353, _ + -
/— Ton, > " Si/N-LJ. + Li N=N=N
Li Li 100% 3
N=N=N—-N
Me3Si SiMe3 CGHgJ Li Li
(60) \ 120 € = >N-N: + N=N
40h, 30% Me Si SiMe
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Treatment of (CSHS)‘I‘iCl2 with one or two equivalents of
LiN{SiMeB)2 affords the previously described metallocycle,
{CSHS)sz:EﬁzgiﬁgzﬁgiMe3 and HCI1. The analogous zirconium
metallocycle was isolated from the reaction of (CSHsjzzr(H)Cl and
LiN(SiMe3)2. The trimethylsilyl groups of (Csﬂs)zzr[N(SiMea)zlz,
from (CSHS)ZZrCl2 and two eguivalents of LiN(SiMe3)2, are
megnhetically non~equivalent at 27°, but coalesce at 84° on the 1H

n.,m.r. time—scale.130

Yellow, hydrocarbon-scluble silylamido—~
eurcpium derivatives of the types [{MeBSi)zmszu(L)z (L = THF or
DME) and [(Me S1),N],Eu(bipy) have been prepared via the route:

5 THEF .
2Eu[N(SiMe,),], + EuCl, —=» 3C1Eu[N(SiMe,) ],

l THF, Na'np®

3

DME
- . or
Bu[N{SiMe ), ], (L,) <—b-i—P?— Eu[N(SiMe ), ], (THF},

The crystal structure of the DME complex shows the europium to be
hexacoordinated by twe mutually trans [N{SiMe,),] groups

[NEul = 134.2°] and two chelating DME groups.}3% The silylamido
uranium complex, [(MeBSijzﬂjzuclz'DME, from UCl, and two
equivalents of NaN(SiMe3)2 in DME, THF followed by additicn of DME,
also has a six-coordinated structure with c¢is silylamido groups

132 The uranium atom in H[(MEBSi)ZN]BU lies
on a crystallographic 3-fold axis, and is bonded to three nitrogen
atoms with NUN = 115.0{1)°. The structure is disordered in the 8§
direction, with uranium atems at locations 0.51% above and below

the plane at 8 = 1/4.133 Monomeric monchydrides and mono—

and trans chlorines.

deuterides of thorium and uranium of this type are prepared by the
two routes:

MCl4 + NaN(SiMe3}2
refluxing

j—_EolfIUXINd., pM[N(SiMe,)},]
e 3’213
ClM[N(SiMe,),]) , + NaN(SiMe ), ——

The metal-bonded hydrogen atom may be methylated by treatment with
methyllithium followed by methylbremide. Reaction with diborane
leads to the formaticn of the corresponding borchydrides,

BH M[N (8iMe;),};.  Pyrolysis of the hydrides yields the four-
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membered metallacycles, E(MEBSi}ZN]2MCH251M32NSLME3, which are key
intermediates in the H-D exchange reaction which yields the

e ——
perdeuteriated analogue, [{[{CD3) S$1},N],MCD,51(CD )2NSL(CD3]
according to Scheme 14, 1

[ Me j51) 8] M \ /ca2
Me3si
etc.
—HZ
]
CH
2\ [ (1te451) 1] 2:4/

[ (Me,51)_N] M S5iMe
T2 2\ yd 2 N-SiMe,CHD

2~72
( Me,Si
Me . 51
3
{6}

D

CHD
[ (Me,51) N] zn/ il a

—=3 [(Me.Si).N] M
| \RegeligN g
N N-SiMe,CH,D N N/

}
Me 3Si Mea::i

SiHe2

Scheme 14

Silylamino compounds have been used ae reagents in a large
number of transformation reactions, and several examples are
shown below:

4,01, + 2MeasiNMe2 —» = A (NM92}2 refe, 135 and 136

(Me5C5)EC12 + Me3SiNMe2—--b (Mescs)(Mesz01 ref, 137

E = P, As.
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t t

?u ?u
N N
'\\
025/ PCL + Me,SilMe, ——— 025/ PNMe, ref. 138
~— //,’ N///

i

tBu tBu
Me

(Me 451} ,NH

MeC(CH2A512}3

R ref. 139

%r ?r ?e
N-SiMe N N
3 . ’,f \\\
o + 2asCl, — O= an c=0 ref. 140
N p-siMe Ny 5\:«/
/ 3 . C1
Me Me Ar
Ar = C6H4CF3-3
78 j
{
Ypu~N-N-TBy 2L Bubi > *BuN-N-Bu
2} (Me.Si) NPF
3z e F-P-NR
2
Meli
t t
By Bu
%,
N N/
\P/
A
(MeBSi)zN ref., 141
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H H H
P i

(Me ,S1) N-P-NSiMe, L) Bubd (Me ,51) ,N-P=NSiMe,
2) R,N-PF, )
RN—P
|
F

MeLi

R = Me_Si, ‘Pr.

N-S5iMe

\\\l-NRz

3
(HeSi}zﬂ-P

ref, 142
’/,N-SiHe3
ZMeZS\\\ + 2CF,S0,N=5C1,
N—SiHe3
EI-SOzCF3
S
N”’ \\“N
Qkhbsne
— Me,S / 2
N N
\\‘S”/
[
N802CF3 ref. 143

The vibrational spectrum of germyl azide-do and -d3 has been
assigned on the basis of Cg; symmetry. Normal coordinate analysis
{mcdified valence force field} shows that the Ge-N stretching
force constant has a significantly smaller wvalue than the
corresponding value in germyl lsocyanate or isothiocyanate. A
considerable amount ¢f mixing was found between the Ge-N stretching
and in-plane ¥NK deformation modes.]““

Treatment of Hezan025C§§53 wlth CF

membered heterocycle (61).

350, N=5=0 ylelds the six-
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Me
N,
Fcozs\ P \ 502CF3
| l -
s Sn~
Ve ~
CF 4CO,N \\‘§"/’ Me
$0,CF,
(61)

H-Bromo-N-sodiocarbamidate, CZHSOC(O}NBrNa, reacts with Me,SnBr
and PhBPbcl to afford, respectively, C2 5OC(O}NBrSnMe3 and

c,8.0C (0)NBrPbrh . 18 Tin-119 MBssbauer data and reduction
potentials have been reported for six tin porphyrin derivatives.
The MBssbauer spectra exhibit a resolvable guadrupole splitting of
0.47-0,9% mm S-l. The dichlorotin porphyrins are ring reduced
about 380mV more easlly than the corresponding free base
porphyrin.l47

4.4.5 Bonds to Phosphorus and Arsenic

Although previous attempts t0 prepare a P-halo-P-silylphosphane
always proved unsuccessful due to the elimination of halosilane,
tBuPCl—SiM93 has now been synthesised from the reaction of
“Bu(SiMe,) P with a stoichiometric amount of C,Clc.  With excess
reagent, the second silyl group is also cleaved giving tBuPClz.
Even at rcom temperaturs, tBuPCl-—SiMe3 reacts slowly in toluene
with the elimination of Me3SiCI te afforad the unsymmetrical

diphosphine [62}, which in the presence of Bu(Me Si) P cyclises

to ( BuP) and { BuP} 148
t t
Bu Bu
P-—P/
Me Si \c1
(62)

Treatment of tris{trimethylsilyl)phosphine with excess acetyl
chloride in cyclopentane affords triacetylphosphine:149
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(Me,S1) P 4 3MeCOCl —» 3Me SiCl +  (MeCO),P

MeDH cn
Ph CH2 OH

mixture of {(MeCO) 2?!-1 and
MeCOPHz

The a,w-disilyltetraphosphine, Me_3 (P?h}4SiMe3, has been
obtained by metathesis between K2(PPh}4 and Hejsicl, but of the _
six possible ilsomers, conly the erythro, meso, erythro, erythro, 4,
L, erythro, threo, 4, &, threo, and erythro, threo, threo could be

detectad by 31? N.m.c. Inversicn at phosphorus 1s rapild leading

to a dynamic equilibrium between the isomers. Alcoholysis gives
H{PPh}AH as the main product.lso Reaction. between Me::‘xSiPtBu2
and pentacarbonylmanganese or -rhenium bromide leads to the
formation of the cyelic compound {63):

tBu,
P
2(CO) MBr + 2Me S1P“Bu, —» (OC)4M/ \‘mco;“I + 2C0
N
P
su,
M = Mn, Re. (63) + 2Me_SiBr.
Simllarly prepared were the compounds {64)-{g7) 151
t
Bu EMe
~ 3
)P\ /Br
{oC} .M M{CQ) {Cc) M
a 4 4
N P Bu [EMe., ]
PN 32
t
Bu EMEB .
Me=Mn, E = 54
M=Re, E = Si M=1Mn, E = 54
M =Mn, E = Ge M = Re, E = Sn
M= E Ge {65}
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Me Ge GeMe Br
3 \P/ ’ ©ocy M7
o / \ 4
©0c) 17 Py P EMe, ,
P
Me3Ge/ \\GeMe3 M =Mn, E = 51
M= Re, E = 5i
M = Mn, Re M Mn, E = 8n
(66) M=Re, E = Sn
{67}

The bright yellow crystalline compound {68} has been
synthesised by the reaction of the hydride {69) with elemental
phosphorus in ether at OO in the dark:

P
Me 2Sn/SI{ \SnMe2
3He45n2H2 + P4 —_— Me, l + 2PH3
(69) MeSh snme, ST\
P
(68)

llight

[MeZSn]SPZ + (Mezsn)

Exposure of (68) to light converts it to [Mezsnjst.
Crystalleographic studles of (68} show it to be a chiral molecule
with D, symmetry; a bicycloe constructed from three [Sn4P2] rings
which share three bonds with each other and adopt the conformation

o 152

of a boat twisted by 267, Tin-11% M&ssbauer data have been

reported for compounds of the type (Measn)n(tBu)3_nP {n = 1-3) (L},
as well as the complexes, Mn(N0)3L, Fe(CO)(NO}zL, Co(CO)z(NO}L,
and N1(CO) JL. 153

4.4.6 Bonds tc Oxygen

The structuies of several silicon—dxygen bonded compounds have
been reported, That of silyl acetate has been determined in both
the gas phase and in the sclid at 150K, the Si-0 bond distances
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being 1.685(3)% and 1.696 (4)X, xespectively. In both phases,
the heavy atom gkeleton Is almost planar with the S5i~0 and C=0
arranged ¢ls to each other leading to intramclecuvlar Si---0{carb-
onyl) distances of 2.795(14)8 (gas phase) and 2.832(11 8 (solia).
The crystal structure is characterised by unusually short
Si~--O{carbonyl} intermolecular contacts of 2.721(4)}K, which
exhibit the stereospecificity assoclated with secondary bonds.1
The intramclecular S5i---N distances in the compounds

(Me,C=NO) ,MeC1S1 1% and PhSL(ON=CMe,) ,1°¢ are ca. 2.50R (cf. the
corresponding distance in silatranes of 2.1 - 2.3&), showing

34

little bonding interaction. In the bissilylperoxides,

He2RSiOOSiRMe2 (R = C6H4Cl-2, CHzPh), molecules sit cn a centre of

symmetry and have an ideal trans-conformation for the peroxide

group. Bond distances and angles are similar in both
rm:>Zlma-cln.llvs,ust.15.I The cyeclic silylperoxide (70 has approximate D3

Symmetry. The ring has the TBC conformation according to

158 Molecules of (Me3510)451 sit on
a two-fold axis in the crystal at ~120°, The 5i-0 bonds teo the
central silicon atem are shorter (1,602(3}%) than to the
peripheral silicon (1.634(3)E). The average 5i0Bi bond angle is

146.0{2}0.159 Molecules of {71} are joined by hydrogen bonds

1'160

Hendrickson's nomenclature.

between the carbanyl groups to form dimers in the crysta
The core of the cgis-1,3,5-triphenylcyclotrisiloxane-1,3,5-triolate
anion (72) (as the sodium salt cctahydrate) consists of a

Me gy~ N gy Me 0 OH
Me= \ [ Swe N
0 [»]
\ 0!
o )
Me —35 Si—Me
‘\“‘51‘//_ 7/ No”\
VAN Me Me
Me Me
(71}
{70)
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Me
siMe; Ph Ph
8 o d1-— 0 —di
N
o 0 o
PN / / o~ I e
Ph251 Sl\ /.'E‘»lME /Si 0 o} / 51
| { N 2 Me \‘o\\l | 0 “Me
0 0 Si— 0 w— 31
\\‘sr” PR Ph
Ph,
(74)
{73)

practlcally planar trisiloxane ring, Crystals are made up of
layers of 2nions having polar and nan-polar surfaces, The space
batween the polar surfaces, turned towards cone ancther, of
neighbouring layers is cccupied by a layer of Na¥ cations and
water molecules, SiOH---O:: and Nat---0 ionic interacticns lead
to formation of three-layer packets, which are superimposed on c¢ne
ancther through thelr non-polar surfaces, between which van der
Waals forces cperate, The crystal thus represents a mica~like
layer hybrid of siloxane and silicate structures.lsl The two
rings of the spiro compound (73) are almost perpendicular to each
other., The [Si3N20] ring has the boat con formation. 182

Molecules of the isomer of {74) melting at 222.5° sit at a centre
of symmetry and has the trans structure. The end trisilloxane
rings are bent away from the central tetrasiloxane through angles
82.4°. The S5i0Si angles of the tetrasiloxane ring have an

163 Molecules of the other
isomer, m.p. 162.5%, lie on a two-fold axis with the cis structure;
the lateral trisiloxane rings being bent away from the central
tetrasiloxane ring by 1180.164 The tetrasiloxane ring of the
cyclic diol (75} has the boat conformation {mean Si05i = 1440,
mean Si-0Q (ring) = 1.6222, mzan Si-QH = 1.6433}. In the c¢rystal,
molecules are joined by hydrcgen bonds to form chains.lss The
two silasesquisiloxane derivatives, [C2H35101.5]8 (C,Hy = vinyl)
and [MeSiOl‘S]lo,lsj have the cage structures (76) and (77},
respectively, Crystals of tetraethylammonium bis{l,2-benzene-

diclato)} fluorosilicate(1IV), (78}, prepared according to the route:

unusually low value (maan 132.50).

166
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MeCN
D ——

+ -
51{02 5 4)2 + Et4N F -2H20

Et ,N
(78)

comprise two crystallographically independent squarg-pyramidal
anions. On the bagis of dihedral angle data, the geometry about
the silicon atom 1s displaced ca. 55% or ca. 70% from ideal
trigonal bipyramidal geometry towards square pyramidal.

FPh
Me BFh
SI_———O
Ph/
Me /{’,’/’/,/’
Ph
HO OH
{75)
R



Q Me
0 v

Si o-—-—-—----s\jL 0
o) o/ ?)
N/ d
/ e
Me
(17}
cl Ta
\CH cH,
2 o
0*—-—-Ge"””"
/Si-—-—""’"o A \\0
o 2.19%
2.128 o /
// L
N
(79)
(80)

Substituent effects appear to be the major force determining the

structure.l68 Short intramclecularx H+Metal interactions occur in

both the silatrane (22}169 170
3,3,7,7Tetraphenylcyclotetrasiloxane-1,1,5,5-tetrol forms a
camplex with pyridine.l71 Potassium hydroxide reacts with difluo-

rosllanols, RR'Si(OH)F, which maybe converted into the correspond-

and the germatrane {80).
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ing lithium salts are employed as building blocks for directed

siloxane synthesis, e.g:l?2f173

tBuzsin + KOH —» tBuzsiF(OH)

lBuLi

tBuzsiF(OLi)
(81)
230-240° e sipnte
-LiF 2 e
t
Bu2
st o Ph
~
o/ o Bu,Si 51<
I | l l tBu
tp,Si Si, P F
2 Bu
\0/ 2
{82)

The silanolate salt (81) is unexpectedly stable, melting at 238°
with partial decomposition, giving the sterically-

trisiloxane ring compound (g2). Trimethylsilyl dimethylcarbamate
and -dithiccarbamate react withI?:(CF3}3Px {¥ = c1, F} affording
Me(CF3}3P-EC(E)NMe2 {E =0, 5). Treatment of hexamethyl-
disilazane with sulphur dioxide gives ammonium trimethylsilyl-
sulphite, NH4[He3810502], which readily "sublimes" at ambient
temperature. Spectral (i.r., n.m.r., and XD5) data ruled out the

175 The 5i=-0 bonds of
176

presence of ammonium and bisulphite ioms.
the siloxyphosphorane {83) are cleaved by 502012:

Me=-P (pfp) (pfp )ll’-Me + so.cl,

Me35i0 OSiMe

pfp = perfluoropinacol

{a3)
- —_— Me{pfp)?P P{pfp)Me

o

+ 2Me_SiCl,

+ 502 3
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The nature of the species present in aquecous scolutions of
potassium silicate has been studied by 2981 n,M.r. Definitive
evidence was abtained for eleven silicate specles including five
ions which involve a ring containing three siloxy units.lT?

Substitution of germanium({IV} chloride by trimethyl- and
triflucroacetic acids lead to the formation of the chlorogermanium
(Iv} carboxylates, Cl, Ge{0,CCR,} ~as colourless oils, separable
by fractional distillation.1 8 “With catechcl, 3.5-di-tert~
butylcatechol and toluene-3,4-dithicl in the presence of
triethylamine, germanium{IV) chloride yields the spirocyclic
derivatives, Ge(02C6H4}2.2H20, [ClGeE02Cl4H20)2]NEt3H, and
Ge(Szc7H6}2, respectively. The physical properties and solution
behavicur of the neutral derivatives suggest a polymeric structure
for both, whilst [blGe{02C14H20}2]NEt3H contains pentacoordinated
germanium and reacts with water to yield the corresponding
hydroxy species, [{HO}Ge(02C14H2O)2]NEt3H. Further reaction of
Ge(0206H4)2-2H20 with triethylamine, or carrying cout the coriginal
reacticn in triethylamine alone, leads to the exclusive formation
of the spirocyclic hexacocordinated germanium(IV) complex,

[Ge (0,C¢H,) sINEt H.  Metathesis of this latter camplex with
NEtacl' affords the corresponding tetraethylammonium salt.l79

The effect of pressure on the intramclecular racemisation of
trisf{acetylacetonate)germanium{IV}) perchlorate has heen studied

in various orxrganic solvents. The volume of activation {(AV') in
1,1,2,2-tetrachloroethane, propylene carbonate, acetonitrile, and
DMF fall in the range +15 - -4 cm3 mol'l in the pressure region
0.1-284 MPa at 50O and 600, but does neot depend on pressure and
temperature. The wvalues ocbtained correlate best with the donor
number of the solvent, and are accounted for by the Intramolecular
mechanism involving an intermediate containing one unidentate
acetylacetonate ligand, &v* seems to reflect direct participa-
tion of the solvent molecule in the transition state, rather than
the change in the second-sphere coordination arcund the complex
cation. The size of the solvent molecules appears to play a less
important but appreciable role in determining the AV' values than
dees the basicity.lao

Crystaliographic studies of the hexaphenyl Group IV ethers,
Ph3MONPh3 (M # N = Si, Ge, Sn} show that the metalloid atoms are
disordered between the two possible sites, as has been shown

S5iQPbPh .. In PhasiOGePh3, the disorder is

previously for Ph3 3
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total (population parameter = 0,503) with a MON angle of 142.5°.
Population parameters foiaih3GeOSnPh3 and Ph3SiOSnPh3 are 0,532
Trimeric di-tert-butyltin oxide,
(tBuZSnO)B, has been cbtained by hydrcolysis of tBuzsncl2 using
sodium hydroxide in boiling toluene. Unusually for this class
of compound, it is readily scluble in organic scolvents in the
cold, and X-ray studies show the six-membered [SnBOj] ring to be
planar (OSnO = 106.9%, Snosn = 133.1°).182  mn- aiscrete
molecular, c¢is-octahedral structure for bis {acetylacetonato)di-
chleorotin{IV) has been confirmed.183

and C-642, respectively.

Spectroscoplic evidence
lndicates a similar siw~coordinated geometry for the bis (3-cyano=
pentane-2,4~diocnato)dihalotin(IV} derivatives, with no metal-
cyanide 1nteractions.184 The additicn product,
0~CPh
(M92NCH2CH20}255// " , results from the reaction of
“No-cph

Sn(OCH2CH2NMez)2 with benzil.135 8=-Hydrcquinoline reacts with
the tris{trimethylsilyl)methyltin halides, RSnX3, RR'Snx2 and
RR'2Snx {(R' = Me or Ph, R = (Me351}3c, X = haleogen}, in ethanol
to afford the corresponding oxinate derivatives, RSn(Ox)3,
Sn(OEt)R(Ox)z, SnR'R(OX)2 and R‘ZRSn(OX). The RR'Sn(Ox)2
complexes exlst in two cis isomeric forms. Heating the di- or
tri-oxinates results in nucleophilic cleavage of cne trimethyl-
511yl group yielding the bis{trimethylsilylimethyl compounds,
5n (OEt}{ CH(S1Me,) ,} (0X), and SnRY{ CH(SiMe,},}(0X),. The latter
compound {(R! = Me) has the cis- octahedral structure, with the
nitrogen atocms trans to both 5n-C bonds. Hydrobromic acld
readily converts the oxinates to the corresponding bromides.las

Triphenyltin nitrate and diphenyltin dinitrate react with
bis {diphenylphosphinc}ethane and -ethylene in methanol/benzene
or acetonitrile/benzene to give adducts of the general formula,
{Phd_nSn(HO3)n}2.L {n = 1,2). infrared and M3ssbauer data
suggest a meridional six-coordinated geometry when n = 1, and a
pentagonal bipyramidal structure with mutually trans axial phenyl
groups when n = 2, In each case the nitrate groups are
bidentate and the diphosphine ligands bridge two tin centres.
Reaction in other solvents leads to oxidation of the diphosphine
1igand.187 a-~ {Phenylphosphonato)trimethyltin forms colourless
crystals in which [Me3SnOP(O)(0H}Ph] molecular units are
associated to form infinite one-dimensional chains in which
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planar {MeBSn] units are axially bridged by [OPO] linkages giving
almost perfect trigonal bipyramidal geometry at tin. The chains
are linear at tin, but bent at phosphorus, and are propagated
helically through the crystal, Hydrogen-honds hold together
adjacent helical chains, which turn in opposite directicns
resulting in a two-dimensional sheet structure. Tin atoms occupy
two non~eguivalent environments, with alternating metal atoms
forming either two short or twe long bonds to oxygen, an

and [Ph(OH)OSnMeBOP{O) (OH)Ph]; polymeric amions.lag Barium

oxcbisoxalatostannate (IV), BaSnO(Ox}Z.BH%O, cbtained by the
189

arrangement best described as a combination of [Me Sn+] cations

coprecipitation method decomposes at B50° to BaSnoj.
4.4,7 Bonds to Sulphur and Selenium

Methylthicsilanes of the types MenH3_nSLSMe (n = 0-3) and
MeHSi(SMe)2 have been synthesised from the lithium thicaluminate,
Li Al(SMe)4 ;s €93

LialH, + 4mesH —SHRe%, rsi(ni(sme),] + au,

4Me2HSiI

4M22HSiSMe + A].I3 + LiI

Hormal coordinate analysis was carried out using a modified

a
valence force field.l’0 The reaction of germanium({IV) bromide

and iodide with hydregen sulphide in carbon disulphide leads to
the formation of the mixed germanium(IV} halide suiphides,
Ge4$6x4 (X = Br, I), which both possess the adamantane

framework {Qi}.lgl
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5,5-Diphenyl-1,4,6,5-oxodithiastannocane, thsn{SCHzcﬂz)ZO, has
a ring conformaticn which 1s near the saddle point of the enerqy
surface between chalr-chalr and chair-boat conformations. The
configuratlion around the tin is intermediate between four-
coordinate tetrahedral and five-coordinate trigonal bipyramidal
{8n=-=-=0 (transannular} = 2.660(7}2).192 Metathesis between
bis{trimethyltin)sulphide or selenide and CltBuPPtBuCl gives the
three—-membered ring compounds tBuP—E—PtBu {E =85, Se}.lg3 The
reactlons of tin{IV} acetats with thicls, thiocarboxylic acids and
mercaptocarboxylic acids in chloroform or toluene with the

ageotropic removal of acetic acld are very faclle, leading to the

formation of Sn-S bonds (Scheme 15).194
Sn(SR)d
Sn(SRC02)2 Sn{SCOR}4
(1)
{vii} {11)
{vi) (111)
{Ac0} 2Sn{SRC02)(——-—— Sn{0Ac} 4 > Sn{0Ac} 4-n (sCoPh}
{v) (1v)
S\ /S\
sn (CH,) {AcO},5n (CH,)
s 2 s

{1) RSH {R = Bu, C6H13), (11) RCOSH (R = Me, Et), {1ii) nPh{OSH
{n = 1-4), {iv) HS{CH,) SH (n = 2-6), {v} 2HS(CH,} SH
{vi) HSRCO,H (R = CH,, (CH,},,» @=C.H,}, {vii} 2HSRCO,H.

The anion [(C7H552)2an1_] (as the tetramethylammonium salt} 1s
the first characterised example of a rectangular-bipyramigal
geometry for tin {83). The similar [{C7H652)52Ph201_J anion has
the usual trigonal-bipyramidal geometry {B86). Bis{dimethyl-
dithiophosphinato)dimethyltin (IV}, Mezsn(szPHez}2 has a distorted
octahedral structure with the four sulphur atoms of the anisobl-
dentate chelating [SzPHez] ligands resulting in a CS5nC angle of
122.6(8)°. The diodotin analogue is also octahedral with the

two lodine atoms placed mutually ¢is and opposlte the longer Sn-S
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Ccl Fh
. | |
S"_,,.Sn-.\ . Cl—Sn_\s
Dy o | e
s 5 Ph
{85)
(86)
bonds.196 The dlhalogenctin bis{dithiocarbonates),

[5n(52COEt}2x2] (X = ¢1, Br, I} are stable crystalline compounds,
although the corresponding mono- and tri-dithiocarbonato compounds,
Sn(52COEt)X3 and Sn(52COEt}3x, cannot be isoclated. Crystallogr—
aphic studies of the dibromide and ditodide show that in these two
compounds also, the two halogen atoms are mutually cis but trans
to the longer Sn-S bond.'?7  The interaction of tin(IV) with
thiourea in perchloric acid leads to the formaticn of the complex
[Sn(thiourea);+] cation, with 1og82° = —1.53(7).198

Both Ph3PbSC6H3Me2-2,6 and PhBPbSC6H4Er-2 are essentially
tetrahedral. In the latter compound however, there is a
relatively short intermolecular Pb---Br interaction of 3.773.199

The complexation of trimethllead{IV} by cysteine, penicillamlne,
glycine, H-acetylpenicillamine and mercaptoethanol has been
studied byllﬁ n.m,xr. Of the potential binding sites, the
deprotonated sulphydryl group binds trimethyllead(IV}) most
strongly at intermediate and high pH. The binding is pH
dependent due to competitive protonation of the sulphydryl group
at low pH and competitive complexation of [He3Pb] by hydroxide ion
at high pH. At low pH, there is also some complexation by the
carboxylate groups.200

Mercury selenide reacts with dicdosilane at 120° in benzene to

afford a polymer which on heating depelymerises to yleld trimeric

Me

|
Sn
se _____...--""'/ \ se

Se

Me = Sl ——— ’ sn
—— ——Me
Sn
sé/-'-'""7 \\Se/
Me
{(87)
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201
{H SiSe}3 He45n4

has the adamantane structure {87).

Ses, fram MeSnBr, and NaliSe in water,

202 3

4.4.8 Bonds to Halogen

Electron diffraction data for dimethyldichlorosilane yield the
following values: Si-C = 1,858(#)%, si-cl = 2.053(2)K, cisicl =
101(2)°, ana ¢sic = 109(4)°, 203
crganosilyl trihalldes have been determined. The conformation of
{dichlorcomethylitrichlorosilane is unambiguous staggered, with the

The structures of four

barrier to internal rotation about the 51-C hond estimated to be
between 10.% and 13.0 kdJ mol_l. The 51-C bond distance of
2,024(9)R fs in line with the gradual decrease cbserved from the
MeSiCl, to C1,051c1,.2%%  The S1-C bond distance in (gem-
difluorocyclopropylitrichlorosilane 1s 1.84{5)2.205 The
crientation c¢f the S51i~C bond in allyltrifluorcosllane is such as to
optimise interaction of the 5i-C honding electrons with the 7
system of the C=C double bond.206
oxymethyl)trifiuyorosilanes, 4—XCGH4002CH281F3 (X = F,C1,Br} have a
five-coordinated structure (88}, 1n which the silicon atom is
situated at the centre of a trigonal bipyramid.207

The three (4-halogencbenzoyl-

L= ]

oF
‘pﬂ
o——>s1
X e /// SNF
N
0~ Ci,
(88)

The energy difference between the trans and gauche isomers of
ethylfluorosilane is 5550 cal mOl-l (gauche isomer more stable
208 9,9,10,10-Tetrachloro-9,10~disiladihydro-
anthracene (89) 1s non-planar, the central ring having the boat

con formation-.-zog

{microwave).

Cl\\ /,Cl
SdDe
/,SQ\

Cl Cl
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Methanolysis of (MeBSi)3CSiPhI is not significantly accelerated
by scdium methoxide, indicating iconisation as the rate-determining
step {cf, methanolyses of the corresponding nitrate and bromide
which are markedly accelerated by sodium methoxide).210 U.v.
irradiation of (Me3si)3CSiPh2

tetrachloride, ether and PhOMe can be interpreted in terms of the

I in methanol, n-hexane, carbon

formation of cationic as well as free-radical organosilicon

intermediates, i.e.:211

>5i-1 o [35ie -I] + [>sit 17]
+ +
products procducts

Codeposition of ammonia and siliecon{IV} fluoride in inert
matrices at dilutions as high as 1/1/4000 give spectra assignable
to the 1:1 adduct SiF4-NH3, as well as the previously assigned l:2
adduct. The spectra suggest a trigonal bipyramidal arrangement
about the central silicon, with the ammonia ligand in the axial
position. Cedeposition of ammcnia and sllicen(IV) chloride give
product bands, but only at relatiwvely high concentrations, which
may alsc be ascribed to a l:1 adduct but considerably less
strongly bound. No adduct is formed between silicon{IV) fluoride
and dimethyl ether.212
and methylfluorosilanes leads to the formation of MeSiF

The matrix reaction of caesium fluoride

4
MezsiF3- anions, Pistinect anions ceontalning more than two methyl

and

groups and MeSiCIlF could not be formed. The sz Structure was

3

preferrad for the MeSiF - anion, whilst no structural information
., = 213

2SlF3 .

Crystals of hydrazinium hexafluorcgermanate (IV) monchydrate

could be gleaned for Me

comprise discrete anions and cations and water molecules,

interconnected by a three—dimensional network of N-H---0 and
N=H-=--F hydrcgen bonds.214

Mired tin bromide iodides are not formed in mixtures of tin{IV)
bromide and iodide.215

of trimethyltin chloride and tin {IV} chloride into graphite have

New second and third stage intercalates

been prepared by irxrradiation in stringently dry carbhon tetrachlor-
ide using a high pressure mercury lamp for 3-40 days. In the
MBssbaver spectra, a decrease in isomer shift and absence of a
quadrupole splitting for the tin{IV) chloride intercalate implies
donation of electrons from graphite to guest with the retentiocn of
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overall tet ahedral symmetry. The corresponding changes for the
trimethyltin chloride intercalate may rather imply a difference
216 The dlrect and indirect
coupling constants between tin and hydrogen atoms in MeSnCl3 and

in geocmetry upcn lntercalatiom.

MeBSncl partially oriented in nematic phases have been separated
by the dilution spinning methed. The structural parameters
obtained are comparable tc those from gas phase studies.217
Methyltin trichloride i1s the product of alkylation of tin(IT}
chloride by methylcobalamin in agueous hydrochloric acid under
aerobic conditions. The reaction follows a second-order rate
expression, and 1s flrst-order in both reactants, Reaction does
not occur under anaerchic conditions, but does cccur in the
presence of stoichiometric ammounts of aguocobalamin. The
mechanism appears to involve direct bimoleecular homolytic attack
by Sncl2 at the saturated carbon centre producing a strongly
reducing methyltin{IIL)} radica1.218 The stannoles (90} (X
can be derlvatised into a wide range of products in which X
NCS ,SCN,Ohc, S ,CNEL, ,NM¥e,, ,PPh,, and . %19

I,Br)

il

N3,
2

Ph, Ph

The adducts SnC14.L2 (1L, = DMF,DMA,DMSO) and SnBr4.2DHF are
isolated as the ¢is ilsomers from a wide ramge of solvents (CH2C12,
CHC13,HeCN,EtZO,EtOH,Etzcoa}, but underge transformation in the
s0lid state to the trans isamers. The cis SnBr,.2DMA adduct also
exhibits a solid-state transitlion which cannot unequiveocally be
characterised as an isomerisation.zzo The complex,
SnCl4.4C6H110H, prepared from its cowponents, has a centre of sym-
metry at the tin atom with two trans oxygen and four chlerine
atoms 1ln an octahedral arrangement. The two other cyeclohexanol
molecules are linked by hydrogen bonds to the [SnCl,.2C.H,,OH]
molecules. Further OH---Cl hydrogen bonds link the structure.
The structures of the two hexachlorcstannate{IV} salts, He,

Me  NH +SnC16_ 222 and Et3NH+Sn016- 223 have been determined.

272
In the former, anions and cations are connected by a weak

221
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bifurcated hydrogen beond, In the latter; each anion is
agsoclated with two caticons centrosymmetrically threough
bifurcated hydrogen bends to four of the chlorine atoms leaving
two unengaged, The bifurcation is nearly symmetrical, with a
nearly planar N-H---2C1 group.

4.4.9 Bonds t¢ Main Group Metals

X-ray studies of benzene, hexare and THF solutions of EtaGeLi
yield radical dilstribution functions which show directly that
molecules assoclate in sclution. The associated structures are,

however, different in hydrocarbon and electron donor sclvents.
Nearest neighbour distances between the germanium atoms of

coupled molecules is 4.5% in benzene and hexane, and 4.08 in THF.
Diameters ¢f the aggregates are estimated as 12.5-14% in hydro-
carbon solvents and 10f in THF.224 Ph.5nLl reacts with carbon
disulphide giving the salt [PhBSn"Csz-]Li+, which reactszg;th alkyl
halides triphenylstannane dithiocarboxylates, PhBSnCSZR.

The first magnesium-germanium bonded compound, (MeaGe)zMg.ZDHE,
has been obtained as colourless crystals by treating the mercurial
(MesGeszg/DME with metallic magnegégm. Decomposition cecurs
immediately upon contact with alr. Bis{trimethylsilyl)~ and
bis {trimethylgermylimercury are both readily cbtained in high
vields by the reaction of the trimethylmetal chloride with lithium
227 The structures of both (Ph3Ge)2H9228
[{CEFS}BGeJZngzg have been reported. In each, the GeHgGe ByStenm
is practically collinear. The latter molecule has
crystallographic C, symmetry. The orfentation of the pentar
flucrophenyl groups (as calculated by the atom-atom potential
method) is, however, not the most Favourable due to the formation
of two intramolecular Ge---F and Hg---F secondary bonds which fix

the aryl rings. This results in increasing shilelding of the

amalgam. and

mercury atom, and raises the electron density on both germanium
and mercury. Both factors lead to an increase in the thermal
stability and chemical inertness of the compound towards
nucleophiles compared to the phenyl analecgue.

Reaction of(Measi)351L1 {isclated as a tri-THF sclvate) with
boron halides, methoxides, alkyls and hydrides leads to the
formation of Si-B bonded campounds, eq. Mezs—Si(SiMea)a,
9—[(Me351)351]—9-aan, (Me ,5i) ,8i-B(NMe,),, [(Me351}351]2-BNMe, and

[(Me3si)351]—BOMe,230 The system TiCl,/Al{SiMe,) ,.Bt,0 (5:2) is
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a aultable catalyst for the polymerisation of ethylene.231

The synthesis of HESSnB(an}z, MeBSnﬁcl(NR2) and {He3Sn}2BNR2
has been accomplished by treatment of Me3SnLi with the appropriate
aminochloroboranes, The former stannylboranes are relatively
thermally stable. The Sn-B bonds are cleaved by hydrogen,
chalcogens and alcohols.232 Reaction of MeSSnLi with borane-THF
ylelds the salt, Li[H,B-SnMe,]. Multinuclear n.m.r. data for a
large number of stannylboranes have heen reported.233

y=-Irradiatiocn of solid solutions of hexamethyldisilane and
digermane in CC13F at 77K generates Me6M2+ specles, whose e.,s,.r.
parameters establish that the unpaired electron 1s localised in a
g=-bandlng orbltal between the two metal atcms.zs4 Analysis of
the methyltin hyperfine tensor components of Me65n2+ generated
similarly shows that the metal-metal corbital is largely dpﬁ + 4pz
in character, and that the 45 contribution is negligible. It was
inferred that the configuration about each tin atom is nearly
planar.235

An electron diffraction study of Si3Cl8 gives values of S5iSiSi
as 118.7(16)° and Si-Si = 2.329(7)8, very similar to other '
236 Aluminium{IIT) chloride catalyses skeletal
rearrangement of permethylated acyclic polysilanes, The linear
polysilanes, He{Mezsi}nMe n = 4-10,12) undergo rearrangement to
branched isomers in almoet gquantitative yield. When n = 4-6,
the producte are ( Me3si}3SiMe, {Me3Si)4si and (Me351)35151M9251He3,
regpectively as single isomers. When n = 7=-9, converaion leada

disilanes,

to an equllibrium mixture each consisting of a palr of branched
ilsomers, viz, (Measi)2SiSngZSiHezsiSiMe3 + {HeasiBBSiSiHe(Siﬂe
{Me .51} 1S151Me, SiMe (SiMe,), + [(Me,S1),51],, and

(Me,51) ,SiSiMe,SiMe SiMe (SiMe,), + [(Me,51),51],SiMe,,
respactively. The compounds, [(Me351}35131M92]2 and

[(Me,51) ,5451Me Sika ], ggg chbtained as single products when n =
10 and 12, respectively.

Octa~igo-propylcyclotetrasilane has been obtained by the

3lar

reaction:

4ipr_sic1

i
2 2 + B8L1 =~ { Pr251}4 + S8LicCl.

Ring-opening occurs readily with various reagente including
hydrogen chloride, acetyl chloride, aluminium({IIl) chloride,
iodine and aguecus iodine. Displacement of propyl groups from
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38 Permethylated cyclosilanes with

silicon was not observed.2
ring sizes varying from five to thirtyfive silicon atoms are

formed when dimethyidichiorosilane is added slowly to a Wa/K alloy
in THF.239 Treatment of benzene suspensions of the perphenylated
cyclosilanes, (thsi)n {n = 4-6) with anhydrous and iodine-free
aluminium {ITI) iodide tocgether with passage of hydrogen iodide
gives the corresponding perilodated cyclosilanes in guantitative
yield. The presence of iodine leads to ring cleavage.24o The
six-membered [Sis] ring in (Ph%Si}G.heptabenzene has a centro-
symmetric chair conformation. Crystals of ecis—-4,5-dichloro-
1,1,2,2-tetrafluore-1,2-disilacyclohexane {91} comprise
enanticmeric palrs of molecules related by the n glide symmetry.
The conformation of the six-membered ring 1s ¢lose to a half-chair,

with the disilane part of the ring considerably :Elattened.242

C1 S1iF
c1l S5iF
(91)

I(thGe}4I has an "all trans'! structure with a fully staggered
conformation of substituents.243 The five-membered ring 1in
cyclo-[(Ph,Ge},Se] 1s approximately planar.zqé In cyclo-
(Ph,Ge) (. 2toluene, the six-membered [Ge]6 ring is sandwiched
between the two toluene solvate molecules,

The germasilanes, RBSiGePh3 (R = Me,Et), undergo cleavage in
NaOMe/MeOH to give triphenylgermane. From rate measurements and
solyent isotope effects, it was concluded that a PhyGe anion
separates In the rate-determining transition state, the mechanism
being either:

Mro~ + Me.SigGePh, =—=25t. (MeO) Me ,§1GePh ]~

3 3 -_p———
lslow

M3051Me3 + Ph3Ge

lMeOH, fast

Ph.GeH + MeO~
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or

MeO~ + Me,SiGePh, ~—% [MeO — -Me Si----- GePh,] ™

3 3

slow

MeOSlMe3 + PhaGe

MeOH ,lfas t

Med + PhGeH

An unusually large steric effect was cobserved, with Me351GePh3
being methanolysed ca. 1300 times as reactive as the ethyl
analogue.246

The structures of the compounds (K-2,2,2-crypt) Sn4.en and
(Na=2,2,2-crypt) ,Ge, {crypt = N(c2H4OC H,0C H4)3N: en = ethylene-
diamine), containing the Sn42_ and Ge4 anions, respectively,
have been determined. The Sndz- anion, an 18 electron tetrahedral
cluster, is only slightly distorted from Tq towards c2v Symmetry,
with one edge shorter than the other five. The actuial structure
bears little resemblance t¢o the predicted minimum energy structure.
{a compressed tetrahedron with four short and two long bonds).

E.s.xr, spectra show no evidence for unpaired electrons.

The Gegz- anlion 1s slightly elcngated towards C3v symmetry.z47
The anions Sn 2—, T1lsSn 5-, Ge a- {x = 0-9} and, 5nTe a- have
q 8 9-¥8 4

been studied by tin-119 n.m.r, Relativistic parametized

extended Hlickel calculations have been reported for the homocnuclear

clusters, Geg‘l_-,r Gegz-, Sndz_, Sngzu, Sngd-, Pb52', Pb94-, and the

heteronuclear clusters PbSn,“” , SnGe 4_, GeSn," , PbSn 4=
4 8 8 549

T1Sn

and
85-’ as well as the excpolyhedral cluster MePb9 .

4.4.10 Bonds to Transition Metals

The reaction of [{Mec )Hn(CO]j] with GeH3K gives the potassium
salt K[(Mecs 4)1~1n(c0)2<;e53] , which reacts with Me NC1 and GeCl,
forming {92) and {93}, respectively. X-ray studies of both (32}
and (93) show significant shortening of the Mn-Ge bond.2>C
Reactions of (0OC]) l-l.nSiMe3 {94) with oxganlc carbonyl compounds
have been reported. Over two weeks at 5° C, (94) reacts with

benzaldehyd®e to give the addition product (95), which undergoes
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+ pin 2.3158 2.3848 Mo - 2-394R
NHe , / \""/ ~/ I \\GECI
o ¢  GeH, HyGe o C 3
0] 0] 0
{92 (93)

rapid homolysis at 80°:

QSiMe,
=]
(CO) ;MnSiMe, + PhCHO — - (CO) Mn-C-Ph
H
(95)
80°

[n(co)g], + [-CHPhOSiMe,],

The reacticns with R~MeC H,CHG and p-(Me,N)C.H,CHO are much faster,
yielding organometallic products which are much less stable
towards homolysis. With butyraldehyde, {CO)EMnH and the (E)- and
{(8) isomers of silylallylether are cbtained. When this reaction
is performed under an 10 atmospheres pressure of carbon monoxide,
(CO)SMnCOCHnPr(051Me3) may be 1solated, thus providing good
evidence for the intermediate formation of (CO)SMnCHnPrOSiMe3.
Acetone, c¢yclohexanone and 2-methylcyclchexanone react similarly
to glve (CO}SMnH and trimethylsilyl enol ethers.25l Irradiation
of a mixture of (Mecsﬁq)Mn(C0)3 and thsiﬂz in hexane results in
the cleavage of one 5i-H bond and the formation of
(MEC5H4)(C0}2CH)MnSiHPh2, which can be converted to the halogen
compounds (HECSH4){CO}2HMnSiXPh2 {(x = F,C1,Br,I} by the reagents
Ph3CBF4/CH2C12, CCl4 + trace PC15, Br2 and I2, respectively.

Under 50-60 bar pressuvure of carbon monoxide at 100—1200, these
compounds are cleaved to (MeCSHd)Mn(CO)3 and thsiXH.252
Irradiation of 1,1,2,2-tetrafluorc-1,2-disilacyclcbutenes with
molybdenum, manganese,iron and cobalt carbonyls leads to the
formation of the products {2&)-(2§].253
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M=Mo, n=25 F P Bu
M=TFe, n=4
(96 (s}

o]
J/
O
F\ /F
/,Si si
P \ / g
21N
o€ I Co
C
o]
(98)

The reaction mechanism was rationalised by an initial dissociation
of a carbonyl group from the transition metal, followed by
oxidative-addition of the S1-51 bond to the coordinatively
- unsaturated metal carbonyl species. Petroleum ether slurries of
M Fe(CO)4 (M = Na,K) react with Me;SiBr to form (oc) sFe[siMe ] .
In THF, the potassium salt gives fair yields of K [{OC) FeSiMe., 1.
which 1s alsc formed from {OC) Fe(H)SiMe3 and potassium hydride.
With sodium hydride, Ha [(CD}4F351M53 ] is obtained.?%%  The
complex, Ge[co(c0}7]2 may be prepared from GeF, and Na[Co(CO)4]
or Ge.H4 and [Coz(CO)a]. The molecule has approximately C,
symmetry, with the Ge atom bridging the Co-Co bonds of two

[Co (00)7] units. The germanium bridge is unsymmetrical with
Ge-Co distances of 2,38R and 2.348. The correspending bridging
carbonyl group 1s also asymmetrically disposed but in the
opposite sense.?>®  The anion of (Nth][Ge{COZ{CO}7}{C02(CO}5}-
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[HgCo(CO)aJ}] from Ge-F, and Na[Co(CO)qJ in the presence of
mercury, ¢ontains a common germanium atom bridging the Co-Co honds
of beth a [Coz(CO}T] and a [Co,(CO) ] untt, which is also bridged
by a [HgCo(CO)d] unit.256 [Wz(Br2GE)EC0}1O] exhibits the
hithertoc unkinown [GeW2J three-membered ring. The carbonyl groups
form a distorted square pyramid around each tungsten, with the
metal approximately in the middle of a square plane.257

The reaction of M3(CO)12 {M = Fu,0s) with C12XSiH {X = Me,Cl} in
hexane under vacuum at elevated temperatures gives the complexes
H(CD)4(SiXClz}2 and M3(u—H)3(CO)9(SiXC12}3. The structure of
053{p-H)(C0}9(SiMeC12)3 comprises two independent mclecules which
differ with respect to the orientation of the methyl and chlerine
ligands. Each molecule has a triangular arrangement of osmium
atons in which each metal is presumably bridged by a hydrogen atom
{59}%. The same structure persists in solution, except rapid
rotation about the 0s-5i bond occurs.zsa

o o
c c
oc\\l /H\l _ sumecl,
/05 OS\
MeCl,Si I \ /} (63
H /TS\ H
of d Tsimec,
o
(99

The iridium complex {(CO} {H} {PPh
Ge; Cl = H,F,Cl,Br,I; M = Si, Q. SiH3 or Me} giving the
comp lexes [Ier(CO)(PPha)z(HﬂzQ)]. When M = Ge, the predominant
iscmer contains mutually trans pheosphine lignads, whereas when M =

3}3Ir reacts with HBHCI {M = 8i,

5i, the preduminant {(and in some cases the sole) product contains

259

cis phosphines, Camplexes in which platinum is chelated

by phosphinoethylsilyl lignads have been obtalned by the reaction:

- unlpg?2 _ether 1.2
[Pticomy,] + Ph,PCH,CH,51BR R® ——==="» cis-[Pt{PPh,CH,CH,51R R"),]
The geometry was confirmed by X-ray for the case Rl = R2 = Me.

When Rl#Rz, racemic and mesodiasterecisomers are formed in varying
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ratios cansistent with asymmetric induction during stepwise
chelation.260
The optically active anion (100}, as the tetraethylammonium
salt, has been synthesised from the {R}-enantiomexr of the
germyllithiun compound {1C1). The anion {l00) reacts with methyl

iodide affording the neutral complex {102}):

@—4:113
N ™~ -co

-Li + Mn
PR s
| 3
co co
NP co
(p)~(101)
' Ore
& 3 @ Tt = N / N"nco
m\““ l “Co Bl ‘u"" ‘
Fh
L i Np
{5)= (100) (102)

HNp = l-Naphthyl

The same type of reaction has also keen employed for the
preparation of the manganese camplexes (103} and molybdenum and

tungsten complexes (1l04). 261

Q
CH, CH,

+ BX _—@-‘
q’z -X &""f«
Ph M ‘ '4 l\ e QO
| Ph M {103)
M= Si M =Si, R=CHyiM = S1, R =
M= Ge CH CGHS: M= Ge, R= CH3;
RX = CH,I, C.H.CH,Br M = Ge, R = CH,CH,
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- 1@

“GePh 3

M
/ ‘%'r 4
co
NO

M = Mo
M=W
RX = CH,I, C.H.CH,Br

M = Mo, R = CH.;
= cH

M = Mo, R = CSHSCHz;

=
|
;_z
=)
I

3

{104}

The cobalt camplexes (105) have been obtained by the reacticn:

12,3

[(co)jLico], + 2R'R°R

M =5i; M = Ge

MH — 2 {CO) 3LC0MR E™R + H

(105)

2.3
2

The sterecchemical course of the L1A1H4—cleavage are quite

similar for both silyl- and germyl-cobalt camplexes, but vary,
depending on the ligands at cobalt, from a2 high degree of

inversion of configuration to poor retention:

LiAlH4

Fh inversion

{CCY .. LCo=M
3 i

Me

262

Ph

\\\H-H

Me ™" ﬁp

Np LiAlH,
Ph
retention ~

H—
dere
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The silyl-rhenium complexes, 'cis-[CSHs}Ra(CO} (H) {SiR4}] (R = Ph,
CH,Ph) and gis-((CgHg)Re (CO),(SiPh,H) (H)] have been obtained by uv
irradiation if (CSHS}(C0)3Re and the approprilate silane.
Trans-[(Csﬂs)Re(CO}zx}l] (X = SiPh;, GeCl,, GeBe,, SnCl,) complexes
were prepared by protonation of the correspeonding anions.

Reaction of (C5H5)(C0}3Re with Cl3GeH or Ph3SnH affords
t'rans-[{CSHS)Regco)z(Gecl ] and trane-[(C.H.)Re(CO), (SnPhy)],,
respectively.

3}2

Several new trihalogenstannate complexes have been prepared.
The complexes Bz[Moc14(Snx3)2] (B = NMe,, NEt,, NH,; X = Br, Cl)
are the first examples of molybdenum complexes containling such
ligands. [NEt,],[Mocl,(5nCl,),] (and presumably the others in
the serles} is an effective reducing agent for small oxyanions
such as c104', Clo
the study was that Mo{IV) i1s5 a particularly effective site at
which oxocaniong or other oxidised non-metals can bind, and that
it allows rapid transfer of electrons fram electron donor t¢ the
aubstrate.264 Two n.m.r. studies of Rh-Sn-Cl systems have been
reported. The specles present in agueous hydrochlorlie acid
solutions of RhCl3 and SnCl2 have been investigated by tin-119
n.m,xr., which indicate fast intramolecular scrambling of the

ligands., B redox process between Rh{III} and tin(II) giving a

3 N03- and Noz-. h tentative conclusion from

Rh{I) complex with five tin{II) ligands occurs at a molar ratio
of [Sn]:[Rh] = 6:1.265 Tin-119 and phosphorus-31 n.m.x. data for
the reaction of [RhCl(NBD]2 with four equivalents of tertiary
phosphine and two of tin(ITI} bromide suggests that halogen
scrambling occurs during the preparation, resulting in the
formation ©of a mixture of complexes containing [SnBri], LSnClBré],
[sncl,Br] and [sncl,] as ligands.?%®
{NH4}4[05C1{SnCla}s] comprises two crystallographically

The structure of

independent complex anions with similar gecmetries, in which five
[snCl,] ligands and a chlorine form a slightly deformed

267 he complex SnCl[Mn(PPh3} {CO}
268

octahedron around osmium. 4]3
has a distorted tetrahedral geometry at tin.
Extended Hlickel MO calculations carried out on [(HZSn}Fe(C0)42—]
show that the most stable geometry corresponds to a trigonal
bipyramidal structure at lron with a highly pyramidal [SnHz] group
in an axia) position as in {106}. The tin lcne palr of electrons

are essentially localised in a hybrid orbital on tin.
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(::)Sn’—-/:"tIH

l co
oC Fe"”’
I T~co

C
o}

(106)

Another stable geometry has a basically trigonal [SnH2] group,
with the two electrons in a a, eguatorial carbonyl-based orbital.
However, there is a symmetry-imposed barrier on geing from one
gecmetxy to another, i.e. there is a highly unusual double-well
potential for pyramidalisation at tin.269 As has been shown
previcusly, the complexes [Fe(CO)4(SnR2)]2 establish a dimer
monomer equilibrium with the solvated, unbridged monomer
[Fe(C0}4{SnR2(B)}]. For B = THF, pyridine, 4- MeC5H4N0, the
monomer unhdergoes a two-electron reduction in the presence of
strongly hydridic reagents such as sodium hydride, or by
treatment with sodium amalgam. The complexes produced are
preposed to contain the [Fe(CO) {SnR )] aniocn. The reduction
process may be formulated as the population of a non-bonding s _E
lone=pair orbital on tin, with possible back-bonding.
Spectroscopically, both iron and tin underge a one-electron
reduction. The [Fe(C0}4(SnR2)}2- anions have been 1sclated as
sodium salts, which show tight lon-pairing in acetonitrile. In
seolution, the base appears to be cation—associated.27o
Treatment of Hf(n-toluene)zl’lde3 with MeSSn2 at 45° leads to the
formation of [Hf(n—toluene)2(5nne3}2], a g2 bent bis-arene, whose
structure is illustrated in {(107). The analogous zirconium

complex was prepared similarly.27l

2. 953(1)2
MeBSn

81.14(3) I " 0

A
“n” O

(107)
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The Group VI metal-lead complexes, (CSHS}H(CO}anR3 {M = Cr, Mo,
W; R = Me,Et}, have been obtalned by metathesis from R3Pbcl.
The methyllead compound is photochemically {and tc a lesser
extent) thermally unstable with respect to methyl group transfer
giving (05H5)M(C0}3Me, lead metal and tetramethyllead. The
related ethyl camplexes behave differently, rearranging to
[{CSHS}M(CD)3]2PbEt2 and tetraethyllead. Treatment with sulphur
dioxide gives the complexes (05H5)H{C0)3(502R}.272

4.5 OXIDES, SULPHIDES, SELENIDES AND TELLURIDES

High~resclution, sclid=-state Silicon~29 n.m.r. continyes to be
applied to the study of silicate systems. The spectrum of the
product of the reaction between zeoclite Na-Y with silicon (IV)
chlorides, highly crystalline essentially aluminium-free faujasite
structure, exhibits a single sharp peak characteristic of
regular S14{48i} lattice ordering.273 Detalled information
concerning the Si-Al ordering in the aluminosilicate framework of
zeolites can also be obtained by this technigue. In particular,
the arrangement of silicon and aluminiumatoms of an NaX zeolite
with 51/A1 = 1.4 was shown to be not centrosymmetrical.274
Zeolites contalning five-membered rings of silicon tetrahedra
{(Hz mordenite, Na-25 M-5, and H-2Z5M-1ll) exhibit a spectral line
at ca. -113ppm in contrast with other zeolites which do not con-
tain this bullding unit (Na-a, Na-X, Na~-Y and H-L), for which
resonance occurs in the ~-80 - -1lO06ppm range depending on the
Si~-Al rat10.275

Thecretical studles indicate that lattices of the chain and
ring varieties of Ca5103 fit together with only a slight
mis-match. High resolutlon electron microscopic studies of a
sample undergoing conversion fram chain-teo-ring structure,
however, indicate that intergrowths dc not occur. Instead, the
chain structure recrystallises via a glassy phase into the ring
structure of the same composition.2?6

The direct trimethylsilylation of olivine ylelds partial
trimethylsilyl derivatives of ortho- and disilicates, the
unsilylated silanol groups are esterified with the alcohol used
as the organic solvent, GC/mass spectral measurements indicate
the presence of the tri-, di- and monoalkyl-substituted
trimethylsilyl derivatives of monosilicic acid,
[sio, (sme3)4_nan] {(n = 1-3), in addition to the fully silylated
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moncmeric derivative, [5104(SiMe3)4]. pimeric derivatives have
also been detected containing both the completely trimethylsilyl-
ated derivative [§i,0,(SiMe,}.], and the alcohol-estified
derivatives, [§120?{SiM93)6_an (n = 1-4). The ratio of
esterified products varies with the volume cf alcohol or water in
the silylating reagent as well as the reaction time.z??
Heating together g—-gqguartz and Na20 in a 1:2 molar ratioc at B8oo®
cvernight under nitrogen affords crystalline sodium orthosilicate,
Na,§10,, containing discrete [S10,] tetrahedra.?’8  High-
temperature trisodium hydrogen silicate dihydrate consists of
chains of [HSiO4]3_ tetrahedra held together by S5i-0---H~0-Si
hydrogen bonds, Adjacent chains are linked by sogdium atoms and
by hydrogen bonds to wakter molecules.279 All the metal atcms in
NaZMgSiO4 are tetrahedrally coordinated. The structure is
derived from the hexagonally clcse packed Wlrtzite structure by
replacing sulphur by oxygen and zing by sedium, magnesium and
3 {Qm)_l at 573K} is

attributed to diffusion in the 101 direction, in which there are

silicon. The conductivity (3.0 % 10

chains of sodium atoms separated by distances of 3.21% and 3.278.
In order to move from one site to another, the sodium atoms must
pass through uncccupied tetrahedra and/or octahedral sites of the
280 {y-Wollastonite) have been

framewaork. Crystals of g-CaSiQ

grown using a filux of CaClz. Fourflayer, six-layer and
discordered stacking types could be detected in different samples

by XRD. Cne of the four-layer polytypes is composed of ternary
rings of three [81305] tetrahedra and an apparent octahedral layer.

The structure is therefore similar to that of SrGeO3 except that

the latter is of a six-layer type.281 Metastable SrSiO3 is
formed during the course of the reaction between an egquimeclar
mixture of SrCO3 and 5102. The reaction proceeds in four stages:
2SrC03 + 5102 - Sr25104 + 2(.'.‘02 eesfl}
SrCO3 + 510, -~ Srsio3{metastable) + CO, ceef2)
5YS10, (metastable -SLANSIOIMALION, gr5i0._ (stable) S}

Sr25i04 + SiO2 > 25:5103(5table) -ea {4}
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The overall reaction, (1} + {(2), 15 best described by the Jander
equation with an apparent activation energy of 215.5 kJ molnl,
irrespective of the ball milling time. Reaction isctherms for
{4) were best described by the Ginstling-Brownshtein eguation with
an actlvation energy of 510 kJ mol-l.282 The equillibrium
diagram for the Sr5103-BaGe03
solution, based on the y-Wollastonite forms cof u—BaGe03, a-Sr5103

and {Srl_xBa }3{Sil_xHex)30

system shows four reglons of solid

ix = 0,5 - 0,7, and a pyroxenold

g
=, BaGeOa.2§3 The two new stable lead silicate phases,
Pb55107 and Pb11513017, have been chkserved in the PbO-PbSiO3

system above 650°. The stabllity of the previously described
phase, Pb45106' could not be cnnfirmed.284 Lead "orthosillcate",
2Pb0.5102, contains [5140128-] rin-s and oxide ions, but not
[51044-] groups, and is therefore not a true orthosilicate. It
would more properly be termed 'basic lead metasilicate' or 'lLead
oxide metasilicate'.285 The thermal behaviour upto 1000° of
double silicates of the lanthanides with rubidium and caesium has
been studied.286

The structures of several other silicate minerals have been
determined including sedium B-hydrogenneatungstosilicate hydrate,
Nag (8-SiW 05 ;). 231,0,%7
Ca22(5104380452, containing a mixture of orthosilicate, oxide

the. new minerals, Jasmundite,

and sulphur icns, and related te alinite,
. 288
Cazy[(8ig, 15825, 25704 40,15
vanadatopentasilicate, (Mns_774,Ca00190,Feo.035) (Vo.als'hso.laa)'
515018(OH) » camtaining the wvanadatopentasilicate anion,
[vsisola(OH)]lz_ with some As-for-V substitution,289 dicupro{IIl)~
18-molybdosilicate(12~), (NH,),[Cu,8i Mo, 0 ].14H,0, in which
each [8104] tetrahedron is surrcounded by nine [M006] octahedra.

medaite, manganese (11}

The two [5106] octahedra, which share a common edge are attached

290

to both silicon atoms. A single crystal Raman study of the

layer silicate Apophyliite, KCa4(514010)2(F/OH}.BHZO, has been
291

carried out.
described for pollucite, CSAlSiZOG. )
Synthetic dimercury (I1} germanate{IV), Hg2G904, is isostructural
with menardite, Na2504,

and mercury atoms with an irregular six-fold coordination.

Methods of preparation and XRD data have been
292

and comprises isolated [GeO,] tetrahedra
53

The dependence of the phases formed in the_Nazo—Ln203—Geoz-H20

system on the size of the lanthanide has been investigated at 250°

at a molar ratio Ln203:GeO2 = 1:7. The ranges of existence of
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the germanates, Ln203.2GeO2 {Ln = La~Tm,Y), 7Ln203.9Ge02 {In = La-

Ng), Nazo.Ln203.2Ge02 (ILn = Th-Lu,Y¥}, N320.3Ln203.46802.nH20 {ln =

Sn-Th), and NaZO.Ln203.4GeO2 {Ln = Tm~Lu), were determined.294

In the equilibrium state, only a-PbGe03 and R-Gel,, exist in the

GeOZ—PbGeO3 system, The equilibrium in the annealing of
beC03.(100—x}Q-Ge02 {0 ¢ x § 50} proceeds extremely slowly with the

formation of the metastable phases, PbGeaoj and PbGe409. Single

crystals of two modificaticns of PbGe03, four modifications of

PbGe409, and the rutile form of Gel

cooling melts of GeOz—PbO mixtures.

3 have been obtained by slowly
35 The structure of lead
a-tetragermanate, a-PbGe409, 1s based on a mixed Ge-0 lattice with

the lead atoms situated in lattice vacancies formed by [Ge04j and

[Ge0 ] polyhedra.??®  The solid phases, PbSeO, and PbSeO,.H,Se0,,
have been isolated fram the PbO—SeOz-HZO system at 100°, only
PbSe0, could be observed in the PbO-5e0,~H,0 system. 22! The

defect structure of antimony oxide-tin oxide has heen investigated
by profile refinement of powder neutron diffraction data. The
structure, based on the occupation by Sb(III) of interstitial
positions within the rin{IV] oxide rutile-type lattice, was used
to rationalise socme of the properties of the mixed oxide.zgB
Crystalline Ba35185 has a structure based on a partily filled

Sb,Cag type.299 Cug5iS, is isotypic with AgaGeSes(ﬁ') and

3 00
contains [81843 tetrahedra.

Pure thiohydroxygermanates can be
prepared from agueous solution by reaction of stolchiometric
amounts of either sodium sulphide and Ge0O, or sodiuvm hydroxide and
Gesz. The structure of NazGesz(OH)z.SHZO contains the novel
mononuclear [Gesz(OH)z]zh anions, which are connected to the
octahedrally cocrdinated sodium cations by an extensive system of
S---HO and ¢---HO hydrogen bonds.301

by fusicn of stoichiometric amounts of the two sulphides at 300° w

T125n255 has been prepared

with prolonged heating. The tin atoms are cocrdinated by five
sulphur atoms forming a considerably distorted trigonal bipyramid.
The [Snss] bipyramids are linked by common edges into chains
extending in the [110] and [1I10] direction, and are cross-linked
by sharing the remaining equatorial vertices of the [Sns5]
bipyramids into a three-dimensional framework.302 Crystalline
Tl,Ge ,Se.., prepared by fusion of Tl,5e and GeS,, is characterised

47745710 4 2 2 103
by adamantane-like [Geqseloj and thallium{I) catlons.

- . . . - . 65—

Na6512T28415 isotyplc with KGSnzTEG, containing [SlzTeGJ
anions, The interaction of He35101 with ¢is- and kxans-
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(HO) TeF and cis- and trans—HOTeF {OMe) affords gis- and trans-—

(Me3Sio) TeF and ¢is- and trans—(Me SiO)TeF {CMe) respectively. 305

4
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