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4.1 GENERAL

Observed bond distances in the bivalent and tetravalent halide
derivatives ©0f the Group IV elements have been used to estimate a
new electronegativity scale. Predicted values are: C, 2.6; Si,
1.9; Ge, 2.5 and Sn, 2.3.1

4.2 CARBON

Theoretical calculations of the reaction of atomic carbon with
water have been compared with experimental data. In the
theoretical study for C{lD} atoms, the process having the lowest
activation enthalpy is cleavage of the initially formed carbon-
water complex ko CO and H, along a closed-shell surface (AH+ = 5.2
kcal mol_l). Rearrangement of the closed-shell carbon-water
complex to hydroxymethylene has &H+ = 11.6 kcal mol_l. The most
favourable of the initial carbon-water complex for C(BP} atoms was
simple disscociation to the reactants. The barrier to rearrange-
ment of the initlal complex to hydroxymethylene was slightly
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higher for triplet carbon (22.8 kcal mclﬁl) than for singlet
carbon (18.0 kcal molul), although the barriers to rearrangement
of the singlet and triplet hydroxymethylenes to formaldehyde are
similar., Experimental data bear out the thecretical predictions
that singlet carbon atoms are more reactlive towards water.
Reaction of atomi¢ carbon, generated by the thermolysis of
5-diazatetrazole, affords CO (2.5%) and formaldehyde (2.4%).
Addition of 02, which scavenges triplet carbon atoms, increases
the yield of CO to 53.7% whilst leaving the formaldehyde yield

unchanged.2

In a study of arc-generated carbon atoms with
ammonia, the primary reactions have been shown to be NH insertion
and hydrogen abstraction. The former mode of reaction leads to
methyleneamine and HCN, whilst hydrogen abstraction proceeds in a
stepwise manner to generate CH,, which reacts with ammonia to

produce methylamine:

C + NH, - H-C-NH, + H,C=NH - HCN + H,

+

HCN + H2

Hydrolysils of the non-volatile residue from this reaction produces
the aminocacids, glycine, alanine, N-methylglycine, f-alanine and
aspartic acid. Serine is alsc formed when water 1s included in
the reactants.>
of ketenimine, CH2=C=NH by H20 and its dimer has been studled by
ab initio methods. The preferred reactlon pathway 1s with the

water dimer through a "pre—association" mechanism where a small

The detalled reaction pathway for the hydration

amount of initial bonding occurs via attack by oxygen at the
central carbon atom of the ketenimine. Proton transfer to the
f=carbon subsequently cccurs at or just after the transition state
without any appreciable changes in the C-0 bond distance. The
reaction, which has a calculated activation energy of 22 kcal
molnl, is therefore concerted but highly asynchronous.4
Calculations for the reaction of LiCHzF with ethylene show the
formation of a complex, (l), in which there are only slight
distortions from the geometries of the individual reactanta, and
a transition state, (2), in which the CH, group is in a plane
nearly parallel to the ethylene plane. The methylene fragment is
aligned so that the LUMO can 1interact in an electrophilic sense
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with the ethylene HOMO on one side and simultanecusly with a
fluorine lone-palilr on the other.5

The doubly lithium bridged structure {3} has been shown by
ab initlo methods to be the lowest—energy geometry of
1,3-dilithiopropane. This form exhibits considerable thermo-
dynanmic stability; for example, opening to an extended
conformation is endothermic by 24.6 kcal mol™t, ana
disproporticnaticn with propane into two molecules of n-propyl-
lithium is calculated to require 19.4 kcal mol_l. Conversion of
(3} to an allyllithium-LiH complex, (4), (a pessible elimination
intermediate) is exothermic by 29.0 kcal mol™l. While the second
lithiations of ethane and of propane are favourable
tharmedynamically, both 1,2-dilithicethane and 1,3-dilithiopropane
are unstable toward conversion to LiH complexes. When such
eliminations are blocked structurally or the carbanionic sites
substituted by stabllizing groups, vicinal and 1l,3-dilithio
derivatives can be expected. Unlike the lower homologues, the
doubly bridged form of l,d4-dilithicbutane 1ls indicated to be
stable thermodynamically toward elimination to a 3-butenyliithium-
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Lil complex. These findings thus raticnalise why the higher
a,w-dilithicalkanes are more readily accessible as synthetic
reagents.6 Allyllithjum and allylscodium are predicted to have the
symmetrically bridged structure (5), whereas allylmagnesium hydride
prefers the unsymmetrical geometry (6). WNevertheless, the barriers
for 1,3 MgH shift and CH2 group rotation are quite low. The
rotation barrier in unsplvated monomeric allylsocdium is predicted
to be lower than that in the corresponding lithium compound, in
contrast to experimental observation in solution.7

11{(3} M H{3)
C{2) c(2
H(2)' - {2) l/
““‘FQK /‘.3( " H(4) =€ (3) e -n@
H(Ly M (1) H(5) H(1)
M =11 or Na M = MgH
(5) (&)

In contrast to diphenylcarbene and essentially all other
diarylcarbenes which have bond angles at the central carbon atom
of ca. 1500, the skeletcn in dimesitylcarbene, (7), is much cleoser
to linearity. When formed from dimesityldiazomethane in n-octane
or 1,l-diphenylethylene glasses, dimesitylcarbene is quite
persistent at 77K, showing no apparent decay over a periocd of 4-5
hours.8 In addition, this carbene appears to be unique amongst

diarylcarbenes since its triplet state cannot readily convert into
the singlet state.9

Me
4 Me
S
Me Me
(7)

Photolysis of hewafluoro-3-diazo-2-butanone in an argon matrix
affords perflucroacetylmethylmethylene together with, at lower
wavelengths, bis(trifluoromethyl)cxirene:lo

CF3 F3
" hv
CF3CN2C0CE 3 — CF3CCOCF3 +

Q
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Trifluoronitrosomethane, CF3NO, has been prepared in good yield
BCOONO, in a flow
of nitric oxide at 190° using perfluorotributylamine as a

diluent. 1l
isolated satisfacterily from the preducts of the reacticn between

by the pyrolysis of nitrosyltrifluorocacetate, CF
Trifluoromethylsulphenyl bromlde, CFBSBr, has been

gaseous bromine and either CFasAg or [CFas)zl-Ig.l2 Vvibraticnal
spectra indicate that (CFas)zcs exists as a complex mixture of
confarmers in rare gas matrices. Photolysis with » > 300nm
modifies the distribution of conformers - a change which may be
reversed by irradiation with A > 530nm. The threshold for
photochemical decomposition to CF,5CF 4 and CS, 1s about 300nm.
Photolysis of CF 4CF,N=NCF,CF 5 with §i012 at 0 affords the first
known example of a thliadiazirldine:

13

5
__ WV
CF4CF, N=NCF,CF, + 82C12 ——-—EE——B' CP3CF2N_NCF2CF3

Azldotrifluoromethane reacts readily with halogen flucorosulphates
and peroxydisulphuryl diflucride to feorm the new derivatives,
CF3NX[OSOZF) (X = F,Cl,Br,OSOzF) in high yield:

[ /N'- F3C
F.C C 0
F.C ING
35N n 4 5+ &- q -~, A )
N -N"=N: + X-O0S50,F —+ . -y X
N -t 2 x‘/ ~ O/l[‘\o
- o)

u ~r

The reactlions cof C1F and BrF with CF3N3 at amblent temperature
furnish CF3NFCl and CF4N=NCF,, respectively. Under similar
conditions, however, CF3N3 does not react with Clz, Brz, HF or HCIL.
Photolysis of CF3N; results in rapld decampositionlghich affords
CF3N=CF2 and [CF3)2NN(CF3)2 as the major products. N,N'-Dihalo-
gencethanedliimidoyldifluorides, XN=CF-CF=NX (X = Cl,Br), have been
aynthesised from the reactiona of (CN)2r HgF2 and the elemental
haloegen. N-Halogenated amino- or iminoperfluoroethanes,
ClzN—CFz-CFz—Nclz, ClN=CF—CF2-NClz, BrN=CF—CF2—NBr16and
Br2N-CF2-CF2-NBr2 were also formed as by-products. The

electrophilic halides and pseudohalides, xosozF (X = Cl,Br,OSOzF),
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add to CF2=NF in high yield to form FS50
electrophiles such as CF3OFr CF30C1r cl

OCF. NFX. Other

2 27
2+ Bry
ive under the same conditions, and only FOSO,F resulted in a small
yield of the addition product FSOZOCF2NF2 on heating. The in situ
formation of CF3NP_ from CF,=NF and MF {M = K,Cs) in the presence
of Cl2 and Br2 results in the formation of CFBNXF {X = Cl,Br).

The imines CF3CF=NF and CzFSCF=NF gave similar results with

and 12 are unreact-

bromine, Chlorefluorination and bromofluorination occurs with the
nitriles CFBCN and XCN (X = Cl,Br} and the elemental halogen in
the presence of MF giving products such as CoF NClz, C2F5N=N02F5,
CF3NClz, CF3CF=NBr, CzF5N=NC2F5 and CF3N=NCF3. Trifluorovacetyl
derivatives of N,N-dimethylhydrazine, urea, and thicurea,
CF3CDNHNM22} CFyCONHCSNHCOCF 5, CF,CONHCSNH, and CFBCONHCONH2 have
been synthesised by treating the approprilate nitrogen compound
with trifluorcacetyl chloride in the presence of CaF., With
triethylamine as base, CF3CONHNMe2 was also formed with Me  NNH, ,
Reaction of MezNNH2 withlgexafluoroacetone afforded

CF,C(=NNMe,) CH=C (OH) CF, .

P.E. spectroscopy has been employed to study the gas phase
prrolyses of vinyl azlde and 1H-1,2,3-trlazlde. In accordance with
MNDO hypersurface studies, vinyl azide in its lowest thermal
decompesition channel eliminates nitrcgen to yield predominantly
2H-aziridine, which at higher temperatures rearranges to the most

stable 02H3N isomer, acetonitrile:l9
/H Hzc-—-—-CH
H,C=C — \Ng —o> H,CC=SN
2 N
Ny

N-Cyvanoguanidine reacts with Cs, in the presence of the
appropriate alkall metal hydroxide to form the metal
N-cyanoformamidine dithiocarbimates, M,[5,C=N-C(NH,)=N-CN] (M = K,
Rb). With acids and elemental sulphur, the cyclic species (8) and

(%), respectively, are formed. 20
//S _ ? |
~ C
H,N-C c=5 AN
N i s/ N
N\ /N H-l!l (l'.!NH
2
g Nea’
(8) | s I
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Ccyanoformyl chloride, (10), is formed in high yield by heating
2-chloro-2-{chlorothicimino}acetyl chloride at 800°C in vacuo.

Some reactions are shown in Scheme 1.21
0‘\ (|:1 o 0.% EtOH N
>c-c=1~:-s-c1 Beoc, cmou > >c-cw
-SCL +pyridine
cl 2 cl -pyridine-nci H5¢2°
(10)
20 NH H+ H20

CloC N CoCl HO,C N CO.H
e Y 2y

/ N
Scheme 1

The firat phosphaketene stable at room temperature,

p-mesitylphosphaketene (11), has been laolated aa orange crystals
by the ::r:»ute'::z2

+C12CD
P (SiMe;), ————rrrm—i>

-Me351Cl
L0
p-cZ
. Cl
Me351
(11)

Several other papers deal with compounds containing multiple
bonds bhetween carbon and a varlety of other elements. He(I)
photoelectron spectra of the phosphaalkynes ButCzP and PhC:=P have
been obtained and assigned by comparison with the spectra of other
species and with the aid of ab initio MO calculations. The first
ionisation potentials correspond to electron removal fram orbitals
with essentlally 7 (CP) bonding character.23 The new phospha-
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alkene, {(12), is the major product from the reaction of

. . t 24
(Me351)3CL1 with (He3Si)3CPC12/(2,4,6-Bu 3C6H2}PC12 mixtures.
Both phosphaalkenes and phosphaalkynes form complexes with
transition metals but in a variety of bonding modes.27727  geveral
examples are illustrated in (13 - 17).

He 381, R _ _2CPhy Bu®

c=p ' ~p7 Ncse

“easi/ it B¢
7N 7N
(r2 Ph2C=P P=CPh2 Ph2C=P P=CPh2
| I
R R R R
(13) (14)
R But
Ph,C=P* ™~

: CH (SiMey) ,
Pt Pt Me P i
N 3
Ph,P PPh, thp/P \Pph2 >~1i—-”
MeSP Q\

N -

VAN CH (SiMe3) 2
Me  CHyPPhy e \C‘.HzPth
(22) (16) ()
Flash vacuum pyrolysis of diphcsphetanes yields the
28

(iminomethylidene)phosphines (1B) containing the P=C=N skeleton:

/L\
o

T (18)
R

A

Ph~N=C C=N~Ph <+ 2R-P=C=N-Ph

Theoretical studles for the phosphonium cyclepropylide,
H3P=C(CH2)2, show that the ground-state equilibrium gecmetry has a
pyramidal carbanion centre.29 The monomeric phosphorus(II) ylide,
CF3P=CF2, has been cbtained by the triethylamine catalysed
reaction of Me,Zn with (CF,),PH. The ylide is stable as a gas at
100°, 3°

of the new crystal structure determinations of phosphorus
ylides, Ph,P=C(SPh)SePh exhibits a planar [PCSSe] skeleton,>!
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Ph,P=C(CH,), has an approximately tetrahedral 'onium centre

inclined to the neighbouring plane of the puckered cyclobutane
32 _ a3

ring, Ph3P—C{PPh2)2 14

(M62N)3P=C=P(Nﬂez)3 is linear at the central carbon atom. The

alsoc has a planar [?=CP2] skeleton, and

pyrolysis of (MeasiCH2)3AsBr2 proceeds via the integgediate
formation of the arsenic ylid, BrtMeasiCH2]2A5=CH2.
Methylenesulphurtetrafluoride, CH2=SF4, has been prepared by
bromine-lithium exchange on BrCHZSF5 at low temperatures with
subsequent elimination of LiF. The rigid structure is essentially
trigonal bipyramidal, with the methylene group occupying an
eguatorial pozaition. The carbon-sulphuf bond is best described as
a strong double bond with only llittle ylidic character, but
undergoes numerous addition reactions with polar speciles,
Elimination of SF4 to yield carbene may oc:ur.36 Metal-carbene
complexes have been obtalned by reaction of a diazirine with
tungsten or chromium pentacarbonyl via a mechanism not 1lnvolving

free carbene:37

Me(
P N oh N MeO\\
” + M{(CO); —» ” —_— /C=M(CO)5 + N,
N Ph

MeG (CO) gM—N

M =Cr, W.

The reaction of Ru(CO)ziPPhS)2 with Cd{CF3}2.dme produces the zero-
valent CFz-complex Ru(=CF2)(C0)2(PPh3}2, which has a much reduced
reactivity towards nuclecphiles than the analogcus RuII-CF2
complex.38

Single crystals of CO have been examined in a high~pressure
Merrill-Bassett diamond cell. The unit cell is hexagonal,
P63/mmc, the same as B-CC near the triple point. At 4.2 GPa, the
sample appears tc undergo a photochemical change induced by the
39 The
mechanism of the chlorine catalytic oxidaticn of CO in the gas

phase has been investigated. The ratioc of the competitive
reactions '

weak laser light used to make the preasure measurements.

K

z
clco + Cl2 + cocl + Cl

2
K

1
and ClCo + 02 - ClC(O)O2
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K1/, was determined to be 6.5 x 107249 1he 3£; electronic

ground states of OCCC and SCCS have been studlied by using non-
empirical molecular structure theory. which predicts the presence
of strong chemical bonds in these molecules.41 The ability of CO
to form a radical anion, CO'~, which can react further with -CO or
CO°” with the formation of C-C bonds has been suggested by
literature data on (1) the reaction of CO with alkali metals, (1i)
the electrochemical reduction of CO to the sguarate dianion, (18),

and {iii}) the adsorption of CO on metal oxides.42

N—o
| 2- ]
o<
SN

(18)

A new oxide of carbon, tricarbon monoxide, has been observed
amongst the products of (13) at 1000°

0 0
0 o % 0
X X % MecoMe + co, + o=c=c=<:><
0 o 0
o o

(19) ¥
C30 + CO2 + MeCOMe + CO

Observed microwave frequencies for the new oxlde are very close
{1l part in 600} to those predicted for C30 by ab initio
calculations. The data are fully consistent with a linear
molecule whose electronlc structure 1s well represented by the
classical resonance form ~C=C-C=0". 43 Methane and ethylene are
the major products of the reactlion of LiAlH4 with CC, or NaHCO

2 3 at
elevated temperatures. The reaction sequence

LiAlH, Q0K A1 4+ LiH + 3/2H,

2R1 + 3co, ——~S00K, AL,0, + 3CO

3
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2A1 + 3H2 + 3CO —’.A1203 + 3CH2

CH2 + H2 —> CH4
CH2 + CH2 —> C2H4

was proposed to account for the observations.44 Alkalil metal
chlorides react with CS2 in acetonitrile in the presence of sclid
sodium hydroxide as catalyst to form the corresponding yellow
unstable metal chlorodithioformates, H[éZC—C1].45
Several papers report novel graphite intercalation compounds.
A blue-black first stage graphite fluoride, C F (5 *»x22), in which
the planar carbon atom sheets of graphite are preserved, has been
made by intercalation of graphite with fluorine in the presence of
liquid hydrogen fluoride at ca. 200, the addition proceeding via a
tap. 46
12 2 -
intercalates have alsoc been prepared in the absence of HF by

highly conducting second stage salt, C Graphite-fluorine
exposing highly oriented pyrolytic graphite to neat fluorine gas.
The rate of intercalaticn in this case ie rather slow and depends
strongly on the flucorine preassure, although the presence of
catalytic amounts of AsFg, IF5 or 0sFg considerably accelerates the
reaction. XRD studies indicate the formation of second—-, third-,
and fcurth-stage compcunds. The nature of the intercalating
spacies, however, was not known.47 Reaction of graphite with ShCIS
at room temperature results in the formation of a dilute first
stage intercalate comprising several specles including SbCl3,
stlsz_, SbCIG" and SbC163—.48 The course of the intercalation

has been monitored in situ by Raman spectroscopy.49 The reaction
of the potassium intercalate CBK wlith varylng amounts of mercury
allowa the preparation of a serles of compounds of general formula
CBKng.so The potassium ions in C36K can react with the three-
dimensional cryptand, 4,7,13,16,21,24-hexacxa-1,10-diazabicyclo-
[B.B.BJhexacosane, to yield a first-stage intercalation compound
with a very large interlayer spacing (15.52}, suggesting that the
potassium ions are probably within the macroheterobilcyclic cage.51

4.3 SILICON AND GERMANIUM
4,3.]1 Reactive Intermediates

The chemistry of reactive siliceon and germanium intermediates
continues to prosper. Isolation of the stable disilene derivatives,
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tetramesityldisilene and tetrakis(2,6-dimethylphenyl)disilene, has
been followed by a crystal structure determination of the former.
In additicn, other, albeit less stable examples have been
synthesised. Tetramesityldisilene exhibits a trans-bent geometry
(20) in the crystal, with an S§i=Si bond distance of 2l6pm, - ca.
18-20pm shorter than typical single bond distances. Two of the
cis aromatic rings are only slightly twisted relative to the
approximate plane of the twc silicon and four neighbouring carbon
atoms, whereas the other two are nearly perpendicular to this
plane.52 The solid 2951 n.m.r. spectrum of this disilene exhibits
an anisotropy comparable to that of the solid l3C spectrum of the
carbon analogue ethylene. In contrast, the 2951 n.m.r. spectrum
cf tetramesityldisilene exhlbilts a much smaller anisotropy, similar

to that shown in the 13

C specktra of alkanes. Thus, 1t would
appear that the electronic structure of the 8i=8i double bond does

indeed bear a close resemblance to that of the C=C double bond.53

&

» 8i——=i

(J

(20

Other methods for the generation of disilene derivatives induce
the reduction of 1,2-dihalogencdisilanes using alkali metal

54 55,56

naphthalides and the photolysis of cyclotrisllanes or

strained bridgehead molecules such as 7,7,8,B-tetra-butylt—?,8-
disilabicyclo[2.2.2]octa-2,5-diene (Scheme 2}.57 These routes
have been employed for the generation of the tetra-butylt—, tetra-
propyli-, tetrakis {l-ethylpropyl)-, and tetra-neo-pentyldisilenes,
all of which can be trapped by the usual trapping reagents. For
example, tetra-butylt—disilene affords the adducts {21) and (22)
with methanol and water, respectively, and the twe products (23)
and (24) with the diene, 2,3-dimethylbutadiene (Scheme 2).

The photolysis of cyclotrisilanes yields both dlsilene and the
corresponding silylene fragments. Hence, trapping experiments via
this method of generation affords products arising from both
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- Si=51 —

X
X

(24)
Scheme 2
species, as illustrated , for example, in Scheme 3.
R, By Rz?i-81R2 . Rasi-H
51 excess MeOH in
H OMe OMe
R2Si SiR methylcyclohexane

2 R = 1-EtPr

Scheme 3

Disilenes are, not unexpectedly, very reactive. Examples of
reactiong characterised for tetramesityldisilene are shown in
Scheme 4. On photolysis of the acetome adduct {25},
rearrangement to 1,3-isomer {26} occurs, probably via cleavage

to the silanone and silaethene followed by ring closure in the
opposite sense:58
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Mesz?l—?1Mesz M952$1C151HMe52

0-—CR]

2
N\\iico Hgl Clz,pentane
2

r
D\ c1,
Mes,Si SiMes, €2~  Mes,Si=SiMes, ————2—> (Mes,5iCl),
~

0 benzene
PhC—T}/// ROH

/' \

Meszsl-?ib{es2 Meszsi(OR)SiHMes2
HC=CPh
Mes = 2,4,6-trimethylphenyl; R = H, or Et; R' = Me or Ph.
Scheme 4
Meszsi-o hv MesZSi—O
| ——— [Mes,Si=0] + [Mes,Si=CR,] -+ |
\ 254nm 2 2 2 .
Mes,5i-CR R,C—B8iMes
2 2 2 2
R = Ma
(25) (26)

Transformation to MESZHSiSiHM252 occurs on irradiation of
tetramesltyldisilene in pentane sclution. &As this product 1s that
expected from abstractlion of hydrogen from solvent by silyl
radicals, a radical character for the excited state of the
disilene is suggested. Reaction of a solution of tetrakis{2,6-
dimethylphenyl)disilene in methylcyclohexane at -196° with
diazomethane results in the formation of the 1,Z-disilacyclo-
propane derivative {27), which on photolysis in the presence of
trapping reagents affords products consistent with the formation
of both sillaethene and silylene fragments (Scheme 5).59 Two other
stable disilaqyclopropanes, (28) , have been obtained by the
additicon of dimesitylsilylene to silapropadiene derivatives.so
Dimethyl- and diphenylsilylene add stereocapecifically to ¢is and
trans-2-butene to give the corresponding siliranes. The facile
additions to the cycloadditions are cis. Furthermore, ring-

opening of the siliranes by methancl also takes place sterec-
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?i CH N, gz
R S/ \SiR —_ F?.251.=S:I.R2 m" 2 Sj_/__Ej_R
254 2 2 2 2
(27
hv
Ry
R2 E:K 51 polymeric
ﬁl * RpSi: * material
CH2
Me H
MeCH sti/ + R,Si
CMe OMe
Scheme 5
R R\C/Siﬂ.e3
\C=S=Si{Mes)2 + (Mes}zsi: - il
C
Me_Si
3 (Mes)zsfi—}situeslz

R = Me3Si or Ph
(28}

speclfically in a cis fashion.sl Thermally—-generated

dimethylgermylene undergoes concerted 1l,4-addition of the linear
[2+4] cheletropic type with 1,3-dienes under mild conditions:®?

Ph Ph Ph Ph

vejce + h N
/N AN
Me Me

The crystal structure of a stable silaethene was reported in
1982.63 A second stable sillaethene, (29), in which the §Si=C
double bond 1s stabilised by bulky silyl groups, has since been
described.64 Synthesis of (29) i1s achieved by the elimination of
LiF from the precursor (30) at temperatures above ca. 100°;
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. t . t
?e §1Me{Bu )2 A Me\\ //SLHE(BH )2
Me-S1-C-SiMey —t Si=C
F Li ~LiF Me” SiMe,
(30) (29)

This silaethene may also be obtalned in crystalline form by slow
recrystallisation from diethylether at -780, but decomposition
occurs within a four days at room temperature or rapidly at 100°
to afford secondary products which contain dimers of (29).
Several reactions of (32) are shown in Scheme 6.

Me2|51. crIR? Me,$1-C 1g?
Br Br YBr, *V H
s;-cn R? 2 (29)
HL H +BF +\ A/

Mezsi-fklkz Mezsi-CRle
F BF, _

Rl = SiMeB: R2 = SiMe(But]2
Scheme €

l,l-Dimethylsilaethene, generated by pyrolysis of 1,l1-dimethylsila-

cyclobuta, reacts with alkynes to afford silacyclobutenes and the
acyclic products (31} and (32) (Scheme ?}:65

. C CH
EE'I:J.MEZ 650° > CH '-S:.Mez > I S:.Me2
1-3 torr ..I

/ - \.

Me

Me : ‘5/,///////’ SlMez

O i
x

. CH
? &afﬂz ’/51Me3 . 3
c > HyC=C=C < HC=CCH.,SiMe
[ ] \ 2 3
C\S*>,H H

\ (3L) (32)

Scheme 7
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Desorption of trimethylsilane, silacyclcbutane, and silacyclo-
hexane from the ({110) surface of palladium metal i1s accompanied by
dehydrogenation to silaethylene, silacyclecbutadiene, and sila-
benzene, respectively, which suggests a novel method for the
synthesis of these molecules.66 The conversion of silaspiro 3.3 -~
cycloheptane into the silacyclopentenes (33} and (34) appears to
proceed via a thermally induced silaethene-to-silylene

rearrangement (Scheme 8):67

: ~CoHy
Si —_— H2C=Si - :SO

1,3-H H-S1i 1,2-H =
stiﬁ e - —— H-51
{32) {34)
Scheme 8

Thermal decomposition of silacyclobutane leads not only as
previcusly suggested to silaethene and ethene, but alsc to the
sllylenes, 51H2 and SiHMe.68 Similarly, although the photolysis
of 1,l1-dimethylsilacyclobutane results predominantly in
decomposlition to ethene and the silaethene, in the presence of
benzene decomposition to cyclopropane and dimethylsilylene also
occurs due to sensitization of the silacyclobutane by triplet
benzene.69 . The photolysis of dibenzo-1,1,2,2-tetramethyl-1,2-
disilacyclchexa-3,5~dlene and i1ts germanium analogue (35} results
in the exclusive extrusion of the respective silylene or

germylene via a route invovliﬁg intramolecular ipso arcmatic
silylation {Scheme 9).70

Y = LS — )

Me,M-MMe, Me M Me M MMe,
J—:MMez
=2

Scheme 9
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Dimesitylsilylene is generated by either the photolysis or pyroly-
sis of the oxasilacyclopropanone (36), and may be trapped by
conventional methods. The benzosilacyclobutene (37) was formed in

gquite large yields in the pyrolysis (Scheme lO).71

Me
Mg Mes e MEE\ ﬂes
N\
5177 by, 0 + gi;| B2y  Ro-si-H
S Med M
Me aes e = es
Me

(36) Jr

Scheme 10O

Silacyclopropenes with asilyl or hydrlde substitution on silicon
appear to rearrange thermally to vinylailylenes.72
The flash wvacuum pyrolysis of methoxydisililanes has been used in
order to generate l-, 2- and 3-proponylsilylenes, each of which
affords silacyclobutane products, although probably by different

73 Methyl-5-(1l,3-pentadienylsilylene)
74

mechaniamg (Scheme 11).
reacts simllarly (Scheme 12).
Further correcboraticn cof the silylene to disllene rearrangement

has been obtained by generating Me3SiMezsiHeSi: from
J-methoxyundecamethylpentasilane and observing the rearranged
product, MeZSiSiMe(SiMeaj. In addition, the reverse rearggngement,
that is disilene to silylene, has also been demonstrated.
The relatlve energles of isomers in the Sizﬁ2 system have been
calculated by ab Initio SCF and electron correlation calculations.
For the singlet graound state, the glecbal minimum is a non-planar
bridged structure, (38), followed by stiSi and trans-bent HS1S1iH
are predicted to be local minima. For the triplet ground state,
stisi (39) is the glcbal minimum, with the trans-bent stggcture
(40) and a planar bridged structure (41} as local minima. The
potential energy hypersurface for the reaction of SiH, with H2 to

glve S5i1iH, has been lnvestigated by a priorl guantum mechanical

4
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Me

L)
MeO > 53940 H,C
He3Si—£J‘i / {10 "torr ) />
Me —Me ;SiOMe Me-S1
MeO Me
L, /
Me3Si-Si
e
; o
~Me ;S10Me 680°C
69% (10" *torr)

g

CH3 insertion ->>“Me
!_ ma
Me-5i

680°C Me
(10d4torr)
v
N 7 8
Me-%i—- .51 l /,Si
Me Me” Me
Scheme 11
| " 700°¢
Iy -4
MeaSi3A {10 _torr) , Me ,SiOMe +
MeO =)

81 Gy
Me// \\H Me’f
{13%)
_i/ .
51
Mé/- \\H

Scheme 12
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H H H H
%H\ \Si—si /Si—Si/ Si/ >1
o\ H/ H Ny
(38) (39) (40) (41)

methods, and leads to acceptable agreement with the experimental
activation energy.77 The stability and reactivity of the silicon-
metal double bond in (OC)SCr=Si(OH)H have been studled by the ab
initlo SCF MO method. The bond dissoclation energy of the Cr=851
double bond was calculated to be 29.6 kcal mol“l, indicating the
possible existence of a silylene—-metal complex.78 Heats of
formation of l-methylsilaethene and dimethylsilylene of 18 and 46
kcal mu:)l“l have been determined by ion cyclotron double resconance
spectroscopy. These data contradlct previous studles which
indicate that the silylene was favoured in the thermal
equilibrium.79 Highly sophisticated calculations have been
performed on the SiCH2 system. The absolute minimum in the
potential energy hypersurface is the silylidene, :Si=CH2, which
lies ca. 50 kcal molul below the linear silaacetylene., The vinyl-

idene isomer, H,5i=C:, is either a shallow minimum, or, more

likely, not a gznuine relative minimum at all. Sila-acetylene is
predicted to have a trans-bent equilibrium geometry, with a
silicon carbon bond distance of 1.6353, about 0.08% shorter than a
'standard' Si=C double bond distance. The bond order is suggested
to be Iintermediate between two and three.80 Ab initio calculations
performed on the addition of hydrogen chloride to silaethene
predict that the reaction takes place with a small overall barrier
and via the formation of a complex and a two-centre transition
state in which the S51i-C bond distance 1is lengthened.81 Both E and
Z isomers of l-methyl-l-phenyl-Z2-neopentylsilene are generated by
the reaction of ButLi with chloromethylphenylvinylsilane, and can

be trapped as [4+2] adducts with cyclopentadiene:82

I Ph Fh -/-}_
ButLi + ™ si—ph—» Ny + g j=et
[ e K'_ e
c1
E) ()

Both silicon dichloride and slllicon difluoride have been studied

by electron diffraction, and have valence angles of 102.7°.83
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Halogermylenes react readily with dimeric transition metal
carbonyl compounds of iron, cobalt and manganese, egd. Coz{CO)B,
Mn2(COJlO, [Fe{CSHS)(CO}2]2 etc., giving the correspcnding
insertion products. However, in contrast, lnsertion into Group
IVE metal-transition metal bonds results in the formation of
unstable adducts leading to the formatlon of germylenes containing

germanium-transition metal bonds:34
v
GeF, + Ph,5iCo(CO), » Ph.S1-8Ge-Co(CO), - Ph.SiF + F-Ge-Co (CO)
2 3 4 3 : 4 3 4
F

GeF, + 2Ph,SiCo(C0), + 2Ph,SiF + [(CO) ,Co] Ge:
Such germylenes undergo the normal types of germylene reactions
such as addition to dienes, which unusually are thermally

Y\b —-Me Y\t
/'e + —lp /'e I
(cO) 4Co v Me (CO) 4Co Me

Y=F
Y (Co) 4Co

reversible, eq.

The singlet potential energy surface of silanone, H281=O, has
been explored by ab initic caleulations. The surface differs
significantliy from the H2C0 potential energy surface. The
calculations alsc show that silanocne 1s expected tc be more
reactive than silaethene, and disilene.85 Silathiones and
germathiones, previously only characterised by chemical trapping,
have now been detected by photoelectron spectroscopy. Transient
dlalkylgermanaones and -germathiones have been generated by
B-elimination from oxa- and thia~germacyclobutanes, formed from
the condensation of complexed dialkylgermylenes, R,Ge-NEt 5 with
oxiranes and thiirane, eg:

Et,Ge*NEt, + \7 - EtzGé<:;> + CoH, + [EtzGe=E] + polymer
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Dialkylgermylenes did not react with N-substituted aziridine,
although :Gecl2 reacted with aziridine to afford the aziridino-
germylene (42}:

/

:GeCl, + 2H-N1 + 2Et,N -+ :Ge + 2BEt,N, HCL
\Nj
(42)

Complexes are formed between Gecl2 and N-methylaziridine.

Dialkylgermylenes insert intc the O-H bond of methanol affording
the adducts R,Ge (H)OMe.%S
generated from a variety of heterocyclic precurscrs and also the

Germanones and germathiones can be

dimeric and trimeric forms, (RzGEO)2 and {R2GeS)3. Reaction of

the transients with three- and four-membered rings Y(CHz)n {in = 2,
¥ =0, §, NR, CHCN; N = 3, ¥ = 0, §) leads to the formation of ring
87 The trimers (RzGeS}3
dissociate very readily both thermally and catalytically {(eg. with

expanded heterocycles, eg., Schemes 13-15.

{PhaP)deClzj to the monomeric germathiones, -reactions which are
accelerated by the presence of baslie solvents such as Et3N and

HMPA.BB

4.3.2 Molecular Compounds

The hemogenecus decomposition kinetics of several silanes,
inecluding Me_ 5iH, Me,SiH,, EtMe,SiH, CH,=CHSiH., EtSiH. and
3 2 2 2 2 3 3aq
PrSiH4, have been examined under shock tube conditions. In the
reaction of recoll tritium with germane, HT and GeH3T are produced.

Both scavengers and moderators fail to affect the yields of either

product.>® Thermolyels of 1,l-dimethyl-2-phenyl-3- (trimethyl-
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150-220°C
Et
N, _ R!
© Ve - =0 + C=C
R' xll Rl'
|
N
~ Ph=C" ]
N \T ¥ ] I
a x5 /%~
EtzGE\ N\ > [Et,Ge=0] —-—-—>Et2Ge\ /
o) 160°C \ X
/
NPh
_\\C=C// {n=1, X=0, RAt.15-30%;
/ \\ n=}l, X=58, RAt.40-50%;

n=1, X=NMe, RAt.5%;
n=2, X=0, RAt.20%).

Scheme 13

ME/\L Me
N N
£t Ge” Me 3B, [Et,Ge=s] + PhN—C

2
\s :/ 160 C
Il
NPh
{EtZGeS)3 EtzGe// :]
Ng
(40%)

{603}

Scheme 14
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Me Me
N/\‘ /N
Et.Ge NMe e= + =
2 - 4h Et,Ge=S PhN=C
/s 160°C

S-—-ﬁ N
Me
N // o]
o
(Et Ge5)3 Et Gé::s:]

Scheme 15

silyl)-1-silacyclopropene and its 3-(ethyldimethylsilyl) homologue
in a sealed glass tube at 250° afford two isomers of the
respective 1,4-disilacyclohexa-2,5-dienes along with small amounts

of the disilacyclobutenes:

Ph SiMe,R Ph SiMe, R
\c =—==c/ 250° \c..._.—
Ny = I
_ Me.,S1—S1iMe
Me/' \Me 2 2
Mez He2
RMe_S1 51 Ph RMe.,S1 i SiMe.R
29 N 277~ N, 2
+ c C . C
ph/ Nei” \SiMezR Phe” g/ ph
Me2 Mez
R = Me,Et.

Under identical conditions, the tert-butyldimethyisilyl analogue
afforded high yields of the 1,2-disilabutene only, while
l,1-dimethyl~2-phenyl«3-(phenyldimethylsilyl)-l1-silacyclopropene
gives two isomers of l-silacyclopenta-2,4-diene and 1,1,2,2-tetra-

methyl-B—phenyl—4-(phenyldimethylsilyl)-l,Z—disilacyclobutenezgl



214

2N //SiMezBut Ph /ﬁiMezBut
— o —
= _250_y \ﬁ—"{ + PhCECSiMe,Bu®
i Me.Si—SiMe
2 2
Me \He
Ph iMe.Ph Ph Ph
2 7
\c::::c‘/g . Nee—-c
>Si< I\
c
Me Me PhMe 51/‘:\ " “siMe.Ph
2 si 2
Me.,
Ph iMe_Ph
2
\\c c/ﬁ Pq\ $iMe, Ph
+ ” “ + C =
Ny /’E\P l
PhMe, 51 oy h Me,Si——SiMe,

Hez

l,1,2,2-Tetrakis(2,6-dimethylphenyl}-1,2-disilacyclopropane has

been synthesised by the [1+2] addition of carbene to a diailene:92
Ry H,
Ssi CH N, c
\\\ -+ R281=51R2 ——:;——b //, ~\\~
sti SiR2 2 sti SiRz
(43)

R = 2,6-dimethylphenyl.

Reslides that of (ig},gz the structures of two other cyclic
carbosilanes have been determlned. 1,1,3,3,5,5-hexaphenyl-1,3,5-
trisilacyclohexane, {44) , has a flattened twist boat
conformation,93 whilst the dispiro system in {45} is formed by a
central disilacyclobutane and two C-apiro connected trisilacyclo-
hexane rings. The six-membered rings in this case have a
flattened chair conformation. The Si-C bonds at the strained spiro
region are distinctly lengthened (192pm) compared to the Si~C bonds
at the opposite silicon atoms in the b-membered rings.94

The insertion of difluorocarbene into the 51-51 bond of (FM9251)2
leads to the formation of (FMe28112CF2, which undergoes Si- rather
than C-alkylation with MeMgCl or MelLi. Treatment with LiAlH,



Me
c Mle Sli“‘-—Me

narSL——C

51% C

. LN

ue” \—*—él S\l \s?e—c/ e
A Me e
(45)

affords the corresponding silanes. In all cases the CFz group
remains inert, although the ylide (ﬂﬁb is formed on treatment with

95
Me3SiPMe2.
+Me3SiPMe2
{FMe231)2CF2 =3 {(FM325132CF—FM32}
~Me ,S1F %
+Me3SiPMe2
(FMe,Si) ,C=FPMe.~PMe > { (FMe,S1) ,C=PMe_ F}
2 2 2 2 . 2 2 2
~He351F
(469

The preparation of pure diastereciscmers cof both l-naphthylphenyl-
methyl (l-chloro- and l-bromoethyl)silanes, optically active at
both carbon and silicon, has been described, Crystal structures
of both were reported.96 The reaction of Sncl4 with Bilanes of

the types R SiH 41 {(n = 0-2) invariably leads to monochlorina-

3=-n
tion at silicon. The isomerisation of (He3Si)3CSiMe (OCH} to
the isocyanate is second order in diphenylether at 1857, and is
catalysed by ICl in CCl4 and by NaCMe in MeOH.98 Monc- and

polydentate phosphanes of the types Me4_nM(CH2PMe2)n {n = 1-4, M =
Si,5n) may be prepared by the reaction of the chlorosilane or
—gtannane with LiCHzPMez. Thggmaterials are easlly deprotocnated
at the methylene carbon atom. Metathesis employing pentamethyl-
cyclopentadienyllithium has been used to synthesise several
monohapto pentamethylceyclopentadienylsilanes and germanes. The
other substituents on the metallold have little influence on the

speed of the sigmatropic shift processes.loo Three products,
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(Cc Mes}zGe CSMESGeCI, or C5Me5Ge Cl3' are produced in the

reaction of CSMe Li with germanium dichleoride-dioxane depending on

101 The structure of

the molar ratio of the reactants.
l,1'~dimethylgermanocene, (Mec ) Ge, has been determined by
electron diffracticn in the gas phase, and shown to be an angular
sandwich. The angle between the planes ¢f the two rings is 34(7]D
Ab initio MO calculations on (C5H5)2Ge indicate that metal-to-ring
bonding is due primarily to interactlon between the e, orbltals
of the rings and the 4px and 4py orbitals on germanigg. The "lone
palr" is predominantly on the germanium 4s orbital.

Enthalpies of reaction of several silylamines with phenol,
iodine, chloroform and trimethylaluminium have been determined.
The data indicate that the alkylsilylamines may not be weaker
bases than the corresponding aliphatic amines.103 Tris(trimethyl-
silyl}amine and other related silylamines have been studied both
by photoelectron spectroscopy and by theoretical (MRDC and ab
injitio) metheds. &Ab initio calculations on MezNSiH3 predict a
very flat potential surface around nitrogen, suggesting a balance
of forces tending toward pyramidal and planar geometrilies. The
results do not wholly support the previous electron diffraction
description of this n'tc:;leecultl-..JLO"‘I The conformations of tetramethyl-
N,N'-diphenylcycledisilazane and the corresponding bis-tilylcyclo-
disilazanes have been studied in solution by 13C n.m.r. Those of
the m- and p-tolyl derivatives have also been studied by X-ray
crystallography in the solild, and found to be identical with the
solution data.105

The lithium salts of tert-butylaminocdlorgancflucrosilanes,
RR'SiFNButLi, react with aluminium trichlecride in petrcleum ether,
with the elimination of HF, to afford adducts of the silicenium
ylide, (RR' SiNBut]Alcl3 Hydrolysis of these adducts yields the
siloxanes (RR" 510]3 and Bu NHZ.AICI The major procduct from the
reaction of Bu 2SiFNButL1 with A12C15 in thf 1s the cocmpound

(Bu®,S1¥Bu®) ,ALCIF,, which has the structure (46)..0°

Bu
But F }l] ut
But/s\¥/ii\F /Si\nut
But
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The dimeric silylaminodichlorcalane, [(MezsiNMe)2SiFNButA1C12]2,
along with small amounts of the cyclodisilazane,
[(MEJSiﬂMe)zsiNButJ%, is formed with the lithium salt,
(MaBSiNMe)zsiFNLiBu , reacts with aluminium trichleoride. The
cyclodisilazane has a structure in which the central four-

membered [SizNz] ring 1s planar (ﬂ).lO?

Me 5i 1|3ut SiMe

3 / 3
N N

e \51/ \51/ He

Mo TSy N\ Me

j ut \.siﬂe

Me _Si 3
}

o=

3
(

‘-:-
-]

Lithium salts of l,2-diaza-3-sila-5-cyclopentenes react with

fluorosilanes and aminoflucrosilanes to afford 4-(flucreosilyl)-
substituted derivatives (48), which react with tert-butyllithium
giving the lithium salts (49). These may then be transformed to

the heterocycles (50} by treatment with flu.orc:sj.lr:mes:]"D8
Me ,C " S_/R Me 4C
—_ 254 N—K
{ B! {
Mezs Mezsi Me
-~LiF
RQ
Li H Si H
RY °F
(48)
msc\N +F 51/R "EsE
+CMe JLi )it 2 . \}“'N
———— M.ezsi Me —————— Mezsi Me
_CtIHlO R\ =LiF F\ R
“S1 Li Si Si
R “F R M F7 R
(49) (50)

N,N-Bls (fluorosilyl) amines react with dilithiated hydrazines to
give 4- and 5-membered heterocycles such as (51) and (5_2_).109
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4-Lithium-3,3,5-trimethyl-2-tert-butyl-1l,2-diaza-3-sila-5~cyclo-

pentene undergoes oxidation followed by dimerisation on reaction
with transition metal chlo:ides:llo

R,C

R4C
Ny 3N
P QQ‘ +2 nC, HgLi AT
2 R,Si — 2 R,Si c-R
\\\\ ’,/’ -2 nC,H,, \\\‘c’///
Hy H/ vy
R = CH,
M = Fe,Co,Ni,Mn.
R R
+MC1, N/ / M
—_— | /F*_ffk\ |
-2LicCl N
-M e’ si M e
3 R &
2

1,2-Diaza-3-sila-S5-¢yclopentenes wnich are unsubstituted at the
4~position react, after lithiation, with halophosphanes and

arsanes to give the products (33):

But Bu
:>N———N :>N~——N
Mezsi Me _ill_gﬂéi_; Me251 Me
(11) X,ER
E = P,As. H /F\
X = F,Cl. X R
(53)
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The phosphaethenes, (54), are formed from 4-trimethylsilyl-

substituted lithiated rings by reaction with difluorophosphanes

and elimination of LiF and chlorosilane:lll

Me3C Me3C
Ny—n \—N
+F,PR
Me,Si Me ———3 Me,5i Me
-LiP
-Me381F

Me_,Si Li

t
R = N[Siﬂe3)2, N(SiMe3)Bu .

Both Me. SiNS0O and Me SiNSNSiHe3 react with tin{IV}) chloride to

3 3
afford the 1:1 adduct Me SiNSNSiMe .SnCl4, in which the

3 3
sulphurdiimide functleons as a bidentate ligand as in (355): 112

1 ’/SiMe3

cC
Cl““hﬁ‘Jn,,f”NQQQ}S
Cla”’.élhhhﬁnuﬁsjs
\\SiMe3
(55)

The reaction of R.,S1NS0OF. with the hexafluoroarsenate salts,

3 2
[H(SOz)z](Ast}z (M = Co,N1,Cu), ylelds the metal bis(imido-
difluorosulphates), M(NSOFz)z.

[N1 (50,), {ASF , (NSOF ] and [Cu(NSOF,) (AsF
113

The intermediates in the reactions,

21515 NSOF,)], were also

5
isolated.
Silyvlamino derlvatives of several elements have been studiled.

The structures of two asilvylamino lithlum salts have been
determined. The 1l:1 adduct, Li[N(SiHealzj.OEtz, comprises dimeric
molecules, (56), of 222 symmetry with the silazane groups

functioning as the bridging ligandg.ll4'115

The alkali metal derivatives, (Me3SiNM)2SiHe2p have been
obtained by the reaction of octamethyldisilatriazane with the
metal amide (M = Na,K,Cs), or with the metal in the presence of
styrene (M = K,Rb), or with elemental caesium. Both the
dilithium and disodium derivatives form stable complexes with
ethers, and are both dimeric in benzene sclution. However, the
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EE\ /;t
1
Me .S4, i SiMe
3 \\N,/’I'“N\N/’ 3
Measi// \\‘?1’// \\SiMeB
5 et

disodium derivative is trimeric in the solid state. The trimers

possess a cluster of six sodium cations which are bridged by the

nitrogen atoms of the anions.ll° The dimeric cycloalumadisila-

triazane system (57} has been prepared by the reaction of the

dilithium salt MeN{SiMeZNMeLi}z with aluminium{III} chlcride at

-60°. 117 Similar methods have also been employed for the

synthesis of the spiro compounds (58) and also (22)_118

Me Me
2 Ve
si~" SiMe,
Me“‘L M
t=
Me z/’ ~\\“ﬂ:/” \tl
Me s
2 \N /l\sdez
Me (57)
Siﬂe3 SiMe3 SiMe,
N
Me,§ ’/’ ™~ ’/’ \\‘SiMez Mezsi”’ \\‘Sic12
“\~ e ~\\ ,,J .
SlHe3 SiMe3 SiMe3
M = Si,Ge,Sn,Ti
(59)

(58)

Several silylamido derivatives of Group IVA metals have been

aynthesised, and the structures of selected examples determined.

The titanium derivative, (60}, is menomeric in the crystal.119
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Me,

51

But—N//' \\\ -But
N

i,
c1/ \c1
(60)

The reaction of LiN{SiM32CHzPR2}2 with elther zirconium(IV} or
hafpiun(IV) chloride generates the complexes MCl, (NSiMe,CH,PR,)
(M = Zr ,Hf; R = Me,Ph)., Both of the pctentially terdentate
hybrid ligands bind in a bldentate fashion only, so that both
coordinated and unceordinated phosphines are present in the same

2

mclecule. The crystal structure of the zircenium complex shows
it to possess a distorted octahedral geometry with trans chloride
and c¢is phosphine ligands. The molecule 1ls chiral in beth the
solld and in solution due to the ‘gear' effect of the two bulky
dieilylamide ligands.lzo Zirconium dialkyls of the type

R, Zr[N(SiMe,), ], (R = Me ,Et,CH,SiMe,)}, decompose at 60° (1072 mm
Hg) with the elimination of the alkane, CH4, C2H6 or Me4si,
respectively, to afford the bridged carbene complex
{2rCHSiMe,NSiMe,[N(SiMey)]},, which forme a 1:1 adduct with
pyridine. The related hafnium ccmplexes decompose in a similar
manner, although in this case the product could only be
characterised as its pyridine adduct. In contrast, the titanium
compound, HezTi[N(SiMea)zlz is thermally stable up to 190°.
However, the titanium=-carbene complex {TiCHSiMEzNSiMEB[N(Siﬂealﬂ}z
can be obtained by the sodium amalgam reduction of
ClzTiDN(SiMeB)z]z. In the solid, the zircenium-carbene complex
has the structure (6l) comprising three fused planar four-

membered rings giving the meolecule a "tub™ conformation.lzl

(Me,Si)
T 3°4! 2
i [
1«;@:,_5:...._‘0_lid,,.,..l.wsme3
| .
Me ;S1 -...__H_F_,_,..slr-le
H

(Me351}2

2

(61)
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These zirconlum- and hafnium-carbene complexes react with
1,2-bis (dimethylphosphinc)ethane (dmpe) at room temperature to
afford the bis (metallacycle)s M[CstiMezNSiM23]2(dmpe} in
essentially quantitative yield. The same products are also
obtained from the phosphine and the dialkyls RZM[N(SiMEB)ZJZ
600, and are formally derlved by addition of a y—-CH bond of a

at

N(SiMe3)2 group to a metal-carbon (carbene) bond. The zirconium
heterocycle has distorted octahedral coordination with ildealised
C2 symmetry in which the two phosphorus atoms occupy cis sites
trans to the two nitrogen atoms, and the remaining two trans sites
are occupied by the carbon atoms of the metallocycle rings. The
complex reacts with carbon monoxide under pressure {19 atmos,.) at
room temperature to afford ZIEOC(=CH2}SiH32NSiMe3]2{dmpe).122
Disproportionation of HfCl[N(SiMe2CH2PMez)2]2 by excess hafnium(Iv)
c¢hloride results in the formation of the mono-amide complex,
HEC1, [N (SiMe,CH,
Hf (BH,) 5 [N (SiMe,CH,PMe,},] (62) and HEf(BH,), by treatment with

excess LiBH,. Reaction of (62} with Lewls bases results in the
123

PMe,) ,]HECL,, which is converted into

formation of the hydride:

cl
Me2 Me2 - Mez -
s\ sd ,51 PMe, ' Vi
Me,P._ SN Me, 51 I
/‘nf{\ + xs HEC1, - >N—HfC13-HfCl4
Me P N. Me |
2 / ey /\ 2Si
| S— L | 51 PMe, \_,.—P
! Me, Me, Me,
cl L dx
xS LiBH4
Me2
Mezsl\\ l
Hf(BH4)4 + N——Hf(BH4)3
Me 54 l
\——'_P
PMe Me, (62)

tr’i’//’
{Bf [N(SiMe,CH,PMe, ), ]}, (H) ; (BH,) ; + H,B-PMe,
(63)
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Reaction of LiN(SiMezcﬂzPth)2 with a variety of rhodium
precursors results in high yields of rhedium{I) amidophosphines:

{Rh[CO}zcl}z

//\thh
{Rh (COR) ,C11, . s Lh
o-C
LiN(SiMeZCHzPth}z + {Rh(C2H4)2Cl}2 ——— )N—w- -—L
Rh(PMe3)4+Cl- Me,S1 p
Ph,

Hh(PPh3)3Cl

L = 0, cyclooctene, C2H4, PMea, PPh3.

In all of these complexes, the hybrid ligand is also coordinated
in a terdentate fashion, resulting in a sguare-planar, l6-electron
specles. The analogous iridium derivatives may be prepared in a
similar manner, or, more simply, by the reacticn of the iridium
cyclooctene amide {64) with the desired neutral ligand at room

temperature:124
ph2
acu, Mezsi
[Tr(COE),Cl], + LiN(SiMe,CH,PPh,), — —Ir—/@
o°
a5
2
BB, 4 (84)
Me S{ l
tN— Ir—1L
Me251 P
i

The platinum complex, Pt{P(=HBut)[ﬁISiMe3)2]}3, reacts with the
alkenes, C2C13H, C2Cl4, C2H2(CN}2, and Cz{CN)4, to afford the

complexes (65-67), respectively. The complex (68) is obtained

with diphanylacetylene.125

Several papers describe compounds contalining the Si-N-P linkage.
Treatment of {Me35132N-—P=NSiMe3 with 2,4,6-tri-tert-butylphenyl

lithium and 2,2,6,6-tetramethylpiperidine hydrochloride leads to

the formatlion of (gg).lzﬁ
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. Ph
-~
L ccl L ccl L C{CNIR L o
S : \Pt/ ’ \Pt/ \Pt/
L’ Neein ol \cc12 v Ncemr ol \c\
(65) (66) (67) Ph
{68}
L = ButN=P—NBut(SiMe3) R =H
R = CN

B'I.lt

Bu P=

N
agt  SiMeg

(69)

The reactlons of [bis(trimethylailyl}amino]chlorophosphines,

(Me 451} ,NPRC1, with isopropylmagnesium chloride generally yieid
mixtures of the isopropyl substitution products {Measi}ZNPRPr
together with the unexpected reduction products {Me3Si)2NPRH.
These latter products appear to be formed by a process in which
the Grignard reagent acts as a reducing agent wlth the elimination
of propylene: :

i
Pr
(Me.S1) N-p”
3 2 e
)‘ c1 .
? -MgCl, //’Pr
_——ﬁ - =
Hzc\f_ypgcl {Me,81) ,N P\\\ + CH,=CHCH4
H
/F
H ‘\CH3

The reacticn is catalysed by magnesium salts, and the relative
yYield of the reduced product increases with the steric bulk of the
phaospharus substituents.12? Bis {disilylamino)phosphines,
[(Me;Si),N]| ,PCH,R, have been synthesised by the reaction of
Grignard reagents with [(Me,S1),N],PCl. Reaction of [{He3s;}2nj2-
PMe with Me,SiN; affords [(Me3si}2N]2PHe=NSiMe3, and with MeI to
give [(MeJSi)zﬂjzﬁuez I-. wWith ccl,, mixtures of
(MEBS:L)zNPCl(HEBSiCHR)=N51Me3 and (Measi)2NPC1(CH2R)=NS:I.ME3 are
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obtained.128

The thermally unstable mesltylchlorophosphine,
{Me351}2NP(2,4,6-Me3C6H2)Cl, is obtained by the reaction of
2,4,6—H33C6H2P012 with one egquivalent of {MeasijzﬂLi, and can be
converted intce the more stable derivatives (Me381]2NP(He3C6H2]R
{R = H,Me,CstiMea) on further substitution. Treagment Y;;h
Me3SiN3 vields the unstable azide {MeBSilzﬂP{Meacst}Na. The
reaction of CCl4 with (MeSSi)2NP{C6H2Me3)CHZSiMe3 unexpectedly
yields the four-membered [P2N2] ring compound, {(70), which on
heating under a dynamic vacuum disscclates to the menecmeric,
three-coordinated iminomethylenephosphorane (71). This compound
is stable at room temperature for a short time, but reverts to

{70) after a few days.

Me
R iMe
3 NSiMe
Me SiCH=£———~N//S 140°%(0.03mm) , V4 3
N-——-f=CH51M33 25° \‘CHSiMe3
Me33£// R
(70) (Z1)

R = 2,4,6-Me C.H,.

Treatment of (71) with methanol affords the stabkle addition
product Me,SiN=P(Me,C/H,) (OMe)}CH,51Me,. When either the dimer (70)
or monomer (71) is heated in a sealed tube, the isomeric, four-

membered [PCPN] dimer (72) is obtained quantitatively. >3
£
R SiMe Bu~-P N-SiMe
] e 3 4 3
Me3SiCH=T————r p
. 7\
Me,Si-¢ F~N51Me3 Byt \\'NSiHe
Ak 3
(72) (23)

The azadiphosphirane (73) has been prepared by elimination of
Me,SiCl from Bu'P (C1)N(SiMe,),. 7! Reaction of (Me,S1)N-P(=NSiMe,)
with [Re{(CO),(THF)Br], affords the complex (21).13

The interaction of iron{II) 1odide with exceas He3SiNC in thf
affords (75) in high yield.133 The novel silylaminocarsaines,
(CFa)zhsN(81Mea} and CF,As[N{SiMe,),], have been obtained by

substitution of (CFa}nAsCla_n using LlN(SiHealz. Chlerination of
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oc //po

RN——» Re —cCoO SiMe

: "\ ' N

_ NR ¢
" Me ySiNC, I 1

RN=—P NR ‘ Fe-‘

\\h \\\P He3SiNC4f] Ny

R C

\\NR N
2 SiMe,

R = SiMe3
(24) (22)

the former gilves [(CF3)2A5(C1)N{SiHe3}]2, which on refluxing in
n-hexane or n-heptane results in the formation of trimeric and
tetrameric bis (trifluoromethyl)arsazenes, [(CF,),AsN], and
[(CFy) yasN] 4. 134

Reactions of 2-bis(trimethylsilyl)methylpyridine with
n-butyllithium in hexane-diethylether and n-butyllithium in thf
followed by copper(I) chloride ylelds the thermally robust
binuclear caomplexes (76) (M = Li,Cu}, in which the metal is not
involved in electron deficient beonding, being bound by Cu of one
ligand and the nitrogen of a centrosymmetrically related ligand.
There are close metal-metal contacts in each compound (Li...Li
2.560(9)&; Cu...Cu 2.412(1}3).135 The atructures of two
silylmethyllithium compounds have been determined. That of

tris (trimethylsilyl)methyllithium thf sclivate is an ate complex
with [Li(thf),] cations and {Li[c(81Me3)313} anions in which the
lithium bridges the two organic residues. 6 In the thf adduct
of tris(phenyldimethylailyl}methyllithium, crystals comprise
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monomeric species in which the lithium is covalently bonded to
oxygen and to the central carbon atom of the (MezPhSi]3C group,
and alsc interacts strongly with the ipso carbon atom of one of
the phenyl groups without significantly distorting the
hybridisation of the atom.137 Treatment of Li[C(SiMeB)3] with
PPh,Cl affords P[C(SiMe ) ,}Ph,, which, in spite of the steric
crowding may be readily converted into the phosphonium salts,
[P{C(SiMe;) ;}Ph,H]I and [P{C(SiMe,),}Ph Me][I. On heating, the

latter salt gives the ylid MePh2P=C{SiMe 138

),-
Numerous cyclic and open-chain compoungszcontaining Si-P bonds
have been investigated. 1,3-Diphospha-2,4-disilacyclobutanes (77)

have been prepared by the ring closure of fluorodialkylsilyl-
{t-butyl)phoaphines using ButLi, whilat ring closure of the

bis (phosphane) (78) affords the 1,2,3-triphospha-4-sila-cyclo-
butane (Zg).l39'TTO The structure of the cis isomer of (80) has

CMe CMe

i 3 3 T3
R P R R P R P
~
Ney” ey Ngy” OH T >P—Ph.
R/ \II’/ \R R/ \P—H R/ \P
Cl'-‘le3 Me3C CMe3
(27) (28) (23)
Rl
!
R = NMeSiMe R P
3 N N /R
R' = H jk\ Si\\
R/ P/ R
X
(80)
been determined.ld® The reaction of [(Me3Si)2P]2PLi with Ph,PCl

affords only small amounts of the expected coupled product
[{Me351} 2P:|2P-PPh2. Instead, the main products ?:i (H.e3Si)2P—PPh2
and thPPth along with (Me:_,Si} 3P and MessiPth. White

451C1 to afford P, (SiMe;)Bu®
which with BuLi forms LiP,Bu",. Similarly, Bu"Li reacts with
trans-Pq(SiMEB)zBut2 to give Lqu(SiMEB)But2 which decompcses in a
few hours to vield P(SiMealzau, P(Siﬂeal3, LiP(SiMe3)2, and also
the cyclic compounds P4{SiMe3)But3, LiP4But and LiPBBut3. A red

colouration is produced ilmmediately when Bu Li is added to

phosphorus reacts with ButLi and Me 3’
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solutions of P4(51Me314, from which, inter alia, L13P7 and

L12P7(Siue3) are formed, although the initial products of

142

lithiaticon could not be elucidated. The reacticn of P7(Siﬂe3l3

with Li3P? in a molar ratio of 2:1 affords LiP?{SiMeE}g, whilst
4

when the molar ratio 1s 1:2, L12P7[SiMe3) is formed. Homelogues
and derivatives of PT(SiMe3)3 may bhe synthesised either from
L13P?.3 solvent or NaBP?, or by cleavage of the P-5i bond with RX,
Eg.

L13P?.3DME + 3Ph3SiCl > P7[51H33)3 + 3LicC1l

L13P7.3DME + 3Me35nBr - P_‘,{SnMe:,‘)3 + 3LicCl

P,(SiMe;); + nMe,SnX - PT(SiMe3}3_n(SnMe3)

n

X = Cl, Br. n = 1-3.

X-ray analysis shows that the compounds P7(HMe J3 (M = 51,Ge,5n,Phb)

33 144

are isotyplc, and crystallise as pure enantiomers.
Cyclocondensation of 1,2=-dipotasgium 1,2-di-tert-butyldiphosphide
with silicon(IV) chloride leads to the formation of tha
tetraphosphasilaspird[2.2]pentane (8l) as a mixture of
stereolsomers, the melt of which rearranges at temperatures of 135-
155° to the silaphosphane (82):

R R
R P—-P
RP PR e | | R
Ng,” 135-155° _ RPT Ngy g
: - l\ RJE“*-P/ \PR
RP PR
R
(81) (82)

The structure of (82) is most unusual, and comprises three-
membered [S1P,], four-membered [Si,P,], and flve-membered [SiP,]
rings in the same molecule.l45 Reactlon cof 1l,4-dipotasgium-
1l,2,3,d-tetra-tert-butyltetraphosphide with Measicl yields the
linear tetraphosphane Maasi(ButdesiHea, which 1s remarkably atable
against disproportlonation reactions. 1In solution at temperaturas
helow -300, only one of the aix possible diastereolscmers

(erythro/d,e)erythro) appeara to be present.l46 '1,2,5,6-Tetra—



phosphabicyclo[3.3.0] octane and its dilithium salt react with
Me25101 forming the tetraphospha-9- silatricyclo[3.3.1.02 6]

nonane (83): 147
Mez
_-PR
i + Me,SiCl,
_»p -ZRCl
RP
R = H,Li (83)

The different reactivities of P4(SiMezli4and P Me . has been
discussed in terms of simple MO theory. The reaction of the
1,3-bis(trimethylsilyl) -substituted diphospha urea (84) with
dichlorophosphanes results in cyclisation and the formation of
the triphosphetanones (853}, which readily eliminate CO on

irradiation with sunlight:=%?
t
t Bu .
Bu ~SiMe OGS iMe
~. 7/ N t / 3
P-C-P Bu ~P=q\
Me35£/ \§1H33 E—But
(ﬁi) SiMe3
+RPC12
—Me3sicl
t But SiMe ,
Bu / ~SiME3 ))
~ -p —35 pu* -P—
N\ * Npoput
Me 5 P-R
/
cl ~
e r
-Me ;SiCl e

pu® —P”"&\\\‘ -pyt _Sunlighty (ButP)3

—-COo
R

(85)

229
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With phosgene, tert-butylbis(trimethylsilyl)phosphane undergoes
elimination of He3SiC1 and CO via several detectable intermediates
with the phosphaalkene structure and the formation of a cyclic

phospha-urea derivat:i.ve:150

. cocl, . OSiMe 4
Bu P(SiHeB)2 —————  Bu ~P=C
—2Me3sicl ?—But
SiMe3
COCl2
-M9351Cl
. /OSiMe3 . 081Me3
Bu ~P=q\ Bu ~P=C
f’-—But ?-But
Cl Ccocl
=-CO
-2Me3SiCl
Bu:; But
P-—-P(
ButF/ PBut
\ /
C
]
(o]

Elimination of Me;SiCl also occurs in the reaction of phenylbis-

{trimethylsilyl)}phosphane with isocyanide chlorides:151

S1(CHy) 4 g P (Ph)SiMe,
2 Ph-P +  N=C > Ph-P=
Si(CH;) , ¥ S "2(cHj);sicl ?N-R
éiMe3

The first three-membered [Gesz heterocycles, {(86), have been
prepared by [2+1] cyclocondensation:
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But But
~ /
. . P P
K(Bu )P-P(Bu)K + R,GeCl, —> \
-2KC1
Ge
&’ Mg

The four-, five-, and six-membered cyclogermaphosphanes {86-88},
152

respectively, are formed as by-products. Under certain
But But Bu® ?ut Ph 3h
N p LR__P . /
Ph_ / \ _Ph . / i . But-p \f-sut
Ge ———.Ge Bu =P P_rBu
ph” “Ph BN ge” B But-B /P-But
Ph Ph e
hY
Ph Ph
(87) (88) (89}
But

conditions, the four-membered heterocycles, {87) and (88), are the

main products of the reaction.153

The four-membered ring of (87)
154

is non-planar.

Tellurium inserts into the Si-P bond of trimethylsilylphosphanes

affording (91), which then undergoes symmetrization:l55
2Te
2R2PSiMe3 —— 2R2P-Te—SiM33

(91)

i

"R, P-Te-PR + Me

od o -
5 P S8i-Te~SiMe

3 3

The sterically~demanding bis{trimethylsilyl)amino and
bis{trimethylsilyl}methyl groups have been employed, along with
other groups such as mesltyl, to stabllise compounds involving
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double bonds between Group V elements. Base—induced dehydro-
chlorination from (92) has been employed in the synthesis of

bils {(silylamino) diphosphenes (g;)=156,156a
Cl NR NR
ot/ % LinBu®R - e
T - - t -~ —
R2N/J{ LiCcl, -HNBu R Rzﬂ/
(92) R = SiMe. (93)

A more general method involves dehydrohalogenation between a
dichloro(silylmethyl) phosphine, -arsine, or —-stibine and a
dihydro(mesityl)phosphine, —-arsine, or -stibine using
1,5-diazabicyclo [5 4. 0] undec—5-ene:

. t
(Me,Si) ,CHMCL, + (2,4,6-Bu ,C.H )M'H,

DBUa (Me3SiJ2CH

=M'

(94)

In this way, compounds (94) with P=P, P=As, P=5b, and As=As double

bonds have been aynthesised.157_159 The orystal structures of
several of these compounds, as well as that of
(Me351) 3CP=PC(SiMe3) 3160 have been determined. HNot surprisingly

perhaps, such diphosphenes and diarsines have been employed as
ligands towards transition metals. Unlike complex (95) in which
the w-electrons of the P=P double bond are donated to chromium,l61
only the n-electron pairs on phosphorus or arsenlc are used in

complexes (25)'161 (21).162 {2&).163 {22),164 and (igg).lss In the
complex [Fe(co)du—Fe{CO}4]{ArP=PAr) (Ar = 2,4,6-ButaC6H20), the
diphosphine functicns in both waysa simultaneously.l 1
Ph Cr (CO) Ph r {CQ)
5 5

N\"'F-':::P’Jlr \\P==P”p

d ™~ ™~
(COJSCr Fh (CO)SCr Ph

Cr(C0J5 (96}
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(Me3Si]2HC\\ /,Fe(CO)4
P=P
{Cco) 4Fe/ \cu (SiMe ), PP
{97}
57 {co)
M=Fe; n=4
M =PNi; n = 3
(98}
//CH(51Me3}2
::P\\ CH(SiMe3}2
{Me381) 2HC Cr {CO) 5 A =—AS
(3%} cr{co) ¢
{100)

Similar complexes with silylaminodiphosphanes, (101 and (102},
silylaminophosphinine, (103} and {(104), and silylaminoarsinidine,

{105) and {1065, have been synthesised, and in most cases also
166

167

characterised structurally. The phospha-alkene-nickel complex

(107) has also been reported.

{CO) ,Fe N{SiMe.) N{SiMe.)
V. _ 7 3" 2 _ 372
/P_P\-.F /N
{He351)2N e(CO)4 (MeBSi)zN Cr(CO)s
{101) {102}
N{SiMej), {Me3Si}2N\\ N(SiMe;),
! Jyp"‘CIG{CO)du;; %
P {coj 3Cx T (CO 4
(co)Cr” ¥cr(co) 4
{103) (104)
N(SiMe,), N (5iMeq),
AS 5
(CO)5Cr‘¢r t**c:(co)S (CO)dpef"':"'“‘Fe(co)4

{105} (106"
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CH(SiMe3)2

(107"
Trichlorosilanol, C13

oxygen are photolysed in silicon tetrachloride by the probable
168

SiOH, is formed when trichlorosilane and

free-radical pathway:

sicl, _hyg, Cl,8i+ + Cle

C1,SiH _hvg, C1,8i+ + H-

ClBSiH + Cl: —> ClBSi‘ + HCL

ClasiH + H- —9‘C138i' + H2
ClBSi' + 02 - Cl3SiOO'

2Cl3SiOO‘ —3 2Cl3510' + 02

ClBSiH + Cl3SiO' —> ClBSi- + Cl3SiOH

C148iH + C1;8i00- —» C1,Si. + C1,Si0OH
C1,5i00i —» Cl,5i0+ + +OH

Cl;8iH + -OH —» Cl;Si- + [HOH]

SiCl, + HOH —» Cl,SiOH + HC1

2C14S8i+ —» Cl,8iSicCl,

Clysi- + Cl,5i0° —» C1,5i08iCl,
2C13510* —» €1381008iCl,

Cl,8i- + H- —» Cl,SiH

C13Si' + Cl* —>» SiCl4

The hydrolysis of dichlorosilane in dichloromethane, either with a
stoichiometric amount of water at -30° to -200, or by slow
controlled addition of a slight excess of water at 0°, results in
the formation of siloxanes of the type [H SiO] » when n, in the
vaolatile fraction, ranged from 4 to 23.163 Thg new cyclometalla-
disiloxanes (106})=(111) have been prepared by the interaction of
disiloxanes with low-valent transition metal complexes:
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Mxe
Ph LB
L =1
L,Pt — + (HPhMesSi),0 Nl | o
,Pt a 5 >
il Si/
| P}-‘L
I, = PPh3 Me
{1L06)
}‘ie El.z
Dz . Bz .
L Si L Si
, ~_ - I\ N - '/| N
Lth'_H + (HBZ-}‘leSl)zo - Pt o+ Pt
L Si l L Si™ )
I Bz ! Ma
Me Me
{107) {108)
0
c T
R !
L, {(CO)CLlIr + (HBzMeSi) 0 -~ - L‘" /Ti\c) +
2 2 T
L/I \Si/l/
I Me
H Me
{109}
8] Q
c Me C If
Me . Me ,
L l Jl L I Si
Ir -+ Iq\\ 4J,’#,O
L//l ?i”r’/ L/q Si ﬁe
H R H R
{110) {111)
R = C61'15C1-i2.' (361{5

These metallocycles are catalyst precursars for the extensive

redistribution of groups on silicon via Me/ll, Ph/H, Ph/Me and

i70

5i0/R exchanges. Similar monomeric and polymeric titano-

heterosiloxanes ([112) and (113} has been prepared by the reaction
sequences:



o | 0
\S,i/ \\sli/+ 2Na - \Si/ \\S‘!i/+ 1,
g O
TiCl4-2py

Tj.Cl2

(112)

(_Si—o—-)n + n—BulLi -+ (——-Si——-—-O]n + n-BuH+

'I'iCl2

(113)

Complex (112) reacts with methyllithlum to give the corresponding
dimethyltitanocene derivative, (114}, and with carbon monoxide in
the presence of aluminium powder to form the dicarbonyl complex,

(115].171 Thermally-induced rearrangements and decompositions

of siloxane oligomexs have been investigated.l72’173
The sBtructures ¢f several slloxane compounds have been
determined. Electron diffraction studles of the sllyl ethers

O{Siﬁzhejz and O(SiHMez)2 in the gas phase has shown that the
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Tif'iez /;
(114}

—re———

former compound exists in at least two conformers. In the major
component (64%) the methyl groups are twisted by 124(4)° and
SB(BJO away from the pcsitions in which the Si-C honds are trans
to the 0-51 bonds. In the latter, the silyl groups are twisted by
lOl[B}0 and 41(4)0 away from the symmetrical position in which

both S51i-H bands are cis to O-51 bonds, ao that the dimethyl-silyl
174

groups are staggered with respect to each other. Other
structure determinations include those of (112},l7l the 3,7,10-
trioxa-2,4,6-8,9,11-hexasila[3.3.3]bicycloundecane, (116),2'° and
the two carboranesiloxanes, (ll7) and {118).176
Me
5i
Me2 Mez o
C s1=—"/
Ve
b ——S1
Me,
B, - H
0710
Me2%% crlz—c"f{O CH
M33810
Si\\ , {—O—
Mez \0 He351.0—51 O S.t-—-OSiI_M.e3
OSiMe3
(1l6) HC .
1010
{117)

Mez(HO)SlCHz-CBlOHlOC-Cﬂzsi(OH]M22

(118)
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Following the contraversy over the claim of a sguare-planar
geometry for bis{o-phenylenediory)silane, the structures of two

related compounds,; bis{l,8-naphthalensadioxy)ailane (lLQ),lT? and

his{tetramethylethylenedlioxy)}silane (;gg),l7a have been
determined, and add additional welght against the original claim.
In both the geometry at the splro silicon atom is distorted
tetrahedral, the greater distortion observed in {120) being
attributed to the constralnts of the five-membered ring rather

than to any tendency towards planavization.

|

/

,:5 O\\ i/;j\a“éi—
S

o’ N\

{L20)

———

\ /

A
\/o/\,__<\/

(119}

The kilnetlcs of the racemisation of the tris{tropoclonata)silicon-
{iv} ion has been studied in 1,1,2,2-tetrachloroethane and
acetonicrile in the temperature range 30-70%., The racemisation is
prometed by trichlorcacetic acid. 'The proposed mechanism,
consistent with the derived activatbticon narameters and the
existence of an acld-catalysed pathway, involves a bond-rupture

leading to five-coordinated intermediates.lxg Several cyclic

polylalkylenecxy)silanes such as (121}, (122) and {(i23) have been
zynkhesised by transesterillication of alkoxysilanes with I
polvethylene glycols. Solubiliby enhancements with lithium,
sodium, and potassium ions with these *sila-craowns' are a furnctinon
2f both the macrocycle and ion size.lgm The co=faclally joined
metallo-macrouyclic polymer, {M[Pc}o}n {Pc =~ phthalocvaninako;

M = 5i, Ge, 3n), are precursars [or a rew class of elecirically
conductive pulymers, and thelr synthcesis, spectra, and strustural,

transport, magnetic and optical propsrties have been

- . . 181,182

reporoed.
Hydrolysis of di-tert-butylgermanium dichloride affords

crystalline di-tert-butylgermanium dinydroxide, the strucstu - of

which comprises rButzGe(OH)EE tetrahedra nycrogen bonded toouvliner
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Me Me Me .’ﬂe
\‘Si/, 1
O/'\\O-—j> [::0/ Oj]

0

NHCH2CH2NH2
CH2

™~ CH,CH,, Me
/‘
1

Ty

0 0
O‘\u/)

(123)

to form cne-dimension double chains as in {124) Dehydration of

the dihydroxide leads to the formation of trimeric di-tert-butyl-

t

%u But
Ge
o/ \?\OH-?// .\‘O
: Bu i
L S S
. R, = R o
\\““ée ~\“x //”/
[+
Bu Bu
{124)

germanium oxide, crystals of which contain planar [G3303]
rings 183,184

The hydralysis of tert-butylgermanium trichloride
gives hexakis(tert—butylgermanium)sesquioxide, (ButGe]6 g- This
compound has a cage structure which has two six-membered and

three eight-membered germanium=-oxygen xings as in (125).185

The structures of a number cof compounds containing silicon- or

germanium-sulphur bonds have been determined. Crystals of
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t \ Ge
Bu
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GL Bu Ge
But" \\0 \\But

tetramethylcyclodisilthian, {(126), comprise molecules with a
186 Both (u-trithio)-
bis[tricyclohexylgermaniumﬂ and its triphenylgermanium analogue

The

planar central four-membered [5155] ring.

contain the [Ge-S-5-5-Ge] sequence in a coiled conformation.
crganic substituents on germanium have a propeller-like
arrangement, which, lcocking down the Ge-Ge direction, adopt a
staggered diapoaition.ls7 The only isomer present in the vapour
of germyl monothiocacetate, H3GeSCOMe, has the germyl group bonded
to sulphur, The heavy atom skeleton 1s almost planar, with the
Ge-S and C=0 bonds arranged cis to one another.l38 Bis(trimethyl-
metal)dithiocoxamides of sillcon, germanium and tin
(Me3M}2{NMe-CS}2, (M = 81,Ge,Sn) have been obtained from the
reaction of the metal chlorides and N,N'-di-methyldithicoxamide.
The tin derivative has a planar bicyclic structure, in contrast to
the silicon and germanium derivatives, which have non-chelated
structures.l89

Silicon and germanium compounds with coordination numbers

greater than four continue to arouse interest. Ab initio MO

calculations empleoying double rf basis sets
trigonal bipyramidal geometry (127} is the
190 The sllicon atoms
1,2,3,4-tetrahydro-l,lO-phenanthroline,191

1,2,3,4-tetrahydro—l,10—phenanthroline,l92
193

the adduct SiF4.NH3.

methylethylenedioxy) fluorosilane anion

have indicated that the
lowest energy form of
in l-i{trichlorosilyl)-
1-{trifluorosilyl) -

and the bis(tetra-

are all five-coordinated.

In the two former compounds, the geometry is distorted trigonal

bipyramidal with the dinitrogen ligand spanning an equatorial and
an axial aite (127). the coordinate S1i...N bond is
14% longer than the covalent Si-N bond in each. In the
latter (128), the two crystallographically independent anions are

As expected,

ca.
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distorted from trigonal bipyramidal geometry towards square
pyramidal by 69.1% and 52.3%.193

trimethylsilane with pyridine, do not, however, contain five-

Adducts of bromo- and jiodo-

coordinated silicon. Rather, the halogen is displaced as hallde,
and crystals comprise tetrahedral [{Me3si)py]+ cations and halide
194

anions.

(128)

Infrared spectra pf solutions of the methyl (aroyloxymethyl) -
fluorosilanes, PhCOzcﬂzsiMer, 4—MeCGH4C020HESiMeF2, and
PhCOch
carbonyl oxygen atom to sillicon occurs. Wlth the corresponding

2SiMezF, show that intramolecular coocrdination of the

(aroyloxymethyl) trifluorosilanes, however, there exists an
equilibrium between coordinated and uncoordinated molecules, with
the proportion of ccoordinated molecules beilng greater in seolvent
of low polarity. This phencmencon is nct governed by enthalpy
effects, but rather by entropy changes of the system on
coordination.195 29Si n.m.r. also has been employed as a probe for
intramclecular coordination in compounds of the types
o-(M82NCH2JC6H4SiXYZ. Upfield shifts of 23-52 ppm upfield of the
corresponding uncoordinated compounds are found. The compound
«=Np[o-Me NCH,] C H,SiH, is the first silicon compound without
halogen or chalcogen to exhibit pentacoordination.l96 The X-ray
structure of l-germatranylmethyl germatrane, [H[CHZCH20)3Ge]2CH2,
has been determined, and shows that the Ge-C-Ge bond angle
(122.3° and 119.0° for the two crystallographically independent
molecules) is substantially increased from the tetrahedral value
due to steric effects.197
A new method for the generatlon of the germanium dihalides
Gex2 (x = F,cl,Br,I) which involves treatment of germanium(II)

sulphide with lead(II) halides has been deseribed.198
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By studying the equilibrium
|

—
Ge + GeCl, = 2Gd|<:12
The enthalpy of fdrmation and entropy for Geclz,g have been
determined.l99 ThHe enthalpy and entropy of evaporation of
germanium(IV}) iodide have been deduced from vapocur pressure
measurements over liguid GeI,. Values for the decomposition

reaction
2Ge12,5 - Ge,s + GeI4,g

and the sublimation of GeI2 have been derived from measurements

of the total pressure over solid Gel The data also yield values

o
of the enthalpies of formation and entropies for both GeI4,g and
GaIz,g.200 The eﬁnthasea of cyclopropyl-, cyclobutyl-, and

cyclopentylgarmanﬁum trichleridesa have besan doat:'r:Lk'.bat:L20:L

A new class of pdlyfunctional pclysilanes has been prepared from
the Bu4Pc1-catalyded S§1-51/81~Cl bond redistribution of
methylechlorodieilanes, and have a polycyelic structure with
approximately sern rings per molecule when the reaction is
carried to 250°. ?Derivatives of the parent pelymethylchlorosilane
pelymer are obtained by modifying the residual silicon-chlorine
bonds.202 Synthesis of cyclic polysilanes can be accomplished by
the treatment of diorganodichlorosilane with alkali metals. The
diethylcyclosilanﬁs {EtESi)n {n = 4-8) are obtained from Etzsiclz,
but distribution of products depends on the alkali metal and the
conditions. With two eguivalents of lithium in THF, the major
products are (Et251)5 and {Etzsi)7, with excess potassium (Etzsi}S
is formed, but with sodium in toluene, fEtzsi)4 is the major
product. Photolysis of the penta-, hexa-, hepta-. and octacycles
leads to the ;limibation of [Et2Si] and thg formation of the next

03 Treatment of PhMeSiCl, with lithium in THF in

, 2
the presence of PhBSiSiHe3 produces a mixture containing 62% of

smaller ring.

five different isomers of the hexamer (PhMeSi)6 and 25% of three

isomers of (PhMeSi')B.EO4 Reaction of two eguivalents of lithium

with (CH,) ,SiCl, yilelds a mixture of cyclopolysilanes, [(CHz)qsi]n

(n = 5-12). If, however, an excess of lithium or potassium is
used, the hexamer [(CH2}4Si]6, and the neovel rearrangement

preduct (129) are formed.
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/Si\ qj o Ph2 ["hE”‘Si 2
s qli o Sl — 8]
S S1
\Si/ 81 S1
{ 7 th th
{(130)
(129)
The crystal structures of twao cyclosilanes, octamethylcyclo-
tetrasilane206 and the all-trans isomer of {PhMeSl)GFO4 as well as
207

that of decaphenyl-l-oxacyclchexasilane, have been reported.

In the former, the molecules are located at crystallographic
inversion centres, which constrainsthe[Si4] ring to be planar.205
The six-mgmber ring in (PhMeSi)6 is in the chair form with the
phenyl groups in the eguatorial poaitions and 1s somewhat

204 The
oxacyclohexasilane appears to be the firet determination of the
structure of cycloslilane containing a hetercatom. The
conformation of the molecule i8 close to the 1,4 boat form
{229)'207

Oxidation of [Mezsi)12 by m-chloroperbenzoic acid leads to the
six oxidation products with skeletons (131-136), containing,

distorted from idealised cyclochexane gecmetry.

respectively, one, two, three, four, five and six oXyogen atoms.zoB
Q O—=Si Si
/ '\\_\ / o
si 51 Si No el o
| ks | | 51 \
. i . i
5i 51 si 7
N / \Si——Si/ O\ S
S1—51 si—s1”
(131} (132 {133)
5i—0 S51i—0 Si-——D
~ o ~ o~ Ssi
/O 5i 7 Si Ve ~
<! \0 i \ si 0
\O 4 i ? | [
Si [ Si
~ Ve Nsi si N e
81— 51 ~0 SI/ Si @]
~O—s5i”
(134)



244

Reaction of (Etzsi)4 with 1.1 equivalents of elemental sulphur at
50° affords high yields of cyclo-(Et,5i),5, (137), whilst

reaction with two eguivalents of sulphur at 190° gives (138) and
(139) as the major products. The latter appears to arise from a

reaction of cyclo—(Etzsi}qs and sulphur that also produces

2
. , 209
diethylsilanethione, Et251=s as a reactlive intermediate.
Et
2 5 5
si ~ 7
Etzsi”’ ~ Et,Si \\SiEtz Et,Si \\\SlEtz
l S I ! : giEt
Et,S1 // Et,Si ,/SiEt2 s 2
si s Si
Et, Et,
{137) {138} (139}

e —————

(Etzsi)4 also reacts with alkynes in the presence of palladium
catalysts to yield 3,4,5,6-tetrasilacyclohexenes (140}, and,
ultimately, l,4~-disilacyclchexa-2,5-dienes, (1l41). With isoprene,
the two addition products, (142) and (143) are formed. Oxidation
with m—-chloroperbenzoic acld leads to the siloxanes (Etzsi}don

{n = 1-4), Ring-opening occurs with Clz, Brzéléz, L1A1H4, HC1,
HBr, H.0, EtOH, HOAc, and, slowly, with PhLi,. .

2
Et Et Et Et
2 2 2 2
5i R R 8i R si s1i —
P Vs _/
Et2%% , Etzii Et3%1
Etzsi\ Et,51 Et451
si t R' S1 R \“51 Si —
Et, Et, Et, Et,
(140) {141} (142) (143)

Five crystalline phases, two pure and three includlng solvent
molecules of crystallisation, have been characterised. Solvent
of crystallilsation is lost at 700, and at 190° all phases
transform into a plastlie crystal phase. The transformations are
summarised in Scheme 16.

In the crystal, triclinic (thGeJ5 has a flexlble conformatiocn
in accordance with its better solubility than both (thGe}4 and
(thse)s, both of which contain rigid conformations. (thGe]6
attains a plastic crystal state at 3460.211

Bis (trimethylsilyl)magnesium is better prepared (as the
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Ph.Ge),..C_H 70° (Ph.,Ge)
(Ph,Ge}5.CoHy —> 2581 5
monoclinic monoclinic
A
CeHyq 191°
]
(PhyGe) g (Ph,Ge) ¢ 399", gecomposition
tetragonal
benzyl
CGHG alcohol 190°
v

(thGe)S.BCGHG 3 (thGe}S

triclinic

e

triclinic

(Ph2Ge)5.C6H6

monoclinic
Scheme lgé

dimethoxyethane solvate) by the reaction of magnesium powder with

212

Hg(SiMea)2 in DME in a supersonic bath. The structure of the

corresponding tetramethylethylenedlamine complex,
(Heasijzﬂg.(M22NCH2CH2
the magnesium is four-coordinated by two sllicon atoms and the
two nitrogen atoms.213 A number of similar silyl-aluminium

compounds have also been investigated. (MeBSi)BAl.Etzo is

monomeric in the crystal with four-coordinated aluminium.214 In

NMezj, has been determined, and shows that

bis[tris(trimethylsilyl}aluminium]tetramethylethylenediamine
complex, the dinitrogen donor serves as a bridge between the two

[ (Me,S1),A1] units.?’? Both Na[al(SiMe,),] and Wa[al(Site,),] .-

2 toluene form linear-chaina resulting from contact lon-pair
interactions. In the latter, the sodium cation is sandwiched
between two arene molecules.214 Trilis{trimethylsllyl)aluminium has
found application as a trimethylsilyl-transfer reagent towards

216
unsymmetrical alkynes,ZlS o,B-unsaturated carbonyl compounds,
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and allyl acetates.2l?

Colourless lithium bis{trimethylsilyl)bismuthidedimethoxyethane
and green, metallic tetrakishis (trimethylsilyl)dikismuthane
crystallise isotypic to their antimony homologues. Both compounds
form chains, which in the case of the former compound are builbt up
as screws of alternating bilsmuth and lithium atoms. Uith the
latter, the centrosymmetric meolecules feorm nearly linear zig-zag
chains with short intermolecular contacts (Bi...Bi = 3.8043].218

Several notable transition metal derivatives have been
described. The main product from the reaction of silane with
[C5H5)Mn(c0)2.THF is the heterocycle (;ﬂi).zlg The main
difference between the structures of MeCp(CO)-EMn(H)SiC]_3 (145) and
MeCp(CO)ZMn(SiCl3)2 (L46) 1s that in (145} the SiCl3
tilted relative to the Mn-5i vector due to Mn-II-5i three-centre

ligand is

two-electron bonding.zzo The germanium-manganese complex (147)

@

CO

4 \l @_ / ] A
._J:O\ / _. ]n 'l _ClCl

{144) (145)

Mn(C5H5)(CO)

s
N\

Mn (CcHe) (CO) 4

(C5H5)(CO)2Mn=Ge

N7
(CO)z(CSHSJMn C

c;e{.-}.'vm{cmz (CgHg)
(CO) , (CgH )} Mn

(148)
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may be prepared in guite high yield by reaction of germane with
solvent-stabilised (CSHS)Mn(CO)2 in the presence of traces of
acid. (CSMe5)Mn(CO}2 gives exclusively the orange complex,
(uy=Ge) [(CMeg}Mn(CO) ,] 5,
skeleton. Solutions of (147) react wikh diazomethane in THF at

having a strictly llnear Mn-Ge-Mn

low temperatures to afford brown air-stable crystals of the

219

-nz—methylenegermanediyl complex, {14B8). The photolysis of

I
(3F3]3Geu in the presence of an(COJlO and COZICO)8 to afford
(CF3}3GeMn(CO)5 and (CF3)3GeCo{COJ4 in high yields. The former
compound is also available from (CF3)3Gex (X = C1,I) and
NaMn(CO)S. Force constant and 55Mn n.m.r. chemical shift data
support the o-withdrawing nature of the (CF3}3Ge group, which is
similar to the GeCl3 group. The short Ge-Mn bond and the mean
C-Ge-C bond angle imply high Ge 4s character for the metal-metal
bond.%?! Two compounds , Ge[Fe(CO]ﬂ4 and Ge{ {MeCp) Mn (CO) ,—

(e (cO} .04}, are formed in the reaction of
[MeCp)(CO)zMnGe(CO}z(MeCp] with Fez{CO)g. Ge[Fe(Colq]4 cantains
a !GeFe,| skeleton with two Fe-Fe bonds (l49}. The other product

represents the first example of two different transition metal

atoms bonded to germanium. TIts GeMnFe3 core {150} is
structurally similar to the [GeF4] skeleton with a manganese atom
replacing an iron.222
E;i>_—CHJ
(CO}4F%\\ E‘e(CO)4 (CO]dFe Mn(CO)2
Ge @
(CD)dFe FE(CO)4 (CO}4FE }L"e(CO]4
{149} {15C)

(149} has alsc been synthesised from the reaction between
223

vinylgermanes and iron carbonyls. The reaction of
trimethylvinylsilane with S8 in the presence of Fe3(CO}12 leads to
the formation of a number of different products:
Me,SiCH=CH, + Sg + Fea(CO}lz -+ S2Fe2{CO)6 + 5

2Fe3(C0]9 +

MeBBLCH——;Fﬁz . Me3SLFH—?H2 MeBSl?H—?Hz
+
s 82 5 52 54
NG Tl
M3381CH—CH

+
5

2 Me381CH-CH2
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Me 3S1CH—CH, . Me 3S1CH-CH, .
co
S« S § S
o) 1] \ /
(CO) j;Fe—2Fe (CO) 4 CH-CH,
(151)

The structure of {(1l51l) was confirmed by a crystal structure
determination.224 The disilanylation complex
(CSHS)Fe(ColzsiMezsiPh3 has been synthesised by metathesis
hetween (CSHSJ(Co)zFeNa and ClSiMezsiPhB. In the complex, the
5i-5i bond distance is longex than that found in Me3SiSiPh 55
presumably due to the c-donor property of the silyl group.

When the chelated disilane complex (152) is treated with aromatic
or aliphatic aldehydes, the disiloxane (153}, iron carbonyls, and,

in the case of benzaldehyde, trans-stilbene are formed, eq:

oo 9

Si —

j s 5%
(CO) 4Fe + H —_—
gi benzene
/ \ 18=-25%
(152)

~. \ -
+ /,SQ\OJSL\ + Fe{CO)S,
Fe. (CO) , and
(85%) 3 12
other organic
{153} products.

when, however, these reactions are carrled out in the presence of
triphenyl- or tritclylphosphine, the ylid complexes
(CO]4Fe—CH(R)P+Ar3 are isolated in high yilelds, eg:
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; s SDC
(CO) 4FE + H + P(C6H5)3 —_—
\Si benzene

H
{CO)QFe_—-!l:—@ + >51\0;1<_

+

P (CgHg) 4
{92-99%) (95%)
/\ /CFE]
thP SiMe2 Me 51‘*OH o’fﬁ
- O
(Cco} 3RU e RU (CO) 3 : { L CF
| | PhyP—Ru'm0 —C~"3
Mezsi PPh2 ¥ e o
0o 0
(154) (155)

The symmetrically-bridged diruthenium complex (154) is obtained
from the reaction of Rus(cojlz and the phosphinomethyl-silane
thPcﬂzsiMezﬂ. On treatment with triflueorcacetic acid, (%%%), the
mononuclear phosphinomethyldimethylsiland complex, (155), is
cbtained. The reaction of Na[HRu3(COJlO(SiR2R')2] with phosphines
leads to the formatilon of trinuclear cluster anions of the type
[Ru, (CO) 4 (SLR,R") {Png)z]".zza The compounds 08,(CO) |, (S1XCl,),

{X = Me,Cl) have been isolated from the reaction of 053(C0)12 with
the appropriate sillane C12XSiH at 140° under a carbon monoxide
pressure of B0 atmospheres., Xray studles of 053(C0)12{81C13]2
shows that the molecule has a crystallographic centre of symmetry
with a linear [5105331] chain. The carbenyl grcups on the
terminal cosmlum atoms are staggered with respect to those on the
central osmlum as in (156). The structure of the related
compound, OBB(P—H}3(C0)9(51013)3 has also been reported, which has
a triangular arrangement of osmium atoms in which each Os-0s bond
is presumed to be bridged by a hydrogen atom. The three osmium
atoms lie on a crystallographic mirror plane which alsc includes

the silicon atoms.229 In the germyl-osmium complex,
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{OC}SOSOS(CO}a(GeCIS}(Cl), obtained from the reaction of
0s (CO) g and GeCl,, the [0s(cO).] unit acts as a donor ligana
towards the second osmium atom via an unsupported donor-acceptor

Os-0s bond. The framework is shown in (157).230

G O cl

Cl\ o. ¢ c 00 E:l) /
’Si \\\As \béj/' \\bs

si
s~
c1 / (I:\COOC/\C t.!.\co \Clm
ci ° o S
(156)
0
¢ 00, C Ccl
\ /A /
ac os Os G
/\ IN, Yoo
o® Co S %o €1
(152)

The reaction of triethylsilane with (C5Me51r)2C14 gives initially
the complex (CSMESII)2H2C12 and then CSME5II(H2}2(Cl)g;§t3£1and
finally the silyliridium complex CSMeSIr{HZ)(SiEt3)2. P,
lgSPt and 199Hg n.m.r. spectra show that at temperatures belcw
-40°, the complex £Ph3P)2Pt(HgGePh3}(GePh3) has the cis sqgquare-
planar geometry at platinum. However, the molecule is fluxiocnal,
and experlences a diagonal twist intramolecular rearrangement.232
Metallic lithlum and dibenzenechromium displace thallium from the
complex [(C6F5}3Ge]3Hng'l.5DHE to afford [(C§F5}3Ge]HgL1'3DME and
{[(C6F5)3Ge]4Hg}[Cr{C6H6)2]2, respectively.23

4.4 TIN AND LEAD
4.4.1 Bivalent Compounds

Metallocene and other metallylene analogues continue to provcke
considerable interest, Several ring-substituted metallocenes have
been synthesised. Dilithiation of stannocene produces
,51c1 ana (pr!,N),pc1
to afford (158) and {15%2), respectively. The X-ray structure of
(159) shows it to be a bent sandwich compound, with a ring

l,1'-dilithiostannccene, which reacts with Me
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SiMe

// 3

Me/i:ii}f Sn
/ SiMe

BuLl \ {158}

(prt ,N) ,PCY q
@/P(Prizﬂ)z

(159)
centroid-metal-ring centroid of 150.20, rather larger than in
either of the two crystallographically~independent molecules of
stannocene itself.234 Silylated plumbocenes with two, four or six
trimethylsilyl groups in the molecule have also been obtained by
the reaction:

RZ

~2LiCl 1

L 4
el

2¢g [(CHy) 481 ] Hg_Ti + PbCl, Pb



252

The stabllity of these complexes against oxidation and heat
increases with increasing number of silyl substituents.235
Decamethylstannocene reacts with pentakis (methoxycarbonyl) -
cyclopentadiene with the ellmination of pentamethylcyclopenta-
diene affording both pentakis (methoxycarbonyl)pentamethyl~
stannocene and pentakis(methoxycarbonyl)stannocene.236 The
reaction of pentamethylcyclopentadlenyltin trifluoromethane-

sulphonate with BI3 in dichloromethane results in tin-boron

exchange and the formation of the (C5He5)BI+ cation:237
Ot i T
Sn CF3503 B CF3503
H;C \ CH4 1 H,C CH
H,C CH 7 H,C CH
3 3 -SnI2 3 3
cHy CH,
Related to stannocene is the unusual complex,
[[C5H5]C°{C232c)zjsn (C2B2C) = 4,5-diethyl-1,3-dimethyl-1,3-
diborolenyl), prepared from the sandwich anion and SnCl,, which
238

has a 'tetradecker' structure, bent at the central tin atom.

SN IENNeY

2 co —_— 2 Co ———y Co
—H2 -2KC1
Et Me
B” B~ B’
H B B
g — 7 -2
Me
sn

Trimethylsilanol c¢leaves the cyclopentadlienyl groups from
stannocene affording bis(trimethylsiloxy)}tin, (Measiolzsn, which
is a dimer exhlbiting raplid exchange between terminal and
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bridging trimethylsilyloxy groups. Contrary to earlier reports,
this compcound cannot be obtained from SnCl2 or Sn(OMe)z, which

instead yield the polynuclear compound {160).239

-4NaCl

2Sncl2 + 4NaOSiMe3

1 . .
-+ ;[Sn20(081Me3}2]x + {Me,5i),0
=4qMeOH

2Sn(0Me)2 + {Me . SiCH

3 {160)

Both bis{ trimethylsiloxy)tin and bis{t-butoxy)tin Qisplace carbon
monoxide from nickel tetracarbonyl forming 1l:1 and 1:2 complexes,
respectively. Bis (triphenylsiloxy)tin does not react under
similar conditions, but both bkis{trimethylsiloxy)tin and
bis(triphenylsiloxy)tin react with {M(CO)}_thf} (M = Cr, W),
forming the complexes M(CO}B{Sn(OSiRa}z}. 0

Bis{t-butoxy)tin reacts with mercaptans of the type
E:{CH2CHZSH}2 (E = ButN, MeN, O, &) at temperatures up to 50°
affording 5-aza{oxa, thia)-2,8-dith1a-l-stanna-bicyclo[3.3.0
octanes (l6l):

1.5
1-

Sn{OBu}2 + E(CHchZSH}2 -+ E(CHZCst}zsn + 2BuOH

{161)

The compounds are monomeric in solution, and form complexes with
BE‘3 and Cr(CO)s. When the reactions are carried out at higher
temperatures, the spiroc derivatives, [E{CH2CH25)2]2Sn are
formed.241 The tin bis{arenedithiolate}, Sn(SCGHzBut3—2,4,6)2
{162}, 15 'V'-sghaped, but the tin and lead bis(2,6-diisopropyl-
benzenethlolates)} are trimeric with both bridging and terminal
thioclate ligands with four coordinated (central) and three
coordinated {terminal) metal atoms, The thiclate (162) undergoces
the expected reactions of a monomeric stannylene, i.e. oxidative-
addition {forms MeSnI(SAr)2 with methyl iocdide, adduct formation
(forms [Cr(CO),[Sn{SAr),]] with Cr(CO)gthf), and tin-centred
radical Sn(SAr)3, formation on photolyais.242

The germanium, tin and lead bis{trimethylsilyl)amides,
M{N(SiMey),],, (M = Ge,Sn,Pb) are also ‘Vv'-shaped monomers both
in the crystal (Sn,Pb) at 140K and 1n the vapour at ca. 380K.
The NMN bond angles in the vapour 101(1.5)° (Ge), 96(2)° (Sn), or
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91(2)° (Pb) are smaller than in the solid (104.7(2)° (sn),
103.6 (1)° (Pb).2%3 1,3-Di-tert-butyl-dimethyl-1,3,2,412-diaza-
silastannetidine (162ﬁ adds cyclopentadiene across one of the Sn-NW

bonds forming (163); which has fluxional properties in solutlion:

E t

Bu B&\ /H
& //N\\B‘//F5H5
Me,S51i Sn: + C.H + Me,Si n:
2 56 2 //
. Ny
But Bu®
(162" {163)

When two moles of cyclopentadiene are employed in the reaction,
stannocene is obtained. (163) alsoc reacts with BuOH®
MeLi-244

and

PQS/

Bu

Me,5i + H-oBut -

t t
k[sn(oBu),}, + 55n (CgHg) , + Me,S1(NBu'H),

Bu t
‘\
C5H5
. t .+ -
M9251 + LiCH3 - MezsitNBu )2Sn + Li CSHS + CH4

|
Bu

/
N,/
/’

The primary step in the reaction of (162% with tert-butylamine is
the formation of the adduct (l64), whose structure has been

o

confirmed by X-ray analysis.245 In crystals of the two cage

molecules, Sn4(NBut)4 and Sn4(NBut)30, moleculese of the former are
held together only by van der Waal's forces, whereas in the
latter, weak intermolecular 0+Sn interactions are present forming

dimers.246
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But

1
N
/ N N
Mezsi //’n + NHzBu
\‘“E

Bl.l‘t

(164)

The coordination of the tin atome in di-ammonium trichloro-
stannate chloride monohydrate 1s intermediate between three and
four, with three short Sn-Cl distances, and a fourth much longer
contact to the chloride anion. Neilghbouring SnClB...Cl_ units are
connected by two longer Sn...Cl bridges forming a chain structure,
and completing a severely distorted octahedral environment at tin.
The anionic chains, ammcnium cations, and the water molecule
participate in a three-dimensional network of hydrogen-bonds.24?
The basic unit of the thiourea complex of £in{II) chloride is the
formula unit SnClz{SC(Nﬂa}z}, which are tightly bound into chains
both by chlorine and sulphur bridging. Interchaln N-E...Cl
hydrogen-bonding again results in a three-dimensional

atructure.248 Two complexes, Oct3N+H SnClB- and
{Oct3NH...Cl...NHOct3)+SnCl3-, have been detected in the
extraction system Oct3N+HCl-/benzene—SnClz-HCl.249 ESCA data

support the previously propcsed ilonic structures for the adducts of

tin{II) chloride wilith aromaktic Schiff bases.25o
119mS

a5 an after-effect
n, about 30% yield of

the oxldlsed aliovalent Sn4+ species has been observed in MSssbauer

spectra of frozen solutions of llngncl2 in organic solvents such

4+

of the converted isomerlc¢ transitlion 1in

as dimathylsulphoxide and methanol. Similar large yields of Sn

are also observed in the emission spectra of the crystalline solid
adducta of llngnCl with dimethylsulphoxide, pyridine-N-oxide, and
picoline—N—oxides.zgl The gas-phase and sclid-state He photoelec-
tron spectra of SnFé and PbF2 are very similar. In the gas-phase
spectra of San, features corresponding to the presence of Snzi‘2

were identified; no polymeric specles were identified in the spectrum
252

of PDF .. The phases PbyGeF, 5, Pl:>3G|5-.3F]_4 and PbH.E‘G s aswell as a

restricted solid-solution domain, have been identified in the PbF‘2 -MF

{M=5n,Ge) systems. 253 The new compounds Cs4snBr6 and Cs4an15 have

been synthesised, and phases of the type Cs 4 1—nanBr6—xClx {n =
0-1, x = O-6) have been examined by XRD, Mdssbauer, optical

4

Sn
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reflectance, and electrical conductivity.254

The structures of several oxc-lead compounds have been reported.
That of Pb2F2CO3 is isotypic with that of Brenkite {Ca2F2C03),
and comprise infinite spiral chains of edge-sharing [FPb4]
tetrahedra, with the carbonato groups situated in the funnels
formed by this network. The lead atoms are nine-coordinated by
four fluorine and five oxygen atoms in a very distorted tri-capped
trigonal prism.255 Crystals of hexalead chleride triorthoborate
oxide, quo[Pb(BOB)BCIJ’ may be regarded as being built up of
[Pb,0] tetranedra, [Pb-Pb] dumbells, isolated planar [BC,] groups,
and isolated Cl~ ions.2°® Like the thallium compound,
T1Pbg0,Bry, Pby0,Br, .
be considered as four [Pb, 0] tetrahedra sharing mutual common

also contains the [Pb804] group, which may

edges. The central [Pb 04] cube is reminiscent of the °*cubane’
units in the [qu(OH)d4 ] cations.?®7 1In crystals of lead

sulphite, PbSOB,
moneo-capped trigonal prism) as in (165)}. The structure is

closely related to that of Pb504.258

the lead atom is seven-—-cocordinated {a distorted

The reaction of 2,6-diactylpyridine with 1,3-dlamino-2-hydroxy-
propane in methanol in the presence of lead(II) lons affords the
lead complex of the ring-contracted oxazolidine-containing Schiff
base macrocycle (l166). The ligand is hexadentate, with one thio-
cyanate group N-bonded to lead in the cationic complex.263 The
partially-oxidised tetracyancplatinate salt,
Pbo.77K0.23[Pt{CN)4].1‘SH20, is obtained from aqueous solutions of
Pb{NO;), or Pb(0,CCH,), and Kztpt(cuyqj.aﬂzo with nitric acid
irrespective of the starting K:Pb ratic. The conductivity of
single crystals of this material slowly rises with decreasing
temperature, passes through a maximum at 215K, and falls rapidly
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(166)

below 150K jindicating a metal to semiconductor transition.264

4.4.2 Tetravalent Caompounds

The reaction of tin(II) chloride with the alkenyllithium
reagent, Li(CPh=CPh2}, in diethylether-hexane-tetrahydrofuran
affords what was considered to be the first alkenyl-tin (II)
derivative, Sn(CPh=CPh2)2. The deep—-red solution is unstable,
but the specles is sufficiently long-lived to undergo

intramolecular oxidative-addition to give ultimately the

tetravalent tin compound Sn(CPh=CPh2)3Bun, which has been isolated

and characterised crystallographically {Scheme 17):265

Ph,C=CPhBr + LiBu® + Ph,C=~CPhLi + Bu"Br

SnC12 + 2Li[CPh=CPh2} -+ Sn(CPh=CPh2)2 + 2LiC1

Bul'Br ~T1i) (11) | L1 (CPh=CPh,)

nR2 + LicCl}

i, R = CPh=CPh,
Li (CPh=CPh,)) Bu Br
i

Sn(CPh=CPh2]3Bu

n - = —
SnBu (CPh—Cth)zBr Sn(CPh—Cth)JLi {(+ kSnClzc—

h&ﬂ

Scheme 17

As expected, the reaction of tin{IV) chloride with Li(CthCMezl

ylelds Sn(CPh=CMe2)4, also characterised crystallographically.266

The addition of & stoichiometrlic amount of_HezanI2 to the
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di-Grignard reagent BngCH2CH2CH2MgBr gives the cyclic oligomers
(167)-(169) 1in ca. 70% yield. Only indlrect evidence for the
formation of 1,1'-dimethylstannacyclobutane could be obtained due
to its high volatility and instability. MNevertheless,
1,1,3,3~tetramethylstannacyclobutane, (170), could be ilsclated,
albeit in only 5% yield.267

Me m Me Me Me Me
\E \En Sﬁ{Me Me‘“ég/xggc’ne Me——SL
Me K) \Me C }
s Me—j?n SQ;*ME Me
Ma

(167) (168) (169) (170)

Similar methods have been employed to synthesise the
macrostannacycloalkanes (171) and {172).268

thsn _/_LSnth . :ﬁ .

Fa
ths _u_ nth
L
R

(171) (172} 2
(173)

Ph Sn nPh

Treatment of 1,1'-dilithioferrocene-tetramethylethylenediamine
with dibutyltin dichloride affords the doubly=bridged derivative
[lzé) (R = Bun).269 Bond distancea and angles in this molecule
are not unusual. However, in tris[triphenylstannyl)}methyl]-
methane, repulsive interactions involving the bulky [Ph3sn]
substituents lead to larger Sn-C(Hz)-CH bond angles (mean 117.39),
whereas the C(Hz}—C(H)—C(Hz} bond angles at the texrtiary carbon
atom average only 111.3°, ©There is little distortion of the
tetrahedral coordination at the tin atoma. The phenyl groups
create a pocket in the middle of the melecule which encloses and
shields the tertiary hydrogen atom. The resulting inaccessibility
of this hydrogen atom partly accounts for the low reactivity of
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. 270
the compound in redox reactions. 7

The structures of
tetraphenyltin (a2 redetermination) and tetra—-o-tolytin have been
reported. The introduction of a methyl group in the ortho
pesition causes a lengthening of the Sn-C bond.271
The direct synthesis of dimethyltin dichloride f;om methyl
chloride and molten tin proceeds with a high space~time yleld in a
NaAlCl4 melt. The reaction proceeds via an additien of CHBCl to

SnClB, which is reduced by the tin metal,

SnCl2 forming CH
272

3
followed by another addition of CH3C1.
censtants for the redistribution of tetramethyltin with

dimethyltin dichloride is proportional to the dlelectric constant

The second order rate

of the solvent. There is also a weak relationship between the
rate constants and the wvalues of the two bond 2J{lIQSn-C-—lH)
coupling constants in several solvents, interpreted as reflecting
the coordinating ability of the solventa. The activation
entropies of the reactiona typilically have large negative values,
indicating that the processes proceed vlia a four-centre transition
state.273 Sclutions of methyltin chlcrides 1n carbon tetra-
chloride and water degrade under ultraviolet irradiation to an
incorganic tin species via di- and monomethyltin species. In
water, the monohethyltin species was not observed.zTa In
methanel, triphenyltin chloride undergoes electrochemical
alkylation via the corresponding triphenylstannyl-mercury

derivatives.275

A series of 3,3-bis(trimethylstannyl)-,
3,3-bis (halcdimethylstannyl)-, and 3,3-bis(dihalomethylstannyl)-
propyl derivatives having carboxyl, hydroxy, acetoxy, and
sulphoxy functional groups has been synthesised by conventicnal
methods.276

X~ray ecrystallography has been emplcoyed widely to characterise
a large number of compounds, and is of great assistance in the
interpretation of spectroscopic data. The tin atom in
Cl3SnCH2CH2CH2C02Et is five coordinated, with the carbon atom
ocoupying an eguatorial site and the carbonyl oxygen atom an
axial site as in (174). The six-membered ring is slightly boat-
shaped. Coordination of the carhonyl group persists in solution,
but is brcken down when strong nitrogen donors such as
2,2'-hipyridyl, l,l0-phenanthroline and pyridine are added.
Six-coordination predominates in complexes cof diorganotin
dihalides, as in (1,lO-phenanthroline)dichlerodibutyltin®’® and

[3-(2-pyridyl)-5,6-diphenyl-1,2,4—triazine]dichlorodiethyltin,>’ >

277



260

In both these complexes, the organic groups are mutually trans.
The 1:1 2,6-dimethylpyridine N-oxide complex of dimethyltin
dichloride is dimeric {(175), with a central four-membered [Sn2C12]
ring. The oxygen atoms of the donor ligands are trans to the

bridging chlorines.280

The tin atom in dichlorobis[2-{phenylazo)-
phenyl]tin {obtained from the reaction of chloro[2-{pheny1azo)-
phenyl]mercury with metallic tin) is gix-coordinated in a very
distorted octahedral fashion. The two carbon atoms of the ortho-
metallated phenyl groups are significantly displaced from ideal
trans positions (CSnC = 149.70).231 1,2-Bis {diphenylphosphoryl} -
ethane (dppoe} and cis-1,2-bis(diphenylphosphoryl)ethylene {(dppoet)
form 1:1 complexes with dicrganotin dichlorides. The structure of
Buzsnclz{dppoe) is polymeric, with the dppoe ligand bridging
adjacent tin atoms, which are coordinated in a distorted fashion
resulting from the weaker bonding of one of the phesphoryl groups.
The C5nC bond angle in this complex is agaln low (154.303.282 In
contrast, crystals of the two complexes Buzsnclz(dppcet) and
Przan12{dppoet) comprise dlscrete molecules. The major
difference between the two structures is associated with the
behaviour of the dppoet ligand, which chelates symmetrically in
the former, but is predominantly unidentate in the latter.283
Tin-11% M&ssbauer data was reported extenslvely for both types of

complex. 282283

The coordination polyhedron in the complex of
dibutyltin dichloride with 2-(2'-pyridyl) 3-{N-2-plcolylimino)-4-
oxo-1,2,3,4-tetrahydrogquinazoline is best described as a distorted
pentagonal bipyramide. The ligand functions as a terdentate [ONN]

donor, with rather weak eguatorial Sn...N interactions.284

Et c1
9 Me ] 0
==° N Ng
e} Me | I ‘\We
s 1 0 gn c1
~Sn R/ | N Me
c1\'."7"
c1
C1 _
R = NCHqMe,
{174) {175)

Trigonal bipyramldal geometry with trans electronegative atoms is
found in the 2:1 complex of triphenyltin chloride and



261

thAs(O)CHZCHz(O)Asth, which functions as a bridging ligand,285

and the rather unusual compound [IrH{P(OMe),},{P(OMe),0SnMe,Cl,}]-
[snClqMe,]. 286

Several complexes with crown ethers have been reported,
including those of the types Snx4.L.2H20 (X = Cl,Br; L = l8-crown-
6, l5-crown~-5, lZ-crown-4), (Phasncl}z.L.2H20 {L = 1B-crown-6,
15-crown-5) , (stnclz)n.lS-crown-6.2H20 {R = Me,Ph). Spectro-
scopic data suggest that the crown ethers function as brldging
ligands towards the metal atoms for the larger crowns Or as a
bidentate chelating ligand for lZ-crown—dl.za?‘zBB

Differences in the two crystalline forms of dihalotin
bis(xanthates) have also been investigated by crystallography.
The gross molecular structures of the orthorhombic modifications
of SnClZ(SZCOEt}2 and the monoclinlc form of SnBr2(52COEt)2 are
very similar, with only minor differences in the metal ligand
geometries., The major difference between the two forms lies in
the conformation of the ethyl groups.289 The low temperature lH
n.m,r, spectra of bis{8-guinolinato)tin dichloride,
bis(5,7-dichloro-8-quinolinato)tin dichloride, and
bis (2-methyl-5,7-dichloro-8-guinolinato)tin dichloride show that
only two configurations, the cis-cls-trans and the cis-trans-cis
{with respect to Cl, N and 0 atoms} are appreciably populated, the
latter predominating.290

Several new complexes of the tin (IV} halides have been reported.
A cis-octahedral configuration for the 1:2 complexes of tin{IV)
chloride with aliphatic aldehydes rBuch as acetaldehyde, propanol
and 2-methylpropancl has been lnferred from spectroscopic
data,zgl whilst a trans geometry was consldered to occur in the
complexes of tin(IV) chleoride and bromide with N- (dimethylphenyl) -
benzaldimines.292 The gquestion of cis-trans isomerism in
complexes of tin(IV) chloride with tetrahydrofuran, tetrahydro-
thiophen, 1,2-dimethoxyethane, hexamethylphosphoramide and
trimethylphosphate has been studled by 35Cl n.g.r; however, this
technique could not provide uneguivocal conclusions concerning
stereochemistry.293 Tin-119% and phosphorus-31 n.m.r. spectra are
more successful in describing the nature and stereochemistry in
sclution of adducts of tin(IV) halides. The complex SnCl4L2 (L =
tributylphosphine oxide) exists predominantly as the transg isomer,
with a small proportion of the cis ilsomer, whereas the correspond-

ing SnBr4L2 complex only appears to be present as the trans
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isomer. 1In the mixed solution, all the trans SnCl Br, L, species
are observed. The anionic complexes [SnCl.L]™ and [SnBr L] both
exhibit slight dissociation in solutien to SnX,L, and [Snxe]z-.
The tin-119 n.m.r. spectrum of an eguimolecular mixture of
[SnclcL] ™ and [SnBr.L] shows the presence of ten of the twelve
possible [SnClnBrS_nL]" mixed anions. In contrast, the acetone
complexes SnK4L5 {L” = acetone; X = Cl,Br) exist predominantly as
cls isomers. However, a 1:1 mixture cof these complexes in
dichloromethane exhibit only time-averaged tin-119 resonances even
at -500,r although at -100° the intramoclecular processes are slowed
sufficiently to distinguish and identify most of the individual
component isomers for each stolchiometry of cis—[SnClnBr4_nL£].
The anion complexes [SnclsL’]_ and [SnBrSL‘]_ show no appreclable
dissocliation in dichlorocmethane solution, and the tin-119 n.m.r.
spectrum of a l1l:1 mixture of these compounds at -100° shows only
six resonances corresponding to various [SnClnBrs_nL’]- specles,
without distinguishing between indlvidual isomers of each
stoichiometry. Some identiflcation was possible, however, at
—1100.294 Polarograms recorded of tin(IV) chloride in acetonitrile
in the presence of controlled gquantities of substituted pyridine
N«oxides demonstrated that stable scluble complexes are formed
whose stoichiometry is dependent upon the nature and peosition of

295

the ring substituent. The complex anions, trans—{SnF4C12)2_,

trans-(SnCl4BrJ2~, angd trans—(SnF4Br2)2_ are the principal tin
anions in the glassy agqueous mixed hydrogen halide solution
systemsa, Sn(IV)-HF-HC1l, Sn{IV)-HCl-HBr, and S5n(IV})-HF-HBr,
296 79 .

Br n.q.r. studies of [NH,Me,].,[SnBr.] in the

temperature range 77-300K has demonstrated that a phase

respectively.

transition occurs at 25321K. At room temperature crystals are
orthorhombic, and X-ray data show that two of the Sn-Br distances
in the anion are slightly longer than the other four, consistent
with the high temperature n.g.r. data. Regults at low

temperatures were interpreted in terms of stronger hydrogen-

237 Crystala of [PPh432[Sn(N3)6] {(from SnCl, with AgN, or
NaN , in a CH2c13 suspension in the presence of PPh4Cl) comprise
discrete anions and cations. The symmetry cf the anion is Ci’ with
with the azide groups covalently bonded to tin. The SnNN angle

varies between 119° and 12°.298

bonding.

Following the repcrt of a planar [Sn303] glx-membered ring in

(But25n0)3,299 hexakis [2,6-diethylphenyl] cyclotristannoxane has
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also been shown to contain this structural anit, 300

The [Sn,¥,]
rings in octa-iso-propyl and octa-tert-butylspirobis{cyclotri-
stannathiane) and octa-iso-propylspirobis {cyclotristannaselenane)

{176} are, however, non-planar, but exhibit conformational

isomerism.301 1,3,5-Triphenyl-2,4,6~trithia-1,3,5-tristanna-

R2 R2 H '
Sn ——Y Y——-=n I

~ ~. ~N

b 4 an //,Y ",Sn“M‘ ’,,Sq\

Nenee—v”” Nyo—esn Ph /Sn S / Ph
Ry Ra S/< T~s

(L76) F

(177)

adamantane, {177}, also possesses a non-planar [SnBSB] ring, but
is of interest because the bridgehead carbon atom is one of the
most flattened carbon atoms known, leading to an increased
reactivity of the bridgehead hydrogen.302 l,l-Dimethyl-l-stanna-
2,5-dithiacyclopentane (178} has an envelope conformation in the
crystal. Further short intermolecular Sn...S contacts complete

a distorted trigonal bipyramidal geometry at tin.303 The

molecular geometry in 2,2,6-trimethyl-1l,3-dithia~6-aza-2-

stannccane, (179), 1s similar. However, in this case, five-
coordination is complete by a transannular intramolecular Sn...N
1nteraction.304
5 ,S
Me.Sn ,
2 ‘a5
s Me —— S e e
l Nve
{178} Me

(179}

Organotin oxides and sulphides such as (BuzsnE)n and (Bu3Sn)2E
(E = 0,5) can form well defined adducts with transition
metals.305'306 In particular, the cobalt and iron complexes,
{Coclzin.L.xMeCN and (FeClB)n.L.xTHF in=x=1: n = 2, x = 3},
have been isclated as reddish-brown sclids which decompose on
heating and are insoluble in common organic sclvents suggesting
a polymeric structure.306 Both l-chloro-3-hydroxo-tetra-iso-

propyl-distanncoxane and l-chloro-3-hydroxo-tetra{trimethylsilyl-



264

methylene)-distannoxane are dimeri¢ with a "ladder" type
structure, (180).307 308
{ClMe,SnoMe,,
without reference to, the first.

A second study of the structure of

SnCl]2 has been published, identical to, though
309

R R

o

b
9]
'—l
U’)
'.:I
v)

_ i
R = Pr ,CstiMEB

Attempts to prepare tin derivatlives contalning Sn-0 bonds from
inorganic tin(II) or tin{IV) derivatives and methyl
4,6-0-benzylidene-a—D-glucopyrancoside have been unsuccessful,
althcugh an unatable 1:1 adduct with tin(IV) chloride could be
isolated.310 The first complete structure of a stannatrane has
been reported, Methyl(2,2',2"-nitrilotriethoxy)}stannane
hexahydrate is trimeric as in (18l). The trimeric unilt is
disordered about a two-fold axis, which passes through the central
tin atom. This atom has an approximately pentagonal bipyramidal
coordination polyhedreon; the coordination at the two terminal tin
atoms is distorted octahedral. The sclid-state structure agrees
well with sclution n.m.r., data, which indicates three non-
equlvalent tin centres. The s1lx water molecules are hydrogen-
bonded to each other, forming hexagonal rings, and alsoc to the

trimerlc stannatrane units.all
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Two papers report tin derivatives of B,G—triketones.3lz'313
Derivatives of the types Rasn{R'COCHCOCHZCDR“} and
[R3Sn]2{R'COCHCOCHCOR") have been obtained by the reaction of the
triorganotin chlorlide with the mono- or discdium salt of the
triketone (2,4,6~heptanetrione, l-phenyl-1,3,5-hexanetrione, and
l,5-diphenyl-1,3,5-pentanetrione). Both "2z2" and "E" forms have
been identified in the 1l:1 complexes in equilibrium with the enol
form containing five-coordinated tin:

R R RR R
e H =
A
L] i L 1
C . C C +C H
PN N P A
R c ¢ R R ¢ c=c
H H B/ \R.
“Ell Iom
R_R R
\'Sn/
o” o
1 :[
C‘\ 7 C R
~c'/ \>c::c
H oH
“Ell form

The 2:1 derivatives contain one five- and one four-coordinated
tin atoms, except the phenyl analogue where both are five-
coordinated.312 Similar tin{II} and dichlorotin(IV)

bis (triketonate) derivatives have also been characterised.313

Several diorganotin bkis (N,N~disubstituted}hydroxylamine and
triphenyltin meonc (N, ,N-disubstituted)hydroxylamine derivatives have
been synthesised by standard methods. Spectrascoplc data indicate
that the dibutyltin derivatives have the distorted trans geometry
(183), whilst the corresponding diphenyl compounds have the cis
octahedral coordination (184). The triphenyltin derivatives are
five-coordinated, with the ligand spanning equatorial and axial
sites (ggg).3l4 Similar dibutyl- and dioctyltin derivatives of
ferrocenyl hydrazones have a structure ilnvolwving chelation through
the azomethine nitrogen atom and amide oxygen atom (lgg].Bls
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sn
Ph Ph

Ph

(183)

84} (185)

Tin=-119 n.m.r. has been employed to study the sterecchemistry of
triorganctin oxinates in sclution. Contrary to the previously

N (Where Fc = C.H ~Fe-C.H,)

proposed fluxional trigonal bipyramidal structure, the n.m.r.
chemical shift data are consistent with tetrahedral, four-

coordinate tin. Wo fluxional processes could be detected in the
1 13

H and C n.m.r. spectra of trimethyltin oxinate down to
-900.316 Tin-119 n.m.r. data for di-tert-~butyltin bis{acetyl-
acetonate) bis(tropolonate) and bis{oxinate) indicate a six-
coordinated structure, but in the case of the bis({2-methyloxinate)

and bis (dialkyldithiocarbamates} a non-chelating structure is also

partially involved.3l7 5~Phenylazo-8-quinoclineol forms di- and

triorganotin derivatives analogous to the well-~known classes of
these compounds. 5-(2'-Carboxyphenylazo}-B-quinolincl (LHHE'),
however, forms three classes of derivative, the carboxylates,

RSSnLH, and the quinolinates,-RZSn(LSnRi)z, and R35nLSnR5. The

guinolinates stn(LH')2 can be converted into the water soluble

disodium salts R,5n(LNa), by treatment with NaHC03.318

Carbon-=13 and tin-119 n.m.r. data have been reported for a
large number of triphenyltin compounds,3l9 particularly triphenyl-
tin carboxylates.320 The llgSn chemical shifts and cne-bond

119Sn

coeupling constants, lJt —lac), depend markedly on the
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coordination number of the tin atom and on the geometry of the
coordination sphere. For four-coordinated compounds, llgSn
chemical shifts fall in the range —-40 to -120ppm, whilst
1J(1195n_13
compounds with a trigonal bipyramidal ¢geometry have chemical
shifts in the range =-1B0 to -260ppm, although the magnitude of the

coupling conatants depende whether the phenyl groups all occcupy

C} coupling constants are 550-660 Hz. Five-coordinate

egquatorial positions (750-850 Hz) or two in eguateorial sites and
the third in an axial site ({600-660 Hz). Data for the triphenyl-
tin carboxylates show chemical shifts in the range -65.1 to -117.7
ppm and coupling constants of 638.7-650.4 Hz indicating a
monomeric, four-coordinated structure in solution. Crystals of
triphenyltin 2-hydroxy-5-methylphenylazobenzoate comprise '
meonomeric molecules (cf., the chain structures usually encountered
for triorganctin carboxylates). However, in this case the
carboxylato group chelates the tin atom (Sn-0 = 2,070, 2.4633),
resulting in a distorted cis-[SnC,0,] geometry at tin. Tin-119
Mdssbauer data suggest a molecular structure for the
4-hydroxynaphthyl derivative in which the tin ls chelated by one
carboxyl oxygen atom and a nitrogen atom with a meridional-
[SnC3ON] geometry, and a weakly carboxylato-bridged chain

321 Dimethylchlorctin
2-pyridinecarboxylate has a one-dimensional chain structure

structure for the trlcyclohexyltin compound.

formed by the usual carboxylate bridging. However, the pyridine

nitrogen atom also coordinates to the tin resulting in distorted

octahedral coordination as 1n (lB?).322 Several triorgancotin and

-
K
|

\\\H“Sn"”’
cl

Me

(187)

triorganclead derivatives of N-acetylamino acids have been
synthesised from the acid and triorganotin (hydr)oxide.
Spectroscopic data indicate a polymeric structure, with five-
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coordination at tin resulting from bridging by carboxyl and amido
oxygen atoms, In sclution in CHC13, CSHG' acetone, thf or
pyridine, the compounds are monomeric. Coordination of solvent
appears to take place in dmso.323 Penta{methoxycarbonyl)cyclo-
pentadiene reacts with bis(tributyltin)oxide to give the salt
{188), the cation of which is trigonal bipyramidal with apical

324

water molecules. Dihydro-xytin uroporphyrin is highly active

Bu.Sn) ,0 + + -
(BuySn), + [Bu,=n (0H,) )] *[cg (CO,Me) ]

Co,Me {188)

in the photoreduction of methylviologen.325

In bisfbis{0,0'—diphenylthiophoaphato)diphenyltin]hydroxide, an
intermediate in the hydrolysis of bis(0,0'-diphenylthiophosphato) -
diphenyltin:

(CgHg) ,8n[0R(S) (OC H) ], + H 0 » (CeHg) ,8n[OP (8) (0C H,) ] OH

+ HOP(S){OC6H5}2
the molecular units associate through double hydroxide bridges to
form centrosymmetric dimers with a central planar [Sn202] ring.
The coordination at the tin atoms is best described as a badly

. 326
distorted [Sn,0,] ring.
arsonate derivatives, Me

The phenylphosphonate and phenyl-
25n{03PPh], MEZSn(O3AsPh) and
Buzsn(O3AsPh), can be isolated in two modifications depending on
their method of preparation. The g-modiflcatlons and the single
modification of thsn{03PPh] appear to have infinite chailn
structures, whilst the a-modifications are suggested to have two-
327 A number of different phosphate
derivatives of tin including e.qg. (NH2CH2CH20)P0(OSnBu3)2,
[Eto}zPS(S—?HCOZEt}, and [MezN)2P0(0CH2CH28nSnBu3) have been
CH,CO_,5nBu
- 358 2
synthesised.

dimensional sheet structures.

3
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Tln-119 n.m.r. of sclutlions containing Sn (5 COEt)4 and
5n (5, COPr } 4 has established that ligand exchange occurs with the
formation of the mixed species Sn(52COEt) (S COPr )4 -
Additionally, scoluticns of mixtures of the tetraxanthates wilth
tin(IV} halides or tin (IV) dihalide bis {xanthates) have been
sheen to contain mono-, di, and trihaloxanthate species. The
xanthate ligands undergo temperature-dependent monodentate-
bidentate exchange about the tin atom.329

Triorganostannane dlthiocarboxylates, formed by the addition of
RBSnLi compounds to carbon disulphide, have been shown to contain

four-coordinate tin, with tin-119% n.m.r. chemical shifts in the

330

range -120 to -260ppm. Several complexes of the stannane

dithioccarboxylates with transition metal moieties have been
reported.33l-334 Such complexation, via a sulphur atom of the
ligand, causes a downfield shift due to the higher asymmetry of

charge distribution at the tin nucleus.330 Manganese and rhenium

complexes c¢an be obtained by metathesis:33l

R3SnC82L1 + BrM(COlE -+ Phasncszb{(CO)4 (M = Mn,Re)

or by ligand displacement:332

RySnCSyMe + (C H )Mn(CO),.THF + R,SnCS,Me.Mn(CcH) (CO),.

The tungsten and dirhenium complexes, W(CO)5.L and Re2(CO]9.L

(L = R3SnCS Me), are obtained similarly. The complex
Ph3SnC:82Mn(CD)4 undergoes further substitution with Group V donors
3Sn032Mn{CO}3(L) 333 Reaction
of the esters PhasncszR with Pt{C2H4){PPh3)2 results in the
displacement of ethylene and the formation of the complex,
(PPh3)2Pt[Ph35ncszR]. Crystal structure analysis of the methyl
ester complex shows n? coordination of the ligand via the C=5

bond as in (1l89). The formally platinum(0) centre has
approximately planar stereochemistry. The initial products of the
reaction between {PPh PtC_H, and Ph_SnC(S)N'

3}2 274 3

(N' = NMeH and NCH2CH2CH2CH2} are also n¥-CS8 coordinated
complexes, However, these complexes rearrange by an internal
oxidative-addition reaction to afford the Pt-Sn bonded complexes,

(PPh ) ,Pt (Ph) (Ph,SnC(S)N') (Scheme 18) .34

to afford complexes of the types Ph
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/SR

h,P C
I
Pt/ ™~
Phap//
(189)
CH?———CH2
(PPh3}2PtC2H4 + Phsan(S)SN +
CHz——-CHZ
5 Ph.PB Ph
3
e P
CH.jm——— CH
Ph,P C\N/ 2 2 | Pnge Tnph2
CH CH
SnPh CH CH C 2 2
"4, 5 ‘\“N’,
S ~N

Scheme 18.

The reaction of Ph3SnC52—Li+ with 1l,n~dibromcalkanes in THF yields
stable l,n-bisa(triphenylstannanedlthiocarboxylic)alkylene esters

(190) , whereas when n = 1 c¢r 2, elimination of alkene occurs.335
- .t THE .
2Ph,S5nCS, Li + Br(CH,) Br —— Ph.58nCS, (CH,) S,C5nPhy + 2LiBr
k) 2 R.T 3 2 2 3

(190)

With irradiated metal carbonyls Cr(CO)G, [C5H5)Mn(CO)3) neutral
dinuclear complexes similar to those mentioned above are
formed.335

Crystal structure data for trimethyl(tincyanomethanido)tin
monohydrate336 and N-(trimethylstannyl)succinimide33? have been
repcrted. Both contain five-coordinated tin in a trigonal
bipyramidal [OSnMeaﬂ] gecmetry. In the former compound, the two
nitregen atoms of the ligand are involved in hydrogen-bonding
with the water molecule. In the succinimide derivative, the
trimethyltin unit is not planar, the tin atom lying 0. 308 cﬁt of
the mean plane towards the nitrogen atom. Flve-coordination 1s
completed by coordination of one carbonyl oxygen atom of an
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adjacent molecule resulting in the formation of a one-dimensiocnal
helical polymer. The crystal, however, contains two
crystallographically independent helices of copposing chirallty.
Tin-119 chemical shift and 2’SJ(SnSn} coupling constant data have
been reported for the trimethylstannylhydrazines (Me3Sn)4_nN2Men
(n =-0—2J and (MeBSn)3N2Ph- The values of the coupling
constants are highly sensitive to lone pailr interactions.

The first three-membered [PZSn] heterocycle, (131), has been
prepared by [2+l] cyclocondensation of Butzsncl2 with

KButP-PButK:

338

By*® ut

P b
K(But}P-P(ButJK + (Eh.:.t"lni'!SnCl2 + \/ + 2KC1

/ﬁn
Bu.t \ut

(191)

{191) i1s stable at room temperature. With Etzanlz' the main
reactlon product is the slx-membered ring compound (192).339

Et Et
t pere t
Bu\P P ~. _pBu

But’P‘\\\Sn,/”P\But
{ ~
E Et

(192)

A stable tin colloid in ethanol has been obtained by the
chemical reduction of tin(II} chleride with sodium tetrahydro-
berate in the presence of poly({vinylpyrrolidone) as a protective
agent.340 The polytin anion, 3n94_ has been isoclated without the
use of a cryptate ligand as the tetrakis(tetramethylammonium) and
bis (hexamethylphosphorlc triamlde)potassium compounds. Both are
scmewhat thermally unstable at room temperature. The compound
K,SnTe, has been isclated by thp agueous extraction of ternary

4 4
K/5n/Te alloys.341



272

The structures of several tin-rich heterocycles have beeéen
reported. The Sn-Sn bond distances in the three-membered ring

compound (193) and somewhat longer {mean 2.86%)3%° than those in
the six-membered ring of (thsn)5.342
Ar
sn2 .
Ar = mesityl
Arzsn SnAr2
{193)

The novel heterocycles ButBSn4Y (Y = 5,5e,Te} have been
prepared by treatment of IfButzan4I with the corresponding
hydrogen chalcogenldes. The five-membered rings in these
343 ne six-membered [sr,c,] ring in

octaphenyl-2,3,5,6-tetrastannacyclohexane has a chair
344

compounds are almost planar.

conformation. The first compound containing a direct Si-Pb

bond has been synthesised by the reaction:

Et,0, -78%c
2PbCl, + 2Mg(SiMej), > Pb(SiMe;), + Pb + 2MgCl,

The compound can be isolated as pale yellow, moderately light-
sensitive crystals, soluble in hydrocarbon and ether solvents,
but decompose at 800-345

The reaction of triphenyltin chloride with the {incompletely
characterised) highly reduced carbonyltungsten anion affords the
species, HW(CO),(snPh,;) " and [(Ph,Sn},{(Ph,Sn),0REIW(CO},] .
The latter results from phenyl-tin ¢leavage, and the iso-propyl
analogue has been characterised by crystallography, which shows
that the [thsnOPriSnth] unit chelates the seven-coordinated
tungsten atom. The similar species of Group (VI} metals,
HM(CO) 5 (SnPhj) ;27 (M = Cr,Mo,gzsangM{CO)3(SnPh3)42_ (M = Mo,W)

: Treatment of Na4[M(CO)4]
with two moles of Ph,SnCl gives the salts [Et,N],[(Ph;Sn),M{(cO)},]
(M = Cr,Mo,W). The same anions can alsc be more easily obtained
from Ph3SnLi and L2M(C0)4 complexes {L = diene or diamine).
Further reaction with Phsanl affords the seven-coordinated
complexes [thﬂ][{Ph35n}2M(CO)4].348 The reactions of anhydrous
$nCl, and SnCl,.5H,0 with (CgHg),MoH, afford [(C H.},Mo(H)SnCl,], -

have alsoc been characterised.
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SnCl4 and (C5H5) ESEH)SnCl3,

Mo-H-5n bridges. Orange, alr-sensitive crystals of the Mc=Mo

respectively, postulated to contain

bonded complex (124) have been obtalned from the reaction of

Mo Clz(NMez) with (Me3Sn)3SnLi(THF)3. The gecmetry about each

2 4

(Me3Sn)35n (Nnezlz

(MezN)2 Sn(SnMea}3

{194)
tin atom is close to tetrahedral, and the Mo-Sn bond distance ia
350 5=
The complex anion [(CcHg)Fe(CO),Sn] W, PO,
been obtained from (C5H5)Fe(CO)SnC13 wilith agqueous Bolutions of

not unusual. has

sodium tungstate and sodium hydrogen phosphate at pH 8-8.6, and

characterised by tungsten-183 n.m.r.35l

The photochemical
degradation of tin-manganese complexes such as Me3San(C0}3-
[P(OPh}3]2 appears to proceed via initial homolytic cleavage of
the metal-metal bond, with the resulting l5-electron intermediate
abstracting hydrogen from the triphenylphosphite llgand giving
orthometallated products.352 The complexes Ph3MCo(PMe3J3 M = Ge,
Sn}353 and SnBrz[Re(PPh3J(CO)4]2 all contain tetrahedrally
cocordinated Group IV metal.

The complex cis-PtClz(CO}{PPhs} reacts with Snclz.szo in
acetone to afford solutions which are catalytically active in the
hydroformylation of alkenes. HN.m.r. data show such solutions to
contain the cationic complex, trans-PtCl{CO](PPh3)2+ together with
four anionic complexes, three of which being Pt(SnC13)53_,
trans-PtCl(SnCl3}2(PPh3} and trans—Pt(SnCl3)2(CO] . Further
rearrangement reactions take place upon attempted 1sclation of
these species, and only cis-PtClz[PPh3)2 was lsolated. The
reaction is extremely solvent dependent. Ligand rearrangement
occurs in acetone and acetonltrile, but in chlorcform only simple
insertion of SnCl2 into one Pt-Cl bond 1s observed. Comparison of
cis-PtClth)(PR3] (L = CO, SR, or p-XCoH4NH2} with cis-PtC12L2
and cis-PtClz(PRB)2 shows that the former 1s the most active
catalyst precursor in the presence of tin(II) chloride.355-357
Phosphorus-31, tin-119 and platinum—-195 n.m.r. data have been
reported for a large number of Pt-5n bonded complexes. Platinum-
195 chemical shifts cover a range of 450ppm, whilst tin-119 shifts
span 200ppm. Plots of lJ(Pt—P(trans)J against lJ(Pt—Sn} are
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approximately linear, indicative of predominantly o character in
the Pt-5n bond.358
relationship between the lJ(Pt-Sn} coupling constant and the Pt-8n
bond distance.359 The reacticn of 1,l-diphenyl-l-stannacyclo-

pentane with Pt(C2H4](PPh3]2 affords the complex (195),

There alsc appears toc be a qualitative

characterised again by n.m.r.360 Reaction of asym-trans-

fPtCl(u-Cl)L]2 {L = PR3, AsEta} with two eguivalents of Sncl2
affords dimeric [Pt (SnCl,) (u-C1)L], complexes. The structure for
L = PEtg, shows that the phosphine and Sncl3 ligand are mutually
cis.33? pea crystals of the complex, [?Ph4]2[05C13(N0)(SnCl3]2
result from the reaction of 0sCl;(NO) and [PPh4][Sn013] in
dichloromethane. Crystals comprise discrete anions and cationa

with octahedrally coordinated oamium.sﬁl

4.5 CHALCOGENIDE PHASES

S8ilicon—29 has featured strongly in the characterisation of
silicate materials., One study on silica gel prepared at various
stages of dehydration showed that the observed spectral changes
could not be accounted for by a single structural model of the
types previously advanced. However, they are consistent with a
heterogeneous silica surface consisting of separate regilons
resembling the 100 and 111 face of B—cristobalite.362 The double
five-ring silicate, (l96), has been identified in ZSM-5 synthesias
using si1licon-2% n.m.r., attenuated total reflection FT-IR, and
mass spectrometry. Redisgtribution of the silicate specles present
in the solution phase is cbserved after the additicon of organic
solvents to the ZSM-5 synthesls mixture.363 A correlation
between the average S51-0-T (T = tetrahedral atom}) bond angle and
the asscclated isctroplce sllicon=29 chemlcal shift appears to
exlst for zeolite materials.364 Silicon—-29 spin lattice
relaxation times in some layer alumlnosilicates have been found to
vary over three orders of magnitude, and demonstrate that, in
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(196)

contrast to cother reports, Tl times may be extremely long in such
363 Eight dlstinct tetrahedral sllicon sites hava been
identified in freshly crystallised (hexagonal) synthetic
cordlerite, Mg2Al4515018, four in the chain manifcld and four in
the six-membered aluminosilicate rings. In aged {(orthorhombic)
product, however, there are only two sltes (one in the rings and
the other in the chainz). S51:Al ratios within each manifold can
be determined from silicon=-29 masnmr spectra, which can

also be employed to fecllow the course of Si,Al ordering as
thermodynamic equilibrium is approached.366 Reaction of synthetic
2eolite Na-Y with SiCl4 vapour at 560° yields an essentially
aluminium-free faujasikte struckure, which, as shown by silica-~29
masnmr spectroscopy, has regular 51(45i) lattice ordering. The
aluminium=27 masnmr spectrum exhibits two peaks, one due to
residual lattice aluminium and the other to A1C14_.367 Alkaline
earth chloride sillicates have been prepared by heating mixtures of
the corresponding carbonates and 8102 in different molar ratios in
the melt of the alkaline earth chlorides.368 Trimethylsilylaticn
has been used to examine the distribution in agueocus salutions of

alkall metal and tetraalkylammeonilum silicates.BGg

materlals.

The synthesis and structures of several germanate, stannate and
plumbate phases have been reported. A magnesium germanium oxide
hydrate of composition, MgGeO3.O-25H20.0-nH20, prepared by the
simultanecus hydrolysie of magnesium and germanium alkoxildes,
crystallises slowly at 660-1200° to magnesium metagermanate,
MgGeO,. The kinetics show that the Initlal stage of the
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dehydration proceeds rapidly, and that the final atages can be
expressed in terms of the contracting cube model with an activa-
tion energy of 198 kJ mol-l.370 Orthorhombic MgGe03 {(the high
temperature, low pressure phase) 15 isostructural with
orthoenstatile, MgSiOa. Monoclinic MgGeO3

high pressure phase), however, is different from that of

{the low temperature,

dinenstatile. The transformation from orthorhombilic+monoclinic is
accompanied by a fairly large volume decrease (3-5%) due to a
smaller distortion in the Mg{2) octahedron in the structure of
monoclinic MgGe03.371 Beta-BaGeO3 {the high temperature form} is
formed metastably at 630-660° from an amorphous material prepared

by the simultanecus hydrolysis of barium and dgermanium alkoxides.

The transformations of BaGeO3 are summarised as follcwa:372
[l o] O
BaGeO3 ..-.780__890_.3 u—BaGeo3 M g—BaGeo3 .1_2'79_.)111911-_
1130-1150°

Crystalline amorphous [GrO4A112(0H)2dtH20)12](804}4.xH20 is formed
by the reaction of agueous solutions of aluminium chleride and

373

sodium germanate. Single crystals of K4GEO have been

4

prepared by heatling KO and GeO., and are 1lsotypic with
174 Q.46 2

K,S5no,.

4Pal: yellow barium hydroxostannate(II), which has been aszigned
different stoichicmetries in the past, has now been unegqulvocally
identified as Ba[SnO(OH)]z. This material contains a novel
structural unit in tin{II) chemistry, the one-dimensional poly-
anion, [SnO(OH)]:_.375 Two similar sodium hydroxostannates have
also been characterised. Naz[Snzo(OH)4] is identical to the
compound previously described as "Na[Sn(OH)a]" and contains
[Sn{OH)aj- anions. Wa,[sn,0(0H),,] contains the oxo-bridged
[(HO}2SnOSn{OH)2]2- anlons, which exhibit a syn configuration with
respect to the projection along the Sn-5n vector.376 All three
compounds crystallise with a layer lattice structure.

The structure of the high temperature phase of Lisz03 1s a
variant of the scdium chloride lattice, characterised by
alternating layers of Li+'and Pb4+/Li+ cations, all of which are
actahedrally coordinated.37? Like K4Ge04, K4Pb04 and RblebO4 are
isotypic with K4Sn04.3?8'379 Ennealing mixtures of Na2Pb03 and
Rboo.al in the ratio Rb:Na:Pb of 4:2:1 affords Rb3NanO4, which

also contains isolated [Pb04] tetrahedra.>%° Similar methods have
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been employed for the preparation of rubin red crystals of
Rb2Pb407,381 a mixed valence compouﬁd in which Pb2+ has a
coordination number of three and Pb * a coordination number of
six, colourless K§L16[Pb208],382 nearly colourless
szLil4[Pb3014],3 3 and pale vellow CszLil4[Pb3014 The
structure of K2L16[Pb208] is characterised by the linking of the

edge-connected trigonal bipyramidal anlion (197). Both the

383
1.

triplumbates are isotypic with K2L114[Pb3014].

o]
Fb

O
o~—"

L

(157)

Experimental values for the heat of formation (angga £.= -B6, 4+
¥

9.9 kJ mol™') and absolute entropy (Syy = 89.0:7.1 J.K 1 mol™h)

have been determined for SnSe. The corresponding values for SnSe,
were -118.1#11.8 kJ mol ' and 111.8+11.8 J.K ‘mol™1.38% mne
structure of Ga25255 18 essentially built up from two kinds of

sheets parallel to [100], alternately sheets of fused [GaS,]

tetrahedra and [Sn,Sn]. The tin atoms are in five- and six-fold
385

coordination. Potenticometric titration of 0.01M sclutions of
Na,M,X. (M = 53i,Ge; X = 5,5e) in methanol with bromine has
277276 386

vielded thermodynamlic data for these reactions.
Na4Ge25e6.lEH20 is obtailned from the reaction of sodium selenide
with GeSe2 in aqueous solution, and crystals contain isclated
Ge25e64_ anlons consisting of two edge-sharing tetrahedra.
Adamanta-Gedse104— 1s obtained when at l1:2 molar ratio of alkali
selenide to GeSe., is employed.387
isolated [SnTe4]£_ tetrahedra. o0 NagGe,Te,
madifications, one of which has been shown to contain [Ge4TelO]e-
anions in the form of [(GeTe2)4Tez]8— rings.389 Ba Sn,P. 1is
isotypic with K
2.8918).3%9°

Crystals of Na4SnTe4 contailn

crystallises in two

Sn,Te,. containing the [P3Sn5np ~ anion (Sn-Sn =

274778 3
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ADDENDUM
The crystals of Ph3Ge02CCF3 comprise discrete monomeric
molecules with a distorted trigonal bipyramidal geometry

(C.Glidewell and D.C.Liles, J. Organomet. Chem., 243(1983)291).

C
C’/’ \\\S

(CH3)3-C-T Sn—Cr(CO)6

C s
N
8

(128)

Pentacarbonyl-5-tert-butyl-5-aza—-2,B8-dithia-l-stannabilcyclo-
[3.3.01'5]octane chromium{Q) , (198), has been aynthesised from the
reaction of Sn(SCH2CH2)2NBut with Cr(COJ6 in THF under u.v.
irradiation. The eight-membered ring in the complex adopts an
asymmetric boat-boat conformation with a Sn-N bond distance of

2.408 {A.Tzschach, K.Jurkschat, M.Scheer, J.Meunier-Piret and
M. van Meerssche, J. Organomet. Chem., 259(1983)1l65).



