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4.1 CARBON

Ab initioc guantum mechanical calculations using Eripie-£—plus
doublie polarisation qguality basis sats in conjunction with self-
consistent—Field, twoconfiguration SCF, and configuration
interaction methods show that the three halocarbenss, OHF, CHCH,
and 4Br, all have singlet ground states with singtet-triplet
separations predicted to be 13.2, 5.4, and 4.1 kcat mol—?,
respectively (13. Two methods are avaiiablie for the generation of
carbenes: the decomposition of the appropriate diarzo or diazirine
derivatives. The diazirine method has been employed for the
generation of phenyichlarocarbene [21, methoxycarbene (31, and
phenoxycarbene [4} in argon or nitrogen matrices at 10K. Werming
phenyichl orocarbene in an argon matrix containing oxygen to 35K
resutted in the formation of the corresponding ye!low-grean
carbony!l oxide, photalysis of which with visible 1ight gave the
corresponding dioxirane, benzoyl chloride, snd ozone (Scheme 1).

Irradgiation of the dioxirane gave mainl y phenyl chloroformate
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together with a small amount of chlorobenzene and COp. Deuterium
and 20 tabelling indicate significant C-0 double bond character
in methoxychlorocerbene {(due to the charge seperated form (1)),
which exhibits and intense infrared absorption at ca. 1300 cmr>.
The data mare indicative of two geometric isomers for this carbene,
the cis-carbene showing & significantly lower C-Ci stretching
fraquency than the trans, consistent with an anomeric interaction.
Irradiation of the carbene in ergon matrices gives acetyl
chloride, ketene, and HCl, whilst in nitrogen small amount of CO
and methyl chiaride are also observed. Similar resuits are also
obtained from phenoxycarbene. Photolysis of dipheny!diazomethane
in frozen alcohelic matrices affords ground-state tripleé

di phenytcarbene, whoich at 77K reacts primarily with alcohols by
O insertion to give ethers [51. Photol ysis producaes an excited
carbene which reacts with the matrix by hydrogen atom sbstraction
to give ultimately alcohol-type products (Scheme 2). Haney nickel
causes the elimination of Nz from diazopropane quantitatively at
373K yielding not oniy propene {cf. the decomposition on quartz
wool wich requires a temperature of 523K and affords only propana)
but also tetramethylethylene in 40% yieiding, an observation which
iends support to the surface methylene mechanism of the Fischer-
Tropsch synthesis [(8]1. - The diazo method has also been used to
generate diadamantyicarbene (7} and 1—-naphthylcarbene [8].
irradiation of dry, degassed solutions of diadamanty!diazomethane
in cis-butene at room temperature leads to the formation of

di adamantyl methane together with small amounts of of the 1:1
adducts (2) and (3) {(Scheme 3). The reactions of 1-

naphthyl carbene have besn exaemined by flash photolysis techniques.
Generation of the carbene in hydrecarbon solvents leads to the
formation of t—naphthylmethylradicals., However, in cyciochexane
and cyctohexane—d; g, the main reaction pathway is carbene insrtion
into the C-H bond rather than hydrogen—abstraction. The cerbene
reacts readily with nitriles to yield nitrile ylidaes, which can
also be generated from the corresponding azirine. PReaction with
oxygen affords the carbonyt oxide. Ab initio caltculsations have
shown that, in contrast to ordinary carbenaes, unsaturated carbenes
such as HgUC=( ('A,) undergo insertion into the G-H bond of water
with & non-zero energy barrier (15.3 kcal mol—' for He=C (TA,).



237

The correlation effect is also important in determining the
barrier height (9. The univatent species CF appears Lo be formed
as an intermediate in the reaction of arc generated carbon atoms
with OF, at 77K. When the reactions are carried out in the
presence of alkenes as trapping reagents the abserved products are
Fluorocycl opropanes, postulated to arise by addition of €F to the
doubie bond generating cyclopropyl radicals which then abstract
hydrogen (Scheme 4(a}), and 1, 1-di fluoroalkanes. These [atter
products are postulated t£o form by reaction of tripiet CFz {(Scheme
4{b)). The addition of CF to alkenes is stereospecific and gives
both cis and trans fluorocyclopropanes with the iatter generally
predominating [10}l. The kinetics and mechanism of the reactions
of HCO radicals with unsaturated hydrocarbons have been studied
experimental ly by the flash photol ysis—taser resonance absorption
technigue in the temperature range 350-5S10K as well as
theoretically in the case of ethytene by ab initio SCF MD
caiculations with double £ basis sets. The radicals were
generated by photolyzing acetaldehyde, and reaction with alkenss
and butadiene eseentially proceeds via an addition mechanism
rather than a hydrogen—atom transfer from HCO to the doubie bond,
which is also energeticel ly favourable. The experimental results
are supported by the caicuiated potentist anergy surfaces involved
in the two possible reaction channels, and in particufar that the
energy barrier is much higher for the hydrogen atom transfer (111,
The oxygen—-methylated carbon monoxide cation, CHOC*, has been
generated in mass spectrometric experiments as a steble (lifetime
>10-° 5) species in the gas phase. The data was consistent with
the structure CHa,—O*=C [12). HReaction of [(Fe(CaMa)A*iBFL1— with
KIC{ENY ) teads to the isociation of [Fe(CaMe )Ll ECCNIL I~ s
grean nesedie crystals. Crysteals comprise indepandent cations and
anions, but there is no evidence for a structure with C,., symnetry
corresponding to the ( (I\E).C=C=N]_- resonance form, Infrared and
Aaman data confirm a Dy, structure, which was confirmed by ab
initio calculations [ 131.

The reaction betwaen CgHa0O* and NHy has been investigested by
the ion—trapping techmique, and the rate coastants for three
reaction modes were determined. The first gives methanol and

protonated mathyleneimineg via nuclieophilic addition of NHy to the
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carbonyl carbon atom foliowed by a 1,3 proton shift. The other
two resctions glve foremldehyde and protonated methylamine and the
ammonium fon and ethylene oxide [14]. PFotential anergy profiles
of thase reactions [14] and aisc for the 5,2 reactions of OH and
OOH- with methyl chloride £15) have been calculated by ab initic
methads. The iatter reactions are exothermic by 40-50 kcai mol—*
and have the double-wel |l energy surfoces characteristic of gas-
phase S.,2 reactions. The results mre consistent with experimental
obsaervations including the lower reasctivity of OOH~ than OH™ in
the gas fon. The gas—phase infrared gpectrum of the short-lived
species formyl cyanida, CHCOCN, (obtained by the pyrolysis of
methoxyacetonitrile) has been recorded at low resclution and nine
of tha fundamentels observed [181.

in agreement with experimental data, MNDO calculations show
that excited state (S('D)) stamic suiphur ingerts into the CH
bornds of alkanes such as methane and ethane whereas ground state
(S(*P) atomic sulphur does not. Similarty, MNDO calculations
offer a reasonable rational isation for the cobserved differances in
the addition of ground and excited state atomic sulphur to
ethylene. Here, the stereoseiectivity of the ground siate is
postui ated to resuit from rapid intersystem crossing rather than
from a high mathyfene rotational barriar in the triplet biradical.
Ethanethiol is predicted Lo result from isomerization of hot
thiirane rather than from sulphur insartion into the C-H bond. In
addition to acetyiene, ground state atomic sulphur is predicted to
give thioketocarbena in contrast to thiiraene, thioketene and
ethynethiol which are predicted to result from reaction of excited
state mtomic sulphur [i7). 7The structure of ethylene oxide has
baan determined at 150 K.  In the crystal the molecule is within
experimental arror an equilateral triaengle, with the C-0 bond
digtance being very similar to those in other cyciic ethers
whareas the C-C distm&e somawhat shorter than that found by other
methads. MPE/E-216* calculations predict the seme C-U distance,
but a longer C-C bond distance. In tha crystal lattice, adjacent
moiecules are commected by short C-H.. .0 contacts (18}. The
geomatries of fluorinated ethylenes have baen optimized at the SCF
jevel with a double—£ plus poliarization function on carbon (DZ+402)
basls set. The C=C and CT-F bond distances for CgH,, CaHuF,
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CHeFg, cis- and trans CHFOEF, and Ca,F, have baeen optimized at the
configuration—-interaction level, inciuding all single and doubi=a
excitaions. BGood agreament with electron diffraction data was
found. The values of r(C=C)} and r (C-F) decrease with increasing
fluorine substitution. Catculsted vatues for the heats of
formation of cis— and trans-OFOF are in excellant agresment with
experimental data £19]1. Microwave spectra, electric dipole
moments, and moiecuiar structures have been reported for cis and
trans-1, 2~diftuorocyclopropane [20, 21), cis, trans-1,2, 3-
trifluorocyclopropane [2P1, and methylenecyclopropene (4a) (23].
Alt ring bonds in lrans-1,2-difluorocyciopropane sre shorter than
the C-C bonds in cyclopropane, but those In the cis isomer are
longer than thase in the trans isomer. The orientation of the HCF
group with respect to the ring plane is aimost the same for both
isomers and does not differ significant!y from the (He orientation
in cyclopropane. The ring bonds in cis, trans-1, 2, 3~
trifluorocyclopropane are also shartened compared to cyctopropana,
with a greater reduction aoccurring in the twe equivaient trans
ring bonds. The C-F bonds are inequivatent, with longer C—F bonds
observed in the HCF moiety exclusively trans to neighbouring HCF
groups. Analysis of experimental and caliculated (MPR/B-31G*) data
for (4a) indicates that the dipolar resonance form (4b)
constitutes about 20% of the ground state character, but it only
contributes a r-delocal ization enargy comparable to that of 1, 3
butadi ene. (4a} is concluded to be non—-aromatic. The moleacular
structure of the free allyl radical, produced with 75% relative
sbundance by vacuum pyrolysis of 1,5-hexadiene at 8980°C, has besn
determined by high-temperature etectron difraction couplied with
mass spectrometry. The data are consistent with a planar
symmetric geometry with a C-C distance of 1.4280123A and s C-C-C
angle of 124. 68(34)" [241. Isomeric altyl, 2-propenyl, 1-propenytl,
and cyciopropenyi anions and the vinyl anion have been genearated
in the gas-phase by coliision—induced dissociation of the
corresponding carboxiate anions using = FT-mass spactromatear.
interconversion of isomers does not occur under the conditions of
the experiments. FEech fon produces a unigue set of products In
the himolecutar reactlon with N0 which is characteristic of its
structure. The vinylic isomer and cyclopropyl anion exhibit acid-
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base behaviour which is consistent with their expected high
basicities. Ab fnitio M calculations indicate thet propene is
more acidic than ethylene at the 2-position but 'ess so at C-1.
The vinyl anions and cycliopraopyl anion exhibit bent and pyramidal
structures, respectively, with retativety high barriers to
inversion. The effect of methyl-substitution on both vianyi anion
basicity and inversion barriers can be rationalized in terms of
charge polarization and hyperconjugative interactions €251, The
iowast energy form of the C.H.™* dication has been calculated {(at
the MP3/6-316*//HF/6-31G" level) to have a {ineer {(B.,) structure.
The alternative four—membered ring (Ba,) structure is 13.3 kcal
mole— ' tess stable. However, at the MP4SDA/B8-316%//3-21G6 level,
the |inear CJt cation (C.,) is onty 3.6 kcal wol~' more stable
tEhan its four—-membered ring (Cp.) isomer. Oespite the very high
estimated heat of formation (733 kcal mole~?) for the dication,
all the modes of dissociation explored are caiculated to be
exothermic, the mpst favourable being dissociation intg CgH*+H*
and into CuH.*+C*. All the four—-membered ring structures show o—
deficient character for the bridging carbon atoms, with the HOMO's
being o orbitals of non-bonding nature with the significant
stabilization resulting from 4-centre, 2-electron aromatic n
bonding £{26]1. The direct irradiation of the ketone (5) at 10 K
affords the 3-methyienecyclobutancne diradicai {(5a), whiist a

di fferent praduct, dimethylenecyciobutadiene (5b) is obtained by
photolysis in the presence of acetophenocne as & sensitizer (Scheme
5) [27}. The mono- and dicationz of both hydroxyacetyiene {28}
and amincacetylene {291 have been characterised by mass
spectrometry. The acetylene (68) can be transformed into many
other balogeno- and metal | o-substituted derivativese (Schems 8).

Uv photolysis of (B) produces the cyclic trimer (72, whilst
reaction with Cou(COY)y affords the complexes G}-(18)). The
crystal structure of (10> shows it to contain a helicat six-
mambered carbon chain as a |ligand [30]. cycfoCels (13) has baan
synthesised by two different ways (Scheme 7) and can be Isolakad
as a yeilow-brown crystailine powder which dacomposes violentiy at
80°C. The properties of (133, eg the formation of (14) and (19
by rensction with excess MaSSMa or MaaSiNMe, and spectroscopies
data, indicate that it is best formulated as triiodocyciopropenium
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fodide (1B) [311.

Codeposition of {ithium atoms and carbon monoxide molecules
in an krypton at 12 K leads to the spontaneous formation of
numerous produckts: (i) the mononwucl ear species Li(CO),, with n = 1,
2, 3, and 34, (i) spacies with several !ithium atoms and one or
two OO0 motecules in which the carbonyl groups are only weakiy
couplad, and (iji}) species identified by stretching modes of
aeither CO single bonds or strongly coupled double bonds and
therfore are specias in which true chemical bonds are formad
between carbonyls {321, Ab initio MD calculations have been
carried out on the low stolchiometry complexes and show that the
1: ¥ L.1-C0 complex corresponds to a | inear ®f1 gtate in which the
lithium atom faces the carbon end of the carbonyl group. An
anal ogous = structure is atso predicted for the !inear 1:2 (OC0-
Li-00) complex, while for the 2:1 {Li-O0-Li) complex two
inequivalent | inear geometries are found corresponding to ' and
% states. [n ail these complexes targe siectron transfer Loward
oxygen occurs, leading to large dipote moments for Li—-CO and Lij-
Co-i. The bonding in these complexes is described as chargs
transfer between Li* and CO- [33]1. The gms phase hydration of
carbon dioxide bhas also besn studied by MO calculations (FAODOD and
4-316 SCF). In the most favaurable pathway, H and O of water
approach respactively O and C of carbon dioxide, and after the
transitlion state is passed the naw OH bond is formed followed by
formatlon of the naw OO0 bond. Daformation enargies of OO0, and HyD
contribute most to the energy barrier; exchange reputsive
interactions are atso important. No barrier is found for the
reaction of HO— with COux. in this case the deformation energy for
Oy isc smetiar than the charge transfer and elactrostatic
interactions as Cly and HO— react, owing to the exira nagative
charge. In the raverse reaction, the dehydration of HeCOs, the
barrier ariees primorily from the loes of interaction energies
which may be described as charge transfer and etectronic
interactions [3431,

Fres carbonic ocid (HgCDy) has been generated in the gas
phase by tharmoiyslis at ca. 120 and characterised by high
rasolution mass measurement using & mass spectrometer (35).
Blis(trichioromethy!) carbonate CilC-O0-CO-CCl,, a stable
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crystalline solid, reacts as three moles of phosgene in the
presence of nucleophiles such as pyridine or triethylemine in
chloroformylatian, carbonylation, chiorination, and dehydration
reactions, but is much easier to transport and store than phosgene
itself £361. The structures of two urusual carboxyl ic acids,
deltic acid [37) (17) and 1, 4~cubanedicarboxyl ic acid £38) (i8),
have been reported. Crystals of the (17) were grown from an
alcoheol solution of the di-tert-butyl ester, and the structure was
found to correspond closely to that proposed previousiy on the
basis of vibrationa! data. DMbolecutes is situated across a mirror
plane in the crystal and has Cy. symmetry, and are tied together
in strings in & “"dimeric" fashion reminiscent of the well-—known
dimeric carboxylic acid units (eg. the formic acid dimer [39]).
Al though the molecular geometry is clearly that of 2,3
di hydroxycyct opropen—-1—ona, the covalent bhond lengths show a
remarkablie degree of conjugation. The high degree of
symmetrization is at least in part due to the strong hydrogen
bonding in the crystal, and in addition dipoiar resonance and ring
strain are aiso important factors influencing the overali geomatry
of the molecule. (18} exhibits shortened Cisp3)-C(sp?) bonds
between the cubane and the carboxylic carbon atoms, since the
endocyctic C-C-C angles in the rigid cubane framewark are
compraessed to about 90* and tha exocyclic angles correspondingly
widened to about 125*%. The density of (18) is also rather high
(1.843 g cm ™), which may also be partly due to the compression of
the cubane carbon atoms ensuing from the smail bond angies. The
photooxidation of 2,5-dimethyl -2, 3, 4-hexatriene, matrix—-isol!ated
in argon at 10K, in the presence of 1-100% gives a variety of
oxygen—conteining products inciuding the trisdioxetane (19}
(Scheme 83. Interestingly, the hexatriene was not totatly
consumed even after prolonged irradiation in pure oxygen metrices.
Aather after & fast initial step, the rete slowed down and finaliy
stopped. Annealing at 40K and cooling back to 10K led to furthar
reactivity demonstrating that the formation of thes dioxetanes
raqiires a well-defined orientation of dioxygen molecules relative
to the alkene [40].

The trithiodeltate anion (20) has been synthaesised by the
route shown In Scheme 9, and characterised crystailographicaliy as
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the disodium selit {413, Vibrationai deta are similar to those of
the ifsoetecironic cation of trichitorocyclopropenylium, and are
consistent with the planar Day symmetry structure of the
crystal tographic study. A stebie thiocaldehyde (21) has been
obtained by the reaction of (MauSilaCli with D-ethyl thioformate
(Schema 10). (21) is & pink—-red crystalline solid which can be
stored in a refrigerator for a tong time without any decomposition
and iz stable in air at ambient temperature for at least a wesk.
On heating (B0%), (21} isomerizes (rather than ol igomerizes? to
give the viny! sulphide (22). Photoiysis produces the atkene (23)
in addition to <22) {42]. The third member of the cumulenathione
series, propadienethione (24) is produced in the pyroiysis of
cyclopenteno-1, 2, 3-thiszole. The dipolie momant (2. 064(8) Debye)
indicates that the molecule Is planar with L, symmetry [43].
Solvolysis aof the thiocarbony! fluorides XFC=5 (X = CI, S, in
HF/SbFn or FEOLH/SbF, yields the dithietan-2-ylium ions (25>
{Scheme 11). Peaction of (B5) with fluoride in HF gives the
dithistanas (2B) [44]. N-Acetimidoy! dithiocarbamic acid exists
in the dipalar form, HpN*=CMe-NH-CS;~, in two different planar
conformations. Adjacent molecules are | inked by hydrogen bonds
i453. N-Acetimidoyl dithiocarbamates react with mathy) lodide to
produce the new methyl esker of N-acetimidoy] dithiocarbamic macid
{273, as weil as MeSC(S)SMe, MaSC(S)NHg, (28), and other minor
products [ 461,

The first vicinal pentaketones have been synthesised (Schema
12) t47). Diphenylcarbene undargoes axidation to benzophenons O-
oxide (29 by molecular oxygen in an argon matrix. (28) is more
sensitive to irradiation with visiblie tight than
diphenyl diazomethane, and hence (28) Is only formed in the thermal
reaction of oxygen with the carbene. FPhotolysis of (29) yields
diphenyt dioxirene (30) and some benzophenone. The final product
is (31) (Schems 13} {481. The microwave spactrum of benzyne,
generated by the pyrolysis of benzocyclcbutene-1, 2-dione, has been
reported, ond indicates that the molecule is planar and of
symmetry group Ce. (481. Hexaethynylbenzena (32) has been
obtained as a uh.i te powder (Scheme 143 which turns brown rapidly
in air but only stowiy in its absance. Solublie oniy in more potar
solvents such as thf dme or dmeo, preliminary deta show that ¢32)
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forms comptexes with transition metelts {501.

The electron affinities of a number of perfivorc aromatic
compounds have been determined using a pul sed electron high—
pressure mass spectrometer. Data include CofFn (0. 52 aV), CaFaCN
(.1 aV?, CgoFa— CaFa (0. 91 aV), CuFUFs (0.94 aV), CaFsC0CH.
(0.294 aV), ( CoFx2eCD (1.B1 aV), and 1,4—(CN)p CoF, [511, The
salt/molecule raaction technigue coupied with matrix isotation has
been used to demonsirate the formetion of two isomars, cfs and
trans, of the Cefals— anion ion—paired with a Cs* cation.

[nfrared data are suggestive of a fluorine-bridged structure for
each isomar. On warming, the bridged form rearranges to the more
stable CFgChe~ form [521. Triflucromethyihypochiorite reascts with
substituted alkenes toc give mixtures of isomeric ethers. Typical
reactions and further transformations of the products are
summarisad in Schemes 15-17 £53]1. Perfiucroailky! f(uorosul phates,
Re0S0.F (A, = FaCH(CH,, (FaU(CHy)e, and (CFg)aCH), have baen
synthesized by the reaction of polyfluoro alcohols with sul phuryl
fluoride or sulphuryl chloride fluoride, and react with
nucleophiles such as amines, pol yfluore altcaehol s,

pol yfluoroatkoxidas and bromide ion to afford sul phamates, dielkyl
suil phates, and pol yfluoroalkyi bromides, respectively. In the
reaction of CFg(CHRICOS0.F with bromide jon, the pol yFluoroalkyl
bromida 1oses hydrogan bromide to giva 2, (triflucromathyl }propsne
in high yield [54]. Reaction of 2,2, 4, 4-tetrafiucro-1, 3—
dithietane and arsenic and antimony pentafiyoride affords the
stabte 2,4, 4-trifivoro—1,3-dithietan—2-yl ium sajts (33> and (34),
which can add chloride bromide or iodide to give the corresponding
2,2, 4-trifiuoro—4—halo-t, 3—dithietanes (35) [553. The structure
of two dithietanas have been determined; <33} by crystal |lography
£58]1, and (SF.(Fg)y by electron diffraction [57]1. That of
bis(pentafiuvorcthio)di fluoromethane, (SFg}.CF, has alsc been
determined by electron diffraction {S71. Contrary to other
sulphines, Bis(trifluoromethy!)sulphine (38) reacts with amines,
alcohols and hydragen chioride to yieid derivativas of the
corresponding sulphinic acid <(Scheme 18> £58]1.

The N-fiuorosul phonamides (37)-439), which are easily
prepared in high yieid and have excellent stability and good
pPhysical properties, are useful selective fluorinating reagents
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for the repiacement of aromatic hydrogen by fluorine =t ambient
temperature {591, Aeaction of trifluoromethyt isocyanide with
trifluoroacetic acid procuces N-trifluoromethyl formamide, which is
surprisingty stable and can be distilled at 116* without
decomposition. With hexafuoroacetone, howaver, only yellow
crystals of (40) in which the two five-membered rings are nearly
planar (Scheme 19) E£60].

Tha gas phase structure of trifluocroethylidynesulphur
trifiuoride, CFa—(=5F,, has been probed by several techniques.
Assignment of the vibrational data is mostiy simply based on a C,.,
modetl with a | inesar C-C=S skeleton, although small deviations
cannot be excliuded. A |inear structure is, howaver, not
compatible with the electron diffraction data, from which the
average C-C=5 angle is determined to ba 155(3)* for all accepiable
model s. Ab initio calculations on HCESF,, FC=5Fe, CHa(C=Sy and
FaC=Sry predict linear carbon using SCF wave functions, but are
predicted to bend, albeii to different extents, when electron
carralation is included at the MF2 leval [B1). All the ring bonds
in 1,1,2, 2-tetrafiuorocycl opropane are found to shorten retative
to cycliopropane with the greater reduction eccurring in the C,-Ca
bond. The FCF and HCH methylena anglas are larger than in t, i—

di fluorocyclopropane [62]1. The vary thermslly stable, but
photosensitive radical, 4,5 bis(trifluoromsthyi)—1, 3, 2-dithiazolyl
(41), has been preparad from the corresponding cation. Etectron
diffraction shows the ring to be planar, and the molecutla is
paramagnatic in the liguid state at room temperature i631. The
mol ecular structure and electronic propertiaes of CFL,C=SFg have
been calculated using a double—f basis set augmented by sets of
polerisation functions on both carbon and sulphur. The lowaest
energy structure has a short (i. 412A), polar C=5 bond and a | inear
C-C=5 skeleton, somewhat different from the experimantal data
which indicates an angle of 171.5*. However, & bant structure
with an angle of 171.B"° is only 210 cal mola—' higher in energy
[B64]1.

A more convenient synthesis of O=C=C=C=5, by the pyrolysis of
(42> (Schame 203, has been described. The photowlectron spactrum
of 0=C=C=C=S was also reported [85]. Microwava spactra show thnt
butatrianone, HpC=C=C=C=0, is not kinked in its eguilibrium
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confliguration [(BB). The reaction of HyN-OMe=NH with CSg at —-i15°
yields the acetamidinium salt of N-acetimidoyl dithiocarbamic
acid, [ (HaNC-CMal[ S,C—N=CMe-—NHgl, which reacts with metal
hydroxides to form the corresponding matal derivatives M = Na, K,
Ab, Cs, TI, Wb, %Cd) [67]., The structures of these salts have
bean investigated spectroscopicelly (BB, whilst that of [ {(HghkC-
el S.C-N=-CMa—-NHg]1 has been determined by X-ray crystallography
[B91. In the crystal, the cation is associated with one anion,
which is not planar, by S...H-N and M. .. H-N hydrogen bridges
forming an eight-mambered ring as in (43). Orange coloured N-
acetimidoyl dithiocarbamic acid has been prepared by reaction of

[ {HNC-{Mel{ SC—N-CMa-NH,] in agueous solution with hydrochioric
acid at 0°. The acid, from spectroscopic dats, exists in the
zwittarionic form HaN*CMe-NH-(CSg— [70). Spectroscopie and
thermogravimetric data have also bean reported for metal N, N -
dipheny! N-formimidoyl dithiocarbamate solvates, M SgU-Nh-
CH=NPhl .« (L = water, acetonitrile, dioxans, dme, acetone; M =
Na, K, Rb, Cs, Ti, Wb8a, Wby (711, in ¢crystals of the potassium
sal t-dioxane solvate the potassium cation is surrounded by one
oxygen, one nitrogen, and three sutphur atoms to form a distoried
trigonal bipyramid. The [{SUONCN] framework of the anion is planar
with the E,.E conformation {72]1. The potassium satt also reacts
with alkyl halides to form the esters PRN=CH-NPh-CS5-SR (A = Ma,
Et, CH.Ph) and (PAN=CH-NPHL-CS-53CHe [73]. Reaction of Kgl SeC—NH-
NH-CSgl or Kgl SuC=N-NH-CS-SMal with HaCl affords 2, S-dimethyl thio—
1,3, 4-thiadiazole (44, R = R = Mg} as the major product along
with a smal) amount of bis(mathylthio)ketezing (45). FReaction of
hydrazine with CIC5-5Ph gives exclusively (44, A = R' = Et). With
benzyl bromide, KgfSaC=N-NH-US-5Me)] affords amixture of dibanzyl
suiphidae, (44, R = R = (HyFPh) and (44, R = Me, R = CHgPh) £74]).
Hydrarine reacts with carbonyl sulphide in the presence of sodium
methoxide £o give Nael SOC-NH-NH-C0S), which forms the
ecorresponding methyl ester with methyl iodide £753. The anion of
the N-methyl -N-thioformylcarbemate salt, [ANBu-n,l[SC—NMe-CS-HY,
has an egscentially planar skeleton (78],

Tetramethy!ethyl enedi aml ne~compi exaed ! i thium monothiobenzoate,
(PHCDSL1 . TMEDAY2, is dimaric, with an eight-membaered ring composed
of coplanar carbon, axygen and suiphur atoms and the |ithium atoms
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tying above and below this plana in order to raeduce excessivaly
angles at oxygen and to accommodate the bulky TMEDA |igands E771.
Extended-Hlickel band calculations for patterns of cordered
averiayers of hydrogan atome on unreconstructed greaphite 11%
cavaraga) show energy differences as large as 15 kcal mola—?,
ascribed primarily to diffarences in interactions between the
hydraogen atoms and graphite rather than direct interactions
batween hydrogen atome [78]. The formation of graphite fluorida,
(CyF),,, from artificial graphite has bean investigated. Eiemantal
fluorine is vccluded into the particle of fluorinated graphite and
distributed in the interface between unreacted graphite and
already formed (CafF).. Heaction of fluorine with graphite then
occurs in two steps: (i) whare both (OF),, and (CuF), coexisi with
unreacied graphite, and (ii) when the fiuorine content of the
product slightly increases in spite of the absence of unreacted
graphite {791. A nove! graphite-tike material of composition BCy
has been prepared by the reaction of banzena with boron
trichloride at B00°. The probable structure of this material Is
shown in Figure 1. A simiiar nitrogen—carbon graphite analogue
was obtained from chiorine and pyridineg at the same temparature
[80]. Intercalation of graphita by SbCi F affords various stage
products, which are stable in air. Aqueous HCl or KOH removes
only pentavalent and no trivaiant antimony (B13i. Other metal
hal idas which have besn intercalatad into graphite are Sbhllg,
SbCY oFm, SbFm, AsCly, SbCly, BiCly, AlICI,, Gall,, and FaCl,
(82, 833.

4.2 SILICON, GERMANTIUM, TIN AND LEAD
4.2.1% Transient Intarmadiatas and their Stable Analoguas.

The gas phase pyrolysis of hexafluorodisilane is a convanient
mathod for the generation of monomaric difluocrosiiylane. Thus,
fast—flow pyrolysis at 870-720" in a mixturae with excass 1,3—
butadiena affords high yloldse of the addition product 1, 1-

di fluoro—1-sl tacycl opent—-3-sna (48). The reactions of SiFe with
hatogans have bean reinvestigated by both co—condansation and gas—
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phase mathods. The former yields a numbar of

fluorohal ogenosi tanes including mono—, di—, and higher silane
darivatives containing SiF, SiFe and SiFy units. The reactivity
towards SifFy decreases in the order Cl>Br>l, and, whiie chlorine
and bromine give rise to a number of fluorchal ocgenositanas, iadine
yields only monusilane derivetives. In contrast, the gas-phase
reactions do not proceed to any sppreciable extent [(841. A Jower
limit of kg = 10 M 577 was estimated for the addition reaction
[85). Several new organasil icon compounds (47)—-<(51> hava been
obtained from the reaction of difluorosilylene with

cycl opentadiene and cycichaptatrienae in both the gas phase and by
the cocondensation method [BB:.

Ri ce—Bamsperger—Kassel -Marcus calculations have beasn applied
to experimantai data for the fast reaction between silylena and
bydrogen, and tead to & vaiue of B5 3%i.5 kcai mol—* for
&H*p(SiHe) (87]1. The mechanism of the thermal decomposition aof
silacyciobutane to silylene and propena has been determined by a
detailed study of the pyrolysis of the 1, 1-dideuterio derivativae.
The propene evoived is a mixture of d,, d, and de spacies with the
deuterium being {ocated on all the carbon atoms, and the raaction
proceeds by an initial 1, 2-migration of deuterium from sii{icon to
carbon producing n—propylsilylene, which reversibly forms a
silacyctopropane before ultimste! y decompasing to silylene and
propene (Scheme 21) (BB)l. The ground state of disiiylsityiena,
(HaSi»e5i, is predicted to be the closad-shali (PA in Cu symmetry}
state, about 6 Kcal mai—' below the towast triplet ("B, In Cg.
symmetry). The global minimum on the SigHa ground-state surface
is predicted to be trisilacyclopropane (891. An ion beam apparatus
has been used to investigate the reactions of organosilaneas with
transitiona metal ions in the gas phase. Co* and Ni* react with
silane to yield metal silylenes. PReaction with mathy)silanes |aad
to the formmation of metal silylenas as the mmjor reaction
channels, salong with sevéral other processes inciuding hydride
abstraction, dehydrogenation, and methane loss. HAaaction with
hexamethyidisilane proceeds mosiiy by Si—-Si bond cleavage. The
matal ion-silylene bond enargias, (M *—SiHs) (M = Co, N]), has
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been astimated to be 8728 kcal moi—*. {n these compiaxes, back-
donation of paired 3d electrons from the metai into the vacant 3p
arbitals is suggested to supplemant the donation of silicon lone
pair electrons to a 45 corbital on the transition metal [901.

The ion—molecule chemistry of dimethylsilylene with fluoride
and amide ions has been explored by the flowing afterglow
technique. Flueoride adds to the silylene to give an adduct anion
which was characterised by reaction with nitrous oxide. In
contrast, amide ion abstracts 2 proton from dimethy!silylene
giving an anion which was characterised by reaction with carbon
disuiphide and various acids. The gas phase acidity of this anion
is near to that of methanol. The reaction with fFiuaride ion
fotlowed by nitrous oxide has been employed to study the
isomerisation of dimethylsilyiene to mathytsilena. At the highest
temperatures, the latter predominates slightly over the silyteane
{81). The eguilibrium geometries, vibrational freguencies, and
infrared intensities of the three lowest |ying states of
dimethyl silyl ene have been predicted bya priori quantum mechanicat
methods €82). Ilrradiation of matrix—isolated
dimethytdiazidosilane affards dimethylisiiylene as the major
procduct. Further irradiation with polarized 488 nm {ight converts
the silylane into 1-mathylsilene, and the reverse process is
accompl ishad by Irradiation on 1—-mathyisiiene with poiarized 248
nm light. Tha resuliing map of infrared transition moment
directions together with other data allow littie uncertainty as to
the correctness of the vibrationali assignments in both molecutes
(83]. Pyrolysis of dimethyl—-cis-1-propenylvinylsilane teads to
tha extrusion of dimethylsilylene and the formation of a mixture
of cis- and iranspiperylenes via a sigmatropie hydrogen shift
which givaes rise to a cis-t,1,2-trimethyi —3-vinyisilirane
intermediate £84). Thermaily generated dimethylisilylene raacts
with phenylated atkynes to give 1, 4-disilacyclohexadienes (52)
(Scheme 22). Howaver, bulky substituents prevent addition. The
strained cycloalkyne (53) affords the silirane (54) (Scheme 237
whose transformation to the 1, 4-disiiacycliohaxadiene ic also
prvaented hy steric effects. The products of the reaction with
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thernsltiy stable 1, 3-dienes gives eithar i-silacyciopent-2-enes or
-3-anes depending on the substituents (Schemae 24) (95].

Saveral gtudies of interaction with transition maetei
compl axes have besen reported. Dimethylsilylene inserts into the
Ta-H bond at 85 (no reaction occurs at rocom temperature) [98] and
the Mo-H bond at 25° (971 (Scheme 25). The selectivity of the
insertion reaction into the Ta—H bond is dramaticalily improved by
tha addition of trimethyiphasphine. The acetonitrile—complexed
silylene ruthenium complex (55} has been cbtained by strirring
CoMey (PMag) aFUSi PhaOTE (TF = triflate) with NeBPh, in
acetonitriie. The Pu-Si distance (2.328(2}A is the shortest such
yet observed [88). Simitar complexes of donor molacule stabilised
sitylanes with [Fe(CO),] residues (58> have also been
characterised {(Scheme 28). Both the complexes (56) are monomeric
in tha solid state and in solution, and can be sub!limed in vacuo.
Far the complex (56, Do = H¥T), the silicon atom is in a
distorted tetrahedral environmant with a Si-Fe bond distance of
2. 289(23A [88). The intramolecularly base-stabil ised complexas
(37> have bean prepared by substitution at tin in the
corrasponding SnCI2 complex (Scheme 27). The coordination in each
is simitar with penta—coordinated tin €1001. The
dihal ogenogermyi ene compl exes XeGaM{C3) . THF (X = F or Cl; M= Cr
or W) react with 1,2 —dipoles such as aldehydes, imines and oximes
by nucieophil ic exchange at tha germanium atom (1012, New
gaermyl ena compiexes have been obtained by dehydrochlorination of
the products of these reactions, ClaGeCrCNs.B (B =PhaC=NH or
PhCHENOH), using triethyiamine or bis{triethy!gecmyi marcury
{(Schema 2B), or by exchange reactions betwean ClaGeCr (€0} ,. THF and
triethylgermyl compounds (Scheme 28) [102]1.

Tha germyierna, bis(Z, 4, 6-tri-tert-butylphenyiXgermanium(il),
(58) (from the corresponding organol ithium reagent and
GaC} 5. dioxane at -i0"}) has been characterised by EXAFS. The datn
show that only tha two aryl groups are focated around the
germanium atom and no Ge=Ge interaction is presant [103), At room
temperature the gurmylene resrrangass to the germeindane (59) by
oxidative-addition of a C-H function from thae ortho-tert—butyd
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groups of (58) to the lowvaisrnt germanium atom (Scheme 30). (58
is oxidisad by eatemental! sulphur to give the germaindanethicl G0>
derived similarly from the intermediate germathione (Schema 31)
[1041. Thae reaction of SnCly with LIiESi (SiMag)el. ITHE in diethyl
ather at -78° affords red crystals of the new stannylenae (81) as
LiCi (OTHF) adduct. The geomatry at tin(i]l) is pyrsmidai [1051.
Reactions of the germylene, GelN{(SiMeyalgls. and stannylene,
SnIN(SiMeglele, with diazo compounds have besn invastigated
[106,167). DBiiferences in behaviour ere very apparent between the
two, With MeCOC({Ng»CO(OEL), the germylene affords a 1:1 adduct
(the heterocyclie (62)), whilst the stannylene gives a 1: 2 adduct
(the haterocycle (B3). The oxidative-addition of germaniumdil),
tinCil) and tead{i]j} amidas, and SNECH(SiMaglele with aikyl ang
phenyi halides and with chlioromethanes, CH, ,Cl,, (n = 2-4), have
been described {108). Similar reactions also take place with
pivioyl and benzoyl chiorides and also with trifluoroacetic
anhydride to give novel acyl-metal procicts (Scheme 32). Heating
the tin{il} amides SNINISIMegIRI, (R = £-Ba, t-0ct) at 80-90° for
1-4 hourse leads to the amincsileanes HIN(SiMeg)R, tin and the
cyélotretnl tated spiro-compounds (84) £1083. Traatment of the
iridium complex, {Ir(rCoM,la{p—Clle with GalN{(STMeylgls in
n—hexane at 20° in the absence or presencda leads to the formation
of the complexes (65) and {86}, respactively, whose structures
ware also determinad {110]. The tindil) amide, SHIN(SiMeglglu,
react=s in different ways with the threa trimetal dodecacarbonyls
MDD, (M= Fa, Ry, Os) and the acetonitrile derivatives (Scheme
33 {111). The lead analogue PhIN{SiMegd.ls undergoes a variety
of reactions with the ool ybdanum hydride complexes [Mo (R} (CO¥gH)
(A = CaMEs, CoHe(SiMagle-1.3, or CuHa) (Schema 24) [112). Tha
structuraes of severa! of the products were confirmed by

crystal | ograpiy.

4.2.2 Multiple Bonds Involving Garmanium, Tin and Lead
The chemistry of compounds contalining multiplie bonds

invoiving the heavier Group IV elements continues to undergo rapid
davelopment and several new stable compounds have been described.
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ine chemistry of the silicon—siiicon double bond has been
comprehensiveliy reviewed [113]. Ab initio calculations show that
n bonds in silenes are substantially less stable toward addition
reactions than rn bonds in phosphenes. Two factors contribute to
this difference: n bonds in phosphenas are stronger than n bonds
in sitenes, whilst the converse is the case for the respective o
bonds, both of which can be traced to the preference of second row
elements for orbitais containing unshared electrons to have large
amounts of s character £114]. The electronic structure of
disilens has been studied by unrestricted Martee-Fock, generalized
vatence bond perfect pairing, and complete-active space self-
consistent—Field methads. The former undergoes a triplet
fnstability and the electronic structure is a waak singiet
diradical. The optimized geaomeiry iz shown to be a strongly
trans—bant Cg,, structure {1152, Evidence has baen found for tha
raarrangemant of MagSi-Si-H to MeaHSIi-Si-Me and for the
intermediacy of tha silens MegS5i=5iitMe [11B8]. The first
tetramlkylidisilena, tetrakisibis(trimethylsiiyl Imethy!ldisilene,
hms been synthesised by the route in Scheme 35. Some reactions
are also shown. Nmr date indicate that rapid inversion between
two trans-bent conformers takes pface in solution £117). Silicon-
29 nmr chamical shift data has been reported for five
tatraaryidisitonas {118, Shifts are in the range 63. 14-65. 19ppm.
Tetra(2, B—dimethyt phenyl Ydicilene raacts with (2, B—dimethyl—
phenyl)isocyanide in banzene at room temperature to form
disilacyciopropanimina (87) as a bright red crystaliine saolid
whose structure was confirmed by X-ray crystaliography 1191,
Tetraarylidisilanes undergo a facile intramolecular rearrangment
involving the exchange of two aryl substitusnts betwaen the
silfcon atome of the silicon=sii{icon double bond £ 120].
Intermediates of the type (68) are indicated from nmr data in the
reaction of disilenss with mercury(ii) trifluorocacatate (121}.
(69 is a synthon for dimethyldisilyna, MeSi=SiMe [122].

The nature of the tin-tin bond in
bisibis(trimaethylsilyl Imethylliin has baen probed by sol id-state
and sofution nmr. The *?*Sn CPMAS spactrum gives an isotropic
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shift of 892ppm downfield from Me,Sn, which moves upfield to
8i3ppm on cooling to 77K. Coupling to ''75n (1340210 Hz) is also
observed. The '3C CPMAS spectrum displays a singie |line for the
methine carbon with coupling to both ***Sn and **'7?Sn, but on
cooling this spiits into three |ines rationalised as a
conformational egquilibrium in the solid which is slowad by
cooling. The [ow-temperature solution is consistent with a
monomer==dimar equilibrium, and analysis of '3C data gives
AH = 12.8 kcal mol~? and AS = 33 eu. The tow value of AH for
dissociation and the smali 'S0 '*Sn—'175n) imply that the Sn=5n
bond is exceptionally weak and not & covalent bond in the usual
sense. In ganeral, the data are consistent with the original
proposel of Lappert of a double dative bond rather than a
zwitterionic single-bond description [ 123].

mBond strengths in the alkene ansioguas HeX=CH, (X = C, SI,
Ge, Sn} have basn calculated from the aenergy diffarences between
planar (n-bondad}) and perpandicular (diradicafi? structures and
from the energies of disproportion of the products of hydrogen
atom addition. Both methods yield nearly the seame c—bond
strengths: C=C, B4-80 kcal moi—%; C=Si, 35-36 kcal moi—*; C-Ga, 3t
kcal mol—"; C=Sn, 19 kcal mol—* [124]). in an intaresting articie,
Brook £1851 has related how his research {ead to the synthesis of
stable silaethylenes. Wi barg (126-129) has pubiished more data on
the synthasis and reactlions of stable sile— and germasthenes. On
gentie heating the staericaltly-crowded trisil ylmethane,
t*BuySiF-OLT (SiMay) s, rearranges into the compound
Me,SiF-CLi {(SiMeg? (SiMa*Meg,), which in turn decomposes at 100* inteo
LiF and the silaathene Me,S5i=C(SiMay} (SiMe*Mag) (70). In the
abgance of trepping reagents, (70} furnishes a mixture of
sacondary products, but with butadiene raacts to afford (713, The
adduct MeeSIiF-CLIi (SiMes) (SiMa*Mag,). 4thf dacomposes in diethylether
in the presanca of MegSiCl at room temperature into the
monotetrahydrofuran adduct of MeSi=C{SiMay) (SiMa*Bug,? (Schema
36). The unsolvaied sllassthene, which may be obtained by removal
of tha thf by azeotropic distiitation, is kineticalliy stabte at
ambient temperatures but decomposes slowly at BO". in solution
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the siiaethane undergoes rapid intramolecular methyl group
exchange {(Schems 37). FReactions are summarised in Schame 30.
MeELSi=C{5iMay)s is unstable at -i00" with respect to dimerization,
but forms the adduct Mau,S5i~Ci{SiMogle. NMEs (72) which is metastable
at 0°. Furthar heating results in dissocintion {to its components,
and hence the adduct is a usefufi source of the fraee silaethenc.
Typical reactions of (72) arse shown in Schema 39. MaaSi=L(SiMagix
also forme 1: 1 adducts with othar donors (F-, NMe,, NEL,, Br—,
£hf), whose Ltendency towards thermmi decomposition increases as
the Lewis bagicity of the donor increases. The anaiogous
garmaethene MegBe=C(SiMey) may be generated by similar methods, eg
thermal elimination of LIX from MegXcGe—CL i (SiMegle or the thermml
cycioreversion from Lewls base adducts, and undergoes simiiar
types of reactions as the siisetheng analogues. Wiberg has
continued to investigate the chemistry of stabie silaethenes { 130-
133]1. The doubte-bond in (73) is essentially planar, with a twist
about Si=C of only 1.68%, and the Si=C bond length (1.702(()A) is
substantially shorter than in the previous!iy reported ¢74)

(1. 764(2XA), but in excellent agreement with theoretical
pradictions. (73 forms adducts with a variety of neutral and
anlonlc donors such as THF, NMe,, pyridine and F-, with the donor
being coordinated in all cases to the unsaturated silicon atom
The structure of the fluoride adduct (as the [Li (12-crowr—40,1*
salt) shows a distorted tetrahadral geometry at the fluerine-
substituted silicon atom Some raeactions of the THF adduct are
shown in Scheme 40. The methy! groups of MegSi=C{(SiMagdx migrate
with & rapid shift of the S5i=C double bond from silicon to silicon
£132). The same siiasgthene also reacts with trans-piperylene to
yiald exciusiveiy tha [4+2) adduct (75) in one step by a
synchronous mechanism, but with cis-piperylene only to the £2+2]
cyclic adduct (78), possibly by a two-step mechanism (Schama 41)
[1333.

Steble germaethenes {134, 1351 and & stable stannasthene {135}
have been reported. (77), formed by dehydrofluorination of
MasaGa{F)—(Li )Ry, could not be isclated in pura form but forme
stabie adducts with weak Lewis bases such as diethy! ether, THF,
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and MEt,. The adducts are highly reactive (Scheme 42) [1341. The
germaethenes (782 and the starnethene (79) have bean obitained by
reaction of the electrophilic cryptocarbene (80) with the
appropriate germane— or stannanediyl. The structures of both have
been determined which iYJustrate the significance of the ylide
rasonance forms in the bonding £135, 1363,

The thaermml generation of {(alfiyloxyImethylsiiylena by fiash
vacuum pyrolysis of 1, 1-bis{allyloxy)tetramaethyldisilane affords
unexpected products which indicate the formation of intermediate
al l ylmethyl silanona, CaH-MeST=0 (Scheme 43) {137). M™Methylsilancne
and dimethyl =i lanone have baen genarated in an argon metrix by the
cocondensation of the appropriate silane and ozona and the
positions od the v(5i=0) vibration identified (1381. Silisthione,
HeSi=S, has been the subject of detailted ab initio calculations,
and has baeen found to be kinetically stable with respeact %o
unimol ecul ar decompoasition reactions ag to He + S5i5, H + HSiH, and
HSIS5H (cf. HxSi=0 and HaC=0), and is more thermodynamical!y stabie
than HeSi=0D [1391. A reactive Intermadiate with a gilicon—-
selenium double bond has baen propased in the photolysis of
hexagthylcyclotrisiiasalenane in the presence of
hexamethylcyclotrisiioxane [ 140]1.

Ab initio ealcutations with a B-31G" basis set indicate that
silaimine, HeSi=NH, Is5 bent at nitrogan (128.8%), but has a low
barrier to linearization (8.0 kcel! mol—*). Hence, in accord with
experimental results, substitution of an eslectropositive SiHs
group produces a near | inear skeleton (175.8°). The Si=N double
bond is 54.1 kcal mol—? than two Si-N singlae bonds (cf carbon
nitrogen bonds were the analogous difference is only 1.8 keal
mal =) [1411. Silan— and germanimines, MeyE=NR (E = S5i, Ge;

R = SiMa,.*Bus_nn, SiPhy, EMa/N{(SiMBs)g), can be generated by the
thermi ysis of =ila- and garmadihydrotriazolies. and react with
azidoalkanes or —silanas R'Ng by & (2+3) cycloaddition to form
sila- or garmatetrazoles [142]1. In some cases, insertion products
of the imine In the A'-N bond of the azide is aobserved. As the
cyclonddition raaction is reversible, the tetrazoles are
conveniant storable precursors for the iminas [143, {44). The
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syntheses of two stable sileimines have been reported.

Di isopropyl (2, 4, B-tri-tert-buty!phenyl iminoclsitane (831} has been
abtained by the route in Scheme 44. (81) is a sublimmble orange
crystalline csolid which melts without decomposition to a deep red
liquid and s very oxygen and moisture sensitive [1451. The
silaketimine (B2}, from the reaction beiween azido-di-tert-
butylchiorosiliane and tri-tert-butytsilyl sadium in dibutylether
at -78°, forms pale ye!low nesdles. The structure of (_B_g) shows
it to have an essentially !inear skeleton (cf the ab initio
calculations above) with a Si=N bond distance of 1.588(3)A) [148].
The first example of a silanedi imine, Me,SiN-Si=NSiMe,, has bean
characterised in a2 glassy 3-—maethyipentane matrix at 77K [ 1471,
{minosilylene and its germanium analogue have bean formed by gas-
phase flash pyrolysis of trimethylsiiyl and —germyl azides at
1100K at 10~ mbar. Ab initio calculations pradict the formation
of several compounds in the pyrolysis of MegSiNg, in the
probability order MegHSIN-CH, > Si=NH + CyHge > MagHSi(H=NH 1>
Si=NMe + CaHs [ 1481,

Several examples of phosphasiienes, ArP=SIR' A", have been
synthesised by the reaction of ArPHLi and the appropriate
dichlorosilane R'R'SiCl,, followad by the et iminastion of HCI.
However, bacause of side reactions and the low stability of the
phosphasiienes, they were not isclated in & pure form but rather
characterized by nmw. In particuler, the 2*Si resonance is
strongly deshielded (148-i7Bppm? and the 'J{PSi) coupl ing constant
large (ca. 150 Hz) (i48]. The stable germaphosphenes, Mesgte=PAr,
are very reactive towards compounds with active hydrogens
producing secondary phosphines (83) with a high regiospecificity
and towards halogens to give (B4) and (85) £1501. Thermolysis
produces the germaphosphetene (88>, the first four—membered
heterocycle with a Ge-P-C linkage, nearly quantitatively [1513.

4. 2.3 Other Low valant Compounds

The most significant advance in this area has baen the
synthasis and characterisation by Jutzi of the first bivaient
silicon compound which is stable under ordinary conditions.
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Decamethylsilicocene (bis(pentamethylicyclopentadienyl)siliconiil)
is obtained by reduction of

dichloro(bis (pantamethyi cyc] opentadienyl }—sil icon(iV} by
rnaphthatenal ithium -sodium, or —potassium in thf (Scheme 45 M =
Si, X =Ci). The compound is colourless (cf the yellow or orange
colours of the heavier homologues), sublimes readily, and melts at
171° without decomposition, but is extremely air—-sensitive.
Surprisingly, two conformers are present in the crystal in the
ratio 1: 2. Both have sandwich structures, but whereas in one the
two eyclopentadienyl rings ere paraliel and staggered, in the
other the rings form an interpianar angle of 25.3" most probably
due to intermotscular interactions and crystal packing effects
[1521. DOecamethylgermanocene ang decamethyi stannocene have also
beaen prepared simiiariy {(Scheme 45; M = Ge, Sn) {153]1. These
compounds undergo a wide variety of reactions. Typical reactions
of decamethytgermanocene and MesCaGeCH(SiMag)e with electrophiies
are shown in Scheme 46) and Scheme 47, respectively, whereas
reactions of Me,CoGeCl are shown in Scheme 48 [ 154, 1553, The
unsymmetrical ly subsituted germylenes exhibit no tendency to
rearrange into the symmetrical compounds. X-—fay anal ysis of
MagCaGeCH(SiMegte shows it o be monomeric with the germanium atom
bonded in & dihapto manner to the €4 ring as in (87).
Atkyllithiums react with decamethy!stannocene by nucleophitic
substitution at the tin atom and the di spi acement of CoMes group.
Thus reaction with (MeyaSi).04 i yields MegCeli and

I (Maa5i)elH) Sn, but resction with Meli produces Me.C. and a
mixture of oligomeric stannytenas {Me,Snl,.. However, trapping
axpariments demonstrated thae initial formation of a short—Iived
(' -MBpCaleSn(Me)L] intermediete [1581. Fenske-Hall m o.
calculations have been reparted for stannccene and

decaphenyl| stannocene and predict that the tin lone pair resides in
tha HOMJ, a tin Ds—like arbitai, in the latter compound, and is
not detocal ised onto the ring system of the iigands. Computer
graphics show that the exparimental structure (parailel rings)
minimizas steric repulsion by placing the phanyl rings on the
cyclopentadienyl ligands in a naariy perpendicular orientation



298

b 2L3iC, oHe or

/ " C
H LizCaHe \(.L H .
Nl /N /
M= 5i, Ge. Sn.
Schema 45
"X
it H95C5G0+x-
-MesCoH X = BF., {Me0OC)aCs
HeﬁasCFg
- HBngGGOaSCF3
-HBSC.5
(Hescg}zcei—————j

GBC 1 . CAHaOz

_CQHQOa

Iz

—  2MesCoGeCl

-t (Me.Co)oGel

Scheme 46




299

H8505GECH (Si Hes ) o Se—

- HE5C§H L Heg.CgGeCl}
HBF.,.DEt.
- HBECBGE‘BFJ{’
~CH.(Sidexl=
~DEL .
1= {
o Hescg?e-CH{SiHes}z
i
Mel qe
- H95C5?e-CH(SiHesla
1
He045CF %e
- HescS?E'-CH{SiH03)z
035CF 5
HeCOC1 He?O
- Hegcg?e—-CH(SiHea)z
Cl
Scheme 47



300

Schema 4B

(::3 ;,CH{SiMeg)z

{Me;5i)2CHLI
-LiCl "

R (e (:::)

Cols-n{SiMea) K
-KC1 o

R = SiMea:R';R™ = H
R,R' = SiMes;R™ = H
R.R*,R" = SiHes

1/,HCl in Etz0

- I)'z"BsCsH
+ ! 12H95C5Ge‘0201 -

Joor.
1

HBF.,..OEt=
-HC1

GaCls . CatlaO2

» Mool Ge Gella~
_CAHBOZ

AlCla

» HeiCsGe*AlCl,™




301

Scheme 48 - continued

. z z
- ﬁeacs(.ie-Cl F — Hescs?e'CI
I Ci

i
+ H9565?O_I
1

Mel ?e qe
- He505$e—Cl —_ H3505?e-cl
i )

%e
+ HBgCg?e‘I
i

MeOSSCFa/f -Mell

» Me . C-Ce-0,5CFx
Me,5:10a5CF s/ -HesS5iCl

MeCOC1 HeﬁO
» He,C5§e—Cl
(1]
SiMes
LiN
\\Siﬁea SiMes
—> MesCaGe-N
-LiCl SiMes
LiN
> "QQC5GQ_N

-LiC1



302

L157]. Peaction of GaeCl,. dioxane with mvio—, bis—, and tris—
{trimethylsilyllcyclopantadienyl lithium yields bis—, tetrakis—,
and hexakis— (Erimethylsil yi Jgermanocens, raspectively. in the
latter, the two Cs rings are neariy parallel and have an eciipsed
conformation [ 1581, Decabenzylgermanocene, —stannocene, and
—plumhocene have been synthesized by substitution from Galy, SnCle
or Ph{0{Me)e and pentabenzylithium. All are air—-stabta and
axhibit interpianar angles of between 31° and 3aB* [159).

The compound (R"-Me lHIMesSi (NP-Me.Cxl)Ga*Gall~ (882 exhibits
the extremely novel feature of an alkene-Main Group metal m—type
interaction. Colouriess crystais of (£8) are obtained according
ta Scheme 45, and the coordination sphere of the germanium
contains a pentahapto tetramethylcyciopentadienyl ring, the two
carbon atoms of the second Cs ring, and two chiorine atoms of the
counterion. An additional contact from the third chiorine atom
results in the formation of centrosymmetric dimers. Naw data
indicate that the alkene coordination is preservad in solution
{1801,

Several interesting analogous carborane compounds have at!so
been described, and again the most intriguing is the bivaient
silicon compound { (MegSiloCeBlHa]5i 88 which is formad togather
with { (MeaSi InCeBaHLIgSi in the reaction of SICl, with
Na*Li+i (MEg5i ) gCaBLHHL,)™ in thf [181]3. Simi | arly, the closo-
germacarborane [ (MEeSi ) eCeB.H,.i6e [182], and the stanncarboranes
£ (MegSi)eCaBdH,15n, [ (MeyaSiICHLCLB.HLISh, and [ (MeaS5])C,B.H.15n
(390) have been cbiained. The three stannactarboranes form i1: 1
donor-accepior compiaxes with 2,2'-bipyridine, as wali as weaker
1: 2 complexes with thf. The crystal structures of (80) and the
bipyridinag comptax [ (MegSi)glaBH.,150. bipy have been determinead,
which confirm the cfoso structures, and show that the bipyridine
group coordinmates to the tin atom opposite to the carborane
framework. Unususily, the coordination of bipyridine has oniy a
smail effect on the Missbauer parmsmoters, bui all the
spactroscopic data are consistent with a distorted pentagonet
bipyramidal framework with the tin atom occupying an apical
position and bonded oxclusivety to the three boron atoms of the
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carborane ring { 183].

Lappert [ 164, 1651 has published full detailis of the
synthesis, structural determinations and m o. calcutations on the
compounds M CH(SiMeglele (M = B, Sn). The germaniun compound is
convenientiy prepared by the reaction of Geflg. dioxans (from the
improved synthesis from GeClt., and BuxSnH} mand magnesium alkyls.
The tin compound is obtained from SnCl., by successive reaction
with two moles of the Lithium alkyl and dilithium
cyclooctatetraenide. Electron diffraction shows that both
compgounds are “V'-shaped monomers in the vapour with CMC angles of
i07(2>° (Ge) and 97(2)" (Sn). In the solid both have the
dimetal lene centrosymmetric, trans-folded MR, framework, with
fold angles of 32* (Ge} and 41° (Sn). The M-M distances in esach
are slightly shorter than those found in the tetrshedral eisments.
Doubte-£ at initio calculations predict somewhat shorter MM
distances, but show the trans-folded structure to be more stabie
than planar and M-M tond dissociation enargies to be about half
those found in HyGeGeH, or MexMiMa,.

The preparation and properties of the campounds MC(PRLI LX) I x
(M = Ge, Sn, Pb; X = H, PHe, or SiMes? have been reported { 66—
1681. LilEH(PPhy) el reacts with GaCle. | (. = dioxane or PPha),
SnCly or PbCli, in thf to afford MCH(PPhg)else M = Ge, Sn, Pb)
which are three coordineted in the solid with one group
functioning as a chetating diphosphido ligand and the other as a
unidentate carbon-bonded tigand as in (9i). In contrast, the
compiex SnEC(PMEg)aly synthesised by similar methods has the four-~
coordinated pseudo~trigonal bipyramidal geometry (82 in which
both groups function as diphosphido ligands. Aill the compourds
are fluxional in solution. Several noval subvalent germanium
structures have been determined (168-171]1. GeClg. dioxane reacts
with LIl (MegP3eCX] (X = PMe, or SiMes) to give the phosphane (83)
as indefinitely stabie colourleas crystals. However, when less
then the required stoichiometric amount of Iithium reagent is
used, o redox process takas place and (84) and (95) ara faormad
which (Scheme 50). The oxidation product (84), which can also ba
obtained from GeCl,, is the first example of a trans-octahedral
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structure having four phosporus and two chlorines at a germonium
caentre. The reduction product (95) is also obiained in near
quantitative yieid from GeCl 5. dioxane and Lif (PMag)aCl in the
presence of excess magnesium in THF, and is characterized by a
doubte phosphinomethanide—-bridged [Ge’—Ge’l structural unit as in
(88). The germanium{il]) lone pairs in {98 arae stereochemically
active, and (98> reacts with further GeCige. dioxane to form the 2:1
adduct (97). In solution, this adduct undergoes almost complete
dissociation at room temperature, elthough undissociated at -100°.
The structure of (97} is characterized by a bent {Ges) chain of
germanium atoms in both valence states. The complax (98) is
formed in the reaction of GeClg. dioxane with Lil (MeaP)C{SiMag)]
in the presence of magnesium, and contains discrete [GeCl,l anions
and cationic chains of four germanium atoms with terminal I
chiorines and bridging diphosphinomethanide | igands. PReaction of
LiCH(FPhgle with Pty in THF yields orange crystals of (89) as a
THF adduct, in which the lead atom is pyramidetly coordinated to
the two phospharus atoms of a cheleting | igand and one carbon atom
of a unidentate |igand. Simitarly, reaction with

Lil (PhaP)gC(S5iMag)] gives (100) in which lead is four—coordinated
by two chelating |ligands. Both compounds are fiuxicnal in
solution [ 1721, ’

The tin(il} and Yead(il) bis(tert—butyi)phosphido 'ate*
complexes Li (EhfIIMP*Bugly (M = Sn, Pb) (101> have bean obtained
from Li (P*Buel and the metal {Ii) chleride in thf. in the crystal
both metals are pyramidal with two of the phosphorus atom
coordinated to the |lithium atom £1731. Feaction of
o {di pheny! phosphino)phenyimagnesium bromide with SnCig lead to
the formation of the mixed-valence compound (102) (Scheme 51>,
Treatment of the complax ClaSn—W(CO)s with the same grignard
rasgent produces (103) [174). Several other complexes with
trancition metal carbonyl fragments have been described including
the germylene compiaxes Meals (RIGaW(CD)g (R = Tt, Ma, (MagSilall
(MagSi)g(H) (175,178] and L. XaGaMICD)g (M = Cr, W X = F, Ci;

L = nitrone) [177), and the stannylene compiexes
O aM-SNOIHHe)aE (M =Cr, Mo, W& X =0, S; E = NA, FPh, 0, S
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and (CO)aW-Sn (XCHCHy ) gE. py (E = NMe, O, S» [ 178, 1791, and
[ {CoHal CO)LISRl (RePletX] (M= W, R = Ph, X = FPFh; M= Md, R = Ma,
X = SiMag) £1801, and the carbonyi-iron complexes
eq-IFa(CO) ,{MCAr2 g}l M = Ge, S Ar = CoHup®Bus—2, 6—Me-4> (10811,
The crystat structures of several have been determined.

Surprisingly, the germanium(Ii) pseudohalides Ge{(CN)y,
Ga(NCO), and Ga{NCS), were unknown grior to their synthesis by the
Toulouse group from the corresponding hatides and either potassium
or sitver salts. They are stable in thf and acetone solution but
such sofutions are extremely sensitive to moisture, and undergo
typical cycloaddition, insertion, and Lewis acid-base reactions
characteristic of highiy reactive germylenes {(Schema 52> {1821.
The germylenes X.Ge, AGaX, asnd BgGe (X = halogen, OR”; R = alkyl or
aryl) undergo regioselective cycloaddition to 3, 5—di—-t—butyl
orthoguinone at room temperature to afford substituted 2-germa-—
1, 3—dioxotanes in good yield (eg Scheme S3 [183]1. Esr evidence
has been presented for the existence of a radical species in the
vapour of tindil) fluoride £1841.

Monomeric 1,4,2,3, SA"-diazadisilastannol idines and
—-ptumbol idines (i104) have been obtained according to Scheme 54 as
thermochromic oily red liquids or orange soltids [185}. Heating
the acid-base adduct €105 to 120" in toluene teads to the
formation of the pentacyclic compound (108), which has a
centrosymmatric structure with a cantral [ {H)xSngl ring. The
decompaosition foliows first-order kinetics, and proceeds via the
intermediate (107>, which, although possessing the same
composition as (103), exhibits a completely different structure
and is characterised by an intramol ecul ar hydrogen—bond between an
o-carbon atom of a phenyl group and a nitrogen atom of the four—
membhered (SiNgSn]l ring which may be considered responsible for &
hydrogen atom transfer {188}, Strontium and barium bis<tart—
butoxidaes) react with tin€li) tert-butoxide to afford the mixed
alkoxidaes [Sn{0*"0Bu)SM0*BulaSnl (M = Sr, Ba). The structure of
the strontium derivative (M = Sr) is highly symmetrical with Su
symmetry, and comprises a strontium atom sandwiched between two
terdentate [Sn(O*0Bulal units [$187].
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The garmenium(ll) and tindil) porphyrin-tetracarbonyliron
complexes (PYMFe{(CO), (M = Ga, Sn) have baen synthesized by the
reaction of NagFe(CD), and the corresponding (PYM'VCis complexes
in thf. The complaxas were extremetly stabhie after
etiactrareduction, and two reversible one-alectron-transfar stops
are observed without cleavage of the matal-metal bond. Whilst
these reductions occur at the n ring system, irreversibie
oxidatfon takes piace at the metal centre laading to [ (PIM?VIE™
and Fee (L0}, as the main products £ 1881. Bath the
trichlorostannate(11) and parchiorate saits of
chioro{1, 4,7, 10, 13, 16-hexaoxacyc! o—occtadaecane)tin(ii} contain the
discrete {Sn(18—crown-B)Cl1™* cation in which the tin enjoys
hexagonal pyramidal coordination by tha hexadentate crown ether
(equatorial siies) and the chiorine {aximl site) [i88). A similar
pyramidai coordination is exhibited by the lead complex
{PDCI (DAPSC) 1 *NOp— (DAPSC = 2, 8-diacetyl pyridinedisemi carbazona)
in which again s chlorine ovccupies the axiat site and the fivae
donor sites of the DAPSC ligand in the equatorial sites [1903],
Lead is ten-coordinate in the complex Pb{(PHENSC) (NOy )y (PHENSC =
2, 9-di formyl ~i, 10~phenanthro! i nedi semicarbazone) [ 1911, and has
highiy irregular coordination polyhedra in the 1,4, 7
triszacycltononans (L) complexes LPH{CiQL. e and LPO(NOg)e ¢ 1ee3-
Lead(ii) tri-tert-butoxysilanethiolate is dimaric in the crystal
with a central puckered four—-membeared (PbgaSe} ring. The |ead
atome sre three—coordinated [ 1931,

The “inert—pair” effect has a substantiai effsct on
electronegnativity. Thus, whereas the electronegativities of
germenium({lV), tin{lV) and Jead(1V) are 2.62, 2.30 and 2. 29,
raspactively, those of germanium(ll), tin(il) and fead(1) are
onty 0.58, 1.48 and 1. 92, respectively [ 194]1.

4.2. 4 Molecular Tetravaisnt Compounds of Sil icon and Germanium
This aren has presented itc usuai piethora of data and only a

reletively smmil fraciion can be reported here. Revised MNDO
parameters have bean decsribed for silicon with resuits for & wide
variety of silicon-conteining compounds in mich better agreemant
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with experiment { {95}, MNDO methods have been used to astimeta
skelietat bending freguencies in |inear and quasi—linear siiyt
compounds [ 1968). Semi-empirical methods have been employed to
examine the ability of carbon, silicon and germanium to form
square ptanar geometries. in all cases such plansr geometries
were found Lo be less steabie than tetrahedral structures

[1971. Theoretical caiculations have been performed for silicon
(AM1) [1981 and germanium (MNOO) (1991 compounds. Pathways for
cwcleophilic substitution at silicon have been investigated using
a mptecular orbital approach {2001. The attacking nucleophite and
leaving group prefer axial entry and exiai departure over
equatori=l entry and equatorial depsrture. In addition, =
retention pethway via pseudoroctation is of lower energy than
retention occurring via equatorial attack and axial daparture. In
agrecsment with experimental observations, chorine is predicted to
be a hetter ieaving group tham fluorine, and prefers an inversion
pathway rather than retention. In contrast, inversion and
retention pathweys asre more Jaquul in energy when fluerine is the
leaving group.

The primary thermal decomposition processes for both sitane
and disilane have been calculated using extended basis sets
£201,202). The transition state for the molecular el imination
from silane is predicted to be 58. 9 kcat mol ' above sllansg,
whereas for the reverse reaction it lies only 2 kcal mol—? over
the two fragments, silylene and He. Of the four competing
unimol ecu!l ar decomposition pathways, the 1,1- and 1, 2-eliminations
af Hg and the elimination of silylene to form silane all have high
endothermicities, but tha very high activation enargy for the
1,2-elimination excludes this process as a significant contributor
at low energles. The most )likely source of disilene in the
thermal decomposition is the rearrangement of its high energy
isomer silylsilylene. The machanisms of the pyrolyses of MaSiH,
[203] and the methylchlorosilianes [204] have bgen studied in
detail. For the former, under conditions of very low conversion
and in careful !y seasonad vassals the major products ara H, and
dimethylsitane. MeSila gives exciusively Dg. The pyrolysis of



315

this and the methylchiorosilanes proceeds by a radical chein
mechanism.

Ab fnitio and MNDO calculations have been carried out to
evaluate the gas—phase acidity of silane and the affinities of
sitans and the SiHy~ anion, Only a marginaliy stable charge-
dipole complax is predicted for SiHyg~ {205}, however, this anion
has been synthesized and characterised along with several of its
simple atky|l derivatives in a flowing afterglow apparatus at 258K
[208). Both the SiHg™ anion and the SiHy radical are pyramidal
with inversion barriers of 9000£2000 crm® and 1900:300 cm*, and
HSiH bond angies of 94.5° and 112.5%, respectiveiy, The Si-H bond
dissociation enargy in silane was estimmated to be B0. 3+2. 4 kent
mol—* £207]1. Because of the more favourable electrostatic
intaractions in the ion pafr, SiHa Li*, the inverted Ci., geometry
(108) is calculated to be 2.4 kcal mol—' more stable than the
*tetrahodrai' isomer (109 1(208]. All the silicon hydrides, SiH,
n = 1-4>, and the silyl compounds HaSiX (X = Li, BeH, BHy, UH,,
NHe, OH, F, Nea, MgH, AlHe, SiHs, PHs, SH and Cl), have been
invastigated by ab initio methods and compared with the
corresponding methyl compounds. in most cases the equilibrium
geometries of the methyl and silyl moiecules are similar. The
rost notable exception Is in silylamine, where a planar geometry
is found at nitrogen. Addition of d-orbital functions to the
second row atoms !eads to & decrease in the bond tengths. The
retative HySi—X and HaC-X bond energies depend principally on the
elaectronegatvity of the group X. Since SiH, has a higher electron
affinity and a lower jonization potential than CH,, groups which
are vary slectronegative or very elactropositive have stronger
bonds to silicon than to carbon {2093,

Hexa—tert-butyldisiiane, formed by raeaction of nitrosyi
cations with tri—tert-butytsil yisodium or —potassium, shows an
umisual ly fong Si-Si distance of 288. 7 pm £2101. Fluorination of
chiorophenyidisitanes with zinc fiuoride with siilver powder as
catalyst yields the corresponding fluocropheny!aisilanes. 1,2-
Difiuvorotetraphenyldisilane can be gbtained by uv irradiation of
bis-(fluorodiphenylisilyldmercury (211}, The structures of saveral
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other catenated sil icon, germanium or tin compounds have also been
determined inciuding the o, w-substituted permethyipolysilanas,
ASIMEe) R (A = (:-BuD)a5iS; n = 2,3,8) (2121 and hexa—tert—butyi—
1, 3-dliodotrisiiane [213}), ithe tetrasitabicycioll. 1. Clbutane (11D
(214}, the alkali matal silicides, Kgl.iSi, and Kyil(5],)s, which
contain tetrahedral [5i.,] structural units [215]1, the targe ring
cyctopotysitanas (MegSi). (h = 13 and 1B) {2163, the |inear
pheny! poi ygermanas, GeaPtwm, Ge.fh.o fas a bis-benzene sol vate),
GeyPh, e, and Cl (GaPhg) Lt (n = 2,3 and 4) (2172191,

The etectronic structure of polysilane molecutes has been

investigated both thecretically and experimentaily E220-2221. In
polytdi—n—haexyisilane the polysilane chain is effectively
saparated into a series of chromophores, which appear to be eil-
trans segments separsted by geuche |inks, communicating by rapid
energy transfer. Energy band structures have been caiculated for
polysilane models, —(SiXY),,—, with X and ¥ = K, Ma, Et, Pr and Ph.
Polysiiane has a directiy ailfowed type band structure, and a o-oc*
interband optical transition is allowed. Band-edge states are
formed mainly of skeleton Si atomic orbitais, whieh resutts in »
sketeton band gap. This skelton band gap tends to be reduced when
Iarger atky! groups are substituted for side chains. The o and o*
band-edge stataes are wali delocalized on the skelton axis.
Fol y(phenylsitane) exhibits a characteristic band-edge structure
due to o-n mixing between the Si skeieton and the phenyi side
chains. Variable temperature ®®5i and **C CFMAS NMA spectra
confirm that poly(di-n-hexyl)sitane is in a rigid form at
temperatures betlow 310 K. The cbserved thermochromism af the W
spectrum is due to backbone disordering above the transition
temperature resuiting from increasing contributions from gauche
confarmations at elevated temperatures [223]1. Folyldi—n—
pentylsilane) aexists in the solid-state at room temperature in a
regular 7/3 halical conformation, in contrast te paly(di—-n—
hexylsilana) which prefers a planar zig-zag conformation below
41°, implylng that the trans planar backbone conformation adopted
by higher polysilanes is due to side-chain crystallization [224].

Ab initio calcuiations at the SCF taevei show that the
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silicon-silicon bonds in cyclosilanas are weaker than the carbon—
carbon bonds in alkanes, since the s valence arbitals can
contribute less to the formation of strong hydrid orbitais,
Stebitization of the cyclosilane rings is due to intramciacular
perturbational orbitat interection {225]1. Hyperconjugative
interactions are much stronger in palysilylena chains than in
polyethylene chains due to the presence of energetically low-lying
orbitals in silicon system=s and the electropositive character of
silicon. As a consequence of orbital non—hybridization,
tetrasilisbicyctol 1. 1. 0lbutane and pantasilali. 1. 1)propel!ane
suffer from an extremeiy facile bond-stratching isomerisation.

The tability of the cantral bond in these systeme is also enforced
by the reiatively high ring strain in cyclotricilane as compared
with that in cyciotetrasilane. Far tetrasilabicycliol 1. i. Olbutane,
the praference for s cliosed or open struciture depends on the
substituents on the siiicon atome [2283.

The novel persiiylcyciotrisilane (111) has been obtained by
tha reaction of 2, 2-dibromobexaethyltrisilene with sodium  Uw
irradiation of (111} in the presence of methanol affords (113}
presumably vie the disilena (112) (Schema 34) [227]. lrradiation
of hexa-tart-butyicycioctrisilane with phosphaatkynes RC=P
(R = adamantyl, "Bu) gives tha phosphasitirenes (114) which reacts
(R = adamantyl) with WCO)o,THF to produce the complex (115) [2283.
Permethylcyclosilanes rearrange in the presence aof an Al (Fe)Cly

]

catalyst to form isomeric branched cyclopentasi!ianes or
cyciochexasilanes {288]. Caicuiations show that thermodynaical ly
the preferraed isomer Is that with the lower steric energy (230].
The reection of Ph,Geglly with (-BugGe(OH) g ioads to the
germanium-oxygan heterocycle (116), which has an aimost planar
{Gagly] ring [a31].

Irradiation of hexansopentyitrisilaoxetane (117) gives
tetranecpantyl disilaoxirane (118} with the extrusion of
dinacpantyisilanadiyl [232). Empiricai, MNDO and ab initio
molecular orblital methods applied to the four-mambared ring
molacuies (HeSiX)y, X =0, NH, (M,, 5) show that the electronic
structuras of all are gimilar and the short non—bonded %, 3-Si-Si



318

Et=3i SiEta
NS

3(Et=S51)3iBr, + 6Na —2» Et,5i—35i

Si=—35iEt,

Ets5i SiBta
{111}

{Et281).5i=Si (SiEts)z
{112)

1 MeOH

HeQ[EtaSilaSilzH

(1i3)
Scheme 55
Bu But* Bu* Bu®
/
C &=—P. (0C) sW-P=——==(
/ N\

R = adamantyl



319

Ph.Ce=—0 Bu* RaSi 0 0
~_ /7 =
I Ge\
thce—o/ Bu* R=Si SiRg RuS5i SiR,
R = Bu“CHa.
(116) (117 (118}
)
R_Si SiR. Q 3i o)
{119 {120}
R
\§i 0 Zr
/ /
0o g
R / 0 o
st 0 Si R
l : ’
R ""*"Sl ------- 0---lee--.8j
o / \R
,0‘ o
"" /
si 0 Si
g SR



320

distances are predominantiy determined by the Si-X distance. The
smatl antibonding Si—-Si interactions increasa with incraasing
Si—-Si distnace [2331I. The 2'5i chemical shifts for severst
cyclodisiloxanas fall in the range 3. B5—4.02+0. 1 Hz are consistent
with the non-Si-Si bonded structure (119}, However, the nmr data,
which indicate little or no s arbital contribution to the bonding
batween the silicon atoms, are also consistent with an
“unsupported n bond" modal £118].

Flash vacuum pyrolysis of (120) with cycliotetra— or
cyclopentasiloxanes leads to products resutting from the insartion
of [0=5i~=01 {cr eguivalent synthon? into the 5i-0 bonds of the
siloxanes (234, 235]1. The synthesis and crystal structures of the
cyctodisiloxanes, tetramesitylcyclodisltoxane, trans-1,3-
dimesityl—1, 3-di—tert-buty!cyciaodisiloxane, and cis-1,3-
bisibis(trimethylsiiyt)aminol-1, 3-dimesityicyctadisiloxane have
been reported. Whiist the (Sigle? in the former and iatter
compounds are stightly puckered, that in trans-1,3—dimesityl-1,3-
di-tert-butylcyclodisiloxane is plansar. The Si-5i non-bonding
distances in ai! Lhree caompounds are short and of the corder of
narmmi Si-51 bond distances, and were considered to arise from
antibonding intaractions between the oxygen atoms [238]1.
Tetraphenyldisiloxane crystaliizes at 296K in the monocliniec P2,/n
space group but undergoes a second order phase transition at 200K
to a triclinic phase with an almost unchanged structure. At 298K
the S5i-0-S5i bridge Is bent with an angle of 180" with static ar
dynamic disorder of the bridging oxygen atom {237). The Si-0-51
frugment in the R, S diastereoisomer of [ (CaHs) (CO) o FaSiCHaFI 0 is
tinear even at 120K, but the data indicate severe disordar [23B61.
Hexa(tri-tert-butoxyidisiloxane atso has a it inear SI-0-5i
sketeton, but the corregponding disilthiane is bant [2381. The
product of the reaction of MegSiCig with 1, 2-dihydroxybenzena,
bis(o-pheneyil enedioxy)dimethylsiiane, is dimeric with a ten—
membared [SigCl,0.] ring {240, Sitoxy cage compounds such as
(121) have been synthasisad and characteriesd as models for
silice—supparted transition matal catalysts [241],

Molecules of (MECgHL)aTISSiMe, contain a
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{crystat lographical | y~imposed) planar four—-membered (TiSa.511 ring
in which the Ti-5 bonds are substantial!y more labile then the
Si-S bonds [P421. The unexpected compound, I (p—5)GelSuP(0Meliglalie
(122), was also isolated from the synthesis of the tetrakis
compound, GelSuP{0Me)gl. (i123). Tha dithiophosphate }!igands are
unidentate in both compounds [2433. The monogermanium sulphide
and selenida, (PMEg (R = CF, M= 6Ga, E =95 S5a) have the
adamantane siructure (124) [244]

The question as to why cyclodisilazane rings are more stable
than cyciodisiloxanes has been examined by simpie m.o. theory. In
the Iatter, high silicon 3p, orbital contribution to the siloxane
HOMD prevants any strengthening of the Si-0 bond by silicon 3d
orbitals. In contrast, considarable Si(3d,,-N{2p,) bonding may
occur in the disiiazanes which is rasponsible for their relative
stability [245]. The structure of chiocrosilyl-N, N-dimethyl amine
has baen determined in both the gsseous end sotid phases. In the
gas phase the molecule is monomeric with four—ccordinated silicon,
but crystals comprise weli separated dimars [246]1. Disiliazanaes
tave been obtained by deprotonation of dimethy!hydroaminosilanes
by a mechanism thought to involve an intarmediate silaimine
species [R47]1. The [Sighal ring in (PheSiNCaFale is planar but
not square. Thae pentafluorophenyl groups are twisted by ca. 180*
from the piang of the four-mambered ring (2483. Cyclosiiazane
cations have been obtained by treatment of ithe disiliazane with
aluminium(ill) chloride (Schema 56) [248]. A variety of
homogensous and heterogenaeous catal ysts promota the ring—openeing
ol igomerization of octemethylcyclotetrasiliszana. Low pressures of
hydrogen (1 ateosphere) atso erhance transition metal catelysied
ring opaning by up to two orders of magnitude. The metal hydrides
which are thus formad are &alse active catalysts in the absence of
hydrogen £250].

Tha triphenylsiliyl cation has been obtained by hydride
tronasfer friom the silane to tha trityl cation [251}., The
structuraes of two silylmethyt (ithium dorivatives have baean
daterminad. That of trimethylsilyimethyi |ithium comprises
raxamaric {LiCHuSiMayla units with two distinct LI1-Li distancas
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£8521. The organol ithium resgent darivaed from MalMeeSilya(tCl
crystaliises as a dimer { (LiC(SiMegOMa)g}el, in which the Li-C
bonds are unusually long and the C-SiMe, bonds unusualiy short
(8531. Matal vapours of cadmium and zinc react with
trifiuorosiiyl radgicals o give bis{irifluorosilylcadmium and
~zinc, which were isclated at low temparaturas. Both compounds
are unstable at room temperature [2541. Treatmant of galiium(iiil
and Indium(lii) chloride with three equivaients of

Li{Si (SiMBglgl. 3thf affords the compounds [ {((MExSi)aSil.M{u—
Cliglitthflgl (M= Ga or In). The structures of the compounds can
be regardaed as a double—bridged complex of { {(MeaSi)aSilMl and
sotvated LiCi £2551. The germyi |lithium compound (125} has been
prapared from (MeaSi).Ge, and its reactions are sunmarised in
Schame 57 i2581. The novel bis(n®-dicarboliide (128> has been
obtained by substitution from SiCi, and the tithium sait of the
cerbol | i da. it is stable in dry air and solubie in most organic
solvents. The silicon stom resides onh a crystailographic centre
of symmetry, being eguidistant from the pianar paraliel faces of
the two ligands [257].

Trifluorosilyl radicals generatad in a radio frequency
discharge of hexafluorodisilana react with metal atoms to give the
first homolaptic trifluorosilyl metal compounds, (FalgTe,
(FalaBi, (FulaSh and (CFaleHg. In addition, the same method can
be adapted to afford complexes including (CFy) (PMeglNi, (*n—
CaHaMa) CCFL) Ni, (CFa)a{(PMaylelPd, ((Fz)gldi{(gtiyms), and
(CFa)aZn(pyridinely E258). The reaction of (MegSilgAl.Et,0 and
NHg in a 1:1 ratio yields [ (MagS1 ) AINHgl e which has a planar
central four-mambered [AlGgNe) ring. Tharmolysis gives solid
solutions of AIN and SiC {2581. Several complexes of
coordinatively unsaturated transition metals have been synthesised
using the vary bulky trisi{trimethylsiiyilsityi tigand (Schema 585
Lt 280, 2813. The chromium(IIi) compiax is unstabte at room
temparature, but may be stored Tndefiniteiy at —20°. The iron and
manganese compleaxes are stabie at room temperature under nitrogen.
Reaction of (CuHaleZr(SiMe,,Cl with CD gives the sila—acyl complex
(CoHn) ufr (nZ~COSiMa,lCl, thae first obmarvation of insertion of CO
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into a transition metal—-silicon bond. The complexes
(CaHn) xZri Si (S5iMEg,215iMey and (CuHslL.Zri Si (SiMagy,wiMe renct
similarly, but the titanium complax (EgHg)eTi (SiMes,€l undergoes
an apparent |igand-induced reductive elimination to producs
(CaHu 2 xTi (COYy and MegSICI. ingsertion of the isocyanide 2, 8-
MeoCaHaNC into the Zr-Si bonds of (Calg)eZr (SiMes,C! and
(CaHuuZr (SiMey,, M2 occurs readiiy to the compliexes (127). The
Zr-Si bonds are cleaved by moieculer hydrogen [2811. Orgenic
carbonyl compounids have been shown to insert Tnto the Ta-Si bond
(Scheme 59, Kinetic date are consistent with & second-order rate
law. Hydrolysis of the insertion products affords the
corresponding asitylalcohals £{262). Similarty, 2, 8-dimathyiphenyl
isocyanide insarts into the U-Ge hond of (CaHglghePhy E283]1. The
silyl—chromium complex {(CuHg) (CO)LCr (H)SIHP, contains a Cr—-H-Si
two-atectron three-centre bond in its ground state (264]1. The
reactions of dihal cgenogermaries with magnesium and magnesium
bromide in THF produces the corresponding eyclotrigermanes and
cyctotetragermanes, the ring size depending on the steric bulk of
the substituents on germanium {265]1.

The vibrational spectra of the three
(aminoymonohat ogenosilanes SiHaX(NMeg) XX = Ci, Br, 1) exhibit
dramatic changes on solidification, but those af SiHC] ,(NMe,) are
very simitar in &ttt three phases, indicating the formation of
dimers in the solid for the former compounds, confirmed by a
crystal lographic study at 118K. In the gas phase the three
(ami no)monohat ogenosi lanes have monomeric structures with the
three bonds at nitrogen close to planarity, but not exactly so
€288, 2671. SiHClig(NMeg) is also monomeric in the gas phase, but
with ptanar nitrogen. Both nitrogens in SiH(NMeg)y are non-pianar
in the gas phase [2881; SiMe(NMegle has & pianar {NCSi.) skeleton
L2891,

Treatmant of (MegSil)aP with n—butyilithium in THF affords
ELT (u—PFe) {THF) gle, which siowly iagses THF in vacuo to give
Lis{pe—FPRg)u (it FEel)e{THF)g and reacts with N, N, N' N N'—
pentamethyi—-diethylenstriamine (PMCETA)Y in toluens to give
Li (FRgY{PMDETA}. The structures of the flrst two have been
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datermined. I[Li{(p—PRg)(THFILle is centrosymmetric with a (LiP),
corg, whilst LiL(pefRa)e (s PRe)e{TH}x has a fused tricyclic
(.iP), |adder skeleton [270%,

Two competitive reactions occur whan an aguimolecutar amount
of [HFe(CO) L1~ is addad to the phosphaalkene (128): etimination of
Ph.P8r and the formation of (1292, and HCI evolution with the
formation of a minor product which could be (130). (131) is also
formed as & by—product (Scheme 60). Compiex (131) is obtained
directly when (MegSil{HPCl, is treated with one mole equivalent
of the hydride. Thrae products (129), and the phosphirane
compounds (132) and (133> (or (134)) are formed when a
dichloromethane solution of the hydride Is added slowiy to the
pure phosphaaikane (128> at room temperature (2711, The reaction
of CIPI=C(SiMBa)xle with 'PrMgCt affords the phosphe—allene
HPI=C(SiMeglgls which isomerises to the phosphanlkene {135) by a
raductive hydride shift [E721. Wwith { (CoHg)Fa(C) JIK,
CIPL=C(SiMaylgly affords the compiex (138), the first example of =
three—coordinate metel ) o-bis (methyl ene? phosphorana
{metal i ophospha—-at lene) {2731. The reaction of MoP(SiMagle with
PCiy at —-78" in pantane yields PIF(SiMBy)imiw, which has
approximately Cy symmetry in the crystal {2741, Linear siiylated
triphosphanes have baen obtained by first reacting PCl, with tha
trimethyisilytated phosphine P(SiMea)R to afford R(Mag)PCi g,
which is then treeted with the lithiated phosphine LiP(SiMeg)R
[2703. FReaction of the fully sitylated trighosphane, (MeLSi)e—
P(5iMa,)-P(SiMegle, With *BufBl, affords cis-P.(SiMeg)*Bu [276].
The cyclotetraphosphanes P *Bues (SiMea) and trans—-P.*Bug (SiMagle
react with Meti and "Bui i in thf via cieavage of a trimethyisilyl
group teaving the [P.] ring intact. CisPL*Bug {SiMagle and P,
rings with a highar degree of siiytation, however, react
differently, undergoing P-F bond cieasvage to produce primary
n-tetraphosphides which rearrange even at low temperatura in thf
to form the corrsponding secondary n-tetraphosphidas [2771.

Several! complexes of transition metals have atready been
mantioned, but sevaral others are worthy of ncte. €137) and (138>
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arg formed from Fog (COY,y and (MegSil N-P=NSiMa, in tolusne at 90~
{2783._ {139) is obtained by the route shown in Scheme B1 [279].

4.2.5 Structures and Spectreoscopy of Tin and Lead Compounds
Crystal tography continues to play a very important role in

the elucidation of the more subtle structural features of tin
compounds. The large number reported in the past year or so
precliudes more than a brief mention of most. In some cases
crystal lographic data is used to aid interpretation of
spectroscapic data.

Several structures are quite unusual, and form the first
exampl es of new siructurel types. In this category falil those of
bisf 3—(2-pyridyl }-2-thieny!-C, Nldiphenyttin (14D) [200], the first
example of & six—coordinated tin compound containing four tin—
carbon bonds, {C,N-[3—(Z-pyridyl)—2-thienyllitri(p-tolylltin (141}
£281], a compound also with four tin-carbon bonds which is highly
distorted from tetrahedral towards &rigonal bipyramidal gaometry,
tribenzy) (2—pyridinethiol ato—n-oxide)tin (149) [202,2831, a rare
exanple of sguare pyramidal geometry at £€in(1V), and the
sterical)ly-crowded £in(IV) monohasl| [des, (MeaSi)aCSnMa,F [284],
Mey,Si ) CSnPheF [284], (PhMe2Si)CSnMe,F [284],
In-CaHaFe(CO) L) (p—tol yl )SnBr [26851, and { (MagSidgNIlL5nBr (1081,
al! of which have (distorted) tetrahedral geometries with
intermofecular tin... halogen interactions.

Five coordination at tin has been confirmad in
Ci gSnfH,CHaUOL "Pr [288], (NCS)PhySn (O UCaHN-2).He? (2873,
2—MagNCoHCH(SiMa,) SnMePhOr [2681, (p-toly))aSnBr. (quinol ina—N-
oxide) (2881, {3-[t-buty! (phenyi)phosphinolpropylldimethyltin
chioride [2902, and MelCISni (i-pyrazolyl ) o8-l 12913, whilst six—
coordinated Sn'Y atomg) are present in the mixed-val ence compound
SNt gSniVelF 4 (CaltlFgle. 2CF000H (the Sn'* sites have square
pyramidal geometries) [282].

The tin—tin bondaed haterocycies (143) (Y = 5, Se, Ta) have
planmer ring skeietons [(283]. Reaction aof FhSni.l with PhaMCl g
(M = S5i, Ga) gives (Ph,Sn)MPhg., The {Ce—SiCy—SnCel skeleton has
symmetry close to Cgx (2941, Simiiarly, reaction with tha
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o, w—di i adopot ystannanes, [ (t—BugSn). i, affords the |inear
stannangs, PhgSn—({t—BugSn),,—SnPhy (n = i-4), the structures of
which have baen determined. Elactron—rich substituents on the tin
atoms generaily effect an increase of the Sn-Sn bond iength.

Thus, the central bond whan n = 5 is the tongest yet observed

(E. 986(3)A) [295]1. The structures of the cyciotetrastennanes,
(E-BueSn) ., (planar) and (t—samylgSnh), (Puckered) have a)so been
determined (296).

1, 2-Dichlorotetramethyl distannane, ClMagSnSnMaglCl, forms a
tin—tin connected double helical structure [297]. The structure
of methylphenyltin dichloride in the crystal comprises essentially
jsofated EMePhSnCl oY units, although the iatermotascular Sn-Ci
contacts are moderately short (3. 4-3. 8A), suggaesting a situation
intermediate between a true monomar and a one-dimensional
polymeric structure [288]. Crystals of dicycliohexyltin dichloride
and dibromide (isomorphous) {2980 and methyitin trifodide L3001
comprise discrete tetraderat moiecules. Theoretical m. o,
celculations indicate a small back—donation from the iodine atoms
to tin. Lewis acidities of triorganctin hatides, RgSnX (A = Me,
Et, Pr, Bu, and Ph; X =CIl, Br, and 1), [301] and organotin
iodidaes, Snl, RuSnlsz (R = Me, Ph, PhCHg) and RaSnl (R = Ph,
PhCHe), and di— and tribenzyitin chiorides (3021 have been
estimated by calorimetric and new methogs. Acidities decrease
siightiy as the size of the alkyl group increases and incresse as
the size of the halogen increases. TH T, maasuremants hove baen
made with dimethyitin dichloride and its complax with bipyridyl 1In
mi xad solvents of dichioromethane and wemk bases to elfucidate the
role of the solvant in the dynamic behaviour of organotin
compounds. In the |ine shape snalysis of the exchanga reaction
batwean Ma,SnCly and its bipyridyl complex, the dissociation rate
constant of the compiex supports an exchange mechanism of
dissociation followed by » recombination step. Data indicate more
extensiva solvation in the activated state than in the ground
state of the compiax [303).

The structures of saveral compiexes of orgsnotin haiides with
high coordination numbars have bean describad. Tha [SNELLCl a1~
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anions in the dibenzotetrathiafulvaienium salt exist as dimers
(144} {304i. Unigue is the trinuciear methyichicrotin anion,
[SngMEsCi 1™, present in crystels of the sait
(DETTFI i SnaMeaCl o) =~ PHCN (DBTTF = dibenzotetrathiafulvaienal), in
which each tin atom is six—coordinated and chlorine-bridged E305].
The structures of no fess than seven complexes of
bis{chi orodimethyl stannyl Ymethane and
bis(dichloromethyistannyl Jmethane with aromatic nitrogen
heterocyeles have been determined, and these are iliustrated in
(145)-(151) [30B). Notable is the ability of the two nitrogen
donars in pyridazing to span the Sn-C-Sn linkage in (148> and
(147>, whereas both pyrazine and bipyridyl cammot and form the
complexes (148> and (151>, respectively. Pyrazine forms a t:2
adduct with bis(chliorodimethyistannyl )methane (148> teaving ona
tin atom uncomplexad. In contrast, the pyrazine nitrogens
caprdinate both tin atoms in bis(dichioromethylstanny! Ymethane
giving rise to & one-dimensional poiymeric structure (150). Six-
coordination is prasant in SnCixBre(OMSQ), (307]1 and cis (p—
ol yi )8nCl 5. 2, 2* —bipyridyt {3081,

A common method of determining the stersochemistry of the
EARA' Sn1 moiety in six-coordinated compounds or complexes is by the
magni tude of the Missbauer quadrupols splitting (ca. 2 mm s~ for
cis geometries and ca 4 mm s~' for trans geometries).
Substituents in the carbon— and haterc—atom donor {igands atiached
to tin can hava a strong influence on the stereaochemstry in such
situations (308). Oniy in ong case to date, that of the
4, &' —dimethyt~2, ' -bipyridy) adducts of bis(4—chliarophenytitin
dichlioride, have both cis and trans geometries been characterised
by crystaliaography. The cis isomar is obtained exclusively whan
the components are mixed in ethanoi, but on recrystaiiization
from dimethyl formamide the trans (somer is obtained. Reconversion
to the cis form occurs in toluene [310]. The complex of Ma.Snll g
with 2(1H)—pyridinethione has the ali-trans octahedral geomatry
(152) {31131, but the 2: 1 complax of MaaSnire with 1, 4~dithiane has
the dinuctear structure (153) with adjacant molecules cormectad by
intermolecular Sn...Br interactions into a chain structure £312].
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Solution equiilbria occurring in soiutions of diorganotin
dihat ides and bases such as PPha0, DMSO, DMA, diphenyl sulphoxide,
dibenzyl sulphoxide, pyridina Noxide and acetonitrile have baeen
investigated by nmr. Experimentai data are attributed to
predominant formation of the 1:1 adduct aiong with the associated
admict. The formstion of tha 1: 2 adduct aiso cccure in solution
as demonstrated by the isoiation of 1: 2 adducts and the curvature
obteained in the chemical shift plots for weak acids and bases.
The size of the substituents on the acid were shown to have a
significant aeffect on the eqiilibrium constants. Thus the
constants for di—-tert-butyltin dichlaride are a factor of 100
lowar than those for Me,SnClg [213]). Similar methods have been
employed to study the complexation of the distanna heterocycles
{154}, the acyciic annlogue (155) and BuaSnClg with chigride anion
in acetonitrile. Rapid exchange of chioride occurred with all the
organotin chiorides. Binding constants for chioride were
evaluated. The macrocycies exhibited small cooperative effects in
binding choride in comparison to the acyclic organotin chiorides
lending to an increased binding energy £3141. Traeatmunt of
tin(iV) hmlides with Schiff's bases in boiliing toluena teads to
the formation of immonium hexahatl ogansstannate selts and
orthomatal t ated compounds such as (158) which has a trigonal
bipyramida! geometry at tin {(axial nitrogan and chioring) {(Schema
82) [315). The comptex SnCl .. 2(4-t-BuC.H,CHD) has tha cis
octahadral geometry {3t181.

The synthesis and structures of several organotin
carboxyl ates have besn reportad. Di-t-butyltin bis(carboxyiates)
have been synthesised from di-t-butyltin oxide trimer and tha
appropriate acid, and are monomeric and pentacoordinated except
for the picotinate which s hexacoordinated £317). Tin is
tetrahedral |y coordinated in tricyclohexylstannyt
3—-indol ylacaetate, but an ‘S5'-shaped polymer is present in the
crystai, propagated by intermalecular NH...OC hydrogen bonds
£318]). Of tha two chiorobenzaoates, PhaSN{0xCCHHHLCI-0) is a five—
coordinated monomer (n the crystal whergas PhgSn(CeCCHL.CI—p) is a
one dimensional polymar (3189]), as are MegSnOeClsH.0Me—-2 and
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Met L SN CCaH OH-F [ 320]. The sophisticated carboxyliate (157) is
one of the few unassociatsd triorganotin carboxylates, and is the
only one with equal C-0 bond lengths [3211. It undargoes
decarboxyliation at 180*. The majority of triorganctin
carhoxylates, exemplified by triphenyitin formate and acetate
E322],. are associated into polymaric chains with trigonal
bipyramidal geometry at tin as in (158). Triphenyitin
B—qguinot yl acetate hydrate associates differentiy in the solid, and
forms onae-dimensional helical chains by Intarmol ecuil ar hydrogen-
bonding beteen adjocent [PheSnpClHg (B-CgHaNGY. He)l units (3231,
Jriorgenoctin derivetivas of aother oxyacids behave similariy, and
both Me,SnD.PMe, and MegSn0PCiy form hel ical chain structures in
which [MegSnl units are bridgec by [Du.PXe}l groups I3241. In the
three ditin dicarboxylates, Ph.Sng(0aCXale X = H, F, Ci), the two
carboxylate groups span the two tin atoms as in (158). Different
conformations involving different orientations of the phenyt
groups are observed £325]).

The first structures of diorganctin dicarboxylates,
dimethyitin diacetate {32681 and dipicol inate {3271, have been
datermined. The former is monomeric with distorted octahedral
coordination (1680 and a Me—Sn—Me angle of 135.9¢2>*, close to
that predicted from sol id-state and solution nmr studies. The
dipicol inata, however, has the polymeric structure (181) in which
both picol inate Jigands cheinte the tin atom via one oxygen and
the nitrogen, with seven coordination at tin being compieted by &
bridging oxygen. The Ma-Sn-Me angle is 174.5(3)° as expected from
the sol id-state rune data. The tin tn the IMe.Sn(0AC) 41— anion is
siso seven—coordinated with a Me—-Sn~Me angie of 165.87. Two
acetate groups are anisobidentate whiist the third Is unidentate.
Molecuies of dimethyltin bis(tropolonate) adopt a distorted cis-
octahedral structure with a Me-Sn—Me angie of 107.8(68>" [327].
Both dimathyitin bis(kojate) {(as a bis(methanoi) solvate) [3271
and dimethyltin bis(2-pyridinethiolato-N-oxidg) [328] both adopt
the skew trapezcoidal structure with Me-Sn-Me angies of
147. 9{33/7148. 5¢(3} "and 130. 8(22"*, rospactivaly. A simiiar
situation pertains for dimethyltin bis{monothio-P-diketonntes?
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(Me-Sn—Me angles of 134.2 and 139. 4%, respectively, for the
benzoyl (Ehiobenzaoyl Ymethane and monothioacelyl acetone
derivatives), However, the corresponding dichlorotin compounds
have the cis—octahedral geometiry [329]).
Bistirimethyltin)carbonate has a polymeric structure resutting
from the terdentate mode of coordination of the carbonate dianion
(330]. Other structures which have beon described incliude

2, 2-dibutyl -1, 3, 2-dioxastannol ane {(associated into an infinite
ribbon structure) [3311, [SnBuyx (OHg) g3 [Cs (COMe> ] £ 3321,

BugSnl OgCatFtiel x 3331, {SnPhghily}y. dpaoe (dpoxe = 1,2~
bis{diphenylarsoryllaethans} and SnPhy (NO4)«. dppom (dppom =

bi 5{di phenyl phosphoryl methane} 1[334), PhaPbD,CCOLMe [335],
PheSn(S,00'Pr) [3361, [ (Lt-BulgSn{ebdicll,. 4THF (ebdtc =
athytanebis(dithiocarbamate) (3371, [MeeSnSeP (Ph)CHeOHel. HMFT
(3381, Dimethyitin bis{diethyldithiophosphinate), MexSn(Saftte)a,
has a distorted tetrahedral structure, with additionat fong
Sn...S contacts at 3. 338(2YA {339]. (CaFaSn) Sy has the
adamantane structure [3401.

The distannoxane, Bu,Sn.Cls{, has a very similar dimeric
tetranuciear structure (162) to that determined praviousiy for the
methy! analogue (341]1. Examplies of higher “|adder" and "drum”
structures have been characterized for organotin axidea
carboxytates [ 342, 3431. The compounds
£ (n-BuSn (0)0xCPh) x (-BuSn(CE ) (0x{Ph) gl e,
£ (n—BuSn (M 0R) y (rBuSn (0T gls, (R = M2, Ph, CgH,,? and
€ (MeSn{030aCCaH, ; ) g (MBSN(OgUCaH, 41 ’xle &t have the *liadder"
structure (skeleton (1683}, whereas [n—BuSn(0)0LCAl 5. CoHe
(R = CoHy, Caii1) and [A-BuSn (00t NOg—2]1 5. 3CHy have the
drum structure skelteton (164). In solution the "drum® and
“"tadder" structures interconvert raeversibly. Two similar
organotin oxide phosphate clusters, [ (A-BuSn(OH)ORMPhe) =03 [ PheFOsl
{185} [344] and [n—BuSn{D)0LP(CaH,,)els (188> (345} have alsoc been
characterized. Partial oxidation of Sn{0.CCF,)x affords the
mixed-valaence tin carboxylate €187), which is not centrosymmetric
and has a cantral [SnN*V,Sn''Cy) unit containing two pa.-oxygen
atoma each of which bridge between a tin{iV) and two symmetry-
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ralated tind(ll) atoms [3463.

The structures of (CoHn)USHPhg (the first example of a
uranium-tin bond) [347), (Coiin)gTaHoMelCls {3481, the osmiumtin
clusters, Osg(p—Hle(CD) ,o{SMeg)e [348] and OsgSnlie (), , (u-—TH:2
[3501, andlEtNILPb{Fe(Cl) ., }eifes(CO)s)}1 (3517 bave all been
determined. Treatment of the heterocumul ene MWPbMn species (168)
with an excess of the solvent-stabilizaed fragment
(MeCoMH MDD o (THF) yields a reaction mixture from which the
novet compltex (1569), which has a planar [MngPbl core, was isolated
(Scheme 63) [3523.

Many of the reports already mentioned contain substentiai
amounts of nmr (particuiarliy 'f95n) and Missbouer data.  Sofid-
state '3C rvr date for methyltin compounds show that the '3C
chemical shifts for the methyl groups bound to tin generatiy
increase (more deshieltded) in the series tetra- { pentn— < hepta-
coordination at tin and tri—- < di- < monomethy!tin compounds,
al though there is considerable overlap between the groups, and
that there is a good correlation between the 1J{('1*Sn—3C)
couplf ing constant and the Me—Sn~Me bond anglie [3531. 1'115n CPMAS
high resolution now spectra have been ocbtained for the two
polymeric dialkyltin oxides, (AgSn0), (R = Me, Bu), and are
consistent with previcus!iy proposed structures (354]. The |argest
recorded primary {10.7%) and secondary (3,0%) deuterium isotope
effects on spin-spin coupting canstants have heen observed for
'J01*8n-1H) in the '*'?5n nmr spectrum of the stennyl ion
[SrHg- D1~ (n ¢ 3) 13551, The mixed species RapS5n—-X-SnA. 5 R, A
= Bu, Ph, CgHyy; X = 0, S, which exist in solution along with the
symmetrical species, have been identified by '**Sn ruar (35681, The
11%5n chemical shifts and 'J(1**Sn-?3*C) coupl ing constants in
solutions of tribenzyttin compounds depend on the coordination
number of the central atom and the geometry of the coordination
pol yhedra {3572, 11*Sn rnw has been employed to identify
thiocyanato— , and cyano-derivatives of the [SnaX 12~ anions of the
types [SNXa_,Y..1"~ X = CI, Br; Y = NC5, CNY [358]1. Exchange
reactions occurring in solutions of trichiorostannate—platinum(il)

species hava heen studiad by two—dimensional *'P nme [3591. 117Sn
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Mbssbauer spectroscopy stiows thet dialkyltin derivatives of
adenosine 5' —monophosphate contain a distorted octahedral €in
gnvironment with a bent SnCp unit embedded In a two-dimensional
polymeric lattice [3801.

Nmr continues to prove an exceptionatly usefut tool for
structural investigations, especially with the advent of sotid-
state techniques. Thae combined techniques of high-power
decoupling, cross-polarisation and magic-angle rotation have baen
appltied to tead-207 rww of solid organol ead compounds [3611.
Carbon—13 MAS—nmr has been used to study crganotin compounds, and
is extremely usaful for structurat elucidation of powders [ 3E2)
and the study of pol ymorphism £ 3631, The structures of
dimethyitin diacetate and its hydrolysis product {MeelSn(DAC)1c0le
have been studied by both sclid-state and solution nmr. Coupling
constant data suggest a vaiue of ca. 135" for the C-Sn-C bond
angle in MeeSn(0Ac)e, and carbon-13 spectra indicate the
occurrence of a second crystaltine modification. The distannoxane
forms dimeric units with a centrai [Sng0,1 ring, with an overall
pol ymeric structure formed by an additional bonding interactien
between an exocyclic tin atom and an oxyden atom of a carboxyiate
group of adiacent dimers. WUnlike others similar molecules, no
cantre of symmetry is present. Seilution nmr date indicate the
presence of two types of tin atom, both of which are
hexacoordinated and adopt distorted frans-dimethyl octahedral
conformations (C-Sn-C angtes ca. 141" and 145°) (3641, The two
bond =2J(" *®3n—-'H) coupling constant in methyitin compounds has
been shown to be related (by a smooth curve) to the C-Sn—C bond
angte [365]1; similarty the dependence of the one-bond
TJOIEEN-®0) coupl ing constant to the C-Sn—C bong angie in
buty! tin compounds has been demonstrated {3681. Several othar
solution rmwar studies are worthy of mention. A ong—bond
V17, 1185n-4N coupling has been observed for the first time (in
tricyciohexyitin isothiocyanate) £357). Tetraalkoxygermanes have
been investigated by *®C, *70 and 7"Ge now. The “"Ge signals are
more sensiitive to structure variations than those of ®®Si in
isostructural alkoxysilanes {388]. The ''%Sn chemicai shift and
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one—~bond *J(*1*Sn~-13C) coup! ing constant can be used semi—
quantitativeiy to describe the shape of the coordination pol yhedra
about Lin in dibutyltin compounds and their compliexes. Values of
the chemical shift define regions with different coordination
nrumbers, so that four-coordinate compounds have &¢(*'%Sn) ranging
from +200 to -B80 ppm, five—coordinate compounds -90 te ~-190 ppm,
and six—coordinate compounds —210 to —400 ppm.Magnitudes of the
coupl ing constants can be used to astimate the C-Sn—C angte (3B9].
Similar conctusions have also been arrived at by French warkers in
studies of bisalkoxytin derivatives of the type, RARSn0D-A-0SnP,
£370]. The combination of '"'*Sn rewr and **"Sn Mssbauer
spectroscopies can also be powerful [371,372), whilst the
application of muttinuclear (1'%Sn, =99T(, and =97FPH) has enabled
the characterisaetion of the anionic clusters formed by dissoclving
alkali metal alioys of Ge, Sn, Sb, Tt, Pb and Bi is {iquid
sthylenediamine [373]1. Mnass spactroscopy has been employed to
characterise neytral analcgues of these manionic clusters in the
gas phase such as PbaSte, PbsSb, and SnoBi, {3741,
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