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4.1 CARBON 

Ab initio quantum mechanical calculations using triple-g-plus 

double polarisation quality basis sets in conjunction with self- 

consistent-field, tvcrconf i gurat i on SCF. and conf i gurat i on 

interaction methods show that the three hal ocarbenes. CBF, CHCI , 

and CH3r. all have singlet ground states with singlet-triplet 

separations predicted to be 13.2. 5.4, and 4. 1 kcal rml-*, 

respectively C 11. Twa methods are available for the generation of 

carbenes: the decomposition of the appropriate diazo or diazirine 

der i vat i ves. The diazirine method has been employed for the 

genarat i on of phenyl chl orocarbene f 21, methoxycarbene f 33, and 

phenoxycarbene C41 in argon or nitrogen metrices at 1OK. Warmi ng 

phenylchlorocarbene in an argon mstrix containing oxygen to 35K 

resulted in the formation of the corresponding yellow-green 

carbonyl oxi de, photolysis of which with visible I ight gave the 

corresponding di oxi rane. benzoyl chloride. and ozone <Scheme 1). 

Irradiation of’ the dioxirane gave mainly phenyl chloroformate 
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together vi th a snml I afmunt of chlorobenzene and Cop. Deuterium 

and *Yl labelling indicate significant C-O double bond character 

in methoxychlorocarbene <due to the charge separated form Cl33. 

which exhibits and intense infrared absorption at ca. 1300 cm’. 

The data are indicative of two geomatric isomers for this cerbene, 

the cis-carbene showing a si gni f i cant1 y I ower C-CT stretching 

frequency than the trans. consistent with an anomeric interaction. 

Irradiation of the carbene in argon matrices gives 6Cstyt 

chl or i de, ketene. and WI, whilst in nitrogen small amount of CO 

and methyl chloride are al so observed. Simi I or results are al so 

obtained from phenoxycarbene. Photo1 ysi s of di phenyl di azomsthane 

in frozen alcoholic matrices affords ground-state triplet 

di phenyl carbene. whoi ch at 77K reacts primari f y wi th al cohol s by 

OH insertion to give ethers C53. Photolysis produces an excited 

carbene which reacts with the matrix by hydrogen atom abstraction 

to give ultimately alcohol-type products <Schems 23. Raney nicket 

causes the al imination of h from diazopropane quantitatively at 

373K yielding not only propene <cf. the decoqosition on quartz 

wool with requires a temperature of 523K and affords only propene3 

but al so tetramethyl ethylene in 40% yiel ding, en observation which 

lends support to the surface methylene mechanism of the Fischsr- 

Tropsch synthesi s C 83 _ The diazo method has al so been used to 

generate di adasmn tyl carbene E 73 and 1 -naphthyl carbene f i31_ 

irradiation of dry, degassed sol ut i ons of di adamantyl di azomethane 

in cisbutene at room temperature leads to the formation of 

di adasmntyl methane together with smal I amwnts of of the 1: 1 

adducts (g3 and <23 <Scheme .33. The reactions of l- 

naphthyl carbene have been examined by f I ash photo1 ysis techniques. 

Generation of the csrbene in hydrocarbon sol vents I eads to the 

formation of 1-naphthylmethyiradicals. However, i n cyc I ohexane 

and cycl ohexane-4,. the main reaction pathway is carbene insrtion 

into the C-H bond rather than hydrogen-abstract #on. The carbene 

reacts readity with nitrites to yield nitrile ylides, which can 

also be generated from the corresponding azirine. Reaction with 

oxygen affords the cerbonyl oxi de. Ab initio calculations have 

shown that, in contrast to ordinary carbenes. unsaturated carbanes 

such as H&=C C-A.3 undergo insertion into the O-H bond of water 

with a non-zero energy barrier (15.3 kcal mol-* for H&=C <‘A,). 
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The correlation effect is also important in determining the 

barrier height C91. The univalent species CF appears to be formed 

as an intermediate in the reaction of arc generated carbon atoms 

with CF+ at 77K. When the reactions are carried out in the 

presence of alkenes as trapping reagents the obse r ved products are 

f I uorocycl opropanes, postul ated to arise by addi t i on of CF to the 

double bond generating cyclopropyl radicals which then abstract 

hydrogen <Scheme 4 <a) 1, and 1. I-difluoroalkanes. These I at ter 

products are postulated to form by reaction of tr i pl et CF, Echeme 

4(b)). The addition of CF to al kenes is stereospeci f ic and gives- 

both cis and trans f I uorocycl opropanes with the I atter general I y 

predomi nat i ng C lOI_ The kinetics and mechanism of the reactions 

of I-CO radicals with unsaturated hydrocarbons have been studied 

experimentally by the flash photolysis-laser resonance absorption 

technique in the temperature range X50-510K as well as 

theoret ical I y in the case of ethylene by sb ini tio SCF MO 

calculations with double e basis sets. The radical s were 

generated by photo1 yzing acetal dehyde. and reaction wi th al kenes 

and butadiene eseentially proceeds via an addition mechanism 

rather than a hydrogen-atom transfer from l-CO to the double bond. 

which is also energetical ly favourable. The experimental results 

are supported by the calculated potential energy surfaces involved 

in the two possible reaction channels. and in particular that the 

energy barrier is such higher for the hydrogen atom transfer Clll. 

The oxygen-methyl ated carbon monoxide cat ion, CH&C*. has been 

generated in mass spectrometric experiments as a stable (lifetime 

>lOss s) species in the gas phase. The data was consistent with 

the structure Ct-&-O+=C I: 121. Reaction of CFe~C,Me,),l+CW,l- with 

KCC<CN),l leads to the isolation of CFe<C,Me,),l+CC<CN),l- as 

green need1 e crystal s. Crystals comprise independent cations and 

an i ens, but there is no evidence for a structure with C,, symnetry 

correspondi ng to the C <NC),C=C=Nl- resonance form Infrared and 

Flaman data confirm a D,, structure, which was conf i rmed by .Gb 

initio calculations C 131. 

The react ion between C&l&+ and N-& has been investigated by 

the ion-trapping technique, and the rate constants for three 

react ion nudes were determi ned. The first gives methanol and 

protonated methyl eneimine via nucl eophi I i c addition of rul, to the 
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carbonyl csrbsm atom fol I owed by a 1.3 proton shift. The other 

two reactions give fornat dehyde and protonated methyl amine and the 

mium ion and ethylene oxide 1141. Potential energy prof i I es 

of these reactions Cl43 and also for the S,.,2 reactions of OH- and 

ODW with msthyl chloride Cl51 have been calculated by ab initjo 

methods. The I atter reactions are exothermic by 40-50 kcal tml-’ 

and have the double-well energy surfaces characteristic of gas- 

phase S&2 react i ons. The results are consistent with experimental 

observations incfuding the lower reactivity of 0Dl-P than D-l- in 

the gas ion. The gas-phase infrared spectrum of the short-lived 

species formyl cyani de, CHCCKN, <obtained by the pyrolysis of 

n&hoxyacetonitrile> has been recorded at low resolution and nine 

of the fundsmental s observed C 183. 

In agreement with experinrental data, PTUYD calculations show 

that excited state <SC*D) > atomic sul phur inserts into the CH 

bonds of al kanes such as msthane and ethane whereas ground state 

<SPP) atomic sulphur does not. Simi Iarly. Muw calculations 

offer a reasonable rationelisation for the observed differences in 

the addition of ground and excited state atomic sulphur to 

ethylene. Here. ths stereoselectivity of the ground state is 

postulated to result from rapid intersystem crossing rather than 

from a high smthylene rotational barrier in the triplet biradical. 

Ethenethiol is predicted to result from isomsrizetion of hot 

thiirane rather than from eulphur insertion into the C-H bond. In 

addition to acetyl enc. ground state atomic sul phur is predicted to 

give thioketocarbene in contrast to thi 5 rene, thioketene and 

ethynethiol which are predicted to resul t from reaction of excited 

state atomic sul plur C 171. The structure of ethylene oxide has 

been determined at 150 K. fn the crystal the molecule is within 

experimental error an equilateral triangle, with the C-D bond 

distance being very similar to those in other cycl ic ethers 

whsreas the C-C distance somewhat shorter than that found by other 

rmthods. M%/D-31P calculations predict the sams C-D distance, 

but a longer C-C bond distance. In the crystal I attice, adjacsnt 

molecules are connected by short C-K..0 contacts t183. The 

gecmmtrles of fluorinated ethylenes have been optimized at the SCF 

level vi th a double-2 plus pol arizat’ion function on carbon WZ+l&> 

basis set. The C=C and C-F bond di stances for C&H-, f&&F. 
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(w!D=,. cis and trans-Cl-FQ-F. and f&F, have been opt i mi red at the 

configuration-interaction level. including all slngla and double 

exci tai ons. Good agreesmn t with electron diffractlon data was 

found. The vat ues of r fC=C> and r E-F) decrease with increasing 

f I uor i ne subst i tut i on. Calculated values for the heats of 

fornmti on of cis- and trans-CWCW are in excel I ent agreement with 

experimental data C 191. Microwave spectra, electric dipole 

moments, and molecular structures have been reported for cis and 

trans-i. 2-di f I uorocycl opropane C 20,213, cis, transl, 2,3- 

t r i f I uorocyc I opropane f 223, and methyl enecycl opropene +) t 231. 

All ring bonds in tren~1,2-difluorocyclopropane are shorter than 

the C-C bonds in cyclopropane. but those in the cis isomer are 

I onger than those in the trans iscmmr. The orientation of the HCF 

group with respect to the ring plane is almost the sams for both 

isomers and does not differ significantly from the a-l, orientation 

i n cyc I opropane. The ring bonds in cis, trmel,2,3- 

trifluorocyclopropane are also shortened compared to cyclopropane, 

with a greater reduction occurring in the two equivalent trnns 

r i ng bonds. The C-F bonds are i nequival ent. with I onger C-F bonds 

observed in the l-KF moiety exclusively trans to neighbouring l-CF 

groups. Analysis of experimental and calculated 0P2/&31G*) data 

for fsal indicates that the dipolar resonance form (sb> 

constitutes about 20% of the ground state character, but it only 

contributes a n-delocalization energy comparable to that of 1,3- 

butadi ene. (4s) is concluded to be non-aromatic. The mol ecu1 ar 

structure of the free al I yl radical, produced with 75% relative 

abundance by vacuum pyrol ys i s of 1.5~hexadi ene at f&XI ‘C. has been 

determined by high-temperature electron difraction coupled with 

mass spectrosmtry. The data are consistent with a planar 

syssmtric geomstry with a C-C distance of 1_429<13>A ewtd a C-C-C 

angle of 124_S<34>’ L24l. isosmric al I yl , 2-propsnyl , I-progeny1 , 

and cycl opropenyl anions and the vinyl ani on have been generated 

in the gas-phase by collision-induced dissociation of the 

corresponding carboxlate anions using a FT-mass spectrosmter. 

Tnterconversion of isonmrs does not occur under the conditions of 

the experismnts. Each ion produces a uni qe set of products In 

the bimolecular reaction with I!&0 which is characteristic of its 

structure_ The vinylic isosmr and cyclopropyl anion exhibit acid- 
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base behaviour which is consistent vi th their expected high 

basicities. Ab initio MD calculations indicate that propene is 

more aci die than ethylene at the 2-position but I ess SO at C-l. 

The vinyl anions and cycl opropyl anion exhibit bent and pyramidal 

structures, respect i ve I y, with relatively high barriers to 

i nvers i on. The effect of methyl-substitution on both vinyl anion 

basicity and inversion barriers can be rationalized in terms of 

charge pol ar i zat i on and hyperconjugat i ve i nteract ions C 251_ The 

lowest energy form of the C& =+ dication has been calculated (at 

the M?3/6-31P//i-F/&31G* level 1 to have a I inear <IL,1 structure. 

The al ternat i ve four-membered ring (&,.,I structure is 13.3 kcal 

rml e-l I ess stab1 e. However, at the W4SD9/6-31G*//3-21G I evel, 

the I i near C&l+ cat ion (C_,_) is only 3.6 kcal mol-’ more stab1 e 

than its four-membered ring <C,,) isomer. Despite the very high 

estimated heat of formation (733 kcal mole-‘) for the dication. 

al I the modes of dissociation explored are calculated to be 

exothermi c. the most favourable being dissociation into C,H++CH+ 

and into C;l&++C*_ All the four-membered ring structures show o- 

deficient character for the bridging carbon atoms, with the HWlD’s 

being u orbitals of non-bonding nature with the significant 

stabilization resulting from 4-centre. 2-electron aromatic n 

bonding C263. The direct irradiation of the ketone <S_> at 10 K 

affords the 3-methylenecyclokrtanone diradical <Sal, whilst a 

different product, dimsthyl enecycl obutadi ene <sb) i s obtained by 

photolysis in the presence of acetophenone as a sensitizer Echeme 

51 t271. The mono- and dicat ions of both hydroxyacetyl ene C 263 

and aninoacetyl ene C 293 have been characteri sed by mess 

spectrometry. The acetylene <S> can be transformed into many 

other hal ogeno- and metal I o-sub&i tuted derivatives <Scheme 6). 

Uv photolysis of <_Sl produces the cycl ic trimer (LI, whilst 

reaction with Co,<CD>, affords the complexes <61-(1~)). The 

crystal structure of <lo> shows it to contain a hel ical six- 

mambered carbon chain as a I i gand C303. Cp=lo-c,I, C 121 has been 

synthesised by two different ways (Scheme 7) and can be isolated 

as a yel I orrbrm crystal I ine powder which decomposes violently at 

60-C. The properties of <13). eg the formation of (12) and tg> 

by react ion with excess MassPg or Ms&iiNMa, and spectroscopies 

data, indicate that It is best forrrulated as triiodocyclopropenium 
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iodide <I_s, (311. 

Codeposition of I ithium atoms and carbon rmnoxide eDiecuias 

in an krypton at 12 K I eads to the spontaneous formation of 

rluiruzrars products: <i) the mononuclear species Li <CO), with n = 1, 

2. 3, and 34. <ii> species with several lithium atoms and one or 

two Co molecules in which the carbonyl groups are only weakly 

coupi ed, and (iii) species identified by stretching modes of 

either CO single bonds or strongly coupled double bonds and 

therfore are species in which true chemical bonds are formed 

between carbonyi s E 321. Ab initZoM3 calculations have been 

carried out on the low stoichiametry rompfaxes and show that the 

1:l Li-CO complex corresponds to a linear Vi state in which the 

I i thium atom faces the carbon end of the carbonyl group. An 

analogous Vl structure is al so predicted for the I inear 1: 2 <OC- 

Li-CO> complex. whi I e for the 2: ? (Li-CO-Li > corrpiex two 

inequivalent linear geolnatries are farnd corresponding to ril and 

q Statas. in al I these con@ exes large electron transfer toward 

oxygen occurs. lsading to large dipole mnts for Li-CO and Li- 

CO-Li. The bonding in these curpiexas is described as charge 

transfer bet-n Li* and CO- I333. The gas phase hydration of 

carbon dioxide has also been studied by MD calculations WlXii30 and 

4-316 Xi=). in the most favourabie pathway, i-i and 0 of water 

approach respective1 y 0 and C of carbon dioxide, and after the 

transition state is passed the nsw OH bond is formed followed by 

formation of the n8w CO bond. Ciafornntion energies of CQ and iis0 

contributa imst to the energy barrier; exchange repulsive 

interactions are also important. No barrier is found for the 

react ion of Wi- wi th m. In this case the defornntion energy for 

Co, is snniler then the charge transfer and 8iactroetatic 

interactions as COs and HO- react. owing to the extra negative 

charge. In the reverse reaction. the dehydration of ti&& the 

barrier arises primarily from the loss of interaction energies 

which mry be described as charge transfer and electronic 

interactions f 341. 

Free carbonic acid <H&O& has been generated in the gas 

phase by thernutl ysis at ca_ 120 and charactslrised by high 

resoiut ion enss measurement using a nnss spectroemter t333. 

Bi s <tr 1 chl oranethyl ) carbonats Cl &-0-CtFCGi *, a stabi e 
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crystal I i ne sol id, reacts as three moles of phosgene in the 

presence of nucleophiles such as pyridine or triethylemine in 

chl oroformyl at i on, carbonyl at i on, chl or i nat i on, and dehydrat i on 

react i ons. but is such easier to transport and store than phosgene 

itself C361. The structures of two unusual carboxylic acids. 

del tic acid C371 (l-7) and 1.4-cubanedicarboxyl ic acid C363 <Is). 

have been reported. Crystals of the <G) were grow from an 

alcohol solution of the di-tert-butyl ester, and the structure was 

found to correspond closely to that proposed previously on the 

basis of vibrational data. Pt~lecules is situated across a mirror 

plane in the crystal and has Cs, synamtry, and are tied together 

in strings in a “dimeric” fashion reminiscent of the wel I-kno*m 

dimeric- carboxylic acid units (eg. ths formic acid dimsr t391). 

Although the molecular geonmtry is clearly that of 2,3- 

di hydroxycyc I opropen- 1 -one, the cove1 ent bond lengths show a 

rermrkabl e degree of conj ugat i on. The high degree of 

symnetrization is at least in part due to the strong hydrogen 

bonding in the crystal, and in addition dipolar resonance and ring 

strain are also important factors influencing the overall geometry 

of the molecule. (13) exhibits shortened C<spS)-C<spr) bonds 

between the cubane and the carboxylic carbon atoms, since the 

endocycl ic C-C-C angles in the rigid cubane framework are 

compressed to about 90° and the exocycl i c angles corresponding1 y 

widened to about 125*. The density of (161 is also rather high - 
cl.643 g cm--). which may al so be part1 y due to the compression of 

the cubane carbon atoms ensuing from the small bond angles. The 

photooxidation of 2.5-dimethyl-2,3.4-hexatriene. matri x-is01 ated 

in argon at lOK, in the presence of 1-100X gives a variety of 

oxygen-containing products including the trisdioxetane (19) - 
Scheme 6). Interest i ngl y, the hexatri ene was not total I y 

consumed even after pro1 onged irradiation in pure oxygen matricss. 

Rather after a fast initial step, the rate slowed dam and final ly 

stopped. Anneal ing at 4QK and cool ing back to 10K I ed to further 

reactivity demonstrating that the formation of the dioxetanes 

requires a well-defined orientation of dioxygen molecules relative 

to the alkene C 463. 

The tri thiodel tate anion (23) has been synthssised by the 

route shoti in Scheme 9. and characteri sed crystal I ographi cal I y as 
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the disodium salt C413. Vibrational data are similar to those of 

the isoelectronic cation of trichlorocyclopropenyl ium, and are 

consistent with the planar 0, h syrenstry structure of the 

crystal I ographic study. A stab1 e thioal dehyde fi??) has been 

obtained by the reaction of <Ms,SiI&Li with O-ethylthioformate 

<Scheme 101. (21) Is e pink-red crystal I i ne sol id which can be 

stored in a refrigerator for a long time without any decomposition 

and is stable in air at a&ient temperature for at least a week. 

Cln heating <80*>, <2J> isosmrires (rather than oligonmrizes> to 

give the vinyl sulphide (22). - Photolysis produces the al kene (23) - 
in addition to (22) C421. The third member of the cunul enathione 

series, propadienethione (24) is produced in the pyrolysis of 

cycl openteno-l, 2.3-thiazoi e:. The dipole moment C2.084(81 T&bye> 

indicates that the molecule is planar with Ce, symmetry E433. 

Soivolysis of the thiocarbonyl fluorides XFC=S (X = Cl, SCF& in 

W/SbF, or FSOeH/SbFp yields the di thietan-2-yi ium ions (251 

<Scheme 11). Reaction of (25) with fluoride in W gives the 

di thi etanes <=I I: 443 _ IV-Acetimidoyi dithiocarbamic acid exists 

in the dipolar form, H&J+=cMe--N+-CSe-, in tw different plenar 

conformet ions. Adjacent molecules are linked by hydrogen bonds 

c453. kl--Acet imi doyl di thiocarbenmtes react with nmthyi iodide to 

produce the new methyl ester of N-acetimidoyi dithiocarbamic acid 

c271, as wsi I as MeSC~S~S#z. MeSCfS>N_ls. (2s). and other minor 

products t 4Sl_ 

The first vicinai pentaketones have been synthesised <Scheme 

12) c471. Diphenylcarbene undergoes oxidation to benrophenone O- 

oxi de (2) by nui ecu1 er oxygen in an argon matr i x. (29) is nmre 

sensitive to irradiation with visible light than 

dl phenyi di azanethane, and hence <g> is only formed in the thersni 

reaction of oxygen WI th the carbane, Photolysis of (29) yieide 

di phenyi dioxi rane (30) and some bentophenone. The f inai product 

is (31) (Scheme 131 C483. - The microwave spectrum of benryne, 

generated by the pyroi ysis of benzocyci obutene-l.2-dione, has been 

reported, and indicates that the mot ecuf e is pi anar and of 

symnetry group C&., E 491. Hexaethynyi benzene (32) has been 

obtained as a white powder (Scheme 14) which turns brow rapidly 

in air but only slowly in its absence. Soluble only in mars polar 

soi vents such as thf &IBEI or cbnso, prai iminary data show that (32) 
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forms complexes with transition metals C501. 

The electron affinities of a number of perfluoro aromatic 

conpounds have been determined using a pulsed electron high- 

pressure nmss spectrometer. Data include C&F=, (0.52 eV). &F&N 

(1.1 eV1, Ca,- &,F, (0. 91 eV>. C&&F, (0.94 eV1, C&F5m 

(0. 94 eV>. ( &,F,),CCI (1.61 eV>. and 1,4-<CN)p &,F, t511. The 

salt/molecule reaction technique coupled with matrix isolation has 

been used to demonstrate the formation of two isomers. cis and 

trans. of the &F,&- anion ion-paired with a Cs+ cation. 

Infrared data are suggestive of a fluorine-bridged structure for 

each isomzr. On warming, the bridged form rearranges to the more 

stab1 e C&m- form C 521. Tri f I uoromethyl hypochl or i te reacts wi th 

substituted alkenes to give mixtures of isonmric ethers. Typical 

reactions and further transformations of the products are 

sumnarised in Schemes 15-17 C533. Perf I uoroal kyl f I uorosul phates. 

Fl&6OeF <R, = CF&l-l<Cl-&,. CF,C<Clt&,. and UZF,),CH>. have been 

synthesized by the react ion of pol yf I uoro alcohol s with sul phuryl 

fluoride or sul phuryl chloride fluoride, and react with 

nucl eophi I es such as ami nes. pol yf luoro alcohol s. 

polyfluoroalkoxides and bromide ion to afford sulphsmates. dialkyl 

su I phat es, and pol yf I uoroal kyl bromi des. respect i vel y. In the 

reaction of CFa tCH&CCE&F with bromide ion, the pol yf I uoroal kyl 

bromide I oses hydrogen bromide to give 2. <tr i f I uoromethyl )propene 

in high yield C541. Reaction of 2.2.4.4-tetraf I uoro-1, 3- 

dithietane and arsenic and antimy pentafluoride affords the 

stable 2.4,4-trifluoro-1,3-dithietan-2-ylium salts <3J) and (34). 

which can add chloride bromide or lodi de to give the corresponding 

2.2.4~trifluoro-4-halo-l. 3-di thietanes (35) C551. The structure - 
of two di thi etanes have been determined, (33) by crystal I ography - 
I561, and EiF,cF,), by electron diffraction C571. That of 

bis<pentafIuorothio)difIuoromethane, <SF~~,CFp has also been 

determined by electron diffraction (571. Contrary to other 

sulphines. Bis<trifluorMethyl lsulphine <36) reacts with amines, - 
al cohol s and hydrogen chloride to yiel d derivatives of the 

corresponding sulphinic acid Eicheme 16, C561. 

The M-fluorosulphonanides <3_7)-<3_9>, which are easily 

prepared in high yield and have excellent stability and good 

physical properties, are useful selective fluorinating reagents 
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for the replacement of aromatic hydrogen by fluorine at ambient 

temperature C 591_ Reaction of trifluoronmthyl isocyanide with 

trifluoroacetic acid produces N-trifluoroemthylfornnmide. which is 

surprisingly stable and can be distilled at 11W without 

decompos i t i on. Wi th hexafuoroacetone. however, only yel I ow 

crystals of (40) in which the two five-membered rings are near1 y 

planar <Scheme 19) C601. 

The gas phase structure of trifluoroethylidynesulphur 

t r i f I uor i de, CFp-CeSFe. has been probed by several techniques. 

Assignment of the vibrational data is mostly simply based on a C&, 

model with a I inear C-CeS skeleton, al though smsl I devi at i ons 

cannot be excl uded. A I inear structure is. howver. not 

corrpatible with the electron diffraction data, from which the 

average C-CZS angle is determined to be 155(3)* for all acceptable 

model 5. Ab initio calculations on HCeS&. FCesFo. Cl&CZSF, and 

CF&eSF, predict linear carbon using SCF wave functions, but are 

predicted to bend. al bei t to different extents. when electron 

correlation is included at the M%! level C611. Al I the ring bonds 

in 1,1,2.2-tetraf I uorocycl opropane are found to shorten relative 

to cyclopropane with the greater reduction occurring in the C,-C, 

bond. The FCF and I-CH methyl ene angles are larger than in 1, l- 

di f I uorocycl opropane C 623 _ The very thermal I y stable, but 

photosensi t i ve radical . 4,5-bis<trifIuoromethyl)-1.3.2-dithiazolyl 

(421, has been prepared from the corresponding cation. Electron 

diffraction shows the ring to be planar. and the molecule is 

paranmgnetic in the I iqui d state at room temperature C631. The 

molecular structure and electronic properties of CF,eSF, have 

been calculated using a double-c basis set augmented by sets of 

polarisation functions on both carbon and sul phur. The lowest 

energy structure has a short <1.412A). polar CeS bond and a I inear 

C-CeS skeleton. somewhat. di fferent from the experimental data 

which indicates an angle of 171.5’. However. a bent structure 

with an angle of 171.8’ is only 210 cal mole-’ higher in energy 

T641. 

A more convenient synthesis of O=C=C=C=S, by the pyrolysis of 

(42) <Scheme 201. has been described. - The photoelectron spectrum 

of O=CX=C=S was al so reported C 651. Microwave spectra show that 

butatrienone. HpC=C=C=C=O, is not kinked in its equi I ibrium 
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conf i gurat i on C 88~. The reaction of l-l&l-cMe=N-l with Cs, at -15’ 

yields the acetamidinium salt of N-acetimidoyl dithiocarbamic 

ac i d, C U-l,&lC-CPNI C !3&-l+MCF%-M-l,l , which reacts with festal 

hydroxides to form the corresponding metal derivatives (M = Na. K. 

Rb. Cs. TI, lM=b. &Cd) C671. The structures of these salts have 

been investigated spectroscopi cal I y [. Ell31, whi 1st that of C <H&K- 

Camel CS&-N=CMs-N&l has been determined by X-ray crystal I ography 

C691. In the crystal, the cation is associated with one anion, 

which is not planar, by S...H-N and N...H-N hydrogen bridges 

forming an eight-membered ring as in <43). Orange coloured N- 

acet imi doyl di thiocarbamic acid has been prepared by reaction of 

C <l-l&C-CMelt !3&-lU=cMe-N&l in aqueous sol ut i on vi th hydrochl or i c 

acid at 0’. The ac i d. from spectroscopic data, exists in the 

zwitterionic form H&J+c3Me-l+H-C&- C701. Spectroscopic and 

thermogravimetric data have also been reported for metal N.N’- 

di phenyl N-formi ml doyl di thi ocarbamate sol vates. w S&-Nph- 

CH=lPhl_ xL (L = water, acetoni tri I e, dioxane. dme. acetone; ‘M = 

Na. K. Rb. Cs. TI. l&E&. l&‘b) t713. In crystals of the potassium 

sal t-dioxane sol vate the potassium cat ion is surrounded by one 

oxygen, one nitrogen. and three sulphur atoms to form a distorted 

tr i gonal bi pyrami d. The C S&NCNl frrsnewrk of the ani on is planar 

with the E. E conforrnet ion C 721. The potassium salt also reacts 

with al kyl hal ides to form the esters PhN=CH-hph-CS-SR CR = PN, 

Et. Cl-l&%, and <PhN=CH-hph-CS-S>M, C 733. Reaction of KwC!3&-N+ 

N-l-C&J or Kl[!3&=-h)-WCS-~l vi th l-l&I affords 2,5-dimethyl thio- 

1.3.4-thiadiazole (44. R = R’ = Me) as the emjor product along 

with a small ermunt of bis<methylthio)ketazine <4_5). Reaction of 

hydrazine with CICS-SPh gives exclusively (42. R = R’ = Et). With 

benzyl bromi de, K-1 S&=N-M-l-C+SP&l affords ami xture of di benryl 

sulphide. <4_4. Fl = R’ = Cl-l#hl and (44. R = Me, R’ = Cl-l&h) C743. 

Hydrazine reacts with carbonyl sul phi de in the presence of sodium 

nmthoxi de to give NaJSOC-NtNtCOS3. which forms the 

corresponding methyl ester vi th mathyl iodide C 753. The anion of 

the N-)-methyl -N-thioformyl carbanmte sal t. C hBu-n-1 C S&-hMe-CS-HI , 

has an essentially planar skeleton C763. 

Tetrarmthyl ethyl enedi ami ne-canpl exed I i thium monothi obsnzoate. 

<PhCO%i.T~~2, is dimaric, wi th an eight-membered ring canposed 

of copl anar carbon, oxygen and sulphur atoms and the lithium atoms 
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lying above and below this plane in order to reduce excessively 

angl es at oxygen and to accomsodate the bui ky m I igands C 773 _ 

Extended-I-Ulckel band calculations for patterns of ordered 

overiayers of hydrogen atoms on unreconstructed graphite (11% 

coverage> show energy differences as I arge as 15 kcal nul e-*. 

ascribed primsrily to differences in interactions between the 

hydrogen atoms and graphite rather than direct interactions 

between hydrogen atoms C 783. The formation of graphite fluoride, 

=sF) n. from artificial graphite has been investigated. El ementai 

fluorine is occluded into the particle of fluorinated graphite and 

distributed in the interface between unreacted graphite and 

al ready f orrmd (CsF) _. -action of fluorine with graphite then 

occurs in two steps: <i) where both <CF>, and <CsFI, coexist with 

unreacted graphite. and (ii) when the fluorine content of the 

product slightly increases in spite of the absence of unreacted 

graphite C 791. A novel graphite-like material of composition St& 

has been prepared by ths reaction of benzene with boron 

trichloride at 800’. The probable structure of this material is 

show in Figure 1. A simi tar nitrogen-carbon graphite anal ogue 

was obtained from chlorine and pyridine at the sanm temperature 

C803. Intercalation of graphite by SbC1.F affords various stage 

products, which are stab1 e in air. Aqueous I-Cl or KOH renmves 

only pentavalent and no trivalent antismny C 811. Other matal 

hal ides tiich have been intercal ated into graphite are SbCl s, 

SbCIsF,. SbFs. A&l,. SbCI s, BiCI,. AICI s, GaCi,. and FeCi, 

C82.831. 

4.2 SILICON, GERMANIUM, TIN AND LEAD 

4.2. 1 Transient intermediates and their Stable Analooues. 

The gas phase pyrolysis of hexafluorodisilane is a convenient 

method for the generation of smnomsric difluorosilylene. Thus, 

fast-f I ow pyrolysis at 870-720’ in a mixture with excess 1,3- 

butadiene affords high yields of the addition product l,l- 

difluoro-1-si Iacyclopent-3-ene <e). The react i MS of SiFs WI th 

halogens have been reinvestigated by both co-condensation and gas- 
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phase met hods. The former yi el ds a number of 

fluorohalogenosilanes including mono-. di-. and higher silane 

derivatives containing SiF. SiFp and SiF, units. The reactivity 

towards Si F, decreases in the order Cl >Br> 1. and, whi I e chlorine 

and bromine give rise to a number of f I uorohal ogenosi I anes. iodine 

yields only monosi lane derivetives. In contrast, the gas-phase 

reactions do not proceed to any appreciable extent C84T. A lower 

I imit of k, = 10’ M-l s-’ was estimated for the addition reaction 

C851. Several new organosi I icon coqounds c&7)-<5_1) have been 

obtained from the reaction of difluorosilylene with 

cyclopentadiene and cycloheptatriene in both the gas phase and by 

the cocondensat i on method [: 663 _ 

Rice-flensperger-Kassel-tircus calculations have been applied 

to experinmntal data for the fast reaction between silylane and 

hydrogen, and lead to a value of 65.3al. 5 kcal mol-* for 

A.H’,<Si &> C 871_ The mechanism of the thermal decoqosi tion of 

si I acycl obutane to si lylene and propene has been determined by a 

detailed study of the pyrolysis of the l.l-dideuterio derivative. 

The propene evolved is a mixture of 6. d. and dl. species with the 

deuterium being located on all the carbon atuss, and the reaction 

proceeds by an initial 1,2-migration of deuterium from sii icon to 

carbon produc i ng n-propyl si I yl ene. which reversibly forms a 

silacyclopropane before ultimately decoqosing to silylene and 

propene <Scheme 21) C E81. The ground state of disi lyl si lyl ene. 

<H&i 1 &I, is predicted to be the closed-shell <*A in C, symmetry) 

state. about 6 Kcal nul-* below the lowest triplet P8, in &, 

symnztry). The global minirmm on the Si& ground-state surface 

is predicted to be tris 

has been used to invest 

transitiona metal ions 

silane to yield metal s 

I acyc I opropane t 891_ An ion beam apparatus 

gate the reactlons of organosilanes with 

n the gas phase. Co+ Md Ni* react vi th 

I yl enes. Reaction WI th swthyl si I anes I ead 

to the formation of metal si I yl enes as the nmjor reacti on 

channe I s, along with several other processes including hydride 

abstraction. dehydrogenat i on, and methane I 08s. Reaction with 

hexanmthyldisilane proceeds mostly by Si-Si bond cleavage. The 

nwtal ion-si lylene bond energies, LT tW-Sil&> <M = Co, Ni). has 
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been estimated to be 6726 kcal mol-‘. In these conpI exes. back- 

donation of paired 3d electrons from the metal into the vacant 3p 

orbital s is suggested to suppl event the donat ion of si I icon I one 

pair electrons to a 4s orbital on the transition metal f991. 

The ion-molecule chemistry of dimethylsilylene with fluoride 

and ami de ions has been expl ored by the f I owi ng aftergl ow 

techn i que- Fluoride adds to the silylene to give an adduct anion 

which was characterised by reaction with nitrous oxide. In 

contrast, amide ion abstracts a proton from dimethylsilylene 

giving an anion which was characterised by reaction with carbon 

disulphide and various acids. The gas phase acidity of this anion 

is near to that of methanol _ The reaction with fluoride ion 

fol lowed by nitrous oxide has been employed to study the 

isomzrisation of dimethylsi lylene to nmthylsi lene. At the highest 

temperatures, the I atter predominates sl ightl y over the si I yl ene 

c913. The equi I ibrium geometries, vi brat i onal f requenc i es. and 

infrared intensities of the three I owest lying states of 

dimsthyl si I yl ene have been predicted bye priori quantum mechanical 

methods C 921_ Irradiation of matrix-isolated 

dimethyldiazidosi lane affords dimsthylsi lylene as the msjor. 

product. Further i rradiation with pol ari zed 488 nm I ight converts 

the si I yl ene into I-mathyl si I ene, and the reverse process is 

accorrpl ished by irradiation on l-methyl si I ene with polarized 248 

nm light. The resulting msp of infrared transition sument 

directions together with other data allow little uncertainty as to 

the correctness of the vibrational assignments in both nul ecul es 

c931. Pyrolysis of dimethyl-cis-l-propenylvinylsi lane leads to 

the extrusion of dimethylsilylene and the formation of a mixture 

of cis- and trenspiperylenes via a signntropic hydrogen shift 

which gives rise to a cis-1. 1.2~trimethyl-Svinylsil irane 

intermediate C 943 _ Thermal I y generated dimethyl si I yl ene reacts 

wi th phenyl ated al kynes to give 1.4-disi I acycl ohexadi enes <52> - 
Scheme 22). Howaver. bulky substituents prevent addition. The 

strained cycloalkyne <53) affords the si I Irene (54) <Schema 23) - - 
whose transformation to the 1.4-disilacyclohexadiene is also 

prvented by steric effects. The products of the reaction with 
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therms1 ly stable 1, Pdienes gives either I-si ~aCyCtope~t-~-sf3ss Or 

-3-enes depending on the subst i tuents <Qchefrm 24) f 953. 

Several studies of interaction with trensi tion metal 

complexes have been reported. Dimethyl si I yl ena inserts into the 

Ta-H bond at 85’ (no reacti on occurs et room temperature> f 983 and 

the &r-H bond at 25’ C 971 Ekherrm 25). The selectivity of the 

inserti on reaction into the Ta-H bond is drafmti cat I y improved by 

the addition of trimethylphosphine. The ecetoni tri I e-cqlexed 

silylene ruthenium complex <5_5) has been obtained by strirring 

C&lel~~p>pRtSiPh,,#Tf <Tf = triflate) with IUaEPh, in 

ecetonitrile. The fi-Si distance <2.328<2)A is the shortest such 

yet observed CQ83. Similar coqlexes of donor molecule stabil ised 

silylenes with CFeKO~,l residues (52) have also been 

character i sed <Scheme 28) _ Both the complexes (5s) are monomeric 

in the sol id state and in solution. and can be sub1 imad in vacua. 

For the complex <5& 5o = HWT), the sil icon atom is in a 

distorted tetrahedral envirormmnt with a Si-Fe bond distance of 

2.289(2)A f 991. The intratwlecuiarly bese-stabi I ised complexes 

(57) have been prepared by substitution at tin in the 

corresponding QnCl2 complex <Scheme 27). The coordination in each 

is similar with penta-coordinated tin C1003. The 

di hal oQenogermyl ene con@ exes X&ieM<UN~. THF <X = F or Cl ; M = Cr 

or WI raact with 1.2 -dipoles such as aldehydes. imines and oximas 

by nucleophi I ic exchange at the gernmnium atan LlOll. New 

germyl ane cornpl exes have been obtained by dehydrochl orination of 

the products of these reactions, Cl &eCr <CCDa_ B IB =Ph&=T+H or 

FVICH=IKJH~, using triethylamine or bis<triethylgermyl Imercury 

<Qchenm 28). or by exchange reactions between Cl &eCr <CO)s. THi= and 

triethylgermyl conqxaunds <Scheme 291 C 1021. 

The gerrryl ene, bisc2.4, &tri-tart-butylphenyl >gernunium(f II. 

(56) <from the corresponding organol i thium reagent and 

QeCI s. di oxane at -10’) has been characterised by EXAFQ. The data 

ShOW that only the tw aryi groups are I ocated eround the 
germanium atom and no Qe=Qe interaction is present C 1033. At room 

temperature the germylene rearranges to the Qernnindane (59) by 

oxi dati ve-addi t ion of a C-H function from the artho-tert-htyl 
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groups of <5_8> to the I ow-val ent gernmnium atom <Schenm 30). <58> _ 

is oxi dised by el emsntal sul phur to give the germaindanethiol <so> 

derived similarly from the intermediate gerrmthione <Scheme 31) 

c 1041. The reaction of SnCl, with LiCSi <SiHa,>,l. 3Tc1F in diethyl 

ether at -70’ affords red crystals of the new stannylene <&l> as 

LiCl <3Tl-F> adduct. The geometry at tin<ll> is pyramidal I1051. 

Reactions of the germyl ene. GeCN<SiMa,>,l s, and stannyl ene. 

SnCN<SiPk > 1 I v. s* with diazo compounds have been investigated 

c 106,1071_ Diiferences in behaviour are very apparent between the 

two. With MaUIC<Ns>CD<DEt>. the germylene affords a 1: 1 adduct 

<the heterocycl e <63> I. whilst the stannylene gives a 1:2 adduct 

<the heterocycle (83). The oxidative-addition of gersnnium<ll>, 

tin<Ii> and lead<li> amides. and SnCCH<SiPbO>Jp with alkyl and 

phenyl hai ides end wi th chl oromethanes, M,,CI cI <n = 2-4). have 

been descr i bed C 1083. Simi I ar reactions al so take place with 

pivloyl and benzoyl chlorides and also with trifluoroacetic 

anhydri de to give novel acyl -metal products <Scheme 32). Heat i ng 

the tin<li> amides SnCN<SiMa,>Fll, <Fl = t-a, t-D&> at 80-90 for 

l-4 hours leads to the aminosllanes HtN<SiMe,>R, tin and the 

cycl anetai I ated spi ro-coqounds (63) C 1091. Treatment of the 

iridium complex, Clr<n-C&l,~>,<p-Cl>= with GeCN<SiPk,l,l, in 

n-hexane at 20’ in the absence or presence leads to the formation 

of the conpI exes <s> and <6&>, respective1 y, whose structures 

were al so determined C 1101. The tin<II> amide. SnCN<SiMa,>,ls. 

reacts in different ways with the three trimetal dodecacarbonyls 

~<CD>,s <M = Fe, F~J. OS> and the acetoni tri I e derivatives <Schema 

33) Cllll. The I ead anal ogue PbCN<SiMes>,l, undergoes a variety 

of reactions vi th the mol ybdenum hydride cusp1 exes Ci% <Fl> CO>,Hl 

CR = c&b,. C&&<SiMe,>,-1.3. or C&-&J <Scheme 34) f1121. The 

structures of several of the products were confirmed by 

crystal I ography. 

4.2.2 PUItiple Gonds Involving Germanium Tin and Lead 

The chemistry of conpounds containing nuitiple bonds 

lnvolvlng the heavier Group IV elements continues to undergo rapid 

devel opnent and several new stab1 e compounds have been described. 
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The chemistry of the silicon-silicon double bond has been 

comprehensively revierJed Cl 133. Ab initio calculations show that 

n bonds in silenes are substantially less stable toward addition 

react i ons than n bonds i n phosphenes. Tuo factors contribute to 

this difference: n bonds in phosphenes are stronger than n bonds 

in si lenes. whilst the converse is the case for the respective u 

bonds, both of which can be traced to the preference of second row 

elements for orbi tals containing unshared electrons to have I arge 

anounts of s character t 1143 _ The electronic structure of 

disi I ene has been studied by unrestricted Hartee-Fock. general i zed 

valence bond perfect pairing. and compl ete-act i ve space sel f- 

consistent-f i el d methods. The former undergoes a triplet 

instability and the electronic structure is a weak singlet 

di radical . The optimized geometry is shown to be a strongly 

trans-bent &, structure I 1153 _ Evidence has been found for the 

rearrangement of Ma&i-Si-H to Me&Si-Si-Me and for the 

intermediacy of the si I ene Me,Si=SiW Cl 163. The first 

tetraal kyl di si I ene. tetrakisIbis<trimsthylsilyl~~thylldisilene, 

has been synthesised by the route in Scheme 35. Some reactions 

are also sholm. Nnr data indicate that rapid inversion between 

tuo trans-bent conformers takes place in solution C1171. Si I icon- 

29 nmr chemical shift. data has been reported for five 

tetraaryldisilenes CllBl. Shifts are in the range 63.14-85.19ppm 

Tetra<2. S-dimsthyl phenyl )di si I ene reacts with (2. &dimethyl- 

phenyllisocyanide in benzene at room temperature to form 

disilacyclopropanimine <8_71 as a bright red crystalline sol id 

whose structure was conf i rmad by X-ray crystal I ography C 1191. 

Tetraaryldisilenes undergo a facile intramolecular rearrangment 

involving the exchange of t.m aryl subst I tuents bet-en the 

sil icon atoms of the sil icon=si I icon double bond C 1201. 

Intermediates of the type te1 are indicated from nmr data in the 

reaction of disilenes with mercury<111 trifluoroacetate C1211. 

(891 is a synthon for dimethyldisi lyne, HeSi&3iMe C1221. - 
The nature of the tin-tin bond in 

bisCbis<tri~thylsilyl)smthylltin has been probed by sol id-state 

and solution nmr. The **vi% (3MAs spectrum gives an isotropic 
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shift of 692ppm downfield from Me,Sn. which rmves upfield to 

613ppm on cool ing to 77K. Coup1 ing to “r!%l <1340+10 Hz> is also 

observed. The *SC CPl+G spectrum displays a single line for the 

msthine carbon with coup1 ing to both * ‘*Sn and 1’ 7Sn. but on 

cool ing this spl its into three I ines rational ised as a 

conforsutional equilibrium in the solid which is slowed by 

cool i ng. The I ortemperature solution is consistent with a 

nunorrmr==dinmr equi I ibrium, and analysis of *SC data gives 

Al-l = 12.8 kcal IIUI-~ and s = 33 eu. The I ow val ue of W for 

dissociation and the smell ‘J<*r*Sn-‘*rSn) inply that the Sn=Sn 

bond is except ional I y weak and not a covalent bond in the usual 

sense. In general, the data are consistent with the original 

proposal of Lappert of a double dative bond rather than a 

rwitterionic single-bond description C 1231. 

n-Bond strengths in the al kene analogues t&X=M, (X = C. Si. 

Se, St-11 have been calculated from the energy differences between 

pl anar <n-bonded) and perpendi cul ar <di radical ) structures and 

from the energies of disproportion of the products o.f hydrogen 

atom add I t i on. Both methods yield near1 y the sanm n-bond 

strengths: C=C, 64-66 kcal rml-‘; C=Sf. 35-36 kcal mol-‘; C-Se. 31 

kcal mol-*; C=Sn. 19 kcal mol-1 t1241. In an interesting article, 

Srook E 1251 has related how hls research lead to the synthesis of 

stab1 e si I aethyl enes. Wi berg C 126-1291 has publ i shed more data on 

the synthesl s and reactions of stab1 e si I a- and gersnethenes. c)n 

gent I e heat i ng the ster i cal I y-crowded tr i sl I yl nmthane, 

hBu,SiF-CLi (Sier>r, rearranges into the compound 

MewSi F-CLI (Si T+-) (Si Ha*Mee), which in turn decomposes at 100’ into 

LiF and the si laethene Me,Si=C<SiPls,) <SiPkVls,> (7_0>. In the 

absence of trapping reagents, <7_0) furnishes a mixture of 

secondary products, but with butadiene reacts to afford (7-l I. The 

adduct Pls&iF-CLi <SiHe-) <SiWa*~,). 4thf decomposes in diethylether 

in the presence of HB,SiCl at room temperature into the 

nunotetrahydrofuran adduct of Me&U =C(Si P&I <Si Me*&,) (Scheme 

36). The unsol vated si I aethene. which sm!ay be obtained by removal 

of ths thf by azeotropic distll lation. is kinetlcally stable at 

ambient temperatures but decomposes al owl y at 600. In solution 
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the si laethene undergoes rapid intramoiecui ar methyl group 

exchange Ekheme 371. Reactions are summrised in Scheme 36. 

Me,Si=C<SikM*), is unstable at -100’ with respect to dimeriration, 

but forms the adduct Me,Si=C(SiMe,),. hMB= (72) which is metastabi e 

at 0’. Further heating results in dissociation to its components, 

and hence the adduct is a useful source of the free siiaethene. 

Typical react ions of (72) are shown in Scheme 39. Me,Si=C<SiMe,), 

al so forms 1: 1 adducts with other donors <F-. NMe,, hEt,, Br-. 

thf). whose tendency towards thermal decomposition increases as 

the Lewis basici ty of the donor increases. The anal ogous 

gerrmethene Me,Ge=C<SiMe,) msy be generated by simi I ar methods. eg 

therrnei ei imination of LiX from Ma,XSe-Cl-i <SiMs-)L or the thermal 

cycl oreversi on from Lewis base adducts, and undergoes simi I ar 

types of reactions as the silaethene anaiogues. Wiberg has 

continued to investigate the chemistry of stable si iaethenes C 130- 

1331. The double-bond in (73) is essentially planar, with a twist 

about Si=C of onty 1.6’. and the Si=C bond length (1.702CS)A) is 

substantial I y shorter than in the previous1 y reported (74) - 
(1. 764<3>A). but in excel I ent agreement vi th theoretical 

predict i ons. (73) forms adducts with a variety of neutral and 

anionic donors such as TH=. hMe,, pyridine and F-, with the donor 

being coordinated in all cases to the unsaturated silicon atom 

The structure of the fluoride adduct <as the CLi <12-croaks-40,1* 

sal t) shows a distorted tetrahedral geometry at the f iuorine- 

substituted si I icon atom Sane reactions of the Tl+ adduct are 

shol~n in Scheme 40. The methyl groups of Me,Si=C<SiMe,), migrate 

with a rapid shift of the Si=C double bond from silicon to silicon 

C 1323. The samz si I aethene also reacts with trans-piperyiene to 

yiet d exciusivel y the C 4+23 adduct <7_5) in one step by a 

synchronous mechanim but with cis-pi peryi ene only to the [: 2+23 

cyci i c adduct (72). possibly by a twu-step mechanism <Scheme 41) 

c 1331. 

Stable gernnethenes C 134. 1351 and a stable stannaethene t 1361 

have been reported. cz,. formed by dehydrof I uor i nat i an of 

l’%s&s <F)- <Li >m. coui d not be isol ated in pure form but forms 

stable adducts WI th veak Lewis bases such as diethyt ether, TIG, 
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and NE&. The adducts are high1 y reactive <Scheme 421 C 1343. The 

gerrmethenes <7&> and the stannethene (1-91 have been obtained by 

reacti on of the et ectrophi I ic cryptocarbene <so> with the 

appropr i ate germane- or stannanedi yl _ The structures of both have 

been determined which illustrate the significance of the yl ide 

resonance forms in the bonding Cl%, 1381. 

The thermal generation of <al I yl oxylmsthyl si I yl ene by f I ash 

vacuum pyrolysis of 1. I-bis<al Iyloxy)tetramethyldisi lane affords 

unexpected products which indicate the formation of intermediate 

al I yl methyl si I anone. C,H,MsSi=O <Scheme 431 t 1373. Pkrthyl si I anone 

and dimethylsi lanone have been generated in an argon matrix by the 

cocondensation of the appropriate silane and ozone and the 

positions od the v(Si=OI vibration identified T1363. Si I athi one, 

i ons. 

#iH. and 

stab1 e 

H&ii=S, has been the subject of detailed ab initio calculat 

and has been found to be kinetically stable with respect to 

unimolecular decomposition reactions eg to l& + SiS, H + l-l3 

HSi SH <cf. H,Si =O and l-i&=0>, and is more thermodynamical I y 

than H&i=0 C13gl. A reactive intermediate with a si I icon- 

selenium double bond has been proposed in the photolysis of 

hexaethyl cycl otr i si I asel enane in the presence of 

hexamsthylcyclotrisiloxane C1401. 

Ab Znitio calculations with a 6-316’ basis set indicate that 

si lairnine, H&i=Ni, is bent at nltrogen <126.6’), tit has a low 

barrier to linearization f6.0 kcal mol-‘1. Hence, i n accord wi th 

experimental results. substitution of an electropositive SiH, 

group produces a near I i near skeleton <175.6’). The SI=N double 

’ bond i 8 54. 1 kcal rn~l-~ than two Si-N single bonds <cf carbon 

nitrogen bonds were the analogous difference is only 1.6 kcal 

mol-‘1 c 1411. Si I an- and germanimlnes, PkpE=hR <E = Si, Ge; 

R = Si?@,*Bu,-,, SiW. EMa,N<SiPle,),). can be generated by the 

therrmlysis of si I a- and gerrmdi hydrotriazol es* and react vi th 

ari doal kanes or -si I anes R’ & by a t 2-1-31 cycl oaddi t i on to form 

si la- or germatetrazol es C 1421. In some cases, insertion products 

of the i mi ne i n the R’ -N bond of the az I de i s observed. As the 

cycloaddition reactlon Is reversible, the tetrszoles are 

convenient storable precursors for the imines C 143. 1441. The 
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syntheses of tun stable si I aimines have been reported. 

Di i sopropyi <2,4.6-tr i -tert-butyi phenyi i mi no)si I ane t&l) has been 

obtained by the route in Scheme 44. <=I is a subiimabie orange 

crystal1 ine solid which melts without decomposition to a deep red 

I iquid and is very oxygen and moisture sensitive C1453. The 

si laketimine <El. from the reaction between azido-di-tert- 

butyichiorosi lane and tri-tart-butyisi iyi sodium in dibutylether 

at -78’. forms pale yet I ow needi es. The structure of <%I shows 

it to have an essentially linear skeleton <cf the ab initio 

calculations above) with a Si=N bond distance of I.SBEI<~>AI t1461. 

The first example of a siianediimine. MsoSiN=Si=NSiMeo. has been 

characterised in a glassy 3-methyl pentane matrix at 77K C 1471_ 

Iminosiiyiene and its germsnium anaiogue have been formed by gas- 

phase flash pyrolysis of trirnsthyisiiyi and -germyi azides at 

1lOOK at lo-= mbar. Ab initio calculations predict the formation 

of several conpounds in the pyroi ysi s of Me&i& in the 

probability order Me,HSilWM, > Si=N-l+ Cake > Me,HSiCH=Ni >I 

Si=NMa + C&H, C1481. 

Several exampi es of phosphasi I enes. ArP=SiR’ R’, have been 

synthesised by the reaction of ArPH_i and the appropriate 

dichiorosi lane R’R’SiCI,, followed by the elimination of HCI. 

However, because of side reactions and the low stebi I i ty of the 

phosphas i I enes. they were not isolated in e pure form but rather 

character i zed by nmr. In particular, the ‘*Si resonance is 

strongly deshielded <14S-17Bppm) and the r JWSi 3 coupi ing constant 

I arge <ca. 150 Hz) c1491. The stabi e germaphosphenes. Mes&e=PAr, 

are very reactive towards conpounds with active hydrogens 

producing secondary phosphines (83) with a high regiospecificity 

and towards halogens to give (841 and <ET51 t 1503. - Thermoi ysi s 

produces the gercraphosphetene <e>, the first four-membered 

heterocyci e with a Se-P-C I i nkege, nearly quantitatively C1511. 

4.2.3 Other Low-vel ent Canpounds 

The most significant advance in this area has been the 

synthesis and characterisation by Jutzi of the first bivelent 

silicon compound which is stable under ordinary conditions. 
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Decamethylsilicocene <bis<pentanethylcycIopentadienyl)siIicon<II)) 

is obtained by reduction of 

dichloro<bis<pentanmthylcyclopentadienyl)-si I icon by 

naphthalenel i thium. -sodium, or -potassium in thf <Scheme 45; M = 

Si, x = Cl). The conpound i s col our I ess <cf the yel I ow or orange 

colours of the heavier homologues). sublimes readily, and melts at 

171’ wi t hout deconpos i t i on, but is extremely air-sensitive. 

Surprisingly, tuo conformers are present in the crystal in the 

ratio 1:2. Both have sandwich structures, but whereas in one the 

two cycl opentadienyl rings are paral I el and staggered. in the 

other the rings form an interpl anar angle of 25.3’ most probably 

due to intermolecular interactions and crystal packing effects 

C 1521. Decamethyl germenocene and decanmthyl stannocene have al so 

been prepared si mi I arl y <Scheme 45; M = Se, Sn) C 1533. These 

conpounds undergo a wide variety of reactions. Typical react i ons 

of decamethyl gersnnocene and Me&&slY-l(SiMe,)p with el ectrophi I es 

are show in Scheme 46) and Scheme 47. respectively, whereas 

reactions of l%&&eCI are sholrn in Scheme 48 C 154. 1551. The 

unsysemtrical I y subs1 tuted germyl enes exhibit no tendency to 

rearrange into the symnetri cal conpounds. X-ray anal ys i s of 

P&&&eCH(SiMs,~, shows it to be monomeric with the germanium atom 

bonded in a di hapto manner to the C, ring as in <S;r). 

Al kyl I i thiums react with decanmthyl stannocene by nucl eophi I i c 

substitution at the tin atom and the displacement of &Me,, grwp. 

Thus reacti on with <P&&i ),Cl-l_i yields Me,i&Li and 

I <?+&ii )&HI&n, but react ion wi th MeLi produces Me,C, and a 

ml xture of 01 i gcY”er i c stannyl enes tMepSnln. However. trapping 

experiments demonstrated the initial formation of a short-lived 

<~‘-Ma&I~&n<Me)Li intermediate C 1561. Fenske-Hal I m o. 

calculations have been reported for stannocene and 

decaphenyl stannocene and predict that the tin lone pair resides in 

the HOMD. a tin Ss-like orbital, in the latter compwnd, and is 

not delocal ised onto the ring system of the I i gands. Computer 

graphics show that the experimental structure <paral I et rings) 

minimizes steric repulsion by placing the phenyl rings on the 

cyclopentadienyl I igands in a nearly perpendicular orientation 
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c1571. Reaction of GeClp_ dioxane with mono-, bis-. and tris- 

<trimethylsilyl)cyclopentadienyllithium yields bis-. tetrakis-. 

and hexakis-(trimethylsi Iyl Igerrmnocene, respectively. In the 

I atter. the two C& rings are near1 y pare1 I el and have an ccl i psed 

conformat i on C 1581_ Decabenzyl germanocene. -stannocene. and 

-plumbocene have been synthesized by substitution from Gel,, SnCl, 

or Pb<O&Me~n and pentabenzyl i thium Al I are air-stable and 

exhibit interplanar angles of between 31’ and 36’ C 1591. 

The compound (qe-+4,CsH>MepSi <n’-Me,C,>Ge+GeCI- <es> exhi bi ts 

the extremely novel feature of an alkene--in Group metal n-type 

interaction. Colourless crystals of <8J) are obtained according 

to Scheme 49, and the coordination sphere of the germanium 

contains a pentahapto tetramethyl cycl opentadi enyl ring, the two 

carbon atoms of the second C,, ring, and two chlorine atoms of the 

counter i on. An additional contact from the third chlorine atom 

results in the fortmtion of centrosymnetric dimers. Nnr data 

indicate that the alkene coordination is preserved in solution 

c 1603. 

Several interesting analogous carborane compounds have also 

been descr i bed, and again the most intriguing is the bivalent 

si I icon compound C Wk,Si),C&&lJSi <99) which is formed together - 
with C@4s~Si)&&J-l,I&i in the reaction of SiCI, with 

Na+Li+C <MB,Si),C&B&,l~- in thf Cl613. Similarly. the closo- 

get-nmcarborane C <&,Si ),~B&l,lGe C 1623, and the stanncarboranes 

C <Me&ii ) ,&B.l-i,l Sn. C <Ms,Si >CH&,B~,l Sn. and C <P&Si lC;B&l !3n 

G&I have been obtained. The three stannacarboranes form 1:l 

donor-acceptor c-1 exes vi th 2.2’ -bi pyri dine. as wel l as waker 

1:2 complexes with thf. The crystal structures of <9&> and the 

bi pyr i di ne coq I ex t (Me&i 1 rC&BJ-l,l Sn. b i py have been determi ned, 

which confirm the close structures. and show that the bipyridine 

group coordinates to the tin atom opposite to the carborane 

framework. Wrusual I y, the coordination of bipyridine has only a 

srml I effect on the M)ssbauer parameters. but al I the 

spectroscopic data are consistent with a distorted pentagonal 

bi pyrami dal f ramewa rk wi th the tin atom occupying an apical 

position and bonded exclusively to the three boron atams of the 
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carborane r i ng C 1631. 

Lappert t 164. 1651 has pub1 ished ful I detai Is of the 

synthesis. structural determi net i ons and m o. calculations on the 

compounds MM<SiMe,I,l, <M = Ge. Sn). The gerrmni un coqwund i s 

convenient1 y prepared by the react ion of GeCIP. dioxane <from the 

improved synthesis from GeCl e and Bu&nH) and rmgnesi urn al kyl s. 

The tin compound is obtained from SnCl, by successive reaction 

with two moles of the I ithium alkyl and dil ithium 

cycl ooctatetraeni de. Electron diffraction shows that both 

compounds are “V-shaped monomers in the vapour with CMZ angles of 

107<2)’ <Gel and 97 (2) - <!%I. In the solid both have the 

dimetal lene centrosymnetric, transfol ded F&F& frsmevmrk. with 

fold angles of 32’ <Ge> and 41’ <Sn>. The M-M distances in each 

are sl i ghtl y shorter than those found in the tetrahedral el events. 

Double-c ab initio calculations predict somswhat shorter M-M 

distances. but show the transfol ded structure to be more stable 

than planar and M-M bond dissociation energies to be about half 

those found i n l+,GeGel+, or Me&l+&,. 

The preparation and properties of the canpounds ELtC<P&I,X> 3 m 

<M = Ge, Sn, Pb; X = H. P&. or SiMe,) have been reported C 166- 

1661. LiCCH<PPh,),l reacts with GeCl,. I <L = dioxane or PPh,). 

SnCl, or PbCl, in thf to afford MCH<FWQLle: <M = Ge. Sn. Pb) 

which are three coordinated in the solid with one group 

functioning as a chelating diphosphido ligand and the other as a 

uni dentate carbon-bonded I igand as in <fi ). In contrast. the 

complex SnCC<pMe,),l, synthesised by similar methods has the four- 

coordinated pseudo-tri gone1 bi pyrami dal geometry (92) in uhi ch - 
both groups function as di phosphi do I igands. Al I the compounds 

are fluxional in solution. Several novel subvalent gernnnium 

structures have been determined C 169-l 71 I. GeCl =. di oxane reacts 

with Lit <Me,P),CXl <X = F+k= or SiMQ to give the phosphane <9JI 

as i ndef i ni tel y stab1 e col our1 ess crystal s. However. when less 

than the required stoichianetric anunt of I i thium reagent is 

used, a redox process takes place and (921 and <s> are fornmd 

which <Scheme 50). The oxidation product <9_4), which can also be 

obtained from GeC14, is the first example of a trans-octahedral 
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structure having four phosporus and two chlorines at a germanium 

centre. The reduction product <E) is al so obtained in near 

quantitative yield from GeCl,. dioxane and Li I <pMeE),C3 in the 

presence of excess magnesium in Tl-F. and is characterized by a 

double phosphinos&han5de-bridged CGer-Ge.1 structural unit as in 

<%I. The germanium<1 I ) I one pairs in <%I are stereochemical I y 

active. and <El reacts with further GeCl,. dioxane to form the 2: 1 

adduct (97). In solution, this adduct undergoes almost complete 

dissociation at room temperature, al though undi ssoci ated at -100’. 

The structure of <9_7) is characterized by a bent CGeJ chain of 

gernmnium atome in both valence states. The complex (98) is - 
formed in the reaction of GeCl,. dioxane with LiC <Me,P>,C<SiMs,)l 

in the presence of tmgnesium and contains discrete CGeCI -1 anions 

and cationic chains of four germanium atoms with terminal 

chlorines and bridging diphosphinomethanide I igands. f&act i on of 

LiM<PPheIe with PbCI, in Tl+ yiel ds orange crystals of (99) as a - 
Tl+ adduct, in which the lead atom is pyramidal ly coordinated to 

the two phosphorus atoms of a chelating ligand and one carbon atom 

of a uni dentate I i gand. Similarly. reaction with 

Lit <Ph,P),C<Si&Ql gives (100) in which lead is four-coordinated - 
by two chelating I igands. Both compounds are f luxional in 

solution C 1721. 

The tin<lI) and lead<ll) bis<tert-butyl>phosphido ‘ate’ 

compl exes Li <thf) C M<phBu,l s CM = Sn. Pb) (1011 have been obtained - 
from Li <PhBu,l and the metal <II) chloride in thf. In the crystal 

both metals are pyramidal with tm of the phosphorus atom 

coordinated to the I i thium atom C 1731. React ion of 

o-<diphenylphosphino~phenyInngnesium bromide with SnCl, lead to 

the fornntion of the mixed-valence compound (102) <Schema 51). - 
Treatment of the conpI ex Cl &3n-W<CO)~ with the senm grignard 

reagent produces (103) C 1741. - Several other complexes with 

transition metal carbonyl fragments have been described including 

the germylene canplexes f&,,C,<R~Gs-+W<CO~, <R = Cl, Ma. <*&I >,N, 

<f’k,Si )&l-l) C 175. 1761 and L. X,Ge+M<CD>~ <M = Cr. u X = F, Cl; 

L = nitrone) C1771, and the stannyl ene carplexes 

<CO),Mt-Sn <XC&~) ,E <M = Cr. MD. Y X = 0, S; E = N1. FPh. 0. S) 
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and <CO),&Sn <XCl-leCHe~,E. py <E = hMe. 0. S) C 178. 1791, amal 

C <c,t&> <CO),ISnC <ReP),CX3 <M = W, R = Ph. X = PPhi M = i%, R = Me. 

X = Sib,) ClSOl, and the carbonyl-iron complexes 

q-f Fe (CO) ,CM<OAr )e) 1 CM = Ge, Sn; Ar = ce~%hJp-2* S-Me-4) c 181 I. 

The crystal structures of several have been determined. 

Surprisingly, the germanium<1 I> pseudohal ides GeKN),. 

Ge<NCO>, and GeU’lZS), were unknown, prior to their synthesis by the 

Toulouse group from the corresponding hal ides and either potassium 

or silver salts. They are stable in thf and acetone solution but 

such solutions are extremely sensitive to moisture. and undergo 

typical cycl oaddi t i on, insert i on, and Lewis aci d-base reactions 

characteristic of high1 y reactive germylenes <Scheme 52) 1.1821. 

The germylenes X&e, FiGeX. and %Ge <X = halogen. OR; R = al kyl or 

aryl ) undergo regi osel ect i ve cycl oaddi t i on to 3.5-di-t-butyl 

orthoquinone at room temperature to afford substituted 2-gernn- 

1,3-dioxolanes in good yield <eg Scheme 53 ClB31. Esr ev i dence 

has been presented for the existence of a radical species in the 

vapour of tin<II) fluoride LlS41. 

momeri c 1, 4,2.3,5XP-di azadi si I astannol i dines and 

-plumb01 i dines Cl041 have been obtained according to Schefm 54 as 

thermochromic oily red I iquids or orange solids C1851. Heat i ng 

the acid-base adduct <105) to 120’ in toluene leads to the 

formation of the pentacycl ic compound Cl~l. which has a 

centrosynemtric structure with a central CCH~eSnel ring. The 

deconposition follows first-order kinetics, and proceeds via the 

intermediate (107). which, al though possessing the scyne 

composition as (1051. - exhi bi ts a carp1 etel y different structure 

and is characterised by an intramolecular hydrogen-bond bet-en an 

o-carbon atom of a phenyl group and a nitrogen atom of the four- 

membered tSiN&nl ring which may be considered responsible for a 

hydrogen atom transfer C lS61_ Strontium and barium bis<tert- 

butoxides) react with tin<111 tart-butoxide to afford the mixed 

al koxides ESn<O*OBu>&l<O*Bu),Snl CM = Sr, Ga>. The structure of 

the strontium derivative CM = Sr) is highly synemtrical with S, 

symnet ry. and conprimes a strontium atom sandwiched between tm 

terdentate C Sn (Ot~~,l uni ts C 1871. 
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The gernnnium<Il) and tin<lI> porphyrin-tetracarbonyl iron 

conpl exes W>lvFe UXl) . <M = Se. Snl have been synthesized by the 

reaction of Ns,FeKCl), and the corresponding <P)MxVCI p conpI exes 

in thf. The complexes were extremely stable after 

el ectroreduct i on, and tm reversible one-electron-transfer steps 

are observed without cleavage of the metal-metal bond. *ilst 

these redact ions occur at the n ring system, irreversible 

oxidation takes place at the metal centre I eading to C ~PBMzVl =* 

and Fe~KXl~~p as the main products ClSl33. Both the 

tr i chl orostannate < I I f and perch1 orata sal ts of 

chloro(l.4.7, 10. 13. lEl-hexaoxacycl o-octadecane)tin<l I) contain the 

discrete CSn(l&crown-6)CI I+ cation in which the tin enjoys 

hexagonal pyramidal coordination by ther hexadentate crown ether 

<equatorial sites) and the chlorins (axial site) C 1893. A similar 

pyramidal coordination is exhibited by the lead complex 

CPbCl <DAPScD3~- <WPSC = 2. S-di acetyl pyr i di nedi semi carbazone) 

in which again a chlorine occupies the axial site and the five 

donor sites of the WPSC I igand in the equatorial sites f 1993. 

Lead is ten-coordinate in the complex f%<Pl-ENSC ) W&l)= Wl-ENSC = 

2. Q-di formyl -1, IO-phenanthrol i nedi semi carbazonel I. 1913, and has 

highly irrqular coordination polyhedra in the 1.4,7- 

triazacyclwlanane <L) complexes l..l%~(ClO~)~ and LPb<IU&jn clop,. 

Lead<1 I) tri-tert-butoxysi lanethiolete is dimeric in the crystal 

with a central puckered four-membered CPb&J ring. The lead 

atoms are three-coordinated C 1931. 

The “ f nert-pai r’* effect has a substantial effect on 

el ectronegat i vi ty. Thus, whereas the electronegativities of 

gernnnium~IV>, tin<IV) and lead(lV) are 2.82, 2.30 and 2.29, 

respectively, those of gernanium<II), tin<IIf and lead(Il) are 

only 0.56. 1.4Q and 1.92. respectively 11943. 

4.2.4 l%I ecu1 ar Tetravalent Conrrarnds of Si I icon and Gernmnium 

This area has presented its usual plethora of data and only a 

relatively smcsl t fraction can be reported here. Revised MM0 

paranvzters have been decsribsd for silicon with results for a wide 

variety of si I icon-containing compounds in Mch better agreenwnt 
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with experiment I: 1953. MUJO methods have been used to estimate 

skeletal bending frewencies in I inear and quasi-l inear silyt 

conpounds C 1961. Semi-errpirical methods have been enployed to 

examine the ability of carbon, silicon and germsnium to form 

square pl anar geomet r i es. In all cases such planar geonmtries 

were found to be less stable than tetrahedral structures 

C 1971. Theoretical cal cul at i ons have been performed for si I icon 

<AM1 1 C lSEl3 and germanium WTU30~ I 1991 canpounds. Pathways for 

nucleophilic substitution at silicon have been investigated using 

a molecular orbital approach C2001. The attacking nucl eophi I e and 

I eavi ng group prefer axial entry and axial departure over 

equatori al entry and equatori al departure. In addition, a 

retention pathway via pseudorotat ion is of I owar energy than 

retention occurring via equatorial attack and axial departure. In 

agreement with experimental observations, chorine is predicted to 

be a better I eaving group tham f I uorine. and prefers an inversion 

pathway rather than retention. In contrast, inversion and 

retention pathways are more ‘equal in energy uhen fluorine is the 

I eavi ng group. 

The primary thermal decomposition processes for both silane 

and disilane have been calculated using extended basis sets 

c201.2023. The transition state for the molecular elimination 

from silane is predicted to be 58.9 kcal rn~l-~ above si lane, 

whereas for the reverse reaction it lies only 2 kcal nul-’ over 

the two fragments, si lylene and l&. Of the four competing 

uninulecular decomposition pathways, the 1, l- and 1.2-eliminations 

of H, and the elimination of silylene to form silane al I have high 

endot hermi c i t i es. but the very high activation energy for the 

1.2-elimination excludes this process as a significant contributor 

at I ow energies. The moot likely source of disilene in the 

thermal decomposition is the rearrangement of its high energy 

isomer silylsilylene. The mechanisms of the pyrolyses of FgSiH, 

C2031 and the methyl chl orosi I anes C 2041 have been studied in 

detei I. For the for-r. under condi t i ons of very I ow conversion 

and in carefully seasoned vessels the major products are I& and 

dimethyl si I ane. MsSiO, gives exclusively &. The pyrol ysi s of 
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this and the methyl chi orosi I anes proceeds by a radical chain 

mechanism. 

A,b initio and MU30 calculations have been carried out to 

evaluate the gas-phase acidity of si lane and the affinities of 

si I ane and the Sib- anion, Oni y a msrginai I y stabi e charge- 

dipole complex is predicted for Sit&- C2051. however, this anion 

has been synthesized and characterised along with several of its 

sinple alkyl derivatives in a flowing afterglow apparatus at 2Q8K 

c 2061. Both the Sib- anion and the SiY, radical are pyrami dai 

with inversion barriers of QOOO~2000 cm’ and 1 %X)*300 cm’. and 

HSiH bond angles of 94.5’ and 112.5’. respectively, The Si-H bond 

dissociation energy in si I ane was estimated to be QO.3+2.4 kcai 

rml-’ C 2071. Because of the more favourable electrostatic 

interactions in the ion pair, Sil-&-Li-c. the inverted C,, geometry 

(1081 is calculated to be 2.4 kcal rmi-’ mJre stab1 e than the 

’ tetrahedral ’ isomer (109) C2081. - Al I the si I i con hydr i des. Si H, 

<n = l-4). and the si I yl conpounds l-&Six <X = Li, BeH. &. a-&,. 

fW&. OH, F. Na. @$i. Ail&, Sil-&. Fl& 9-l and Cl I. have been 

investigated by ab initio methods and compared with the 

corresponding methyl compounds. In most cases the equii ibrium 

geometries of the methyl and silyl molecules are similar. The 

mDst notable exception is in silyiamine. where a planar geonmtry 

is found at nitrogen. Addition of d-orbital functions to the 

second row atoms leads to a decrease in the bond lengths. The 

relative H&i-X and H&-X bond energies depend principally on the 

electronegatvi ty of the group X. Since SiH, has a higher electron 

affinity and a lo-r ionization potential than %, groups which 

are very electronegative or very electropositive have stronger 

bonds to si I icon than to carbon t2091. 

l-lexa-tert-butyl di si I ane, formed by reaction of nitrosyl 

cations with tri-tert-butylsilylsodium or -potassium, shows an 

unusual I y I ong Si-Si distance of 269.7 pm C2101. Fluorination of 

chlorophenyi disi lanes vi th zinc fluoride with si lver powder as 

catalyst yields the corresponding fiuorophenyidisiianes. 1.2- 

Difiuorotetraphenyidisilane can be obtained by uv irradiation of 

bis-<fiuorodiphenyisilyi~mercury C2111. The structures of several 
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other catenated si 1 icon, germanium or tin compounds have also been 

determined i ncf udi ng the a. w-subst i tuted permsthyf pol y8i I anes. 

R<SiPbE)J3 CR = <t-BuOI,SiS; n = 2.36) C2121 and hexa-tert-butyl- 

1.3-di iodotrisi lane 12131. the tetrasIiabicycIoC1. l.OYbutane <liO> - 
C2143, the al kal i nretal si I ici des. KeLi Si 4 and K,Ll <Si *>-. which 

contain tetrahedral CSiJ structural units C2151. the large ring 

cyclopolysilanes <MB&i>, <n - 13 and 161 C2181. the linear 

phsnyl polygernmnes, Se,plb. 9ephqo (as a bis-benzene solvate), 

Q%f’h, P. and Ci <SePhe~,Cl (n = 2.3 and 4) 1217-2193. 

The electronic structure of polysilane molecules has been 

investigated both theoret i cat I y and exper imsntall y L 220-2223. In 

poiy<di-n-hexyl)siIane the polysilane chain is effectively 

separated into a series of chromophores, which appear to be all- 

trans segmsnts separated by gauche links. mnicating by rapid 

energy transfer. Energy band structures have been calculated for 

polysilane models. -(SiXY),-, withXandY=H. Ma. Et, PrandPh. 

Folysi lane has a directly al lowed type band structure, and a u-CP 

interband optical transition is allowed. Sand-edge states are 

formed mainly of skeleton Si atomic orbitals, which results in a 

skeleton band gap. This skel ton band gap tends to be reduced when 

larger alkyl groups are substituted for side chains. The CI and cP 

ban&-edge states ars wel I detocal i ted on the skel ton axis. 

Poly(phenylsllane) exhibits a characteristic band-edge structure 

due to o-n mixing between the Si skeleton and the phenyl side 

chal ns. Vari abi e tsmperature “%ii and *‘C CPW4S k#+8 spsctra 

confirm that poly<di-n-hexyl)siIane is in a rigid form at 

temperatures below 310 K. The observed thernuchromi sm of the W 

spectrum is due to backbone disordering above the transit ion 

temperature resulting from increasing contributions from gauche 

confornnt i ons at el evated teqeratures 12231. Pol y<di-n- 

pentylsi I ane) exists in the sol id-state at room temperature in a 

regular 7/3 helical conforsution, in contrast to poly<di-n- 

hexylsilane~ which prefers a planar rig-zag conforsntion below 

41 l , inplying that ths trans planar backbone confornntion adopted 

by higher polysilanes is due to side-chain crystal I ization E2241. 

Ab initio calculations at the sQ= level show that the 
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silicon-silicon bonds in cyctosilanes are weaker than the carbon- 

carbon bonds in al kanes. since the s valence orbital s can 

contribute lees to the formation of strong hydrid orbi tals. 

Stabi I iration of the cyclosi lane rings is due to intramolecular 

perturbational orbital interaction E2251. Hyperconjugat i ve 

interact ions are such stronger in pol ysi I yi ene chains than in 

polyethylene chains due to the presence of energetital I y I ow-I ying 

orbital s in si I icon systems and the electropositive character of 

silicon. As a consequence of orbital non-hybridization, 

tetrasi labicyclot 1.1.03butane and psntasi latl. 1. llpropel lane 

suffer from an extremely facile bond-stretching isomerisation. 

The I abi I i ty of the central bond in these systems is also enforced 

by the relatively high ring strain in cyclotrisilane as compared 

wl th that in cycl otetrasi I ane. For tetrasilabicyclotl. l.Olbutane. 

the preference for a closed or open structure depends on the 

substl tuente on the si I icon atoms t2283. 

The novel persilylcy~Iotrisilene ZlA> has been obtained by 

the reaction of 2,2-dibrormhexaethyl trisilane with sodium Uv 

irradfation of <111> in the presence of methanol affords ftl3> - - 
presunmbly via the disilene (112) Gchssm 34) E2273. 1 rradi at i on - 
of hexa-tert-butyl cycl otri si I ane wi th phosphaal kynes FXZP 

<Fl = adamsntyl, *Bu) gives the phosphasilirenes <114) which reacts 

<R = adawnntyl) with WUXD,Tl-F to produce the complex (115) C2281. 

Permethyl cycl osi lanes rearrange in the presence of an Al <Fe)CI e 

catalyst to form isomeric branched cyclopentasilanes or 

cyc I ohexas I 1 anes I 2291_ Cal cul at i ons show that thermodynai cal I y 

the preferred i sonmr is that with the I ower steric energy C 2301. 

The react ion of Ph,SeeCl I with t-Bi&e<OH>, I cads to the 

germen i um-oxygen heterocyc I e ( E>, which has an almost planar 

TSe,0w3 ring t2311. 

Irradiat’ion of hexaneopentyltrisilaoxetane (1171 gives 

tetraneopentyl disi I aoxi rane (1 18) with the extrusion of - 
dineopentylsi lanedlyl C2323. Empirical. MKKl and ab initio 

nml ecular orb1 tal mathode appl i ad to the four-me&ersd ring 

emlecuies (l&SiX)e <X = 0, N-l, Ct& S) show that the electronic 

structures of al I are simi lar and the short non-bonded 1.3-Si-Si 
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distances are predominantly determined by the Si-X distance. The 

smal I antibonding Si-Si interactions increase with increasing 

Si -Si di stnace t 2331. The 2.Si chemical shifts for several 

cyclodisi loxanes fal I in the range 3.9%4.02iO. 1 Hz are consistent 

with the non-Si-Si bonded structure (1191. the nnv data, - However. 

which indicate little or no s orbital contribution to the bonding 

between the si I icon atoms. are al so consistent with an 

“unsupported n bond” model [1181_ 

Flash vacuum pyrolysis of <120) with cyclotetra- or - 
cyclopentasiloxanes leads to products resulting from the insertion 

of CO=Si=Ol <or equivalent synthon) into the ST-O bonds of the 

si I oxanes C 234,2353. The synthesis and crystal structures of the 

cyc I od i s i I oxanes. tetramssi tyl cycl odisi I oxane, trans-1.3- 

dimesityl-1.3-di-tert-butylcyclodisiloxane, and cis-1.3- 

bisCbis<trimethylsilyl~~inol-l,3-di~sitylcyclodisiloxane have 

been reported. Wilst the CSi&& in the former and latter 

compounds are sl ightl y puckered, that in trans-1.3-dimesityl-1,3- 

di -tert-butyl cycl odi si I oxane is pl anar. The Si -Si non-bondi ng 

distances in all three compounds are short and of the order of 

normal Si-Si bond distances, and were considered to arise from 

anti bonding interact ions bet-en the oxygen atoms I2361. 

Tetraphenyldisi loxane crystal I izes at 299K in the monoclinic P2,/n 

space group but undergoes a second order phase transition at 299K 

to a triclinic phase with an almwt unchanged structure. At 29BK 

the Si-0-Si bridge is bent with an angle of 199* with static or 

dynamic disorder of the bridging oxygen atan C 2371. The Si-Q-Si 

fragment in the R, S diastereoisaner of t <C&l&I <CO>WFeSimFILO is 

I inear even at 129K. but the data indicate severe disorder t 2393 _ 

Hexa<tri-tert-butoxy)disi loxane also has a I inear Si-0-Si 

skeleton. but the corresponding disilthiane is bent C2391. The 

product of the react ion of Ms&iCI p wi th 1,2-di hydroxybenzene. 

bis<o-pheneylenedioxy)dimethylsilane, Is dimeric with a ten- 

membered C Si &,OJ ring C 2401_ Siloxy cage carpounds such as 

(121) have been synthesised and characterised as rmdels for - 
si I i ca-supported transi t i on metal catal ysts f 241 I. 

T%lecules of <W&H,I,T~S&BIMB~ contain a 
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<crystal I ographi‘ cat I y-i mposedl pi anar four-membered t Ti S&l 1 r i ng 

in which the Ti-S bonds are substantial iy mDre lab1 la than the 

Si-S bonds C2421. The unexpected curpound. f <p-S)SeC SpP<oMB)p3 -1 s 

<1X). was also isolated from the synthesis of the tetrakis 

compound, SeCSsP<OMs),l, <ls>. The di thiophosphate I igands are 

uni dentate in both compounds C2433. The monogermanium sui phi de 

and sei eni de, <FW>& CR = a=*. M = Se, E = S, Se> have the 

adarmntane structure (1241 t 2441 - 
Ths question as to why cyclodisi iazane rings are mDre stable 

than cyciodislioxanes has been examined by simple ma. theory. In 

the I atter. high si I icon 3p, orbital contribution to the siloxane 

HOPI prevents any strengthening of the Si-0 bond by silicon 3d 

orbi tai s. lo contrast, consi derabi e Si (3&,-N<2p,) bonding may 

occur in the disiiazanes which is responsible for their relative 

stabi I i ty C 2451. The structure of chi orosi I yi -N, *dimethyl amine 

has been determined in both the gaseous and sol id phases. In the 

gas phase ths molecule is rmnomsric wl th four-coordinated al I icon, 

but crystal s comprise wei I separated diners C 2481_ Di si I aranes 

have been obtained by deprotonation of dimethylhydroaninosilanes 

by a cnechanism thought to involve an intermediate siiaimine 

spec i es C 2471. The CSi,NJ ring in <Pi~&ikB&&,)~ is planar but 

not square. The pentaf I uorophenyi groups are twisted by ca. 160’ 

from the plane of the four-membered ring C24Sl. Cyc I 0s i I azane 

cations have been obtained by treatment of the disitazane with 

alumin~um~II1~ chloride G3chen~ 58) t2493. A variety of 

homogeneous and heterogeneous catalysts prosmte the ring-openeing 

oi igomsrlzation of octamethyt cyci otetrasi I azane. Low pressures of 

hydrogen <l atmosphere> al so enhance transit I on nmtai catai ysi ed 

ring opening by up to tw, orders of nugni tude. The metal hydrides 

uhfch are thus formed are also active catalysts in ths absence of 

hydrogen t 2503. 

Ths triphenyisiiyl cation has been obtained by hydride 

transfer friom the sliane to the trityt cation K2511. The 

structures of tm si lylmethyi I ithium derivatives have been 

dsterml nsd. That of trismthylsiiylmethyi I ithium comprises 

hsxameric fLiCY&Si*,), units with tw distinct Li-Li distsnces 
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c 2523 - The organol i thium reagent derived from <MaoMe&i ),CCt 

crystallises as a dimsr C~LiC<Si?+spoMa~,~,l. in which the Li-C 

bonds are unusual I y I ong and the C-SiMs- bonds unusual I y short 

T 2531. Metal vapours of cadmium and zinc react with 

trifluorosilyl radicals to give bis<trifIuorosiIyl~cachnium and 

-2 i nc, which were isolated at I ow temperatures. Bath conpaunds 

are unstabl e at room temperature C 2541. Treatment of gal I ium<I I I ) 

and indium<lIl) chloride with three equivalents of 

LiCSi <SiMso),3.3thf affords the carpounds [<<Me&i )~Sil,M<p- 

Cl ),Li <thfI,l <M = Sa or In). The structures of the compounds can 

be regarded as a double-bridged con@ ex of C <<Ma&i )-Si ),McI and 

sol vated LiCl t 2X11_ The germyl I i thium compound (1251 has been - 
prepared from <Ms,Si 1 &s. and its reactions are summrised in 

Scheme 57 C2581. The novel bis<q--dicarbollide (126) has been - 
obtained by substitution from SiCl a and the lithium salt of the 

carbol I i de_ It is stable in dry air and soluble in mDst organic 

so I vents. The si I icon atom resides on a crystal I ographlc centre 

of symmetry, being equidistant from the planar parallel faces of 

the two I igands C2571. 

Tri f I uorosl I yl radical s generated in a radio frequency 

discharge of hexaf luorodisi I ane react with metal atoms to give the 

f i rst hanol ept i c tr i f I uorosi I yl metal compwnds. <cFo) =Te. 

<Cl=,) &i , <Cl=~I&ib and <CP,)pHg. In addition, the sanm method CM 

be adapted to afford complexes Including <CP,I<PMa,)Ni. <bq- 

C&li,,Ms~ <CF,) -Ni , <CP,~,<<l=l”ls,~,Pd. <CP,),Cd<glyme). and 

<ClQ&Zn<pyridine~, T2581. The react ion of <F%&i I-AI. Et-0 and 

luc, in a 1:l ratio yields C<MBISi)~AIN-l&I. which has a planar 

central four-membered C Al ,&I r i ng. Thernulysis gives sol id 

solutions of AIN and SIC I25gl. Several complexes of 

coordinatively unsaturated transition metals have been synthesised 

using the very bulky tris<trimrthylsilyl)silyl I igMd <Scheme 581 

C2So,2811. The chromium<llI) carplex is unstable at room 

terrperature. but may be stored indefinitely at -20’. The iron and 

manganese complexes are stable at room temperature under nitrogen. 

Reaction of <CJ&),Zr<SiP%al,Ci with CO gives the sila-acyl complex 

<&l_b> ,Zr <qr-COSi Ma-)CI , the first observation of insertion of M) 
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into 83 transition metal-sii icon bond. The compl exes 

<C&l&,ZrCSi CSiMe,,, ISiMes and <C&&~,ZrCSi <Sif%s,,lMe react 

simi Iarly. but the titanium complex (C,l-le),Ti GFliMe,,CI undergoes 

an apparent ligand-induced reductive elimination to produce 

<C&l,),Ti (CO), and Ma,SiCl_ Insertion of the isocyanide 2.6 

Me,C,l-&Nc into the Zr-Si bonds of ~l&l-&),ZrEiiMe,,CI and 

<C&&b),Zr<SiMe,,Me occurs readily to the carplexes (127). The 

Zr-Si bonds are cleaved by mot ecul ar hydrogen C2811. Organ i c 

carbonyl conpounds have been show to insert into the Ta-Si bond 

(Scheme 59)_ Kinetic data are consistent with a second-order rate 

I aw. Hydrolysis of the insertion products affords the 

corresponding asi I yl al cohol s E 2621. Si mi I ar I y. 2.6di methyl phenyl 

isocyani de inserts into the U-l% bond of <C&&),SePhs C2633. The 

si I yl -chromium conpI ex <&He) <CO),Cr <H)SiW, contains a Cr-ltSi 

two-e1 ectron three-centre bond in its ground state C2641. The 

reactions of di hal ogenogernmnes wi th nmgnesi urn and magnesi urn 

bromide in Tl+ produces the corresponding cyclotrigernmnes and 

cycl otetragermanes. the ring size depending on the steric bulk of 

the subst i tuents on gernmnium C 2651. 

The vi brat ional spectra of the three 

<amino)fmnohalogenosi lanes SibX<NMe,> )X = Cl, Br. II exhibit 

dramatic changes on sol i di f ication. but those of Sil-lCls<hMe~) are 

very si mi I ar in al I three phases, indicating the formation of 

dimers in the solid for the former compounds, confirmed by a 

crystal I ographic study at 116K. In the gas phase the three 

<aminolsunohalogenosi lanes have sunoemric structures with the 

three bonds at nitrogen close to planarity, but not exsctly so 

C 266.2671. SIl-iCIIE<NMep~ is also monaneric in the gas phase, but 

with planar nitrogen. Eloth nitrogens in SiH<hMeL)s are non-planar 

in the gas phase C2661; SiMe<hlMBL)s has a planar CNCSiLl skeleton 

I 2691_ 

Treatment of <MB&ii )sP with n-butyl I i thium in Tl+ affords 

C Li (p-PI&) <Tl-F) ,I -, which slowly loses TH= in vacua to give 

L i . <pp-m> s <ps-pFh1 IL CTl-F~ s and reacts with N,N,N’. N’.N’- 

pentamethyl-diethylenetriamine <pMETA> in toluene to give 

Li <PFl=l (pM3ETA). The structures of the first tw, have been 
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determi ned. CLi <p-p%) <TH=)JL is centrosynemtric with a <LIP), 

core, whilst Li,(lla-P%)-<po-PRL)-(TCF), has a fused tricycl ic 

<LIP), I adder skeleton C 2701. 

Two competitive reactions occur when an equimolecuiar amount 

of L C-Fe <CO) .I - i s added to the phosphaal kene < 128): el i mi nat i on of - 
PhJJSr and the formation of <E). and HCI evolution with the 

formation of a minor product which could be <130). (131) is also - - 

formed as a by-product <Scheme SO). Complex (131) is obtained - 
di rect I y when <Me&i 1 ,Cl+CI E is treated with one mole equivalent 

of the hydride. Three products (1~1, and the phosphirane 

canpounds <132) and (133) <or (1341) are formed when a - - . - 
dichlororwthane solution of the hydride is added slowly to the 

pure phosphaal kene (128) at ram temperature C2713. The react i on - 
of CIPC=C<SiMer)Je with ‘Prf’QCI affords the phospha-al I ene 

I+C=C<Si*,I,l,. which isomsrises to the phosphaalkene (1351 by a - 
reduct i ve hydr i de sh i f t C 2721_ With C (C&lk,,)Fe<CO~JK, 

CIpf=C<Sil%~>,l, affords the complex <lsI. the first example of a 

three-coordinate metal lo-bis<methylene~phosphorane 

<metal I ophospha-al I ene) I: 2731_ The reaction of &tP(SiMst), with 

PCI, at -78’ in pentane yields pCP<Sik,)-,=, which has 

approximately C, syrmmtry in the crystal C2741. Linear si lylated 

tri phosphanes have been obtained by first reacting PCI m with the 

trimsthylsi lylated phosphine P<SiMe-.)R to afford R<Me,)P-PCI,, 

which is then treated with the llthiated phosphine LiP<SiMe,)A’ 

C 2751_ Reaction of the fully silylated triphosphane, (Me&i),- 

P<SiMe,)-P(SiMe,),, with *BuPBI, affords tie-P,<SiMa,)*eU 12761. 

The cycl otetraphosphanes P,*BU- (SiMe,) and trans-P_*Bu, (SiMe_.)r 

react with Meli and “BuLi in thf via cleavage of a trimethylsilyl 

group I eaving the CPJ ring intact. ci~-P,~Bc,<Sif=kQ, and P. 

rings with a higher degree of si I yl at ion, however, react 

differently, undergoing FLP bond cleavage to produce prienry 

n-tetraphosphides which rearrange even at low temperature in thf 

to form the corrsponding secondary n-tetraphosphides C2771. 

Several Ccmpt exes of transi t i On metal s have al ready been 

nmnt i oned, but several others are worthy of note. (137) and (138) - - 
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are formed from Fes<CO),s and <Me&i~&W’=NSiHe, in toluene at 99’ 

C 2781_ <139) is obtained by the route shorn in Scheme 61 12793. - 

42.5 Structures and Spectroscopy of Tin and Lead Coqounds 

Crystallography 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 

precl udes more than a br i ef ment i on of most. In sonm cases 

crystallographic data is used to aid interpretation of 

spectroscopic data. 

Several structures are quite unusual, and form the first 

exarrples of new structural types. In this category fall those of 

bist3-<2-pyridyll-2-thienyl-C.Nldiphenyltin <1491 C2803. the first - 
example of a six-coordinated tin carpound containing four tin- 

CarbM bonds, iC.N-C3-<2-pyridyl)-2-thienyllItri <p-tolyljtin (141) - 
C2811, a compound also with four tin-carbon bonds which is highly 

distorted from tetrahedral towards trigonal bipyramidal geometry, 

tri benzyl <2-pyr i di nethi ol ato-n-oxi de> t i n <lx) C 282.2831, a rare 

example of square pyramidal geometry at tin(lV). and the 

ster i cal I y-crowded t i n ( I V) monohal i des, <Me&i 1 ,csnMe,F [: 2841, 

W&,Si I ,CSnPheF C 2841, <phMai?Si ) -CSnNspF C 2841, 

C~-C&&Fe<CO~,l,<p-tolyl >SnSr C2851, and C <Msr,Si~~Nl,SnSr C 1081, 

all of which have (distorted) tetrahedral geonmtries with 

i nterrml ecul ar t i n. . . hal ogen i nteract ions. 

Five coordination at tin has been cMf i rmed in 

Cl ,!3nfI-&~Cq. I Pr t 2881, <NCS~Ph&n <O&C,5H.l+2). I-&> C 2871, 

2-Me,~JY-i <S i He, 1 SnMsPhW C 2881, (p-to1 yl ),SnSr. <qui nol i ne-N- 

ox i de) C 2891, (3-C t-butyl (phenyl ) phosphi no1 propyl 1 di methyl t in 

chloride C2991, and &&ISnC <l-pyrazolyl )p&l C2911. whi 1st six- 

coordinated SnXv atoms) are present in the ml xed-val ence conpound 

Sn”,Sn’v,F,<O&CF,~,. 2CF&OCH <the Snr a sites have square 

pyrami dal geometr i es) C 2921_ 

The tin-t in bonded heterocycl es (143) <Y = S. Se, Te) have - 
pi anar ring skeletons C 2931. Fkaction of Ph&nLi with Ph&Zl= 

<M = Si. Se) gives cm,snxek. The C&-SiG-SnCJ skeleton has 

sysamtry close to Cp C2941. Simi Iarly, reaction with the 
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a,~-di iodopolystennanes. i <t-Elu,Sn>,l. affords the I inear 

stannanes, Ph&n-<(t-W&n),-m <n = l-4). the structures of 

which have been determined. Electron-rich substituents on the tin 

atosm generally effect an increase of the Sn-Sn bond length. 

Thus, tha central bond when n = 5 is the Longest yet observed 

<2_SSS C3>A3 C 2951. The structures of the cyclotetrastannanes. 

ct.-BueSn) + (planar) and <t-emyl &n), (Puckered) have al so been 

determi ned t 29sl. 

1,2-Di chl orotetranmthyl di stannane. Cl Me&nsnMa,CI , forms a 

tin-tin connected double het ical structure E2973. The structure 

of smthylphenyltin dichloride in the crystal comprises assentiafly 

i sol ated CMsPhSnCl e3 uni ts. al thwgh the i nternul ecu1 ar Sn-Cl 

contacts are fmdsratel y short (3.4-3. &, suggesting a si tuetion 

intermediate between a true monaner and a one-dirnensionsl 

pal ymsr i c structure L 2983 _ Crystal s of di cycl ohexyl t I n di chl or i ds 

and dibromide <isimmrphous3 f29Bl and mthyltln triiodide ES003 

comprise di screte tetraderal .rml ecu1 es. Theoret i cat m o. 

calculations indicate a srml I back-donation from the iodine atoms 

to tin. Lewis acidities of triorganotin halides, l?&nX <R = Me. 

Et, Pr, E3u. and ph; X = Cl. Sr, and I>. CSO13 and organotin 

iodides. SnI+, R&nl, CR = Jye, F’h. PhCHe) and Fl&nS WI = Ph. 

f=hCHs). and di- and tri benzyl tin chlorides C 3021 have bsen 

estimated by calorimetric and nmr methods. Aci di ties decrease 

sl ight I y as the size of the al kyl group increases and increase as 

the si Ye of the halogen increases. *t-i T, measurermnts have been 

nade with dimethyltin dichloride and its complex with bipyridyl in 

mixed solvents of dichloranathane and weak bases to elucidate ths 

role of the solvent in the dynemic behaviour of organotin 

compounds. In the line shape analysis of the exchange reaction 

between MEZ&~CI e and its bipyri dyl complex, the dissociation rate 

constant of the complex supports an exchange mechanism of 

dissociation folla~d by a reccnnbination step. Data indicate rare 

extensive solvation in the activated state than in ths ground 

state of the complex C3031. 

The structures of several conplexes of organotin halides with 

high coordination mrs havs bsen described. The C SnEteCI ,I - 



334 

anions in the dibenzotatrathiafulvalenium salt exist as dimers 

(144) t3041. - Unique is the trinuclear mathylchlorotin anion, 

C Sn,Me,CI elP-. present in crystals of the sal t 

c DBTTi=3 SC Sri,Ms,CI ,I p-.PhCN <iXlTTF = dibenzotetrathiafulvalene). in 

which each tin atom is six-coordinated and chlorine-bridged C3053. 

The structures of no less than seven corrplexes of 

bi s (chl orodimethyl stannyl )methane and 

bi s<di chl oromethyl stannyl )msthane wi th aromatic ni trogen 

heterocycles have been determined, and these are illustrated in 

<145)-<151) C3063. - - Notable is the ability of the tuu nitrogen 

donors in pyri dazine to span the !%I-C-Sn I inkage in (148) and - 
(147). whereas both pyrazine and bipyridyt cannot and form the 

complexes (148) and (12). respectively. - Pyrazine forms a 1:2 

adduct with bis<chlorodimathylstannyl Imethane (1491 leaving one - 
tin atom unccxnpl exed. In contrast, the pyraz i ne n i t rogens 

coordinate both tin atoms in bis(dichloromethylstannyl)methane 

giving rise to a one-dimensional polymeric structure (150). Six- - 
coordination is present in SnCl ,Br,<OMSOI, C3073 and cis <p- 

to1 yl~5nCI e_ 2.2’ -bi pyr i dyl E 3083, 

A commn method of determining the stereochemistry of the 

f FFl’5nl moiety in six-coordinated compounds or complexes is by the 

magnitude of the Mssbauer quadrupol e spl i tt. ing <ca. 2 mn s-1 for 

cis geometries and ca 4 mn s-’ for trans geosmtries). 

Substituents in the carbon- and hetero-atom donor I igands attached 

to tin can have a strong influence on the stereochemstry in such 

situations C3093. Only in one case to date, that of the 

4, 4’ -dimethyl -2.2’ -bi pyri dyl adducts of bi s <4-chl orophenyl ) t i n 

dichloride, have both cis and trans geometries been characterised 

by crystal I ography. The cis isomer is obtained exclusively when 

ths components are mixed in ethanol, but on recrystal I i zat i on 

from dimsthyl formamide the trans isomer is obtained. Reconversion 

to the cis form occurs in toluene C3103. The complex of Ma,SnCI, 

with E(lH)-pyridinethione has the al I-trans octahedral geometry 

<152) t3113. - but the 2: 1 complex of Ma&rBr~ with 1.4-di thiane has 

the dinuclear structure (153) ui th adjacent molecules connected by - 
i ntermnl ecu1 ar Sn. . . Rr interactions into a chain structure t3121. 
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Solution equil ibria occurring in solutions of diorganotin 

di hal i des and bases such as -0, Ohio, ClFM, di phenyl sui phoxide, 

dibenzyl sulphoxide. pyridine N-oxide and acetonitrile have been 

investigated by runt-. Experinmntal data are attributed to 

predominant fornmt ion of the 1: 1 adduct along with the associated 

adduct. The formation of the 1:2 adduct also occurs in solution 

as dsrmnstrated by the isolation of 1: 2 ad&&s and the curvature 

obtalned in the chemical shift plots for weak acids and bases. 

The size of the substituents on the acid were shoed to have a 

significant effect on the equI I i brium constants. Thus the 

constants for di-tart-butyltin dichloride are a factor of 100 

lower than those for Ms,SnCl, t3133. Si mi I ac methods have been 

employed to study the conpI exat ion of the di stanna heterocycl es 

t1541, the acyclic analogue (155) and Ek~,ElnCl - p with chloride anion 

in acetonitri Is_ Rapid exchange of chloride occurred with al I the 

organot in chl or i des. Binding constants for chloride were 

eval uated. The smcrocycl es exhibited snnl I cooperative effects in 

binding choride in coqarison to the acyclic organotin chlorides 

I eading to an increased binding energy f3143. Treatmsnt of 

tin(IV) halides with Schiff’s bases in boiling toluene leads to 

the formation of ismmnium hexahaiogenostannate salts and 

orthometal lated compounds such as ~156> which has a trlgonal - 
bipyramidal geanetry at tin <axial nitrogen and chlorine) Eichsme 

621 c3153. The complex SnCl+ 2(4-t-EkK,&,Cl-KD has the cls 

octahedral geoemtry C 3163. 

The synthesis end structures of several organotin 

carboxyl ates have been reported. Di -t-butyl t in bi s <carboxy ekes) 

have been synthesised from di-t-butyltin oxide trismr and the 

appropriate aci d. and are nmnosmri c and psntacoordi nated except 

for the picolinate which is hexacoordinated E3171. Tin is 

tetrahedral ly coordinated in tricyclohexylstannyl 

3-i ndol yl acetate. but an ‘S-shapsd pal ymsr is present in the 

crystal, propagated by intermolecular NH.. . OC hydrogen bonds 

C3183. Of the t= chl orobenroates. Ph&in<OJ.Xull.Cl-o~ is a five- 

coordinated monoemr in the crystal whereas Ph&nK&lX&i~CI-p> is a 

ons dimensional polymsr 13191, as are Me,SnOsCC&~~-2 and 
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r4,!3n8&C&&J+2 t 3203. The sophisticated carboxylate <1571 is - 
one of ths few unassociated triorganotin carboxylates. and is the 

only one with equal C-8 bond lengths t3213. it undergoes 

decarboxyl at i on at 1 wr)“. The majority of triorgenotin 

carboxyi &es. exemplified by triphenyltin forrmte and acetate 

(3221.. are associated into polymeric chains with trigonal 

bi pyrsmi dai geomstry at tin as in <158>. - Triphenyitin 

%quinolyiacetate hydrate associates differently in the solid. and 

forms one-dimensional hei icai chains by intermolecular hydrogen- 

bondi ng beteen adj acent C Ph&nClsCZ& (S-C&&C>. t-t& 3 un i ts f 3231. 

Triorganotin derivatives of other oxyacids behave similarly, and 

both Ms,fSnO&‘W, and t+&n8#CIr form hel icat chain structures in 

which tMs&n3 units are bridged by EC&PXJ groups C3241_ in the 

three di t in dicarboxyi ates. Ph,Sn, t8&X,>, <X = H, F. Cl 3. the two 

carboxyiate groups span the two tin atoms as in (159). Di f ferent - 
conformations involving different orientations of the phenyl 

groups are observed F3253. 

The f i rst structures of di organot i n di carboxyi ates. 

dimsthyt tin diacetate t3281 and dipicoi inate C3273, have been 

determined. The formsr is tmnonmric with distorted octahedral 

coordination (188) and a Ma-Sn-Mrr angle of l35.B<2)*, close to - 
that predicted from solid-state and solution w studies. The 

di pi coi i nete. however. has the polymeric structure Cl81) in which - 
both plcoi inate I igands chel ate the tin atom via one oxygen and 

the nitrogen, with seven coordination at tin being completed by a 

br i dg i ng axygen. The P&-9n-Me angle is 174.5C3)’ as expected from 

the sol id-state MY data. The tin in the fMs,9nKlAc),l- anion is 

also seven-coordinated with a Me-9n-Me angle of 165.8:. Tuo 

acetate groups are anisobidentate whi 1st the third is unidentate. 

plbiecuies of dimethyitin bisftropoionate) adopt a distorted cis- 

octahedral structure with a Me-S-V-p*r angi a of 107.9(S) l C3273. 

&oth dimethyitin bis(kojate3 <as a bis<methanoi) soivate) t3273 

and dimethyi tin biscil-pyridinethioiato-N-oxldel C3283 both adopt 

the skew trapezoidal structure with Fla-9n+ls angles of 

147.9C3)/148.5<3)‘and 138. Q(2)‘, respectively. A similar 

situation pertains for dimsthyitin bisumnothio-8-diketonatee) 
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<Me-Sn-Me angles of 134.2 and 139.4’. respectively, for the 

benzoyl (thi obenzoyl )methane and rmnothioacetyl acetone 

derivatives>. However. the corresponding dichlorotin compounds 

have the ci s-octahedral geometry I: 3291. 

q is<trinmthyl tinjcarbonate has a polymeric structure resulting 

from the terdentate mode of coordination of the carbonate dianion 

c 3301. Other structures which have been described include 

2,2-di butyl -1,3,2-di oxastannol ane <associ ated into an i nf i ni te 

r i bbon structure) C 3313, C S-IF&, (Cl&, -1 C C, KO,Ms> al I: 3321, 

l%,SnC OJ&~,le C 3331, ISnPh,M&),. dpaoe (dpoxe = 1,2- 

bis(diphenylarsoryl Methane) and SnPh,<No,),. dppom (dppom = 

bis<diphenylphosphoryl Imathane) 13341. Ph,~CCOJ% 13351. 

Ph,Sn C!3&01Pr~ C 3381, C <t-Bu),Sn (ebdtc) 3 =. 4THF (ebdtc = 

ethyl enebi s<di thi ocarbafmte) C 3371, c Me,Sn%P <Ph) Cl-i&H,1 . HFT 

c 3391, Dimethyltin bis<diethyldithiophosphinate). Ms,Sn<~PEt,),. 

has a distorted tetrahedral structure, with additional I ong 

Sn. _ . S contacts at 3.336<2)A C 3391_ <C,F,Sn>,S,, has the 

adamsntane structure C 3491_ 

The di stannoxane. Bu,Sn,CI -0, has a very simi lar dimeric 

tetranuclear structure (162) to that determined previously for the - 

methyl analogue t3411. Exanpl es of higher “I adder” and “drum” 

structures have been characterized for organotin oxide 

carboxyl ates C 342,343l. The compounds 

C <n-&Sn <O>O&PhI = (n-BuSn <Cl 1 <O&J%) =I=, 

C <n-BuSn <O~O&FD~ <n-BuSn <OpCFl~pl =, <R = Me. Ph. C&H,, 1 and 

C <~Sn<O~OJEaH, ,~P<~Sn<O&CaH,r~Jr al I have the “ladder” 

structure (skeleton <193). whereas C n-B&n (0) O&F9 a_ Cd-& 

<Fl = CaH,, C&i,, ) and C n-9&n <O~O&&,H.M&-21 a_ 3C,,H,, have the 

“druM structure skeleton <184). In solution the “drum” and - 
‘* I adder” structures interconvert reversibly. TUP similar 

organot i n oxi de phosphate cl usters. C <n-BuSn <CN-DO&Ph,~ -01 C P&W,1 

<1651 C 3441 and C n-BuSn CO>~P<C,,H, , - 1-1 e (1s) C 3451 have al so been 

character i zed. Partial oxidation of Sn<O&CF,~, affords the 

mi xed-val ence tin carboxyl ate <167), which is not centrosynamtric 

and has a central CSn Xv,SnrlOJ unit containing tuo p--oxygen 

atoms each of which bridge bet-en a tin<lV) and tuo syrmmtry- 
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related tinCIf) atoms 13461. 

The structures of CC&&),USnPh, <the first example of a 

urani urn-t i n bond) t 3471, CC&&~,Tal$MsCI, C3461, the osmium-tin 

cl usters. OS, Cp-l-6 e (CO), o CSnMe,) = C 3491 end Os,SnCI e WLDtl <p-C&> 

L 3503, andT Eta3 C Pb We CUM -3 p iPee CC01 ,,.3 1 C 35 13 have al I been 

determined. Treatment of the heterocunulene IyhPm species (166) - 
with an excess of the solvent-stabilized fragment 

CMsC,H,)l%CCO),CTW) yields a reaction mixture from which the 

novel camp1 ex Cl*>, which has a planar CELh,Pbl core. was isolated 

<Scheme 63) E3521. 

Many of the reports al ready mentioned contain substantiai 

amounts of nmr <particularly r lpSn) and Wssbauer data. Sol id- 

state ‘SC nmr data for methyltin compounds show that the iaC 

chemical shifts for the methyl groups bound to tin generally 

increase <more deshieldedf in the series tetra- < penta- < hepta- 

coordination at tin and tri- < di- < mxtomethyl t i n compounds, 

although there is considerable overlap between the groups, and 

that there is a good carrel ation between the r JC’*vSn-‘3C) 

coup1 ing constant and the Me-Sn-Me bond angle C 3531_ i*sSn CPMAS 

high resolution nmr spectra have been obtained for the two 

polyIm?ric dialkyltin oxides, CFl&nO~, CR = Ms. eU>. and are 

consistent wi th previ ousi y proposed structures C3541_ The I argest 

recorded pr imsry Cl6 7%) and secondary (3. OX) deuter ium isotope 

effects on spin-spin coupling constants have been observed for 

*JC’rPSn- *Ii> in the * * *Sn nmr spectrum of the stannyl ion 

CSnl&-nD,l- Cn < 3) C3553. The mixed species PI&n-X-SnR. s CR, R’ 

= eU, Ph. C&l,,; X = 0. S). which exist in solution along with the 

symraetrical species, have been identified by r*vSn nmr C3561. The 

rr9Sn chemical shifts and *JC**pSn-*sC) coupling constants in 

solutions of tribsnryi tin compounds depend on the coordination 

number of the central atom and the geomstry of the coordination 

pal yhedra C 3573. *r *Sri nmr has been employed to identify 

thi ocyanato- , and cyano-der i vat i ves of the t SnX,l =-- an i one of the 

types I S&C,,-,Y,la- CX = Cl, q r: Y = NCS. CN) C 3561_ Exchange 

reactions occurring in solutions of trichlorostannate-platinumCIl> 

species have been studied by two-dimensional S*P nmr C3583. * * PSn 
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Ntissbauer spectroscopy shows that dial kyl tin derivatives of 

adenosi ne 5’ -mmophosphate contain a di storted octahedral ti n 

environment with a bent Sn& unit embedded in a two-dimensional 

polymeric lattice C3601. 

Msr continues to prove an exceptionally useful tool for 

structural i nvest i gat i ens. especially with the advent of sol id- 

state techniques. The combined techniques of high-power 

decoupl i ng. cross-po I ar i sat i on and magi c-ang I e rot at i on have been 

appl ied to I ead-207 nmr of sol id organol ead compounds C 361 I. 

Carbon-13 MA!+nnv has been used to study organotin conpounds. and 

is extremely useful for structural elucidation of powders C3621 

and the study of pol yrmrphism C3631. The structures of 

dimsthyl tin diacetate and its hydrolysis product Wls,CSnWAc)laO>, 

have been studied by both solid-state and solution nmr. Coup1 ing 

constant data suggest a value of ca. 135’ for the C-Sn-C bond 

angl e i n Me&in (OAc) *, and carbon-13 spectra indicate the 

occurrence of a second crystalline modification. The di stannoxane 

forms dimeric units with a central CSn,&l ring, with an overal I 

polymeric structure formed by an additional bonding interaction 

between an exocycl ic tin atom and an oxygen atom of a carboxyl ate 

group of adjacent dimers;. Unl ike others simi I ar molecules, no 

centre of symnstry is present. Solution nmr data indicate the 

presence of two types of tin atom, both of which are 

hexacoordi nated and adopt distorted trane-di methyl octahedral 

conf ormat i ons (C-Sn-C angl es ca. 141. and 145’) t3641. The two 

bond PJ(*leSn-lH) coupling constant in msthyltin coqounds has 

been shown to be related <by a smooth curve) to the C-Sn-C bond 

angle t3651; simi I arl y the dependence of the one-bond 

‘J<“eSn-‘=C) coupling constant to the C-Sn-C bond angle in 

butyl tin conpounds has been demonstrated t3661. Several other 

solution nmr studies are worthy of mention. A one-bond 

‘17~‘1eSn-‘~ coupling has been observed for the first time <in 

tricyclohexyltin isothiocyanate) t3671. Tetraalkoxygermanes have 

been investigated by ‘%. 1 ‘0 and 7%s nmr. The 7aGs signal s are 

more sensitive to structure variations than those of -ISi in 

i sostructural al koxysi I anes f 3661_ The r’?3n chemical shift and 
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one-bond * J(r * vSn-l SC> coup1 i ng constant can be used semi - 

qua&i tatively to describe the shape of the coordination polyhedra 

about tin in di butyl tin compounds and thei r conpI exes. Values of 

the chemical shift define regions with different coordination 

numbers, so that four-coordinate compounds have G<“sgSn) ranging 

from +200 to -60 ppm, five-coordinate compounds -90 to -190 ppns 

and six-coordinate compounds -210 to -400 ppm Magnitudes of the 

coupling constants can be used to estimate the C-Sn-C angle C3691. 

Simi I ar conclusions have al so been arrived at by French workers in 

studies of bisal koxytin derivatives of the type, %SnO-A-OsnFh, 

c3703. The combination of * ‘eSn nmr and ’ reSn Mbssbauer 

spectroscopi es can al so be powerful C371.3721, whi I st the 

application of rrultinuclear <rr~Sn. =O=T I , and =P7Pb) has enabled 

the characterisation of the anionic clusters forrrmd by dissolving 

al kal i metal al I oys of Gs. Sn, Sb, TI, Pb and, Bi is I i qui d 

ethyl enedi ami ne t 3731. Mass spectroscopy has been employed to 

characterise neutral analogues of these anionic clusters in the 

gas phase such as Pb&b,. Pb&b, and Sn,Bi 4 C3741. 
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