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Introduction and Overview 

‘. 

-. 

-. 
-This survey cove& the.major journals for the. year 1974;-a&d 

imlumei~ 80,.-no. 20 through 82, no. 
. . 

20 of Chemical Abstracts. For 

the.Russian literature and for those publications which are not 

-generally available, the Chemical Abstracts reference is given in 

addition to the original citation. The patent lcterature and 

dissertations are not reported. StudFes with a primary emphasis 

on synthesis and reactivity or on reaction mechanisms were ex- 

cluded with the exception of those which, in the author's opinion, 

had special bearing on bonding problems. 

To no one's surprise, the discussion of p-dn vs. a and 6 

effects in the interaction of silicon with unsaturated systems 

continued with vigor in 1974. While it is clear that interaction 

of silicon's CT and G* orbitals with pi systems can no longer be 

. 
Ignored, the question of the relative importance of d orbital 

interactions and hyperconjugative electron release or withdrawal 

by silicon remains open. It seems that an experimental resolution 

of these problems may lie close at hand in the approach to spectral 

analysis put forth by M.B. Robin in "Higher Excited States of 

Polyatomic Molecules" (Academic Press, New York; 1974). We 

highly recommend this book to those interested in bonding in 

organosilicon compounds. 

Another message which comes through clearly in the 1974 

literature is the extreme sensitivity to internal parameterization 

shown by the semiempirical molecular orbital methods. One must 

be:waryof bonding conclusions based on these calculations. 

Theoretical-General. 
_- 

The energies of-the a, p, and d valence states for the atoms 
._ 

.Si,'Al; and Mg and some.of their positive and_ negative.ions were 
1 .‘_. 

:. :. - : 
._ 

. . . . .: . . . 
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calculated_f~om.available spectroscopic -data. The.resul_ts'for .Si ..- 

.are-summarized-in Table 1. 
7. 

: 

Table 1. Valence states for Silicon 1 

Species 

Si Sz~2(3P)0.00; s'pz(V2)0.21; s2p2(V~)1.16; sp3(Vk)8.36; 

sp3(V2)9.33; sZdZ(V*)15.1, 14.0; s*d2(Vo)15.5, 14.2; 

sd'(Vz)26.9, 21.2 

Si+ sZp(V1)8.18; s*d(V1)17.99; sp2(Vs)16.04; sp2(V1)17.09; 

sd'(V3)30.6, 29.0; sd*<V1)31.2, 29.3; P3(V3)24.83; p"(V1)25.90 

si2+ .S2(vo)2e.k9; sp(Vz)31.98; sd<V2)4&.56; p2(3P)40.59; 

p2(V2)40.82; p2(V,)41.95; d2(V2)59.9, 57.6; d2(Vo)60.6, 58.1 

Si3* s(V1)57.95; p(V1)66.83; d(V1)77.83 

Si" (Vo)103.08 

Perry and Jolly have determined the core bonding energies for the 

series of compounds MH4, (MH3)20; MH3X, and MX4; M = C,-Si, Ge; 

X = Me, F, Cl, Br; by gas phase X-ray photoefec-L:o;l spectroscopy. 
2 

They have developed a procedure for calculating atomic charges 

using an electronegativity equalization procedure, which gcves 

good agreement with the experimental core binding energies. 
3 

Their 

detailed analysis of the X-ray photoelectron spectra of SiH4, 

SiH3Me, SiMe4, SiH3C1, and SiF,, could be rationalized without 

assuming substantial participation of.silicon d orbitals in the 

bonding. 
4 

Auger-electron spectroscopy has,been applied to measure 

absolute values of inner-shell ionization cross sections for 
.- 

Si, P, S, Ci, Ti, Br, and Sn15 Transition-probabilities fog the .’ _ 

.ip(q +._l)S _+. np .2 transition have been calculated using .rel&tiv- - :. , 

: is&c--SCF wave functions- and give reasonable agreement. with-:<., ,:-. :- : -_ -.- 
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New &theoretical tr&sitidn prGbabiiiti& 

: 
-. .3p33a0-isoeledtronic sequence h&e been 

reported. 
7 .- 

-Spin orbit coupling for the 2p.level in Si, .P, S; ’ 

and Cl, . detadted by X-ray photoelectron spectroscopy, may be. 

-predicted using the Sommerfield formula with a screening constant 

of 3;40. 8 

Ab initio SCF-MO‘calculations on silyl-substituted allcanes, 

alkyl radicals, and carbonium ions show that the carbonium ion 

is destabilized by an a-silyl group but is stabilized by a 

B-silyl group. Little effect of the silyl group is observed for 

the.radicals or alkanes. A non-classical bridged structure for 

H3SiCH2CH2+, I, has an energy about 0.5 eV lower than a classical 

open structure. 
9 

(See 

I 

also Ref. 111 and 139) 

-A study by Ebsworth of the PhGtGeleCtrGn spectra of corn- 

pounds containing the MH3 group; M = C, Si, Ge; and MHnX4_n -type 

compounds indicates that the effect of the silicon d -orbitals is 

"rather unnoteworthy" in the bonding. 
10 

A review of X-ray di.f- 

fr&ctiGn-molecular-structures of C, Si, Ge, Sn, and Pb compounds 

has appeared. 
11 The 2'Si chemical,shifts of Me4 ,Six; XiF, .. 

Cl, Br,.I, H; OMe, OEt,-OPh, OAc, 0C(0)CF3, 0SiMe3;NMe 
.2' 

N3> Ph, 

._c&j 3 Vi;'and CH*Cl;-have been interpreted in terms of relative .- 

~param&netic screening constants; and shoti that the-silicon. y ~ 

.- I -. 
._.I ‘-: -’ ‘-.. / :_. :. . . _ . . -. 

. ..’ ._;_ .._ j _: : : -:.- .. 
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Y 13.7 : .. : 

chemical shifts depend primarily on the-o-charge of the Siiro6 

C- atom, and that p-ds interactions with the Si- atom are of- 

in 
minor -importance. 

In a theoretical study of the silicon-carbon double bond, 

Damrauer and-Williams have aDplied unreparameterized CNDO/2. 

calculations, 
13 

to H2Si=CH2, F2Si=CH2, H2Si=CF2, and F2Si=CF2. 

The results again show the polarity of the silaethene bond, and 

indicate that d orbital effects are important and increase as 

the number of electronegative substituents on the Si=C grouping 

increase.14 <See, however Ref. 21) 

The first crystal structure of the interesting aggregate, 

(LiSiMe3j6, has been reported, Figure 1. 

Figure 1. Structure of the <LiSiMe3)5 hexamer. 
15 

(Reproduced by 

permission of the American Chemical Society) 

The lithiums are arranged in a chair-form six-membered ring of 

approximate Dgd_ symmetry with each face occupied by an electron 

deficient bridging trimethylsilyl group. 15 In studies of-the 

enthalpies of interaction for BuLi and Me3SiCH2Li hexamers with 

.THF, 2-MeTHF, and 2_,5-Mc2THF; Quirk and Kester find evidence 

that the.coordin&tion of the.furans to the he&meric species may 
16,: .-. . . ._. 

lead directly to solvated tetramers.~ : 
: 

.,: 
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.--Acylsiiane.s. .. 
-. 

: -. .- 

-.The first vertical ionization potentials for acetyl- 

trimethylsilane and acetyltrimethylgermane have been found to be 

8;6.and 8.5,.eV,. respectively, by photcelectron spectroscopy. 

Based-on the broad photoelectron band width and modified CND0/2 

calculations, the large bathochromic shift observed in the ultra- 

violet spec-ira of these compounds co;qared to their carbon 

analogs is attributed to strong mixing bc+zween thy? localized 

oxygen lone pair and the M-C bond. 17 Other workers have applied 

the CNIIO method with spectroscopic parameterization to these 

systems in an investigation of the So T Sn,* and So + Tnra 

transitions, 
18 

and the infrared spectra. 
19 

Chemically induced 

dynamic nuclear polarization studies of the photolysis of 

acylsilanes -in Ccl4 solution show that the only polarized products 

were acetylchloride (emission), and trichloroacetone (absorption). 

The sibyl chlorides formed were not polarized, consistelit with 

a mechanism which involves an initial complex of-' singlet 

acylsilane with carbon tetrachloride. 
20 

Alkynyl- and Alkenylsilanes 

A study of the photoelectron spectra of mono- and disubsti- 

tuted silyl- and methylacetylenes by Bock, Ensslin, and Becker 

shows that the observed T splittings can be ra-tionalizcd by a 

hyPerconjugation model, without explicit consideration of d 

orbitals. Moreover; a se;.i.es of calculations show that the CND0/2 

method wcth t?le usual paramttetiization, 
13 

tend to overemphasize 

p-dr backbonding. 21 
A paper by Ma&earl and Sacher, whi&contains 

a good summary of earlier work in the field of silyl.+cetylene 

compo&ds, reports studies-of ionizatlion and apgear;lnce..~.otentials: 

_j-_ I. 
H NMR &e&L&i- shiftsand vibrational stretching frequencies. for 

_.__ 

. \ : _;.: ..- . . -_ .- -~ .-. : .._ :. -- . . ., . . 
-‘..., -:.: .~.__ ;. .‘--.~ :. -. ._I :-..-..__, -,.-:y : 
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M$3CEC!H, ~e,&CSC~, and MenM(dX!H)4_& .M~= Si, Ge;.n = 0:3i~.Th6' 

ionization potential data are rationalized in terms of changes 

in hybridization (and therefore electronegativity) of the groups 

attached to the central atom, but trends in the infrared and NMR 

data were not explained. 
22 

The CNDO/2 approximation has been 

applied to explain apparently anomalous variations in the bond 

lengths in silyl- and trimethylsilylacetylene and cyanidd and 

their analogous carbon compounds. 
23 

The considerations in this 

paper might resolve the unexplained anomaliespin the preceding 

paper. 

The esr spectra of the radical anions of PhCsCMMe3; M = Si, 

Ge, and C; generated by reduction with various alkali metals in 

THF at low temperature were assigned using deuteration of the 

phenyl ring, which had a n$ (SYM) type spin distribution. A!Ll 

but the Ge derivative were stable at -90°, but dimerized at 

higher temperatures. 
24 

The following papel reports the esr 

spectra of (Me3XCsC-CaCXMe3)5M*; X = C, Si; M = Li, Na, K, Rb, 

Cs; which indicated that electron delocalization to the Me groups 

occurred only for the Si radical anion by p-dr interaction. --= 

While the carbon radical dimerized at -40°, the silicon radical 

was stable at room temperature even on exposure to air. 25 

Analysis of the ultraviolet spectral characteristics of 

molecules containing the Ph-M or Ph-EC-M group; M = C, Si, Ge, 

Sn, Pb; using a Pariser-Parr Pople type calculation has been 

performed. The sensitivity of various bands to vacant-orbital 

contributipn and hyperconjugative electron release is discussed. 
26 

Calculations for the infrared Sands of HCZCSiMe20R; R = Me, Et,~ 

Pr, Bu, n-C5H11, and Ph; have been reported and correlated with . . . 

Taft (T constants. 
27 

. 

._. .. 
'_ 
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Two groups have reported ab initio SCFMO calculations on 

the effects of silyl substituents on ethylene. Horn and Murrell 

made calculations on ethylene, vinylsilane and al+ylsilane, and 

found that inclusion of d orbitals in the basis se.t gives a 

better interpretation of the photoelectron spectra tinan their 

exclusion. 
28 

Zceck found that, for vinylsilane and propene, 

the spectral perturbation produced by silicon substitution can 

be explained by differences in hyperconjugation between the 

silyl-group or methyl group and the rest of the molecule, but 

that the inclusion of silicon d-functions gives a quantitatively 

more accurate description. 
29 

Seth groups agree that d-g+ 

interactions are significant. 

Force field calculations.of the normal vibrations show 

that the force constant of the Si-C bond in vinjrlsilane, 

(4.9-5.2) x 106 cm-*, is larger than that for me-thjrlsil.ane. 

Values of the force constant for the C=C bond agree with experi- 

ment, but it is concluded that values obtained from vibra-tional 

-spectroscopy cannot give direct confirmation of p-da bonding 

in unsaturated organosilancs. 
30 

The infrared spectra of 

H2C=CH-SiMe,X3 n; n = 1, 2; X = F or Cl; and. laser Kainan spectra 

have been determined and assigned. They indicate the presence 

of Potamer~, explaining the anomalous dipole moments for the 

31 
molecules. The vibrational spectra of the trihalosilyl-l- or 

P-butenes obtained by hydrosilylation have been analyzed with 

respect to-the char&teristic out-of-plane =CH deformation 

frequencies, and have been used to derive rules for setiiquantita- 

tiw.infrared analysis of-mixtures of alkenylhalosilanes. 
32 

From a study of-the 13C chemical shifts df trialkylsilyl-, 

~trialkylge&myl-, and trialkylstannyl-substituted ketenes; it. 

:. -. 
:- .- 

. . . . . ..-. _‘_ .__ _. .,. --.,.. . -- 
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was found that the shielding effects of the heteroatom increased 

in the order: Si < Ge < Sn, which was interpreted in terms of re- 

hybridization to a polar structure.33 NQR frequencies for- 35Cl 

in RSiR'C12 compounds; R,R' = allyl, Cl; Ph, allyl; Ph, vinyl; 

vinyl, allyl; Me, vinyl; were determined and the correlation of 

the sum of the Hammett substituent constants indicated that only 

the inductive effect of the double bond was transmitted through 

silicon to the Cl atoms. Similar results were obtained for anal- 

ogous C or Ge compounds. 
34 

The configuration of endo-3-(trimethyl- 

silyl)bicycloC2.2.17hept-5-ene (sic), II, was assigned unambigu- 

ously using 250 and 300 M Hz NMR spectroscopy and INDOR experi- 

h- \ 
H 

SiMe 
3 

II 

ments. 
35 

Heat capacities and thermodynamic functions for 

vinyldimethylphenylsilane have been reported. 
36 

Ionization potentials from photoelectron spectra of the 

cyclopentadiene derivatives; RC5H5; R = l-Me, 2-Me, and 5-SiH3; 

correlated well with orbital energies calculated by ab initio 

methods. Calculated energies indicated the stability orders 

2-Me > l:Me > S-Me, and 5-SiH3 > 2-SiH3 > l-SiH3. The Si-C 

bonding orbital in the 5-SiH3 derivative was heavily involved 

with the TF system, and a high overlap integral existed between. 

the Si and the remote ring C atoms, suggesting a reason-for the ... 

37 
fluxional behavior of the siiyl compounds. In the charge 

transfer spectra of a series of substituted silacyclopentenes .. ...-. 

and cyclopentenylsilanes, the changes in uCT with TCNE as the 
h‘ : 

Refer-sp.161~ 
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acce.ptor-were greater. for the cyclopentenyl detiivativcsin-khich (. 

'the S.i-.C. bond was in a conformat& su.itable for interaction with 

-the H system. --The acceptor properties of silicon were explained 

‘6;~ the interaction of the C*= Si-C or Si-X bonds without involving 

d orbit&. -The acceptor strength of the Si-X3group; X = F > 

Cl.1 H > Me; agreed with this explanation. 38 

Larrabee has prepared a very informative review on fluxional 

organosilicon-molecules and the application of orbital symme'Lry 

considerations to the molecular rearrangements observed. 
39 

The 

ground state geometry of cyclopentadienylsilane and transition 

state geometry for the silyl group migration have been calculated 

by the CND0/2 method. 
40 

A potential curve close to the reaction 

coordinate for the [I,21 rearrangement was obtained. The cal- 

culation demonstrates that the symme-try forbidden Cl,31 or 

across the ring rearrangements cannot be related to the potential 

curve experimentally known for the reaction. 
41 

Mass spectral fragmentation of the cyclopentadhenyl compounds 

CSHS-SiMe2R; R = Me, MeO, Cl; C5H5GeMe3; C9HSSnMe3; C5HSSnEt2Cl, 

(CSH5)2SnEt2 and <CSHS),~S:I occurred primarily by rupture of the 

C5HS-M bond. 
42 

The infrared and Raman spectra of the tctruacyclopr*opyl 

derivatives of Si, Ge, and Sn, were recorded and assigner! on the 

bas.is of DzcI symmetry, which <s only strictlJr realized for the 

tin compound. The assignments are in agreement with the dipole 

moments, 1.8, 3.4,_and 2.0 D, respectively. 
43 

The infrared and 

Raman spectra of cyclopropyl silanes of the type III, IV, and V, 

RP = H2; HMe, F2 

R 
4-. 

-. iMej__ .R --&Si@Ne], R-+SiMeF, 

R R R 
III IV V. 2 

:~. 
_. .. 

..-y , 
. . .,;: -_- : .: 
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were determined and correlated with structure. 
44 

_. 

Conjugation ._ 

in .th&sc types of compounds was investigated using .the.infrared 

data, ultraviolet specira and iodine charge transfer complexes. 
45 

~Arylsilanes 

The photoelectron spectra for the compounds Me3MPh anh. 

Mc3MCH2Ph; M = C, Si, Ge, Sn; and MIND0/346 calculations for. the 

pf = C or Si compounds have been reported. 
47 

Treatment by first 

order perturbation theory indicates that the inductive and hyper- 

conjugative effects of the Me3M group in the benzyl compounds 

are about equal. For the phenyl derivatives the results shown in 

Table 2 were obtained. 

Table 2. Partition of the effects of an Me3M substituent on the 

47 
HOMO of benzene. 

Colltributions ta &ET, (eV> 

M I nductivc H;pcrconjugativc p-da 

Si 0.78 0.51 -I..09 

Ge 0.64 0.38 -0.82 

Sn 0.49 0.34 -0.51 

Unfo+ilnately, the possibility of interaction between the ufi 

. :-~r.?a~ I:.~lc. and the bcn-acne I: ::;izztt:m wa:: not cons%dercd. 
47 

?n sttidi.c:i of t:i? cIIl~,TI-p~~: triin:;fer spectra of pheny7 and 

he;:2:C7 t;i?.a:ler; ai:d tht:ir carbon analogs, Ponce ant1 fhvalovsky 

~:how:'d th,2 I_ th.2 r.zs-:l_f s cq117 d be in-tcri~rc-kd by inte::action of 

X" 
I: orh.it*l:- of tllc CH2-SZ or Si-X bonds without assuming the 

?;?rtiri;,strion.of.sillicon d orbitais, usina a simple semiempirical _ 

-, : 
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mod&of hyperconjugation. 
48 

Schweig, Weidner,_ and.Maniiel. -- .. 

: showed that the~_de&tabilization of the r MO's in ally1 .and benzyl 

-Group IVA derivatives could bc quantitativ&lg predicted on the 

basis of 3 hyperconjugative model. 
49 

This paper drew some ccmmgn& 

from Pitt. 
50 

The analysis of both ground and singlet excited states for 

-phenylsilane and phenylchlorosilane using Pariser-Parr Poplo 

caldulations showed that the Si-C bond order in the chloro com- 

pound was lower by a factor of 1.5 and that the negative charge 

on silicon in the chloro compound was higher by a factor of almost 

4. Of the two interactions of Si with the phenyl ring, 0, s and 

P--dx, the Letter was significantly predominant. 
51 

The infrared 

spectra of PhSiMe3; PhCH2MMe3, M = Si, Ge, Sn; PhCH2CH2SiMe3; 

PhCH2SiMe2Cl and PhCH2SiC13 have been analyzed in terms of mixing 

in the ground and excited states. 
52 

Another report analyzes 

the infrared spectra of 48 silylbenzene derivatives in terms of 

the effects of conjugation. 
53 

Substituent effects on the NMR 

and vibrational spectra of p-R-CsH4MHMe2 and p-R-CsH,MH, com- 

pounds; R = McCJ, I-f%, i:, Cl, Brj i-1 = Si or C; were explairi~d 

invoking a Larger electronic effect transmission by silicon com- 

pared to carbon using vacant d orbitals on silicon. 
54 

Detailed studies on the phosphorescent state of the 

tetraphenyl Group IV compounds, C, Si, Ge, Pb, and Sn shows that 

the internal heavy atom effect arises through both electronic 

and vibronic interactions while the external heavy atom effect 

is largely through electronic interactions, -that translationally 

equivalent interactions control triplet energy transfer, and that 

the magnitude of the spin dipolar interactions and the inter-ring 

-1 55 
interactions are comparable, about 0.1 cm - X-ray diffraction 

. 
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data and qutitumchemical calCulations have been Combined to 

de-termine the lattice energy and conformation of tetraphenylsiiane.~ 

.Ener,v ievel diagrams for effycts of the SiMc9, CH,/SiMe9, 

SiMe2SiMe3, and alkyl substituents on $-substituted styrenes 

have been constructed from ionization energies (mass spectral), 

infrared and ultraviolet spectra and polarographic reduction 

potentials- Typical electron relcasc! by the trimethylsilylmethyl 

group and withdrawal by the trimethylsilyl group are obucrved. 
57 

Silicon-29 chemical shifts for a series of aryl silanes, 

Ar-SiX9 have been reported. 
se 

As was noted in a communication 

last year, 
59 

for a given silicon substituent, X, linear corre- 

laiisns with I!.~~mnc~ii. IS ConsLants are obtained. However, in- 

creaarng aleckik311 (1;s;ici i.I.Qil :.I: :T._’ .fcr eild pnm substi-tuents on 

Fheny7. give upfield shifts for X = H or Me, but downfield shifts 

for X = F, Cl, c)" OEi. 'i'..:u gr~ou?s hUve proposed theoretical 

inte~~prcta?ion~ of the phenomenon, both based on -Lhe electro- 

ncgaLiviLy of siiicorr'z sulstiLuC[lts. Tt appear-a Lha-; an addi!:ivc, 

but IZOR Ztnen~ re3.ationshiLj exists between 6 29 SF =t~ld -the ~~~rn:irc d 

clcct:fonn.~.~tivit~~ nf the zro*ups bonded to silicon. 
58j60 

Subski- 

tuent effects on tile silicon resonance arc not uniform, and 

chemical shift ctssiznmeitts bar;ed on at-?alogTes even to cl.oscly 

rcla+r?d rri.l..anes can lead to error. Any interprcLation of riilFcon 

ch-?i&:a.!. shift data bar;Cd on ~1 p-d:? :nc:(:hani.sm must be made with 

extreme caution. 
58 

Carbon-l; chemical shirts for three series of Group XV 

cmm3 f icr: : ~-X-C6fi,~vM.:9: w!>%zrc Y = C, Si, and Ge correl.ate with 

substituent parameters aI and 0;. The slopes of Lhe Y-Me Corre- 

lations zl!ggest roughly equal lrarz.riti_ing abilj.ties for carbon 

and silicon, in COnti?a:;t i0 Ref. 54. 
51 

For the X = NMe2 compound, 



i&.j:_,_ : ._. .: -, ” . . : _. .- :_,; : 

._-. ._ -y: 
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-- th& shiE?s- qf:'th+ C-s, and C-‘2=6 carbons.vary Si > Ge > C in.- 
: 

.qg&netit riith atomic chkrge values from pubiishkd CNDO/? cal- 

..culations, 
62. 

which indica-te thaL while :siltj_con exerts tin e3ecti~on 

&L&s'izg cffcct throtrgh i-he &-Er~amcwork, there is net r with- 

".drawal-at CL4 and C -Z:,6 relative to Y = C. 
61 Thk 13G NMR spectra 

of p-R-C6H4MCLs;.R = !f, MC; M = Sn OF Ei; have been rcpor*Lcd 

and analyzed. 63 ThP 23 (3 NXR spectra of a series of benzyl silanes 

.in which the-C-Si bond was constrained to vary&g degrees from 

the nodal. plane of the aromatic system indicated the supnL,esslion 

of the electron donating effect of ihe Cif 
2 
Si grou;: when 09 i.lmum 

alignment of the C-Si u bond and the x system was 

The '3, L-H coupling constants for a series of 

phenyltrimethylsilanes were measured in methylene 

carbontetrachloride solutions, and indicated that 

64 
prevented. 

para substituted 

chloride and 

the solvent 

effect is too large to allow any straightforward conclusion on 

ring-substituent interaction. 
65 

On the other hand, the 'H NMR 

and other spectra of phenylvinylsilane, phenylallylsilanc, 

diphenylsilane, ~henylsilane, arid allylbcnlenc were investigated, 

and applied to the stud~r of intcrcac-tions bct+recn the 'in electrons 

and Iz or-bi-L-ala o,n silicon. Coacen-tration dependence of the chem- 

ical shifts suggested -the possibility of intermolecular inter- 

actions in the organosil.anes. 
66 

T,ong range F-If couplings for 

silanes of the t;r?e (CgF5?n8iMe 4-ni N = 1, 2, 3; and 

C6FS-(SiMe212R; R = CH, or C6F5; between the silylmethyl pr'otons 

and the ring fluorines have been observed and analyzed. 
67 

The 

time dependence of the NOE cnhancemant for triethoxymethylsilanc 

and diphcnyldichlorosilane :-ras used to *measure the spin lattice 

relaxation -time for -the 
29 

Si nucleus in cases where the NOE 

enhancement is -I -0. 
66 

.- 
: 
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Sipe atid W&t have reported studies on an extensive seriess 

of-trimethylsilyl-substituted benzene rhdi6al anions. The RSR ” 

results were used to derive a general set of H&kel MO parameters. 

treating the trimethylsilyl substituent as a heteroatom, and 

a semiempirical relation between the TI density on silicon and 

ori the adjacent carbon atom to the Si-Me proton coupling constants. 
E 

In the following paper they analyze the ESR spectra for a series 

of trimethyloilyl-subsi5tuted toluenes, _xylenes, mesitylene and 

Wrt-butylbenzenc, and trimethylgermyl-tert-butylbenzene, in terms 

of substituent perturbations which stabilize or destabilize the 

lowest unoccupied MO's of benzene. In all the compounds studied 

the organo-metal substituent dominated the brdering of the MO 

energy levels by accepting electron density more effectively 

the alkyl substituents release it. 
70 

Radical anions of the type PhnX', where X = P, Si or As 

been obtained by electrochemical reduction. The ESR spectra 

that 

have 

indicate that the X atoms of the bridges are not "Isolating 

bridges", 
71 

as had been suggested by earlier work involving metal 

reduction.72 

The excited state interactions in trimethylsilyl-substituted 

N,N-dimethylanilines suggest that both the symmetric and anti- 

symmetric 7~2 levels are affected by TI interaction with the 

trimethylsilyl substituent. The magnitude of the effects are 

proportional to the pi density at the point of substitution. 
73 

ESR studies and MO calculations on trimethylsilyl and tert- 

butyl- substituted naphthalenes indicated significant p-dn 

conjugation in the silicon compounds. 
74 

In contrast, the ioni- 

zation potentials of several u-naphthyl, B-naphthyl, and phenyl 

derivatives, Ar-X; X = Me3SiSiMe2-, Me3SiCH2, MeO, and CH3;. 

Rcferencesp. 161 
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determined from charge.transfer spectra were analyzed u&&first_ 

'-order perturbation theory. Itis shown that.the silicon 3~: ’ : .. . . 
-orbital is only l/3 ,as -effective as-the C or 0]2p orbital in 
: 
.-overlap with the II system. The considerable 0-x interaction seen 

in the disilyl derivatives is attributed to the higher energy of 

.,the Si-Si a-bond. 
75 

The charge transfer spectra of Pl~naphthalene 

derivatives including 11 siloxy and silyl derivatives demonstrated 

that the i&uctive effect.and p-ds interaction between silicon 

and oxygen was greater than that of silicon with the aromatic 

ring. 
76 

In a set of studies-on the electron impact induced fragmenta- 

tion of substituted phenylsilanes, Dube and Chvalovsky found 

that, to a first approximation, the fragmentation patterns may 

be explained by the effect of the substituents on charge dis- 

tribution in the molecular ion, and thus on the activation 

energies of fragmentation. 
77,78 

An isotope effect observed in 

the formation of (M-l>+ and the presence of intense (M-2>‘i and 

(M-3)' peaks in the mass spectra of deuterated phenylsilanes 

indicated that the benzene ring had opened to form a chain, and 

the silatropylium ion was not formed. 
79 

A study of the fragmen- 

tation and rearrangement processes in the mass spectra of 

fluoroaromatic heterocyclic Group IV derivatives has appeared. 80 

The vapor pressures and enthalpies of vaporization for 

m-, and u- chlorophenyltrichlmsilane have been reported. 81 

Another report gives the saturated 

derivatives of m-carborane. 82 The 

silylbiphenyl) in the 12 to 300 OK 

vapor pressures of B-silyl 

transition at 289.5 OK accompanied 

heat capacity of o-(trichloro- 

range shows a trans * cis 

by a 13.8 kcal/mole heat effect. 

The infrared spectra of mono- and disubstituted m-carboranesilanes 

;_ 
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and silqxanes with -silicon functionality have been-reported; 84 

Silacy&s 

The vapor pressures, enthalpies and entropies of vaporization 

for l,l-dimethyls~ilacyclobutane and 1,1,3,3-tetr~~thyl-1,3- 

disilacyclobutane have been reported.85 
. . 

The microwave-spcci_rum of l,l-difluoro-l-silacyclopent- 

3-enc shows thalr -the five-n:embered rin,?; is planar and the molecule 

has CTv symmetry. The ring puckering vibration has a frequency 

-1 of 38 f 7 cm and is nearly humonic. The ciaLa indica-te that 

the ring is not nearly as squashed (due to d-a interactions) as 

had origina7.ly been believed. 
86 

The infrared, ullraviolct and 

NMR data for the silacyclopentadicnc derivative:;;.VI; R,R' = Me, 

I!; Ph, H; F?-!r-., Me; and VII showed that -the silicon atom inkeracts 

?h 

RAR, 

Vl VII 

tlI.It the phznyl groups on silicon are not appreciably conjugated 

with the silacyclopentadiene ring. 
87 

The mass spectral fra.;men- 

/ 
R&/R 

Lx \ I > 
R' 

R 
,si\R 

VIII 

f3 Si' 
I:< 
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,-t&-fion.~a~+ern.of th.e'..l,J-disilaindanes; VlII; R :.R; -Cl,- f;P-:c;: 
_- .. . 

R ! .=. ,i;-~~le;-‘involved.~redominantj~~ 
3*. : 

loss-of R‘cr SiR2.. -. :. -: 
~. 

-. Saku%i and co-worLcrs 1:ave generaiec!.the tridgezlead silyl 

radical,. 'I.-silabicyclo 12.2.2.1 &ctyl radical, IX. The B-, Y-, 

’ 
and 6-E coupling.constants were 1.53, 0.37, and 0.37 G, respec- 

tively. The smal.1 B-hydrogen couplings were arcribed to the 

pyramidal structure of the bridgehead radical site- 
89 

Mass 

spectral studies of 1-sila-2,4-cyclohexadiene and its l,l-dimethyl 

and .l,l-dichloro- derivatives have been reportcd- 
90 

Using force 

'field methods, Ouclldtte has calculated structures and steric 

energies for silacyclohexane; l-, Z-, 3-, and 4-methylslla- 

cyclohexane; 3-, and 4-tez*t-butylsilacyclohexane; 4-methyl-l-tert- 

butylsilacyclohexane. For the silyl-substituents, an axial 

conformation is Rreferred due to a larger negative nonbonded 

energy term. 
91 

X-ray analysis of the structure of 1,1,2,2-tetramethyl-1,2- 

disilaacenaphthene, X, showed that the Cl-C2 and C7-C8 bond 

Me2 Si-Si Me 2 

T> + to 6\ /3 
5 4 

x 

lengths increased, and the C2-C3, C3-C4, ZS-CG, and C6-C7 bond 

lengths decreased relative to the corresponding bond lengths in 
_. 

acenaphthenc. 
92 The mass spectra of XI; R = H, Cl, F, ?le, O>le; 

.and X11; R,X = Cl,.CH,; Me, CH 2; Cl: 0; have been reported. 
93 
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XI XII 

PeL>haps one of the most significant reports to appear during 

197Q is the work of Ponec, Chvalovsk:, Cernysev, Scepinov znd 

Krasnova, dealing with the charge transfer spectra of 9-silq- 

fluroenes, XIII, and some of their carbon analogs. 
9% The fl:jorcne 

system is A .good model system in that the highest occupied MO's 

differ in symmetry, such tha-L the orbital'of 9 1 symmctr'l may 

interact with a silicon pm orbital, or the d orbital in the plane 

perpendicular to the molecule passing through .silicon. The two 

A2 MO's can only interact with silicon d orbitals. These workers 

find that only the bl MO is affected changing silicon's substi- 

tuents for XIII; R = R' = H, F, Cl, Me, ph, OEt; M = Si. The 

variations arc consistent with a hyperconjugative model employing 

only the silicon Gf antibonding orbital. 
9% 

In a related study 

x1.11 

of silafluorcnes; XIII; R = H; R' = H, P!e, Ph, Cl; and Ph SiHR' 2 

compounds; the intcnsiLies of the Si-H bonds in the infrare-1 

shoxeri a lar.;er degree of m interaction in ihe fluorcne dcrivativcs 

of silicon. 
I! 5 *; 

The equilibrium acidity of 9,10-dihydro-9,9-di‘xethyl-lp- 
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phekyl-9-silaanthracenk has beende.termined Sith .cesiilni ‘_ __: 

&yclohexyl&de incyclohexylamine; . . 'ke pK is 27.4, only 0.6 . . 

pK.units higher thanthe carbon analog, sugges.ting that aromatic ..- 

through conjugation is not important in this system. ..96 Iti 

contrast, comparison of the ESR spectra of the silaanthracenes, 

XIV; and XV; R = Me, H with thi spectrum of o-his-Ctrimethylsilyl1- 

benzene, and o-trimethylsilyltoluene anion radicals indica-ted 

that.the unpaired electron in the 

in one ring. 
97 

heterocycles was not localized 

XIV xv 

The si--.~~tures of 9-silz-, 9,10-disila-, and 9,9,iO,lO- 

tetramehtyl-9,10-disiladihydroanthracene have heen deter-mined by 

X-ray diffraction. The structural details are shown in Figure 2. 98 

The crystal structure of 9,9,10,10-tetraphenyl-9,10- 

disiladihydroanthracene has also been reported. 99 
The half wave 

notentialr; of the first polarogra?hic waves for the silylanthracenc 

0 

OJco 
R 
2; 

R 

XVI 

.: 

._ 
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a 

b 

Figure 2. The bond lengths (8) and-bond angles for the molecules 

reported in Ref. 98. Reprinted with permission of the 

Plenum Publishing Corporation. 

ketones, XVI; R = Me, Et, and Ph; were reported as -1.57, -1.53, 

and -1.46 V, resjjectivel;. 
100 

The crysf.al sl.ructure of I-:.:ila-S-m-:thyll -b-~7.;:c-,~cl~~o~La~c~~~~o- 

[?f Jailach.x~omenc, xvIl-‘I has b?cn rc~;orlcr! aiong wi+h honri lengtlls : 



XVII 

Fritz has reviewed the synthesis of carhosilanes, and their 

structures. 
102 

He has also summarized the structures of l-he 20 

.&ompounds which have been isolated from the pyrolysis of 

tetramethplsilanes. Besides t?ne cbmpo-unds having a carborundzne 

framework (55-C six-membered rings in the chair conformation>, 

compounds were found for the first time which are built up ex- 

clusively of six-membered rings in the boat conformation (sil- 

ascaphanes). Both boat and chair form rings are found in an 

isomeric comnound of Si C 
7 16"36' 

103 
The crystal structure of 

been determined. 

which the shaded 

tetramethyloctasiladodecascaphan, C17f136Si8, has 

The molecular structure is shown in Figure =j, in 

atoms are silicons. 
104 

Figure 3. The octasila-dodecascaphan molecule showing bond 

distances c-81, and angles. 3.04 
Reproduced with the 

permission of J.A. Barth, Leipzig. 
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.- The cpnformations- of-the-tetrasSabic$clononanes;-.XVII~;r~ ... .-: 

R =-Cl or Me, R'. =-Hi Me or Cl; and th& p&tasil&icyzlotiotianes; 

XIX; R,_ R'. ='H or Cl; have been determined by NMR spectra. The ‘. 
-. 

XVIII compounds were present in a-twofold boat conformation. 

In XIX; R = RI = H and R = Cl, R' = H; a change- in conformation 

is observed, while in.XIX; R = R' = Cl; a rigid chair conformation 

R 

XVIII XIX 

is found for both rings. 105 

Mass spectral studfes of the 1-silalactones, XX, XXI, and XXII, 106 

XX XXI XXII 

and the 2-, and 4-silalactones, XXIPT, XXIV, and XXV, and their 

XXIII XXIV 

tracmentation patter*ns h.zve been reported. 
107 
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Polvsilanes . . 

. 

. . 

... An extersi&~ review (696. references) of the.propcrti& and 

preparations of-silicon-silicon linkages in inorganic and organic 

silicon compounds has .been prepared by Hengge. 108 

Sakirai and his group continue their contributions to the 

area of oolysilanc chemistry and bonding with the roper-t of the 

ESR spectrum of the 1,1,2,2-tetram,c+h;lldi::ilan:,:l radical, 

generaLed bv proton abstraction from tetramcthyldisilane. The 

spectrum was consistent wi_Lh a configuration in which the B Si-H 

bond is eclipsed with t:le 3 orbital on the sill1 rad-ical site. 109 

Other studies show that the char.Te transfer cner.gies for the TCNE 

complexes of hexamethyldisilane, 1,1,2,2--L-etramethyl-1,2_disila- 

ohcloheptane, -cyclohcxanc, and -cyclopcntdnc correlate linearlv 

with the-enthalpies of activation for the oxidation of the respec- 

tive disilanes with m-chloroperbenzoic acid. 110 

Model studies for the computation of the H/D kinetic isotope 

effect in the displacement reaction of H atoms With disilane: 

H- f SiH3SiH3 SiH,+ -I- -SiH3 

suggest that the displacement of silyl radicals proceeds via 

a bridged activated complex rather than a linear intermediate- 111 

(See, also Ref. 9) A rate equation for the pyrolysis of disilane 

has been derived. 
112 

The enthalpies and entropies of sublimation 

of tetraphenylsilane and hexaphenyldisilane have been determined, 

and the average bond dissociation energies for the Si-C and Si-Si 

bonds calculated. The average value.for D(Si-Si) is 88 F 7 

kcal/mole. 
113 

West has reviewed the work of his and other groups on the 

aromatic properties of oyclopolysilanes. Some very intriguing, 

hitherto unpublished, findings are reported. 
114 

In the first 
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application of the Woodward-Hoffmann rules to the photochemistry 

of.organopolysilanes, Ramsey has shown that the results of 

photolysis in polysilanes support the assignment of the low energy 

electronic transition<s) in these species to a (J + CS* excitation. 
115 

In the 1H and lg F NMR spectra of the halopolysilanes; 

X(SiMe2)nX; n = 3,4, and 6; Me(SiMe2j6X; n = 2, 3, 4, and 6; X = F, 

.Cl, I, and Me; and XMeqSi(CH2)4SiMe2X*; X, X' = Me, Me; Me, Cl; 

Cl, Cl; the chemical shift of the Me protons of the SiMe2X group 

moves to higher field as the chain length increased. Along with 

other results, the observations are consistent with increased 

donations.from the halogens to vacant orbitals of the polysilane 

as the chain length increases, and to transmission effects 

through the chain.116 

Two groups have reported the formation and.stuAies of the 

NMR spectra of polysilane anions in 1974. Feher reported. the 

formation of KSi H 
2 5' KSiH<SiHj)2, KSiCSiH313, and KSiCSiH ) Si H 

32 25 

by the reaction of KSiH3 with disilane or trisilanc in EME. The 

species were charactcrizcd by NMR spectra and derivatization. 117 

Biirger and Marsmann descrGbed the 29 
Si and PMR spectra for 

H3SiSiHq-, (H3Si)2SiH-, and (H3Si)3- in HMPA.118 In a subsequent 

publication, the infrared and Raman spectra of the polysilane 

anions; (SiH3)nSiHj_n, and their deuteratcd analogs were analyzed. 

The results suggest that the negative cha rpe is mainly localized 

on the trivalent silicon atom, and that the lone oair acts 

repulsively rather than strengthening the Si-Si bond through 

p-dn effects. 17.9 

The Raman spectra of the isomeric tri-, tetra-, pcnta-, and 

.120 hexasilanes and n-heptasilanes have been obtained. The infrared 

and Raman spectra of hexachloroethane, trichloromethyltrichloro- 
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silane,.and hexachlorodisilane have.been assigned and correlated. 
12 

_'Hengge md Dieter .have prepared and characterised heterocyclic 

pChySilaneS of the type, XXVI; X = BNMe2, NMe, NEt,.and 0; and -. 

Ph Si- SiPh2 

9 \ 
E?h2Si,X,SiPh2 

XXVI 

characterized them by NMR, ultraviolet, far infrared, and Raman 

spectra. No evidence for electron delocalization through the 

122 
. 

heteroatom was found. 

The infrared and NMR spectra of deriva-tivcs of Mn(CO),, 

Mn<CO),+PPh, and 8-Cp(C0)2Fe containing the polysilyl ligands, 

(Me3Si)nMe3_nSi; n = 1 - 3; have been discussed in terms of the 

(3 donor and TF acceptor properties of the cilyl ligands. 
123 An 

X-ray and KB study of TF interactions, including several polysilanes 

has appeared. 
124 

'Alkylsilanes-Hydrides 

The united atom theory has been applied to radicals and 

anions of the type R3M and RSM-; M = C, Si, Ge, Sn; R = H, Me, 

F, and Cl; and used to predict the relative (T donating abili-t:l 

and r basicity of the various ligands. 
125 

[inrestricted Hartres- 

Fock-CNDO/2 calculations for the Me, CH2F, SiHS, SiH2F, SiHF2, 

SiFS and PHS* radicals gave equilibrium geometries by the mini- 

mization of total energies and spin densities. The agreement 

obtained with exPeriment showed that the CNDO/2 method is suitable 

for qualitative predictions of the geometries of silicon and 

phosphorus containing radicals.'2S A calculation of the intcznal 

rotational barriers for MeSiH3, MeSH, MePH2, and H2SiSiH2 using 

_’ 
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-three-different parameterizations of the CNDO/P basis functions. -: 

indicated that Santry's .recent reparameterization 127. was most 

reliable for -geometries and barriers, but none of the parame- 

tetiizations gave very good agreement with dipole moments. 
128 

The addition silylene, :SiH2, generated by the pyrolysis of 

disilane, to trans-2-trans-4-hexadiene produces equal amounts of 

c<s- and trans- 2,5-dimethyl-l-silacylcopent-3-ene, thus ruling 

out a concerted 1,4-cycloaddition, and suggesting that the triplet 

form of silylene is reacting. 
129 

Silylene produced by the nuclear 

recoil technique, 
31 

SiH2 adds to 1,3-butadiene to give silacyclopent- 

3-ene.13' Studies using nitric oxide as a scavenger demonstrate 

that the reacting silylene is present as 80% triplet and 20% 

singlet, while studies using neon as a moderator prove that the 

ground electronic state for silylene is a singlet. 131 

The attack of trimethylsilyl radicals on acetonitrile, tert- 

butylethylene, and 1,2-di-tert-butylenthylene produces exceptionally 

stable radicals of the type (Me3Si12CHC'RR'; R = R' = Me3Si or 

Me,C; and R = Me3Si, Ri = Me3C. The ESR spectra of these radicals 

consists of one prrncipal line at g = 2.CO24, flanked by appro- 

priate 
13 

C and/or 
'29 

Si satellites. Coupling with the lone f3- 

hydrogen is never resolved, ppparently because it is locked in the 

nodal plane of the radical by steric effects. 
132 

The rate of 

addition of the trimethylsilyl radical to ethylene has been studied 

by flash photolysis, ESR techniques. The rate constant at 20° ,is 

1.7 x 10' M-'set-', and the activation energy is 2.5 * 0.2 

kcal/mole. 
133 

The kinematics of hydride-ion and hydrogen-atom transfer 

reactions in monosilane, 
134 and methylsilane, 13' have been studied- 

using tandem mass spectrometry. A detailed analysis of the 
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isotopic-distributi& of the SiCX4+ product from the reactions of 

SiG> + CD4 and SiDZf + ($4 shows that the product distribution 

,'is non-random and that X2 elimination from the silicon atom is. 

favored by more than an order of magnitude over elimination from 
. . 

any other site. 
138. 

The Arrhenius parameters and kinetic isotope 

effects for the reactions of hydrogen atoms with silane have been 

determined.l37 An ESR study of the reaction of atomic deuterium 

138 
with silane has been reported. 

Mayer,and Lampe have studied the reactions of Sif, SiH+, 

.SiH2 , 
+ +. + 

and SiH3 
-I- 

with .ethylene and the reactions of C H 
22' C2H3 ' 

- + 
and C2H4 with silane using tandem and high pressure mass spec- 

trometry. A persistent intermediate SiC2H7+ of unusual stability 

is observed which is assigned a cyclic three-membered ring 

139 
structure. (See also Refs. 9 and 111). Similar studies of the 

140 
silanonium ions with acetylene were reported. In studies of 

the ion-molecule reactions of tetramethylsilane, the major reactior 

.-I- 
Path was found to addition of Me3S1 to Me4Si followed by loss of 

CH4."' Deuteration experiments showing the Ci%11+ ion formed 

in mass spectra studies of R3SiH compounds; R = Me, Et, Pr, Bu, 

and Ph; Pr2SiEtH; and Ph2SiMeH; was a siliconium ion. Rearrange- 

142 
ments of the fraqent ions was also described. 

Other physical studies in silanes and alkylsilanes are sum- 

marized in Table 3. 

Table 3. Physical Studies on Silanes and Alkylsilanes, 1974. 

- Species Techniques Co.mments References 

SiHn; n = l-4 Semiempirical MO d orbital's 143 
calcns. important 

SiHQ, CH4* SCF-i-;g, 'one agreed with "all 144 

UC Llfl cr-nter electron" results 



Table 3 Continued 
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Species Techniques Comments References 

MH4 ; M = C, 

Si, Ge, Sn, 
Pb 

II 

Rel. E non-Rel. 
Hartree-Fock 

Pseudopotential good bond lengths. 
MO's & force constants 

BD4-, CD 
4; _ 

SiD4, ND, , 

AlD4-, PD4f 

SiH4 

Bond orbital Deuteron quadru- 
analysis pole coupling 

Ground state 
rotational constants 

SiH4 

CH4, SiH4, 

CH3CH3 

F atoms + MH4 

M = C, Si, Ge 

SiH3-, GeH3- 

SiHgf 

Rotational Spectrum R branch 

H atom inter- 
action energies 

infrared 
chemiluminescence 

electron photo- 
detachment 

ion-cyclotron 
resonance 

SiH4 cold neutron 
scattering 

Si2Hx pulse radiolysis 

MeSiH3, 

MeGeH3 

MeSiD3 

1 
H and 2H NMR quadrupole coupling 156 

in liquid crystals constants 

orbital energies 
& spin-orbit coup. 
good 

MeSiH3, MeSiD3,Microwave 

CD3SiH3, CD3SiD3 

electron affinties 

structural models 
for silanium ion 

rotational dif- 
fusion model 

absorption 
spectrum 

145 

i46‘ 

147 

148 

149 

1.50 

151 

252 

1.53 

154 

155 

11 157 

rotational barriers,158 
equil. geometry 

Et2SiH2, 

Et2SiHD, 

Et2SiD2 

Urey-Bradley 
force field 

vibrational anal- 159 
lysis, rotational 
barriers 
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Table .3. Continued.. 
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Species Techniques Comments References 

.' 

Me,+ ; M = C!, Gas phase infr.z&d Coriolis constants 160 

Si, Ge, Sn evaluated 

Organosilanes Polemic Si-H vibra- Inadequacies in 161 
tions current theories 

Triorgano- NMR spin-lattice & 162 
silanes spin-spin relaxation 

times 

Germy%silanes Spectra, Stat. Calculated thermo. 163 
Thermodynamics properties 

Silane Second Virial 300-550 OK 164 
coefficient 

Silane, etc. Work Function Hydrocarbon Mixt. 165 

Organosilanes Self- diffusion 166 
studies 

Halosilanes 

Two reports of the photoelectron spectrum of SiF2 appeared 

in 1974. These studies are complicated by the difficulty in 

completely removing the SiF4 precursor, and thus, difference 

spectra must be obtained. The spectrum obtained by Pehlner and 

Turner, 
167 

is slightly less well resolved than that reported by 

Westwood. 
168 

A comparison of the two reports is given in Table 4. 

Spectroscopic evidence for-the formation of dichlorosilylene 

during the pyrolysis of hexachlorodisilane has been obtained. 
169 

Third order Rayleigh-Schroedinger perturbation theory has been 

applied to Koopmans' Theorem to evaluate the vertical ionization 

potentials of HCl, H2S, H3P, H,Si, H3SiF and H3CC1, giving ex- 

170 
cellent agreement between theory and experiment. 



Table . . 4. 
Vertical Ionization Potentials for SiF2 (eV) 

Fehlner & Turner (167) Westwood (168) ._ 

Band Assignmeni? Band AssignmentO 

11.08 

15.57 

17.08 

4Ql 11.18 0.04 LCal 
.15.5 0.1 

IQ22 3b2 
8b2 

15.8 0.1 la 
2 

16.8 0.1 
lbl, 3Ql 

3al 

17.06 0.05 lb1 

17.8 0.157 2b2 

a Valence shell orbitals, C2v symmetry. 

Ab initio LCAO-SCF-MO computations of the wave functions of 

chlorosilane were carried out using a moderately sized uncontrolled 

Gaussian basis set, with and without an appropriate manifold of 

d orbitals being allowed to the silicon and/or chlorine. The 

interpretation in terms of the contributing AO's leads to the con- 

clusion that, when d character is allowed only to the silicon, 

the is a transfer of charge from the chlorine but, when it is 

allowed only to the chlorine, the effect is essentially just a 

polarization of the chlorine atom. 
171 

The NMR spectra of (diisopropylamino)trichlorosilane showed 

two Me2CH doublets which coales'ced at about -13S", indicating that, 

at low temperatures, rotation about the %-Pr-N bond.was restricted. 
172 

The microwave spectrum of (trifluorosilyl)difluoroborane has been- 

analyzed. The data suggest a significantly longer than expected 

Si-B bond -length and an extremely low rotational barrier for the 

bond.173 
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I The enthalphy, entropy;and free energy of disso&ation fdr -- 

tetrafluorosilane-amine adducts have been correlated with steric .' 

li74 
effects. D.umas.and..Gomel have prepared a review of the mole& 

lar interactions between bases and the Group IV halides.175 

Spectroscopic evidence for the formation of adducts between-silicon 

tetrafluoride and aromatic monoamines has been obtained. 
176 

Trimethylchiorosilane has been found to form a weak 1:2 complex 

with dimethylformamide in dioxane, 
177 

and 1:l charge transfer 

complexes with triethylamine, pyridine, and quinoline, 
178 

which 

are believed to involve d orbitals on silicon. Other physical 

studies on halosilanes which appeared during 1974 are listed in 

Table.5. 

Table 5. Physical Studies on Halosilanes, 1974 

Species Techniques Comments References 

Sic1 Microwave 

MX 4; M = C, Preresonance 

Si, Ge, Sn, Ti; Raman 
X =.Cl, Br, I 

SiC14, GeCl4, Gas phase infrared 

SnCl4 

Si14, GeI4, Raman 

SnI4 

SiF4, solid Calculation 

SiCl,, SiC14- Mass spec. 

MC1 4; M = C, Isothermal liq. _ 

Si, Sn., or Ti 
vap. equil. 

-. : _. 

Rotational 
analysis 

179 

Complete quadratic 180 
force field for 
each molecule 

Band intensities 181 
6 bond polarities 
analyzed 

analysis 182 

crystal absorp- 183 
tion spectrum 

AK; for SiC13(g) = 184 

-81 kcal/mole 

excess free enthal- 185 
py calculated 
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Table.5 Continued 

Species Techniques 

SiBrH3, SiBrD3 Infrared 

SiF3H Infrared 

SiC13H Heteronuclear 
Double Resonance 

EtSiCl3 Microwave 

XCH2-SiNe2X'; infrared E Ramen 

X = F, Cl, Br, 
I, Me, Ph, X* = 
H or F 

MenSiF4_n; n = Mass spec. 

1-4 

Comments Reference 

analysis 186 

analysis 187 

spin-lattice 188 
relaxation times 

analysis 189 

conformational 190 
analysis 

analysis 191 

SiBr4 Heat capacity 
measurement 

192 

Group VI Compounds 

Conformational analyses pf 1,3-dioxa-2-silacyclohexane systems. 

XXVII, have appeared. For XXVII; X = H; R; R', R" =,H, Me, Me; 

Me, Me, Me; Me3C, Me, Me; H, Me3C, Me; and Me, Me, Me3C; studied 

by NMR, the chair form is preferred and isomers with an axial 

substituent in the 5-position were not detected. 193 On the other 

hand, for XXVII; R' = R" =-Me; R = H, or Me; X = NO* or NH*; hipole 

moment and NMR studies indicated a chair conformation with the. 

nitro group in the axial-position. 
194 
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: The~sf%ctu~es 03 l-oxa-2,6-disila&ycfohexane derivatives, .- 

Linv&tigated in dipole moment studies," indicated chair configura- 

tions, with silicon's substituents trans to each other. 195 

The'H NMR spectra of RC6H4SiMe2CH2CH2X; R = H, m-Me, p-Me, 

m-W 
3' 

m-Cl,.p-Cl, p-F, p-MeO; X =-OH; and several analogous 
, 

compounds where X = Cl indicated that the silanes are a mixture 

of conformers in which those with the OH group or Cl atom-in a 

synclinal position predominate. 196 
The dipole moments of a series 

of alcohols, Me3M(dH21nOH; M = C, Si, Ge; and n = l-4; have been 

reported. 
197 

The 2' Si NMR chemical shifts of a series of com- 

pounds Me3_n SiXnCH2C1 and Me4_,SiXn; X = Cl, n = O-3; and X = OEt 

or AcO, n = l-3; have been shown not to be a directly additive 

property of the substituents. 
198 

(See also References 58 and 60). 

X-ray photoelectron spectra of the lithium salts of the oxyanions 

of Si, P, S, Cl, Mn and Cr‘show that the contribution of the 

oxygen 2s orbitals to the bonding in the main group compounds 

increases with increasing atomic number of the central atom. 

The increase in the e 3t2 -tl energy splitting from SiO, 4- to 

c104- is attributed to increased B back bonding between the 

oxygen 2p and the central atom 3d orbitals, which by implication 

4- 199 
is least for Si04 . 

The possible use of paramagnetic shift reagents in the 1H NMR 

spectra of organosilicon compounds containing oxygen or nitrogen 

has been investigated. 200 
A study of the 100 MHZ 29 

Si nuclear 

Overhauser effects in 16 methyl and phenyl suhstituted siloxanes 

has been reported. 
201 

The crystal structures of the cyclic 

siloxanes., XXVIII, 
202 xxx,2O3 

and the silazoxane, XXIX, 
204 

have 

been reported. 

i 
.: -_ i 



xxx 

The molecular structure of ~iminobisCethyleneoxy)3diphenyl- 

silane, Figure 4, detetiined by X-ray crystallography, shows that 

c, 

Figure 4. Plolecular structure of [iminobis(ethyleneoxy)Jdiphenyl- 

silane?'SCReproduced with the permission of the 

Chemical Society.) 
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T the. silicdn.~has'approximeitely trigonal'.bipyramidal gecmetry. : T&z 

0'205 
. . 

. . .I. Si-N:'bond distance is 2.3.01 A. -._ In a-related -study; the_ crysta 

..- &h.m~~eada~~ structure of the 6 form of .l-pheny1s.i.latrane,,Figur 
.. 

:--'5;has been reported.206 The'moleculargeometry is similar to 

Figure 5. Molecular structure of B-1-phenylsilatrane, hydrogens 

omitted. 
206 

(Reproduced with permission of the Inter- 

national Union of Crystallography). 

that of the a form, but the Si-N dative bond, 2.156 ii, is 0.037 

8 shorter than in the .a fork.207 The bonding in the silatranes, 

substituted at silicon with H, Me, Et, Me2CH, vinyl, cyclohexyl, : 

and Ph, and in.10 model compounds has. been discussed in terms of ; 
_ 

the X-ray spectra. 208 .Conformational energy calculations for 
,t 

1-methylsilatrane indicate no stable conformer without an inter- i 

action between the silicon and nitrogen. 209 
The effect of the i 

length of the methylene chains on the stability and Si-N coordina- " 

tion bonds in silatranes has been examined-by quantum mebhnical ‘i 



$9 .:: 

The..infrared and-'Raman spectra of_ deuteraied and undeuterated 

trimethylsiloxyeihylen~es h&e been analyzed and show that the 

enoxysilane exists in two conformers, the major being 

with silicon eclipsing the ethylene TF system, and the 

the gauche 
, 

minor the -. 

R\ /R 
/ 

=c 
\ 

R -do Me3.S 

R 
\ 

czc 
jR 

R/ \O 

MeaSi 
/ 

gauche s~cis(planar) 

s-cis one. 
211 

The characteristic vibrations the oxacyclopentanes 

and cyclopentenes, XXX1 and XxX11, X.= Si, or Sn have been 

O\XBu L 2 
o-h*13U cl 2 

xxx1 xxx11 

assigned and correlated with structure. 
212 

Infrared and Raman 

spectra for vinyl- and phenylacetoxysilanes, 
213 

methylacetoxy- 

silanes, 
214 

and mono- and dimethacrylate esters of organosilicon 

compounds, 
215 

have been reporteh. 

The use of mass spectra to differentiate between isomeric 

a-, w-unsaturated diols after derivatization with trimethylchloro- 

silane has been reported. 
216,217 

Studies of the fragmentation of 

trimethylsilyl derivatives of 2,3-dialkyl-l,+cyclopentanediols, 
218 

dimethylalkoxysilanes, 219 and methylphenyldisiloxanes, 
220 

in their 

mass spectral analyses have appeared. 

The acid dissociation constant of.triethylsilanol, pK = 

13.63 2 0.07 at 25O, has been determined. 
221 

The vibrational 

spectra of some (aminoalkoxy)ethoxysilanes, 
222 

and some 3-amino- 

propoxy, and N-substituted-2-aminoethoxy silanes showed the absence 

Ref&encesp.l61 
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of Si-N donor&acceptor bonds but indicated.some p-da interactions 

between.oxygen or nitrogen and silicon. 223 
The relative 

-_ 

basicities of organosiloxanes have.been studied by infrared 

spectrosaopy, 
224-226 

and can be correlated with Taft inductive 

~constants. 226 
The equilibrium constant for cbmplexation of SnI4 

and SnBr4 with isopropoxytrimethylsilane has been evaluated with 

the aid of M&sbauer spectroscopy. 2-27 

Liquid-liquid phase equilibria for trimethylethoxysilane 

with.some amines, 
228 

tetraisopropoxysilane-acetone-water, 229. 
and 

tetraisopropoxy-amine-water systems have been examined. 230 

Saturated vapor pressure studies for polydiorganosiloxanes 

containing silacyclohexane, silaacenaphthene, and silacyclopentene 

substituents.have appeared. 231 
The excess volumes, 232 

and excess 

enthalpies, 
233 of mixtures of tetrakis(2-ethylbutoxy)silane with 

cyclohexane, benzene, and carbon tetrachloride have been determine< 

The photoelectron spectra of SU-IMe3)2 and MeSMMe3 compounds; 

M = C, Si, Ge, Sn, and Pb; were obtained and assigned on the 

basis of semilocalized orbitals and a consideration of symmetry 

and substituent effects. 
234 

The molecular structure of tetra- 

(2-thienyljsilane, Figure 6, was found to have somewhat longer 

than usual Si-C bonds. 
235 

The dipole moments of PhSMMe3, m- and p-C1C6H4SMMe3, and 

(Me3M12S have been measured and analyzed. They indicate a growing 

electron releasing ability of M in the order C < Si < Ge c Sn < Pb. 

Charge transfer spectra, 
237 

and NMR studies of 36 organosilicon 

derivatives of thiophene have been reported. 
238 

Another report 

deals with the infrared spectra of.the same compounds. 
239 

The mass spectra of Me3Si<CH2)nX; X = S02Me or SMe; n = 2 or 



Figure 6. Molecular structure of tetra-<2-thienyljsilane. Only 

one ring is labeled for clarity. 
235 

(Reproduced with 

the permission of the International Union of Crystal- 

lography) 

3 indicate a strong interaction between silicon and the sulfide 

or sulfone functional group. 
240 

Comparison of the ionization 

energies (mass spectral) of PhS_MMe3 and MMe4 compounds is taicen 

as evidence for p-&n bonding in the sulfur compounds. 
241 

Group V Compounds 

The molecular structure of trimethylsilylcyanide, determined 

by electron diffraction gave bond lengths of: Si-C(N), 1.844 8; 
. 

C-N, 1.170 i; Si-C(Me), 1.871 3; C-H, 1.1111; and bond angles 

C(Me)-Si-C(N), 107.0 f l.S" and Si-C-H, 110.4'.i 1.5O. The 

authors make the point that the p-d~~ effects often discussed in 

the literature really represent a summary description for a number 

of effects. 
242 

The electronic structures and energies for sibyl- 

syanide, siiylisocyanide, and bis (silylcyanide) have been obtained 

for minimum energy geometries 
243 

using CNDO calculations. CNDO/2 

calculations have also been performed for the isocyanates, 



-C*$fCO, H3SiNC0 and PF2NC0 and give r&imum energy geometries $e'-::_ 
-. 
agreement with. spectroscopic data.. 'Interestingly,- only for. 

.' 

CF_3~~~.~d SiH3NCO; does the isocyanate gro.up .&a~2 to be noti-. 

~linear. 
244 

.An electron diffraction study of silylazide, and (SiH3j2NCN 

has shown that SiH3N3 has a nonlinear SiN3 skeleton with an 

Si-N-N angle of 123.8 -I l.O". The molecule (SiH3)2NCN is a 

carbodiimide with the SiNCNSi unit probably linear. It is sug- 

gested that the wider Si-pseudohalogen bond angles are mainly a 

function of steric interactions and Si-X bond lengths, rather than 

p-dir interactions. 
245 

The crystal and molecular structure of bis<trimethylsilyl)- 

diimide, MeSSi-N=N-SiMeS, Figure &; determined at -130° has been 

Figure 7. Stereoscopic representation of a bis(trimethylsily)- 

ditiide molecule. 
246 

(Reproduced with the permission 

of the International Union of Crystallography.1 

reported. The molecule has a very short N-N bond, 1.17 8, and 

an unusually long Si-N bond, 1.181 2. The Si-N-N bond angle in 

the crystal is 120°. 246 Organosilyl iminamino radicals of the 
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: 

~type-Ph2C~N-&iR~R!; R, R' = Me;-Me; .. Ph, H; Ph, Ph; and-Et;Et; -. 

have been studied 'by-ESR spectroscopy. The radicals are-c. 

radicals, With a C-N-N bond angle.much less thar.180°.247 

The crystal structure of tris(methyldiphenylsilylmethy1)~ 

amine, Figure 8, shows that the geometry at nitrogen is pyramidal 

J 

0. sire 

Figure 8. Structure of tris<methyldiphenylsilylmethyl)amine.~~~ 

(Reproduced with permission of the International Union 

of Crystallography) 

with a C-N-C bond angle of 111.5O. 

The Si-C sp 
2 

and sp3 bond lengths are 1.875 and 1.873 8, 

respectively. 
248 

The nitrogen isotope effect in the Raman spectrum 

of trisilylamine indicates that in the gas phase the molecule has 

planar trigonal geometry. In the liquid and solid phases there 

are distortions of this geometry. 
249 

The crystal structure of biscdioxane) potassium bis (trjmethyl- 

silyl)amide shows an essentially ionic structure. The very short 

Si-N bond, 1.64 8,- is considered to be consistent with delocaliza- 

tion of the negative charge on nitrogen through p-dn interactions. 250 

(Corepare with the results in Ref. 119) 
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_,~ .A.preliminary~~&potit of'ESR.studies &+adica&s 'of-the type 

.C&e3Sir)2CH13MT .and ~~(Me3Si),Nl,M'; MI= Si.; Ge, Sn; produced by _ 

phot?ly+is:has- &eared. The radicals'.~haif-lives range from 

aboUt: 10 minutes to 1 year, and well defined splittings are-lob- 

served in their spectra. 
251 

Unusually stable radicals are also 

produced by the addition of trimethylsilyl radical or the 

diethylphosphonyl radical to di-tert-butylimine or tert-butylnitril 

The radicals are "locked" sterically into a conformation which 

shoulsi allow maximumhyperconjugative interaction between the 

Si-N bond-and the unpaired electron, yet the extent of hyper- 

conjugation is only about half that found in the related t-Bu2eCH2F 

radicals. 
252 

Infrared and NMF: studies of e series of bis(trimethylsily1) 

amides, XXX111 or XXXIV; R = H, Me, Et, i-Pr, t-Bu, and CF3, show 

that all the molecules except R = H have the imidate structure, 

XXXIV. The free energies of activation for the intramolecular 

xxx111 XXXIV 

rearrangement of trimethylsilyl groups range from 15-G to 22.1 

kcal/mole and are related to the steric and electronic properties 

of the substituent at the -carbony carbon. 
253 

The first quantitative measurement of the basicity of a 

silyl amine, l-diethylamino-3,5,7-trimethyl-l3,5,7-tetrasilaadam~t 

'has been reported.. The pKB, 8.32, showed that the silylamine was 

a substantially weaker base than anlogous carbon amines. The 

results are consistent with either p-ds bonding or the adjacent 
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charge :rtile.?-5~ The basibity of a series- of silylmethylamines; 

Me3SidH2NHRi.R = H, Pr, i;Pr,-Bu, i-Bu, cyclohexyl, benzyl, or t...’ 

CH,SiMe 8; and RMe2SiCH2NHBu; R.= Me, Bu, m-.or-p-MeC6Hq, Ph, & 

br p-ClC6H4, or m-FC6H4_ was investigated by infrared.spectroscopy. 

In the former series, no basicity increasing effect due to the 

trimethylsilylmethyl group was observed, while, in the latter 

series the basicity correlated with Taft 0" inductive constants. 
255 

The "+ N chemical shifts for 39 silylamines and 
14 

N ar&lB 

chemical shift data for 19 silylaminoboranes have been reported 

and related to Si-N p-dn bonding. 
256 

The potential barrier to 

rotation of the C-N bond in (ClSiMe2CH 1 
22 

NCOCl was determined by 

NMR to be 8.9 ?. 1.3 kcal/nole. 
257 

Studies of the 'H and 13C NMR 

spectra of the fluxional molecules XXXV and XXXVI; R = Me, Et, 

OEt; and the trimethylgermyl derivative were interpreted by 

assuming that the organometal group migrates by intermolecular 

&Me, I 
SiR3 

R2Si 
--L \r 

R' 

Ph 

xxxv XXXVI XXXVII 

exchange. 
258 

-The mass spectra of the sila-substituted oxazolines, 

XXXVII; R = Ph; R' = H, Me or Et; showed definite evidence for 

migration of a phenyl group from nitrogen to silicon. 
259 

The 

mass spectra of the trimethylsily 1 derivatives of a series of 

alkyl- and aminoalkyl-phosphonates, 
260 

and silylated pyrazoles, 
261 

have been reported and analyzed. 

The nature of the bond in the pyridine-chlorotrimethylsilane 

has been investigated. 
262 

The high. resolution 
13 

C NMR spectra of 

N-trimethylsilyl-3,5-dimethylpyrazole has been studied. 
263 

The 
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pKai-S of 16~trialkyls'~~ylalkjyl piperidines have been.-‘correlated 

.-with; Taft-o constants. 
264 

The -dipole moment of hexamethylcycl'o-L.1. 

Ytrisilazane, 
265 

and the heat-capacity and thermodynamic functions' 

of N-6-trimethylsilylethyl ethyleneimine have been determined. 266. 

The photoelectron spectra of the simplest phosphorus ylide; 

Me3P=CH2, and several C-silyl-substituted derivatives have been 

reported. Experimental values for the P=Ca ionization and CNDO/P 

calculations show that silyl stabilization is not a consequence 

of a TT energy lowering, but of a decrease of the MO coefficient 

._ 
at the ylldlc, quasi-anionic carbon atom. 

267 
The 31P and 13C 

chemical shifts and 31P-13C and 
31p_29 

Si coupling constants for 

a series of 10 N-trimethylsilyltriorganophosphine imines were 

explained by a mechanism of intramolecular coordination of the 

B-Me group to phosphorus using d orbitals. 
268 

The substituent effects on the 
.1 
H and 31P NMR spectra were 

determined for PH3 and 24 compounds of the type (MexSiH3_x)nPR3 n; 

x = O-3, n = 1-3; R = H or Me. 
269 

Vibrational spectra and analyses 

for (Me3C)nP-WMe3)3_n; M = Si, Ge, Sn; n = 0, 1, or 2;270 

(CF312-X-MMe3; with X = P or As; M = Si or Ge;271 and triorganosily 

derivatives of phosphorus acids, 
272 

have appeared. 

Transition Metal Compounds 

The photoelectron spectra for compounds gf the type MR4 and 

M'R' &; M = Ti, Zr,‘Hf; M' = .M, Ge, Sn; R = Me3CCH 
2 

or Me 
3 
SiCH 

2 

have been assigned in terms of a localized bond model assuming a 

tetrahedral framework. The HOM'O, in the range 8-9 eV, was as- 

signed to (J M-C or u M'-C ionizations, and small inductive ef- 

fects for the trimethylsilylmethyl groups was observed.273 

The crystal structure of CMe3SiNTiC121n, Figure 9, shows 



Figure 9. The ordered chain of [Me3SiNTiC12-jn. The circles are, 

in order of decreasing size, T-i, Cl, Si, N, and C. 274 

(Reproduced with the permission of The Chemical Society) 

that the catenated compound has both bridging trimethylsilylamino - 

groups and cnlorine atoms. 
274 

The vibrational spectra of N-tri- 

methylsily-tris(trimethylsiloxy)vanadiu_m(V) imine, (Me,SiO)SV=N- 

SiMeS, suggest a vanadium-nitrogen triple bond and a nearly 

linear V-N-Si arrangement, perhaps due to delocalization of the 

nitrogen lone pair to both vanadium and silicon. 
275 

The infrared spectra for a series of compounds, X3M-Mn(COi5; 

M = Si, Ge, Sn; X = Cl, Br, and I; were interpreted in terms of 

the interaction between the -M-Mna orbitals and the TT& orbitals of 

the four equatorial carbonyls. 
276 

For a related series of mole- 

cules; X = Me or H; the n interaction between the Group IV metal 

and manganese was weaker than that for the halogens. 
277 

Analysis 

of the force fields for a series of cobalt carbonyls, X3M-Co(CO),+; 

M = Si, Ge, Sn; X = H, D, F, Sl, Br, and I; led to an interpretation 

indicating that metal-ligand backbonding is the most important 

contributor to the trends observed. 
278 

The infrared and proton 

NMR spectra of derivatives of -Mn(CO)5, -Mn(C0)4PPH3, and 

n-Cp(CO)2Fe-, containing the polysilyl ligands (Me3Si)nMe3 nSi-, 
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.I 
: n =-‘. _I_ 3 , have- been analyzed in.terms of force.const&ts and .-.. 

discussed in terms of. the r?-donor-and a-acceptor .prope&es'of the 

:polysilyl ligancis; 
279 

_ -.. 
The~.M;jssbauer spectrum and mass spectral studies on-the 

silylene-irontetracarbonyl complex, [tCO),FeSiCl,l,, suggest 

that, in the gas phase, the monomeric silylene complex exists, 

and leads to the proposal of two isomeric forms for the trimer, 

Figure 10. 
280 

The MEssbauer spectrum of the trigonal planar 

: 

I /CO 

y (CO)/+ 
Cl -Si-Fe 

/ 
(COILFe * 

\ /CL 

\ /“I, 
Cl-Si-Fe 

>, cc014 

Figure 10. Posible structures for C<CO)4FeSiC1213. 
280 

high spin ferric compound, Fe[N(SiMe3)213, shows a very high 

tempera.ture dependant quadrupole splitting, and at low temperatures, 

a novel type of magnetic hyperfine spectrum. 
281 

While transition metal-silicon cr bonds have traditionally 

been considered to be stronger than the corresponding metal-carbon 

u bond, kinetic eviden'ce has been presented which indicates 

that the Fe-C and Fe-Si bonds in {-CpCC012PeSiMe2 nC1nCH2C1, 

and analogous carbon compounds may be of comparable strength. 
282 

The molecular structure -of Cti-cyclopentadienyl)-[tirans-diphenyl- 

bisCtrimethylsilyl)cyclobutadienel-cobalt, determined by X-ray 
. . 

crystallographic methods, Figure 11, shows that the C&ring is. 



Figure Il. Molecular structure of (n-C5H5)-Ph2(Me3Si)2C4Co.28' 

(Reproduced with permission of Gordon and Breach, Ltd. 

planar and all four C-C distances are the same length, 1.467 s, 

but the two angles at the carbons bonded to phenyl are about 88O 

while the two angles at the carbons bonded to silicon are about 

920. 
283 

The infrared spectra of cobalt compounds, R~MCO(CO)~; 

R = Me; M = Si, Ge, Sn; and R = Et, M = Ge; indicated that the 

ea_uatorial carbonyl substituents were displaced towards the Group 

IV substituent only for the silicon compound. 284 Crystal 

structures of the complexes XXXVII, M = .Ni, X = NEt, and M = Co, 

X = 0 have been reported. 
285 

The crystal structure of trons- 

~hlorobis(dimethylphenylphosphine)(trimethylsilyl) platinum(II) 

indicates the presence of discrete square-planar molecules. 286 

287 The Crystal structures of the ruthenium complexes, XXXIX, and 

XL 288 , Figures 12 and 13 have been determined- Evidence has been 

References P. 161 

-. . . :.:- 



: 

Figure 

S-_-N -- 

XXXVIII 

12. Structure of Ru,(CO)8CC,H,tSiMe,>21, XXXIX.287 (Re- 

produced with the permission of the Chemical Society) 

presented which shows that while XXXIX is not fluxional, the 

analogous symmetrically substituted complex formed by reaction 

of 1,4,6-sris(trimethylsilyl)cycloocta-2,4,7-triene is. 
287 

In addition to the structure of XL, evidence is presented which 

suggests that the migration of the trimethylsilyl group to the 

cycloheptadienyl ring from ruthenium is intramolecular. 
288 
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Figure 13. Structure of Ru<SiMe3)(C0)2C$H7(C8F5)(SiMe3), XL. 
288 

(Reproduced with permissicn of the Chemical Society) 
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