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Theoretical-General 

Phoroelectron spectroscoPy has conttnued to contribute greatly 

to our ur,derstanding of the bonding in organosilicon compounds. 

Refer- 1.252 



An excellent review on the method and its applicarion through 

int2rpr2tation using MO models has been praparad by Bock and 

Rams2y.I The specific dissection of TF and a interactions for 

carbon 2nd silicon compounds in this paper is very useful. An 

example of the application of rhe technique is rhe discussion 

Of the bonding in th2 tatramethyl group IV compounds, Me,,M; M = C, 

Si, Ge, Sn, or Pb, by Lapper?: and coworkers. They show that the 

splitting between the two stricriy symmetry determined Ci-i levels, 

the ItI and le, drops m0n0t0nicdliy from 1.35 eV in neopenrane to 

nearly zero in rerramethylplumbane, consistent with decreasing 

through space interactions in thr (Me) 
4 

tetrahedron. The parrici- 

pation of d orbitals is ruled out as this would incr2ase the 

separation of the levels going down the series. 2 

has2 2nd Schweig, using C!lDO/? calculations on th2 MH3CH,CH _ 2 

cation and anion syst+ns; M = C, Ci, Ge; showed that it was 

impossibl2 to determix the influance of M on conforrrution on the 

b2sis of 212ctron2gativity a1or.e. In comparison wirh carbon, both 

the silicon and germanium icl.rls had higher occupied ard lowzr 

2nergy vacant a molecular orbitals which were available for 

hyperconjugative coupling, resulring in anomalous conformations. 
3 

Pi?rt has pr2sented a detailed analysis of hyperconjugation and 

its role in group IV chemistry. The relative roles of hypcr- 

conjugation, p-da bonding, and inductive effects in determining 

trends in ionization and reduction potentials, electrcphiiic 

reactivity, elecrronic spectra, and charge distribution are 

considered. Predictions on the importance of U-E and a-a conju- 

gation in organometailic compounds are also presented. 
4 

Cmris has reported Lx-tended Hiickel calculztions on the 

silaethenes, B C=SiH 
2 2 and H2Si=SiH 

2' 
Based on Mulliken population 

analysis (however, see the Hydride sections61 the results indicate 
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+ 
that the C=Si F bond is exceedingly polar, H2C--SiH2 , and rhat 

the ensrgy mismatch of the carbon ana silicon p orbiIals is in 

large part responsible for the weakness of rhe n bond. High 

overlap in The Si=Si R bond suggest that it mignt b? amenable to 

isolarion. The rotation barriers increase in rhe order 

Si=C < Si=Si < C=C. In contrasr TO C2Hq in which the triplet state 

0: the 90° twisted molecule is lowest in anergy, for twisted 

H2CSiH2 the singlet stare is lowest in energy. Inclusion of 

silicon d orbitals strengthen the 'IT bona in SLH+,CH2 through p-d 

hybrids, bur decreases the rorarional barrier. 
5-- 

The reactions of 

FqSiSiFq with cia- or trans-2-butene have been found to be 

completely stereospecific thermally allowea reacTions. Orbitai 

symmetry considerations not involving d orbitals for the reactions 

arc consistent with TnE: forii~ulexion of +In zp2 0~ .5p 3 hybridizea 

spacies behaving as a triplet diradicai. 
6 

The CPID0/2 method has been applied to the conformational 

analysis of rrirriethylsilane, 
-i 

and TO the analysis of The possible 

pathways for the Peterson olefination reaction. 
8 

The intriguing "fluxi.onel" behavior of ths silyl-cyclopenta- 

dienes has hoen invesrigatea. Variable temperatura IH rlMR spectra 

of 5-(silyl)cyclopentadiene and 5-(silyl)merhylcyclopzntadia~e 

were analyzed by Hagsn and Russo. The results show that proto- 

tropic rearrangements proceed much slower than the metallotropic 

rearrangements. Static low temperature (-50°) isomers become 

"fluxionall as rhe remperature is raised. 9 Interastingiy, Jutzi 

and Sauer report that although silyl group and proton migration is 

observed for mono-, bis-, and tris-(trimethylsilyl)cyclopent3diene, 

no equilibrium between '2,3,5,5- fztrakis(rrimethylsilyl)cyclo- 

pentadiene on ocher possible isomers is observed.1' Raklta and 

coworkers found for similar rearrangements of indenylsilanes, I 

References p. 25:! 
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wnlch show slow-exchange limiting specrra at room temperature bu7: 

which equilibrate at elevated ~amperatzres (185O), that the 

acrivarion energy for the rearrangements is Increased slightly by 

methyl substituizion at the Z-position and decreased slightly by 

methyl substitution a71 the 4- and 7-positions. 11 For silicon 

substiturion R3 = Me2Ph, MePh2, Ph2, Me2(MeO), and Me2(CH2C1) the 

. . *a_uillbr=um dlszrr- ibuticn of isomers but not the activation para- 

meters are affected. consistent with the rate limiting step being 

inrrz~~ol.zculer hydrcjg+n mi=ation, 12 and Hagan's results for the 

cyclopenradienes. 
9 

The nronargylic MePh(cz-naph~h)MCH(CH3)C~CH and allenic _- 

MePh(a-naphth)MCH=C=CHCH3 compounds; M q Si, Ge, Sn; with two 

neighboring assymmetric cenTers exist in TWO diasrereoropic 

arythro- and thrzo-forms which are distinguishable in rhe 1H N-MR.13 

ATother study has further indicatea the potential for EIMR in 

configurational studies of optically active silants. 14 

Infraredl' and mass spectral 16,17 studies have been reported 

for organosilicon derivatives of the carboranes. An analysis of 

the fragmentations and ion yields for the terrramezhyl compounds 

of silicon, germanium and tin in their mass spectra has appeared. 18 

There have been reports of thermodynamic properties of 

terraerhylsllane, 19 and mixed alkylarylsilanes. 
20,21 

Mass 

spectral studies on polyfluorocycloburylsilanes, 22,23 and a review 

on the mass spectra of group IV organometallic compounds appeared 

during 1973." 

A review on group vibrational frequencies with excellent 
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tabulations on "normal" ranges for Si-X vibrations was prepared 

by Gollbeau. 25 

Silicon-29 NMR 

The use of pulse Fourier transform silicon-29 NMR as a 

bonding and structure probe increased rapidly auring 1973. A 

survey of papers through mid-1972 and compilation of 29 Si chemical 

shifts was given by Marsmann. 
26 

The negative nuclear Overhauser 

enhancement (NOE) problems, which are opposite to those observed 

for %27 can be nicely overcome by tne addition of paramagnetic 

impuriries such as oxygen gas or Cr(acacI3 as relaxation agenrs.28 

Levy and coworkers have also shown that dipole-dipole interactions 

between 2gSi and directly bonded protons are abour 10 times less 

effective in relaxation processr_s for 29 Si than for 13C-iH inter- 

actions. 29 Tn studies of potential reference compounds for 
'9Si 

NMR the intrinsic solvent shifts for the lH, 13C. and "Si 

nuclei in 38 different solvents have been determined. 30 
The 

2gSi chaical shifts for several commonly used reference compounas 

have been compared (Table li to an internal (EtO),+Si standard. 

Table 1. "Si Chemical Shifts Relative to Internal <ErO),+Si*31 

Compound 6 "Si(ppm) 

CMe3Si)20 1~~1 89.46 

Me,+Si CTMS 1 82.59 

(Me2SiO14 CD,] 

Me3SiO(Me2SiO)xSiMe3 

cx = 503 

63.05 

60.37 

(MeO14Si 3.37 

* Chemical shifts determined 10.07 ppm, positive shifts to 
higher frequency, 15% v/v solute and standard in CC1 
as a standard reference compound for 29Si NMR becaus 8' 

Suggested 
of irs low 

frequency resonar,ce, stability and commercial availability.31 
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The "Si chemical shifts and NOE effects for a series of 

linear ana cyclic silazanes aiong with 8 silanes containing rhe 

He3 
SiNH-group have been determined and permit structural analysis 

in a manner analogous to that applied to polyorgano(cyclo)- 

32 
siloxanes. In a comparative study of rhe 'H, "Si, and 'lgSn 

EiMR spectra of mexhylhalosilanes and stannanes; Me,MXq_n; t-! = Si, 

SN; X = Cl, Br, I; n = 1-3; it was found that the 'H chemical shift: 

were governed by the exrent of 8 hybridization in the C-H orbirals 

indicaring that it is not necessary 'co invoke a diamagnetic 

anisorro;ry of ihe Si-X bond r:u” axplair! ths trend observed for the 

1 H chemical shifts in th2 methylhalosilanes. A dependence of "Si 

chemical shifts on the elrctronegativity of ths halogen was 

arTributed TO significant pX+cdSi back donation which increases 

with increasing electronegativity of the halogen.33 

In a series of carbon-functional organosilicon compounds, 

'!e3-n n X SiCH20Ac, 29 rha substituent affect on the Si chemical 

shift varied almost linearly with n for both X = OEt and X q 0.9~. 

It was also observed rhar an acetate group separated from silicon 

by one -CH2- group increased Si shielding, opposite to what one 

would predict on the basis of the inductive effect of the acetate 

34 Th 13C and " grou? alone. e Si chemical shifts for a series of 

methyl, phenyl and benzyl substitutea silanes RSiMenX3 ,; X = F, 

Cl, OEt; n = O-3; were also found to give a linear correlation 

between the phenyl and benzyl derivatives and also with a' or 

% 
constants .35 

Most disturbing is the observation rhat the response of "Si 

chemical shifts to phenyl substituents in a saries of phenyl- 

trimethylsilanes for meta- and papa-Me, KeO, F, Cl, CF3, N02, and 

H.36 This indicates that a great deal more work is necessary 

before correlations of 29 Si chemical shifts with electronic or 
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bonding properties will be well undersTood. See also Silacycles, 

Ref. 73. 

Alkenyl- ar!d Alkynylsilanes 

The photoelectron specrra of divinyldimethylme1hane and 

tetravinylmethane along with the PE spectra of the analogous 

silicon compounds hdve been assigned by Scnweig and coirlorkera 
37 

Table 2. PE Data (eV) for Divinyl- and Tatravinyl M Compounds 
37 

C si C Si 

% 
9.55 9.6 .a? 9.52 9.7 

=2 9.67 9.9 

=2 9.95 10.0 a? lO.OE 10.1 

bl 
10.40 10.35 

on the basis o?' MINDO/S calculations. The Q2 MO of rhi aivinyl 

compounds is spli:: into bl and a2 MO's of the terravinyl compounds 

by spiroconjugarion through zhe cenrral atom. The bl level in rhe 

divinyl compounds becomes e levels in the t:i-rravinyl compounds 

which ara split by Jahn-Teller distortion. The splitting between 

the Q2 and bl levels in the divinyl compounds, a result of hypsr- 

conjugative through conjugation, is less for Si (0.2 eV! than for 

carbon CO.4 eV). 
37 

In the area of hyperconjugative 

Ponec and Chvalovsky have found from 

the electron accepting affect of the 

interaction in allylsilanes 

charge transfer spectra that 

B-silicon atom decreased in 

the order Sic13 > SiH3 > Si(OEt13 > SiMe3, consistent with CNDO/2 

calculations. 38 Extended Hiickel calculations for a series of 

allyltrimethylmetal compcunds, !M q C, Si, Ge, Sn, Pb) in which 

Refereneesp. 252 
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d orbitals were excluded from the basis set indicated that lowest 

energy conformation for the compounds had an angle between the 

M-C bond and the ally1 n orbirals of about 20° and favored c-TI 

conjugation. Protonation of the terminal carbon increased the 

c-8 interactions and produced extensive perturbation of the C-C 'IF 

bond.3g However, in analysis and assignment of the infrared and 

Raman spectra of tetraallylsilane and stannane, no coupling of 

different ally1 groups or perturbations of the methylene vibrations 

were observed, leading the authors to conclude that no evidence 

is found from the vibrational frequencies for any interactions 

between the "d orbitals" of the central atom and the ally1 n 

electrons. 
40 

Infrared and Raman data for vinylchlorosilane in the 

crystalline, liquid and gaseous state indicate that the trans- 

gauche conformation, II, exists in the crystalline state, while 

a dynamic equilibrium between II and III exists in the liquid and 

gaseous states. The energy difference between the rotomers is 

0.25 kcal/mole and at 250°K the mole fraction of III is 0.46. 
41 

H 

Cl m2 

4 Sl 

H H 

II III 

The NMP spectrum of 1,3-bisCtrimethy?_silyl)propene is somewhat 

anomalous in rhat the vinyl proton ci8 to the trimethylsilyl group 

has a higher chemical shift CT = 3.98 ppm) than the proton cis to 

the trimethylsilylmethyl group (T q 4.63 ppm). 42 This is in 

opposition to the photoelectron results 43 which indicate a 

stronger hyperconjugative interaction for the trimethylsilylmethyl 

group. It is suggested that in this compound the donor effect of 
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the trimethylsilyl group is more important than its acceptor 

role and that the different chemical shifts are due to the 

magnetic anisotropy of the Si-C bond. 42 

Eisch and Smith have reported the rather interesring 

phenomenon that, while triphenylnethylsilane and triphenylcyclo- 

propylsilane could be reduced with potassium in dimethoxyethane 

at -70° to give parent radical anions detectable by ESR, under 

similar conditions the radical anions of triphsnyl(l-propynyli- 

silane and diphenyl(divinylsilane1 could not be observed. Instead 

the triphenylsilylallyl radical, IV, and l,l-diphenylsilacyclo- 

pentane radical anion, V, were observed. 

K 
DME, -70" l 

Ph$Si (CH=CH2) 2 
K 

DNE, -70” 
a,. 

On the basis of the results it was concluded that the electron 

affinities of groups attached to silicon decrease in the order 

-CS C-R and CH=CHR > phenyl > methyl > cyclopropyl, and that the 

cyclopropyl group has no olefin-like conjugating ability with 

silicon. 
44 

In a subsequenr study, the stability of the radical 

anions of triphenylvinyl metal compounds, which decreased in the 

order Si > Ge > Sn was ascribed to better d-pa bonding in 

triphenylvinylsilane radical anion. 45 

me acidity of a series of group IV substituted acetylenes, 

R-CECH; R = MeSC, Me3Si, EtSSn, EtgGe, i-Bu-S, Eu, and Ph; was 

Rekemxs p. 252 



studied by equilibrium transmetallation and the results correlared 

with the various groups. 
46 

The integrated absorption coefficient 

Of the carbon-carbon triple bond and the acetylenic C-H vibration 

for a serres of acetylenes R3M-C:CH; M q C, Si, Ge, Sn, Pb; 

R = Ma, Fh; were found to vary linearly with the acetylenic proron 

chemical shift. However, no simple relation between the 13C 

chemical shifts of rhc acerylenic carbons and the infrared data 

was founa. 
47 

Mass spactrs have been described in detail for 11 

R2R1SiRZ compounds; R q Cl, Me, H, F; Rl = Me, Cl, F; R2 = 2,2- 

diiluorocyclopropyl or 3,3-difluoroallyl. 
49 

Srylsilanes 

Tha assignment of the first band in the phoroelecrron specrrum 

of phenylsilane indicates a slight stabilization of the CL" orbitai 

(antisyminetric ii) comparca with coluanc (9.L13 L)S 9.35 cV) but a 

large stabilization of zhe a' orbital (symmetric IT) (9.18 L)S 

8.80 i-V). Subaiitution of hydrogens on silicon by methyl groups ha 

little effcci on the il levels. Howevsr, inclusion of J functions i 

rnt CNDO/? calculations, is required to correctly predict the relari 

orbital anergies. 49 In contrast, a series of group IV substituted 

aromatic nitrosyl radicals, Cpara-(Me3X)-C6H4-N(t-Bu)Om~, studied b 

tJNR and ESR including '17Sn , ll'Sn, and 207?b satellires, showed 

nyperfinc coclpling constants linearly related to the covatsnt radiu 

of x. It was also shown that the data of Kruzic and Kochi for the 

Me3X-CH2' sysrem, 
51 

followed the szme relationship with covalent 

radius of X, indicating the spin transfer mechanism is the same 

for both series of molecules. While a simple hyperconjugative 

mechanism for spin transfer is not adequare to explain the 

results; the same spin transfer mechanism for both series, with 

and without an intervening ammaric ring, suggests that the n 

system and d orbitals are not involved in the spin transfer. 50 
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On the other hand, lg F chemical shifts for a series of para- 

fluoroaromatic silicon compounds p-F-C6Hq-MPh,X (M = C or Si) 

gave the para shielding order H > HH2 > OEt > OH > Cl = N3 > i3r > F 

for the carbon compounds and NH2 > H > OH = OEt > Cl = Br > F q 113 

for the silicon compounds. The changes in snielding order were 

attributed to possible Si-X TI interactions. 
52 Several studies of 

dipole moments 
53 

, and ultraviolet spectra of aryisilanes witn 

various substiruents 
54,55 

showed typical behavior which was 

interpreted in terms of p-dn interaction. In nitrations of 

phenyltrimethylsilane and isomeric fluorophenylsilanes thz tri- 

methylsilyl group was found to be a poor pax-clirecror suggesting 

that its inductive effect is diminished by bsck bonding. A 

aerailed NMR analysis of the products is given in tne paper. 
5 6 

The rates of pyrolysis of l-phenylethyl acetate and three 

1-trimethylsilylphenyle~hylaceta~e isomers showed tcnar the 

trimethylsilyl group activated in all positions in the order 

o- > m- > p-, suggesting that SiMe3 functioned as an inductive 

electron donor in all positions. 57 The lg F NMR Spectra for a 

series of 21 perfluorophenylsilanes, (C6F5),,SiX5_,; n q 1-Q; 

x= H, alkyl, halo or amino; CgF5SiMe2SiMe3, and (C6F5SiMe,)2 

were analyzed and discusse d in relation to the TI acceptor action 

of the Si-X groups and long-range interannular F-F anc F-!-i 

coupling. 
58 

Detailed theoretical calculations using Del Re and Pariser-Parr 

Pople techniques for a series of phenylfluorosilanes, PhnSiF4 n 

(n q l-3) have been reported. 59 

A Single crysral X-ray structure of tetraphenylsilane 

indicates that the molecule has S4 symmetry with an Si-C DOnd 

length of 1.863 x and a mean C-C bond length of 1.389 x. The 

C-Si-C bond angle is tetrahedral. In studies of tetraarylsilanes 

Mislow and coworkers have found the barriers to aryl group 

Referezlcesp 252 



rotation in the liquid state for tetra-ortho-tolylsilane to be no 

greater than 16 kcal/mole, too low to allow the isolation of 

conformational isomers as had Decn claimed earlier. 61 Similar 

low temperature NMR studies of triarylsilanes are consistent with 

a prop2ller-like conformation in the ground state. The barrier to 

interconversion of the two enantiomeric propellers by a two-ring 

flip mechanism is estimated to be 10 to 13 kcal/mole.62 The ESR 

spectrum of the radical anion of tetraphenylsilane, formed by 

electrochemical reduction indicated that the unpaired electron 

63 
was delocalized over all four phenyl rings. 

An infrared study of the symmetric ring srretching band near 

1600 oill-1 for a series of nzta- and para-substituted benzylsilanes 

ad stannanes confirmed that the Me3MCH,- group acts as a resonance L 

donor to the ring with a ooR of -0.20 for M = Si and -0.26 for 

M = Sn. 
64 

Values of 0 
P 

constants for some substituted silyl and germyl 

groups in p-RC6H4M2; R = Me3Si, Me2HSi, H3Si, C1Me2Si, C12MeSi, 

Cl3Si, FMeqSi, F2MeSi, F3Si, Me2(MeO)Si, Me(MeO12Si, lMe013Si, 

Br3Si, (Me2Nj3Si, Me3G2, H3Ge, and C13Ge; have been determined 

from dipole moments ana from 13 
C-H coupling constants. The values 

obtained from the two independznt methods are in qualitative 

agreement ad correspond with theory better than kinetic values. 

The results indicate electron back-donation in Si-Cl, Si-F, and 

Si-0 bonds, the effect being most pronounced for Si-OMe groups. 

G2H3 has a higher + I effect than SiH3 and G2C13 has a higher 

- I effect than SiC13.65 

Su’zuki and coworkers have found by variable temperature NMR 

studies resrricted rotation abour the C-M bond for compounds 

of the type VI with the barrier increasing in the order 

Sn < Ge < Si < C, consistent with the C-M bond length.66 
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Results consistent with (S-X hyperconjugative interactions 

have been found for a series of indanyl and indenyl derivatives 

of silicon and tin by Rakita and coworkers. 
67 

The ionization 

potentials determined by mass spectrometry decreased by 0.6 to 

0.8 eV when silicon was substituted at the l-posirion. 
67 

The extent of p-dn interaction in trimethylsilyl substituted 

naphthalenes studied by polarography, charge transfer and ultra- 

violet spectroscopy was greater in the lowest unoccupied molecular 

orbital. The inductive effect of the substituant was more 

important for the two highess filled molecular orbirlals. 68 

A series of papers dealing with dimethylsilyl and methyl 

bridged biphenyl units investigated through-conjugation between 

the biphenyl units. In neither the radical anions nor the triplet 

states Of the molecules was through-conjugarion observed on the 

ESR timescale. 69 An investigation ,lf the ease of reduction and 

radical anion ESR spectra for a series of silaphenalenes VII has 

been reported.70 

R 



226 

Silacycles 

The vertical ionization energies of the uppermost ring 

orbital5 for a series of silacyclobutanes R2Si-(CH2)3 have been 

dzremined by He(I) PE spectroscopy. Methoxy, hydrogen, and 

methyl substituents on silicon have about the s&me effect on the 

two MO's splitting thein by about 0.55 eV. However with increasing 

Table 3. PE Data for Silacyclobutanes 
71 

R2 
Ionization energy (EV) 

=1 % (C2v) 

(Me.012 10.15 10.70 

H2 10.05 10.60 

Me2 9.40 10.00 

Me2 -2-Me 9.20 9.65 

MeCl 9.95 10.30 

Cl2 10.50 10.70 

l,l-diMe-silacyclopenrane 9.75 i0.10 

chlorine substiturion the two MO's begin to converge, the bl 

orbital being destabilized by chlorine substitution hut apparently 

noI by merhoxy substiturion. It is concluded thaz other effects 

in addition to the inductive effects of the substitutents must be 

operating in these systems. 71 (See Group VI, 166) 

In studies of spiroconjugation for fluorenes VIII and IX by 
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He(I) PE spectroscopy Schweig and coworkers report the following 

ionization energies. 
72 

Table 4. PE Data for Fluorene Derivatives 
72 

Compound 1 2 3 4 5 6 

VIII, M = C 7.8 8.75 9.75 

VIII: M = Si 7.9 8.80 9.7 10.25 

IX, M = c 7.7 8.0 8.7 9.4 9.9 

IX, M = Si 7.85 8.0 8.85 9.1 9.85 10.25 

The ratio of rhe Spiro cplirring (0.60) Ls similar to that 

observed in retravinylsilane or tetravinylmethane, 
37 

and propor- 

rional to the square of the 2p, -A0 coefficients (obtained from 

MINDO/S calculations) for rhe atoms next to the Spiro atoms. 

Pro-con and 
29 

Si NMR sruaies of chloro, hydrogen, rrimethyi- 

silyl, and methyl derivatives of compounds of the type Y, XI, XII 

Cl Cl 

x 
Cl#-i SiR2 

Si 3 

R2 

X XI YII 

indicate That rhe polariry of the Si-Cl bond decreases in compounds 

containing Si-Cl and C-Cl groups with increasing number of Ccl, 

groups. In compounds containing Si-H and C-Cl groups, t_ne polirriq 

of the Si-H bond increases with the degree of chlorination of the 

carbon atoms. 
73 

Fritz and coworkers have reported Ehe srruczures of several 

new carbosilanes with structures XIII, XIV, XV, XVI derermined 

References D. 252 
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by PMR, mass spec and crystallographic studies. 
7U 

Drawings used wixh Permission of Verlag Chemie GmbH. 

The He(I) PE spectra for adamantane, silaadamantane and 

urotropine have been reported and assigned by Schmidt. 
75 

Substi- 

rution of silicon for carbon results in a reduction of the splitting 

of the levels and a trend to lower ionization potentials, (see 72 

and 37). In a subsequent report 
76 

the photoelectron spectra of 

some of the derivatives of 1,3,5,7-tetrasilaadaantane including 

the tetrafluoro-, retrachloro-, and tetramethylderivativej indicate 

the energy levels are dominated by the inductive effect of the 

substituents. Splitting of levels by silicon d orbit&s is not 

observed, emphasizing thaz: p-da interactions in tetravalent silicon 

compounds are too weak to be detected by photoelectron 

77 
spectroscopy. 

A complete vibrational analysis of l,l-difluoro- and l,l- 

dichloro-1-silacyclopentane has been perfcrmed by Laane and 



coworkers. 
78 

Kdss spectral studies of silacyclopentanols, 79 

and Spiro-heptanes, nonanes, and octanes with silicon Spiro-atoms 80 

have been reported. Electron diffraction structural data for 

silacyclobutane, l,l-dichlorosilacyclobutane and 1,1,3,3-tetra- 

chlorodisilacyclobutane are available. 81 

The X-ray crystal structure of octa-chlorohexasila-asterane, 

Si6C16H8Clg, Figure 1, shows that the Si-atoms have significantly 

Figure 1. Structure of Si6C6H8C1861a (Reproduced with me 

permission Verlag J. A. Barth) 

different bond lengths, Si-C = 1.815 ii, Si-Cl q 2.056 i at the 

Sic12 groups but 1.890 K and 2.025 8. respectively at the Sic1 

groups. The bond angles at silicon (S3O) are larger than those 

at carbon (87°).81a 

Polysilanes 

Traven and West have reported the finding that permethyl- 

polysilanes form weak charge transfer complexes with tetracyano- 

ethyiene having band maxima: Si2, 417; Si3, 480; Si,, 520; 

SitSi),. 458; cycle-Si6, 507 (two overlapping bands, 477 and 555 

*).82 These maxima correlate linearly with the first ionization 



poEenx:ials of rhe compounds determined by photoelectron spec- 

troscopy. 83 Sakurai and coworkers confirmed these results and 

showed that upon irradiation of the complexes the ESR spectrum 

of TCNE radical anion may be observed. They also report band 

maxima for Si 5, 544 ruil; 84 
and hexamethyldigermane, 435 nm. These 

reports represent the first examples of charge transfer berdeen 

a donors ana a ?I acceptor. 

A comparison of the ultraviolet spectra with charge trans- 

fer spectra of the TCEIE complexes for phenyltrimethylsilane, 

phenyipentamethyldisilane, phenylheptamethyltrisilane, and their 

benzyl analogs showed a bathochromic shift of the lL a band with 

increasing number of silicons but almost no change in the wave- 

length of the charge transfer band maxima. However, the intro- 

duction of a methylene group between phenyl and silicon did rssul: 

in a destabilization of the HFM0.85 A study of the charge trans- 

fer complexes of para-substituted-phenylpentamethyl aisilanes 

with TCNE and Cl, F, Me, MeO, CH7SiMe3, or H substituents indi- 

cated that the pentamethyldisilyl group has a donor ability 

comparable with methoxy or rrimsthylsilylmethyl. A d acceptor 

86 
type of interaction was also observed. 

Penrafluorodisilana tis been isolated and characrarizad by 

infrared, NMR, mass spectral, chemical and thermal srabiliry 

a7 studies. A kinetic determination of the Si-ST bond disso- 

ciarion energy in hexame-chyl disilane gave a value of 80.5 

kcal/mole,8a substantially higher tnan the previously accepted 

89 
value of 67 kcal/mole. From a study of the pure rotational 

Raman spectra of Si2H6 and Si2D6, the Si-Si bond length was 

calculated as 2.327 i, and The H-Si-H and D-Si-D bond angles as 

107.89°.go An investigation of the molecular structure of hexa- 

chlorodisilane by electron diffraction gave Si-Si and Si-Cl 
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bond lengths of 2.324 and 2.009 K, respectively, and a Cl-Si-Cl 

bond angle of 109.7°.g1 

The vibrational spectra of perphenyi, permerhoxy, and per- 

chlorotrisilsne have been reported and assigned. 
92 

The physico- 

chemical properties including density, viscosity, surface tension, 

freezing point, boiling point, heat of vaporization, and vapor 

pressure constants for rrisilzne through heptasilane have beer? 

determined. 93 
In acdirion to the assignment of Raman spectra, 

the density, vapor pressure and molecular refraction data for 

rhe silanyl iodicies, SiH31, Si2ti51, and Si H I have been reported. 
91 

2 7 

Tne very common observance of the PhSiMe2 
+ 

ion in both mass 

spectralthe photochemical studies of organocyclopolysilanes has 

been pointed out and p-tin stabilization or thi formation of yne 

"silatropylium" ion suggested as the reason. 95 

Hydrides 

F, very significant finding in the area of bonding in organo- 

silicon compounds is that of Bellama, Evans and Huheey, who 

report that the dipole moment of methylsilane (0.73 D) does nor 

coincide with the bond moment of the Si+C bond, but rather is 

in the direction H3C+SiH3.96 This is contrary to the results 

obtained by Mulliken population analysis which predict H3C+SiH3, 96a 

and raises an important caveat in interpretation of polarities of 

organosilicon molecules on the basis of Mulliken population ana- 

lyses. The effect for methylsilane is attributed to the large 

Si+H bond moments. 96 Bond moments and effective charges on 

hydrogen for 40 triorganosilanes have been reported and vary 

from 1.59 D ana -0.22, respectively, for Pr3SiH to 0.75 D and 

-0.11 for (C6F5)3SiH.97 

A study of the effect of hybridization, structure and 29 Si-H 

coupling constants for a series of aryl and alkyl silanes has 



shown that the experimental bond angles for methylsilanes are 

accounted for by simple hybridization in terms of directed 

valency, an.d xhat the 
29 

Si-H spin-spin coupling constants corre- 

laie with the 6 character of the hydrid orbitals in the same 

manner for the silanes which 'has been observed for methanes. 
98 

Several reports relating frequencies and integrated inten- 

siTies of the Si-H stre?xhing mode organosilanes with inductive 

and p-da interactions. 
99-103 

When conjugative effects are 

absent, u(Si-HI and the intensity of the Si-H band correlate 

linearly with the sum of the Taft a* constants for the silicon 

substituents, Xc*. 

u(Si-I-i) = 2lJ.2 + 23.1 Xo* /i7 = 0.19 &J* + 1.35 

Table 5. Physical Measurements on Silicon Hydrides 

CornpourEd Techniques Comments References 

MeSiH3, MeGeH3, normal Urey-Bradley 105 

Me2SiH2, EtSiH3 
vibrations 

EtMeSIH2 infrared, Raman trans -rotomer 106,107 
favored in solid 
and liquid' 

EtMeSiH2(D12 microwave Stark effect, 
dipole moments 

108 

Ms2SiH2 microwave tnrsi_nnal fine 
structure 
analysis 

109 

Me2SiH2, C3H8, 

Me2S 

microwave rotational 
barriers 

ClCH2SiMeH2 infrared trans-rotomer 
more polar 
than gauche 

microwave structural 
parameters 
reported 

110 

111 

112 
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Table 5 Continued 

Compound(s) Techniques Comments References 

merhylsilanes tritium recoil 

SiH,, (D),+ gas infrared detailed analy- 
E Raman sis 

SiH,, far infrared 

SiH4 high reso- new bands 4200- 
lution infrared 

4500 cm -1 

SiH, tandem mass 
spec. 

SiH4 infrared 

SiH,, ion-molecule 
rxn. 

SiH4, GeH,, MO talc, MSXa 
method 

CH4, SiH4 non empirical better energies 
MB0 calcula- zhan empirical 
tions methods 

CH,,, SiH,, Hartree-Fock good core exci- 
MO tation energies 

SiH3. SiH3+,- 

SiH3_ 

configuration 
interaction 
talc. 

SiA4 + H- * SiH5- ah initio MO 

Si-H bond 
energies 

molecular 
OctoDole = 

3.0 x 10 
-34 

esu/cm 
3 

proton affinity 

analysis y-3 
band 

reactions wit'n 
Si+ 

good 1.P.s E 
transition 
energies, Dad 
bond lengths and 
energies 

'SiH3+ is Da,.,, 

SiH3- 6 SiH3 are 

C3" 

geometries and 
energies calcu- 
lated 

113 

114 

115 

116 

117,118 

119 

120 

121 

122 

123 

124 

125 
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When calculated values of v are higher than experimental, d-pa 

conjugation is important. Similarly, the extent to which the 

experimental intensity is greater than the calculated intensity 

may be used as a measure of conjugation effects. 
104 

Many studies of structural parameters and rotational 

barriers in simple alkyl silanes appeared during 1973. These 

are summarized in Table 5. 

Halosilanes 

The photoelectron spectra of the fluorosilanes, SiF3X 

(X q H, Cl, Sr, Me), have been reported, assigned and compared 

with other PE data. 

Table 6. Ionization Potentials (eV 1. 0.02 eV) for 

Fiuoroailanes126 

SiH \! 
3' 

SiF3X CH3X CF3X 

Cl lone gr; pair 11.61 13.411 11.28 13.08 

M-Cl o 13.4 15.33 14.4 15.15 

Br lone pn pair 10.96 12.46 10.53 12.12 

M-Br a 12.85 14.55 13.5 19.26 

Si2H6 Si2C16 Si2F6 

Si-Si a 10.60 10.79 13.20 

Although some aspects of the perturbations can be rationalized by 

invoking p-da interactions, the spectra show no compelling evi- 

dence for such. Vibrational band comparisons suggest no inter- 

action peculiar to rhe silicon compounds. 126 
The NQR 35C1, 7gBr 

and " Br frequencies were measured for a series of organometallic 

compounds of germanium and tin. A comparison of these data with 

earlier dac:e for silicon and carbon compounds indicates that IT 
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bond character exists only in the Si-Cl bono and to a lecser 

degree in the Ge-Cl bond. The ionic character of the metal- 

halogen bond in all the series decreases with increasing halogen 

substitution. 127,128 

A linear correlation has been noted between the average 

values of 35 C NQR frequencies and tha Si-Cl symmetric stretching 

frequency in SiC14, (C13Si),O, (C13SiJ2t1H, and C13SiF. Eecause 

Si2C1s aeviared from rhe correlation, a new assignment of the 

vibrational bands at 492 and 352 cm -1 to the symmetric Sic1 

stretch and the symmerric deformation vibration, respectively was 

proposed. 129 

The radicals 'SiC13, 'G2C13, 2nd 'Sr1M2~C13 n (n q O-3), 

prepared in either ar adamantane matrix or in the self-matrix, 

have been studiad in ESR spectroscopy. Comparison with other 

available data indicates that rhi radicals 't.fM~~, 'Ilt43, and 'W13 

are strongly bent for 1.1 q Si, Ge, and Sn, but rne carbon raaicals 

are nearly planar. The g vaiues increase from carton to tin in 

the methyl series but decrease in the chloro series. This inai- 

cates that ligand spin-orbit coupling from p-dn bonding involvir,g 

chlorine is important in the chloro raaicals. 130 

The analysis of torsional barriers from the infrared spectra 

of chloromethyl-, aichloromethyl-, methylchloro-, and methyl- 

dichlorosilane shows lower rotational barriers for the cnloro- 

silyl compounds than for the chloromethyl compounds. it is 

suggested thaz secondary overlap between C-Cl bonds and Si-H 

bonds is more effective than secondary overlap between Si-Cl 

bonds and C-H bonds resulting in the higher barriers for the 

chloromethyl compounds. 
131 

In CrIDO calculations applied to 

merhyltrifluorosilane the staggered conformation was found 'to be 

most stable and non-bonded Si...H interactions important in the 

definition of the potential curve for rozarion. 132 

Eeferencesp. 552 



A large number of papers dealing with physical properties 

of halosilanes appeared during 1973. While not all the com- 

pounds are organosilanes, the results are potenriaily useful to 

organosilicon chemists and are summarized in Table 7. 

Table 7. Physical Heasurenents on Halosilanes 

Compound(s) Study Comments References 

SiF4(g) 

SiT4 

Si F2 

SiF2 

SiF2 

SiF4, CF4 

SiF3(g) 

HSiF3 

MXH3; MI-IX3 

M q C, Si, Ge; 

X q F, Cl, Br 

Electron Dif- 
fraction 

Electron Dif- 
fraction 

Escired vibra- 
tional states 
microwave 

ab initio 
calculations 

ab inSti0 
calculations 

Dissociative 
electron cap- 
ture 

Emission 
spectrum 

Excited vibra- 
tional states 
microwave 

Bond lengths 
Vs electro- 
negativity 

SiClnF4_n 
Raman spectra 

n q O-4 

m2x2 Urey-Bradley 
force constants 

rSi-F (1.552 ;I 133 

rSiF q 1.555 i 134 

rSiF = 1.5901 i 
<FSiF q 100°46' 

135 

ground state 136 

electronic spectrum 

heat of formafion 
SiF3(g) 

137 

138 

rSiH = 1.4466 i; 
rSiF = 1.5624 8 

<HSiF = 110.64O 

linear correlation 

Assignments, Urey- 
Bradley Field Calu- 
lation 

M = C, SiGe 

139 

140 

141 

142 

143 



Table 7 Continued 

Compound(s) Study Comments References 

rn4 

X q F, Cl, 
Br, I 

MHX3 

X = F, Cl, 
Br, I 

MX4 
X = Br, Cl 

Sic14 

Ml.4 

SiFCl2Br and 

SiFClBr2 

P3SiPH2 

Vapor phase 
Raman 

Assignments: M = c, 
Si, Ge, Sn, Ti, Zr 

Coriolis con- 
stants 

Theoretical calcu- 
lation 
M = C, Si 

Raman spectra M = C, Si, Ge, Sn 

Raman spectra Dilution studies 

Vibrational 
analysis 

Green's function 
M = C, Si, Ge 

Vibrational 
spectra 

lgF HMR 

Electron dif- 
fraction 

SiF5-, SiF5NH3- "F NMR 

SiF5HNEt- 

SiClSX-1IMe3 

MX4.<PMe3)2 

M = Si, Ge, Sn 
X q Cl, Br 

MeSiC13 

Methylhalo- 
silanes 

#eSiC13 

C13SiOMe 

Raman and IR 

Vibrational 
spectra 

Microwave 
spectra 

Thermodynamic 

Thermodynamic 
functions 

Raman and IR 

Intermolecular 
exchange study 

X q H, F, Br, I 

Assignment of M-P 
modes 

Enthalpy of Formation 
29 compounds 

Calculation from IR 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 



238 

Group Vi Compounds 

Bock, Mollere, Becker and Fritz have assigned and correlated 

the photoelectron spectra of dimethyl ether, methoxysilane and 

disiloxane on the basis of CNDO/P-SCF-MO calculations. 158 A 

relatively small change in conformation from doubly eclipsed in 

dimerhyl ether and methoxy silane to singly eclipsed in disi- 

loxane results in an inversion of two molecular orbitals energy, 

the 3b2 crossing aDove the 4~1 level, giving an assignment of the 

spectra different from previous reports. 159 

The widening of the central M-O-M bond angle is not a func- 

tion of d orbital involvement. The molecular orbital, 3b2, which 

experienc= alarge stabilization on widening Tne angle,has the 

wrong symmetry for n interaction, and the 4al orbital, which has 

the correct symmetry for n interactions, is destabilized as the 

bond angle increases. The patterns are found to be just those 

predicted by simple Walsh ciiegras. 160 Substitution of silicon 

for carbon is found to result in a general inducrive 

destabilization which is, to some extent countermanded by elec- 

tron delocalization in the higher molecular orbitals by d orbital 

intrraction.158 For the corresponding sulfides the same workers 

found the orbiral sequence (2bl, 4al, 3b2) was independent of 

conformation. The large inductive effect upon silicon subsri- 

tution for carbon and d orbital stabilization observed were con- 

sisrent wirh the findings for the oxygen systems. 161 

In a series of structural studies on hexaalkyldisiloxanes 

and rrialkylalkoxy- or aryloxysilanes, R3SiOX, with R = Me, Et, 

Pr; X = SiR13 CR' = Me, Et, Pr) or Me, t-Bu, Ph, p-Cl-C6Hq, the 

M-O-M bond angles were determined by dipolemetry. 162 An analysis 

of the factors which influence the bond angle led to the con- 

clusions that p-d or p-p n conjugation with the oxygen lone pair 

resulted in an increase in the oxygen valence angle and that 



239 

steric f2CtOrS also tended 10 open the Si-O-X ~~g.lp_. 163 (Com- 

pare with the PE results discussed above.) A study of the 

molecular optical anisotropies of rhe Ile3CO- and H3SiO- groups 

R = Me, Et, Pr, determined by a depoluized Rayleigh diffusion 

method indicated a lack of conjugation between the rwo p-dx 

bonds of the Si-0-Si system. 
164 

The crystal ana molecular structure of rhe benzo-bis-oxadi- 

silole, XVII, nas been reported. The oxadisilole rings have 

approximately Cqv symmetry and bond length of C-C, 1.411 i, Si-C, 

1.882 i, and Si-0, 1.647 i were determined. 
165 

Men Me2 

Me:! 

The 1 !-I NMR chemical shifts of 5 disilapenranes, Cli2(CH,SL14;_- 

RR'+ R, R' q Cl or ME, compared with oxadisilacyclohexanes ana 

other literature values showed that the oxygen functionality has 

a considerably lower influence on the chemical shifts of the 

SiMe groups than chlorine, consistent with inductive effects 

along with better 2p-3d interactions for the Si-0 compounds than 

3p-3d interactions for the chlorine compounds. 
166 (Compare with 

silacycles, Ref. 71.) The vibrational spectra of hexamerhylcyclo, 

rrisiloxane and hexamethylcyclotrisilazane neve been more com- 

pletely assigned using infrared and Raman data. 
167 

The relative basicities of the oxygen atom in Me3Si(CH21n- 

0SiMe3 n = 1-4 was shown by infrared spectroscopy to be equiva- 

lent to that of Me3C(CH2140SiMe3, suggesting that for n 2 2, 

0 + Si coordination interaction is significant. The dipole 

moments and basicities of the cyclic 0-(CH2),,SiMe2_,(0Et),, 
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n = O-2, were higher than (EtO)nMe3_nSiR, R q Me, Et, Bu; 

n = 1.3.166 However, for the symmetric bis(trimethylsilylalkyl)- 

ethers, CMe3Si(CH2)nl.20, infrared and NMR studies indicated that 

0 + Si coordination was insignificant for n > 2. 
169 

In a further 

study of the "alpha effect" in organosilicon compounds Chvalovsky 

and coworkers found that the valence vibrational frequency 

u(D-0-X) for R3Si(CH2)nOX; X q H, SiMeqL, AC, (CH.2)mSiMe3 

<rrr = l-4); L q Et, Ph; were considerably lower when n = 1 than 

for the carbon analogs. The effect, not observed when n > 2, was 

attributed to some rjpe of interaction of the u system of the C-O 

bond jJith rhe sTlicon d orbLrzls. 170 The basici- of a series of 

39 ethoxy silanes and disiloxanes have been determined by 

measuring the infrared shifts of the OH group in phenol on complex 

formation, and correlated with Taft substituent constants. 
171 

Intramolecular hydrogen bonds in compounds of the type 

PhMe2Si-(CH2)n-OH, n q 1,2 and Ph3SiCH20H, studies by infrared 

techniques were found to be weaker than in the carbon analogs. 

The increasing separation of the OH group from the aromatic sys- 

tem and the inductive effect on silicon substitution are more 

important than P-&I interactions with the aromatic ring. 172 

The infrared bands for Si-H and Si-F for a series of 32 

aryloxysilanes with H, F, alkyl, Ph, and/or p-RC6HQ0; R = H, Cl, 

NH2, Me, or NO2; were measured and discussed in terms of bonding 

interactions. 173 The infrared spectra for a series of chloro- 

methyl and acetoxymethyl substituted silanes, C1CH2Si(OEt)nMe3 n, 

C1CH2Si(Ac)nMe3_n, AcCH2Si(OEt),Me3_,, and AcCHqSi(Ac),Me3_, have 

been reported. 
174 

An examination of the carbonyl stretching frequency for a 

group of u-metalloid ketones, R3MCOR' and (R3M)2C=O; M = C, Si, 

Ce, Sn; R q Me, Ph; R' = Me, Ph; using a corrected u*(CO) which 
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excludes effects extraneous to the CO bond such as molecular 

geometry and potential energy contributions from internal co- 

ordinates other than the CO bond indicates that C, Ge, and Sn, 

affect the CO bona strength to the same degree while a-silicon 

weakens the CO bond. The results were interpreted in terms of 

d-n electron withdrawal from the ground state.17' 

It has been observed that the dithioacids of the type 

RCS,MR'3 RCS2MMe3; R = Ph, pMe-C6Hq, p-Cl-C6Hq, i-Pr, and a- 

naphth; M q Si, Ge, Sn; hive similar properties in the infrared 

and ultraviolet regions of the spectrum similar to the acyl- 

silanes and germanes. The TI+TI* band shifts to the blue and the 

ll+lT* transition to the red in the order of incraasing atomic 

number of M. 176 

The 'H NMR spectra and infrared spectra of trialkylsilyl 

esters of aroylphosphonic acids have been determined but do not 

correlate with LCAO molecular orbital calculations. 177 Similar 

properties to those discussed above for the alkoxy silanes and 

the "alpha" effect of silicon have been observed in the dipole 

moments and ultraviolet spectra of sulfur containing organo- 

silicon compounds, [R3Si(CH2),,SCH,l,, R3Si(CH2),SCH=CH2, ana 

R3Si(CH21nSH; n = 1-3; R = Me, Et.17* NMR, infrared ana Raman 

data for a series of seleno, Me4_nM (SeMe),,; M = Se, Ge, Sn; 

n = 1-4 has appeared. 
179 

The gas and liquid phase infrared and Raman spectra of 

Me3SiOH(D) have been determined and assigned. 
180 

The infrared and Raman frequencies and inrensiries of 

R3SiOCCH2)$IHSiR'3; R = R' = Me; R q Et, R' = Me; R q R' = Et; 

Me,Si(OCH2CH2NHSiMe3)2; Me3SiO(CH2)3NHSiMe3; Me3SiOCH(Me)CHqNH- 

SiMe3 and (Me3SiOCH2)2C(Me)NHSiMe3 have been reported and 

analyzed. 
181 Studies on the related silatranes and germatranes 



have included crystal structures, 182 and ulCraviole1 spectra. 183 

Mass spectral stuaies of phenylphenoxy- and phenylcresoxy- 

silancs, 164 rrLmme~hylsily1 derivatives of long chain alcohols, 

C =o Cl23 
185 186 

g and rrimethylph2noxy silanes have appcarcd. The 

properties of the tetraethoxysilane- iodine charge transfer com- 

plax have been determined. 187 

Crouo V Compounds 

The role of p+d;i bonding batween silicon and nitrogen has 

bean inveatigatad using steraochamistry, dipole moments and low 

energy photoalactron spectra comparisons with molecular orbital 

calculations for SiH3NC0, SiH3113, and (SiH31jN. Af initio cal- 

culations predict th? correct geometry for the pseudohalides 

whether or not d orDita1 functions are included, but trisilyl- 

amina is only correctly predicted to be planar wher, d orbitals 

are included. The agreem2nt wirh 2xperimental dipole momenrs and 

low energy PE data is only good when d orbitals are included in 

the calculations, except for silylazide, in which inclusion of 

orbitals does not improve the fit wirh PE data. 188 This is in- 

rer2sElng in IhaT: silylazid2 is th2 only bent sillcon compound 

treated i:! zhe paper. Th2 cyrctal structure of triphenylsilyl- 

azide shows that this molecule is also bent with an Si-N-N angle 

of 120.S" and that the Si-?J bond length (1.74 f 0.02 R> agrees 

tith the sum of the silicon end nirrogen single bond radii. 189 

Quantum calculations for optho-, neta-, and para-, phenylane 

divine and zhc N,N'-bis<~rimerhylsilyl) analogs usbg a Del Re 

approximation for the u-system, a modified Pariser Parr Pople 

method for the TI system and only partial overlap of the p and d 

orbitals gave good agreement with experiment for singlet energy 

transitions and oscillator strengths. 190 

In a study of the "N-H NMR coupling constants for a series 
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of aminosilanes and related compounds Cowley and Schweiger found 

that variations in the coupling constants could be explained on 

the basis of electronic distributions within the a framework of 

the molecules without recourse to TI bonoing interactions. 191 

Hetero- and homonuclear double resonance techniques have been 

applied to the magnitudes and signs of the coupling constants, 

and the chemical shifts involving lH, 15H, '9F, "Si, ana '1P in 

PF2NH2, PF2NHSiH3, NH(SiH312, and II(SiH313. 152 

The first examples of organosilylhycrazyl rhcicils, tris- 

(trimethylsilylIhydrazy1 ana rris(tert-bu~yldimethy~s~~~~~)hydpaZyl, 

have been generated by electrolytic oxidation of the parent 

hydrazines, or by photolysis. West and Bichlmeir report that rhe 

ESR spectra of thcae radicals show unusual localization of spin 

density on one nitrogen and attribute the phenomenon to dative 

lone-pair delocalization from the disubstituted nitrogen to 

Low temperature 'H, 13C, ?I, and 29 Si !JMR studies of organo- 

silyl nitraminss has revealed a new form of tautomcrism: 

Me-N-NO c-----’ MelI-Ii-0 
I I 
Si-Ele2R 0-SiMe2R 

in which the equilibrium constants increase in the order R = b, 

Me, i-Pr, t-Bu.lg4 

Srructure-basicity relationships for ;i variety of silylamines 

have been studied using infrared spectra, lg5 and competitive ti- 

rrat ions techniques 
19E 

and suggesr: rhax resonance and hyperconju- 

gative interactions are more important than inaucrive effects in 

These systems. Tris(chloro and nethylsilyl)amines have been 

found by differential thermal analysis techniques KO have unusually 

high cyFoscopic constants. 197 

Relwoces p. 252 
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Infrared studies of the acidity of the N-H group in a variety 

of silyl amines and silazanes showed that the acidity increased as 

the electron accepting ability of the silicon substituents in- 

creased. 198,199 Octamethylcyclotetrasilane and hexamerhylcyclotri. 

silazane function as bidentate ligands with titanium(II1) and (IV) 

chlorides and vanadium and chromium halides to give rather unusual 

complexes in which one nitrogen from the silazane ring is coordi- 

nated to each metal in a bridged dimeric complex, 200 Figure 2. 

cobalt tetracarbonyls, X3MCo(C0),,; M q Si, Ge, Sn;-X = Cl, Br, I; 

has been 

The 

CPPh3i2; 

SiC1Me2; 

performed."* 

infrared spectra of iridium complexes, Ir(X)Y(SiR3)CO- 

X = H, D; Y q Cl, Br; SiR3 = SiC13, Si(OEt)3, SiClqMe, 

show that the phosphine groups, and the X, Co and Y, 

Figure 2. Structure of the cyclotetrasilazane complex with 

titanium(II1) chloride200 (Reported with permission 

of the American Chemical Society) 

A detailed analysis of the mass spectra of some 1,3-diaza-2-sila- 

cyclopenranes and 1,3-diaza-2-silacyclohexanes has appeared. 201 

Transition Metal Compounds - Silicon Complexes 

A detailed vibrational assignment for some trihalometal- 
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SiR, pairs ape trans. 203 
Variations in the metal-C stretching 

frequency in the complexes and in related Pt(I1) complexes give 

the following trans-influence series: 

SiF3 = SiClS < SiC12Me < SitOEt), 

Sic13 < SiC12H < SiC1H2 c SiH3 Cc 

GeC1H2 cc GeMe3; SnMe3 << GeMe3 = 

SnC13 cc SnMe 
3 

= SiC13. 

C< SiClMe . 
2' 

SiHe3; 

SiMe3 

From the analysis of the infrared spectra for the manganese 

pentacarbonyl derivatives, C13SiMn(CO)S, C13GeMn(CO)S, Br3GeMn(CO)5, 

and 13SnMn(C!O)S the M-Mn force constanr was found to decrease in 

the order Si-Mn z= Ge-Mn > Sn-Mn. It was concluded Ihat the pi bond 

character for the M-Mn bonds is approximarely equal and that the 

a bond character is primarily responsible for the order of the 

M-Mn bond strengths. 204 However, a study of the trimethylmercl 

manganese pentacarbonyl compounds, Me3M.Mn(C0)S; M = Si, Ge, Sn; 

by vibrational and electron impact methods showed a decrease in 

the M-Mn bond strength between Si and Ge.204z 

A single crystal x-ray structure of the tris[bls(trimerhvl- 

silyl)amidel complexes of Scandium and Europiurn, Figure 3, indi- 

cates that the complexes have an unusual pyramidal 3-coordinate 

Figure 3. Structure of the C (Me3Si) ,N13M complexes 205 (Reproduced 

by permission of the Chemical Society) 

Beferentxs p. 262 



structure with N-M-N .zngLes of 115.5O and 116.6O for SC and Eu 

respectively. The bis(trimethylsilyl)aide groups retain the D3 

configura'ion found in trisilylamine. 205 

The complexes of copper( Cu(02CMPh3)2-nH20, M q Si, Ge, 

heve unusually low magnetic moments compared ~0 M q C, which was 

attributed to the +I inductive effect of Si and Ge. 206 The 

crystal structure of tetrakis[trimethylsilylmethylcopper(I)~, 

Figure 4, shows that it contains an unusual square planar 

arrangement of copper atoms, and the bridging methylene groups 

also lie approximately in zhe plane of the copper atoms. It is 

suggested that rhe alkyl bridges involve three center, two 

electron bonds and that copper-copper bonding is relatively 

unimportant in the compound. 
207 

Figure 4. Structure of CMe3SiCH2CulQ 207 tieproduced with per- 

mission of the Chemical Society) 

Tne He(I) photoelectron spectra of the trimethylsilylmethyl 

compounds, (Me3SiCH2),M; M q Cr, Sn, Pb; (Me3CCH2)4Cr and 

Me3SiCH2C1 were reported and tentatively assigned on the basis of 

a localized bond model. There appears to be no stabilizing inter 

action between the chromium d electrons and empty silicon d orbi- 

taL5, bat that the chromium-carbon bond is stronger for the 



silicon compound, supporting rhe argument thar the stability of 

the trimethylsilylmerhyl and neopenryl complexes is due to kinetic 

factors. In trimethylsilylmethylchloride the C-Cl ionization 

energy (12.24 eV) is 2.2 eV lower than that for Ihe C-Cl bond in 

methyl chloride, the effect being attributed to a strong inter- 

action between the methylene C-H bonding pairs and the C-Cl bond 

in Me3SiCH2C1.208 The vibrational, 
1 
H NMR, and mass spectra of 

bis(trimethylsilylmethyl)mercury and trimethylsilylmcthylmercuric 

halides (Cl, Br, I) have been reported and compared. Minimal 

effects are found due to varying the halogen, and the metal sen- 

sitive CH2 bands in the infrared are observed. 
209 

The infrared 

and NMR spectra of rhe tris(trimethylsilylmethyl)pnosphine com- 

plexes, Fe(C013L2, Fe(CO)QL, ~Co(CO)3L2lCCoKO),,1, CCo(CO)3L12, 

and tli(CO)3L have been reported and compared. 
210 

The crystal and 

molecular structura of bis(trimethylsilylmethy1) bis-(2,2'- 

bipyriayl)chromium(III) iodide has been reported twice, by the 

same group. 211,212 

Deuteriurn labeling of trimerhylsilylferrocene shows that th= 

upfield resonance at 4.076 is due to the 2,5-protons adjacent to 

the trimethylsilyl group while the 4.306 resonance is aue to the 

3,4-protons. The deshielding of the 3,4-positions 1~ az:rriturtd 

to electron withdrawal by the silicon d-orbitals. 

A x-ray crystal structure on the compound believed to be the 

bridged cycloheptatrieneyl complex, XVIII, revealed that the com- 
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pound was in fact XIX, resulting from a transfer of a trimethyl- 

silyl group from ruthenium to the cycloheptatrieneyl ring. 
214 

The crystal structure of the bis(cyclopentadieneyl)dimethyl- 

silane iron carbonyl complex, XX, indicates that the molecule is 

distorted from perfect C2v symmetry and the environment about 

silicon is very close to tetrahedral. 
215 

From the crystal structure of tetra.kis(n-cyclopentadienyl)- 

di-n-silylene-dititanium, Figure 5, it is found that the molecule 

consists of two (n-Cp12Ti units linked by two SiH2 bridges with 

Figure 5. Structure of C(~-Cp)2TiSiH2~2216 <Reproduced with per- 

mission of Vt?rlag Chemie GmbH) 

the Ti-Si-Ti bond angle of 102.8O very close to tetrahedral. 216 

The mass spectra of the silacyclopentadiene complexes of 

cobalt, ~~-Cp~~l,l-dimethyl-2,5-diphenyl-l-silacyclopentadiene~- 
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cobalt and ~n-Cp~~l,l-dimethyl-2,3.4.5-te~ap~enyl-l-silacyClo- 

pentadiene)cobalt show strong peaks at M+ - 15, indicating exis- 

tence of silicon analogs of the cobalticenium ion. 217 The stereo- 

chemical assignment of (n-Cpl(l-eso-hydroxy-1-endo-methyl-2,3,4,5- 

tetraphenyl-l-silacyclopentadienelcobalt was accomplished through 

the use of the paramagnetic shift reagent CEIJ(DMP),~.~~~ 

A study of the lg5Ft, 31F, and 1 H NMR spectra of the com- 

plexes formed by the reaction of silylacetylene and silylper- 

fluoroacerylene with trans-HPt(PEt312X; X q Cl, I; indicated simple 

addition to give trans-YCsCSiH2PEt3)2X; Y = H, CF3. ho interaction 

between the acetylene and_ Pr was observed. 219 

The absolute configuration of (*)-trans-chlorobis(dimethyl- 

phenylphosphine~methyl-~l-naphthyl~phenylsilylplatin~, Figure 6, 

Figure 6. Structure of 

Ph),7220 

(+I-trans-[PtCl{SiMe(l-CloH7)Ph)(PMe2- 

is established by a crystallographic investigation to be S, 

corresponding with that of (R)(+)-(l-naphthyl)phenylmerhylsilane 

from which it is made. 220 

Two reviews in the area of coordinated silicon compounds 

appeared during 1973, one dealing with a topological approach to 



the srereochemistry of four, five, and six-coordinate group IV 

IiELilS, 
221 _ 

and one discussing tht anomalies in the structural 

chemistry of silicon. 
222 

A new ionic tris(2,2'-bipyridine)silicon terrabromide com- 

plex was shown by conductivity, lEi IIMR, ultraviolet and infrared 

studies to have silicon octahedrally coordinated by the Ehree 

bipyridyl ligands.223 A study of the luminescence, fluorescence, 

phosphorescence yields and phosphorescence lifetimes for por- 

phyrin complexes, MY< 2 R ; M = Si, Ge, Sn, Pb; X = F, Cl, Br, I, OH, 

bcnzoate; R = etioporphyrin or octaethylporphin; and spin orbit 

interactions were found not to agree wixn calculations based on 

rhe exrendrd iiiickel model for zhe systems. 
224 

It has been 

reporTed rha-c the vibronic structure of the Q band of the silicon 

ohthalocyanine timer may be satisfactorily explained in terms of 

vibronic coupling in <he dimer between nondegenerate monomer 

electronic levels. 
275 

Radicals 

in adairion TO rhose reports on organosilicon radicals 

discussed in the sections on classes of compounds above there 

have been some which seem more appropriately grouped rogether 

in one section. Sakurai has prepared an extensive review on the 

preparazioq and properties of free radicals of Si, G-z-, Sn, and 

Fb with major emphasis on silicon. 226 Along with his coworkers, 

he has also shown that trimerhylsilyl sodium is a convenient one 

electron transfer reagent for the generation of radical anions of 

aromatic compounds which are remarkably free from interactions with 

Ihe counter carion. 227,228 

The photolysis of bis[bis-(rrime~hylsilyl)methylltin(II) with 

visible light gives the unusually stable triscbis-(trimethylsilyl)- 
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methylltin(II1) raaical. The coupling -dith rhi methine protons 

in the ESR specrrrum of 0.21 mT is comparable wirh the 0.275 mT 

found for the methyl protons in the rrimirhyltin(III) radical. 229 

The ease of addition of a series of group IV radicals to 

carbonyl compounds was found to be Er3Si' > Et3Ge' = Bu3Sn' > 

McSPb' for a givan csrbonyl compound, and diketones > oxalates > 

ketones > trifluoroacerates > formares > acetares for a given 

group IV radical by ESR spectroscopy. The order is consistent 

with rhe greater Si-0 bond energy, and theWsrabilization of tha 

radicals formed. (Me3SilSF' was less reactive than the tri- 

ethylsilyl radical due to steric factors and enhanced SEaDilixy 

from electron delocalization GIithin the radical.230 

The photolysis of trimethylsiiyl-iarc-butyl_peroxioe in xrlz 

presence of ethylene, propene, or isoburene gives only homolytic 

fission of the O-O bona. The ESR spectra of the 11e3SiO' aaduors 

to the olcfins are observed together with those of allylic 

radicals produced by proton abstraction. 231 

The ESR spectra of 
'28 

SiH3 and 29 SiH 
3 

hava bi-en calculated 

by a perturbarion treannent of the Zeaman levels. Tl-~c calculation 

accounts for the assymmerry in the positions of the 2gSi satellite 

lines from the apparent center of tne spectrum, and predicts a 

difference of 10.75 gauss betwean the two displacements, a large 

second order effect which should be readily observabii. 232 
In tha 

application of the INDO approximation to the calculation of 

equilibrium geometries and isorropic hyperfine coupling consrants 

for a series of tetraatomic radicals inciuding SiH3F3_,, n q O-3, 

good agreement is obtained in every case except: for SiH3. It 

appears that the INDO method overemphasizes the pyramidal 

character of the radical while 'SiH3 is nearly planar, the H-Si-H 

bond angle = 115 - 117°.233 
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