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Introductlon and Oveﬂv1ew'h'
ThlS survey covers the major journals for the year 1974, and

volumes 80, no. 20 through 82 no. 20 - of Chemlcal Abstracts.r For'

:the Ru331an llterature and for those publlcatlons ‘which are notk .|
-,generally available, the Chemical Abstracts reference is given in
addition to. the original.citation._ The patent literature and
Vdissertations are not reported. Studies 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-dm vs. ¢ and o%
effects in the interaction of silicon with unsaturated systems
continued with vigor in 1974. While it is clear that interaction
of silicon's o and o* orbitals with T 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 wary of bondlng conclusions based on these calculatlons.

Theoretlcal General

The energles of the s, p, and ¢ valence states For the atoms'

381, Al and Mg and some OL the1r7p051t1ve and negatlve 1ons were_
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éal@ulated:from'avaiiable'épeétroscbpiC'dafaLr_Thé’résplfé?fbfigijm

‘are”summarized- in Tab;e,i.l

Table 1. Valence states for Siliconl

Speciesr

si s?p2(3P)0.00; s2p?(V2)0.21; s2p3(Vo)1.16; sp3(V4)8.36;
sp3(V3)9.33; s2d%(V,)15.1, 14.0; s2d2(Ve)15.5, 14.2;
sd3(V2)26.9, 21.2 '

.+ 7

Si s%p(V,;)8.18; s2d(V1)17.99; sp2(V3)16.0L; sp2(V,)17.09;
. sd2(V3)30.6, 29.0; sd42(V1)31.2, 29.3; p3(v3)2u.83; p?(Vvy)25.90
Si%% s2(Ve)2u.u9; sp(V;)31.98; sd(V,)41.565 p2(3PIu0.59;
p3(V2)u0.82; p2(Vodul1.95; d2(V2)59.9, 57.65 d2(Ve)60.6, 58.1

sid* s(v.)57.95; p(V,)66.83; d(V,)77.83

4+
sit (Vys)1l03.08

Perry and Jolly have determined the core bonding energies for the
series of compounds MH,, , (MH3) 0 MH3X, and MX,; M = C,iSi, Ge;
X = Me, F, C1, Br; by gas phase X-ray photoelect:on epectroecopy.2
They have developed a procedure for calculating atomic charges
using an electronegativity equalization procedure, which gfves
good agreement with the experimental core binding engrgies.3 Their
‘detailed analysis of the X-ray photoelectron spectra of SiHu
SiH Me, SiMe,, SiH,Cl, and SiF, could be rationalized without
assuming substantial participafion of silicon d orbitals in»thé_
'Vboncl:i_ng'.l‘L

Aucer—elecfron spectroscopy has been applied to méasdrer
absolute values of 1nner-shell lOﬂlZat‘On cross sectlons for -

&Si? P S Cl Tl, Br, and Sn.5 Tran51tlon probabllltles for the

;np(n + 1)s *;npz tran51tlon have been Ca1CULated u51ng relatlv—r_Vf;

;1stlc SCF wave Lunctlons and glve reasonable agreement w1th
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Eexperlmental valuesl " New ‘theovetical transition probabilities

ifor the Sl'; 3323p1

;,3p33EQﬂisoeIedtfonicreeqhence haveibeeﬁ;l
vreported.? ‘Spin orbit»couoling foi the'2p.1evel ih,Si, P, Se,'
:and Cl detected by. X—ray photoelectron spectroscopy, may. be'
fpredlcted using the ‘Sommerfield formula with a- Screenlng constant
of 3 40.8>

Ab initio SCF-MO calculations on 51lyl-subst1tuted alkanes,
alkyl radicals, and carbonium ions show that the carbonium ion
rie'destabilized by an a-silyl group but is stabilized by a
Bféilyl group. Little effect of the silyl group is observed for

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

H.SiCH,CH,W

3 oCH, 5 I, has an energy about 0.5 eV lower than a classical

open structure.’ (See also Ref. 111 and 139)
- A study by Ebsworth of the photoelectron spectra of com-
pounds containing the MH; group; M = C, Si, Ge; and MH X, . type
compounds indicates that the effect of the silicon d orbltal is?
“rather unnoteworthy ‘in the bond1ng. 10 A review of X-ray d1f~t
fractlon molecular structures of ¢, Si, Ge, Sn,  and Pb compounds"

'has appeared.ll Thé 2981 chemlcal shlfts of Meu' SlX H X = F,
ACl Br, I H, OMe, OEt, -OPh OAc, OC(O)CP 7081Me NMez,‘ Ph,l

{CS 5, Vl, and CH2C1 have ‘been 1nterpreted 1n terms of relatlve

;pawamagnetlc screenlng constants, and show that the 5111con Q
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Vchemlcal shlfts depend prlmarlly on the- G-charge of the Sl— or»’e
C~ atom,. and that p-—d'n 1nteract3.ons w:.th the Sl— atom are of"
, 12 .

mlnor-lmportance._ . ST B : i T

In,;,th retical study of the silicon-carbon dotb;eibohd

N

Damrauer and Williams have appli d unreparameterized CNDO/

13 x os_ o = os_crr x ost_~e 2 s
calculations, to H,51=CH,, F,517CH,, H,51=CF,, and F,51=CF

The vesults 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
:l'_nc:rease.ll1l (See, however Ref. 21)

The first crystal structure of the interesting aggregate,

(LiSiMey), has been rePorteq, Figure 1.

()

T @

15

Figure 1. Structure of the (LiS iMeB)S hexamer. (Reproduced by

permission of the American Chemical Society)

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

approximate D, symmetry with each face occupied by an electron
‘deficient bridging trimethylsilyl group.l_5 In studies' of '-th'e
' THF, 2-MeTHF, and 2, 5-Me,THF; Quirk and Kester find evidenc'e >
vthat the coordlnatlon of the furans to the hexamerlc spec1es may

f‘lead dlrectly to solvated tetramers.]fs_'
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'ﬁAcy1511anes 7

Tﬁe first vertlcal 7Oanathh Dotentiais for acet"iv
*trlmethy151lane and acetyltrlmethylgevmane have been found to be
8 6._and 8.5 eV, ”espectlvely5 by photcelectron spectroscopy.
“Based on the broad photoelectrén band width and modified.CNDO/Z
galéﬁlations, the large bathochromic shift observed in the ultra-
'violet.specira of these compoﬁnds con@ared to their carbon
analogs is attributed to étrong mixing between the localized
oxygen lone pair  -and the M-C Bond.17 Other workers have applied

the CNDO method with spectroscopic parameterization to these

systems in an investigation of the S_+ S__, and §_ =+ T__.
o - nw=* o nw
cas 18 . 19 . .
transitions, and the infrarcd spectra. Chemically induced

dynamic nuclear polarization studies of the photolysis of
acylsilanes ‘in CcC1,, solution show that the only polarized products
were acetylchloride (emission)., and trichlorocacetone (absorption).
The silyl chlorides formed were not polarized, consistent with

a mechanism which involves an initial complex of singlet

20

TS T~ =
Lorirailc Vl_l.tll “al UUJ.I. [~

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 w splittings can be rationalized by a
hyperconjugation model, without explicit consideration of d
Qrbitals; Moreover. a ge.ies of calculations ghow that the CHDO/2
ne idd with the usual pa "'eféfizafion,la tend to overemoh
21

size

[/‘\

‘p—dﬂ backbondlng. A paper by MacLean and Sacher. which ‘contains
) a‘good'summary,of earlier work in the'fieiq.of silylacetylene
_compounds, reports studies of ionization and appearance -potentials,

. %ﬁ7NMquhemicéi'Shiftsséndcvibratiénél étfeféﬁing~fﬁéguénciés for
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;M¢3CCECH;1¥ééSﬁC§CH; and MehM(CscH)q;hg'M,= si, Ge;-n'=f0f3;;rhefw.
”;onizatiqn potenfiai data are fationalized in terms of chahges‘

in'hybridization (andrtherefore electronegativity) of tﬁe grouﬁs
attached to the central atom, but trends in the infrared and NMR
data were not explained.22 The CNDO/2 épproximation has beén‘

- m ST S e 2T S rtnm T e -

pplied to explain apparently anomalous variations

FIC TR T
cene pona

jus

lengths in silyl- and trimethylsilylacetylene and cyanide and

Lo e ]
their analogous carbon compounds.“® The considerations in ‘this
paper might resolve the unexplained anomalies in the preceding

paper.

%]
=

The esr spectra of the radical an

e esy 1 1ions of PhC=CMMe.; M =

wr

Ge, and C; generated by reducticn with various alkali metals in
THF at low temperature were assigned using deuteration of the
phenyl ring, which had a w* (SYM) type spin distribution. Ail
but the Ge derivative were stable at -90°, but dimerized at
higher temperatures.zu The following paper reports the esr

spectra of (Me,XC=C-C=CXMey)™M'; X = C, Si; M = Li, Na, K, Rb,

3

Fo e s . P
LS 3 Waicinlt indica

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

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

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

Analysis of the ultraviolet spectral characteristics of
molecules containing the Ph-M or Ph-C=C-M group; M = C, Si. Ge,

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

J WO T - o
ands. o

<
q
™
l-
[«
o
u)
fod

ormed. The sensiti
contributipn and hyperconjugative'electron reiease is discuséed.zs'
Calculations for the infrared bands of HC:=CSiMe,0R; R:;1Me;73t,:

'Pr,tBu, ﬁ-CEHll’ and Phg have becn répo?ted'aﬁé ¢§rfé1ated with .];

Taft © constants.27
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,f120
Two~grou§s have reéorted ab initio SCFMO calculations on

: the effects of s3ilyl substituents on ethylene. Horn and Murrell
ﬁade calculations on ethylene, vinylsilane and allylsilane, and
4 inclusion of 4 orbitals in the basis setl gi
better interpretation of the photoelectron spectra than their
exclusion.28 Zeeck found that, for vinylsilane and propene,

the spectral perturbation produced by silicon substitution can
Se explained by differences in hyperconjugation between tﬁe
silyl -group oﬁ methyl group and the rest of the molecule, but
that the inclusion of silicon d-functions gives a quantitatively

. .- e 29 .,
ore accurate description, Both groups agree

interactions are significant.

Force fielq calculations of the normal vibrations show
that the force constant of the Si-C bond in vinylsilane,
(4.9-5.2) x 106 cm-2, is larger than that for methylsilane.
Values of the force constant for thé C=C bond a
ment, but it is concluded that values obtained from vibrational
‘spectroscopy cannot give direct confirmation of p-dw bonding
in unsaturated organosilancs.30 The infrared spectra of
H2C~CH—SlMe X3 3 D =1, 2; X = F or Cl; and laser Raman spectra
have been determined and assigned. They indicale the presence
of rotamers, explaining the anomalous dipole moments for the
molecule§.3l The vibrational spectra of the trihaiosilyli-i- or

A2—butené§ obtained by hydfosilylation have been analyzed with
respect to-the characterlstlc out-of-plane =CH deformatlon
frequenc1es, and have been used to derive rules for semlquantlta—

 t1ve 1nFrared analy51s of mlxtures of alkenylhalo ila nés.32

'Prom a'strdv-bfAthe
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was: found that the shieldingveffécts of the heteroatom increased
in the order: Si < Ge < Sn, which was interpreted in terms'df re-

3501

hybridization to a polar strucfure-33 NQR frequencies for-
iﬁ RSiR'Cl2 compounds ; R,R' = allyl, Cl; Ph, allyls; 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.3l+

The configuration of endo-3-(trimethyl-
silyllbiecyelol[2.2.1lhept-5-ene (sic), II, was assigned unambigu-

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

IT

ments.35 Heat capacities and thermodynamic functions for
S e o el . . . 36

Tonization potentials from photoelectron spectra of the
cyclopentadiene derivatives; RCHg; R = 1-Me, 2-Me, and 5-SiHg3
correlated well with orbital energies calculated by ab initio
methods. Calculated energies indicated the stability orders
-Me, and 5=SiH3 > 2—S§.H3 > l—SiHs. The Si-C
bonding orbital in the S—SiH3‘derivative was heavily involved
with the 7 system, and a high overlap integral'existed,betweenk:»f
the Si and the remote ring C atoms, suggesting a féaSOn»fof:the
fluxional behavior of the giiyl c¢m§oﬁnds;37b In the‘chafge
transfer spectré of a series qf'substitutéd silécyclﬁpgntepeé

and Cyclbpentenylsilanes, thé'chaﬁgesiin‘vcf with’TCNE'ésfthe'—‘

<
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| adceptor. were greater for the eyclopentenyl ‘derivatives in‘which '

“the Si-C-bond was in,a’conformatiéﬁ suitable for interaction with

[¢]

‘the'm system. --The acceptor properties of”silicon'wére'explained

by thé iﬁtéfaéiion'of the L*_ Si-C or‘Si—X boﬁds'Withqut'invdlving
d orbitéls. “The acéeptor strength of the Si-X3group;7X iff >
i > HI> Mej agreed with this explénation.
Larrabee has prepared a very informative review on fluxional
organosilicon molecules and the application of orbital symmetny
39

considerations to the molecular rearrangements observed. The

ground state geometry of cyclopentadienylsilane and transition

=~
o

by the CNDO/2 method. A potential curve close to the reaction
coordinate for the [1,2]1 rearrangement was cbtained. The cal-~
culation demonstrates that the symmetry forbidden [1,3] or

across the ring rearrangements cannot be related to the potential

curve experimentally known for the reaction.

Mass spectral fragmentation of the cyclopentadienyl compounds

CgHg-SiMe,R; R = lMe, MeO, Cl; C H.GelMe,; CcHoSnMe,; CoHSnEt,CI,

(CSHS)ZSnEt2 and (CSHS)”Sn cccurred primarily by rupture of the
42

CSHS_M bond.

" The infrared and Raman spectra of the tetracvclopropyl
derivatives of Si, Ge, and Sn, were recorded and assigned on the
basis of D,, symmetry, which is only strictly realized for the

tin compound. The assignments are in agreement with the dipole

: 43
moments, 1.8, 3.4,.and 2.0 D

l-h

Raman épectra of cyclopropyi silanes of the type III, IV; and V,

R, = H

2,:HMe, F2
) .',R —7L-A._.s — ;Mestq 'R +_l_§i (0Me) 4 R77/_Aésme}:2
SR R . S R .




‘123"
o : uﬂ ‘ - N
. were determlned and correlated W1th structure. e -Conjugation”

in thesc tyoes of compounds was 1nvest1gated using the 1nFrared

data,,hltraviolet—spectra and ibdine charge transfer comple'xes.'us

—Arylsilanes
The photoeTectron specira for the compounds Me_ MPh and .
3
- - ue - s
Mo, MCH, Phy M = C, 5i, Ge. Snj; and MiNDO/3 calculations for the

M = C or Si compounds have been reported. 7

Treatment by first
order perturbation theory indicates that the inductive and hyper-
conjugztive effects of the Me3M group in the benzyl compounds

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

Table 2. Partition of the effects of an Me,yM substituent on the

HOMO of benzene.ur7

Contributions to 6E71 (eV)
M Inductive Hyperconjugative p-du
F = - (=] -
Si Q.78 .51 -1.09
Ge 0.64 0.38 -0.82
Sn g.u8 0.3u -0.51

Infortunately, the peossibility of interaction between the o
arbikaln "and the banzene » swotem was not considercd-u7

n Studicsbof thin chergn transfer specira of phenyl and
benzyl silanes and th<ir carbon analozs, Ponce and Chvelovaky
vhewod thalt the rcsflfﬁ coujd be interpretsd by inte"ﬂhtlon of
I*H orbiial: of~the_CH2—Si or Si—vaondé'witheut aséuming the-

artic

: r—~|

latlon of silicon d orbitals, using a simple semiempirical’

_R&ﬂq@SpJGI
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hQ
o

’model of hyperconjugatloﬁ. Schwelg, Weldner, and Manuel

-Ishowed that the destab1112at1on of the = MO's in allvl and benzyl
kGroup IVA derlvatlveo could bz quantltatlvelv predlcted on: thn

'ba31s of a hyperconjugatlve‘model. . This paper drew some ccmments

~ffom°Pift,50

Ml o e oV rn T AT P R S
e altalysSis 01 pwoLl grouna ana S

-phenvlisilane and phenvlchlorosilane using Pariser-Parr Pople
»caléulatioﬁs showed that the Si-C bond order in the chloro com-
’Apound 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
u} Of the two interactions of Si with the phenyl ring

51

p~dnw, the latter was significantly predominant. The infrared

spectra- of PhSiMe3; PhCHQMMe M = 8i, Ge, Snj; PhCH CHZSiMe3,

3’ 2
PhCHZSiMeZCI and PhCHZSiCl3 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. 3 Substituent effects on the MNMR

[4,]

and vibrational spectra of p-R-C.H MHMe, and p-R-CgH, MH; com-

pounds; R = MeO, Me, i, Cl, Br; M = 81 or C; were explalncd

inveking a larger electronic effect transmission by silicon com-
. . . g Sy
pared to carbon using vacant 4 orbitals on silicon.

Detailed studies on the phosphorescent state of the

tetraphenyl Greup IV compounds, C, Si, Ge, Pb, and Sn shows
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
equivalenﬁ interactions,control triplet energy transfer, and that
the magnitude of therspin dipolar interacfions and the inter-ring

interactions are -comparable, about 0.1 em 1.%°  x-ray aiffraction
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data and quantum chemlcal calculatlons have been comblned to
determlne the 1att1be energy and conformat101 of tetrapheny151lanej

Eneray level dlagrams for effects of the SlMc3, CHQSlMgs,‘
ASiMezsiMe3; and alkyl substituents on f-substituted styrenes

have been constructed from ionirvation cnergies (mass spectral),

“infrared and ultraviclst s

potentials. Typical electron releasc by the trimethylsi lylmethvlv
group and withdrawal by the trimethylsilyl group are obs rved. S7
3ilicon~29 chemical shifts for a series of aryl silanes,
Ar—SiX3 héve been repor‘ted.58 As was noted in a communication
last year,59 for a given silicon substituent, X, linear corre-
laticns with Hammeii ¢ conslants are obtained. However, in-
creasing electron donailon b mofa and.éava substituents on
rhenyl give unfiecld shifts for X = E or Me, but downfield shifts

for X = F, C1, or OBi. 1iwo groups huve proposed theooretical

interpretaiions of the phenomenon, both based on Lhe electro-

negativity of siiicon’s substiluents. It appears that an additive,
T v s TG i A Y O I U . S PNONID T A PR S S f DR S, b29r\' s DT N
UL Ui Ll r'ctiallUllioliliy Cxl LS D Lweetlr o .l Alla LIte

- 58,60

electronagativity of the zroups bonded to silicon.

tuent effects on thie silicon resonance <are not uniform, and
chemical shift assignments based on analogies even to closcly
relatnd silanes can lead to €rror. Any interpretation of silicon

chamical shift data based on 1 p-dy mechanism must be made with

. 58
extreme caution.

e T
roup IV

‘o o

hree scries of

aromrties ; P-X-Cgh, ¥Me:y, where ¥ = C, Si, and Ge correlate with
T L

substituent parameters ¢, and U%' The slopes. of the Y-Me corre-

lations suggest roughly equal transmitiing abilities for- carbon

and silicon, in contrast to Ref. 54.01 For the % :‘NMe? compognd;

Re(erences P- 2}61
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5Lhc hlft“>of +h;”C—fi’and c-2, =6 caobono_varv Sl > Ge > C 1ﬁ-5‘

iugrpement w1fh :tomlc chqrge valups from uubllshed CNDO/? cal-
fculatlonb,sg'ﬁhi" 1nd1cat; tth wh*le olllcon exgrto “@n cTcLLﬂoﬁ
;;ffléééiﬁgfcffc}t ihﬂou:h the o~f ‘aﬂ;work- there }S'net ™ with-
fdrawal at c-u and C“L:G relative to Y =-C;61' Thé l3¢ NMR‘spectra

'of p—RfCGHuMClB;»R = M. Mc; M = Sn or £i; have been reporied

Vidnd analyzod.sar The 13C NMR'spcctra of a series of benzyl silanes
 in1which the C~5i bond was constrained to varying degrees'from
 thc nodal plane of the acomalic system indicéted the supbpression

of the electron donating effect of ihe CH,G1 group when optimum

alignment of the C-Si ¢ bond and the T systiem was prevented. eq

The lac—ﬁ coupling constants for a series of para substituted
phenyltrimethylsilanes were mecasured in methylene chloride and
‘carbontetrachloride solutions, and indicated that the solvent
1effect is too large to allow any straightforward conclusion on
“ring-substituent inter‘action.65 On the other hand. the lH NMR

and other spectra of phenylvinylsilane, phenylallylsilane,
diphenylsilane, phenvlsilane, and allylbenrzenc were investigated,
xand applied to the study of interactions between the 7 electrons
and 4 orbitals on silicon. Concentration dependence of the chem-

ical shifts suggested the possibility of intermolecular inter-

. . . 56 .
actions in the organosilanes. l.ong range F~-H couplings for

silanes of the tvpe (CGPS, olMe11 _p3 N =1, 2, 3; and
FS-(SiMEQ)QR; R = CH or CGFS’ between the gilylmethyl protons
and the ring fluorines have been observed and analyzed.67 The

time dependence of the NOE enhancement for . triethoxymethylsilane
and diphcnyldichlorosilane was used to measure the spin lattice
relaxation time for the 29ul nucleuu 1n cases where the NOE

o ]
enhancement—ls~—l.0.§



127
liSipe aﬁ@Aﬁést ﬂave reportéé sfudiés'oh an—e*teﬁsivé”seriééi
_Offfri@ethylsiiyi;substifufed beniene radiéal~anidné;b The ESR“:'
rééplfs wefe‘uéed'fé'derive.a zeneral set of Hﬁékel,MOrﬁarametéps:
rfreating the tripethylsilyl substituent as a heteroafom, and
arsémiempirical relation between the m density on silicon and>
on the adjacent carbon atom to the Si-Me proton coupling constants.E
in the fbllowing paper they analyze the ESR spectra for a series
of trimethylsilyl-substituted toluenes, xylenes, mesitylene and
tert~butylbenzence, and trimethylgermyl-teri-butylbenzene, in terms
of substituent perturbations which stabilize or destabiliée the
lowest unoccupied MQ's of benzene. In ali the compounds studied
the organo-metal substituént dominated the 6rdering of the MO
energy levels by accepting electron density more effectively that
the alkyl substituents release it.70
Radical anions of the type PhnXT, where X = P, Si or As have
been obtained by electrochemical reduction. The ESR spectra
indicate that the X atoms of the bridges are not "Isolatihg
bridges",?l as had been suggested by earlier work involving metal
reduction.72
The excited state interactions in trimethylsilyli-substituted
N,N-dimethylanilines suggest that both the symmetric and anti-
symmetric 7% levels are affected by 7 interaction with the
trimethylsilyl substituent. The magnitude of the effects are
proportional to the 1w density at the point of substitution.73
ESR studies and MO calculations on trimethylsilyl and tert-
butyl~ substituted naphthalenes_indicated significant p-dw
conjugation in the‘silicon compounds,7u In contrast, the iqni-
zation potentials of several a-naphthyl, B—naphthyl,,aﬁd phenyl

‘derivatives, Ar-X; X = Me ,SiSiMe,-, M_eéSiCHz, MeO, and CHg;

Re_terénceé p. 161



:determlned from charge transfer spectra were:analyzed us1ng flrst
{order perturbatlon theory.j It is- shown that the 3111con 3p

»orbltaT 1s only 1/3 as effectlve as - the C or-0 2p orbltal in

ijerlep, 1ith the ﬁ's"stem Th
in the dlSllyl derlvatlves is attrlbuted to the higher energy of.
che Sl—Sl ¢ ‘bond."’ 75 The charge transfer spectra of ernaphthalene‘
',derivetiveé including 11 siloxy and silyl derivatives demorstrated
that the iﬁauctive effect and p-dw inferaction Between silicon
‘and oxygen was greater than that of silicon with the aromatic
ring;
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
' 77,78 ’

n
Il

fde

n o affeot ohserved
AN e erfelt observed

4

the formation of (M-1)" and the presence of intense_(M—2)¥ and

(M—3)+ peaks 1in 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

fluorocaromatic heterocyclic Group IV derivatives has appeared.80

m-, and o- chlorophenyltrichlrosilane have been reported.

Another report gives the saturated vapor pressures of B;silyl
.derivatives of m—carborane.82 The heat capacity of o-(trichloro-
silylbiphenyl) in the 12 to 300 °K range shows a trans -+ eis
transition at 288.5 °K accompanied by a 13.8 kcal/mole heat effect.

The infrared spectra of mono- and,diéubetituted m-carboranesilanes
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and 51loxanes w1th 51llcon functlonallty have been reported.su

Sllaczcles
' The vapor pressures, enthalples and entroples of vaporlzatlon
for 1 l-dlmethylsllacyclobutane and 1,1,3,3- tetramethyl—l 3-

dlsllacyclobutane have been reported.85

‘The microwave specirum of l,l—difluoro—l—silacyciopenté
3-ene shows that the five-membered ring is planar and the moleculc
has C, symmetry. The ring puckering vibration has a frequency
of 38 x 7 cm_l and is nearly harmonic. The data indicate ithat
fhe ring is not nearly as squashed (due to d-m interaciions) as
had originally been believed.86 The infrared, uliraviolct and
NMR data for the silacyclopentadienc derivatives;.VI; R.R! = Me,

;5 Ph, H; Mz, Me; and VII showed that the silicon atom interacts

Ph Ph
Ph Ph Ph Ph

7\ AR
h

Ph of Ph Ph p
Ph Ph
R/ N

Vi Vit

with the ® system of the ving via "its vacant d orbitals" but

that the phenvl croups on silicon are not appreciably conjuzated

with the silacycleopentadiene ring.al The mass spectral frasmen-

R\\ //R
Si

)

Si
R? N
R/, R
VITI . <
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jtatlon pattern of'the l J-dlSllalndane B VIfT;zR~=HHj:Cl;rF??ié;;a
g o st

':;f}¥f1“-We-51nvolveﬁ “wedomlnantlv 1oss cof R or SlR

Sakural and- co- WOoriers hhve generaLcd ihe Jrld"euead ullyi

‘radlcal 1 -5i1 b' ycTo fz 2. LJ'octVI'radlcal, Ix. The Bf,_Y4;:
.:and 6 H couplﬁng constants weue 1.53, 0;37, andiO.é7”G, respec-
it;vely. The small B—hydrogen couplings were ascribed to the

o
~

pyramidal structure of the bridgehead radical site. Mass

’spécfral studies of l—sila;Q,H—cyclohexadiene and its 1,l1-dimethyl-

‘and 1,1-dichloro- derivatives have been reportcd.gD

Using force
‘field meLHou~,’Oucllétte has calculated structures and steric
energles—ror silacyclohexane§ 1-, 2-, 3-, and 4-methylsila-
cyclohexane; 3—, aﬁd u—ie}t—butylsilacyclohexane; t~methyl-l-teri-
‘butvlsilacyclohexane. TFor the silyl-substituents. an axial
. conformation is preferred due to a larger negative nonbonded
eﬁergy term.gl

» X—ray analvsis of the struéture of 1,1,2,2~-tetramethyl-1,2~

disilaacenaphthene, X, showed that the C1-C2 and C7-C8 bond

Me2 Si Si Me2
8 1
7 2
6 3
5

X
lengths increased, and the €2-C3, C3-Ck, C5-C&, and C6-C7 bond

lengths decreased relative to the corresponding bond lengtihs in

. Oilej

,acenaphihenc.gz The mass spectra of XI; R = H, Cl, F, Me

.and XIi; R.X = €1,.CH,; Me, CH,; Cl, O; have been reporfed.g°
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- XI : CXII

Perhaps one of the most significant reports to appear during
1974 is the work of Ponec, Chvalovskf, Cernysev, Scepinov and
rKrasnova, dealing with the charge transfer spectra of 9-sila-
flﬁroenes, XIIT, a2nd some of their carbon analogs.gur The fluorene
svstem is a good model system in that the highest occupied MO's
differ in svmmetry, such that the orbital of 5, symmetry may
interact with a silicon pw orbital, or the 4 orbital in the Dlane
perpendicular to the molecule passing through silicon. The iwo
A, 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 XITI; R = R' = H, F, C1, Me, Ph, OEt; M = Si. The
variations are consistent with a hyperconjugative model employing

only the silicon I&# antibonding orbital.gq In a related study

M
7\
R R?
XIIT

of siiafluorrnes; XIIT3; R = Hy RT = H, Me, Ph, Cl; and'thsiHR'

compounds ; the intensities of the Si-H bonds in the infrared.

showed .a larger degree of w interaction in the fluorene derivatives
R 25 . , _ o= ‘
of silicon. : .

The equilibrium acidity of 9;1G—dihydro—9,S-dimethyl!lpfv»

._‘Refeiénéei p. 161 ° .. B




:phenyl—g 511aanthracene has been determlned w1th ce51um 8 '}i
fcyclohexylamlde in cvclohexylamlne., The pK la 21 only 0 6
:pK un1ts hlgher than the carbon analog, suggestln'r that aromat1c1;=
‘thrqugh,condugat;on 1s not 1mportant in thls'system;gs_,In
Cdnfraét, comaariéon:ofvfhe ESR épéctra'of>£he silaantﬁraéeneé,
'XIV; and XV- R= Me, H with thn spectrum of o~his-~ (frlmethy151lyl)—
ben7ene. and o-trimethylsilyltoluene anion radicals indicated

that the unpaired electron in the heterocycles was not localized

in one ring.

R R
\ 7
Si
Si Si
/7 \ 7 \
R R
XLV XV

The structures of 9-sila-, 9,10-disila-, and 9,9,10,10~-
tetramehtv1-9,10-disiladihvdroanthracene have been determined by
X-ray diffraction. The structural details are shown in Figure 2,98

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

99

diéiladihydroanthracene_has also been reported. The half wave

potentials of the first polarographic waves for the silylanthracene
(o]
Si

O

R R
¥VI
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CopmSiiC o= 717
€= SiyCpy=/09°

01- Si;— C,, =103*
€~ Sij—Cyy= 108°

Figure 2. The bond lengths (&) 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.u46 V, resyectivel*-.lo0

The crystal structuré of l-uila-5-methyl-b-azacvyaelooactanesyiro—~
[2!Isitlachromene, XVII, has boen regoried along with bond lengths -

' 161
-and .angles.”
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XVII

. Fritz has reviewed the synthesis of éarbosilanes, and theinr

structures.t0?

'Heihas also summarized the strucfures of the 20
Edmpoqnds which have been isolated from the pvrolysis of
tétramethylsilanes. Besides the cbmpounds hdving a carborundzne -
framework (Si-C six-membered rings in the chair conformation),r
cémpounds wére found for the first time which are built up ex-
Vclﬁsively of six-membered rings in the boat conformation (sil- -
aséaﬁhanes). Both ‘boat and chair form rings are found in an

. s : e oo 103
isomeric compound of Si,C, . H ,10

The crystal structure of

ecascaphan, C17H36818’ has

The molecular structure is shown in Figure 3, in which the shaded

Figure 3, The octasila-dodecascaphan molecule showing bond
S L9 - - 10 . .
distances (A), and angles. ~ - Reproduced with the

- permission of J.A. Barth, Leipzig.
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'flthe épnfofmafioﬁs?df'the1tétrésilabi¢§élonqnanes;;XVIII;f'
R:ifCl'orrMe5 RY = H;.Me or Cl; and_thé péntaéilébicyéldﬁoﬁaneg;';J‘
‘XIX3; R, R'. ='H opv Cl; have bgenﬂdefermined.by NMR‘spécfrai “The

XVIII compounds were present in a. twofold boat conformation.

In XIX; R = R' = H and R.= Cl, R' = H; a change in conformation
is observed, while in XIX; R = R' = Cl; a rigid chair conformation
fli ;
, 155 SiR}
S-/\ >/ |

Rési’ <:: SiR} RZ?ES~\\~
RIS SiR}
XVIII XIX

105

is found for both rings.

Mass spectral studies of the l-silalactones, XX, XXI, and XXII,106

Me2/Si RR'Si—(CH2)3 MeZSi__(CHz?lo
0 Me v - i

¢} s}
0] o ) s}

XX T XXT XXIT

and the 2-~, and 4-silalactones, XAXII, XXIV, and XXV, 'and their

Me . . SiMe
SlMe2 2
SiMe

XXTII XXIV XXV

- . 107 .
fragmentation patterns have becn reported.
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136
pbiatzanes
" Q”An7exte@éivé}feview (Ggsifcférehcesi-éf the<propéftiés Ana
_.ﬁréparariéns of‘siiicen—giliqonrlinkages inrinorganic and'ofgahic
-silicéﬁ'cﬁhﬁéundﬁ has ‘been prepéred by Hengge.108

ZSakurai'ana ﬁis group continue their céntfibutions to the .

LTy
o

il
[¢]

VESR spectrum of the 1,],2,2-tetramcfﬁyldici]anyl radical,
generaLedrby proton abstraction from tetramethyldisilane. - The
snectrum was qonsistenf witlh a configuratioh in which the 8 Si-H
bond is eélipsed with the » orbital on the silyl radical site.109
Othef studieg show that the charge transfer cnergies for the TCNE
vcomblexes of hexamethyldisilane, 1,1,2,2-tetramethyl-1,2-disila-

~hcloheptane, -cycichoxanc, and -cyclopentdane correlate linearly

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

1IN
BN

tive disilanes with m-chloroperbenzoic acid.
Model studies for the computation of the H/D kinetic isotope
effect in the displacement reaction of H atoms with disilane:
H- + Sngsiﬁs ' Sin + ' 'SiH3

suggest that the displacement of silyl radicals proceeds via

A
o
Il
o
V]
Jal}
-
[ald
s
I
Y]
o

a bridged activated complex rather than
(See, also Ref. 9) A rate equation for the pyrolysis of disilane
a0
1 Z

has been derived. 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 .7

kcal/mole.113

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

aromatic properties of cyclopolysilanes. Some very'intriguing,
_hitherto unpublished, findings are reported.llq In the fivst



137"
appllcatlon of the WOodward—Ho fmann rules to the photochemlstry

of. organopoly51 lanes, Ramsey has shown that ‘the results of

photoly51s-1n poly51lanes[support'the assignment of the low energy

. . - . - . . o - 115
electronic transition(s) in these species to a ¢ + 0¥ excitation.
: 1. .19 - '
In the "H and F NMR spectra of the halopolysilanes;
AT Y E -8 Y N hY wr . _— —_ oy _ A . MO AE A Y u= _ = ~ L) 2. — A L YV - T
\D_Ll'le2}n1\5 1 = Ja9%, 11U O, lle\o.LllE:zi Ny 1L = £y Ja T d.}u. L= 12" A» = L

"Cl, I, and Mes; and XMezsi(CH2)uSiMe2X ; Xy X' = Me, Me; Me, Cl;
Cl, Cl; the chemical shift of the Me protons of the SiMer 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 -studies of the
NMR spectra of polysilane anions in 1974. TFeher reported the

formation of KSi2H5, KSiH{SiH.),, KSi(SiHa)a, and KSi(SiHS)ZSiZH

372 S
by the reaction of KSiH3 with disilane or trisilanc in DME. The
species were characterized by NM sheoctra an derivatisation . t17
sphaegcles CAaraClClZC DY [N Speltrlra antG GSrivatlizZaelln .

. s 29, »
Burger and Marsmann described the Si and PMR spectra for

s = s = o - 118
Hsb‘iSiH2 s (HBSi)zsiH >, and (Hssi)3~ in HMPA.™™~ 1In a subsequent

publication, the infrared and Raman spectra of the polysilane

anions. (SiH b} olH3 -n’ and their deuterated analogs werec analyzed.
The results suggest that the ncegative charge is mainly localized

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

The Raman spcctra of the isomeric tri-, tetra-. penta-, and

hexacllaneq and n-heptasilanes have been obtalned.lzo The infrared

'and,Raman spectra of_hexachloroethane, trichloromethy1trichloro—

" References p. 161
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fsiiaﬁé;“aﬁd hexacﬁiorbdisilahe have been assigned aﬁd‘éorrelated,;?
.EHéngge_and Dieter have prepared and characterizedAhetérécyclic

_polysilanes of the type, XXVI; X = BNMe,, NMe, NEt, and O; and

Ph,,Si—— SiPh,,
7\
Ph,Si SiPh,

SN

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 derivatives of Mn(CO)g,
'Mn(CO)qPPh, and w-Cp(CO),Fe containing the polysilyl ligands,

.(Measi)nMe Si; n = 1 - 3; have been discussed in terms of the

123

3-n

¢ donor and m acccptor properties of the silyl ligands. An’

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

has appear'ed.lzur

"Alkylsilanes-Hydrides

The united atom theory has been applied to radicals and
anions of the type R;M and R3M—; M=¢C, Si, Ge, Sn; R = H, Me,

F, and C1l; and used to predict the relative o donating ability

125

and 7 basicity of the various ligands. Unrestricted Hartrec-

Fock-CNDO/2 calculations for the Me, CHZF’ SiH., SinF, SiHFz,
/SiF3 and PH3+ 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 siliéon and

phosphorus containing radicals.12§ A caleculation of the internal

rotational barriers for MeSiHg, MeSH, MePH, . and HQSisiHé‘using



o -"-:'139
:three dlfferent parameterlzatlons of the CNDO/2 ba51s functlons

127

'1nd1cated that Santry s recent reparameteW14atlon was most

rellable for neometrles -and. barriers, but none of the parame—
128

moments.

rery good agreement with dipole

The;addition silylene, :Sin, generated by the pyfolysié of

disilane, to trans-2-trans-li-hexadiene produces equal amounts of
¢is-~ and trans—2,5-dimethyl-l-silacylcopent-3-ene, thus ruling
out a concerted 1l,4-cvcloaddition, and suggesting that the triplet

. 1 - :
form of silvlene is reacting. 29 Silylene produced by the nuclear

recoil technique,alSin adds to 1,3-butadiene to give silacyclopent-

130
L3U

3-ene. 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-

stable radicals of the type (Messi)ZCHC'RR'; R = R' = MeSSi or
Me,C; and R = MeBSi, R = Me,C. The ESR spectra of these -radicals
consists of one p?incipal line at g = 2.0024, flanked by appro-
priate 13¢ and/or ?gsi satellites. - Coupling with the lone 8-

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

nodal plane of the radical by steric effects.l32 The rate of

—- s

addition of the trimethylsilyl radical to ethylene has been studied .

by flash photoly51s, ESR techniques. The rate constant at 20° is

1.7 % lU M‘Lsec"Ls and the activation energy is 2.5 .+ 0.2

kcal/mole.133

The kinematics of hydride-ion and hydrogen~atom,transfeb
13y 135

and ma hyl eilane, ha

Thy 1e 12

reactions in monosilane .

........................ e, 76 been studied. -

X
1oV 2 w

‘using tandem mass spectrometry. A detailed analysis of the

References p. 161



‘740
'iéotéﬁicidisfﬁibutién,of the SiCX4+:product'frbm the reactionélofg’

5 -
_is non-random and that X, elimination from the-Silicdn'atom is.

SiH,T ¥ cD,, and SiD2+'+ CH, shows that the ppoducf.distribufidﬁr

'favdreﬁ by,mbre'thah an order of magnitude over elimination'from»”
anylbther sife.lae' The Arrhenius paraméters and kinetic isotope :
-éffects~f6r'fhe,reactions of hydrogen atoms with silane have been

137 An ESR sfudy of the reaction of atomic deuterium

with silane has been reported.138

determined.

) : . . . R
Mayer and Lampe have studied the reactions of Sl+, SiH ,

. + ) . - . - + +
‘81H2 , and 81H3+ with ethylene and the reactions of C2H2 N C2H3 5
- + - . - .
and C?HQ with silane using tandem and high pressure mass spec-

. . s - + e
trometry. A persistent intermediate SlC2H7 of unusual stability

is observed which is assigned a cyclic three-membered ring

Structure.lgg (See also Refs. 9 and 111). Similar studies of the

1u0

silanonium ions with acetylene were reported. In studies of

the ion-molecule reactions of tetramethylsilane, the major reactior

path was found to addition of Me3Si+ to MeuSi followed by loss of

L1

. “ . + .
CHu.1 Deuteration experiments showing the [M-11 ion formed

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

and Ph;.Pr,SiEtH; and Ph,SiMeH; was a siliconium ion. Rearrange-

142

2 2

ments of the fragment 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.

-—Spécies Techniques Comments References
SiH 3 n = 1-4 Semiempirical MO d orbital's 143
‘n ] ~ calens. : important :
SiH,,, CH,,  SCF-i0, one agreed with "all . 1uy
crnter - electron" results )



Table 3 Continued

‘141

- chemiluminescence
M=c¢C, Si, Ge f

SiHB—, GeH3‘ electron photo-
detachment
+ .
SiH5 ion-cyclotron
resonance
Sin cold neutron
scattering
SiZHx pulse radiolysis
MeSiH,, % ana % MR
y in ligquid crystals
LIeGeH3
. 11"
Me31D3

MeSiHa, MeSiDs,Microwave

CD3SiH3, CD3S:LD3

EtZSiHZ,' Urey-Bradley
EtQSiHD, force field
Et,SiD

2 2

Species Techniques Comments References
MH,; M = C, Rel. & non-Rel. orbital energies’ 1u5
Si, Ge, Sn, Hartree-Fock & spin-orblit coup.

Pb good

" Pseudopotential good bond lengfhs' 146

MO's ¢ force constants

BD, , CD,» Bond orbital Deuteron quadru- 147

SiD#, NDu+,‘ analysis pole coupling

AlD,”, PD,

SiHu Ground state ius
rotational constants

SiHu Rotational Spectrum R branch 1u9

CHy, » SiHu, H atom inter- 150

CH.CH action energies

3773
F atoms + MH infrared 151

electron affinties 152
structural models 153
for silanium ion

rotational dif- sy
fusion model

absorption 155
spectrum

quadrupole coupling 156
constants

B 157

rotational barriers,158
equil. geometry

vibrationdl anal- 159
lysis, rotational
barriers o
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“Table 3  Continted

l;Speciés .. .Techniques " Comments- ' Référenceé
Me,; M = C, ' Gas phase infrared Coriolis constants 160
Si, Ge, Sn ' evaluated
Organosilanes Polemic Si-H vibra- Inadeqﬁacies in 181
T tions current theories
"Triorgano- NMR ' spin-lattice & 162
silanes spin-spin relaxation
: . times
Germylsilanes Spectra, Stat. Calculated thermo. 163
) Thermodynamics properties
Silane Second Virial 300-550 °K i6u
. coefficient
- Silane, ete. Work Function Hydrocarbon Mixt. 165
Organosilanes Self-diffusion 166
: studies
Halosilanes

e photoelectron spectrum of SiF, appeared

2

in 1874. These studies are complicated by the difficulty in
completely removing the SiF, precursor, and thus, difference
Spectra must be obtained. The spectrum obtained by Fehlner and
Turner,l67 is sligﬁtly 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

at

uring the pyr
Third ofder Ra&leigh-Schroedinger perturbation theory has been
applied to Koopmans' Theorem to evaluate the vertical ionization'
potentlals of HC1, HZS H P H Sl, H SlF and H,CCl1, giving ex~-

cellent agreement between theory and exnevlment..7D
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Table 4. Vertical Ionization Potentials for SiF, (eV)

Fehlner & Turner (167) Westwood (168)

Band o ' Assignment® Band Assignment®
11.08 ' hay 11.18 0.04 : 4a,
, "15.5 0.1 3b,
15.57 lay, 3B, 15.8 0.1 la,
16.8 0.1 3a;
17.08 1b4> 3ay 17.06  0.05 15,
17.8 0.152 2b,,

% Valence shell orbitals, sz 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-
clusjon 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 ﬁust a
polarization of the chlorine atom.171 '

The NMR spectra of (diisopropylamino)trichlorosilane showed
CH doublets which coalesced at about -135°, indicating thaf,

two ﬁez

at low temperatures, rotation about the Z-Pr-N bond'Wasvrestricted;l72
The microwave spectrum of (triflucrosilyl)difluorcborane has been:
analyzed. The data suggest a significantly longer than expected

kSi—B bond -length and an extremely low rotatiénal‘barrier férkfhg

bond.173
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The enthalphy, entropy and free energy of dlssoc1at10n for

:tetrafluor0511ane-am1ne adducts have been correlated w1th sterlc

effects. 7&_ Dumas and Gomel have Drepared a review .of the molecu—'

1ar<1nteract10ns between bases and the Group IV halides. 175'
Spectroscopic evidence for the formation of adducts between-silieoh
tetrafluoride and aromatic monoamines. has beén obtained.lj6
Triﬁethylchlorosilane has been found to formAa weak 1:2 complex

with‘dimethylformamide in dioxane,177 and 1:1 charge transfer

‘complexes with triethylamine, pyridine, and quinoline,178 which -
are believed to involve d orbitals on silicon. Other physical
studies on haloailanes which appeared dﬁring 1974 are listed in
Table 5.

Table 5. Physical Studies on Halosilanes, 1974

Species Techniques Comments References
=
SicCl Microwave Rotational 179
analysis
qu; M=2cC, Preresonance Complete quadratic 180
Si. Ge. Sn. Ti: Raman force field for
2 2 k] 3 i
X = Cl. Br, T each molecule
SiClu; GeCl,, Gas phase infrared Band intensities 181
SnC1 £ bond polarities
4 analyzed
SiIu, GeI,, Raman analysis : 182
SnIu
'SiFu,,solid Calculation , crystal abscrp- 183
; tion spectrum
'sici,, siC1,” Mass spec. ARY for SiCl,(g) = 18u
P : ' -81 kcal/mole
VMClu; M= C, ' Isothermal liq. . ~excess free enthal- 185

si, Sn, or Ti vap.ieguil. Py calcu;ated
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‘Table S5 Continued.

Species - -Techniques Comments Reference
SiBrH3, SiBrD3 Infrared analysis 186
SiF3H Infrared analysis 187
SiCl,H Heteronuclear spin-lattice 188

Double Resonance relaxation times
EtSiClg Microwave analysis 189
XCHZ-SiMeZX'; infrared &€ Raman conformational 180
analysis

X = F, C1, Br,
I, Me, Ph, X' =

Hor F

MenSiFu-n; n = Mass spec. analysis 191
-4

SiBru Heat capacity 192

measurement

Group VI Compounds

Conformational analyses of 1,3-dioxa-2-silacyclohexane systems

0\51
\R”
T XXVII 7
XXVII, have appeared. For XXVII; X = H; R, R', R" = H, Me, Me;

_ Me, Me, Me; Mesc, Me, Mes; H, Me3C, Me; and Me, Me; Meac;vstudied

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

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

‘hand, for XXVII; R' = R" = Me; R = H, or Me; X = NO, or NHZ_- dipole
_moment and NMR studies indicated a chair conformation w1th the

nitro group in the axial.p051t10n.lgu
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~ The’ structures of l-oxa-2,6-disilacyclohexane derivatives,

-investigated in dipole moment studies, indicated chair configura- -

“tions, with silicon's substituents trans to each other.'®S
The'H NMR spectra of RC H,SiMe,CH,CHX; R = H, m-Me, p-Me,

,m;ch’ m-Cl, p-Cl, p-F, p-MeO; X =1QH;'and several analogous
compounds where X = C1 indicated fhat the silanes are a mixture
of conformers in which those with the OH group or Cl atom in a

196

' synclinal position predominate. The dipole moments of a series

of alcohols, Me M(CH,) OH; M = C, Si, Ge; and n = 1-4; have been

. 197 29.. . - -

reported. The Si NMR chemical shifts of a series of com-
pounds Me, nSanCH2C1 and Meu_nSan; ¥ = Cl, n=0-3; and X = QOEt
or AcO, n = 1-3; have been shown not to be a directly additive

a8

i
property of the substituents.™ (See also References 58 and 60).

X-ray photoelectron spectra of the lithium salts of the oxyanions
of Si, P, S, Cl1, Mn and Cr‘shéw that the contribution of the
oxygen 2s orbitals to the boﬁding in the main group compounds
"increases with increasing atomic number of the central atom.

o
ClOu_ is attributed to incyeaséd 7 back bonding between the

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

is least for Siouu-.199

- . . . . ']_
The possible use of paramagnetic shift reagents in the ~H NMR

spectra of organosilicon compounds containing oxygen or nitrogen

200

has been investigated. A study of the. 100 MHz ngi nuclear

1L methsrl o3 ~haomcr
1 10 HEuny:r ana pIrieny

1 substituted siloxanes

The crystal structures of the cyelic

02 203 : . 204
XXX, and the silazoxane, XXIX, have

has been reported.
. : o
siloxanes, XXVIII,®

been reported.

ooy o e o
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1 ? N ' Ma.\Si' Ph ‘Ph_'SiMe -
Ph,S5i  PhSiPh. SiPh, . 7«3>\’d/‘<5' ‘
v \J /. H~Nf‘"1\ - T~ N-H
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S \/si\/ ~u Si\/ ~Si ¢
\ / PK, \\Ph PR /\‘Ph \ /
Me,Si— 0 Ph Ph Ph”  “Ph 0—~SiMe
XXX

The molecular structure of [iminobis(ethyleneoxy)ldiphenyl-~

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

H(9) ?
c(a) [\
Do),
ct10)
cn(:;m) OHI3) .
bﬁﬂ ci2) \c\(s)}‘
Hl
2 c(s)
Hi6) H{s) R

d

Figure 4. Molecular structure of [iminobis(ethyleneoxy) Jdiphenyi-
' silane?os(Reproduced with the permission of .the

Chemical Society.)
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o che 51llcon has approx1mately trlgonal blpyramldal gecmetry-. Tﬁe

205

'71¥5 has been reported 206

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

omitted.zq6 (Reproduced with permission of the Inter—

national Union of Crystallography).

that of the « form, but the Si-N dative bond, 2.156 K, is 0.037

207 ‘The bonding in the silatranes,

2 shorter than in the ‘a form.
substituted at silicon with H, Me, Et, MeZCH, vinyl, cyclohexyl,
and Ph, and in 10 model compounds has. been discussed in terms of

the X-ray SpectP&.zo8 .Conformational energy calculations for

l-methylsilatrane indicate no stable conformer without an inter--

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

1ength of the methylene chains on the stability and Si-N coordina-

tion bonds in silatranes has been examined. by quantum mechnlcal B

calculatlons,210

7Sl—N bond dlstance is. 2 301 3. Tn a. related study, he crysta
fand molecular structure of the B form of 1—pheny1511atrane, Elgur

The molecular geometry is similar to . -

@
1




' ‘,149’ b i; :
Tbe 1nrrared and Raman Spectra of deuterated -and undeuterated
Ttﬂlmethy151loxyethy1enes have been analyzed and ‘show that the ’
_enoxy51lane exists in- two conformers, the major belng the gauche

&w1th silicon ec11p51ng the ethylene ™ system, and the mlnor the

R, R R R
Ne—c? Ne=c”
VAN Ve N
R ‘,O R 0
Me3Si MesSi ~
gauche s-eis(planar)
s-cis one.2'l The characteristic vibrations the oxacyclopentanes

and cyclopentenes, XXXI and XXXII, X = Si, or Sn have been

0

(Y]
( RN ~N
XBuz SnBuZ
XXXT XXXIT
. 1

assigned and correlated with structure.2~2 Infrared and Raman
. 1 -
spectra for vinyl- and phenylacetoxy811anes,2"3 methylacetoxy-

silanes,Zlu and mono- and dimethacrylate esters of organosilicon

1 .
compouncls,z‘5 have been reported.

The use of mass spectra to differentiate between isomeric

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

. 1 - .
silane has been reported.2‘8’217 Studies of the fragmentation of

trimethylsilyl derivatives of 2,3—dialky1—1,H—cyclopentanediols,zlg

clime‘chylalkoxysilanes,ng and me'chylphenyldls1loxanes,220 in their
mass spectral analyses have appeared.

The acid dissociation constant of.triethylsilanol, pPK =

13.63 = 0.07 at 25°, has been determined.221 The vibrational

spectra of some (aminoalkoxy)ethoxysilanes,222 and some 3-amino-

prbpoxy, and N—substituted—2—aminoefhoxy silanes showed the absehce

References p; 161
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ipf;SiEN'donor;acceptor bonds butlindicétédisqﬁe’deﬂ,infeéactian%i
:Beiwéén¥o¥ygen or nitrogen and silicon.?23 ,Tﬁévﬁelativg" :
;ﬁésié;fié§°of'érganosiloxanes.have'béen Studied b§%infré;éa
spécfroécéby,zgu'zzs be '
; 226

and can be correlated with Taft iﬁductive-
‘constants. The equilibrium constant for cémplexa{ion of SnVI,+
“and SnBr,, with isdpropoxytrimethylsilane has been evaluated with

-the aid of Mdssbauer spectroscopy.z27

Liquid—iiquid phase equilibria for trimethylethoxysilane

with some amines,228 tetraisopropoxysilane-acetone—water,229 and

tetraisopropoxy—amine-water systems have been examined.z30

Saturated vapor pressure studies for polydiorganosiloxanes

containing silacyclohexane, silaacenaphthene, and silacyclopentene
231 232 '

substituents.have appeared. The excess volumes, and excess

33

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

cyclohexane, benzene, and carbon tetrachloride have been determinec

The photoelectron spectra of S(MMe3)2 and MeSMMes 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 gaffects.23u The molecular structure of tetra-

(2-thienyl)silane, Figure 6, was found to have somewhat longer

than usual Si-C bonds.235

The dipole moments of PhSMMe,, m- and p—ClCGHuSMMe3, and
(Me3M)ZS have been measured and analyzed. They indicate a growing

eleetron releasing ability of M in the order C < 81 < Ge < Sn < Pb.

37

Charge fransfer spectra,2 and NMR studies of 36 organosilicon

8
derivatives of thiophene have been reported.23 Another report

' . ) ) ) 239
‘deals with the infrared spectra of. the same compounds.

The mass spectra of Measi(Cﬂz)nX;.X =7802Me or SMe; n = 2 or



R 1 S

Figure 6. Molecular structure of tetra-(2-thienyl)silane. Only

235 (Reproduced with

one ring is labeled for clarity.
the permission of the Internaticnal Union of Crystal-

lography)

3 indicate a strong interaction between silicon and the sulfide

or sulfone functional gr-ou;f.zu'0 Comparison of the ionization

energies (mass spectral) of PhSMMegq and MMeq compounds is taken

as evidence for p-dn bonding in the sulfur compounds. 4l

Group V Compounds

The molecular structure of trimethylsilylcyanide, determined
by electron diffraction gave bond lengths of: Si-C(N), 1.8ul 2,
C-N, 1.170 R; Si—C(Me), 1.871 K;-C—H; 1.111 K; and bond angles
C(Me)-Si-C(N), 107.0 = 1.5° and Si-C-H, 110.4% + 1.5°. The
authors make the point that the p-dm effects often discussed in
the literature really represent a summary description for a number
of effects.z'42 The electronic structures and energies for siiyl—
syanide, silylisocyanide, and bis(silylcyanide) have been ébtained

243

for minimum energy geometries using CNDO calculations. CNDO/2

calculations have also been performed for the isocyanates,

References p. 161



;CPaNCO H SlNCO and PP2NCO and glve mlnlmum energy geometrles 1n
‘agreement w1th spectroscoplc data. Interestlngly, only for .
i CF NCO .and SlH NCO does the 1socyanate group appear to be non—l
11near.24?A )
.-An electron dlffractlon study of silylazide, and (81H3)2NCN-
. has shown_that SiH4N, has a nonlinear SiN3 skeleton with an:
Si~-N<N angle ofrlzs.é + 1.0°.,  The molecule (SiHB)zNCN is a
>éarbodiimide with the SiNCNSi unit probably linear. It is.sugf
gested that the wider Si-pseudohalogen bond angles are mainly &
. funetion of steric interactions and Si-X bond lengths, rather than

245 ' -

p—-drw interactions
The crystal and molecular structure of bis(trimethylsilyl)-

diimide, Me,Si-N=N-SiMe,, Figure 7; determined at -130° has been

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

es . 2486
diimide molecule. (Reproduced with the permission

of the International Union of C

réported.' The molecule has a very short N-N bond, 1.17 g, and

1.181

an unusually long Si-N bond,

the crystal is l2_0°.246 Organosilyl iminamino radicals of the

he Si~N-N bond angle in

0
|



i;ty;;é!th:é:N-ﬁ»—bsiRéR,'; R, R VMe, Me; -Ph, 13 Ph, Ph; and- Et’ Et,:"‘
}have been studled by "ESR spectroscopy. The radlcals are o. .
 rad1ca1s, with a C-N-N bond ‘angle much less than ‘180°. 247 7

7 The crystal structure of trzs(methyldlpheny1511ylmethy1)_f,:”

.amine, Figure 8, shows that the geomntry at nltrogen is pvramldal

Figure 8. Structure of trzs(methyld pheny151lylmethyl)am1ne.2UB

(Reproduced with permission of the International Union
of Crystallography) ‘
with a C-N-C bond angle of 111.5°.

The Si-C sp2 and sp3 bond lengths are 1.875 and 1.873 8,
r-espectively.zu8 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

. . . 249
are distortions of this geometry.

The crystal structure of bis(dioxane) potassium bis(trimethyl-
silyl)amide shows an essentially ionic structure. The very short
Si-N bond, 1.64 &; is considered to be consistent with delocaliza-

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

(Compare with the results in Ref. '119)
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A prellmlnary report of‘ESR studles on radlcals of the type
'_'[<Me S1), CH] M‘ "and [(Me Sl) NI M= Si, Ge,’ sn3 produced by

‘photolysls has appeared. The radlcals' half—llves range from

about 10 min&tes.torl yvear, and well defined splittings are:ob—
R e 251 . '
‘served in their spectra. Unusually stable radlcals are also

v produced by the addition of trimethylsilyl radical or the
;dlethylphosphonyl radical to di-tert-butylimine or tert butylnltrll
fThe radicals are "1ocked" sterically into a conformation which
’shoﬁld allow maximum hyperconjugative interaction between the

S$i~N bond and the unpaired electron, yet the extent of hyper-

He
9]
0
ol
'-J
fu
v
9
r+
oy
u
j=
H
+
o
i1]
+
]
Q
a9
I

n the related Z-Bu

Infrared and NMR studies of e series of bis(trimethylsilyl)
amides, XXXIII or XXXIV; R = H, Me, Et, z-Pr, #-Bu, and CF3, show

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

XXXIV. The free energies of activation for the intramolecular
0 0——Sﬂh3
i
c SiMs C
e 3 A
R S R Ny —sive
N 3
SiMe

XXXTIIT XXXIV

rearrangement of trimethylsilyl groups range from 15.0 to 22.1

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

of the substituent at the carbonyl carbon.253
The first quantitative measurement of the basicity of a

silyl amine, l-diethylamino-3,5,7-trimethyl-13,5,7~-tetrasilaadamant

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

results are consistent with either p-dw bending or the adjacent



185 1

charge rule.?'j~ Lhe ba31c1ty of a series of 511y1methy1am1nes,

Me SlCH NHR R "Pr, 1-Pr,'Bu, L—Bu, cyclohexyl benzyl, or j Eﬁ:
CH SlMe3, and RMe SlCH NHBu, R = Me, Bu m-_or p—MeC6 Ph, m—

or»p ClC Hh, or m-FC Hll was 1nvest1gated by 1nfrared spectroscopyy
In thewformer serles,vnOvba31c1ty increasing effect due to the
series the basicity correlated with Taft o%* inductive constants;zss
The 1%N chemical shifts for 39 silylamines and
chemical shift data for 19 eilylaminoboranes have been reponted’
256

and related to Si-N p-dn bonding. The potential barrier to

rotation of the C-N bond in (C1SiMe,CH,),NCOCl was determined by
- L < £
257 1 i 13

NMR to be 8.9 * 1.3 kcal/mole. Studies of the "H and C NMR
o o b = P R T, N L£1 esmmm ~ -1 o~ e—a ~ VWV -~ WVWYWVIIT o n - Moo 4
aklc:\-— ch'a OX il 1L iU 10Ol il CutrLeo FaY1%4% allud annv . 3 EA S lic g »,L-L’

OEt; and the trimethylgermyl derivative were interpreted by

assuming that the organometal group migrates by intermolecular

N—_\\/Me / . /o )
Me—(u/ N - “> sti \3— R?
éiMe:,, : :';ms ll=h
XXXV XXXVI XXXVIE
exchange.258 -The mass spectra of the silafsubstitﬁted oxazolines,
X¥XXVII; R = Ph; R' = H, Me or Et; showed definite evidence for
migration of a phenyl group from nitrogen to 5111con.259 The

mass spectra of the trimethylsilyl derivatives of a series of -

. 26 .
alkyl- and aminoalkyl-phosphonates, o and silylated pyra201es,261

have been reported and analyzed.

Tha nma+1mre AfF +hae hand 3n +he nurntAina_~rhTAaradantmoad+horlotd 1 arns
Al Ml Lulc v Lt LA A A P Y Lile W Ll LilruviuvLloincLily Lol lalilc
- . 262 . - s 13.
‘has been investigated. The high resolution C NMR snectra of

LUO

N—trlmethylsllyl—a 5- dimethylpyrazole has been studled. The

_Referenées p- 161"
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-pK ‘s of 16 tr1alkylsmlylalkyl plperldlnes have been correlated

264

fw1th Taft o constants. The dlDOle moment of hexamethvlcvclo—*"'

‘.‘trlsllazane,265 and the heat capac1ty and thermodynamlc functlons
- . . ined. 266
_ The photoelectfon'spectra of'the simplest phbsphorus ylide;ﬁ_
MesP CH2, and several C-silyl-substituted derlvatlves have been
‘reported. Experlmental values- for the P—Cn ionization and QNDO/Z
calculations>show that silyl stabilization is not a Conseqﬁence

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

S . . . 7
at the ylidic, quasi-anionic carbon atom.26 The 31P and 130
chemical shifts and 31?—130 and 31?—2gsi 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

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

determined for PH., and 24 compounds of the type (Me_SiH, _) PR, 3
3 = X 3-x"n " 3-n
269

x = 0-3, n = 1-3; R = H or Me. Vibrational spectra and analyses
270

- rag ~Y ™ IInr » - e o~ - 2.
Iror 1e3u1nr—\ u1e3 3— n ' = ok, n = u, L, O £33
(CF3)2-X—MMe3; with X = P or As; M = Si or Ge,271 and triorganosily
derivatives of phosphorus acids, ' have appeared.

. e
e, Sn

e
(2]
'Y

N

Transition Metal Compounds

The photoelectron spectra for compounds of the type MR, and

n
[oded ] A Ma SS90
CCH, orx sic

H,

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

- - - L = -
M'R', 3 M = Ti, Zr, Hf; M' = M, Ge 13

e
o

s ]
tetrahedral framework. The HOMO, in the range 8-9 eV, was as-
signed to ¢ M-C or ¢ M'-C ionizations, and small inductive ef-
fects for the trimethylsilylmethyl groups was observed.273

The crystal structure of [Me,SiNTiCl,] , Figure 9, shows



7:1;1572j71”

Figure 9. The ordered chain of [MeasiNTiClz]n.' The circles are,
in order of decreasing size, Ti, Cl, Si, N, and C.274

(Reproduced with the permission of The Chemical Society)

that the catenated compound has both bridging trimethylsilylamino =«

274

groups and c¢hlorine atoms. The vibrational spectra of N-tri-

methylsily-tris(trimethylsiloxy)vanadium(V) imine, (Me3$i0)3V=N-
SiMej, 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, XsM—Mn(CO)S;
M= Si, Ge, Sn; X = €1, Br, and I; were interpreted in terms of
the interaction between the M-Mno orbitals and the 7% orbitals of
the four equatorial carbonyls.276 For a related series of mole-

cules; X = Me or H; the m 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, XaM—Co(CO)q;

M= 8i, Ge, Sn; X = H, D, F, S1, Br, and I; led to an intérpretation
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)S, —Mn(CO)uPPHS, and
ﬂ—Cp(CO)QFe—, containing ‘the polysilyl ligands'(Messi)nMe

3~n81_’
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have been analyzed ‘in terms ‘of force constants and :

;dlscussed 1n terms of the a donor and n-acceptor propertles of the

}Poly51lyl llgands.27

- The: Mossbauer spectrum and mass spectral studies on the

'Silylene—1rontetracarbony1 complex, [(CO)qu81012]3, suggest

,that, n the gas phase, exists,

P

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

'Plgure 10. 280 ‘the MOssbauer spectrum of the trigonal planar
0
T co
Cl ~C
\\ Fel
Q Ci~—"i/<': ~co
C
e / N ©
(CO), /,F.e Si Cl
Cl—sf—Fe* oc” L /N /G
/ / 6 C C—>si C
(CO)AFe- 'S 7 ~_1_-co
N VA C/ Fe
cl—sj—~re © ! | ~co
X (coy, ¢
ol U
280

Figure 10. Posible structures for [(CO)HFeSi012]3.

i~

high spin

ferric compound

temperature dependant quadrupole splitting, and at low temperatures,
81

a novel type of magneti¢ hyperfine spectrum.
While transition metal-silicon ¢ bonds have traditionally
been considered to be stronger than the corresponding metal-carbon

g bond kinetic ev1dence has been pnesented which indicates
that the Fe~C and Fe-Si bonds in n—Cp(CO) FeSiMe 2-nc1nCH2C1’

and analogous carbon compoun may be of comparable st LcuELu-282
The,molecular structure'of (r-cyclopentadienyl)-[trans-diphenyl-
bis(friﬁeﬁhylsilyl)CyclobutadieneJ4CObalt, determined by-X—ray

crystallographic methods, Figure 11, sHowS that the quring is.



Q) U H22)
v e

HS5,!
Figure 11, Molecular structure of (ﬂ—CSHS)—PhZ(Measl)ZCuCo.

283

(Reproduced with permission of Gordon and Breach, Ltd.

planar and all four C-C distances are the same length, 1.467 g,
but the two angles at the carbons bonded to phenyl are about 88°
while the two angles at the carbons bonded to silicon are about
92°.283 The infrared spectra of cobalt compounds, RSMCO(CO)H;'

R =Me; M= Si, Ge, Sn; and R = Et, M = Ge; indicated that the
equatorial carbonyl substituents were displaced towards the Group
IV substituent only for the silicon compound.zeq Crystal

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

X = 0 have been repor‘ted.285 The crystal struéture of trans-

chlorobis(dimethylphenylphosphine) (trimethylsilyl) platinum(II)
indicates the presence of discrete square-planar molecules.288
The crystal structures of the ruthenium complexes, XXXIX,Zsy'and'

288 .. S ; ' L
XL, Figures 12 and 13 have been determined. Evidence has been

E Réfgmncé p. 161
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Figure 12. Structure of Ruy(CO) [C.H, (SiMe,), ], xxx1x.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

. . . . - 7
of 1,4,6-zris(trimethylsilyl)cycloocta—-2,4,7-triene 15-28

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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. . - . 288
Figure 13. Structure of Ru(SlMeg)(C0)2C7H7(C6F5)(81Me3), XL.

(Reprodiuced with permissicn of the Chemical Society)
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