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Conformational Effects in Photoelectron Spectra of Tetrasilanes
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Four cyclic carbosilanes [(SIMR(CHy)n], n = 1—4 (1—4), have been synthesized and used as models of
conformationally constrained tetrasilane. Results of matrix isolation IR spectroscopy, annealing, and
photodestruction, combined with HF/3-21G* calculations on low-energy conformers, suggest that in each
compound the SiSiSiSi dihedral angleis constrained within relatively narrow limitst, 0°; 2, 35—55°; 3,

45—65° (30° for a higher-energy conformer); ar 60—80°. It is argued that other structural differences
betweenl—4 and the linear chain analogue, decamethyltetrasilasdegi (5), are of secondary importance,

that Koopmans' theorem can be used within a family of closely related structures, and that measurements of
photoelectron spectra df—5 permit the construction of an experimental counterpart to the orbital energy
correlation diagram for the syranti conformational transformation in tetrasilane. The trends found for the
first three ionization potentials, assigned to electron removal from the dargmolecular orbitals, are readily
understood qualitatively by reference to the ladder C model of saturated chain structure. They show clearly
that the even simpler Sandorfy C model is not appropriate for the descriptiortafjugation in saturated

systems.
Introduction SCHEME 1
The unusual properties of saturated polysilane polymers, mm% Lo
(SiRR)y, have attracted considerable attentioh. In room & ,
temperature solution, the polymer chains are coiled and are ) AN
believed to be segmented into a series of nearly independent CH:Bry/Li 1
oligosilane backbone units communicating enough to permit

rapid charge and energy transfer. It is thought that the
segmentation is dictated by irregularities in backbone conforma-

tion. It has been generally believed that the all-anti conformers CI(SiMe,),Cl BrMa(ClianMehr N Z
have the lowest ionizgt_ion potentials ar_1d e_zxcitatiqn energies, S— '
and that the local positive charge localization regions (“elec- AN
trophores”) and chromophores are all-anti chain segments w 3
separated by one or more gauche links. In an effort to develop
a good understanding of the electronic structure of these
polymers we have been examining the shorter chain analogues, .
the linear oligosilanes @¥ezn+»2, N = 2—162~8 and found some Caliz ,}Qq
surprises. Thus, a rough separation of the UV absorption spectra ' \s-——-
of the individual conformers of two tetrasilanes show&that iN 7{\
the first singlet excitation energies of the twisted and the anti 4
conformers do not differ significantly, although the correspond- =
ing intensities do, against prior expectations but in agreement . i Moy s 2
with recent calculation$. . \
. . 1 —S

These results have prompted us to examine the conformational A A I

dependence of the electronic structure of tetrasilane more 2

closely. We start by an examination of photoelectron spectra,
which provide a relatively simple probe of orbital energies if
Koopmans' theorem can be applied, and avoid potential
complications due to configuration interaction, expetteml
plague interpretations of electronic spectra. In order to minimize
ambiguities due to the presence of conformer mixtures in the
experimental study, we have chosen the conformationally
constrained cyclic tetrasilanes (SiMgCH,),, n = 1—4,

(1- 4) in addition to the previously studigtinear chain SiMeso

(5), whose room-temperature vapor is believed to contain three
conformers with very different dihedral angles53’, ~92°, Syntheses. The four cyclocarbotetrasilands-4 were pre-
and ~162.7 In each of the cyclic structures, the SiSiSiSi pared by condensation of 1,4-dichlorooctamethyltetrasilane
dihedral anglev can be expected to be constrained to a narrow (6)10.11with the corresponding,w-dihaloalkanes metalated with
lithium or magnesium (Scheme 1). The preparation of the five-
€ Abstract published ilAdvance ACS Abstractgune, 1, 1997. membered ring heterocyclte was patterned according to the

range of well-defined values smaller than°3ven if several
conformers are present. This should offer an opportunity to
examine directly the conformational dependence of ionization
potentials and compare it with a computed orbital energy
diagram in the region0< w < 18C°. Subsequently, we plan
to report a study of excited electronic states.

Results
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TABLE 1: Calculated (HF/3-21G*) Energies and

Equilibrium Angles 1 1
Erel
compd conformer Eq(au) (kcal moi) w (degf o (deg)p
1 —1504.1069 0 0 100
2 a —1542.9215 0 38 105
b —1542.9200 0.9 50 103
3 a —1581.7378 0 55 107
b —1581.7355 1.4 62 107,111
[ —1581.7350 1.8 43 110, 112
d —1581.7336 2.6 30 112
4 a —1620.5567 0 65 111, 117
b —1620.5563 0.3 63 116
c —1620.5556 0.7 70 113
d —1620.5539 1.8 80 116 2
5¢ a —1544.0880 0 164 112
o] —1544.0869 0.9 92 114
g —1544.0872 0.7 54 116

a SiSiSiSi dihedral angle. SiSiSi valence anglé.From ref 7.

literature reaction of CpBr, with a suspension of Li in
tetrahydrofuran (THF), followed by the addition of W&CI,
which forms low yields of (MgSi),CH,.1?> The yield of1 was
very poor but provided amounts of pure samples sufficient for
spectroscopy?® The six-membered rin@ was prepared by
diimide4 reduction of the knowH 3,3,4,4,5,5,6,6-octamethyl- Figure 1. Ball and stick models o_f the_differept calcu_lated c_onformers
3,4,5,6-tetrasilacyclohexyne. The seven-membered heterocycle®’ 1 @nd 2 shown along the Si(2)Si(3) axis and in an in-plane
3 was synthesized froré and the double Grignard compound projection. Ring atoms are displayed in black.

of 1,3-dibromopropan&. A reaction of6 with Li(CHy),Li12
was used to produce the eight-membered AngThe hetero- 3a 3b
cycles1—4 are all liquid at room temperature. They are stable
under laboratory conditions with the exceptionlpfwhich is
oxidized in air. Subsequent gas chromatograpimass spec-
trometry (GC-MS) analysis suggests that an oxygen atom is
inserted to form an oxatetrasilacyclohexane, but the issue was
not pursued further.

With the exception of, the desired product always dominated
in the reaction mixtures, but small amounts of structurally related
impurities were present and were difficult to separate, leading
to poor purified yields for all the compounds. The separation
of the products from the reaction mixtures was done by
preparative GC.

Molecular Geometries. In order to obtain approximate
values of the dihedral angle in the heterocycled—4, we
computed their optimized conformations. The starting geom-
etries were adapted from the known equilibrium geometries of
cycloalkanes by placing the four adjacent silicon atoms in all
possible distinct locations in the ring. They were subjected to
a preliminary MM26.17 force field optimization, followed by
an unconstrained HF/3-21G* optimization. Finally, a vibrational
frequency analysis was done to verify that the stationary points

found were true local energy minima. In spite of this moderately Figure 2. Ball and stick models of the different calculated conformers

diligent search, it is possible _that some low-energy conformers of 3 shown along the Si(2)Si(3) axis. Ring atoms are displayed in
have been overlooked, particularly for the larger two rings. black.

However, we believe that our goal, which was to obtain an

approximate range of SiSiSiSi dihedral angles possible for eachcompounds at the same level of calculation. Fartwo stable

ring size, has been attained. The results are summarized inconformers are predicted. These correspond to the chair and
Table 1 and the stable conformers that have been found aretwist-boat conformations in cyclohexane and cyclohexasilane,
shown in Figures 43, viewed along the Si(2)Si(3) axis. The with the chair slightly more stable. The valence anle still

ring atoms are colored black. A view dfperpendicular to the  significantly smaller than that in the linear ch&in The dihedral

% é:i |
[ M)
o

#ar

plane of the silicon atoms is also shown. anglew, 38 and 50 in the two conformers, respectively, is
As shown in Table 1, only one conformer was found for the smaller than the value calculated for the gauche forrb. &for
five-membered ringl, with a dihedral anglew of 0°. The each of the larger ring8 and4, four stable conformers were

methylene group is located outside of the plane defined by the found, but more could easily be present at room temperature.
four silicon atoms, and this species resembles the envelope formThe valence angled and the dihedral angles for the most

of cyclopentane. The SiSiSi valence angles only 100, stable conformers are close to the values calculated for the
distinctly smaller than the 122/alue found for the open chain gauche conformer d.”
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Unlike 5, the cyclic compound&—4 showed at best minor
4a 4b changes in shapes and intensities of their IR bands after careful
annealing to 60 K in Xe matrices. The very small variations
that were observed were attributed to site rearrangements in the
matrix. Deposition of the neat substances allowed annealing
up to about 180 K. The molecules are no longer isolated and
the absorption bands are broad, but the hope was that this loss
of resolution may be outweighed by the larger available
temperature range. The spectrum of the five-membered ring
compoundl showed no changes in this experiment, either. This
is compatible with the existence of a single conformer. In
contrast, the IR spectrum of compoubdhanged substantially
and irreversibly, and we conclude that at least two conformers
4c 4d exist. Unfortunately, the pattern of increasing and decreasing
IR bands was strongly overlapped, and a reliable separation into
the contributions of different conformers was impossible. The
spectrum of neaB deposited at 12 K had broad peaks and
resembled that of the liquid at room temperature. The IR
spectrum of4 changed somewhat upon annealing to 180 K,
and the changes were reversible. Thus, the result3 émd4
are compatible with the presence of a larger number of
conformers of very similar spectral properties.

Our attempts to use monochromatic irradiation at 48 500'cm
Figure 3. Ball and stick models of the different calculated conformers  (iodine lamp), 43 710 cmit (Cd lamp), and 39 420 cm (Hg
of 4 shown along the Si(2)Si(3) axis. Ring atoms are displayed in  |amp) also failed to help us to separate the spectra of individual

black. conformers. All IR absorption bands bf-4 decreased in nearly
T e . 1 . the same ratio in all instances, suggesting that all conformers
[ 4 present have nearly identical absorption and photochemical
L - properties at the three wavelengths used. The nature of the
PAv 7 photochemical process is not of particular relevance for the
2 present purposes but seems to be, as anticipated, ring contraction

by extrusion of dimethylsilylene. This is suggested by the
appearance of a weak IR band at about 1210%dmthe initial
phases of the irradiation. Upon extended irradiation this band
disappears and is replaced with a band at about 211¢,cm
corresponding to the SiH stretching mode of 1-methylsileig.

In summary, the matrix isolation IR spectral studies support
the notion that the ringd—4 are present either as a single
conformer () or as a mixture of conformers of extremely similar

3000 2800 1400 1200 1000 800 600 optical and photochemical properties—4).
v /cm Comparison with Calculated IR Spectra. The availability
Figure 4. Mid-IR absorption spectra df—4, matrix isolated in Ar at of matrix isolation IR spectra df—4 provides an opportunity
12 K. to check the reliability of the computation of their geometries.

Although the self-consistent field (SCF) level of calculation
usually reproduces conformational differences quite \Walhd
leaves little doubt in the present case, it is reassuring to note
that the measured IR spectra agree well with those calculated.
The best resolved part of the observed spectra-of is the
region of the SiCH deformation and the SiC stretching modes
below 950 cml. Figure 5 compares the observed IR spectra

dihedral angles close to°@nd that the corresponding values of 1—4 in this critical region with the computed IR spectra of
are 35-55° for 2, 45-65° for 3 (except for a small amount of all calculated conformers, scaled by a calibration factor of 0.86.

3d, with o = 30°), and 66-80° for 4. The agreement is best for compouhcdspecially above 750
Matrix Isolation IR Spectra. Figure 4 shows the IR spectra  ¢m™'. The deviations are larger for the modes that are pre-
of 1—4 in argon matrices. They are very similar to thatsof ~ dominantly of Si-C stretching character. This is in agreement
and are dominated by absorptions below 1006'dmthe region with experience from other systems, includBgwhere stretch-
of the SiCH deformation and SiC stretching modes. The ing frequencies often require a larger value of the scaling factor
numerous CH stretching and CH bending modes in the regionsthan that for deformations in order to agree with the experiment.
between 29662700 and 145681200 cnil, respectively, are  This suggests that the region between 950 and 750! ¢m
strongly overlapped. dominated by SiCH deformations and the region below 700
Encouraged by our previous success in separating the IRcm™ by SiC stretches. Peaks located between the two regions
spectra of the conformers of 81,2 and SiMe;o,” we attempted are assigned mainly to GHdeformations. The differences
a similar analysis fol—4. We tried both careful annealing of between the frequencies and intensity patterns calculated for
the matrix and photodecomposition by monochromatic irradia- the different conformers of each compound are very small,
tion. accounting for our failure to separate them spectrally by

In view of the approximate nature of the computational
method and of the possible existence of additional low-energy
conformers, possibly differing in the rotation of the methyl
substituents only, we believe that these calculations provide only
a rough guide to the values of the anglesndd in 1—4. Still,
there seems to be little doubt that the species present in a
solution or vapor ofl at room temperature or below have
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of 1-5 (eV
o 4a ﬂ ﬂﬂ ﬂﬂ Ja 0_.o, Doan [0 ( )
peak energyor
A negative orbital energy- 0.95
compd conformer dsisi 20sisi 3osisi
1 7.9 8.5 ~9.3
900 800 700 600 7.53 8.35 9.52
~ -1 2 8.0 8.4 ~9.4
v/ cm a 7.72 8.21 9.58
. - b 7.64 8.36 9.45
Figure 5. Matrix isolated (Ar, 12 K) and calculated HF/3-21G* IR 3 8.0 8.6 9.2
spectra of the different conformers bf 4 in the region 956-550 cn™. a 7.65 8.46 9.30
b 7.71 8.51 9.30
annealing or photodestruction experiments. Once again, we take c 7.76 8.43 9.35
this to imply a geometrical closeness of the conformers in each d 7.72 8.37 9.30

case. Thus, we believe that in spite of the degree of confor- 4 8.0 8.6 9.2

mational flexibility present, the ring compounds-4 will be g ;gzll g:ig ggé
useful for the present purpose as a family of four tetrasilanes c 7.76 8.50 9.31
with a dihedral angles gradually increasing from about @ d 7.79 8.54 9.35

about 80. We can thus turn to the main subject of this study, 5 ~8.0 ~9.0 ~9.2

an investigation of the effect of this variation in the dihedral & ;% g-gg gég
angle on the photoelectron spectrum of the tetrasilane moiety. SC 783 851 942

Photoelectron Spectra. The 712 eV region of the He(l)
photoelectron spectra df-5 is shown in Figure 6 and shows 2 Boldface.? Italic; Koopmans' theorem with additive constant,
a series of three partially overlapping broad bands, identified ~€(MO) — 0.95 eV.¢ Reference 7.
by dashed lines (Table 2). Three low-energy bands would be . .
expected, since the molecules contain three easily ionized@t the MP2/6-31G* level they are 3391°, and 162, respec-

interacting Si-Si bonds. Above 12 eV, the spectra are feature- tively”). Also shown in Figure 6 are the ionization potentials

less and clearly dominated by contributions from the GHs expected from HF/3-21G* orbital energies using Koopmans’

groups. The spectrum &fagrees with that published earlfr. theorem, calculated at the optimized geometries of all the
The bands in the Spectra of the Cyclic Compoumdﬂ_ are conformers found for the five Compounds (Table 2) They

somewhat sharper than those of the linear analégaed it is confirm the intuitively expected result in that the ionization

tempting to assume that the reason for this is that all the potentials of all the conformers of any one of the cyclic
conformers of each cyclic compound that are present in compounds are nearly identical, while fothe differences are
significant amounts have similar dihedral angles, wtble much larger. The molecules are too big for a calculation of
consists of a mixture of three conformers of widely different ionization energies at a level that goes beyond Koopmans
dihedral angles (at the HF/3-21G* level, the optimized calculated theorem. In view of their great similarity, this is not likely to
values are 5%for gauche, 92for ortho, and 162for anti, and hurt a discussion of trends, particularly given the previously
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Figure 7. Computed HF/3-21G* molecular orbital energies for the
conformers ofl—5.

founc?® resemblance between Koopmans’ theorem results and

results of correlated calculations for,Big.

Discussion

We believe that the cyclic tetrasilanés-4 represent good

models for conformationally constrained permethylated tetrasi-

lane5. Although more than one conformer of each is surely
present in our samples, with the likely exception fthe

electronic structure properties of each member of a conformer

family are very similar. This follows from the extreme simi-
larity of their matrix isolation IR spectra, the matrix annealing

J. Phys. Chem. A, Vol. 101, No. 25, 1994583

second half as well, but the design and synthesis of tetrasilane
conformers constrained to anglesbetween 90 and 18Care
more difficult. Unlike the UV absorption spectrum of the pure
anti conformer of5, which was derived from the prior matrix
isolation work fairly reliably! the photoelectron spectrum in
Figure 6 is only available as a superposition of contributions
from all three conformers. If we make the reasonable assump-
tion that the gauche and ortho contributions to the superposition
can be aproximated by the spectra3and4, we can estimate
what the photoelectron spectrum of the pure anti form would
have to look like in order to produce the superposition spectrum
observed fols. It seems that the first ionization peak of pure
anti 5 has to occur about 0-10.2 eV lower than that o and

that its second and third ionization potentials must be very close
and have to lie about 0-10.2 eV below the third ionization
potential of4, and this is indicated by the dashed lines in
Figure 6.

In spite of the moderate reservations expressed above, it
appears reasonable to propose thabagows from 0 to 180,
the observed first and third ionization potentials drop very
slightly, by 0.1 or 0.2 eV, and the second ionization potential
increases more substantially, by perhaps-0.5 eV. Certainly,
the increase in the separation of the first and second peaks in
the spectrum is unmistakable. Most of the change seems to
occur upon going from4 to 5, i.e., forw > 70°, and this
emphasizes anew the need for a future synthesis of tetrasilanes
constrained to these large dihedral angles.

Regardless of the well-recognized inadequacies of Koopmans’
theorem, the agreement with the trends computed for orbital
energies, also shown in Figure 6, is excellent, even though all

and photodestruction experiments, and agrees with the narrowecalculated absolute magnitudes would have to be shifted by

width of bands in the photoelectron spectralef4 compared
with those of5, which undoubtedly is a mixture of conformers
that differ considerably in their dihedral angles. As argued in
the Results section, the ab initio calculations leave little doubt
that 1 is representative of a peralkylated tetrasilane with a
dihedral anglev near G, 2 of one withw equal to 45+ 10°,

3 of one withw equal to 55+ 10° (except for the presumably
minor amount of a conformer witw = 30°), and 4 of one
with w equal to 70+ 10°.

Unfortunately, the valence angles certainly also vary
throughout the series. Prior computational wérkn SgHg
makes it likely that this variation will affect the ionization
potentials by up to 0.1 eV. The value éfis computed to
increase from 100 to 127upon going froml to 4 (Table 1)
and can be compared with the value of 1talculated for the
open-chain compoun®l Fortunately for our purposes, Figure
7 shows that the variability af and other secondary structural
parameters throughout the series5 is indeed calculated to
have an effect no larger than about 0.1 V and to have little
importance for the general trend computed for molecular orbital
energies as a function @. The only likely exception isl,
where a particularly small value af is combined with the
opportunity for hyperconjugative interaction between the tet-

about 0.95 eV to lower energies to get numerical agreement.
This does not come as a surprise since similar agreement in
trends was reported earlf€rbetween Koopmans' theorem
results and electron propagator results on a related molecule,
SisHi0. The present calculations confirm the suspected assign-
ment of the three low-energy peaks to the thsgg; molecular
orbitals. In1—4, their energy order is computed to be a, b, a,
using labels appropriate f&, symmetry.

This is the order that would be expected from the Sandorfy
C model?? in which tetrasilane is isoelectronic with 1,3,5-
hexatriene, the lowest energy;is; molecular orbital is an in-
phase combination of the threegbond orbitals and has no nodes
through Si atoms, the next one is the antisymmetric combination
of the terminalo bond orbitals, and the highest energy orbital
is a combination of the three bond orbitals that has a node
through each of the internal Si atoms. In this model, the splitting
of the orbital energies as tlebond orbitals combine intogs;
molecular orbitals is due to the geminal resonance integral
between two backbone %pybrids on the same Si atom. Since
neither this integral nor the vicinal resonance integral that causes
the splitting ofo bond ando* antibond orbitals are a function
of w, no conformational dependence of the photoelectron
spectrum whatever is predicted. This is clearly wrong. A

rasilane chain ends through a single methylene group. Theremedy was sought in the recognition of the existence of

highest occupied molecular orbital (HOMO) of thgsi type is

“perivalent” resonance integrals betweer? &ybrids located

expected to be symmetric relative to the plane that passeson adjacent Si atoms and pointed at an angle away from each

through the three atoms of the @Hyroup, suggesting that
interaction with the occupied CH bond orbital of this group will
push the HOMO to higher energy and reduce the first ionization
potential somewhat.

The availability of observations fdr—4 permits us to produce
an experimental counterpart to nearly one half of the total

other® The introduction of these additional interactions converts
the topology of the sphybrid orbital system from linearly
conjugated to ladder conjugated, and this improvement of the
Sandorfy model was therefore dubbed “ladder C” model. Since
the perivalent interactions depend on an overlap that is largely
of r type, they vary considerably as a functionwfand the

correlation diagram between the syn and anti limits of tetrasilane resonance integral even changes sign from negative at the syn

conformation. It would be ideal to obtain similar access to the

conformation to positive at the anti conformation.
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1.5 . , , " : when ionization energies alone are considered. It is possible
0 oo FJ that it will prove useful for modeling hole conduction through
\/ o variously coiled polysilane chains.
80 o oo
\J Experimental Section
%\ 851 g Materials and Methods. Commercial solvents were dried
e before use. DecamethyltetrasilaBevas prepared according
v o H to a literature procedur®. All samples were purified by
207 W/ S preparative gas chromatography, performed with a Varian 3400
g, [_I//QM Osisi /" Gas Chromatographnaa 6 ft x 1/4 in. SE-52 CW-HP 80/100
95} standard packed column from Baxter using a temperature ramp
from 80 to 250°C. Proton and carbon magnetic resonance
spectra were taken on a Varian VXR 300 S spectrometer. UV
-10.0 0 50 100 150 200 spectra were measured with a Cary 17 spectrophotometer

w (deg) modified by Olis, Inc. Mid-IR spectra were measured at Tm

Figure 8. Computed (HF/3-21G*) molecular orbital energies 5Hf resc_>|ution ona Nicolet 800 FTIR spectromgter equipped with
shifted to less negative values by 0.95 eV, as a function of dihedral & Wide-range nitrogen-cooled mercury cadmium telluride detec-
anglew (all other geometrical variables have been optimized). The tor. Mass spectra were measured with a VG 7070EQ-HF (VG
rectangles show the orbital energies estimated from photoelectron|nstruments, Manchester) double focusing mass spectrometer
spectra ok?servec_j fdr—5, using Koopmans’ theorem, plotted against 5t gn ionizing voltage of 70 eV and a HP5988A (Hewlett
the most likely dihedral angles. Packard) GC-MS. Elemental analyses were performed by
Desert Analytics, Tucson, AZ. Photoelectron spectra were
measured on a home-built instrument similar to a Perkin-Elmer
model PS-18. Resolution was about 30 meV, and the reported

As shown in the computed (HF/3-21G*) orbital energy
diagram in Figure 8, the observed qualitative trends are

accounted for perfectly by the ladder C description when the peak positions are thought to be accurate to within 20 meV.

perivalent interaction is thought of as a perturbation. The \1v2 force field calculations were done with the programs
coefficients on the two Sphybrids in question are of the SPARTAN and MOLGENY? Quantum mechanical calcula-
opposite signs in the second molecular orbital and of equal signsy;,ng \yere done at the Hartree-Fock level using a 3-21 G* basis
In the f|r_st and the th'rd.' Thus_, at the syn geometry, th? set with an IBM RS6000-550 workstation with GaussiaA®2.
introduction of the negative perivalent resonance integral is — p1o+rix Isolation. Argon, nitrogen (US Welding, 99.999%
stabilizing in the first and third orbital and destabilizing in the purity), or xenon (Spectra Gases Inc., 99.99% purity) was

second orbital, and the opposite is true at the anti geometry yo,qgited on a Csl window mounted on the second stage of a
where the resonance integral is positive. The effects are Iargerclosed_cyde helium refrigerator (Air Products Displex 202) in

fﬁr thehsec_onql orkl)ital, since it ha;s_ the largest cg_effici?ntslon an oxygen-free copper sample holder, which was maintained
the s hybrids involved (because of its symmetry, this molecular 44 15 i quring the deposition. Samples were evaporated from

orbital do_es not contain any cpntributiqn from the centrgd a reservoir held at-20—40 °C into the stream of inert gas at a
bond orbital). These qualitative considerations have already .\ rate of about 2 mmol/h, producing matrices with matrix

appeared in ”‘e“’#ure in more detél. ... ratios estimated to be about 1:1000. The matrix was irradiated
We conclude first that the observed trends make intuitive at 12 K either with a low-pressure cadmium spectral lamp

sense and second that the energy effects of the perivalent type(PhiIips 93107E; 43 710 crd) or with a home-built microwave-

of interaction actually are comparable with t_hose_ of t_he geminal powered low-pressure iodine lamp (48 500 &with a Suprasil
type. As aresult, attempts to understantbnjugation in terms g a7 window. For some experiments with compofinal low-

of the latter glone, intrinsic to the popular Sandorfy C model, pressure mercury lamp (Philips 93109E, 39 420 Ymwas used.

are of questionable value. A 1 in. air-saturated water filter was used with all three lamps
to reduce the heat load on the sample and to block unwanted
56 090 cn1! radiation from the iodine lamp.

The synthesis of the cyclic carbosilands-4 and the Synthesis. 1,4-Dihydrooctamethyltetrasilane, H(SiMg4H.
investigation of their vibrational spectra under conditions of This compound was prepared according to a description
matrix isolation, annealing, and photodestruction, combined with provided by Barton et &t Typically, to a 250 mL three-necked
ab initio optimization of their geometries, provided a basis for argon-flushed round bottomed flask, which was equipped with
constructing an experimental counterpart to about half of the a magnetic stirrer and a dropping funnel, was added freshly
orbital energy correlation diagram for the conformationalsyn  distilled THF (120 mL) and lithium wire (4.5 g, 0.64 mol, 3.2
anti transformation in tetrasilane. It demonstrated that the mm, Aldrich). A mixture of dimethyldichlorosilane (20 mL,
ionization potential of the syn form is only about 6:0.2 eV 0.16 mol) and dimethylchlorosilane (40 mL, 0.36 mol) was
higher than that of the anti form, while the variation is much slowly added dropwise into the lithium suspension while the
larger for the second highest molecular orbital. The observed flask was cooled by an ice-water bath, and the lithium sus-
trends are in excellent agreement with HF/3-21G* calculations pension was vigorously stirred. After complete addition the
employing Koopmans'’ theorem, but also with the simple ladder reaction mixture was allowed to warm up to room temperature
C model, and permit the conclusion that perivalent and geminal and was stirred overnight. Pentane (50 mL) was added and
interactions are of comparable importance. This invalidates thethe salt removed by filtration under inert atmosphere. After
use of the even simpler Sandorfy C model for the description the solvent was evaporated, a clear yellow liquid remained from
of o conjugation in saturated silicon chains. which H(SiMe)4H (1 g, 4.2 mmol) was separated by fractional

It is now knowr§~8 that even the ladder C model is inadequate distillation (1.5 Torr/55°C). IH NMR (CDCl;, 300 MHz): ¢
for the interpretation of the properties of electronically excited 3.729 (sept, 2 H), 0.137 (d, 12 H), 0.136 (s, 12 H).
states because it ignores interactions with the lateral bonds on 1,4-Dichlorooctamethyltetrasilane, CI(SiMeg)4Cl (6).2° This
the Si atoms, but at least for tetrasilane, this model works fine compound was prepared according to a description provided

Conclusion
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by Barton et ak! To an oven-dried, argon-flushed 50 mL flask,
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GC to give 150 mg (0.54 mmol, 16%) of a pure liquid. UV

equipped with a magnetic stirrer and a condenser, were addedhexane): 42 800 (3200), 48 000 (sh, 11 000)"&mFTIR

H(SiMe)sH (1 g, 4.2 mmol), CCl (20 mL), and benzoyl
peroxide (5 mg, 0.03 mmol). The mixture was refluxed
overnight under argon atmosphere to giia quantitative yield.
The solvent was removed in a rotary evaporatéid NMR
(CDCls, 300 MHz): 6 0.51 (s, 12 H), 0.25 (s, 12 H).
1,1,2,2,3,3,4,4-Octamethyltetrasilacyclopentane (1}reshly
distilled THF (10 mL) and Li wire (50 mg, 7.1 mmol, 3.2 mm,
Aldrich) were placed into a 25 mL flask held under a positive
pressure of Ar. The mixture was cooled down t6@ and 3
mL of a solution of CHBr; (0.2 mL, 1.8 mmol) and (0.5 g,
1.7 mmol) in THF (5 mL) was added quickly. The rest of this
solution was added slowly over 10 min. The reaction mixture

turned pale yellow, and the Li wire was completely consumed.

The mixture was allowed to warm up overnight, the solvent

(neat): 2947 (s), 2928 (sh), 2899 (s), 2889 (s), 2867 (m), 2852
(m), 2790 (w), 1458 (w), 1412 (m), 1405 (m), 1339 (w), 1245
(s), 1226 (sh), 1091 (m), 1085 (w), 1037 (vw), 944 (vw), 937
(vw), 910 (m), 820 (vs), 803 (s), 776 (vs), 748 (m), 729 (s),
687 (m), 670 (s), 653 (w), 638 (w), 619 (vw), 604 (m), 594
(sh) cnrl. 1H NMR (CDCls, 300 MHz): 6 1.659 (m, 4 H),
0.721 (m, 2 H), 0.104 (s, 12 H), 0.024 (s, 12 HfC NMR (75
MHz, CDCk): ¢ 19.320, 18.096;-3.272,—6.585. MS: m/z
274 (M*, 37), 174 ((MeSi)s+, 23), 116 ((MeSi),+, 100), 73
(SiMes+, 80). HRMS calcd 274.1425, obsd 274.1421. Anal.
Calcd for GiH30Sia: C, 48.17: H, 10.95. Found: C, 48.17;
H, 11.23.
1,1,2,2,3,3,4,4-Octamethyl-1,2,3,4-tetrasilacyclooctane (4).
Freshly distilled E1O (20 mL) and Li wire (225 mg, 32 mmol,

evaporated, and the residue dissolved in pentane. The solutior8.2 mm, Aldrich) were placed into a 100 mL three-neck flask

was then poured on ice and washed with ice-cold watex (3
10 mL). The organic layer was separated and dried overLacCl
After filtration and evaporation of the solvent, there remained
a yellow brown oil from whichl was separated by preparative
GC to give 1 mg (4umol, 0.2%) of a pure liquid. UV

equipped with a reflux condenser and a dropping funnel and
held under a positive pressure of Ar. The mixture was cooled
to 0 °C, and 3 mL of a solution of Br(Ck,Br (0.95 mL, 8
mmol) in E;O (5 mL) was added quickly. The remainder of
this solution was added dropwise over 10 min. Then a solution

(hexane): 38 700 (sh, 300), 42 500 (3700), 47 500 (sh, 8500) of 6 (1.5 g, 5 mmol) in EO (40 mL) was added slowly. The

cmL. IR (neat): 2953 (s), 2912 (m), 2895 (w), 1401 (w), 1255
(sh), 1249 (s), 1037 (s), 907 (w), 881 (w), 827 (s), 801 (vs),
770 (s), 730 (w), 684 (w), 663 (w) cmh. H NMR (CDCls,
300 MHz): 6 0.117 (s, 12 H), 0.074 (s, 12 H);0.218 (s, 2
H). 3C NMR (75 MHz, CDC}): § 3.461,—0.844,—7.056.
MS: m/z 246 (M*, 32), 73 (SiMeg+, 100). HRMS calcd
246.1112, obsd 246.1123.
1,1,2,2,3,3,4,4-Octamethyl-1,2,3,4-tetrasilacyclohexane (2).
Crude 3,3,4,4,5,5,6,6-octamethyltetrasilacycloheXyfieg) was
dissolved in hexane, (15 mL) and potassium azodicarboxXflate

(1.55 g, 8 mmol) was added. A solution of acetic acid (0.48 g,

8 mmol) in 1,4-dioxane (15 mL) was added slowly, and the
reaction mixture was stirred f@ h atroom temperature. The

solution was poured into an ice water/hexane mixture (1:1) and

washed with ice-cold water (3 10 mL). The organic layer
was separated and dried over CaClAfter filtration and

evaporation of the solvent, a yellowish brown oil remained. The

product2 was isolated from this mixture by preparative GC to
give 170 mg (20%) of a pure liquid. UV (hexane): 43 000
(sh, 4500), 46 300 (8500) crf IR (neat): 2950 (m), 2891 (m),
2865 (sh), 2795 (w), 1414 (w), 1404 (w), 1258 (sh), 1245 (s),
1096 (vw), 1061 (vw), 1026 (vw), 999 (vw), 825 (vs), 804 (w),
794 (w), 776 (s), 758 (m), 732 (m), 687 (w), 677 (m), 664 (vw),
648 (vw), 638 (vw), 593 (w).'H NMR (CDCls, 300 MHz): 6
0.755 (m, 4 H), 0.107 (s, 12 H), 0.015 (s, 12 H) ©m 13C
NMR (75 MHz, CDC}): 6 10.187,—3.687, -6.869. MS:m/z
260 (Mt, 51), 232 (M" — CzHg4, 16), 116 ((MeSi),+, 27), 73
(SiMes+, 100). HRMS calcd 260.1268, obsd 260.1260. Anal.
Calcd for GoH»sSis: C, 46.15; H, 10.77. Found: C, 45.72; H,
10.61.
1,1,2,2,3,3,4,4-Octamethyl-1,2,3,4-tetrasilacycloheptane (3).
Mg (600 mg, 24.9 mmol) was placed into a 25 mL flask and
heated fo 4 h to 150°C under Ar. The Ar inlet was replaced

reaction mixture was allowed to warm up overnight, poured on
ice, and washed with ice-cold water 310 mL). The organic
layer was separated and dried over GaGifter filtration and
evaporation of the solvent, a yellow brown oil remained. Pure
liquid 4 was isolated by preparative GC (220 mg, 0.76 mmol,
15%). UV (hexane): 43 300 (5100), 49 000 (sh, 15 000ytm
FTIR (neat): 2947 (s), 2919 (sh), 2904 (s), 2892 (m), 2849
(m), 2874 (w), 1458 (vw), 1449 (vw), 1444 (vw), 1415 (w),
1405 (w), 1340 (vw), 1246 (s), 1205 (vw), 1119 (vw), 1011
(vw), 1003 (vw), 954 (vw), 876 (w), 865 (w), 846 (sh), 827
(s), 815 (sh), 805 (s), 792 (w), 776 (vs), 754 (sh), 729 (m), 699
(vw), 685 (m), 662 (vw), 655 (w), 637 (vw), 628 (vw), 609
(vw), 597 (vw) cntl. H NMR (CDCls, 300 MHz): 6 1.470

(m, 4H), 0.673 (m, 4H), 0.091 (s, 12H), 0.034 (s, 12HC
NMR (75 MHz, CDC}): 6 26.144, 13.180,-3.133,—6.352.
MS: m/z288 (M", 38), 174 ((MeSi)s+, 100), 116 ((MeSi,)™,
64), 73 (SiMe+, 65). HRMS calcd 288.1581, obsd 288.1592.
Anal. Calcd for GoHs.Sis: C, 50.00; H, 11.11. Found: C,
49.58; H, 11.23.
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