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The Raman Spectrum and Aromatic Stabilization in a Cyclic Germylene
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Silylene 1, first synthesized in 1994,is remarkably robust,
decomposing only at its melting point of 22CQ. The stability of
1 probably results in part from bothr-electron donation and
o-electron withdrawal by the two nitrogen atoms attached to silicon.
In addition,1 contains sixz-electrons in the ring and thus may be
considered to be an aromatic compound. A number of publications,
both theoretic&l® and experimentd;® dealing with the chemical
bonding inl have appeared, leading to the general conclusion that
aromatic delocalization also contributes to its stabiifty.
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Germylene2,™ the germanium analogue o is also thermally Figure 1. Raman spectra of soliland2, excited by 514.5 nm Af laser

stable, but its chemical bonding has not been so thoroughly jine. The spectra are normalized so as to make the intensity of the bands
investigated. Three papers have, however, presented theoreticatorresponding to thecy anddcn vibrations in CH groups nearly equal.

calculations supporting the idea thatdelocalization contributes ~ Thevc—c lines are compared in the inset in more detail.
to the stabilization o2,3411and a recent paper reports inner shell
electron energy loss spectra, also interpreted as indicating aroma-
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Raman spectra are known to be a highly sensitive indicator of " A
conjugation. The latter leads to a decrease in frequency and a | \/
manyfold intensity enhancement of polarized lines corresponding @

to the symmetric stretching vibrations of bonds participating in the
conjugationt? Our Raman results fdt showed that the €C mode

is shifted about 50 crt to lower frequency compared to analogous
tetravalent silicon compounds, such 3sand is dramatically
enhanced, providing strong evidence for cycliconjugation in
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We report here the Raman spectrun2pfs a test of aromatic M

delocalization in this germylenié The spectrum for soli@ is shown
along with that forl in Figure 1. The two spectra are quite similar
in their overall patterns, but it is noteworthy that thec stretching
frequency for2 is lower than that fort by 80 cnT.4 It is also 1500 ' 1550 1 1600

lower than that forll (by about 25 cm?) and is strongly enhanced Av, e’

compared tdl by a factor of about 2 (both spectra are normalized Figure 2. Thevc—c region in the Raman spectra of sofiéind its solution
so as to make the intensity of the lines corresponding to the N C%

vibrations of the CH groups, not participating in the conjugation,
nearly equal). Thec—c Raman lines for both compounds are split
into doublets (1566/1573 crhfor 1, 1550/1556 cm! for 2). This
splitting is evidently due to the Davydov effect (correlation field
splitting)!® since it disappears in solution, where only a single
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solution in CS,

of the heavier Si or Ge atoms. Therefore, normal coordinate

calculation® were carried out fot and2 in the C,, point symmetry

group, using the experimental geometfiésand a phenomenologi-

cal force field modet? It is notable that the vibrational spectra of

. c h both compounds could best be described with the use of a typical

polarized band_ at _1552 crﬁls C_’bs?“’ed foe (Figure 2). o “aromatic” force field, such as that used for benzene, with increased
Before considering the implications of the decreasegr, it off-diagonal force constant§.The resulting eigenvectors allowed

is necessary to ascertain that the normal mode associated with theassignments to be made. In particular, the intense lines at 650 cm
C=C vibration is well localized and does not involve displacements for 1 and 574 cmt for 2 were shown to (,:orrespond to the stretching

* University of Wisconsin. vibrations of the M-N bonds, and those at 991 cinfor 1 and
#Russian Academy of Sciences. 964 cni'! for 2 to complex modes with participation of stretching
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Table 1. Frequency and Potential Energy Distribution for the vc—c
Mode for 1 and 2

M v, cmt

Si(l) 1576 62 G=C,12NCH, 9 CG-N, 6 CCH, 3.5 N-C®84, 3 CCN
Ge @ 1552 60G=C,13NCH,9.5CN, 6.5CCH, 4 N-C®4 3 CCN

PED, %

vm—n andvy—c (both endo- and exo-cyclic) coordinates along with
angle deformations. The eigenvectors of the so-catled vibration

are similar forl and2 and show that the Si and Ge atoms do not
take any part in this normal mode. The corresponding potential
energy distributions are given in Table 1.

Thus, the shift in mode frequency on going frdrto 2 is purely
electronic in nature and reflects a real decrease irKihe: force
constant. This result, along with the greater Raman intensity
enhancement of thec—c line in 2 than in 1, suggests that
m-delocalization is greater in the germylene than in the silylene.

Other evidence tends to corroborate this conclusion:

1. The G=C distance ir2, 136.4 (1) pnttis longer than that in
1, 132.0 (8) pnit”1°The vinylic vc_ frequencies ir2 (3056, 3064
cm1) are lower than those fat (3082, 3088 cm!). These data
suggest a lower €C bond order in2 than in1.

2. The IH NMR resonance for2, at 7.05 ppm, is shifted
downfield by 1.15 ppm compared with that for the nonconjugated
dichloro compoundi, consistent with a diamagnetic ring current
in 2. The corresponding resonance foat 6.75 ppm is similarly
shifted downfield, but by a smaller amount, 1.02 ppm, from the
corresponding dichloro compoung,

Finally, some theoretical support for our suggestion thabn-
jugation is greater ir2 than in1 is provided by an NBO analysis
by Boehme and Frenkingwhich gave the following values of
occupation of the porbital: on silicon inl, —0.54; on germanium
in 2, —0.63.
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