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The ring inversion of silacycloheptatriene and cyclohepta-
triene. Comparison of the ‘aromaticity’ of planar and boat
conformers estimated by nucleus-independent chemical
shift
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ABSTRACT: Nucleus-independent chemical shifts (NICS) of boat and planar structure of sil&pewsd( cyclo-
heptatrieneZ) were calculated at the HF/6—3G" level for the Becke3LYP/6-31Coptimized geometries in order

to investigate the correlation between the inversion barrier and aromatic nature in the boat and planariffandg.of

The NICS of unsubstituted sileplraindicated that there is almost no stabilization in the boat form (NI&GB5) and

that the planar form (NICS, 3.5) is relatively destabilized in comparison with the boat form. On the other hand, the
NICS of 2 showed that there is considerable homoconjugative stabilization in the boat form (NKCZ), and
destabilization in the planar form (NICS, 8.2). In addition to the geometrical effects resulting from angle strain, these
electronic effects are considered to affect the energy barriers for ring inversion, which have been calculated to be
0.9 kcal mol™* for 1aand 5.2 kcal mol? for 2. O 1998 John Wiley & Sons, Ltd.
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Silacycloheptatriene (silepin)l has the possibility of  been determined to be 6.1 kcal mbi1 kcal = 4.184 kJ)
achieving 6 aromatic stabilization if it takes a planar at —143°C? and 5.7 kcal mol* at —152°C3 by the low-
conformation and if the six-electrons of the triene part temperature NMR technique. Simply from comparison of
constitute a cyclic conjugated system by delocalization these results, the planar transition-state structure of
through the vacant d-orbital of the silicon atom. In silepin may appear to be more stabilized than that of
reality, silepin takes a boat form, which undergoes rapid cycloheptatriene. However, from comparison of the
ring inversion just like cycloheptatrien@)(* Although particular derivatives of silepin and the cycloheptatriene
annelated with three bicyclo[2.2.2]octene units, no signi-
ficant cyclic conjugation for the silepin was obsen’dd.
order to estimate the effects of possibkeelectron
delocalization in these systems, we perfornaddinitio
calculations at the Becke3LYP/6—-31G* level to obtain
the optimized structures and computed the ‘nucleus-
independent chemical shifts’ (NICS) proposed by
Schleyeret al® by calculations at the HF/6-31G*
unsubstituted silepin1@) is not yet known, the 1,1- |evel, with regard to the planar and boat structures for
dimethyl derivative {b) has been synthesized and the each of the silepinda and1b and cycloheptatriene?).
energy barrier for the ring inversiodG*,,,) has been
found to be too low to be measured by NMFOn the | " ___
other hand, the value afG*,,, of cycloheptatriene has H/X\E? — [ :X = \}: H\x% n
— h

*Correspondence toT. Nishinaga or K. Komatsu, Inst. for Chemical T
Research, Kyoto University, Uji, Kyoto-fu 611, Japan, In the present study, the optimized structures for the

E-mail: nisinaga@scl.kyoto-u.ac.jp boat forms ofla and 1b were calculated to have the
Cullire: contract grant nUmberGrantin-Ad for Seeniic Researcn  0ending angles: of 21.5 and 20.7 respectively, which
No. 9364060;c0ntract grant numberGrant-in-Aid for Encourage- are ||l’1 fair agreemenj[ with the value QEStimateq f_r(_)m
ment of Young Scientists No. 9740470. the "H NMR coupling constants forlb.” Ab initio
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Table 1. Calculated and observed NMR chemical shifts of 1b and 2

NMR chemicalshift (ppm)

Compound H-1 H-2 H-3 H-7o  H-7¢q CHj C-1 C-2 C-3 C-7 CHj Si

1b Calcd 5.98 7.14 6.46 — — —-0.23-0.24 129.2 140.3 130.8 — -1.1-0.2 -10.2
Obsd 5.79 6.89 6.41 — — 0.09 131.2 1404 132.1 — -3.0 -17.2

2 Calecd 561 6.34 6.83 157 2.69 120.0 123.8 130.5 255 — —
Obsd® 526 6.09 650 157 278 120.4 126.8 131.0 28.1 — —

aRef. 1.

b Ref. 12.

¢ Observedat —158°C; Ref. 3.

calculationson 2 at the Becke3LYP/6-3G* level were
reportedrecently andwe obtainedthe sameresults.The
comparisorbetweenthe calculatedand observedesults
hasalsobeendiscussed.Sincethe transition-statestruc-
ture for ring inversionis consideredto be planar, the
energybarrierfor ring inversioncan be estimatedfrom

the calculatedenergydifferencebetweenthe planarand
boatforms. The calculatedvaluesfor 2 havepreviously
beenreportedo rangefrom 4 to 10kcal mol™*.""**In the
present study, we obtained a calculated value of

5.2kcalmol™! (the samevalue as has beenreported)

for 2, in agreementwith the experimentalvalues (see
above) andmuchlower valuesof 0.9and1.0kcal mol™*

for laand1b, respectively.

Thesecalculatedvaluesfor ring inversionappeato be
correlatedwith the geometricalchangein the o-frame-
work asexemplifiedby thechangen averagedC—C—C
angle of spf carbons of the Becke3LYP/6-3G*
geometry.Upon going from the boatform to the planar
form, the averagedanglechangedrom 128.3to 131.4
for 1a (from 128.6to 131.7 for 1b) whereast changed
more, i.e. from 124.4to 129.8, for 2. The averaged
C—C—Cangleof lislargerfor boththe planarandboat
forms owing to boththe electrostatieeffectof Si andthe
longerC—Sibond.In orderto gaina deepelinsightinto
the cause of these inversion barriers, it seemedof
particularimportanceto estimatethe extentof conjuga-
tive stabilizationfor planarand boat forms of 1 and 2
usingthe recentlyreportedindex of aromaticity,NICS 8

Thevaluesof the*H and**C NMR chemicalshiftsthat
we obtainedby the GIAO calculationsarein fairly good
agreementwith the experimentalvalues, as shown in

Table 2. NICS of 1 and 2

NICS (ppm)
Compound Boat Planar
la -0.5 35
1b -0.5 3.1
2 —4.2 8.2

0 1998JohnWiley & Sons,Ltd.

Tablel, indicatingthatthe magneticpropertiesobtained
by the presentmethod are reliable. The NICS values
calculatedfor the boatandplanarformsof 1a, 1b and2
areshownin Table2. The valuesfor the planarforms of
thesecompoundsare all positive, implying that these
haveanantiaromaticharacteaccordingo thedefinition
of NICS? althoughthevaluesfor 1 aresmall.In contrast,
whereaghe boatform of 1 is almostnon-aromaticthe
boatform of 2 hasa negativeNICSvalueandis classified
asa weakly aromaticspecies.

Previously, the NICS of cyclopentadienehas been
calculated as —3.2 at the HF/6-31-G* level® The
presenceof aromaticityin this systemhasbeencontro-
versial, and cyclopentadienehas been described as
‘borderline’ aromatic‘at best'}® basedon the aromatic
stabilizationenergy® andthe diamagneticsusceptibility
exaltation** Such aromaticity in cyclopentadieneand
antiaromaticityin the planarform of cycloheptatrieng?)
can be assumedonly when the 2z hyperconjugative
contributionof the CH, groupis takeninto account:®

On the other hand,the weak aromaticity of the boat
form of 2, suggestethy NICS calculationscouldonly be
interpreted by assuming homoconjugativeinteraction
betweenthe p orbitals of C-1 and C-6 in the triene
moiety. The presenceof weak but appreciableconjuga-
tive stabilizationin 2 hasbeenshownexperimentallyby
measurementsf the heat of hydrogenatiof® and the
diamagneticsusceptibility exaltation** In the case of
silepin, thedistancenetweerC-1andC-6is calculatedo
belonger(2.982A for 1aand3.002A for 1b) thanthatof
2 (2.446A), andthis would be the causeof the decrease
in homoconjugativearomaticity.

Hence,accordingto the resultsof NICS calculations,
no significant(p—d)tr conjugationwould be operatingin
silepins 1a and 1b, and the planarforms of 1a and 1b
were found to be not electronicallystabilizedbut rather
relatively destabilizedn comparisorwith the boatform,
from the result of increasedNICS valuesupon going
from the boatto the planarform. In the caseof 2, such
destabilizatiorin the planarform comparedvith theboat
form is evenlarger than that of silepin. Theseeffects
seemto be contributing to the energybarrier for ring
inversion of thesesystemsin addition to geometrical
effects.
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