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The square planar structure for polynitrogen [5.5.5.5]-sila- and phospho-fenestrenes has been predicted computationally at 
ab initio HF/3-21 G(*)  level. 

In 1970, Hoffmann, Alder and Wilcox suggested that planar 
tetracoordinate carbon arrangements might be achieved in 
unsaturated fenestrane systems with an appropriate annulene 
perimeter.' Subsequent semiempirical MO calculations did not 
support this idea: the distortion energy away from planarity 
(e.g. for I)'.' is much too However, MNDO compu- 
tations predicted that planar silicon tetracoordination, while 
still unfavourable, should be inherently easier to achieve (e.g. in 
2 and 3)"' 

Planar tetrasubstituted carbon and silicon favour basically 
different electronic structures: the latter has a &HOMO with a 
vacant Si p-orbital and can be stabilized by electronegative, 

a-donor sub~ t i tuen t s .~ ,~ .~  Nevertheless, our 1981 MNDO 
results indicated that neither square planar 2 nor 3 survived 
reoptimization with reduced symmetry  constraint^.^ Prompted 
by the increasing interest in planar tetracoordination involving 
main group  element^,^.' we have now reexamined 2 and 3 at the 
HF/3-21G(*) ab initio level3* (this split valence basis set is 
augmented by d-functions on the third period atoms). We have 
explored a number of analogous systems (e.g. 4-9) similarly. 

The geometries of 2-9 were fully optimized8 (with planar 
constraints) and analytical frequencies calculated at 
HF/3-21G(*) (bond lengths, valence angles, number of imagin- 
ary frequencies, NBO charges, and overlap populations are 
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given in Figs. 1 and 2). The optimized planar structure of 2 has 
D2, symmetry. However, structures 3 and 4 prefer D4, symme- 
try and the 'A,, electronic configuration: (lalJ2 (leJ4 (lb,,)' 
(1b2J2 (2eUl4 (la2J2 (3eJ4 (3aIJ2 (2b2,)2 (2bl,)2 (4eJ4 
(5eJ4 (la2,)' (4aIJ2 (2a2,I2 (3b2b2 (1b2.d2 (3blgl2 
(lb1J2 (2e,)4 (2a2J2 (la,,)'. Square planar structure 2 has four 
fewer electrons than 3 and 4; hence, the degenerate 2e,-MO in 
the singlet state would be occupied by only two electrons and is 
not stable towards Jahn-Teller distortion to D2, symmetry. 
While the optimized S i x  bond length in 2 (1.896 A) is quite 
close to that in MeSiH, L1.883 A at HF/3-21G(*)9], 2 is a saddle 
point (one imaginary frequency v(b,b - 509 cm- I). According 
to the vectors of the imaginary frequency, the Si atom remains 
in the plane but the four carbon neighbours point in opposite, 
i.e. tetrahedral directions. 

Compound 3, in which the four silicon neighbours are 
nitrogen atoms, is a minimum (no imaginary frequencies). 
Moreover, the vectors of the lowest frequency [~(a,,) 109 cm- '1 
describe a pyramidal, rather than a tetrahedral, vibration: the 
Si and all N atoms move in the same direction out-of-plane. 
The large HOMO- LUMO energy difference, 11.5 eV, indi- 
cates that this structure should be stable towards second-order 
Jahn-Teller distortion. 

Isoelectronic substitution of Si in 3 first by P+  and then by 
Al- leads to structures 4 and 5. The R(A1-N) 1.806 A separa- 
tion in 5 is too long for A1 to 'fit' optimally4 in the fenestrene 
'cavity' (note the distances to the central atoms in 3 and 4). As a 
consequence, 5 is a saddle point [one imaginary frequency 
v(a2,) 142i cm-'I. The vectors of the imaginary frequency 
correspond to a pyramidical distortion (the central A1 atom 
and all the N atoms move in the same direction). As the energy 
of the HOMO is negative, this anion should be stable towards 
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loss of an electron. 
The P-N bond length in 4 (1.665 A) is quite close to that in 

PH2NH2 [1.653 A, also at HF/3-21G(*);9 the experimental 
value is 1.650 A in NH2PF2'O]. Hence, a P atom can be 
accommodated comfortably, and 4 is a minimum [lowest 
frequency v(a2") 160 cm- '1. 

An X-ray structure of phthalocyanine with a planar tetra- 
coordinated Si atom has been reported." However, the experi- 
mental Si-N separation, R(Si-N) 1.93 A, is much longer than 
that in 3 and in SiH,NH2 (see above). Furthermore, the formal 
silicon valence in the phthalocyanine is two rather than four. 

When the Si in 3 is substituted by C (to give structure 6) the 
square planar geometry is unstable towards in-plane distortion. 
This is caused by the relatively large size of the central cavity 
(see Figs. 1 and 2). Structure 7, with all the nitrogens substi- 
tuted by boron atoms, is not a minimum either. We have 
explored planar tetracoordinated carbon candidates based on 
3. The four carbon neighbours in 6 were replaced by P atoms 
(structure 8) and by A1 atoms (structure 9). However, neither 
structures 8 nor 9 are minima. 

We hope that our predictions of D4, symmetry for 3 and 4 
will stimulate the synthesis of molecules of this type with 
unusual planar tetracoordinate geometries. 

This work was supported by the Deutsche Forschungs- 
gemeinschaft, the Fonds der Chemischen Industrie, the Convex 
Computer Corporation and by the Award of an Alexander von 
Humboldt Fellowship (to A.I.B.). 

References 

I R. Hoffmann, R. W. Alder and C. F. Wilcox, Jr., J. Am. Chem. 
Soc., 1970,92,4992; R. Hoffmann, Pure Appl. Chem., 197 1,28,18 1 .  

Mendeleev Commun., 1992, 2(3), 93–95



MENDELEEV COMMUN.. 1992 

2 M. C. Biihm, R. Gleiter and P. Schang, Tetrahedron Lett., 1979, 
2575. 

3 (a) E.-U. Wurthwein, J. Chandrasekhar, E. D. Jemrnis and P. v. R. 
Schleyer, Tetrahedron Lett., 1981, 22, 842; (b) J. Chandrasekhar, 
E.-U. Wurthwein and P. v. R. Schleyer, Tetrahedron, 1981,37,921; 
(c) E.-U. Wiirthwein and P. v. R. Schleyer, Angew. Chem., Int. Ed. 
Engl., 1979, 18, 553; (4 W. J. Hehre, L. Radom, P. v. R. Schleyer 
and J. A. Pople, Ab initio Molecular Orbital Theory, Wiley, New 
York, 1986, p. 84. 

4 R. Keese, A. Pfenniger and A. Roesie, Helv. Chim. Acta, 1979,62, 
326; H. Schori, B. B. Patil and R. Keese, Tetrahedron, 1981, 37, 
4457; R. Keese, Chimia, 1982, 36, 300; K. B. Wiberg and J. J. 
Wendoloski, J. Am. Chem. Soc., 1982, 104, 5679; J. M. Shulman, 
M. L. Sabio and R. L. Disch, J. Am. Chem. Soc., 1983, 105, 743; 
K. B. Wiberg, J. Comput. Chem., 1984, 5, 197; A. Pfenninger, A. 
Roesle and R. Keese, Helv. Chim. Acta, 1985,68,493; J. Mani and 
R. Keese, Tetrahedron, 1985, 41, 5697; M. Luyten and R. Keese, 
Tetrahedron, 1986,42,1687; W. Luefand and R. Keese, Helv. Chim. 
Acta, 1987, 70, 543; R. Keese, W. Luef, J. Mani, S. Schuettel, M. 
Schmid, C. Zhang, in Strain and its Implications in Organic Chem- 
istry, ed. A. de Meijere and S. Blechert, Kluwer Academic 
Publishers, Dordrecht, 1989, pp. 283-296. 

5 J. B. Collins, J. D. Dill, E. D. Jemmis, Y. Apeloig, P. v. R. Sch- 
leyer, R. Seeger and J. A. Pople, J. Am. Chem. Soc., 1976,98,5419; 
M.-B. Krogh-Jesperson, J. Chandrasekhar, E.-U. Wurthwein, J. B. 
Collins and P. v. R. Schleyer, J. Am. Chem. Soc., 1980, 102, 2263; 
J. Chandrasekhar and P. v. R. Schleyer, J. Chem. Soc., Chem. 

Commun., 1981, 261; S. M. Bachrach and A. Streitwieser, Jr., 
J. Am. Chem. Soc., 1984, 106, 5818; A. I. Boldyrev and 0. P. 
Charkin, Zh. Strukt. Khim., 1985, 26, 158. 

6 V. I. Minkin, R. M. Minyaev and Yu. A. Zhdanov, Nonclassical 
Structure of Organic Compounds, Mir, Moscow, 1987, p. 248. 

7 A. I. Boldyrev and P. v. R. Schleyer, J. Am. Chem. Soc., 1991,111, 
9045; P. v. R. Schleyer and A. I. Boldyrev, J. Chem. Soc., Chem. 
Commun., 1991, 1536 and references cited therein. 

8 GAUSSIAN-90 (Convex version), M. J. Frisch, M. Head-Gordon, 
G. W. Trucks, J. B. Foresman, H. B. Schlegel, K. Raghavachari, 
M. A. Robb, J. S. Binkley, C. Gonzales, D. J. Defrees, D. J. Fox, 
R. A. Whiteside, R. Seeger, C. F. Melius, J. Baker, R. L. Martin, 
L. R. Kahn, J. J. P. Stewart, S. Topiol and J. A. Pople, Gaussian 
Inc., Pittsburg PA, 1990. 

9 Ab initio Archive of the Institute of Organic Chemistry, Erlangen- 
Niirnberg University, 1992. 

10 A. H. Brittain, J. E. Smith, P. L. Lee, K. Cohn and R. H. Schwen- 
deman, J. Am. Chem. Soc., 1971,93,6772. 

11 M .  Aldoshin, 0. A. D'yachenko, L. 0. Atovmyan, A. N. Chekhlov 
and M. I. Al'yanov, Koord. Khim., 1980,6, 936. 

Received: Cambridge, 30th January 1992; Corn. 2/005231 
Moscow, 4th March 1992 

Mendeleev Commun., 1992, 2(3), 93–95


