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odynamic stability of tetrahedrane

ity

* 1solability of tetrahedranes
- substituted tetrahedranes
- unsubstituted tetrahedrane

* Kinetic stability of tetrahedrane
- reactivity
- accessability




Strain in cyclic structures:

e A.v. Baeyer, Chem. Ber. 1885, p. 2269:
Cyclopropane should be the most and
cyclopentane the least strained plane
cycloalkane

e H.-S. Wu, X.-F. Quin, X.-H. Xu, H. Jiao,
P. v. R. Schleyer, JACS, 2005, p. 2334:
Computation of the Baeyer-Strain in

cage structures containing plane rings
with B3LYP/6-311+G*//B3LYP/6-31G*

(20/n) C.H, — CyoHy

but:

- Dodecahedrane is not completely
strainless

- Tetrahedrane is stabilized by spherical
aromaticity

N AE/CH(Tatrahedrane) = 30,7 kcal /mol

n PG structure N(R3 4 5 6) [ésjllrgcl)_:]
. T A\ 4 30,7
5 Dy )ﬁ 23 20,8
s o m 6 168
10 Dey m 52 108
12 Daq J@: 2 6 44
12 T ﬁ P80
14 Dsp, I& 36 39
16 Dyq % 29 “e
18 Cpy & 281 20
20 I %% e




First notion of a structure of tetrahedral geometry:

Beesley, R. M.; Thorpe J.-F.

J. Chem. Soc.,

1913
p. 591




Chronoloqy

R = Si(CH,),0iPr
Si(SiH;) 4
Si(CH,),Ph
Si(CH,),H

Ge(SiH;)4
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L R —Si—
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Unsubstituted tetrahedrane:
Synthetic approaches

D ! N _H
H NTsLi
_ H _ +
LiTSNN H COCHN,
5 H

slefegeens K+>

P. B. Shevlin & A. P. Wolf JACS 1970, 406:

H
:C1 + H
C=C=0 + | I " gz
...the data presented rule out al/ lausible mechanisms for the
formation of acetylene othert an VIA TETRAHEDRANE...

Peterson, R. F.; Baker, R. T. K.; Wolfgang, R. L. Tetrahedron Lett. 1969, 54, 4749. Kaisaki, D. A.; Dougherty, D. A. Tetrahedron Lett. 1987, 28, 5263
Maier, G.; Hoppe, M.; Lanz, K.; Reisenauer, H. P. Tetrahedron Lett. 1984, 25, 5645 Lage, H. W.; Reisenauer, H. P.; Maier, G. Tetrahedron Lett. 1982, 23, 3893
Reisenauer, H. P. zitiert in Christl, M.; Freund, S. Chem. Ber. 1985, 118, 979 Maier, G.; Hoppe, M.; Reisenauer, H. P. Angew. Chem. 1983, 95, 1009

Rodewald, L. B.; Lee, H. J. Am. Chem. Soc. 1973, 95, 623
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Previous computations:
reactions of traditional synthons

Kollmar, H.; Carrion, F.; Dewar, M. J. S.; Bingham, R. C. J. Am. Chem. Soc. 1981, 103, 5292



Reaction: Cyclopropene + 3C
practical aspects

reaction chamber
windows:

=3 graphite disc
(rotating)

detection: IR-spectroscopically




Reaction: Cyclopropene + 3C

Logics: Experiment:
possible primary steps observed products
. »
®© : H
Theory: e
——
why do they form? "
y Y A\ s
H H
H———~H

AEB3LYP/6-31 1G**
[kcal/mol]




Energetics of the primary step:

e. g. double bond addition to Bicyclobutene

o

170 1
160 Tee,
150 | ,.
140 °e
130 1
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rel. vinylacetylene /kcal mol

000.,“‘ Q
°®

E B3LYP/6-311G**

100""""”""vv\vv\\\\
4,5 4 3,5 3 2,5

as expected according to the Bell-Evans-Polanyi-principle,
all primary steps are predicted to occur activationless
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Energetically favoured reactions

of primary products:

Z1 18 7
-~;-::.'I = 106 3 A

101,1
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#*Wrobel, R.; Sander, W.; Cremer, D.; Kraka, E. J. Phys. Chem. A 2000, 104, 3819
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Reactions of traditional tetrahedrane synthons




Kinetic stability of tetrahedrane
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Concerted interconversion:

i,
;%/M Symmetry e
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Correlation diagram
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D, p-orbitals




HJZI’H symmetry forbidden
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Concerted interconversion:

Correlation diagram



Kinetic stability of tetrahedrane
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40 n [ — "/-.1;1 S H— ” ...................... ‘ ...................
30 ):( * kineticaly stable

e formation from the classic precursors: E,'s are of the same order of magnitude

e after formation: further rearrangements take place readilly if the excess E not removed

L. in general isoliable, but: not from the listed precursors




Studied structures
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AEgr [keal mol™!]
Structure PG  B3LYP- CCSD(T)-  CCSD(T)-
6-311G** fec-pVDZL Hee-pVTZ

]}(_-\H C, 1.8 0.1 4.1
H il =l =L -—d

H
C
Hﬂ
* H
}XH c, 13.9 -21 -39
- . HI"I
Thereof Triplet Carbenes: e
H o
FJH ad 6.6 5.7 46
H H
ol
"','1'1‘/_\\‘*("' C -34 —6.0 —6.5
H
CJ’
H
H>=3= : C. -5l —42.4 —51.5
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H
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H j
H X
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""<% H C, -148 -209 16
A
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Point groups, PG, (first entry for T, second for S) and A 403 560 _sp6
singlet-triplet energy separations for carbenes of C,H, H o .
1

stochiometry; according to the IUPAC convention the R
AE; values for the triplet ground state carbenes are )\,_.4}:' G BT —dod 47

positive C,




e ubiquious

Triplet species: Organic magnets ? <—

x 0,
* AlBr,- + B+
@ = —1— —T— 4p?
4p?
4s?
e stable
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i | Si—G,Cl
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E 2.761A1 g56A
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#Reisenauer, H. P.; Schreiner, P. R. unpublished results



to be continued...




