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M N D O Study of Tetra-ferf-butyltetrahedrane and 
Tetra-ferf-butylcyclobutadiene and of Their 
Thermal Interconversion 

Sir. 

Tetra-to-f-butyltetrahedrane (1) shows a surprising thermal 
stability and rearranges to tetra-ferf-butylcyclobutadiene (2) 
only at temperatures of 130 0 C and above.' In this communi­
cation, we report on a MNDO2 study of the structure, stability, 
and thermal interconversion of 1 and 2 and compare the results 
with those for unsubstituted tetrahedrane (3) and cyclobuta-
diene (4). 

The optimized geometries of 1 and 2 (see Table I) show 
some unusual features. 1 is predicted to be a chiral molecule 
with T symmetry,3 in analogy to other tetra-ferf-butyl sub­
stituted systems.4 Relative to the Tj conformation, each 
tert-buty\ group is twisted in the same direction by 14.2°, and 
each methyl group by 4.8°, thereby destroying the planes of 

0 = 104.0« 

Figure 1. Optimized C^ structure of the MNDO-CI0 transition state for 
the reaction 3 -» 4. 

Table I. Calculated Heats of Formation and Optimized 
Geometries0 

point group 
A//f, kcal mol-1 

A ( Q = Q ) , A 
R(C-CT), A 
R(C-C1), A 
/J(C-C 0 1) , A 
A(C-H) 1 A 
0 ( Q Q C ) , deg 
0(C1C111H), deg 

1* 

T 
81.2 

1.534 
1.501 
1.559 
1.108 
110.4 
111.7 

V 

D2 
74.5 
1.381 
1.557 
1.520 
1.556-1.564 
1.108 
110.8-112.6 
111.9 

3 

Td 

136.6 

1.520 

1.063 

4d 

D2h 
90.7 
1.357 
1.534 

1.071 

" R, bond lengths; 6, bond angles; 0, dihedral angles. Indices for 
carbon atoms; r, ring atom; t, tertiary atom in butyl group; m, atom 
in methyl group. * For dihedral angles, see text. c 0 (Q=Q—Q) , 
136.5°; 0 ( Q = Q - C r = C r ) , 17.9°; 0 ( Q — Q = Q - C 1 ) , 157.8°. 
<* 0 ( Q = Q - H ) , 138.1°. 

symmetry but preserving all of the rotation axes of the Tj point 
group. It should, however, be difficult to detect the chirality 
of 1 experimentally since the conformation with Tj symmetry 
is calculated to be only 2.6 kcal/mol above that with T sym­
metry which implies free internal rotation of the /erf-butyl 
groups. These MNDO results confirm previous empirical 
force-field calculations5 which also predict ground-state T 
symmetry and a low rotational barrier in 1. 

The cyclobutadiene ring in 2 is calculated to be nonplanar, 
with a dihedral angle of 17.9° for the two double bonds. This 
puckering increases the nonbonding distances between the 
ferf-butyl groups and thus stabilizes the system. When plan-
arity is enforced during the optimization, the resulting struc­
ture is 11.1 kcal/mol higher in energy than the nonplanar one. 
The MNDO structure of 2 thus differs from the X-ray struc­
ture of the related, but sterically less hindered, methyl tri-
rm-butyl[4]annulenecarboxylate which contains a planar 
cyclobutadiene ring.6 

At the optimized geometries, the energy difference between 
the tetrahedrane and cyclobutadiene system (see Table I) is 
predicted to decrease from 45.9 to 6.7 kcal/mol when replacing 
the four hydrogen atoms by four ferf-butyl groups. This shift 
of 39.2 kcal/mol7 is undoubtedly due to steric effects since the 
tert-buty\ groups occupy much more favorable positions in the 
tetrahedrane system. Based on previous experience,8 the 
MNDO heat of formation of 4 is expected to be too low; the 
magnitude of the steric effect is believed to be somewhat 
overestimated, but of a reasonable order of magnitude. 

The thermal rearrangement 3 — 4, and the C4H4 potential 
surface in general, has recently been investigated both by 
semiempirical9'10 and ab initio11_13 methods. Since the rear­
rangement is "forbidden" thermally and involves a H O M O / 
LUMO crossing, a minimal 2 X 2 configuration interaction 
treatment (CIo) is required for a correct description. The 
MNDO-CIo activation energy for this reaction is 15.2 kcal/ 
mol. The transition state corresponds to a bicyclobutanediyl 
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Figure 2. Reaction profiles for the rearrangements 1 -» 2 and 3 -» 4. The 
MNDO-CIo heat of formation is plotted as function of the angle 6 (see 
text and Figure 1). 
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(17) According to test calculations on simple systems, this value is believed 
to deviate from the rigorous MNDO-CIo value by <3 kcal/mol. 
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biradicaloid with C^0 symmetry (see Figure 1); its structure 
has been completely optimized by minimizing the gradient 
norm, and its force constant matrix has a single negative ei­
genvalue.14 Figure 2 shows the MNDO-CI0 reaction profile 
for the rearrangement 3 -» 4 assuming C2t- symmetry. It 
should be pointed out that no local C2^ minimum corre­
sponding to a bicyclobutanediyl biradical is found, contrary 
to a previous study.10-15 

For the tetra-rert-butyl substituted systems, it is computa­
tionally too expensive to carry out complete MNDO-CIo op­
timizations and compute a rigorous activation energy for the 
reaction 1 —• 2. To obtain an estimate of the activation energy, 
a reaction profile for the rearrangement \-*2 was constructed 
by optimizing the geometries at the MNDO SCF level16 and 
then carrying out a single MNDO-CI0 calculation at these 
geometries. From the resulting curve (see Figure 2), the acti­
vation energy is estimated to be 20 kcal/mol,17 which seems 
to be compatible with the observed1 thermal stability of 1. 

Our calculations thus indicate that the activation energy for 
the thermal decay of the tetrahedrane to the cyclobutadiene 
system is increased only by ~5 kcal/mol when replacing the 
four hydrogen atoms by four tert-buiy\ groups. This is probably 
related to the fact that the transition state comes early on the 
reaction coordinate (see Figure 2); the tert-b\iiy\ groups still 
occupy favorable positions so that the steric effect on the ac­
tivation energy is fairly small. On the other hand, given the 
observed thermal stability of tetra-tert-butyltetrahedrane, our 
results strongly suggest that unsubstituted tetrahedrane should 
be long lived enough to be easily detected if it can be prepared 
by some mechanism. 

Acknowledgment. This work was supported by the Deutsche 
Forschungsgemeinschaft and the Fonds der Chemischen In­
dustrie. The calculations were carried out at the TR 440 
computer of the Rechenzentrum der Universitat Marburg and 
the IBM 370/168 computer of the Rechenzentrum der 
Technischen Hochschule Darmstadt. 

References and Notes 

(1) Maier, G.; Pfriem, S.; Schafer, U.; Matusch, R. Angew. Chem. 1978, 90, 
552. 

(2) Dewar, M. J. S.; Thiel, W. J. Am. Chem. Soc. 1977, 99, 4899. 
(3) Herzberg, G. "Molecular Spectra and Molecular Structure II. Infrared and 

Raman Spectra of Polyatomic Molecules"; Van Nostrand: Princeton, N.J., 
1945; p 9. 

Enol Thioethers in Synthesis. Regiocontrolled 
Arylation via Organopalladium Chemistry 

Sir: 

The unusual versatility of sulfur has led to many important 
developments in organic synthesis. Surprisingly, this versatility 
remains unrealized for enol thioethers which normally are 
considered less useful enol derivatives compared with enol 
ethers, enol esters, enamines, etc. We report here an unusual 
ambidence in the regioselectivity of arylation of enol thioethers 
catalyzed by palladium that can provide new avenues for ap­
plications of these intermediates for structural elaboration. 

The arylation of olefins catalyzed by palladium has been 
outstandingly developed by Heck and his co-workers who state 
"double bonds substituted with electron donating substituents 
tend to produce significant amounts of 2-aryl adducts in ad­
dition to the major 1-aryl isomers".23 We find that intermo-
lecular arylations of enol thioethers lead regioselectively to the 
2-aryl adducts, whereas intramolecular arylations lead reg­
ioselectively to the 1 -aryl system. Table I summarizes the in-
termolecular reactions. The arylations were performed in two 
ways. In the first, 1 equiv of phenylmercuric chloride was 
reacted with ~6 mol % of Li2PdCl4 and 1 equiv of cupric 
chloride in THF at room temperature in the presence of 1 equiv 
of vinyl sulfide. After 24 h, the reaction was filtered, evapo­
rated, and chromatographed. Enol thioethers from aldehydes 
(entries 1-4) and ketones (entries 5 and 6) both react. In the 
last case, the sensitivity of the enol thioether 7 to hydrolysis led 
to its conversion into the ketone 6 during silica gel chroma­
tography. In each case, only one regioisomer which resulted 

SCH3 

from /3-phenylation was detected. Entry 6 illustrates that the 
thermodynamically less stable enol thioether reacts without 
prior equilibration.6 Thus, the arylation is fully regiocontrolled. 
When the enol thioethers are a mixture of stereoisomers, the 
products are also a mixture of stereoisomers although in dif­
ferent ratios. NMR allowed determination of the isomeric 
ratios by examination of the vinyl proton geminal to the sulfur 
substituent (1, 6 6.84 [E), 6.52 (Z); 2, 6 6.6 [E), 6.3 (Z); 3, 5 
6.48 [E), 6.2 (Z); 4, <5 6.04 [E), 5.52 (Z)). In the second ap-
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