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Summary. Calculations using a variety of force fields lndlcate that tetra-tert 

butyltetrahedrane has ground state T symmetry and 1s therefore choral. 

We recently showed that molecules of the type t-Bu4M (M = group IVA 

element) exhlblt T symmetry in the ground state 
1 

In connection with these - 
studies, our Interest was aroused by the recently reported synthesis of tetra- 

tert-butyltetrahedrane (TTT),' If the four-carbon framework of tetrahedrane 

were to be consldered a super-atom of type M, one might then expect that TTT 

would also exhibit ground state T symmetry Indeed, empirical force field 

(EFF) calculations support this expectation. 

The results of calculations on TTT using four force flelds3 are 

presented in Table I. In these calculatlons,4 the tetrahedrane frame was 

assumed to have local % symmetry, 
o!i 

all six C-C bond lengths were held fixed 

at 1.482 A and all four C-Cq bonds6 were fixed along the C3 axes 
7 

While the 

assumption of skeletal 2 symmetry does not affect structures with 5 and T - 
symmetry, It does constitute a constraint on structures with any other 

symmetry (e g., S4, see below) 

In all Lases the ground state 1s predicted to have x symmetry, with all 

four tert-butyl groups twlsted by ca 14' and all twelve methyl groups by ca 

Z-6', all In the same direction from a staggered Td conformation. That is, 

'Dedicated to Professor A Dreidlng on the occasion of his 60th blrthday 

1705 
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Table I. Calculated Structures of Tetra-tert-butyltetrahedrane (TTT) 

‘Bu 
I 

-‘Bu 

Force FIelda Symmetry Rel. Energy r(g-Cq) O(cm-cq-cm) $(C-c-cq-Cm) 

(kcal/mol) (A) (deg) (deg) 

Alllnger 1971 T - 

3 

>b 

Alllnger 1971 T 
(no stretch-bend) g 

;b 

EAS 

Alllnger 1977 

MUB-2 

'b 
Xd 

I 0 1 452 

Id 
b 

(1 71) 1.454 

0 1.555 

3.62 1.560 

(5 32) 1.562 

0 1.519 

3.87 1.524 

(5.95) 1 526 

0 1.532 

(5.02) 1 539 

0 1.487 

(4.03) 1.495 

111 1 46.4 

110.5 47.9 

109.8 60b 

110.7 45 8 

110.1 47.6 

109 3 60b 

109.5 46 1 

108.6 60b 

109 7 45.4 

108.7 60b 

109 1 47 6 

108 8 60b 

aSee reference 3. 

b Four dihedral angles (b(C-C-Cq-Cm)) were frozen at 60' This constraint 

enforces approximate 5 symmetry. This conformation does not correspond to a 
local energy minimum. 
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TTT 1s choral 
8 

However, enantlomerlzatlon 1s expected to be facile slncethe 

structure with > symmetry, a possible achlral transition state, lies only ca 

2-5 kcal/mol above the ground state Another possible enantlomerlzatlon path- 

way proceeds through a form with S4 symmetry As in the other t-Bu4M 

compounds, ’ a local mlnlmum with 54 symmetry was found using the Alllnger 1971 

force field ' 

In our previous study' it had been found that, using the Alllnger 1971 

force field, plots of 0 (Cm-Cq-Cm) and of BE (the difference in energy 

between the 34 and T forms) vs. r" (the "preferred" M-Cq bond length') were _ 
linear over the range of values studied. If one includes TTT in this plot by 

conslderlng the C4 
o 10 

skeleton to be a super-atom with r" = 2.42 A, the points 

for TTT (AE = 3.62 kcal/mol, 0 = lll.lO, see Table I) lie very close to the 

same lines. 
11 

We add a note of caution. The lack of parameters for the tetrahedrane 

frame precludes full relaxation. Since our assumption of s frame symmetry 

constitutes a constraint on the 24 (but not on the T) conformation, AE(S4-T) is - 
somewhat overestimated. In addltlon, due to the large C-C-C 9 bond angles, 

7 

the C-Cq bond distance 1s somewhat suspect 
12 

Nevertheless, as in the other 

t-Bu4M compounds, 
1 

the main conformatlonal features are governed by nonbonded 

interactions between the tert-butyl groups, and the conclusion that TTT 1s 

choral 1s therefore tenable. 14 
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