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THE STRUCTURES AND ENERGIES OF PENTAPRISMANB 
AND HEXAPRISMANB - AN AB INITIO STUDY1 

William P. Dailey 
Department of Chemistry 

University of Pennsylvania 
Philadelphia, Pennsylvania 19104-6323 

Summary: Ab initio calculations are reported for pentaprismane and 
hexaprismane using the 3-21G and 6-31G* basis set. The calculated 
structures and energies are compared with what is known experimentally and 
with the results of previous molecular mechanics calculations. 

The [n]-prismanes are an aesthetically pleasing group of compounds 

which have received considerable experimental effort. Triprismane' (L), 

cubaneo (g), and pentaprismane4 (3) have been synthesized and are known 

experimentally to have D3h2, ohs, and Dsh4 Symmetry, reSpt?Ct.iVely. The 

enthalpy of formation of cubane has also been determined.6 There have 

been several reports on progress towards hexaprismane?, a formal dimer of 

benzene, although the ring system is still unknown. Molecular mechanics 

calculations have been reported for cubane, pentaprismane and hexaprismane 

as well as some higher prismanesQ. In addition, high level ab initio 

calculations on cubaneQ, a minimal basis set calculation on pentapris- 

manelo and an MNDO/minimal basis set ab initio study on hexaprismaneli 

have all appeared. We report here the results of high level ab initio 

calculations for pentaprismane (3) and hexaprismane (4). 

Ab initio calculations were performed for 3_ and 4 using both the 

3-216 and the 6-31G* basic set with complete geometry optimization12 

within the constraint of the appropriate (Dsh or Deb) symmetry. The 

results are shown in Table J_ together with previous ab initio results 

for cubaneQ and molecular mechanics (MM2)* results for all three. 

1 4 

5787 



5788 

-______-_____--____---___-----_-_----__-----____----___~__-________--~____ 

Table 1. Optimized Structures and Energies for Cubane, Pentaprismane and 

Hexaprismane derived from ab initio and MM2 calculations.a 

____-_______________--_------__------------_--------__-----____---____-_-- 

theoretical method 

______-_-_________________-_____----_______-- 

ab initio basis set 

3-21G 6-31G* MM2 

2 r(C-C) 

r(C-H) 

<HCC 

r(C-C)b 

r(C-C)" 

r(C-H) 

<HCC“ 

-E 

fIHr 

4 r(C-C)b 

r(C-C)' 

r(C-H) 

<HCC“ 

1.577f 1.563' 1.557 

1.074 1.085 1.114 

125.26 125.26 125.26 

305.69568' 307.39362' 

145.lf 147.lf 148.9 

1.561 1.552 i.540 

1.582 1.558 1.566 

1.077 1.082 1.115 

123.24 123.30 116.63 

382.22481 384.34182 

115.4s 121.2g 114.7 

1.558 1.551 I..532 

1.579 1.554 1.571 

1.079 1.083 I.116 

121.13 123.04 112.94 

458.63500 461.19570 

160.3g 154.5s 129.2 

a. Bond lengths in angstroms, angles in degrees, 
hartrees, enthalpy of formation in 

t;tal energies (E) in 
kcal/mol. . Carbon-carbon bond 

perpendicular to the major axis. c. Carbon-carbon bond parallel to the 
major axis. d. Angle measured using the C-C bond parallel to the major 
axis. f. Reference 9. g. Calculated from the total energy according to 
reference 9. 

Structures calculated at the 6-31G* level of theory are generally in 

good agreement with experimental values.13 Cubane is predicted to have 

carbon-carbon bond lengths of 1.563 Ao while experimentally a value of 

1.550 A0 is found.5 For pentaprismane the C-C bonds in the five-membered 

rings are calculated to be slightly shorter (1.552 AC') than the C-C bonds 

between the two five-membered rings (1.558 Ao). Experimentally4 the C-C 
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bonds within the five-membered rings of pentaprismane carboxylic acid 

average 1.548(8) A0 and the C-C bonds between the two five-membered rings 

average 1.565(4) Ao. The agreement is quite good. For hexaprismane both 

types of C-C bonds are predicted to be almost exactly the same length 

(1.551 and 1.554 Ao). This is in contrast to the results of MM2 calcula- 

tionss which predict that the C-C bonds within the six-membered rings are 

shorter and the C-C bonds between the two six-membered rings are longer 

than those in pentaprismane. Hexaprismane is the first [n]-prismane in 

which the carbon atoms have C-C-C bond angles both less then (90°) and 

greater than (120°) the normal tetrahedral angle. There is relatively 

little known about compounds with saturated C-C-C angles in great excess 

of 109.60.'4 

The enthalpy of formation of pentaprismane and hexaprismane may be 

derived from the ab initio total energies using Wiberg's methods for 

converting total energies to enthalpies of formation. A very similar 

scheme has subsequently appeared.15 The values derived using the 6-31G* 

basis set give results which are generally within 1 - 2 kcal/mol of the 

experimental values. Using the 6-31G* energies, Wiberg's method predicts 

values of 122.0 and 154.7 kcal/mol for the enthalpies of formation of 

pentaprismane and hexaprismane, respectively. A similar calculation for 

cubane predicts an enthalpy of formation of 147.1 kcal/mol. The measured 

value is 148.7 kcal/mol. It is interesting that values for the enthalpy 

of formation of cubane and pentaprismane derived from MM2 calculations 

agree fairly well with the values derived from the ab initio procedure but 

the MM2 value for the enthalpy of formation of hexaprismane is about 25 

kcal/mol below the ab initio one. This is probably due to the fact that 

MM2 is not parameterized to deal with the saturated carbon-carbon-carbon 

angles of 1200 which are found in hexaprismane. MNDO calculations also 

greatly underestimate the value for the enthalpy of formation of hexapris- 

mane with a prediction of 60.4 kcal/mol.ll 

The strain energies of cubane, pentaprismane and hexaprismane 

calculated from the 6-31GS total energies and the Benson group increment's 

(C-(H)C3 = -1.90 kcal/mol) are 162.3, 140.2 and 177.3 kcal/mol respec- 

tively. The strain energies are roughly the number of four membered rings 

times the strain energy of cyclobutane (26.7 kcal/mol). 

Using a value of 155 kcal/mol as the enthalpy of formation of 

hexaprismane, the reaction leading to two molecules of benzene (AH~ = 

19.8 kcal/mol) is calculated to be exothermic by about 115 kcal/mol ! 
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AH r =‘115 kcal/mol 
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These predictions must now await experimental verification. 
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