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Abstract

Annulation should tilt the benzene/Dewar-benzene equilibrium toward benzenes the largest effective annulating ring being
six-membered; MP2(fc)/6-31G*//RHF/6-31G* methods are needed to reproduce experimental isomerization energies, but

6-31G calculations suffice to show trends for molecular design.

(CHJpy —> ©i>cnz)n.4

Smaller “n” should favor isomerization; effective rings will have= 6.
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1. Introduction equilibrium between benzene and Dewar benzene.

By ab initio calculations, we have now compared
Benzene valence isomerism is known to depend on the energies and geometries of theJahnulated

substitution [1]; for example, the first synthesis of a Dewar benzenes.n with those of the corresponding

Dewar benzene depended on destabilization of a annulated benzené&sn (Scheme 1).

benzene by juxtaposition of bulky substituents [2].

Annulated benzenes are the subject of current interest,

in connection with attempts to induce bond-length 2. Methods

alternation [3]. For the past several years, as part of

an effort to produce an isolable [S]paracyclophane [4], Calculations employed the SPARTAN package,

we have been studying annulation effects on the versions 3.0 [5]a and 3.1 [5]b, on a Silicon Graphics
Indy platform; default computational parameters were

* Corresponding author. used throughout. Symmetry constraints weotused
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at any level. Structures were fully optimized by using
the AM1 [6] and MNDO [7] semiempirical methods,
and by restricted Hartree—Fock ab initio calculations
with the STO-3G, 6-31G, and 6-31G* basis sets;
single-point MP2(fc)/6-31G*//RHF/6-31G* energies
(hereafter termed “MP2") were calculated [8]. Hexa-
methyl Dewar benzene3) and hexamethylbenzene
(4) were also studied, because theirs is the most

Table 1
Isomerization energies (kcal md)

Reaction AEg.a16 AEg316+ AE«ypa»
3—4 -70.0 -56.8 -58.4%
1o — 200 -93.0 -79.0° ~75.6°
18— 28 -94.8 -80.9 -78.8
17— 27 -94.0 -79.9 -77.1
16— 2.6 -97.5 -83.3 -79.5
15—-15 -111.3 -96.3 -91.4
14—24 -128.8 -112.5 -105.9

3Exp.: -59.4 *+ 2.1 kcal mol™ [9].
P RHF/6-311G**: —78.5 kcal mol™.
¢ MP2(fc)/6-311G**//[RHF/6-311G**~74.2 kcal mol™.

A.B. Brown et al./Journal of Molecular Structure (Theochem) 419 (1997) 185-189

closely related isomerization whose experimental
AH value has been measured [9]; the “MP2” energy
difference (isomerization energy) is within the range
of the experimental values [9], and the RHF/6-31G*
value is almost as good (Table 1). The isomerization
energy of the simple systefrro — 2.0 was calculated
by the RHF/6-311G** and MP2(fc)/6-311G**//RHF/
6-311G** methods; these values were within
1.4 kcal mor* of the RHF/6-31G* and “MP2” values
respectively. This suggests that the agreement
between the “MP2” and experimental values for
3 — 4 represents a real convergence of theory with
experiment, not happenstance.

3. Results and discussion

The calculated isomerization energies far—2.n
(Table 1) are similar fon =« andn = 7; the “no-
ring” models are 2,3-dimethyl Dewar benzeriex)
and o-xylene @.), because the Dewar and benzene
fragments of.n and2.n (n # m) bear carbon substi-
tuents in the same places as the methyld ef and
2. Isomerization becomes more exothermicrfer 6
than for no ring; the “threshold” ring (the largest with
any significant effect) is six-membered. Progressively
larger jumps in exothermicity are predicted froms 6
ton=5 and fromn =5 ton = 4. The trend reflects an
annulation effect, not merely ring strain: the strain of
simple cycloalkenesdecreasesfrom seven to six
members [10].

The level of theory needed in these systems
depends on the purpose of the calculations. Bonding
in Dewar benzenes is difficult to describe using
hybrids ofs and p Gaussian functions only [11fpr
quantum chemistrytherefore, it seems evident that
carbond polarization functions and correlation cor-
rections are needed. However, the qualitative finding
of a six-membered threshold ring also holds at the 6-
31G level (Fig. 1), and 6-31G bond lengths and angles
are within 0.02 Aand 0.8 of experimental data where
available. Like others, we find that bond alternation is
small in benzene rings fused to a single, saturated ring
of four or more members [12]. We conclude that;,
molecular designin the ring-size range=4ton=7,
the 6-31G basis set suffices. For 8, the isomeriza-
tion energy is close to that far = 6 at the “MP2”
level only.
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Fig. 1. Isomerization energies (kcal mb)lversus annulating ring size)(
SEot = TEstrained— T Eunstrained (1) between the total energy of the deformed “benzene”
(“benzene” in quotes denotes “either benzene or
SEo; =SBy + SEunn ) _Dewar benzene as a_ppropnate )_ and that_ of benzene
itself [Eq. (3)]. Similarly, SEy, is the difference
SEvw o =TEwn ae =T 3 between the total energy of the deformed annulating
bnz onz,det. ~ T Epenzene 3) ring and that of the fully optimized alkane with the
3 . .
SEun=TEanndet. =~ TEann (4) same number o8p® carbons as the annulating ring

The structural basis of the annulation effect was
studied by dissection of strain energies [Egs. (1)—
(4)] [13]. The strain energ\5E; is defined as the

[13], e.g., ethane fo?.4[Eg. (4) and Table 2].

The increase in isomerization exothermicity
betweenn.7 andn.6 is reflected in the strain-energy
change, and is split about evenly betwet8E.,,,

difference between the total energies of the strained and ASE,,, (Table 3). The change IASEy,,» is an

molecule and a fictitious unstrained molecule [Eq.
(2)]. One can partitionSE,, into two theoretically
accessible parts [EqQ. (2)] [13BEn, is the difference

increasein SEy,,,» from Dewar benzené.7 to 1.6,
but not observed going from benzee7 to 2.6. This
effect appears to depend primarily on the “exocyclic”

Table 2

Partial strain energies (in kcal md) [MP2(fc)/6-31G*//RHF/6-31G*]

de SE‘bnz" SEemn de SE‘bnz” SEemn
1o 80.91 2.55 200 0.09 5.54
1.8 81.09 8.78 2.8 0.30 10.76
1.7 80.92 5.11 2.7 0.16 6.72
1.6 83.010 4.28 2.6 0.14 3.69
1.5 96.011 13.77 25 4.06 10.56
14 142.20 38.86 2.4 36.05 33.84
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Table 3

Strain energy changes (in kcal mland “exocyclic” angles (in°) [MP2(fc)/6-31G*//[RHF/6-31G*]

Reaction AS’E‘f‘lbﬂz” ASgnn ASEIhOI ASEhomo AESMF’Z” ®gew ®gen
loo— 2 -80.8 +3.0 -77.8 -75.6 135.2 120.9
18— 238 -80.8 +2.0 -78.8 -84.8 -78.8 136.5 122.4
17— 27 -80.8 +1.6 -79.2 -77.1 -77.1 134.7 121.6
16— 2.6 -83.0 -0.6 -83.6 -79.5 -79.5 126.4 121.6
15—25 -92.1 -3.2 -95.3 -91.4 -91.4 114.1 110.6
14—24 -106.1 -5.0 -111.2 -105.9 -105.9 95.4 93.6

2 ASEis the change irBEfrom 1.n to 2.n.
P Sum of previous two columns.

¢ From Table 1.

4@, for Ln.

€@, for 2.n.
angles®’ and® (Fig. 1; mean®,,), which drop by 8 to come from elongation and narrowing of the six-
betweenl.7 and 1.6, but are unchanged betweg@tv membered ring of.6, and will be discussed in detalil
and2.6 (Table 3). Plots oAE versus®,, in the Dewar elsewhere.
benzenes are linear (Fig. 2) with= 0.983. Thus, In sum, benzene valence isomerism can be manipu-

annulation affects benzene valence isomerism in lated by annulation; isomerization of 2,3-annulated
large part by manipulatind®,,. Changes in strain Dewar benzenes to annulated benzenes is calculated
energy evaluated in this way\§,) are close both to  to become more exothermic with decreasing size of
strain energy changes evaluated using homodesmoticthe annulating ring. The largest effective annulating
reactions ASEn9 [13] and to “MP2” energy rings are six-membered; the exocyclieC—-C angles
changes4E.yp, ; Table 3). of the Dewar benzene are forced down, and the six-
The change inASE,,, arises becaus8E,,, does membered ring is deformed. To reproduce experimen-
drop significantly from benzen2.7 to 2.6, but not tal isomerization energies, MP2(fc)/6-31G*//RHF/6-
from Dewar benzend.7 to 1.6. The effect appears 31G* methods are needed; for molecular design,
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Fig. 2. Isomerization energies (kcal mb)lversusO g, (°), with least-squares line®, 6-31G*,r = 0.990;<, “MP2”, r = 0.983.
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6-31G calculations suffice to produce the same trends

seen at higher theoretical levels.
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