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Abstract: Ab initio calculations have been performed on the two modes of electrocyclic ring opening of Dewar
benzene), as well as related structures. Both CASSCF and MP2 optimizations predict the existen¢bio$ Mo
benzene 3, ciscistrans1,3,5-cyclohexatriene) in a very shallow minimum ca. 100 kcal/mol above ben2gne (
This structure has alternating single and double bonds, with one fully trans double bond. The barriéofat
rotation @ — 2) is predicted to be less than 3 kcal/mol. Stationary points have been located at the TCSCF/6-31G*
level for both conrotatory and disrotatory ring openinglof The disrotatory path proceeds through a second-order
saddle point, which appears to be a general characteristic of symmetry-forbidden reactions. At every level of
calculation, conrotatory ring opening dfporoceeds through a barrier that is %51 kcal/mol lower than disrotation.

The predicted conrotatory enthalpic barrier of28 kcal/mol agrees well with the experimental value of 25.2.

Intrinsic reaction cordinate calculations suggest that conrotation fromay lead to eithe? or 3. Calculations also
support the existence tfansDewar benzened], a substance originally suggested by Woodward and Hoffmann in
1971. This is predicted to be 158 kcal/mol above benzene, but still has a barrier of ca. 13 kcal/mol for ring opening
to benzene.

Scheme 1Potential Electrocyclic Pathways for Dewar
Benzenes

Introduction
Benzene chemistry is rich with high-energy structures that

interconvert through complex and mysterious rearrangeriehts. Jorbidden" ‘allowed"
. . . o R ) isrotatory conrotatory
In spite of the long history of this field, new and fascinating y  opening opening y

benzene isomers still are being discovetedihe synthesis of
Dewar benzenelj was reported in 1962 by van Tamelen and
Pappas. Wilzbach and co-workers later showed tHadlso is

rotation

wj 2 S~
2 ot -

a product of benzene photochemisirfuch attention has been 1 cggﬂﬁiw “forbidden” 4
devoted to the mechanism for ring opening lIofo benzene opening % = @ df;;‘\?f“;‘y
(Scheme 1), which often is cited as a textbook exarffadé¢ an 3

orbital symmetry controlled proce$sAlthough several complex

mechanisms were originally conside?ddr ring opening ofl to 2, deuterium-labeling studies by Goldstein and Leight
® Abstract published irAdvance ACS Abstractduly 15, 1996. provided evidence for straightforwaodbond cleavage, without
(1) For discussions of benzene isomers, see: (a) Cutman, l.; Potgeiter, ; ; ; ;
3. M. 3. Chem. Educl994 71, 222 (b) Rogers, D. W; McLafferty, F. 3;  measurable sEramé)lmg th”ng atorgs. Thi er;/thal::illclg)arner for
Fang, W.; Qi, Y.Struct. Chem1993 4, 161. (c) Schulman, J. M.; Disch, ~ "iNg opening has been shown to be-25 kcal/mol++* As
R. L.J. Am. Chem. S0d.985 107, 5059. (d) Kobayashi, K.; Itsumaro, K.~ one consequence of the high reaction exothermicity, Turro and
g?géﬁiléfhggirgg%cﬁié?g Fgregsg_feﬁlr;t\’ﬁfgbfk? gg%ﬂa{f‘j JN?ﬁg‘:dM co-workers found that isomerization afleads to production
D.; Schulman, J. M.; Manus, M. MI. Am. Chem. Sod974 96, 17. (g) of a modest amount _of triplet excnepl state b_enzjénéfhe
Greenberg, A.; Liebman, J. Fetrahedron1979 35, 2623. expected stereochemical mode for ring opening was clearly
(2) Benzene photoisomerization: (a) Bryce-Smith, D.;Tatrahedron defined by van Tameleh!In the case of Dewar benzene, this
preferred thermal mode of ring opening (conrotatory) cannot
operate since an extraordinarily strairggicistrans-cyclohexa-

1976 32, 1309;1977, 33, 2459. (b) Gilbert, A.; Baggott, Essentials of
Molecular PhotochemistpBlackwell Scientific Publications: Boston, 1991.
(c) Bryce-Smith, D.; Gilbert, ARearrangements in Ground and Excited

States Demayo, P., Ed.; Academic Press: New York, 1980; Vol. 3. (d)
Ivanoff, M. N.; Lahmani, F. IrEléments de PhotochimiesAncee; Courtot,
P., Ed.; Hermann: Paris, 1972.

(3) Benzene thermal isomerizations: (a) Merz, K. M., Jr.; Scott, L. T.

J. Chem. Soc., Chem. Comm893 412. (b) Scott, L. T.; Roelofs, N. H.;
Tsang, T. HJ. Am. Chem. S0d987, 109, 5456.

(4) (a) Shakespeare, W. C.; Johnson, R1.Am. Chem. S0499Q 112,
8578. (b) Christl, M.; Braun, M.; Muller, GAngew. Chem., Int. Ed. Engl.
1992 31, 473.

(5) (@) van Tamelen, E. E.; Pappas, SJPAm. Chem. Sod963 85,
3297. (b) van Tamelen, E. Bcc. Chem. Red972 5, 186.

(6) Wilzbach, K. E.; Ritscher, J. S.; Kaplan, L.Am. Chem. S0d967,
89, 1031.

(7) Carey, F. A,; Sundberg, R. Advanced Organic Chemistry, Part A:
Structure and Mechanismrd ed.; Plenum Press: New York, 1990. These
authors clearly state that ring openingIofshould be conrotatory”.

1,3,5-triene would result.” This led to the universal assumption
that ring opening of Dewar benzene must follow an orbital
symmetry forbidden disrotatory path.

(8) Lowry, T. H.; Richardson, K. SMlechanism and Theory in Organic
Chemistry 3rd ed.; Harper and Row Publishers: New York, 1987.

(9) Woodward, R. B.; Hoffmann, RThe Conseration of Orbital
SymmetryVerlag Chemie GmbG, Academic Press Inc.: New York, 1971.

(10) Goldstein, M. J.; Leight, R. S.. Am. Chem. S0d 977, 99, 8112.

(11) Breslow, R.; Napierski, J.; Schmidt, A. Bl. Am. Chem. Sod972
94, 5906.

(12) Leuchtken, P.; Breslow, R.; Schmidt, A. H.; Turro, N.JJ.Am.
Chem. Soc1973 95, 3025.

(13) Dewar, M. J. S.; Ford, G. P.; Rzepa, H.J5Chem. Soc., Chem.
Communl1977, 728.
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Table 1. Results of Ab Initio Calculations on Mius Benzene3d)

st bond rotation

benzeneDen) transition state@,) Mobius benzene(;)
CASSCF(6,6)/3-21G —229.494191 (0.6) —229.332313 (101.6) —229.337325 (98.4)
CASSCF(6,6)/6-31G* —230.616051 —230.620750
ZPVP 66.5 62.3 64.1
entropyd 63.4 69.3 68.6
MP2/6-31G* —231.457734 (0.0) —231.288904 (105.9)
MP4SDTQ/6-31G* —231.531856 (0.0) —231.371106 (100.9)
ZPVE 63.2 61.3
entropy-4 64.7 71.6
Becke3LYP/DN*ce —232.195223 (0.0) —232.037949 (98.7)
BP86/DN* ¢ —232.305933 (0.0) —232.149435 (98.2)

aEnergies relative to benzene are given in parenthése2ASSCF (6,6)/3-21G optimized geometfyMP2/6-31G* optimized geometry.cal
mol~! K1, ¢ Calculations with Spartan, Version 4.94.

In principle, there might exist a complementary structure, or MP2 wave functions=1° all led to a remarkable structure
transDewar benzene4). Because of the trans-fused ring with C, symmetry and a trans bond+C=C—H dihedral angle
juncture, conrotatory ring opening is expected to be highly close to 180. Previous studies ofrans-cyclohexene have
favored for4. In their seminal treatise on orbital symmetry, shown that a TCSCF (two-configuration SCF) wave function
Woodward and Hoffmann proposed the existence of this novel adequately models both the strainedhond and the rotational
molecule, and further issued a challenge to determine its barrier’® In the case 08, the more extended system required

lifetime.® The only reported study o4 is due to Dewar and
co-workers, who used the MNDO method to predict that this
substance will rest in an energy minimum with a barrier of 5.0
kcal/mol for conrotatory ring opening to benzeieSymmetry
forbidden disrotatory opening @f should yield3.

We report here the results of ab initio investigations on the
chemistry outlined in Scheme 1. Our results include the first
prediction that @Hg isomer3, sometimes referred to as “Ms
benzene”, should exist in a shallow energy minimum. We also
provide further support for the potential existencé.ofPerhaps
our most surprising conclusion is thainrotatoryring opening
provides the lowest energy pathway frdnio 2.

Results and Discussion

Doescis,cistrans-1,3,5-Cyclohexatriene (3) Exist? Both
experiment and theory have provided convincing evidence for
the existence dirans-cyclohexené415 Because of the obvious
structural similarity, we investigated the existence3of As
noted above, this strainedids valence isomer appears to have
been first considered by van Tamelen as an unlikely produc
from conrotatory opening dE.5> In 1966, Farenhorst proposed
“Mdbius benzene” as a photoproduct of benzene, and precurso
to other valence isomet§2 Bryce—Smith and Gilbert have
suggested that Mmus benzene3) might result from $ of
benzene, and thus provide a route to benzvalerdulder
suggested that Muous benzene should correspond to a minimum
in S;.16b ciscistrans-1,3,5-Cyclohexatriene might be exceed-
ingly difficult to detect by experiment, but theory should provide
a reliable verdict on its existence.

The energy-minimized structure f8iproved surprisingly easy
to locate. Geometry optimization with HartreEock, MCSCF,

t

(14) Experimental evidence: (a) Kropp, P. J.; Fravel, H. G., Jr.; Fields,
T.R.J. Am. Chem. So&976 98, 840. (b) Inoue, Y.; Takamuku, S.; Sakurai,
H. J. Chem. Soc., Perkin Trans1877, 1635. (c) Dauben, W. G.; vanRiel,
H. C. H. A;; Robbins, J. D.; Wagner, G. J. Am. Chem. Sod.979 101,
6383. (d) Inoue, Y.; Matsumoto, N.; Hakushi, T.; Srinivasan,JROrg.
Chem.1981, 46, 2267. (e) Saltiel, J.; Marchand, G. R.; Bonneau,JR.
Photochem1985 28, 367. (f) Goodman, J. L.; Peters, K. S.; Misawa, H.;
Caldwell, R. A.J. Am. Chem. S0d.986 108 6803. (g) Strickland, A. D.;
Caldwell, R. A.J. Phys. Chem1993 97, 13394.

(15) Theoretical studies: (a) Verbeek, J.; van Lenthe, J. H.; Timmermans,
P. J. J. A.; Mackor, A.; Budzelaar, P. H. NI. Org. Chem1987, 52, 2955.

(b) Johnson, R. P.; Di Rico, K. J. Org. Chem1995 60, 1074.

(16) (a) Farenhorst, H-etrahedron Lett1966 6465. For comments on

this work, see also: (b) Mulder, J. J. &.Am. Chem. Sod977, 99, 5177.

expansion of the active configurational space to six orbitals and
six electrons. Optimization i€, symmetry with a CASSCF-
(6,6)/3-21G wave functiofi was followed by single-point
CASSCF(6,6)/6-31G* calculation. To confirm that this result
was not an artifact of the CASSCF methodology, MP2/6-31G*
optimizatiort® was carried out, with the application of stringent
convergence criteria. In each case, Hessian calculation proved
that the optimized structures were true minima. To provide the
most accurate energetic comparisons, single-point calculations
were then carried out at the MP4 level and with several density
functional methodd’ Total energies and other data are sum-
marized in Table 1, while Figure 1 shows the optimized
structure. The trang bond in3 is substantially pyramidalized,
as was previously observed wittans-cyclohexené? and the
structure shows localized bonds.

The transition state far bond rotation also was located with
a CASSCF(6,6)/3-21G wave function, which is expected to
accurately describe its diradical character. Numeric CASSCF
Hessian calculation on this optimized structure (Figure 2)
resulted in a single imaginary frequency-425.6 cntl);
animation with MacMolPR confirmed that this normal mode
corresponded tar bond rotation. As expected for this highly
lstrained structure, the CASSCF rotational barrier is much smaller
than that fortranscyclohexené?® For 3, the difference in
CASSCF(6,6)/6-31G* total energies gives a barrier of 2.95 kcal/
mol. With correction for zero-point differences, this barrier is
diminished to only 1.09 kcal/mol; factoring in entropy gives
AGF = 0.91 kcal/mol. Clearly, this structure represents a
shallow energy minimum; at some higher levels of theory, no
minimum may exist for3.

Incorporation of a trans double bond in benzene thus yields
a highly strained structure, ca. 100 kcal/mol aboveDkgglobal

(17) SPARTAN was used for Hartre¢-ock optimizations and density
functional calculations: Spartan, Version 4.04, Wavefunction Inc. $991
1995. WWW reference: http://wavefun.com.

(18) CASSCF calculations were performed with GAMESS: Schmidt,
M. W.; Baldridge, K. K.; Boatz, J. A.; Jensen, J. H.; Koseki, S.; Gordon,
M. S.; Nguyen, K. A.; Windus, T. L.; Elbert, S. QCPE Bull.199Q 10,

52. WWW reference: http://nd.fi.ameslab.gov/GAMESS

(19) GAUSSIAN 92, Revision E.1, Frisch, M. J.; Trucks, G. W.; Head-
Gordon, M.; Gill, P. M. W.; Wong, M. W.; Foresman, J. B.; Johnson, B.
G.; Schlegel, H. B.; Robb, M. A.; Replogle, E. S.; Gomperts, R.; Andres,
J. L.; Raghavachari, K.; Binkley, J. S.; Gonzalez, C.; Martin, R. L.; Fox,
D. J.; Defrees, D. J.; Baker, J.; Stewart, J. J. P.; and Pople, J. A.; Gaussian,
Inc.: Pittsburgh, PA, 1992.

(20) MacMolplt, Version 2.2.1, Bode, B., 1995. WWW Reference: http:
/iww. msg.ameslab.gov/IGAMESS/Graphics/MacMolPIt.html.
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(108.7)
108.5

trans Bond Dihedral Angles
H-C=C-H 173.68 (179.23)
C-C=C-C -814 (-7441)

(115.2)

Figure 1. MP2/6-31G* and (in parentheses) CASSCF(6,6)/3-21G
optimized geometries for Mmus benzene3).

697’1

Dihedral Angles
H-C=C-H 151.13°
C-C=C-C -59.1°

Figure 2. CASSCF(6,6)/3-21G optimized geometry for the'idilos
benzened) & bond rotation transition state.

Table 2. Results of Calculations on Dewar Benzeig (

Dewar conrotatory  disrotatory
benzene transition saddle
(C2) state Co) point (Cy,)¢
TCSCF/3-21G —229.254428 —229.251994
TCSCF/6-31G* —230.540618 —230.537837
ZPVP 63.50 62.11
entropy 69.25 68.16
MP2/6-31G* —231.329561 —231.282056 d
MP4SDTQ/6-31G*® —231.406142 —231.359264
MP4SDTQ/6-31G* —231.351732 —231.343591
ZPVE? 62.02 60.58
entropy! 67.93 69.31
Becke3LYP/DN*2e  —232.059521 —232.021572
BP86/DN*a- —232.178674 —232.137552

aMP2/6-31G* geometry? TCSCF/6-31G* geometryS Second-
order saddle point Structure search unsuccessful at this le¥€al-
culations with Spartan, Version 4.04.

minimum and with a very small barrier for isomerization. Strain
in trans-cyclohexene has been estimated at ca. 55 kcafftnol.

In 3, the ring constraints are certainly more severe and the

J. Am. Chem. Soc., Vol. 118, No. 31738®6

Figure 3. Mdbius basis orbital array i8.

as an intramolecular,®s + .44 process, which would be
symmetry forbidden. AlthougB has been suggesteas arising
from benzene £ detailed studies of benzene excited state
pathways do not seem to have considered this reaction Fode.

Is the structure in Figure 1 "Mmus benzene" as previously
suggested®16 Heilbronner first described the fascinating
topology of the Mdius annulene seriéd. Zimmerman later
expanded this concept in the construction of a set of rules for
pericyclic reaction® that are complementary to those defined
by Woodward and Hoffmanh. The optimized geometry fd8
at each level (Figure 1) does not have the idealizetiM®
topology envisioned by Heilbronner. However, as shown in
Figure 3, thexr orbital basis does describe a"blas array.
Mobius benzene would be antiaromatic, but we expect this plays
a negligible role in destabilizing. Because of previous usage,
and the existence of a \dus basis orbital topology, we support
calling this structure Mbius benzene.

Electrocyclic Ring Opening of Dewar Benzene If 3 exists,
albeit in a shallow minimum, the next logical question is whether
it could be on the pathway for ring opening of Dewar benzene
(1).1324 The MP2/6-31G* optimized structure fdris shown
in Figure 425 At the MP4//MP2{ZPVE) level, this substance
is predicted to be 77.8 kcal/mol above benzene, and only ca.
21.2 kcal/mol below3. The conrotatory transition state con-
nectingl and3 was readily located at the HF, TCSCF, or MP2
levels of theory. Figure 5 shows the saddle-point structure, as
well as TCSCF normal mode vectors that clearly correspond to
conrotation upon cleavage of thebond. To ensure this is the
correct path, the HF/3-21G and TCSCF/3-21G intrinsic reaction
coordinates were calculated with GAMES$ both directions
from the transition state. In one direction on the HF/3-21G
intrinsic coordinate, this led smoothly back 1pin the other,
the structure maintained a symmetry plane until about halfway,
then reached a bifurcation point where it broke symmetry to
localize the double bonds in one enantiomer3of On the
TCSCF/3-21G intrinsic coordinate, the structure continued down
from this point toward benzene, rather than falling into the
shallow minimum for3. The dynamics at this critical point
probably are quite dependent on the level of calculation, but
present results suggest that beyond the conrotatory transition
state, the structure may either gi8®r go directly to benzene.

The MP4//MP2 enthalpic barrier (corrected for ZPVE dif-
ferences) is 28.0 kcal/mol, which is slightly higher than the best

(21) Palmer, I. J.; Ragazos, |. N.; Bernardi, F.; Olivucci, M.; Robb, M.

structure has lost the stabilization of ca. 40 kcal/mol associated”- J: Am. Chem. Sod993 115 673 and references therein.

with aromaticity. Thus, the energy of this species relative to

benzene is about as expected.

We can only speculate on the relationship of this work to

benzene photochemistry. Simpte bond isomerization is a

(22) Heilbronner, ETetrahedron Lett1964 1923.

(23) Zimmerman, H. EAcc. Chem. Redl 971, 4, 272 and references
therein.

(24) For previous theoretical studies on this problem, see: (a) Dewar,
M. J. S.; Kirschner, S]. Chem. Soc., Chem. Commuii75 463. (b) Dewar,
M. J. S.; Kirschner, S.; Kollmar, H. WI. Am. Chem. Sod974 96, 7571.

ubiquitous reaction of alkene excited states and it is possible (¢) Tsuda, M.; Oikawa, S.; Kimura, Knt. J. Quantum Chenl98Q 18,

that trans isomer3 is one primary benzene photoproduct.
However, because of the low barrier predicted forbond

157. (d) Jodkowski, J. T.; Ratajczak, E.; ZurawskiBil. Acad. Pol. Sci.
Ser. Sci. Chim198Q 28, 569. See also ref 13.
(25) There are a number of previous computational studies: oniu,

rotation,3 seems an unlikely precursor to other benzene valencer :'znou, x.; Pulay, PJ. Phys. Cheml992 96, 3669. See also refs 1, 13,

isomers. Direct conversion 8fto benzvalene might be viewed

and 24.
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-402.6 cm’!

2.256 A

-613.7 cm’!

Figure 6. Disrotatory reaction second-order saddle point normal modes
from TCSCF/6-31G* calculation.

105.8 109.5

Figure 4. MP2/6-31G* optimized geometry for Dewar benzei (

21754
-486.1 cm’™!
Figure 5. Conrotatory reaction saddle point normal mode from TCSCF/
6-31G* CaICUIatiOn. CONROTATORY DISROTATORY
experimental value of 254 2 kcal/mol12 Our predictedAG* Figure 7. Potential energy diagram (kcal/mol) for conrotatory and
is 27.6 kcal/mol. Selected density functional calculatidras disrotatory opening of Dewar benzene.

the MP2/6-31G* optimized geometries afforded barriers of 25.8 . . .
(BP86/DN*) and 23.8 (Becke3LYP/DN*) kcal/mol, in good while the smaller mode describes distortion back to the lower

agreement with the MP4 predictions. energyI can_otatory_path, Wc?lch rep:resleqts tlhg true tLelln?tlon
Earlier theoretical studies on this reaction appear to have state. Intrinsic reaction coordinate calculation led smoothly from

universally assumed a disrotatory pathwa§? In the most the C,, saddle point toward either reactant or product. Attempts

complete MNDO study, Dewar, Ford, and Rzepa obviously t(r)] locate asecoptlj-or(lnler_s;]addle point for the disrotatory pe;tl? at
found the conrotatory transition state, which is shown as one he MP2/6-31G* level with GAUSSIAN were not successful.

structure in this papé? However, because they believed this Higher level single-point calgulations were carried out to more
to be impossible, this result was ascribed as an “error’! accurately assess the relative energies of @eand C,,

Calculations on the orbital symmetry forbidden disrotatory stationar_y point structures at the TCSCF/6-31G* optim_ized
path were restricted to the requisite 4-fol8() symmetry. geometrles.. In every case, the conrotatory mode was slightly
Because a symmetry-forbidden reaction requires an orbital lower. Predicted total energy differences (kcal/mol) for the two

crossing, the best wave function includes at least two configura- modes*includ.e the foIIowi*ng: T(.:SCF/ 6-31G* 1'75*; MP4_SDTQ/
tions26.27 A true stationary point was successfully located with 6-31G* 5.11; BP8G/DN* 3.46; Becke3LYP/DN* 2.67; and

a TCSCF/6-31G* wave function, but Hessian calculation SYWN/DN*4.66. Zero-point differences would diminish these

resulted in two imaginary frequencies, thus characterizing this valu_es by 1.4 kcal/m_ol. . .
as an unusual second-order saddle point. Similar observations F|gur_e 7 summarizes our b_est estimates of the relative
of second-order saddle points have been made for the disrotator;}anthal_IOIeS for _aII_of these.spemes. Most data are from MP4
opening of cyclobuterfé*and the [2s + .24 dimerization of energies. Whlle it is possible that some other Imode of lower
ethylene?’®¢ Thus, it appears this may be the general case for symmetry exists, the present results are consistent wath
orbital symmetry forbidden reactions. Figure 6 shows the two "otation as the lowest energy path for ring openinglof The

normal modes. The larger mode corresponds to ring opening,reactlon energetics permit formation of valenqe isoBjevhich
would undergo nearly instantanecu&ond rotation to benzene.
(26) For an excellent review of theoretical studies on pericyclic reactions,  Qur predicted barrier is in reasonably good agreement with

iggzz ';‘f“gé;' N.; Li, Y.; Bvanseck, J. Angew. Chem., Int. Bd. Engl. oy neriment, but does not unambiguously define the reaction

(27) (a) Breulet, J.; Schaefer, H. F., Il Am. Chem. Sod 984 106, mode since the disrotatory path is only slightly higher. No

1221. (b) Bt;rnardi, F.; Bottoni, A; RO(bg), M.A.;dSchlegeII, H. B.;Tolnachini, stereochemical features of the benzene structure permit cor-
G.J. Am. Chem. So0&985 107, 2260. (c) Bernardi, F.; Celani, P.; Olivucci, ; ; ; i _
M.. Robb, M. A Suzzi-Vali, G J. Am. Chem. Sod995 117,10531. () 'c/ation with experiment. Because the disrotatory and con

Baldwin, J. E. InPericyclic ReactionsMarchand, A. P., Lehr, R. E., Eds.;  fotatory transition states have very different shapes, they would

Academic Press: New York, 1977; Vol. ll, Chapter 5, p 273. be expected to define different activation volumesVy).
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twistedo bond that attempts to increase overfdpin response
to the earlier challenge by Woodward and Hoffmdme can
now calculate an expected lifetime fat. Based on our
calculatedAG¥ of 12.7 kcal/mol for ring opening, we estimate
a half-life of 0.2 ms at 25C.

Conclusions

Four complementary modes of reaction (Scheme 1) connect
Dewar benzenel] and its trans isomerj with benzene, the
global minimum. Our calculations first predict the existence
of ciscistrans-1,3,5-cyclohexatriene3], a benzene valence
isomer that has been the subject of speculation during the past
Figure 8. MP2/6-31G* optimized geometries fomnsDewar benzene 30 years:516 Because of the very small barrier far bond
(4) and the transition state for its conrotatory ring opening. rotation, this species will be difficult to detect, and it seems
unlikely that3 lies on the route to other benzene isomers such
as benzvalene. Further work is necessary to resolve this
question. Structur8 has been referred to as'Mios benzene;
ére?nzséﬁgévag trangﬁ%fggi% ) we support usage of this name becausertinebital basis ir3

al Gl does define a Moius topology.

MP2(FC)/6-31G*  —231.19956 (162.3) —231.174745 (177.6) o .
MP4SDTQ/6-31G* —231.279891 (158.1) —231.255601 (173.4) Electrocyclic ring opening of Dewar benzer) fias long

Table 3. Results of Ab Initio Calculations otrans-Dewar
Benzene 4)?

ZPVE 61.4 593 been assumed to be disrotatéry32* Contrary to this assump-
entropy 68.4 70.0 tion, our calculations indicate that conrotatory openind. o
Becke3LYP/DN*  —231.939444 (160.5) —231.919916 (172.8) 3 proceeds through a slightlgwer energy transition state than
BP86/DN*" —232.059276 (154.8) —232.036629 (169.0)  (jsrotatory opening t@. Our predicted barriers of 2428 kcal/
aEnergies relative to benzene are given in parenth&3éB2(FC)/ mol agree well with the experimental value of 2&12. Thus,
6-31G* optimized geometry.cal moi* K™% despite formidable ring constraints and the formation of an

extraordinarily strained initial product, orbital symmetry control
LeNoble has measuresv* = 5.0+ 2 cn/mol for ring opening triumphs in a case long maintained as a paradigm for a
of 1.8 Methods for simulating activation volumes are being symmetry-forbidden reactiof® Many derivatives of Dewar
developeé® and may eventually provide correlation with our benzene have been studied; we cannot yet predict whether the

results. conrotatory path will also be lower for these substariées.
Existence and Ring-Opening Modes fortrans-Dewar Our calculations support the existence of another new benzene
Benzene (4). Structure4 (Scheme 1) has been calléwns isomer,trans-Dewar benzene4j. This interesting substance

Dewar benzené Optimizations at the HF/3-21G or MP2/6- a5 first suggested by Woodward and Hoffmann in 1971 and
31G* levels readily located both an energy minimum for this |ater studied through MNDO calculations by Dewar and co-

structure and the transition state fo_r its conrota_tory ring opening workers in 1977, but then seems to have been entirely forgotten.
to benzene. In each case, Hessian calculation confirmed thegyy predicted barrier for conrotatory ring opening to benzene

nature of the stationary point. Single-point MP4 and density ig gyfficiently large that might be observed by spectroscopic
functional calculations were carried out to more accurately asseSSpethods. However. at ca. 158 kcal/mol above benzeans

energetics relative to benzene. The optimized structures, whichpa\war benzene is so high in energy that it may be impossible
both posses&z, symmetry, are shown in Figure 8; energies , nranare  No successful synthesis of the saturated derivative,

are collected in _Table 3. By comparison to benzene, Strucwretrans-bicyclo[2.2.O]hexane, has yet been reported.
4 lacks aromaticity, and contains two trans-fused four-membered

rings as strain elements. Not surprisingly, this substance is
predicted to be ca. 158 kcal/mol (!) above benzene. For the
ring opening, our best estimates a&* = 15.0 kcal/mol and
AG* = 13.0 kcal/mol, which is substantially larger than the
previous predictiot® This reaction is symmetry allowed and
it is surprising that the predicted barrier is still half of that for
1. However, aside from a modestly lengthenedbond, the ) )
early transition state structure is minimally changed frém Acknowledgment. We are grateful to the National Science
presumably because of the peculiar ring constraints. This Foundation for support of this research, to the Pittsburgh
provides little strain relief in the transition state and thus the Supercomputer Center for a grant of computer time, and to Dr.
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symmetry-forbidden transition state for disrotatory opening of 3.
4 to 3, which must be at an even higher energy.
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result with trans-bicylo[2.2.0]hexane and attributed this to a for ordering and Internet access instructions.
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We have studied these structures at a level of theory that
generally yields reliable results for pericyclic reactions and
strained hydrocarbons. Thus, we believe our calculations
suggest revision of some long-held views in benzene chemistry.
Undoubtedly, many other surprises remain to be discovered on
the GHe potential surface.
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