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Dynamic NMR spectroscopy allowed, for the first time, the determination ofrtbarriers responsible

for the enantiomerization processes in derivatives bearing two aryl substituents bonded to a planar
framework: this could be achieved in the case of 1,8dblylbiphenylene {) and 1,8-dim+
xylylbiphenylene 2). In derivativel, the three possible conformers predicted by DFT computations (anti-

in, syn, and anti-out) were detected, and in addition, the steric barrier responsible for their interconversion
could be measured. The barriers predicted by DFT calculations were found in satisfactory agreement

with experimental data.

Introduction
When equal aryl substituents, lacking a lo€lsymmetry

axis, are bonded in appropriate positions of planar frameworks

(such as benzerfepaphthalené, phenanthrené,anthracené,
acenaphthen®and acenaphthylefe configurationally stable
cis—trans isomers, or stereolabile syanti conformers, origi-
nate, depending on the extent of the steric hindrance. As pointe
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out by Clough and Robe#&in the case of 1,8-do-tolylnaph-
thalene, the existence of cis and trans isomers is the consequence
of the planes of the two tolyl substituents being twisted with
respect to the plane of naphthalene, so that one methyl can stay
either on the same or on the opposite side of the other methyl
group. The trans to cis interconversion requires the passage

dthrough a transition state where one tolyl is coplanar with the

naphthalene ring (steric barf®gr corresponding to a 180
rotation32 It was also pointed o8t that the twisted disposition

of the two tolyl substituents would make the cis form originate
a pair of enantiomers that interconvert through a transition state
where the tolyl groups are nearly orthogonal to the naphthalene
ring (w-barrief): this process corresponds to a torsion (also
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SCHEME 1. Representation of Conformers, Enantiomers,
and Equilibrium Processes for B
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aCircles represent the methyl: within each form, they have the same
colors when enantiotopic (conformers anti) and different colors when
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computed ground state energy for the anti-in conformation is
0.4 kcal mot?! lower than that of the syn conformation and
0.7s kcal mol? lower than that of the anti-out (Figure 1).
According to the DFT energies, the anti-in conformation should
be therefore the most stable and the anti-out the least stable
conformeri? with the syn having an intermediate stability.

As mentioned previously, these conformers interconvert
according to the circuit displayed in Scheme 1. Within each of
the two anti conformers, the hydrogens and carbons of one tolyl
would always display NMR signals coincident (isochronous)
with those of the other tolyl group, owing to ti@ symmetry

diastereotopic (conformers syn). The primes indicate enantiomeric structures.Of these forms. In the syn conformer, on the other hand, these

called flipping process) of approximately 90 (see Scheme 1,

signals will be coincident only if the enantiomerization process
(occurring via the 99torsion involving ther-barrier) is fast.

where an analogous case is described). In the case of the tran¥Vhen this process is frozen, the signals of one tolyl group of

form, on the other hand, this nearly Otbrsion would create
two conformers of different stabilities, identified as trans-in and
trans-ouf Each of these conformers exists as a pair of

the syn conformation will be different (anisochronous) with
respect to those of the other, due to Besymmetry: at the
same time, distinct signals with different intensities should

enantiomers, but their enantiomerization requires passagebecome observable for the anti-in and anti-out conformers

through the cis isomer (i.e., the 18@tation involving the steric
barrier see also Scheme 1).

Whereas there are many repérfsconcerning the determi-
nation of cis-trans (or sya-anti) interconversion involving the
steric barrier, never was the so-caltedarrier detected in this

type of compound. This is due to the fact that such an enan-

tiomerization barrier is expected to be very I82thus usually

(Scheme 1). The steric barrier computtfar the anti-in to syn
interconversion was 6s&cal mol-l, and that for the syn to
anti-out interconversion was %.%cal mol?, the difference
being equal to the computed energy separation between the two
corresponding ground states (i.e., 0.4 kcal Thals in Figure

1).13 The computedr-barriers for the exchange between the
two enantiomers of the syn conformation, and that for the

not amenable to NMR observation. Here, we present two casesinterconversion of the anti-in into the anti-out conformer, are
where, for the first time, such enantiomerization processes were3.5 and 4.0 kcal mol, respectivelf# (the corresponding

observed and the correspondingbarriers measured.

Results and Discussion

DFT computation® (at the B3LYP/6-31G(d) level) of 1,8-
di-m-tolylbiphenylene (compound. in Chart 1) show, as
anticipated, that there are three energy mirdicarresponding
to the mentioned anti-in, syn, and anti-out conformations. The

(9) This because the two methyl groups are directed either inward or
outward with respect to the naphthalene moféty.

(20) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,
M. A.; Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, K.
N.; Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone, V.;
Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A.;
Nakatsuji, H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.;
Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, M.; Li,
X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken, V.; Adamo, C;
Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.;
Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.;
Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich,
S.; Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A.
D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A.
G.; Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A,;
Piskorz, P.; Komaromi, I.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham,
M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.;
Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, HGdussian
03, revision D.01; Gaussian Inc.: Pittsburgh, PA, 2004.

(11) In a theoretical paper describing compounds analogots daly
one of the two possible anti conformers was, inexplicably, considered
(see: Bigdeli, M. A.; Moradi, S.; Nemati, B. Mol. Struct. THEOCHEM
2007, 807, 125-135).
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(12) Greater stability of the antisyn conformer might be due to the
so-called CH-x interactions (see: Nishio, M.; Hirota, M; Umezawa, Y.
The CH# Interaction: Evidence, Nature, and Consequencééley: New
York, 1998.) that are possible in the anti-in but not in the anti-out. Also,
the anti-out might be destabilized by the H/H repulsion between the methyl
groups and the hydrogen protruding from the biphenylene ring, a situation
that does not occur in the anti-in conformer.

(13) In Scheme 2, only one of the two possible transition states for the
180 rotation pathway (steric barrier) was reported (i.e., the one in which
the tolyl plane, coplanar with that of biphenylene, places its methyl group
opposite to the other tolyl, see TS-1 in Figure S-1 of the Supporting
Information). In fact, the pathway for the alternative transition state (having
the methyl on the same side of the other tolyl, see TB-Figure S-1 of
the Supporting Information) has a higher energy (7.25 vs 6.35 kcal%nol
and therefore can be considered as forbidden. In the allowed pathway, only
one of the two tolyl rings becomes, alternatively, coplanar with biphenylene,
whereas the other remains close to its original position: the rotation
processes of the tolyl substituents are thus independent of each other.

(14) Energy of the transition state for the enantiomerization (syn to syn
interconversion, i.e., 90torsion viaz-barrier) is not necessarily equal to
that for the interconversion of the two anti conformers: two different
transition states thus imply two different-barriers, as predicted by
calculations (Table 1, Scheme 2, and Figure S-1). The pathways for the
90 torsion (z-barriers) take place through transition states where both the
tolyl rings move away simultaneously from their original positions, reaching
dispositions where both are tilted by the same dihedral angle with respect
to biphenylene (see: TS-2 and TS-3 of Figure S-1 of the Supporting
Information). The corresponding single imaginary normal modes involve
the movement of botm-tolyl rings; accordingly, the 0torsion processes
should be considered examples of correlated motions. As a further indication,
the computations show that situations where only one of the two tolyl groups
has moved across to the nearly orthogonal position do not correspond to
transition states.
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FIGURE 1. DFT computed structures of the three possible conformerks bfving dihedral angles of 44etween the planes of toluene and
biphenylene (only one of the two enantiomers is displayed for convenience). Relative energies are in Kcal mol

SCHEME 2. DFT Computed Energy Profile for
Interconversion Pathways Occurring in 12
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computed transition states are shown in Figure S-1 of the
Supporting Information). On this basis, one should first observe FIGURE 2. Temperature dependence of the methyl carbon signal
separate NMR methyl signals at low temperatures for the syn (150.8 MHz in CHRCI/CHFCE) of 1.
(in rapid exchange between the two enantiomeric forms) and
for the anti conformers (in rapid exchange between the anti-in major signal corresponding to the anti conformers and the minor,
and the anti-out). On further lowering the temperature, one broader signal to the rapidly exchanging syn enantiomers. The
should then identify a pair of signals (with equal intensity) for latter signal broadens further on cooling, and-d471°C splits
the syn conformation and single signals (with different intensi- into a pair of lines, one of which is invisible as it is overlapped
ties) for the anti-in and anti-out conformers (see the pathway by the major signal. This is proven by the fact that the visible
displayed in Scheme 2.) downfield minor line is now separated from its major companion
The13C signal of the quaternary carbon of the four-membered by 85 Hz and also by the observation that its relative intensity
ring, ortho to the tolyl substituent, broadens on cooling and is approximately reduced by a factor of 2, whereas that of the
splits, at—162 °C, into two lines, with an intensity ratio of ~ major signal is correspondingly higher. The relative intensity
about 35:65 (Figure S-2 of the Supporting Information). The of the syn conformation, in fact, has diminished (and that of
spectral simulation provides a steric barrier of .15 kcal the anti increased) because one of the two lines of the syn
mol~1 for the interconversion of the rapidly exchanging anti conformation is superimposed on that of the anti conformation.
conformers (major line) into the rapidly exchanging syn This feature thus indicates that, in addition to the steric barrier,
enantiomers (minor line). Contrary to the prediction, however, also the mentioneg-barrier has been frozen. The spectrum does
the minor line does not split on further cooling because the not display, however, a small line expected for the less stable
difference between the shifts of the two expected diastereotopicanti-out conformer, either because of an insufficient signal-to-
carbons of the frozen asymmetric form syn is less than the line noise ratio or because this small line is hidden under one of the
width. two observed lines (most likely the minor signal because it has
This splitting, however, was observed in the case of the a larger width than the major signal).
methyl carbon spectrum, where the corresponding single line Likewise, the'H signal of the methyl groups (Figure 3) splits,
first splits at—152°C into a pair of partially overlapped signals at —141°C, into two partially overlapped lines (a feature also
of unequal intensity, separated by about 30 Hz (Figure 2), the observed in Figure 2 and Figure S-2 of the Supporting
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TABLE 1. Experimental and Computed Barriers (kcal mol-1) for
O O Interconversion Processes in 1

T(°C) k(™) steric barriet 7-barrier§
k. = 2500 anti-in to anti-in to enantiomerization
. k;= 5000 syn anti-out ¢r-anti) (7z-syn)
-120 N
1 ky =3-10% experimental 6.4 5.6 5.3
k,=9-10* computed 6.3 4.0 35

aSee ref 17° See ref 18.

-135

to be 2.40 and 2.52 ppm, respectivélfi.e., a difference Av
= 0.12 ppm) compatible with the detection of two separate
lines). The relative intensities of the lines in thel73 °C
spectrum are about 5:15:(65 15), corresponding to a propor-
tion of the three conformers approximately equal to 5:30:65,
for the anti-out, syn, and anti-in conformations, respectively.
The experimental relativAG°® values are 0.51, 0.15, and 0 kcal
mol~%, a trend that parallels that of the corresponding DFT
computed energies (0.75, 0.4, and 0 kcal Thpl

Since this spectrum displays lines for every one of the three
species taking part in the exchange process, all the four rate
constantski, ko, ks, andks, as in Scheme 1) involved had to be
used® for describing the line shape. Two constraints should be,

-141

-152

-162

MRS

k, <0.1 however, taken into account: (i) the rate for the steric process
73 k,<0.1 transforming the anti-in into the syn conformatidk)(must
- k<5 ; i i i ;
s differ from the rate interconverting the syn into anti-out
4 conformation kz) by an amount corresponding to the experi-
T mentalAG® value of the anti-in and syn ground states (i.e., ca.
2.1 1. 1.5 12 .

0.15 kcal mot! as mentioned previously) and (ii) the reke

FIGURE 3. Temperature dependence (Ieft) of fhé methvl signal must yield a steric barrier equal,_wnhln expenmental error, to
of 1 (600 MHz in CF:)HECI/CHF(F;IZ). On the(rigrzt are shown t%1e sgpectra '.[hat.(6.2j: 0.15 keal mot?) determlned f"?m the signals shown
simulated withk values employed, wherle interconverts the anti-in N Figure S-2 of the Supporting Information. The rates used for
into the synk, the syn into the anti-ouks the anti-in into the anti-out, the simulation of Figure 3 reproduce the experimental shape
andk, the syn into its enantiomeric form. and also fulfill these constraints. The barriers derived from these
rates are collected in Table 1, and as anticipatedsytharriers
Information), with an approximate 35:65 ratio. On further were found to be lower than the steric barriers.
cooling to—173 °C, this spectrum also shows that the minor  The interpretation proposed for these experiments implies that
broad signal of the syn conformer is split into a pair of widely in a more symmetric compound, as 1,8rdixylyl biphenylene
separated lines: one (upfield) is again overlapped by the major(2), the steric barrier will be NMR invisible. In fact, the 180
signal of the anti-in conformer, whereas the other (downfield rotation of one xylyl group (across the transition state where
with respect to the two overlapped lines) is clearly visible. At the xylyl groups are alternatively coplanar with the biphenylene
this temperature, th¥H spectrum exhibits an additional small  ring) will reproduce the same conformer with identical chemical
methyl line (also involved in the exchange process), which is shifts (homomerization)? Therefore, if a dynamic process will
due to the least stable anti-out conformer. The shift of this smalll
line is close to that of the downfield line of the syn because  (16) Three rate constantk;( ks, andks) are needed for describing the
both these methyl groups point outward with respect to the direct interconversion of the three conformers; the foukihié needed for

; ; ; ; . ; describing the direct interconversion of the two enantiomers within the syn
biphenylene ring, thus experiencing similar environments. ot (see Scheme 1),
Indeed, the relative methyl shifts predicted by computatfons (17) Pathways for the anti-in to syn and for the syn to anti-out steric

agree with the experimental trend: the anti-in and upfield line interconversion share the same transition state (see Scheme 2); thus, the

; i corresponding\G* values (derived from the rate constakisandko, i.e.,
of the syn conformation are predicted to be at 1.82 and 1.78 6.4 and 6.2 kcal mol, respectively) differ solely by thAG® value between

ppm, respectively; and thus are close enQUgh‘(_: 0.04 ppm) the ground states of anti-in and syn (experimental value 0.15 kcalYmol
to overlap, as observed. The downfield line of the syn Thus, in practice, there is only one steric barrier, corresponding to the higher
conformation and that of the anti-out conformation are predicted Of these twoAG* values, i.e., 6.4t 0.15 kcal mof*, as in Table 1.
(18) ExperimentaAG* values of 5.6 and 5.3 kcal midi (corresponding

to sr-anti andz-syn barriers of Table 1) derive from the two values of rate

(15) ComputetP shift differences of the methyl groups are quite close constantsks andky) that have at least a 3:1 ratio (Figure 3). If equal values
to the experimental differences, although their absolute values are consis-are assumed for these rates, a proper simulation could not be achieved.
tently downfield by about 0.65 0.1 ppm with respect to the corresponding  Since these rate constants are obtained from spectra taken at the very same
experimental data. The previous assignment of the anti-in structurea®f temperature, their differences are certainly meaningful. Consequently, the
more stable than the anti-out (based on the 0.75 kcathimlver computed small difference between the correspondix@ values is also meaningful
energy, as in Figure 1) is further confirmed by the computed methyl shifts because they are not affected by the uncertainty on the temperature (errors
that are predicted to be upfield for anti-in (1.82 ppm) with respect to anti- due solely to the simulation are less than 0.1 kcal thadee: Bonini, B.
out (2.52 ppm): such a computed difference (0.70 ppm) agrees with the F.; Grossi, L.; Lunazzi, LJ. Org. Chem1986 51, 517-522). Of course,
difference (0.87 ppm) observed in the experimental spectrum, where the when comparingAG* values obtained from spectra taken at different
most intense signal is likewise upfield with respect to the least intense one temperatures, experimental errors of abei@t.15 kcal mot! should be
(1.08 and 1.95 ppm, respectively, as in th&73 °C trace of Figure 3). taken into account.

10048 J. Org. Chem.Vol. 72, No. 26, 2007
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FIGURE 4. DFT computed structures (bottom) of the conformational enantiomegs(b&ving dihedral angles of 43etween the planes of

xylene and biphenylene). They exchange their inner and outer methyl groups passing across the orthogonal transition state (top), having a computed

relative energy of 4.6 kcal mol, via a~90° torsion ¢-barrier).

TABLE 2. Experimental and Computed Barriers (kcal mol~?) for
Interconversion Processes in 2

steric barrier st-barrier
experimental not measurable 6.3
computed 7.1 4.6

aNMR invisible owing to molecular symmetry (see text).

nonetheless be observed, one is led inexorably to assign it to
the enantiomerization process involving th@0° torsion, via
the z-barrier, as shown in Figure 4.

The steric barrier for the 18Qrotation process o2 can be
only obtained, as mentioned, by means of theoretical methods
(the DFT computed value is 7.1 kcal mé| as in Table 2):
these calculations also predictmabarrier (4.6 kcal moll, as
in Table 2) that is at least 0.6 kcal mélhigher than the
correspondinge-barriers computed fat (Table 1). This is due
to the fact that in the computed transition state for the
enantiomerization o (Figure 4), the two xylyl rings are both
exactly orthogonal to the biphenylene plane, whereas this is not
the case for the tolyl groups id (see Figure S-1 of the
Supporting Information). The perfect orthogonality of the two
xylyl rings eliminates any contribution of conjugation with
biphenylene, as compared to the casé,adhus enhancing the
energy of the transition state, hence the corresponding barrier.
Since thesx-barriers measured id are 5.3-5.6 kcal mof?
(Table 1), the corresponding barrier2riwhich is computed to
be 0.6 kcal mot! higher) is expected to become about 6 kcal
mol~%. Such a value is well within the range accessible to
dynamic NMR experiments, particularly because computatfons
predict a shift separation for tHél lines of the methyl groups
as large as 0.77 ppm. The calculations also indicate that the
upfield line will correspond to that of the methyls in the inner
position: in this situation, in fact, these groups can experience
a shielding effect due to the aromatic ring curréeiits.

Actually, the IH methyl signal of2 broadens on lowering

T(°C) k(s)
2

-114 8000

-133 380

-157 <5

FIGURE 5. Temperature dependence (left) of thé methyl signal
of 2 (600 MHz in CHRCI/CHFCL). On the right are shown the
simulations obtained with the rate constants indicated.

intense sharp lines at157 °C (Figure 5), separated by 0.775
ppm: a shift difference in excellent agreement with theoretical
predictions. No other exchange processes were observed, as
conceivable, on further cooling te175°C. Spectral simulations
afforded rate constants corresponding to an enantiomerization
s-barrier AG¥) of 6.3 kcal mot™ (Table 2), in agreement with

the temperature and eventually decoalesces into a pair of equallywhat was anticipated.

(19) When these types of situations are encountered in dynamic NMR
processes, the effects of the higher barrier are invisible until also the lower
barrier is frozen. See, for instance: (a) Jackson, W. R.; Jennings, W. B.
Tetrahedron Lett1974 15, 1837-1838. (b) Anderson, J. E.; Casarini, D.;
lieh, A. J.; Lunazzi, L.J. Am. Chem. Sod 997 119, 8050-8057. (c)
Lunazzi, L.; Mazzanti, A.; Avarez Muroz, A. J. Org. Chem200Q 65,
3200-3206.

It can be concluded therefore that unambiguous evidence has
been obtained for the hitherto unobserved enantiomerization

(20) (a) Jackman, L. M.; Sternhell, Spplications of NMR Spectroscopy
in Organic Chemistry2nd ed.; Pergamon Press: Oxford, 1969; p 95. (b)
Jennings, W. B.; Farrell, B. M.; Malone, J. Rcc. Chem. Re001, 34,
885—-894. (c) Withrich, K. Angew. Chem., Int. E@003 42, 3340-3363.

J. Org. ChemVol. 72, No. 26, 2007 10049



]OCAT’tiCle Lunazzi et al.

s-barrier: this could be achieved in the case of derivatives NMR Spectroscopy. The spectra were recorded at 600 MHz
bearing two equal aromatic substituents-tolyl or m-xylyl) for *H and 150.8 MHz for*C. The assignments of tHéC signals
bonded to the planar framework of biphenylene. were obtained by bi-dimensional experiments (edited-gHS@a
gHMBC?* sequences). The samples for obtaining spectra at
temperatures lower than100 °C were prepared by connecting to
a vacuum line the NMR tubes containing the compound and a small
Materials. 1,8-Dibromobiphenylerfé and 1,3-dibromo-2-iodo- amount of GDe (for locking purposes) and condensing therein the
benzen& were prepared according to the literature; 3-methylphenyl gaseous CHfEI and CHFC} (4:1 v/v) under cooling with liquid
boronic acid and 3,5-dimethylphenyl boronic acid were com- nitrogen. The tubes were subsequently sealed in vacuo and

Experimental Section

mercially available. introduced into the precooled probe of the spectrometer. Temper-
General Procedure for 1 and 2.To a solution of 1,8-dibro- ature calibrations were performed immediately before the experi-
mobiphenylene (0.062 g, 0.2 mmol, in 2 mL of benzenelC&; ments, using a Cu/Ni thermocouple immersed in a dummy sample
(2 M solution, 1.0 mL), 3-methylphenyl boronic acid (0.070 g, 0.5 tube filled with isopentane, and under conditions as nearly identical
mmol, suspension in 2 mL of ethanol), and Pd(BP(0.046 g, as possible. The uncertainty in the temperatures was estimated from

0.04 mmol) were added at room temperature. The stirred solution the calibration curve to b&2 °C. The line shape simulations were
was refluxed for 23 h, the reaction being monitored by GC-MS. performed by means of a PC version of the QCPE program DNMR
After cooling to room temperature, a second amount of 3-meth- 6 no. 633, Indiana University, Bloomington, IN.

ylphenyl boronic acid (0.070 g, 0.5 mmol, suspension in 2 mL of  Calculations. Computations were carried out at the B3LYP/
ethanol) and Pd(PRh (0.046 g, 0.04 mmol) was added, and the 6-31G(d) level by means of the Gaussian 03 series of progfams

solution refluxed again for 2 h. Subsequently, Cki&id HO were (see Supporting Information): the standard Berny algorithm in
added, and the extracted organic layer was dried,$9g and redundant internal coordinates and default criteria of convergence
evaporated. The crude product was prepurified by chromatographywere employed. The reported energy values are not ZPE corrected.
on silica gel (hexane/ED 20:1) to obtain 0.052 g (75%) df. Harmonic vibrational frequencies were calculated for all the

Compound2 was obtained following the same procedure, using stationary points. For each optimized ground state, the frequency
3,5-dimethylphenyl boronic acid (0.055 g, 69%). Analytically pure analysis showed the absence of imaginary frequencies, whereas each
samples oflL and2 were obtained by semipreparative HPLC on a transition state showed a single imaginary frequency. Visual

Cyg column (5um, 250 mmx 10 mm, 5 mL/min, ACN/HO 95:5 inspection of the corresponding normal mode was used to confirm

v/v for 1, ACN/H,O 90:10 v/v for2). that the correct transition state had been found. NMR chemical shift
1,8-Di-(3-methylphenyl)-biphenylene (1)*H NMR (600 MHz, calculations were obtained with the GIAO method at the B3LYP/

CDCls, 25°C, TMS): 6 1.88 (6H, s), 6.65 (2H, bs), 6.67 (2H, d, 6-311++G(2d,p)//B3LYP/ 6-31G(d) level. TMS, calculated at the

J = 4.3, 3.2 Hz), 6.856.86 (4H, m), 6.91 (6H, m)13C NMR same level of theory, was used as a reference to scale the absolute

(150.8 MHz, CDC}, 25 °C, TMS): ¢ 21.0 (CH), 115.4 (CH), shielding value.

124.2 (CH), 127.5 (CH), 127.8 (CH), 128.6 (CH), 129.3 (CH), 129.4

(CH), 133.0 (q) 137.4 (q), 137.7 (q), 148.1 (q), 151.4 (). HRMS-  Acknowledgment. L.L. and A.M. received financial support

(ED): m/z calcd for GgHop 332.1565; found 332.1566. from the University of Bologna (funds for selected research
1,8-Di-(3,5-dimethylphenyl)-biphenylene (2)!H NMR (600 topics and RFO) and from MIUR-COFIN 2005, Rome (national

MHz, CDCk, 25°C, TMS): 6 1.97 (12H, s), 6.61 (4H,bs), 6.65  project Stereoselection in Organic Synthesis).

(2H, dd,J = 5.6, 2.0 Hz), 6.74 (2H, bs), 6.8%.86 (4H, m).13C

NMR (150.8 MHz, CDC}, 25 °C, TMS): 6 20.9 (CHy), 115.3 Supporting Information Available: DFT computed transition

(CH), 125.9 (CH), 128.5 (CH), 128.8 (CH), 129.4 (CH), 133.0 (q) states ofl, 13C VT-NMR of 1, IH and3C NMR spectra and HPLC

137.2 (q), 137.7 (q), 148.1 (q), 151.3 (q). HRMS(EQvz calcd traces ofl—2, chemical shift calculations and computational data

for CygH,4 360.1878; found 360.1873. of 1—2. This material is available free of charge via the Internet at

http://pubs.acs.org.
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