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“Small” substituent:
Large rotation barriers

“Large” substituent:
Small rotation barriers

Surprisingly, the arytaryl rotation barriers of biphenyl derivatives ortho-substituted by the “smal-HC
O and HG=CH, groups (10.0 and 8.4 kcal md| respectively) were found greater than those observed
in biphenyls ortho-substituted by the “largeBuC=0 andt-BuC=CH, groups (6.7 and 6.9 kcal md|
respectively).

Introduction TABLE 1. Computed and Experimental Barriers (0.2 kcal
mol~1) for the Enantiomerization Process of the ArAr Bond

The stereodynamic processes occurring in biphenyl deriva- Rotation in Compounds 1-6

tives bearing substituents in the ortho positions have been used compd

to evaluate the steric properties of these groups. TheAkr 1 2 3 4 5 6
bond rotation barriers can be measured by variable-temperature (R=H) (R=Me) (R=Pr) (R=Bu) (R=H) (R='Bu)
NMR spectroscopy, and the corresponding values provide an™¢, ;™ 199 8.0 79 6.7 8.3 6.9
indication on the hindrance exerted upon such a rotation by the calcd  10.9 8.3 8.9 7.2 8.4 6.6

various substituents® The experimental results have been also
supported by theoretical calculatioh$.Because indications on
the steric effects of the acyl moieties were not reported in this reason, an experimental verification of this apparently contradic-
series, we performed DFT calculations to predict the-aayy! tory result was undertaken.

rotation barriers for biphenyls substituted by RO groups in

the ortho position. Surprisingly, in the case of the “small’HC  Results and Discussion

O, this barrier was calculated to be significantly greater than

that for the “large”t-Bu—C=0 group (Table 1). For such a To measure by NMR the ArAr rotation barrier of mono-
substituted biphenyls, we introduced an isopropyl group to

exploit the diastereotopicity of its methysunder the mode of
slow rotation around the biphenyl bond at an appropriate low

(1) In partial fulfilment for a Ph.D. in Chemical Sciences, University

of Bologna. . . . .
@) B%tt, G.: Field, L. D.; Sternhell, SI. Am. Chem. S0d.98q 102 temperature. In such a way, it was possible to infer the existence
5618-5626. _ o of theM andP chiral forms (stereolabile atropisomers) of Figure
(3) (&) Lunazzi, L.; Mazzanti, A; Minzoni, M.; Anderson, J. Brg. 1. Compoundd—4 were accordingly synthetized, because the

Lett. 2005 7, 1291-1294. (b) Mazzanti, A; Lunazzi, L.; Minzoni, M.;
Anderson, J. EJ. Org. Chem2006 71, 5474-5481 and references quoted

therein. (6) (a) Mislow, K.; Raban, M.Top. Stereocheni967 1, 1-38. (b)
(4) Grein, F.J. Phys. Chem. 2002 106, 3823-3827. Jennings, W. BChem. Re. 1975 75, 307-322. (c) Eliel, E. L.J. Chem.
(5) Leroux, F.ChemBioChen2004 5, 644—649. Educ 198Q 57, 52—55.
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RC=X

X=0; R=H (1); R=Me (2); R=Pr' (3), R = Bu' (4).
X =CH2; R=H (5); R =Bu' (6).

FIGURE 1. M andP stereolabile enantiomers of compourids6.

meta isopropy! group is unlikely to interfere significantly with
the mentioned rotation process.

The 3C NMR spectrum (150.8 MHz) ofL shows, for
instance, that the single line of the methyl groups broadens on
cooling and splits into a pair of equally intense lines separated
by 10.3 Hz at—104 °C (Figure S1, Supporting Information).
From the rate constant determined by complete line shape
simulation, the free energy of activatiod@* = 10.0 kcal
mol~?1) for the Ar—Ar rotation is derived. As shown in Table
1, this value decreases with the increasing dimension of the R
groups and reaches a value as low as 6.7 kcafhiolthe case
of 4 (R = tert-butyl). This finding is in keeping with the
theoretical predictions. In particular, the NMR experiments
indicate that the HEO group hinders the ArAr bond rotation
significantly more than does theBu—C=0 group: the amount
of such an effect is almost equal to that anticipated by
calculations (Table 1).

This unexpected result can be explained by taking into
account that the HEO moiety inlis essentially coplanar with
the phenyl ring, as indicated by NMR studies on benzaldeHRydes
and ortho-substituted benzaldehydésand supported by our
DFT calculations ofL.1° In such a situation, the HEO group
exerts a relatively large steric effect upon the transition state of
the aryl-aryl bond rotatior# where the two aryl rings become
coplanar to interconvert thid andP atropisomers of Figure 1.

In the case of4, on the contrary, th&-BuC=0 moiety is
almost orthogonal to the phenyl ring (the computed dihedral
angle is 78), and thus the hindrance exerted upon the-aryl
aryl rotation is lower than il and is also lower than i@ and

Lunazzi et al.

4-(Bu' syn to Pr') 4-(Bu' anti to Pr')
FIGURE 2. Computed structures of the two syn and anti stereolabile
diastereoisomers of (only one of the two possible enantiomers for
each diastereoisomer is displayed).

T(°C) k(™)

FIGURE 3. Left: temperature dependence of i€ isopropyl methyl
lines of 4 (150.8 MHz in CHRCI/CHFCL). Right: line shapes
simulated with the rate constants reported.

and 36, respectively. Because of the orthogonal arrangement
of 4, the restricted PRC(O)Bu bond rotation originates a
second stereogenic axis, in addition to the-Ar axis. This
creates two stereolabile diastereoisomers that, according to

3 because in these two compounds computations indicate thatcomputations, have equal energies (Figure 2).

the Ph-C(O)R moieties deviate from coplanarity only by°24

(7) (@) Anet, F. A. L.; Ahmad, MJ. Am. Chem. Sod.964 86, 119—

120. (b) Drakenberg, T.; Jost, R.; SommeiCiem. Commuri974 1011~
1012. (c) Lunazzi, L.; Macciantelli, D.; Boicelli, A. Cletrahedron Lett.
1975 1205-1206.

(8) Drakenberg, T.; Jost, R.; SommerJJChem. Soc., Perkin Trans. 2
1975 1682-1684. Drakenberg, T.; Sommer, J.; Jost,JRChem. Soc.,
Perkin Trans. 21980 363-369.

(9) Lunazzi, L.; Ticca, A.; Macciantelli, D.; Spunta, G. Chem. Soc.,
Perkin Trans. 21976 1121-1126.

(10) It should be pointed out that the planarity of the-RIHO moiety
would make observable, in principle, two rotational conformé&raid 2)
as reported for the ortho-substituted alkyl benzaldeh§d&sen at—170
°C, however, the NMR spectra df do not display evidence of such
rotamers. DFT calculations indicate in fact that theotamer of1, with
the oxygen facing therisopropyl phenyl ring, is 2.4 kcal mot less stable
than the rotameE. This is probably due to the repulsion between the lone
pair electrons of the oxygen and theelectrons of then-isopropyl phenyl
ring. This is supported by the calculations showing how the more stable
conformer of2 and3 is again theE rotamer, where the oxygen points away
from them-isopropyl phenyl. The need of avoiding the electron repulsion
is so strong as to exceed the larger steric effects experienced Byt
respect to the form in 2 and3 (the computed energy differences are 1.5
and 2.1 kcal mol?, respectively). Such a large difference means that only
the E rotamer is essentially populatedin-3, thus explaining why the effects
of the restricted PRC=O0 rotation cannot be observed.

(11) In the transition state of the aryaryl bond rotation ofl, the HC=
O group, according to DFT calculations, remains nearly coplanar, and thus
still able to conjugate, with the phenyl ring.
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The 13C spectrum of4 at —147 °C shows indeed that most
of the signals split into pairs of lines, with a 65:35 intensity
ratio 12 For this reason, the isopropyl methyl carbons display
four lines at this temperature (Figure 3) because each of the
two diastereoisomers of Figure 2 exhibits two lines due to the
diastereotopicity of the isopropyl methyl groups.

Simulation of the 65:35 pair of lines of one quaternary carbon
allowed the barrier for the interconversion of the major into
the minor diastereoisomer to be determined (6.6 kcal&ol
Because either the PICO or the Ar-Ar bond rotation would
allow this process to take place, one cannot indicate which of
the two motions is responsible for the interconversion.

In Figure 3 it is shown, however, how the coalescence of the
1:1 isopropyl methyl lines is simultaneously accompanied by
the coalescence of the corresponding 65:35 pairs of lines. A
unigue rate constant is thus sufficient to obtain a satisfactory
simulation of the four lines merging into oAgand a single

(12) The DFT computed energies for the two diastereomeric conformers
are essentially equal (the difference is only 0.07 kcalHplnd thus the
different populations observed by NMR depend on the condensed phase.
We arbitrarily identified the less hindered conformer (having the two
substituents in an anti relationship) as the more populated form in solution.

(13) PC version of QCPE program no. 633, Indiana University, Bloom-
ington, IN.
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FIGURE 4. MM computed energy surface df(E in kcal mol?) as
a function of the PRCO () torsion angle (green full line pathway)
and Ar—Ar (¢) torsion angle (blue dotted line pathway).
-147 <2

value is accordingly obtained for the corresponding activation D
energy AG* = 6.7 kcal mot?, i.e., equal to that previously 240 255 250 225 1 5/ ppm

obtained by monitoring the two quaternary carbon lines). Within ]

the experimental uncertainty, two distinguishable barriers could FIGURE 5. Left: temperature dependence of th& isopropyl methyl

e lines of 6 (150.8 MHz). The top three traces are in £y, and the
not be measured, and thus th OBu and the Ar-Ar bond bottom three traces are in CHE/CHFCL. Right: line shapes simulated

rotations must have very similar barriéfs. . with the rate constark; for the Ph-C(CH2JBu bond rotation and,
An indication that this is indeed the case can be also inferred for the Ar—Ar bond rotation.

from a Molecular Mechanié® computation of the energy
surface as a function of the PICO () and Ar—Ar (¢) torsion
angles. As shown in Figure 4, the PO and Ar-Ar rotation
pathways are independent of each other (the corresponding line
in fact run parallé¥ to thew andg axes), but the two transition

for instance, biphenyls substituted in the ortho position by the
R—C=CH, moiety should likewise exhibit an ArAr rotation
@arrier that is larger for R= H than for R= t-butyl. To check
this point, compounds and6 of Figure 1 were also investigated.

states E = 12.5 and 12.1 kcal mol, respectively) have Styrene, contrary to benzaldehyde, is not planar, the dihedral
essentially the same energy (the DF'I"—AXT rotation barrier angle between the phenyl and the vinyl plane lying in thé18

18 2 . o .
of Table 1 differs from that of the MM method, due to the EO 5)70 rar;]gle (thetE ththl-flz rcl;tatlonléJar:rlgr.|sthpreqt|qtégMR
greater approximations of the latter approach). 0 be much lower than that for benzaldenyde, thus it IS

The present explanation that the rotation barriet islarger invisible). The Ar-Ar rotation barrier o5 should be similar to

than that in4 implies that other derivatives, having analogous that of1, albeit smaller, due to the deviation from the coplanarity

steric requirements, should also display the same trend. Thus2f the styrene moiety. Actually th€C methyl line of5 splits

into a 1:1 pair at-125°C (Figure S2, Supporting Information),
: : -
(14) If the Ar—COBuU rotation barrier o#t had been larger than that for and the correspondingG" value fc;g the Ar-Ar bond rotation
the Ar—Ar rotation, the isopropyl methyl line would first split into two ~ Was found equal to 8.3 kcal mdl
with a 1:1 ratio. In fact, the slow rotation about the-R&(O)Bu bond In the case 06, the 1:1 splitting of thé3C isopropyl methyl

would make the molecule chiral, the C{B) moiety being orthogonal to ; ; ; ° FT
the phenyl ring. For this reason, the isopropyl methyl groups would become line appears at a quite higher temperaturd °C as in Figure

diastereotopic, even in the presence of a fastArrotation. On the other ), the barrier responsible for this process being 12.5 kcatnol
hand, if the PR-C(O)Bu rotation barrier had been lower than that for the  On lowering the temperature t6147 °C, two pairs of 1:1 lines
Ar—Ar rotation, again the methyl line would first splitinto two, witha 1:1  gre observed in a 75 to 25 proporti@n(Figure 5), and the

ratio, because the slow AAr rotation would also make the molecule chiral. - . . .
In both cases, only subsequently would four lines be detectable, that is, barrier measured for this second process is 6.9 kcatm®his

when also the second motion is frozen at a lower temperature, thus creatingmeans that the two rotation processes occur in subsequent steps,
two chiral conformers. Because such a two-step process was not observedthus confirming that the equivalence of the two barriergtin

in that the single signal splits directly into four, the two exchange pathways, :

leading to the coalescence of the 1:1 and of the 65:35 pairs of methyl lines, was purely accidental.
must occur almost simultaneously. This implies that the two barriers must
be very similar, as proved by the fact that a single rate constant is sufficient  (17) Celebre, G.; De Luca, G.; Longeri, M.; Pileio, G.; Emsley, J.JW.

for the simulation. Chem. Phys2004 120, 7075-7084.

(15) MMFF force field as in PC model v 7.5, Serena Software, (18) Cochran, J. C.; Hagen, K.; Paulen, G.; Shen, Q.; Tom, S;
Bloomington, IN. Traetteberg, M.; Wells, CJ. Mol. Struct 1997, 413—-414, 313-326.

(16) Grilli, S.; Lunazzi, L.; Mazzanti, AJ .Org Chem2001, 66, 5853~ (19) This barrier is close to that measuredZdrecause Me€0 deviates
5858. Jog, P. V.; Brown, R. E.; Bates, D. K.Org. Chem2003 68, 8240 from the coplanarity with the phenyl ring (24ccording to our ab-initio
8243. Casarini, D.; Grilli, S.; Lunazzi, L.; Mazzanti, A.Org. Chem2004 calculations of2) essentially by the same amount as the@H, group.

69, 345-351. Casarini, D.; Lunazzi, L.; Mazzanti, A.; Mercandelli, P.; The two groups thus display an analogous steric effect upon theAAr
Sironi, A. J. Org. Chem?2004 69, 3574-3577. rotation.
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As discussed in ref 14, it is impossible to assign which

Lunazzi et al.

General Procedure for Compounds +4. To a solution of the

rotation pathway corresponds to the measured barriers solelyappropriateortho-bromo acylphenone (1 mmol in 6 mL of benzene)
on experimental ground. Conventional wisdom clearly suggests, were added KCO; (2 M solution, 1.25 mL), 3-isopropylpheny!

however, that the PhC(CH,)'Bu bond rotation o6 should have

a barrier larger than that of the PIE(O)Bu bond rotation of

4. The G=CH, and C=0 planes are orthogonal to the phenyl
ring in both cases, but the steric hindrance of the former is
obviously larger than that of the latt®&rConsequently, the larger
barrier (12.5 kcal moit) should be assigned to the PG(CH,)*-

Bu bond rotation. On the other hand, the-A&r rotation should
have similar barriers in botld and 6, because the steric
hindrance should be nearly the same, in thatttBeC=0 and
t-BuC=CH, moieties are both orthogonal to their phenyl rings.
Thus, the lower barrier 06, almost equal to that measured in
4 (Table 1), should be assigned to the-A&r rotation. This
assignment agrees with the results of DFT computatiors of
that indicate the PRC(CH,)'Bu bond rotation barrier to be
larger (11.3 kcal mott) than that for the ArAr rotation (6.6
kcal mol?).

Conclusion

boronic acid (2.5 mmol, suspension in 4 mL of ethanol), and Pd-
(PPh)4 (0.2 mmol) at ambient temperature. The stirred solution
was refluxed for 23 h, the reaction being monitored by GC
MS. Subsequently, CHghnd HO were added, and the extracted
organic layer was dried (N&80O,) and evaporated. The crude
material was purified by chromatography on silica gel (hexane).

3'-Isopropyl[1,1'-biphenyl]-2-carbaldehyde (1).H NMR (600
MHz, CDCl, 25°C, TMS): 6 1.28 (6H, d,J= 7.0 Hz), 2.97 (1H,
septetd = 7.0 Hz), 7.26-8.03 (8H, m), 9.98 (1H, s, CHOJC
NMR (150.8 MHz, CDC}, 25°C, TMS): 6 23.9 (CH), 34.0 (CH),
126.2 (CH), 127.4 (CH), 127.5 (CH), 128.3 (CH), 128.4 (CH), 130.7
(CH), 133.4 (CH), 133.7 (q), 137.6 (q), 146.3 (q), 149.6 (q), 192.5
(CHO). Anal. Calcd for GgH160: C, 85.68; H, 7.19. Found: C,
85.45; H, 7.19.

1-(3-Isopropyl[1,1'-biphenyl]-2-yl)-1-ethanone (2).'H NMR
(600 MHz, CDC}, 25°C, TMS): 6 1.26 (6H, dJ= 7.0 Hz), 1.96
(s, 3H), 2.93 (1H, septet] = 7.0 Hz), 7.177.54 (8H, m).13C
NMR (150.8 MHz, CDC}, 25°C, TMS): 0 24.0 (CHy), 30.4 (CH),
34.1 (CH), 126.1 (CH), 126.3 (CH), 127.2 (CH), 127.3 (CH), 127.8
(CH), 128.7 (CH), 130.1 (CH), 130.6 (CH), 140.6 (q), 140.9 (q),
141.1 (q), 149.4 (), 205.0 €0). Anal. Calcd for GH160: C,

We have thus found at least two unusual examples wheregs 67: H, 7.61. Found: C, 85.41: H, 7.61.

apparently bulkier substituents (i.e., taBu—C=X groups in
4 and 6) make the ArAr rotation barriers lower than those
occurring in apparently less crowded compounds (Lend5,
where the substituents are the “small” #& groups).

Experimental Section

Materials. 2-Bromobenzaldehyde and-Bromoacetophenone
were commercially available and were used without further
purification. 1-(2-Bromo-phenyl)-2,2-dimethyl-propan-1-&end
3-isopropyl-phenylboronic aci®lwere prepared according to the
literature.

1-(2-Bromo-phenyl)-2-methyl-propan-1-oneTo a solution of
isopropylmagnesium bromide (0.5 M, obtained from 3.69 g of
2-bromopropane and 0.73 g of Mg turnings in 60 mL of anhydrous
Et,O) was slowly added, at 8C, a solution ofo-bromobenzalde-
hyde (2.77 g in 40 mL of anhydrous ). After being stirred for

1-(3-Isopropyl[1,1'-biphenyl]-2-yl)-2-methyl-1-propanone (3).
H NMR (600 MHz, CDC}, 25°C, TMS): 6 0.80 (6H, dJ= 6.7
Hz), 1.26 (6H, dJ = 6.8 Hz), 2.41 (1H, septed,= 6.8 Hz), 2.93
(1H, septetd = 6.7 Hz), 7.15-7.49 (8H, m).13C NMR (150.8
MHz, CDCl, 25°C, TMS): § 18.7 (CH), 24.1 (CH), 34.2 (CH),
40.3 (CH), 126.0 (CH), 126.3 (CH), 127.3 (CH), 127.4 (CH), 128.0
(CH), 128.8 (CH), 130.1 (CH), 130.2 (CH), 140.1 (q), 140.6 (q),
140.9 (q), 149.4 (q), 212.9 €0). Anal. Calcd for GgH2,0: C,
85.67; H, 8.32. Found: C, 85.27; H, 8.36.

1-(3-Isopropyl[1,1'-biphenyl]-2-yl)-2,2-dimethyl-1-pro-
panone (4).*H NMR (300 MHz, CDC}, 25 °C, TMS): ¢ 0.85
(9H, s), 1.25 (6H, dJ = 6.9 Hz), 2.91 (1H, septefl = 6.9 Hz),
7.12-7.43 (8H, m).13C NMR (75.45 MHz, CDCJ, 25°C, TMS):
0 24.1 (CH), 27.4 (CH), 34.2 (CH), 45.0 (q), 125.8 (CH), 125.9
(CH), 126.8 (CH), 127.1 (CH), 128.1 (CH), 128.6 (CH), 128.8 (CH),
129.8 (CH), 138.5 (q), 141.0 (q), 141.3 (g), 149.2 (q), 216.&(C
0). Anal. Calcd for GoH240: C, 85.67; H, 8.63. Found: C, 85.50;

1 h, the solution was warmed to room temperature and quenchedH, 8.69.

with aqueous NECI. The mixture was then treated with,®,
extracted (E£), and dried (Ng5O,). After the solvent was

General Procedure for Compounds 5 and 6To a cooled (0
°C) solution of 3-isopropyl[1,1-biphenyl]-2-carbaldehydd) (224

removed, the crude was purified by a silica gel chromatography mg, 1 mmol in 10 mL ofh-hexane) was added 0.94 mL (1.5 mmol)

column (petroleum ether/ED 4/1) to give 1-(2-bromo-phenyl)-2-
methyl-propan-1-ol. A solution of the alcohol (2.30 g, 10 mmol in
20 mL of CH,CI,) was then treated with pyridinium chlorochromate
(4.30 g, 20 mmol), monitoring the reaction by TLC. The reaction
was complete in 3 h. After addition of 50 mL of &%, the mixture

of methyl-lithium (1.6 M in EtO). When the addition was
terminated, the reaction was refluxed @ h and then quenched
with water (15-20 mL). The mixture was extracted with JEx,
dried (Na&SQy), and the solvent removed at reduced pressure, and
192 mg (0.8 mmol) of pure 1-(3sopropyl-biphenyl-2-yl)-ethanol

was filtered on a short silica gel column and concentrated. The was obtained. The crude was treated wiid$(0.50 g, 3.52 mmol

crude was purified by a silica gel chromatography column
(petroleum ether/ED 10:1) to obtain 1-(2-bromo-phenyl)-2-methyl-
propan-1-one (2.05 g, overall yield 60%H NMR (CDCl;, 400
MHz, 25°C): 6 1.20 (6H, d,J = 6.8 Hz), 3.33 (1H, septef =

6.8 Hz), 7.26-7.29 (2H, m), 7.36 (1H, m), 7.59 (1H, myC NMR
(CDCl, 100.6 MHz, 25°C): ¢ 18.1 (2CH), 40.1 (CH), 118.6 (CH),
127.2 (CH), 128.1 (CH), 131.0 (CH), 133.4 (Cq), 142.0 (Cq), 208.6
(CO).

(20) At —147 °C, many othef3C lines of6 split into two signals with

in CHCl3), and the solution was allowed to warm for 1 h. The
product was extracted with 2, dried (NaS0Oy), and the solvent
removed at reduced pressure to obtain 154 mg (0.7 mmol, 70%)
of 5. The same procedure was used to ob#istarting from4
(yield 65%).

3-Isopropyl-2'-vinyl-1-1'-biphenyl (5). 'H NMR (300 MHz,
CDCls, 25°C, TMS): ¢ 1.28 (6H, dJ = 7.0 Hz), 2.95 (1H, septet,
J = 7.0 Hz), 5.17 (1H, ddJ = 10.9, 1.3 Hz), 5.69 (1H, dd] =
17.5, 1.3 Hz), 6.73 (1H, dd]l = 17.5, 10.9 Hz), 7.157.67 (8H,
m). 13C NMR (75.45 MHz, CDCJ, 25 °C, TMS): 6 24.2 (CH),

a 75:25 proportion, due to two diastereomeric conformers being created by 34.3 (CH), 114.0 (CH), 125.3 (CH), 125.8 (CH), 127.4 (CH), 127.5
two stereogenic axes. The major spectrum has been arbitrarily assigned to(CH), 127.8 (CH), 128.0 (CH), 128.3 (CH), 130.2 (CH), 136.3 (CH),
the less hindered conformer, that is, that with the two substituents in an 140.1 (q), 140.6 (q), 140.9 (q), 148.7 (q). Anal. Calcd farHGs;

anti relationship.

(21) Grilli, S.; Lunazzi, L.; Mazzanti, A.; Casarini, D.; Femoni, €.
Org. Chem 2001, 66, 488-495. Coluccini, C.; Grilli, S.; Lunazzi, L.;
Mazzanti, A.J. Org. Chem2003 68, 7266-7273.

(22) Cahiez, G.; Luart, D.; Lecomte, Brg. Lett.2004 9, 4395-4398.
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C, 91.84; H, 8.16. Found: C, 91.78; H, 8.35.
2-[1-(tert-Butyl)vinyl]-3 '-isopropyl-1-1-biphenyl (6). *H NMR

(600 MHz, CDC}, 25°C, TMS): 6 0.76 (9H, s), 1.24 (6H, dl =

6.8 Hz), 2.82 (1H, septed, = 6.8 Hz), 5.06 (1H, dJ = 1.7 Hz),
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5.36 (1H, d,J = 1.7 Hz), 7.1%7.33 (8H, m).23C NMR (150.8 showed the absence of imaginary frequencies, whereas each
MHz, CDCl;, 25°C, TMS): ¢ 24.2 (CH;), 30.4 (CH), 34.3 (CH), transition state showed a single imaginary frequency.
36.8 (q), 115.2 (CH), 125.8 (CH), 126.2 (CH), 126.8 (CH), 127.6 . . .
(CH), 128.0 (CH), 129.0 (CH), 130.1 (CH), 131.0 (CH), 140.8 (q), Acknowleqlgme_nt. L.L. and A.M. received financial support

. from the University of Bologna (Funds for selected research
142.0 (q), 142.8 (q), 148.0 (), 158.5 (q). Anal. Calcd foiHGs: . -
C. 9059 H. 9.41. Found: C. 90.55: H. 9.44. topics and RFO) and from MIUR-COFIN 2005, Rome (national

NMR Spectroscopy. The spectra were recorded at 600 MHz project “S_tergosglection in Organic Synthesis. Methodologies
for IH and 150.8 MHz fof3C. The assignments of tHéC signals  2nd Applications”).

were obtained by DEPT and bi-dimensional experiments (gHSQC  Supporting Information Available: Variable-temperature NMR
and gHMBC* sequences). The samples for obtaining spectra at spectra of compoundsand5. Computational detailsH and3C
temperatures lower than100°C were prepared by connecting to  NMR spectra, combustion data, and HPLC traces of compounds
a vacuum line the NMR tubes containing the compound and some 1—6. This material is available free of charge via the Internet at
CqDs for locking purpose and condensing therein the gaseous-CHF  http://pubs.acs.org.
Cl and CHFC} (4:1 v/v) under cooling with liquid nitrogen. The
tubes were subsequently sealed in vacuo and introduced into thel©0613131
precooled probe of the spectrometer. The temperatures were (25) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb
calibrated by substituting the sample with a Cu/Ni thermocouple  "a : Cheeseman, J. R.; Montgomery, J. A., Jr.; Vreven, T.; Kudin, K.
before the measurements. N.; Burant, J. C.; Millam, J. M.; lyengar, S. S.; Tomasi, J.; Barone, V.;
Calculations. Computations were carried out at the B3LYP/6- Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A.;
31G(d) level by means of the Gaussian 03 series of progfams I’\‘ﬁ'.‘c?ts?\lﬂ"_",'\i? l;a_qa M_-r? _E:"ar%’ MY TEYOta'g-f EuiuanR-}?(r'ase?\jl"‘{"ﬁz 33
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