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A series of isomeric biphenols based on para- (1), meta- (2),
and ortho- (3) terphenyl backbones was synthesized. Suzuki
cross-coupling methodology was employed for the construc-
tion of the terphenyl backbone of their methyl-protected pre-
cursors (respectively 8, 13, and 16). Using K2CO3 as the base,
the best reaction conditions involved DMF at 100 °C as sol-
vent. Anhydrous conditions greatly improved the yields of
the sterically crowded systems (particularly 16). ortho-Ter-
phenyls 3 and 16 exist as mixtures of syn/anti atropisomers
in solution. Compound 16 crystallizes in the anti-in form. DFT

Introduction

Biphenols, especially those derived from 1,1�-biphenyl-
2,2�-diol and BINOL, are very important ligands (in the
deprotonated form) and precursors of ligands (phosphites,
phosphoamidites, and phosphanes) that are involved in a
variety of transition-metal-catalyzed reactions.[1] We found
a very efficient preparation of biphenol 1 (Figure 1) via its
methyl ether precursor by a double Suzuki coupling reac-
tion in DMF. Because of the 1,4-phenylene bridge, depro-
tonation of biphenol 1 cannot generate a chelate. However,
this is not the case of isomeric biphenols 2 and 3, which
contain 1,3- and 1,2-phenylene spacers, and they could
form 10- and 9-membered chelate rings, respectively, in
their metal complex derivatives.

Noteworthy, biphenol 2 was recently shown to act as an
[OCO]3– trianionic pincer ligand in TaV and MoIV/VI com-
plexes:[2,3] for example, reaction of 2 with Mo(NMe2)4 led
to C–H bond activation and produced the Cs-symmetric oc-
tahedral MoIV complex mer-[Mo(2-3 H)(NHMe2)2(NMe2)],
from which a reactive nucleophilic MoVI nitrido complex
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calculations at the B3LYP/6-311+G(d,p) level indicate that for
both compounds the anti-in form is more stable than the syn
form by 6.07 and 2.07 kJmol–1 for 16 and 3, respectively.
These ∆∆G0 values are higher by the same factor (of two)
than those obtained in solution at 240 K (3.17 and
0.93 kJmol–1). The atropisomeric properties of 16 and 3 are
finally discussed in the context of ortho-terphenyls in the lit-
erature.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

Figure 1. Chemical structures of biphenols 1–3.

could be prepared. The protected form of 2 had been pre-
viously obtained in 57% yield by using the procedure of
Hart and co-workers, who developed an efficient synthesis
of various meta-terphenyl derivatives from 2,6-dibromoio-
dobenzene and aryl Grignard reagents.[4]

These recent remarkable findings prompted us to report
the preparation of biphenols 1–3 by double Suzuki coupling
of easy-to-access precursors. This work also presents a
study of the compared stereochemical properties of the new
members of the series, biphenol 3 and its methylated precur-
sor, 16.

Results and Discussion

Synthesis

The four-step synthesis of biphenol 1 is shown in
Scheme 1. 2-Bromo-6-tert-butylphenol (5) was obtained as
described in the literature, by bromination of 2-tert-bu-
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tylphenol (4) with Me2NBr prepared in situ.[5] It was con-
verted quantitatively into 1-bromo-3-tert-butyl-2-methoxy-
benzene (6) by methylation with CH3I in the presence of
KOH as base in THF. Terphenyl 8 was prepared through
double Suzuki coupling of bromoanisole derivative 6 with
commercially available diboronic acid 7, using the “classical
reagents” [Pd(PPh3)4] as catalyst (2.7 mol-%) and aqueous
K2CO3 as base.[6] Initial attempts involved either refluxing
DME or toluene as solvents, affording terphenyl 8 in only
39 and 56% yield, respectively. However, when the solvent
was changed to DMF (at 100 °C), the yield of the reaction
was considerably improved (98%).[7] Finally, demethylation
by using standard conditions (BBr3, CH2Cl2, 0 °C) afforded
diphenol 1 in 90% yield. Interestingly, this compound was
first reported as a minor product (9%) of the catalytic or-
tho-arylation of 2-tert-butylphenol (ArOH) with unsym-
metrical aryl dihalide 4-chloro-1-bromobenzene by
[RhCl(PPh3)3]/PiPr2(OAr), a reaction that produced mainly
(26 %) 3-tert-butyl-4�-chloro-biphenyl-2-ol.[8]

Scheme 1. Reagents and conditions: (a) Br2, Me2NH; (b) PhMe,
–15 °C; (c) KOH (3.3 equiv.), MeI (3.6 equiv.), THF, reflux; (d)
[Pd(PPh3)4] (2.7 mol-%), K2CO3 (4.5 equiv.), DMF/H2O, 100 °C;
(e) BBr3 (2.5 equiv.), CH2Cl2, 0 °C.

The preparation of diphenols 2 and 3 involved boronic
acid 10 and commercially available 1,3- and 1,2-dibro-
mobenzene (11) and (14), respectively, as reactants in
double Suzuki coupling reactions. At first, reaction of 4
with KOH/MeI afforded anisole derivative 9 in 97% yield,
which was subsequently converted into 3-tert-butyl-2-meth-
oxyphenylboronic acid (10) by ortho-lithiation followed by
quenching of the organolithium derivative with B(OiPr)3

and HCl hydrolysis.[9] Compound 10 was isolated in 65%
yield after purification (Scheme 2).

Scheme 2. Reagents and conditions: (a) NaH, MeI, THF; (b)
nBuLi/TMEDA (1.5 equiv.), B(OiPr)3 (2 equiv.), THF; (c) 5% aq.
HCl.
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Double Suzuki coupling of boronic acid 10 with 20%
excess of 1,3-dibromobenzene (11) under similar conditions
{2.4 mol-% [Pd(PPh3)4], aqueous K2CO3, DMF, 100 °C}
produced the monosubstituted biphenyl 12 mainly, along-
side with desired terphenyl 13 (Scheme 3, conditions a). For
example, after 12 h reaction time these compounds were
isolated in 70 and 30% yield, respectively. Extension of the
reaction time to 3 d allowed 12 and 13 to be isolated in 59
and 41% yield, respectively. Noticeably, reaction mixtures
darkened quickly, indicating catalyst decomposition. Fortu-
nately, this could be minimized by working under anhydrous
conditions, as previously observed in the case of sterically
hindered substrates.[10] At 3 mol-% loading of catalyst, 4 d
reaction time and 50% excess of 11, the reaction was driven
to the formation of terphenyl 13 as the major product (59 %
yield); biphenyl 12 was obtained in 11% yield only
(Scheme 3, conditions b).[11]

Scheme 3. Reagents and conditions: (a) 10 (1.73 equiv.), [Pd-
(PPh3)4] (2.4 mol-%), K2CO3 (3.5 equiv.), DMF/H2O (9:1), 100 °C;
(b) 10 (3 equiv.), [Pd(PPh3)4] (3 mol-%), K2CO3 (4.5 equiv.), DMF,
100 °C.

Double Suzuki coupling of boronic acid 10 with 1,2-di-
bromobenzene (14) under anhydrous reaction conditions
([Pd(PPh3)4], K2CO3, DMF, 100 °C) worked slightly better:
target terphenyl 16 was isolated in 64% yield, and the for-
mation of biphenyl 15 was not observed (Scheme 4, condi-
tions a). Interestingly, the course of the reaction could be
stopped to the selective and quantitative formation (98%)
of biphenyl 15 by changing DMF to ether solvents (DME
or THF) in a “wet” reaction system. In agreement with the

Scheme 4. Reagents and conditions: (a) 10 (2.88 equiv.), [Pd-
(PPh3)4] (2.1 mol-%), K2CO3 (4 equiv.); (b) 10 (3.7 equiv.),
[Pd(PPh3)4] (2.7 mol-%), K2CO3 (4.2 equiv.); (c) 10 (4 equiv.),
[Pd(PPh3)4] (10 mol-%), K2CO3 (6 equiv.), DMF, 100 °C.
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previous observations, Suzuki coupling of intermediate bro-
modiphenyl 15 with boronic acid 10 under anhydrous reac-
tion conditions ([Pd(PPh3)4], K2CO3, DMF, 100 °C) af-
forded desired terphenyl 16 in high yield (97%). Therefore,
the best preparation of 16 is a sequence of two single Suzuki
coupling reactions (in different solvents) involving 15 as the
intermediate. The overall yield is 95% (Scheme 4, condi-
tions b,c).

Cleavage of the methoxy groups (BBr3, CH2Cl2, –78 °C)
afforded diphenols 2 and 3 in 54 and 78% isolated yield,
respectively.

Stereochemical Properties of o-Terphenyls 3 and 16

Biphenol 3 and its direct precursor 16 belong to the fam-
ily of ortho-terphenyls. Conformational analysis of ortho-
terphenyl derivatives can be described as illustrated in Fig-
ures 2 and 3.[12] These compounds show two basic average
conformations, chiral (C2 symmetric) anti and achiral (Cs

symmetric) syn, depending on the mutual orientations of
the largest (R) substituents with respect to the plane of the
central phenyl fragment. Exchange between these forms re-
sults from rotation about the phenyl–phenyl C–C bonds.
In addition, oscillation motions determine limiting forms,
which are enantiomeric and degenerate in the case of the
syn conformation, and diastereomeric in the case of the anti
conformation, that is, anti-in and anti-out, depending on the
position of the R substituent with respect to the C2 sym-
metry axis of the molecule: remote (out) or close (in).

Figure 2. The anti and syn conformations of ortho-terphenyls. The
empty disk represents the largest (R) substituent. Curved arrows
represent the two possible pathways for the anti/syn interconver-
sion.

Figure 3. The anti-in and anti-out conformations of ortho-terphen-
yls. The empty disk represents the largest (R) substituent.
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DFT computations [B3LYP/6-311+G(d,p) level] of 16
show that, in addition to the anticipated three energy mini-
mum conformations of Figures 2 and 3 (anti-in, anti-out,
and syn), there is an additional energy minimum anti con-
formation (anti-in,out), which arises from atropisomerism
about the Cphenyl–O bond (Supporting Information, Fig-
ure S2). The most and least stable atropisomers are the anti-
in (∆G0 = 0) and syn (∆G0 = +6.07 kJ mol–1) conformation,
respectively. The anti-in,out (∆G0 = +3.65 kJmol–1) and
anti-out (∆G0 = +4.20 kJmol–1) conformations show inter-
mediate relative energies. These data are collected in Table 1
together with the computed torsion angles τ1 and τ2 (Sup-
porting Information, Figure S1) around the central Cphenyl–
Cphenyl and Cphenyl–O bonds, respectively.

Table 1. Standard free energies and characteristic torsion angles for
the conformers of 16 and 3.

Rotamer ∆G0 [kJ mol–1][a] τ1 [°][b] τ2 [°][b]

16 anti-in 0 +64.3/+64.3 +67.5/+67.5
16 anti-in,out +3.65 +87.8/+122.6 +66.1/–65.6
16 anti-out +4.20 +130.0/+130.0 –66.0/–66.0
16 syn +6.07 +68.6/–134.1 +70.7/+64.7
3 anti-in 0 +74.8/+74.8 +0.1/+0.1
3 anti-out +0.36 +113.3/+113.3 +1.8/+1.8
3 syn +2.07 –120.2/+72.0 –8.0/+0.3

[a] Gas-phase standard free energy differences with respect to the
anti-in conformation. [b] See Figure S1 (Supporting Information).

Single-crystal X-ray diffraction shows that 16 has also
the most stable computed anti-in conformation in the solid
state (Figure 4). The measured torsion angles (60.1 and
61.3°) match approximately the calculated ones (64.3 and
67.5°, respectively; Table 1).

Figure 4. ORTEP view of the X-ray crystal structure of ortho-ter-
phenyl 16. Ellipsoids are drawn at the 50% probability level.

The results of the conformational analysis carried out by
DFT are summarized in Figure 5, in which the calculated
conformers (Supporting Information, Figure S2) and tran-
sition states (Supporting Information, Figure S3) are sche-
matically depicted along with their relative standard free
energies. Interconversion barriers as well as structural data
for the transition states are collected in Table 2. Starting
from the lowest energy anti-in conformation, the intermedi-
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ate asymmetric anti-in,out conformation is obtained by tor-
sion about one of the Cphenyl–O bonds, which affects the τ1

angles. The energy barrier of this process is 21.45 kJmol–1.
Similarly, the transition from anti-in,out to the higher en-
ergy anti-out conformation involves torsion about the other
Cphenyl–O bond, with a slightly lower energy barrier
(17.38 kJmol–1). The anti-in to syn conversion may occur
by either of two possible pathways, depending on the sense
of rotation of one of the Cphenyl–Cphenyl bonds relative to
the other (Figure 2). In pathway 1, the rotation moves the
methoxy and tBu substituents away from the central phen-
ylene ring, whereas in pathway 2 it brings these substituents
towards the central ring. Strain arises when the rotating and
the central aromatic rings become coplanar. In the first
case, steric repulsion between the methoxy group and a hy-
drogen atom of the central phenylene ring is minimized by
gearing of the methoxy group inside the adjacent tBu. The
energy barrier corresponding to this process is
76.02 kJmol–1. Transfer of the methoxy group to the oppo-
site side of the phenylene ring leaves the tBu substituent
rotated by 60° relative to its initial orientation. The lowest
energy syn conformation is finally obtained by rotation of
tBu back to its initial position; the energy barrier of this
latter process is negligible. In the second case, rotation
about the Cphenyl–Cphenyl bond again induces gearing of the
methoxy group inside the tBu substituent, along with a reo-
rientation of the other methoxy group. The corresponding
transition state has an activation free energy of
113.03 kJmol–1. Further rotation of the first methoxy group
to reach the final syn conformation involves a second tran-
sition state with a lower energy barrier (40.70 kJmol–1). The
conversion of the anti-in to the syn form is significantly eas-
ier along the first pathway. Indeed, the corresponding tran-
sition state involves a C–H···O hydrogen bond (1.98 Å,
128.69°) and a C–H···π interaction (2.31 Å, 157.87°), which
have no equivalent in the other transition states (Support-
ing Information, Figure S3).

The results of the conformational analysis carried out by
DFT for 3 are summarized in Figure 6, in which the calcu-
lated conformers (Supporting Information, Figure S4) and
transition states (Supporting Information, Figure S5) are
schematically depicted along with their relative standard
free energies. In comparison to 16, the case of 3 is simpler,
owing to the fact that the hydroxy group has less rotational
freedom than the methoxy group. The three expected en-
ergy minima are thus also found by DFT calculations
(Table 1; Figure 7; Supporting Information, Figure S4): the
lowest, the highest, and the intermediate energy minima
correspond, respectively, to the anti-in (∆G0 = 0), syn (∆G0

= +2.07 kJmol–1), and anti-out (∆G0 = +0.36 kJmol–1) con-
formations. Hence, contrary to the case of 16, 3 shows very
little preference for anti-in over anti-out. This could result
from the fact that both conformers are stabilized by very
similar O–H···π interactions, exhibiting equivalent distances
(2.29 Å). The anti-in to anti-out conversion is an easy pro-
cess, as its barrier is only 6.67 kJ mol–1 (Supporting Infor-
mation, Figure S5). This is not the case for the anti to syn
conversion, which can follow either of the two processes
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Figure 5. Energy profile for the interconversion between the syn,
anti-in, and anti-out conformers of 16 (standard free energy in
kJmol–1). Transition states are denoted by TS1 (anti-in/syn-1), TS2
(anti-in/syn-2), TS3 (anti-in/anti-in,out), and TS4 (anti-in,out/anti-
out). For TS1 and TS2 involved in the interconversion from anti-in
to syn conformers, the curved arrows indicate the rotation of one
phenyl group bearing OMe and tBu substituents relative to the
central ring.

Table 2. Standard free energies and torsion angles of the transition
states.

Transition state ∆G0‡ [kJmol–1][a] τ1 [°][b] τ2 [°][b]

16 anti-in/syn-1 +76.02 +90.1/+164.6 +64.4/+89.0
16 anti-in/syn-2 +113.03 –13.4/+72.8 +81.2/+66.3
16 anti-in/anti-in,out +21.45 +73.3/+95.3 +67.8/–5.2
16 anti-in,out/anti-out +17.38 +109.1/+130.3 –0.2/–66.4
3 anti-in/syn-1 +76.81 +73.4/–172.6 +0.6/–50.8
3 anti-in/syn-2 +79.24 +87.8/–1.8 +3.4/+3.1
3 anti-in/anti-out +6.67 +82.5/+82.5 +2.0/+2.0

[a] Gas-phase standard activation free energy. [b] See Figure S1
(Supporting Information).

identified for 16. In the first one, the hydroxy group is
placed in a perpendicular orientation with respect to the
rotating phenyl ring. The corresponding transition state has
a standard free-activation energy of 76.81 kJmol–1 and is
characterized by the setting up of a C–H···O hydrogen bond
(2.07 Å, 125.6°) and a C–H···π interaction (2.16 Å, 126.8°).
Passing through this barrier a stable intermediate is
reached, the OH proton being locked into the adjacent tBu
group. However, the activation energy required to pass over
the barrier separating this intermediate from the more
stable syn conformation is only 6.44 kJ mol–1. The second
process involves only one transition state, which is
79.24 kJ mol–1 higher in energy than the anti-in conforma-
tion and is characterized by short O–H···π (1.80 Å, 166.5°)
and H···H (1.63 Å) interactions.

Whereas the room-temperature 1H NMR spectra of
meta- and para-terphenyls 1, 2, 8, and 13 all display well-
resolved features, this is not the case for ortho-terphenyls 3
and 16, which show broadened signals. Actually, two sets
of signals can be clearly identified in the room-temperature
spectrum of 16. A stacked plot of its variable-temperature
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Figure 6. Energy profile for the interconversion between the syn,
anti-in, and anti-out conformers of 3 (standard free energy in
kJmol–1). Transition states are denoted by TS1 (anti-in/syn-1), TS2
(anti-in/syn-2), and TS3 (anti-in/anti-out). For TS1 and TS2, in-
volved in the interconversion from anti-in to syn conformers, the
curved arrows indicate the rotation of one phenyl group bearing
OH and tBu substituents relative to the central ring.

Figure 7. Optimized structures for the two conformers of 3
[B3LYP/6-311+G(d,p)]: (a) anti-in and (b) syn. OH···π interactions
are shown with dashed lines.

(VT) 1H NMR spectra in the temperature range 275–410 K
in C2D2Cl4 is presented in Figure 8. At 275 K, the two sets
of peaks are well resolved, but most of them broaden upon
heating. Coalescence for the methoxy and tert-butyl systems
takes place at 330 and 315 K, respectively, whereas coalesc-
ence for the aromatic protons is noted at 300 (4,4��), 315
(5,5��), and 340 K (6,6��). The 1H NMR spectrum then
gradually evolves to what is finally observed at 410 K,
where only one set of well-resolved signals can be identified.

Terphenyl 16 indeed exists as a mixture of syn and anti
stereoisomers, which do not interconvert at 275 K. The
methoxy singlet of the major isomer is shifted upfield by
0.29 ppm with respect to the corresponding signal of the
minor isomer. This suggests that the former is the anti form,
in which the methoxy (anisyl) groups are shielded. This as-
signment is confirmed by the 2D ROESY 1H–1H NMR
spectrum, in which the same methoxy signal is correlated
with the doublet of protons 6 and 6�� (whereas the methoxy
singlet of the minor isomer does not show such a corre-
lation), a situation which can exist only in the anti atrop-
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Figure 8. Stacked plot of the VT 1H NMR spectra of terphenyl 16
in C2D2Cl4 (aromatic region).

isomer (Supporting Information, Figure S7). The ratio be-
tween the anti and syn forms is 80:20 at 275 K. This corre-
sponds to a ∆∆G value of –3.17 kJ mol–1. The VT 1H NMR
spectroscopic data of 16 were analyzed by the coalescence
temperature (Tc) method, which allowed the free-activation
energy for the anti/syn interconversion to be estimated as a
function of temperature (Table 3).

Similar behavior was observed in the case of biphenol 3
under the same conditions (Supporting Information, Fig-
ures S6 and S8). The distribution between the anti and syn
forms is 58:42 at 240 K, and ca. 60:40 at 275 K. The corre-
sponding ∆∆G value at this latter temperature is
–0.93 kJmol–1, which can be directly compared to the
–3.17 kJmol–1 value obtained for compound 16. Compari-
son of ∆Gc

‡ values at two identical temperatures (300 and
315 K) shows that the free-activation energies of 16 and 3
are very close to each other, the methyl substitution making
∆Gc

‡ higher by 1 kJ mol–1 only. This indicates that, in agree-
ment with the DFT calculations, the anti/syn conversion
takes place by process 1 rather than process 2 of Figure 2.
This is also in keeping with the nearly equal effective
van der Waals radii of OH (1.53 Å) and OCH3 (1.52 Å).[12b]
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Table 3. Observed coalescences and calculated free-activation ener-
gies from the VT 1H NMR spectra of terphenyls 16 and 3 in
C2D2Cl4 at 500 MHz.

Probe protons 3J[a] Tc
[b] ∆ν[c] ∆Gc

‡[d]

[Hz] [K] [Hz] [kJ mol–1]

16 4,4�� 7.87 300 21.3 63.1
5,5�� 7.65 315 65.3 64.2
6,6�� 7.50 340 242.7 65.8

OCH3 330 141.6 65.3
tBu 315 64.4 64.3

3 4,4�� 7.85 280 8.7 59.5
5,5�� 7.62 300 40.5 62.0
6,6�� 7.48 315 91.0 63.3
OH 325 128.7 64.5
tBu 300 35.5 62.6

[a] Averaged coupling constants at T = 240 K. [b] Coalescence tem-
perature. [c] Frequency difference determined by extrapolation at
Tc. [d] Calculated according to ∆Gc

‡ = RTc[22.96 + lnTc – ln(∆ν2 +
6J2)1/2].

Decreasing the temperature from 280 to 185 K (CD2Cl2)
did not bring about significant changes in the 1H NMR
spectra of either 16 or 3, except that in the latter case the
OH signal of the syn diastereomer broadened and shifted
downfield by 0.58 ppm, whereas in the same temperature
range the OH signal of the anti diastereomer did not
broaden significantly and shifted downfield by 0.14 ppm
only. Actually, the fact that no coalescence phenomenon oc-
curs in this temperature range is not surprising, as the com-
puted maximal free-activation energies for the anti-in to
anti-in,out (16) and for the anti-in to anti-out (3) transitions
are, respectively, 21.45 and 6.67 kJ mol–1, which correspond
to theoretical coalescence temperatures of 111.2 and
35.5 K.[13] In other words, in the temperature range of our
investigations, the anti form observed results from exchange
of the anti-in and anti-out forms characterized by computa-
tion studies.

Comparison of the calculated and measured thermo-
dynamic data for the anti-in to syn conversion of terphenyls
16 and 3 shows that the theoretical ∆∆G0 values (respec-
tively, 6.07 and 2.07 kJmol–1) are higher by the same factor
(of two) by comparison with those obtained at 275 K by
VT NMR (3.17 and 0.93 kJmol–1, respectively), which
points to the validity of the calculations. The same is true
for the kinetic data. The calculated ∆G0‡ values correspond-
ing to the anti/syn-1 transition are very close to each other
(76.02 and 76.81 kJmol–1 for 16 and 3, respectively), as are
the ∆Gc

‡ values measured by VT NMR (Table 3).
The dynamic properties of various ortho-terphenyl deriv-

atives (Figure 9) have been reported.[12] The corresponding
data are collected in Table 4. Direct comparison of terphen-
yls 16 and 19 is possible, as the ∆Gc

‡ values are available at
330 K in both cases. The difference of –8.5 kJmol–1 be-
tween the ∆Gc

‡ values of 16 and 19 shows that the (OCH3,
tBu) pair of substituents (R, X) in the former is less steri-
cally hindering than the corresponding pair (CH3, Cl) in
the latter. This seems at first paradoxical, as the buttressing
effect of tBu is expected to be much stronger than that of
Cl, but it can be explained by the higher effective
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van der Waals radius of CH3 (1.80 Å) by comparison with
that of OCH3 (1.52 Å).[12b] In addition, as shown by DFT
calculations, gearing of the OCH3 substituent inside the tBu
group provides a low-energy pathway for atropisomeri-
zation, which is not possible in 19.

Figure 9. Other ortho-terphenyls of the literature (see Table 4 for
the references).

Table 4. Calculated free-activation energies for various ortho-ter-
phenyls.

Compound[a] R X Tc
[b] ∆Gc

‡ Ref.
[K] [kJ mol–1]

3 OH tBu 300 62.0 this work
16 OCH3 tBu 300 63.1 this work

330 65.3 this work
17 OCH3 H n.a. n.a. [12a]

18 CH3 H 282 61.9 [12a]

19 CH3 Cl 331 73.7 [12a]

20 H iPr 32.2 [12c]

21 – – 302 70.5 [12b]

[a] See Figure 9. [b] Coalescence temperatures used to calculate
∆Gc

‡.

Conclusions

This work has presented the syntheses of a series of iso-
meric “biphenols” based on terphenyl backbones and phen-
ylene spacers by Suzuki cross-coupling reactions. Except
the para isomer, these compounds in their anionic form are
either proven (i.e., 2) or potential (i.e., 3) chelate biphenol-
ate ligands. The latter (i.e., 3) as its methylated precursor
16, exists as a mixture of anti (major) and syn (minor)
atropisomers at low temperature (down to 185 K). The ex-
perimental (1H NMR) barriers for the anti/syn transition
are virtually the same for both compounds (62.0 and
63.1 kJmol–1, respectively, at 300 K). DFT calculations at
the B3LYP/6-311+G(d,p) level of theory give a value that
is ca. 13 kJ mol–1 higher, but similar barriers and predict
that the anti form of 3 and 16 has two energy minima, the
most stable anti-in and the least stable anti-out. In addition,
an intermediate situation (anti-in,out) is also theoretically
calculated for 16. However, these conformations could not
be evidenced experimentally. Indeed, they are separated by
relatively low energy barriers (�21.5 kJmol–1), being pre-
dicted to show up at temperatures less than ca. 110 K only.
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Experimental Section
General Information: 2-Bromo-6-tert-butylphenol (5)[5] was pre-
pared according to the literature. Unless otherwise stated, all reac-
tions were performed under an atmosphere of argon by using stan-
dard Schlenk techniques. Dimethylformamide was filtered through
alumina and stored over molecular sieves; THF was distilled from
sodium/benzophenone and dichloromethane over phosphorus
pentoxide. All other chemicals were used as received. NMR spectra
were obtained by using a Bruker DRX 500 (500 MHz) spectrome-
ter or a Bruker Avance (600 MHz) spectrometer. 1H and 13C NMR
spectra were recorded at 500.13 or 600.13 MHz, and 125.76 MHz
or 150.92 MHz, respectively. Assignments of the syn and anti iso-
mers of terphenyls 16 and 3 were carried out at 278.5 and 273 K,
respectively, using 2D 1H–1H ROESY, 13C–1H HSQC, and 13C–1H
HMBC NMR spectroscopy. IR spectra were recorded with a
Bruker IFS 66v Fourier transform IR spectrophotometer. Melting
points were measured with a Büchi Melting Point B-545 apparatus.
Elemental analyses were run with an EA1108 CHNS Fisons Instru-
ment analyzer.

1-Bromo-3-tert-butyl-2-methoxybenzene (6): Freshly powdered
KOH (4 g, 71.3 mmol) was added to a solution of 5 (5.0 g,
21.8 mmol) in THF (50 mL), and the resulting mixture was stirred
for 30 min at room temperature. After dropwise addition of CH3I
(4.75 mL, 76.3 mmol) at 0 °C, the reaction mixture was stirred for
40 min at this temperature and overnight at room temperature. It
was quenched with water (100 mL) and extracted with CH2Cl2
(4�50 mL). The combined organic extract was washed with water
(50 mL) and brine (50 mL) and dried (MgSO4). Column
chromatography (alumina; heptane/CH2Cl2, 95:5) afforded 6
(5.41 g) as an oil that solidified upon standing. Yield: 99.9%. M.p.
45–46 °C.1H NMR (500 MHz, CDCl3): δ = 7.42 (dd, 4JH,H =
1.6 Hz, 3JH,H = 7.9 Hz, 1 H, 4-H or 6-H), 7.27 (dd, 4JH,H = 1.6 Hz,
3JH,H = 7.9 Hz, 1 H, 6-H or 4-H), 6.89 (t, 3JH,H = 7.9 Hz, 1 H, 5-
H), 3.93 (s, 3 H, OCH3), 1.39 (s, 9 H, tBu-H) ppm. 13C NMR
(125 MHz, CDCl3): δ = 156.7, 145.3, 132.1, 126.4, 124.5, 118.1,
61.4, 35.5, 30.9 ppm. C11H15BrO (243.14): calcd. C 54.34, H 6.22;
found C 54.03, H 6.19.

3,3��-Di-tert-butyl-2,2��-dimethoxy[1,1�;4�,1��]terphenyl (8):
[Pd(PPh3)4] (0.256 g, 0.22 mmol) and K2CO3 (5.13 g, 37.2 mmol)
in water (8 mL) were added to a solution of 6 (4.40 g, 18.12 mmol)
and diboronic acid 7 (1.37 g, 8.26 mmol) in DMF (100 mL). The
reaction mixture was heated to 100 °C for 20 h under vigorous stir-
ring. Addition of water precipitated a white solid that was collected
by filtration. The mother liquor was extracted with CH2Cl2
(3�100 mL). Column chromatography (silica; heptane/CH2Cl2,
85:15) of the crude product afforded 8 (3.256 g) as a colorless solid.
Yield: 98%. M.p. 167–170 °C. 1H NMR (500 MHz, CDCl3): δ =
7.63 (s, 4 H, 2�-H, 3�-H, 5�-H and 6�-H), 7.34 (dd, 3JH,H = 7.7 Hz,
4JH,H = 1.7 Hz, 2 H, 4,4��-H), 7.25 (dd, 3JH,H = 7.7 Hz, 4JH,H =
1.7 Hz, 2 H, 6,6��-H), 7.10 (t, 3JH,H = 7.7 Hz, 2 H, 5,5��-H), 3.36
(s, 6 H, OCH3), 1.46 (s, 18 H, tBu-H) ppm. 13C NMR (125 MHz,
CDCl3): δ = 157.8, 143.2, 138.8, 135.2, 129.9, 129.2, 126.6, 123.3,
60.5, 35.3, 31.0 ppm. C28H34O2 (402.576): calcd. C 83.54, H 8.51;
found C 83.52, H 8.56.

3,3��-Di-tert-butyl-2,2��-dihydroxy[1,1�;4�,1��]terphenyl (1): A solu-
tion of BBr3 (1  in CH2Cl2, 13 mL, 13 mmol) was added to a
solution of 8 (2.06 g, 5.12 mmol) in CH2Cl2 (100 mL) at 0 °C. After
stirring for 48 h at room temperature, the reaction mixture was
quenched by addition of 5 % aqueous HCl (100 mL). The aqueous
phase was extracted with CH2Cl2 (3�50 mL). The combined or-
ganic phase was washed with brine (50 mL) and dried (MgSO4).
Column chromatography (alumina; pentane/CH2Cl2, 9:1) afforded
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1 (1.73 g) as a colorless solid. Yield: 90%. M.p. 163–165 °C. 1H
NMR (500 MHz, CDCl3): δ = 7.60 (s, 4 H, 2�-H, 3�-H, 5�-H and
6�-H), 7.34 (dd, 3JH,H = 7.6 Hz, 2 H, 4,4��-H), 7.13 (dd, 3JH,H =
7.6 Hz, 4JH,H = 1.4 Hz, 2 H, 6,6��-H), 6.97 (t, 3JH,H = 7.6 Hz, 2 H,
5,5��-H), 5.44 (s, 2 H, OH), 1.47 (s, 18 H, tBu-H) ppm. 13C NMR
(125 MHz, CDCl3): δ = 151.2, 137.2, 136.6, 130.8, 128.3, 128.1,
127.1, 120.3, 35.1, 29.8 ppm. C26H30O2 (374.52): calcd. C 83.38, H
8.07; found C 83.23, H 8.64.

2-tert-Butylanisole (9): A solution of 4 (30.8 mL, 0.2 mol) in THF
(50 mL) was slowly added to a suspension of freshly powdered
KOH (30.2 g, 0.7 mol) in THF (100 mL) while keeping the tem-
perature �10 °C, and the resulting mixture was stirred for 2 h at
room temperature. Subsequently, CH3I (37.3 mL, 0.6 mmol) was
added dropwise at 0 °C, and the reaction mixture stirred overnight
at room temperature. The reaction mixture was clarified by fil-
tration, and the filtrate was concentrated. The liquid residue was
distilled from sodium to afford 9 (32.5 g). Yield: 99%. 1H NMR
(500 MHz, [D6]acetone): δ = 7.33 (dd, 4JH,H = 1.7 Hz, 3JH,H =
7.7 Hz, 1 H), 7.25–7.21 (m, 2 H), 6.96–6.91 (m, 1 H), 3.88 (s, 3 H),
1.43 (s, 9 H) ppm. 13C NMR (125 MHz, CDCl3): δ = 159.0, 138.7,
127.5, 127.0, 120.8, 112.0, 55.4, 35.3, 30.2 ppm.

3-tert-Butyl-2-methoxyphenylboronic Acid (10): Anisole 9 (9 mL,
51 mmol) was added to the colorless suspension formed by the re-
action of nBuLi (2.5  in hexane, 30 mL, 75 mmol) with TMEDA
(5.67 mL, 37.6 mmol) at 0 °C. The resulting mixture was stirred at
0 °C for 30 min then overnight at room temperature. After dilution
with THF (45 mL) and cooling down to –78 °C, a solution of tri-
isopropylborate (23.2 mL, 100 mmol) in THF (20 mL) was added
dropwise to the reaction mixture. Stirring was continued for 1 h
at –78 °C then overnight at room temperature. The reaction was
quenched by addition of a 5% aqueous solution of HCl (50 mL),
and the product was extracted with CH2Cl2 (5�50 mL) and dried
(MgSO4). Column chromatography (alumina, 0–10% CH3OH in
CH2Cl2), followed by washing of the solid residue with cold pen-
tane, afforded boronic acid 10 (6.95 g). Yield: 65%. M.p. 79–80 °C.
1H NMR (500 MHz, CDCl3): δ = 7.67 (dd, 3JH,H = 7.5 Hz, 4JH,H

= 1.7 Hz, 1 H, 4-H or 6-H), 7.46 (dd, 3JH,H = 7.5 Hz, 4JH,H =
1.7 Hz, 1 H, 6-H or 4-H), 7.11 (t, 3JH,H = 7.5 Hz, 1 H, 5-H), 6.07
(s, 2 H, OH), 3.82 (s, 3 H, OCH3), 1.41 (s, 9 H, tBu-H) ppm. 13C
NMR (125 MHz, CDCl3): δ = 165.7, 142.1, 134.6, 131.0, 124.2,
64.5, 35.1, 31.3 ppm. C11H17BO3 (208.06): calcd. C 63.50, H 8.24;
found C 63.56, H 8.22.

3,3��-Di-tert-butyl-2,2��-dimethoxy[1,1�;3�,1��]terphenyl (13):
[Pd(PPh3)4] (0.087 g, 0.0753 mmol) and K2CO3 (1.55 g,
11.25 mmol) were added to a solution of 10 (1.15 g, 5.5 mmol) and
1,3-dibromobenzene (0.3 mL, 2.5 mmol). The reaction mixture was
stirred vigorously at 100 °C for 72 h. An extra portion of boronic
acid (0.43 g, 2.0 mmol) was added, and the reaction was allowed
to proceed for an additional 24 h. Column chromatography (silica;
heptane/CH2Cl2, 9:1; then alumina, heptane) allowed to separate
colorless compounds 12 as an oil (0.088 g) and 13 as a solid
(0.593 g). Data for 12: Yield: 11%. 1H NMR (500 MHz, CDCl3):
δ = 7.73 (s, 1 H, 2�-H), 7.51 (d, 3JH,H = 7.8 Hz, 1 H, 6�-H), 7.47
(dd, 3JH,H = 7.8 Hz, 4JH,H = 1.9 Hz, 1 H, 4�-H), 7.33 (d, 3JH,H =
7.7 Hz, 1 H, 6-H), 7.29 (t, 3JH,H = 7.8 Hz, 1 H, 5�-H), 7.15 (d,
3JH,H = 7.7 Hz, 1 H, 4-H), 7.08 (t, 3JH,H = 7.7 Hz, 1 H, 5-H), 3.31
(s, 3 H, OCH3), 1.44 (s, 9 H, tBu-H) ppm. 13C NMR (125 MHz,
CDCl3): δ = 157.6, 143.4, 142.2, 134.0, 132.0, 130.1, 129.7, 127.9,
126.9, 123.5, 122.6, 60.8, 35.3, 31.0 ppm. C17H19BrO (319.24):
calcd. C 63.96, H 6.00; found C 63.89, H 6.40. Data for 13: Yield:
59%. M.p. 114–115 °C. 1H NMR (500 MHz, CDCl3): δ = 7.79 (s,
1 H, 2�-H), 7.55 (dd, 3JH,H = 7.6 Hz, 4JH,H = 1.7 Hz, 2 H, 4�-H
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and 6�-H), 7.48 (t, 3JH,H = 7.6 Hz, 1 H, 5�-H), 7.34 (dd, 3JH,H =
7.6 Hz, 4JH,H = 1.6 Hz, 2 H, 4,4��-H), 7.24 (dd, 3JH,H = 7.6 Hz,
4JH,H = 1.6 Hz, 2 H, 6,6��-H), 7.15 (t, 3JH,H = 7.6 Hz, 2 H, 5,5��),
3.36 (s, 6 H, OCH3), 1.45 (s, 18 H, tBu-H) ppm. 13C NMR
(125 MHz, CDCl3): δ = 157.7, 143.2, 140.3, 135.4, 130.0, 129.8,
128.7, 127.8, 126.4, 123.3, 60.5, 35.3, 31.0 ppm. C28H34O2

(402.576): calcd. C 83.54, H 8.51; found C 83.77, H 8.50.

3,3��-Di-tert-butyl-2,2��-dihydroxy[1,1�;3�,1��]terphenyl (2): A solu-
tion of BBr3 (0.1  in CH2Cl2, 8 mL, 0.8 mmol) was added to a
solution of 13 (0.108 g, 0.268 mmol) in CH2Cl2 (10 mL) at –78 °C.
After stirring for 1.5 h at this temperature, the reaction mixture was
warmed to room temperature. After 5 h stirring the reaction was
quenched by addition of 5% aqueous HCl (10 mL). The aqueous
phase was extracted with CH2Cl2 (3 �10 mL). The combined or-
ganic phase was washed with brine (10 mL) and dried (MgSO4),
and the solvent was evaporated. Column chromatography of the
residue (silica, 0–20% heptane in CH2Cl2) afforded diphenol 2 as
a colorless solid (0.052 g). Yield: 52%. M.p. 105–108 °C. 1H NMR
(500 MHz, CDCl3): δ = 7.64 (t, 3JH,H = 7.5 Hz, 1 H, 5�-H), 7.60
(t, 4JH,H = 1.6 Hz, 1 H, 2�-H), 7.54 (dd, 3JH,H = 7.5 Hz, 4JH,H =
1.6 Hz, 2 H, 4�-H and 6�-H), 7.35 (dd, 3JH,H = 7.7 Hz, 4JH,H =
1.6 Hz, 2 H, 4,4��-H), 7.15 (dd, 3JH,H = 7.7 Hz, 4JH,H = 1.6 Hz, 2
H, 6,6��-H), 6.97 (t, 3JH,H = 7.7 Hz, 2 H, 5,5��-H), 5.48 (s, 2 H,
OH), 1.48 (s, 18 H, tBu-H) ppm. 13C NMR (125 MHz, CDCl3): δ
= 151.1, 138.9, 136.7, 130.9, 130.5, 129.1, 128.4, 128.2, 127.1, 120.3,
35.1, 29.8 ppm. C26H30O2·H2O (392.54): calcd. C 79.56, H 8.22;
found C 80.08, H 7.89.

2�-Bromo-3-tert-butyl-2-methoxybiphenyl (15): [Pd(PPh3)4] (0.034 g,
0.0294 mmol) and a solution of K2CO3 (0.622 g, 4.5 mmol) in
water (1.5 mL) were added to a solution of boronic acid 10
(0.836 g, 4 mmol) and 1,2-dibromobenzene (14; 0.13 mL,
1.08 mmol) in DME (15 mL). The reaction mixture was heated at
reflux for 60 h under vigorous stirring. The solvents were evapo-
rated, and the residue was purified by column chromatography
(alumina; heptane/CH2Cl2, 9:1) to afford 15 (0.340 g) as a colorless
oil. Yield: 98%. 1H NMR (500 MHz, CDCl3): δ = 7.76 (dd, 3JH,H

= 7.8 Hz, 4JH,H = 1.1 Hz, 1 H, 3�-H), 7.47 (dd, 3JH,H = 7.8 Hz,
4JH,H = 1.7 Hz, 1 H, 6�-H), 7.44 (dd, 3JH,H = 7.5 Hz, 4JH,H =
2.0 Hz, 1 H, 6-H), 7.41 (td, 3JH,H = 7.8 Hz, 4JH,H = 1.1 Hz, 1 H,
5�-H), 7.26 (td, 3JH,H = 7.8 Hz, 4JH,H = 1.7 Hz, 1 H, 4�-H), 7.18
(dd, 3JH,H = 7.5 Hz, 4JH,H = 2.0 Hz, 1 H, 4-H), 7.14 (t, 3JH,H =
7.5 Hz, 1 H, 5-H), 3.35 (s, 3 H, OCH3), 1.52 (s, 9 H, tBu-H) ppm.
13C NMR (125 MHz, CDCl3): δ = 157.6, 142.8, 140.8, 134.6, 133.1,
132.1, 130.3, 128.8, 127.3, 126.8, 125.6, 124.0, 122.6, 122.3, 60.4,
35.2, 30.8 ppm. C17H19BrO (319.24): calcd. C 63.96, H 6.00; found
C 62.72, H 6.33.

3,3��-Di-tert-butyl-2,2��-dimethoxy[1,1�;2�,1��]terphenyl (16)

Method A: [Pd(PPh3)4] (0.043 g, 0.0372 mmol) and K2CO3 (0.310 g,
2.25 mmol) were added to a solution of 15 (0.120 g, 0.376 mmol)
and boronic acid 10 (0.313 g, 1.5 mmol) in DMF (8 mL). The reac-
tion mixture was stirred vigorously at 100 °C for 16 h. The solvent
was removed in vacuo. Column chromatography of the residue
(alumina, heptane) afforded 16 (0.147 g) as a colorless solid in 97%
yield.

Method B: [Pd(PPh3)4] (0.070 g, 0.0606 mmol) and K2CO3 (1.66 g,
12.0 mmol) were added to a solution of 1,2-dibromobenzene (14;
0.49 g, 2.0 mmol) and boronic acid 10 (1.704 g, 8.15 mmol) in
DMF (18 mL). The reaction mixture was stirred vigorously at
100 °C for 6 h. After addition of an extra portion of 14 (0.1 mL,
0.83 mmol), the reaction mixture was stirred overnight at 100 °C
and the solvent was evaporated. Column chromatography (alu-
mina, heptane) of the residue afforded 16 (0.729 g) in 64% yield.

Eur. J. Org. Chem. 2009, 6318–6327 © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 6325

M.p. 119–120 °C. 1H NMR (500 MHz, C2D2Cl4, 410 K): δ = 7.51
(2d, 4 H, 3�,6�-H and 4�,5�-H), 7.14 (dd, 3JH,H = 7.6 Hz, 4JH,H =
1.2 Hz, 2 H, 4,4��-H or 6,6��-H), 7.06 (br. d, 3JH,H = 7.6 Hz, 2 H,
6,6��-H or 4,4��-H), 6.90 (t, 3JH,H = 7.6 Hz, 2 H, 5,5��-H), 3.27 (s,
6 H, OCH3), 1.24 (s, 18 H, tBu-H) ppm. Data for 16-anti: 1H NMR
(500 MHz, C2D2Cl4, 275 K): δ = 7.47 (AB of AA�BB�, 2 H, 3�,6�-
H), 7.43 (A�B� of AA�BB�, 2 H, 4�,5�-H), 7.17 (dd, 3JH,H = 7.6 Hz,
4JH,H = 1.6 Hz, 2 H, 6,6��-H), 7.04 (dd, 3JH,H = 7.6 Hz, 4JH,H =
1.6 Hz, 2 H, 4,4��-H), 6.90 (t, 3JH,H = 7.6 Hz, 2 H, 5,5��-H), 3.07
(s, 6 H, OCH3), 1.05 (s, 18 H, tBu-H) ppm. 1H NMR (600 MHz,
CD2Cl2, 240 K): δ = 7.44 (AA�BB�, 4 H, 3�,6�-H and 4�,5�-H), 7.15
(dd, 3JH,H = 7.8 Hz, 4JH,H = 1.8 Hz, 2 H, 4,4��-H), 7.04 (dd, 3JH,H

= 7.8 Hz, 4JH,H = 1.8 Hz, 6,6��-H), 6.88 (t, 3JH,H = 7.8 Hz, 2 H,
5,5��-H), 3.06 (s, 6 H, OCH3), 1.05 (s, 18 H, tBu-H) ppm. 13C NMR
(126 MHz, C2D2Cl4, 278.5 K): δ = 156.9 (2,2��-C), 141.3 (3,3��-C),
139.7 (1�,2�-C), 135.0 (1,1��-C), 130.4 (3�,6�-C), 130.3 (6,6��-C),
127.5 (4�,5�-C), 125.6 (4,4��-C), 122.1 (5,5��-C), 60.0 (OCH3), 34.6
[C(CH3)3], 30.5 [C(CH3)3] ppm. Data for 16-syn: 1H NMR
(500 MHz, C2D2Cl4, 275 K): δ = 7.67 (dd, JH,H = 5.6 Hz, JH,H =
3.4 Hz, 2 H, 3�,6�-H), 7.42 (dd, JH,H = 5.6 Hz, JH,H = 3.4 Hz, 2 H,
4�,5�-H), 7.09 (d, 3JH,H = 7.6 Hz, 2 H, 4,4��-H), 6.76 (t, 3JH,H =
7.6 Hz, 2 H, 5,5��-H), 6.65 (d, 3JH,H = 7.6 Hz, 2 H, 6,6��-H), 3.36
(s, 6 H, OCH3), 1.19 (s, 18 H, tBu-H) ppm. 1H NMR (600 MHz,
CD2Cl2, 240 K): δ = 7.63 (d, JH,H = 5.7 Hz, JH,H = 3.3 Hz, 2 H,
3�,6�-H), 7.40 (dd, JH,H = 5.7 Hz, JH,H = 3.3 Hz, 2 H, 4�,5�-H),
7.07 (dd, 3JH,H = 8.0 Hz, 4JH,H = 1.5 Hz, 4,4��-H), 6.74 (t, 3JH,H =
8.0 Hz, 2 H, 5,5��-H), 6.63 (dd, 3JH,H = 8.0 Hz, 4JH,H = 1.5 Hz, 2
H, 6,6��-H), 3.32 (s, 6 H, OCH3), 1.16 (s, 18 H, tBu-H) ppm. 13C
NMR (126 MHz, C2D2Cl4, 278.5 K): δ = 157.4 (2,2��-C), 142.7
(3,3��-C), 138.7 (1�,2�-C), 134.5 (1,1��-C), 130.8 (3�,6�-C), 130.5
(6,6��-C), 127.3 (4�,5�-C), 125.6 (4,4��-C), 122.3 (5,5��-C), 60.3
(OCH3), 34.9 [C(CH3)3], 30.6 [C(CH3)3] ppm. C28H34O2 (402.576):
calcd. C 83.54, H 8.51; found C 83.26, H 8.30.

3,3��-Di-tert-butyl-2,2��-dihydroxy[1,1�;2�,1��]terphenyl (3): A solu-
tion of BBr3 (0.1  in CH2Cl2, 8 mL, 0.8 mmol) was added to a
solution of 16 (0.108 g, 0.268 mmol) in CH2Cl2 (10 mL) at –78 °C.
After 1.5 h stirring at this temperature, the reaction mixture was
warmed to room temperature and further stirred for 24 h. The reac-
tion was quenched with 5% aqueous HCl (10 mL). The aqueous
phase was extracted with CH2Cl2 (3�10 mL). The combined or-
ganic extract was washed with brine (10 mL) and dried (MgSO4),
and the solvents were evaporated. Column chromatography of the
residue (silica; heptane/CH2Cl2, 8:2) afforded diphenol 3 (0.078 g)
as a pale-yellow solid. Yield: 78%. M.p. 128–132 °C. 1H NMR
(500 MHz, C2D2Cl4, 400 K): δ = 7.57 (br. s, 4 H, 3�,6�-H and 4�,5�-
H), 7.15 (d, 3JH,H = 7.6 Hz, 2 H, 4,4��-H or 6,6��-H), 7.06 (d, 3JH,H

= 7.6 Hz, 2 H, 6,6��-H or 4,4��-H), 6.76 (t, 3JH,H = 7.6 Hz, 2 H,
5,5��-H), 4.87 (br. s, 2 H, OH), 1.33 (s, 18 H, tBu-H) ppm. Data
for 3-anti: 1H NMR (500 MHz, C2D2Cl4, 240 K): δ = 7.56 (AB of
AA�BB�, 2 H, 3�,6�-H), 7.50 (A�B� of AA�BB�, 2 H, 4�,5�-H), 7.08
(dd, 3JH,H = 7.5 Hz, 4JH,H = 1.5 Hz, 2 H, 4,4��-H), 6.96 (dd, 3JH,H

= 7.5 Hz, 4JH,H = 1.5 Hz, 2 H, 6,6��-H), 6.77 (t, 3JH,H = 7.5 Hz, 2
H, 5,5��-H), 4.83 (s, 2 H, OH), 1.12 (s, 18 H, tBu-H) ppm. 1H NMR
(600 MHz, CD2Cl2, 240 K): δ = 7.56 (AB of AA�BB�, 2 H, 3�,6�-
H), 7.50 (A�B� of AA�BB�, 2 H, 4�,5�-H), 7.08 (dd, 3JH,H = 7.5 Hz,
4JH,H = 1.5 Hz, 2 H, 4,4��-H), 6.93 (dd, 3JH,H = 7.5 Hz, 4JH,H =
1.5 Hz, 2 H, 6,6��-H), 6.68 (t, 3JH,H = 7.5 Hz, 2 H, 5,5��-H), 4.95
(s, 2 H, OH), 1.16 (s, 2 H, tBu-H) ppm. 13C NMR (151 MHz,
C2D2Cl4, 273 K): δ = 152.2 (2,2��-C), 138.8 (1�,2�-C), 137.6 (3,3��-
C), 133.5 (4�,5�-C), 131.1 (3�,6�-C), 129.3 (6,6��-C), 129.2 (1,1��-C),
128.3 (4,4��-C), 121.5 (5,5��-C), 36.1 (C(CH3)3), 31.0
(C(CH3)3) ppm. Data for 3-syn: 1H NMR (500 MHz, C2D2Cl4,
240 K): δ = 7.53 (s, 4 H, 3�,4�,5�,6�-H), 7.06 (dd, 3JH,H = 7.5 Hz,



M. M. Gruza, J.-C. Chambron, E. Espinosa, E. AubertFULL PAPER
4JH,H = 1.5 Hz, 2 H, 4,4��-H), 6.75 (dd, 3JH,H = 7.5 Hz, 4JH,H =
1.5 Hz, 2 H, 6,6��-H), 6.66 (t, 3JH,H = 7.5 Hz, 2 H, 5,5��-H), 5.23
(br. s, 2 H, OH), 1.20 (s, 18 H, tBu-H) ppm. 1H NMR (600 MHz,
CD2Cl2, 240 K): δ = 7.54 (AB of AA�BB�, 2 H, 3�,6�-H), 7.50 (A�B�

of AA�BB�, 2 H, 4�,5�-H), 7.07 (dd, 3JH,H = 7.5 Hz, 4JH,H = 1.5 Hz,
2 H, 4,4��-H), 6.77 (dd, 3JH,H = 7.5 Hz, 4JH,H = 1.5 Hz, 2 H, 6,6��-
H), 6.66 (t, 3JH,H = 7.5 Hz, 5,5��-H), 5.24 (s, 2 H, OH), 1.22 (s, 18
H, tBu-H) ppm. 13C NMR (151 MHz, C2D2Cl4, 273 K): δ = 152.4
(2,2��-C), 139.0 (1�,2�-C), 137.5 (3,3��-C), 133.1 (4�,5�-C), 130.7
(3�,6�-C), 130.4 (6,6��-C), 129.2 (1,1��-C), 127.7 (4,4��-C), 121.1
(5,5��-C), 36.1 [C(CH3)3], 31.2 [C(CH3)3] ppm. C26H30O2 (374.522):
calcd. C 83.38, H 8.07; found C 82.57, H 8.13.

X-ray Diffraction: Single crystals of 16 were grown by slow evapo-
ration of dichloromethane solutions. Compound 16 crystallizes in
the triclinic system (space group P1̄) with two molecules per unit
cell (Z = 2). Unit cell parameters at T = 115(2) K are: a =
7.5365(1) Å, b = 11.1804(2) Å, c = 14.8713(2) Å, α = 94.399(1)°, β
= 98.277(1)°, γ = 106.750(1)°. A colorless single-crystal specimen
of prismatic shape (0.30� 0.25�0.20 mm3) was selected for the X-
ray diffraction experiment at T = 115(2) K. The X-ray source was
graphite monochromated Mo-Kα radiation (λ = 0.71073 Å) from a
sealed tube. Data were collected with a Nonius Kappa CCD dif-
fractometer, equipped with a nitrogen jet stream low-temperature
system (Oxford Cryosystems), and using the COLLECT soft-
ware.[14] Lattice parameters were obtained by a least-squares fit to
the optimized setting angles of 9577 collected reflections in the full
theta range data collection 1.39 � θ � 27.56°. Intensity data were
recorded as φ and ω-scans with κ offsets. Data reduction was done
using DENZO software,[15] and did not require absorption correc-
tions. The structure was solved by direct methods by using the
SIR92 program.[16] Refinements were carried out by full-matrix le-
ast-squares on F2 by using the SHELXL-97 program[17] and the
complete set of reflections. Anisotropic thermal parameters were
used for non-H atoms. Hydrogen atoms were refined with a global
isotropic thermal factor and placed at calculated positions using a
riding model (all of them were located in the Fourier synthesis).
The structure was converged to the final statistical agreement fac-
tors (R1 = 0.0382 and 0.0469 for I�2σ(I) and all data, respec-
tively). Crystal data, collection and refinement details are given in
Table S5 (Supporting Information). CCDC-739863 (for 16) con-
tains the supplementary crystallographic data for this paper. These
data can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

Calculations: All calculations were performed in the gas phase, with
the Gaussian 03 program package[18] by using density functional
theory (DFT) with the hybrid exchange-correlation B3LYP func-
tional.[19] The molecular structures of the conformers of 16 and 3
were optimized starting from the 6-31G(d,p) up to the extended 6-
311+G(d,p) basis sets. Frequency calculations were then performed
at the same level of theory on each optimized structure in order to
check that they correspond to true energy minima and also to com-
pute zero-point energy corrections.

Molecular structures at the transitions states (TS) linking the in-
terconverted conformers were obtained in first approximation by
performing relaxed potential energy scans. The scanning coordi-
nates were phenyl–phenyl (τ1) or phenyl–methoxy (τ2) torsion
angles (Supporting Information, Figure S1). The approximate TS
molecular structures were subsequently fully optimized. At the end
of the procedure frequency calculations proved the true nature of
the TS (only one imaginary frequency).

Supporting Information (see footnote on the first page of this arti-
cle): Optimized molecular structures of the lowest energy confor-

www.eurjoc.org © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2009, 6318–63276326

mations of 16 and 3 and the transition states between them; VT
1H NMR spectra of terphenyl 3; details of the 1H–1H ROESY
NMR spectra of 16 and 3; crystallographic data.
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