Available online at www.sciencedirect.com

science (@oimeer:

Journal of Organometallic Chemistry 691 (2006) 2546-2553

oforoamal
metallic
Chemistry

ELSEVIER

www.elsevier.com/locate/jorganchem

ipso-and para-Functionalization of meta-terphenyl ligands
with substituted methyl groups: Unusual head-to-tail coupling
of terphenyl moieties

Corneliu Stanciu, Alexander R. Fox, Anne F. Richards, James C. Fettinger, Philip P. Power *

Department of Chemistry, One Shields Avenue, University of California, Davis, CA 95616, United States

Received 13 December 2005; received in revised form 26 January 2006; accepted 26 January 2006
Available online 20 March 2006

Abstract

The synthesis and characterization of several ipso-functionalized derivatives of the bulky terphenyl group CgHjs-
2,6(CsH;3-2',6'-Pr}), (Ar’) are described. These include the primary alcohol Ar’CH,OH (1), the bromo derivative Ar'CH,Br (2), and the
terphenyl formate Ar'CH,OC(O)H (3). The alcohol 1 was obtained by treatment of LiAr’ with formaldehyde, and 1 was readily converted
to the bromo derivative 2 using HBr. The reaction of 1 with formic acid afforded 3 in good yield. Attempts to form the Grignard derivative of
1,i.e., Ar'CH,;MgBr, resulted in a head-to-tail reaction of the terphenyl benzyl units to yield an unusual coupled product 4. An approach to
the avoidance of this coupling involved the synthesis of the terphenyl derivatives 1-I-C¢H,-2,6(CeH;3-2',6'-Pr}),-4-Me (5) and
1-1-C¢H,-2, 6(CsH,-2', 4, 6'-Pr}),-4-Me (6), bearing methyl groups in the para positions of the central aryl ring, which could be
prepared in good yield, and converted to their respective lithium salts 7 and 8 without complication . The compounds were characterized

by 'H and '3C NMR spectroscopy, IR spectroscopy (1) and X-ray crystallography (2, 4, 5 and 6).

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Bulky meta-terphenyl ligands have been shown to be
effective for the stabilization of numerous compounds with
low coordination numbers [1-7], previously unknown mul-
tiple bonds [8-12], or heavier main group element com-
pounds with unpaired electrons [13-16]. Usually the
terphenyl ligand is attached directly to the reactive center
through the ipso carbon of the central aryl ring and steric
protection is provided by the flanking aryls attached at
positions ortho to this carbon. Recently, this theme has
been extended to include terphenyl derivatives that employ
hetero atoms such as the pnictogens or chalcogens (or
derivatives thereof) attached to the ipso carbon [17-22].
The resultant ligands (e.g., amides, phenolates or thiolates)
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have also been shown to be effective as sterically encumber-
ing groups. In contrast, less attention has been devoted to
the use of terphenyl substituted group 14 elements as
ligands where, for example, alkyl or silyl ligands with ter-
phenyl substituents could be used in the stabilization of
new compounds. We describe the synthesis and character-
ization of carbon ligands that have the bulky terphenyl
group Ar'(Ar’ = C¢H;-2,6(CsH3-2',6'-Pr}),). In these
ligands the terphenyl is substituted by the group —CH,X,
where X = OH, Br or OC(O)H, at the ipso position. In
addition, we show that the reaction of the bromo derivative
Ar'CH,Br with magnesium affords a unique head-to-tail
coupled product, 4, as shown by the formula rather than
the expected Grignard reagent Ar'CH,MgBr. Initial
efforts to block this undesirable reaction, have involved
the synthesis of two new terphenyl species 1-I-C¢H,-
2,6(C¢H;-2',6'-Pr})),-4-Me, MeAr'l (5) and 1-I-C¢H,-2,
6(C¢H,-2',4',6'-Pr}),-4-Me, MeAr1 (6) that have methyl
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substitution at the para-position of the central aryl ring and
which could be converted to their respective lithium salts
LiAr'Me (7), and LiAr*Me (8).

CH, CH,

2. Results and discussion

Previous work that has dealt with the derivatization of
terphenyl ligands with carbon based functional groups at
the ipso position of the central ring has focused mainly
on isolation of carboxylic derivatives and their subsequent
use as bulky ligands for transition metal complexes. We
were anxious to synthesize species with substituents at this
position containing a C-X (X = halogen) in order to facil-
itate further derivatization. This was achieved with use of

q _nBuLi p i LCHO) ' HB1one ,
Ar'l Ar'Li > ACUH,0 ArCH,OH —=% Ar'CH,Br
@™ (2

Scheme 1. The synthetic routes to 1 and 2.

the route described in Scheme 1 which afforded 2 in ca.
87% overall yield based on LiAr’.

The reaction of 2 with Mg in THF resulted in almost
complete consumption of the metal and the formation of
a pale yellow solution. Attempts to react this solution with
a suspension of SnCl, in diethyl ether afforded the product
4 rather than the expected Ar'CH,SnCl. Further experi-
ments involving the rapid quenching of the putative Grig-
nard species Ar'CH,MgBr with methanol afforded
identical results. The identity of the product 4 was estab-
lished by '"H and '>C NMR spectroscopy as well as
X-ray crystallography. A possible mechanism for the for-
mation of 4 is provided in Scheme 2.

2.1. Structures and spectroscopy

Compounds 1-8 were characterized by 'H and '*C
NMR spectroscopy and the structures of 2, 4, 5, and 6 were
determined by X-ray crystallography.

The most striking feature of compound 1 is that it is an
unassociated primary alcohol because of the steric effects of
the flanking rings of the Ar’ group. The monomeric formu-
lation is supported by the upfield chemical shift of the -OH
proton in "H NMR spectrum (triplet at 0.92 ppm), as well
as by the sharp absorption band at 3560 cm™' in the IR
spectrum. The OH 'H NMR chemical shift is close to that
expected for unassociated alcohols (ca. 0.5 ppm) [23a] and
the sharp —OH stretching band lies in the higher frequency

2 2

CH CH
Ar Ar —>  Ar_ i Ar <—> Ar, ﬁ Ar
H

Ar Ar Ar Ar
H
TN
CH, H CH, —= CH, CH,
Ar Ar Ar Ar

Ar = —C¢H3-2,6-Pr', ,2,6-di-isopropylphenyl (Dipp)

Scheme 2. A possible mechanism for the coupling reaction of two terphenyl methylene groups to produce 4.
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Fig. 1. Thermal ellipsoid plot of Ar'CH,Br (2). H atoms are not shown.

range 3600-3650 cm ™! expected for an unassociated struc-
ture [23b]. The benzylic CH, group carrying the —-OH
appears as a doublet at 4.07 ppm.

In the case of 2, the X-ray structure showed that it had a
monomeric structure. A thermal ellipsoid plot of 2 is given
in Fig. 1.

A relatively small number of benzyl-like bromides have
been structurally characterized but it is known that the car-
bon-bromine bond distances vary in the general range
1.94-1.79 A, depending on the hybridization of carbon
[24]. Other authors found benzylic C-Br bond distances
of 1.988 (7) A [25] or 1.974 and 1.984 A [26] (in 2,6-di(bro-
momethyl)biphenyl or 1,8-di(bromomethyl)naphthalene,
respectively). The C(3)-C(2)-Br(1) angle is 113.1(2)° (simi-
lar to other similar angles of 112.4° [25] or 112.1° [26]).
Molecules 5 and 6 are also monomers. Their thermal ellip-
soid drawings are shown in Fig. 2 below.

Selected bond distances and angles in molecules 2, 5 and
6 are given in Table 1. The carbon-iodine distances are
2.111(4) and 2.115(3)A for 5 and 6, respectively. Bond
lengths in similarly crowded terphenyl iodides vary
between 2.106(2) and 2.111(2) A [27]. The slight elongation
of the carbon-iodine bond in 5 and 6 may be attributable
to both the inductive electron-donating effect of the methyl
group in para position on the central ring and to the same
effect of isopropyl groups on the flanking aryls. The angles
C(1)-C(2)-C(8) in 5 and C(1)-C(2)-C(6) in 6 are 121.9(3)°
and 122.55(2)°, being comparable to the angle in a similar
terphenyl iodide species having the same structure as 5,
only lacking the para methyl on the central phenyl [28].
The angles C(2)-C(1)-I(1) in 5 and 6 are 118.7(3)° and
118.79(1)°, being also similar to other known angles in sim-
ilar molecules [27].

The molecule 4 results from a head-to-tail dimerization
reaction, probably via the mechanism shown in Scheme 2.
Steric effects play a key role in the regiospecificity of the
reaction and a ‘face-to-face’ dimerization is strongly disfa-
vored by the steric pressure of the flanking aryl rings and
their substituents. A thermal ellipsoid plot of the molecule
is presented in Fig. 3. Selected bond distances and bond
angles in molecule 4 are presented in Table 2. The two
C-C bond distances that connect the central, benzylic car-
bon C(1) to the two rings are 1.515(3) A to C(2) of an aryl
ring and 1.551(3) A to the aliphatic C(32). The slightly
longer distance to the latter is due to its four coordinate
nature and sp® character. The distances are well within
the normal range for such compounds based on a study
by Barnes and co-workers [29] of the structures of nine
diphenylmethane molecules with various substituents who
found that the C(aryl)-CH; distances spanned the range
1.497-1.60 A. The C(2)C(1)C(32) angle in 4 is 115.58(2)°.
This value is considerably wider than the normal tetrahe-
dral value but it also falls in the known range 112.5°-
119.2° for diphenylmethane derivatives mentioned above

Fig. 2. Thermal ellipsoid plots for molecules 5 and 6. Hydrogen atoms are not shown.
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Table 2
Selected bond distances (A) and angles (°) for compound 4

Table 1

Selected bond distances (A) and angles (°) for 2, 5 and 6

Compound 2

Br(1)-C(2) 1.975(3) Br(1)-C(2)-C(3) 113.1(2)
C(2)-C(3) 1.500(4) C(2)-C(3)-C(4) 119.9(2)
C(3)-C(4) 1.405(4) C(2)-C(3)-C(8) 119.9(2)
C(3)-C(8) 1.407(4) C(4)-C(3)-C(8) 120.1(2)
C(4)-C(5) 1.383(4) C(3)-C(4)-C(9) 121.5(2)
Compound §

1(1)-C(1) 2.111(4) C(2)-C(1)-I(1) 118.7(3)
C(1)-C(2) 1.414(5) C(6)-C(1)-I(1) 119.5(3)
C(1)-C(6) 1.394(5) C(1)-C(2)-C(8) 121.9(3)
C(2)-C(8) 1.496(5) C(1)-C(6)-C(20) 121.3(3)
C(4)-C(7) 1.497(6) C(3)-C(4)-C(7) 121.4(4)
Compound 6

I(1)-C(1) 2.115(3) C(2)-C(1)-I(1) 118.79(12)
C(1)-C(2) 1.398(2) C(2A)-C(1)-1(1) 118.79(12)
C(1)-C(2A) 1.398(2) C(2)-C(1)-C(2A) 122.3(2)
C(2)-C(6) 1.497(2) C(1)-C(2)-C(6) 122.45(18)
C(4)-C(5) 1.515(4) C(3)-C(4)-C(5) 121.19(12)

Fig. 3. Thermal ellipsoid plot (30%) of molecule 4. H atoms are not
shown.

[29]. Other structural parameters of 4 are also significant.
The pyramidal coordination of C(32), where the sum of
the inter-carbon bond angles is 335.2(2)°, implies the pres-
ence of a hydrogen attached to this carbon. The C-C dis-
tances in the C(32)-C(37) ring are also informative. The
C(33)-C(34) and C(36)-C(37) bond lengths are 1.337(3)
and 1.330(3) A consistent with C-C double bonding,
whereas the remaining four C—C distances within this ring
are close to 1.49 A which is consistent with single bonding
between two sp> hybridized carbons. Most significantly
perhaps, the C(35)-C(38) bond length is 1.346(3) A consis-
tent with a double bond between C(38) and the ring. In the
"H NMR spectrum, the benzylic CH, group (C1) connect-
ing the two terphenyl Ar’ and pseudoterphenyl

C(1)-C(2) 1.515(3) C(34)-C(39) 1.500(3)
C(1)-C(32) 1.551(2) C(36)-C(51) 1.499(3)

2)-C(3) 1.412(3) C(35)-C(38) 1.346(3)
C(3)-C(4) 1.398(3) C(2)-C( ) C(32) 115.58(16)
C(4)-C(5) 1.382(3) C(3)-C(2)-C(1) 121.15(17)
C(3)-C(8) 1.507(3) C(7)-C(2)-C(1) 119.85(17)
C(7)-C(20) 1.509(3) C(33)-C(32)-C(1) 112.99(15)
C(32)-C(33) 1.486(3) C(37)-C(32)-C(1) 110.36(15)

C(32)-C(37) 1.501(3) C(33)-C(34)-C(39) 121.75(17)
C(33)-C(34) 1.337(3) C(35)-C(36)-C(51) 118.89(16)
C(34)-C(35) 1.483(3) C(38)-C(35)-C(36) 121.70(18)
C(35)-C(36) 1.472(3) C(38)-C(35)-C(34) 122.01(18)

C(36)-C(37) 1.330(3) C(33)-C(32)-C(37) 111.81(16)

“Ar’ = CH,” moieties appears as a doublet at 2.53 ppm,
and is close to the value reported for toluene (2.51 ppm)
[30] or 2.74 ppm in ethylbenzene [31]. The exo-methylene
group (or C38) on pseudoterphenyl moiety was observed
at 4.86 ppm, which is typical for unsubstituted alkene car-
bons [32]. For comparison, in the case of isobutylene the
protons in the methylene group resonate at 4.73 ppm. In
the '>*C NMR, carbon C1 appears at 37.15 ppm, while
C38 was observed at 112.56 ppm. This is in good agree-
ment with chemical shifts of other exo-methylene groups,
which are expected to resonate at higher field than ethyl-
ene, such as 107.7 and 113.3 ppm for isobutylene and
1-butene, respectively [33]. For C32 the signal appears at
40.07 ppm, which is a normal shift for a saturated allyl car-
bon [31].

Molecule 3, which can be described as a terphenylmethyl
formate, could not be crystallized well and it was only char-
acterized by '"H and '>C NMR spectroscopy. It displayed
signals at the expected values for a formate derivative.
Thus, the HCOO proton appeared as a singlet at
7.54 ppm, which slightly upfield from the corresponding
proton in methyl formate, which resonates at 8.05 ppm
[34]. The benzylic CH, group was observed as a singlet at
4.58 ppm, which is about 0.56 ppm downfield from the cor-
responding protons in terphenylmethyl bromide 2. This is
probably due to the stronger electron-withdrawing effect
of the adjacent carboxyl group in comparison to bromine,
which results in the downfield shift of the methylenic pro-
tons. In the '*C NMR spectrum the signal of CH, group
appeared at 61.5 ppm, while that of HCOO group is at
about 160 ppm. The latter value is similar to the carboxylic
group in methyl formate which resonates at 160.9 ppm [34].
In the case of the two terphenyl lithium derivatives 7 and 8,
proton and carbon NMR spectra were recorded since,
despite several attempts, X-ray quality crystals could not
be isolated for structural analysis. In both cases, the
NMR spectra displayed proton and carbon signals in the
expected regions [35] and no particular characteristics were
observed. The slight differences noted in chemical shifts of
7 and 8 when compared to the parent terphenyl iodides 5
and 6, respectively, follow the same trend observed in other
related examples of terphenyl iodides [27].
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3. Conclusion

In the present paper, the synthesis and characterization
of eight new terphenyl derivatives was presented. A possi-
ble reaction mechanism was proposed for the formation
of an unusual head-to-tail dimer upon the attempted prep-
aration of a terphenyl benzyl species. Two new terphenyl
iodides were synthesized also, along with their correspond-
ing lithium derivatives. The application of the newly syn-
thesized molecules in the generation of new main-group
and transition element multiply bonded species will be
described in a future publication.

4. Experimental

All manipulations involving air and/or moisture sensi-
tive compounds were carried out by using modified
Schlenk techniques under an atmosphere of Ar or N,. All
solvents were distilled from molten Na/K alloy and
degassed twice prior to use. Paraformaldehyde (Acros
Organics, reagent 96%) was dried under reduced pressure
for 2 h and used immediately in the reaction without fur-
ther purification. Hydrobromic acid as well as formic acid
were purchased from Acros Organics as ACS reagents of
48% and, respectively, 96% solutions. The bromide 2.4,6-
triisopropyl bromobenzene used in the synthesis of 7 was
purchased from Aldrich Chemicals. They were used in as
received. The lithium compound Ar’Li was prepared as
described previously [36]. The precursor used in the synthe-
sis of terphenyl iodides 5 and 6, 2,6-dibromo-4-methyl-iod-
obenzene, was obtained by following a reaction protocol
originally described by Hart and co-workers [37] and
detailed by Protasiewicz and co-workers [20]. The 'H and
13C NMR spectra were recorded on a Varian 300 or
400 MHz spectrometer and referenced to known standards.
Melting points were recorded in glass capillaries under N,
and are uncorrected. The infrared spectrum for 1 was
recorded as Nujol mull between Csl plates on a Perkin—
Elmer 1430 spectrometer.

Selected crystallographic data for compounds 2, 5 and 6
are presented in Table 3 below. The corresponding param-
eters for molecule 4 are shown in Table 4.

Following a procedure similar to the one previously
described [20], we obtained 2,6-dibromo-4-methyl-iodo-
benzene as a white solid, melting point m.p. = 52-54 °C,
after recrystallization from hexane. We report the mole-
cule’s '*C NMR spectrum which had not been published
previously. The '"H NMR spectrum is in agreement with
that previously reported [20]. "H NMR (300 MHz, CDCls,
25°C): & =2.25 (s, 3H, CH3), 7.38 (s, 2H, m-Ph) ppm. 1*C
NMR (75.4 MHz, CDCl;, 25 °C): 6 = 20.59 (CH3), 105.02
(C-I), 130.88 (C-Br), 132.08 (C-H), 141.17 (C-Me) ppm.

4.1. 1-OHCH,-2,6(CsH;3-2',6'-P¥, ) ,-CsH (1)

To a stirred and cooled (0 °C) solution of Ar'Li (2.2 g,
ca. 5mmol) in 80 mL THF, gaseous formaldehyde, gener-
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Table 3

Selected crystallographic data for 2, 5 and 6

Compound 2 5 6

Formula C31H37Br C31H391 C37H51I

Formula 491.54 538.52 622.68
weight

Crystal color Colorless Needle, Colorless
and habit wedge pale yellow  block

Crystal system Monoclinic  Monoclinic ~ Orthorhombic

Space group P2,/c P2,/n Pnma

a(A) 8.0458(8) 11.800(2) 8.0175(6)

b (A) 21.227(2) 18.297(3) 25.5621(2)

c(A) 15.9281(2) 12.696(2) 16.1975(1)

o (°) 90 90 90

p(°) 97.350(2) 98.604(3) 90

7 (°) 90 90 90

v (A) 2698.0(5) 2710.1(8) 3319.6(4)

Z 4 4 4

Crystal size (mm) 0.28 x 0.53x0.08 0.46x0.27x0.13

0.20 x 0.15 % 0.07

Deate (2cm™) 1.220 1.320 1.246

Absorption 1.540 1.197 0.987
coefficient, u (mm™")

No. of independent 7142 4506 4942
reflections

No. of observed 3924 3534 3923
reflections

R, observed 0.1018 0.0568 0.0541
reflections

WR,, all data 0.1511 0.1127 0.0846

Table 4

Selected crystallographic data for molecule 4

Formula CeoHg7

Formula weight 916.39

Crystal color and habit Colorless block

Crystal system Triclinic

Space group Pl

a(A) 13.676(2)

b (A) 14.446(3)

¢ (A) 15.043(3)

o (°) 95.080(3)

p(°) 104.269(4)

7 (°) 94.577(4)

V(A% 2853.1(8)

VA 2

Crystal size (mm)
Dcalc (g Cm73)

0.21x0.18 x0.15
1.067

Absorption coefficient, y (mm™) 0.059
No. of independent reflections 13010
No. of observed reflections 6948
R, observed reflections 0.1125
WR,, all data 0.1512

ated by heating 1.6 g of dried paraformaldehyde on an oil
bath at 170-180 °C, was bubbled by means of a wide
(8 mm) bent glass tube, under a slow stream of argon.
The addition was complete in about 10 min and the reac-
tion mixture was allowed to react for an additional 2 h,
after which time it was quenched with a 10% HCI solution.
Extraction with 2 x 50 mL diethyl ether followed by wash-
ing of the combined ethereal layers with brine, drying over
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M¢gSO,, filtration and evaporation of solvent afforded 2.1 g
of a white powder. Recrystallization from hexane gave
1.93 g (ca. 4.5mmol, yield 90%) product: m.p. =199-
203 °C. '"H NMR (400 MHz, CDCls, 25°C): d =0.92 (t,
*Jyn = 6.8 Hz, 1H, OH), 1.10 (d, *Jiyy = 6.4 Hz, 12H,
0-CH(CHs),), 1.13 (d, *Jy_u = 6.8 Hz, 12H, o’-CH(CHj3),),
2.60 (sept., *Jyn = 6.8 Hz, 4H, 0-CH(CH,),), 4.07 (d,
3Jin = 6.8 Hz, 2H, CH,), 7.14 (d, *Jy = 7.2 Hz, 2H,
m-C¢H3), 7.23 (d, *Jy_p = 8 Hz, 4H, m-CsH}), 7.37 (m,
3H, p-CeH; + p-C¢Hy) ppm. 'C NMR (100.25 MHz,
CDCl;, 25°C): 0=23.04 (0-CH(CHs),), 25.33 (o-
CH(CHs),), 30.81 (o-CH(CHs),), 60.81 (CH,-OH),
122.60 (p-C¢Hj), 123.02 (m-CeHj), 127.23 (i-CeHj),
128.40 (p-C¢Hj), 129.41 (m-CeHs), 137.51 (0-Cg¢Hj),
140.51 (i-CeH;), 146.93 (0-C¢Hj) ppm. IR (Nujol):
v=3560 cm™" (vop, sharp).

4.2. I—BF-CH2-2,6(C6H3-2/,6,-P}";)2-C6H3 (2)

The alcohol 1 (2.1 g, ca. 5 mmol) was placed in a 100 mL
round-bottom flask provided with a reflux condenser and a
magnetic stir bar. Then, 30 mL of concentrated HBr solu-
tion was added and the reaction mixture was heated to a
gentle reflux for 3 h. After cooling the solution in an ice-
bath, a white precipitate appeared. The supernatant liquid
was carefully decanted off, the white solid was washed with
3x 10 mL cold water and dried under reduced pressure.
After crystallization from diethyl ether in a —20 °C freezer,
2.36 g (ca. 4.8 mmol, yield 96%) of 2 were obtained as col-
orless crystals, suitable for X-ray crystallographic analysis:
m.p. = 154-155°C. '"H NMR (300 MHz, CDCls, 25 °C):
0=1.09 (d, *Jyyy=6.6Hz, 12H, CH(CHs;),), 1.24 (d,
Jyn=6.9Hz, 12H, CH(CHs),), 2.57 (sept., “Jy_
u = 6.6 Hz, 4H, CH(CHs),), 4.02 (s, 2H, CH,), 7.17 (d,
3Jyn = 7.5Hz, 2H, m-C¢Hs), 7.26 (d, *Jyu =7.5Hz,
4H, m-C¢H}), 7.38 (t, *Jyy = 7.8 Hz, 1H, p-C4Hj), 7.40
(t, *Jun=8.1Hz, 2H, p-C¢H;) ppm. '*C NMR
(75.4 MHz, CDCl;, 25°C): 6 =23.03 (CH(CHs),), 25.86
(CH(CH3;),), 29.58 (CH,), 30.75 (CH(CHs;),), 123.05
(m-C¢H}), 127.77 (p-C¢Hs), 128.56 (p-CeH}), 130.12 (m-
CeHs), 133.67 (0-C¢H3), 136.74 (i-CeH}), 141.25 (i-CHs),
146.88 (0 — C¢H}) ppm.

4.3. 1-HC(0)O-CH,-2,6(CsH;-2',6'-Pr, ) ,-CsH (3)

The bromide 2 (1.96 g, 4 mmol) was placed in a 50 mL
round-bottom flask provided with a magnetic stir bar. Tet-
rahydrofuran (20 mL) was added to solubilize the halide,
followed by the addition of 5 mL 96% formic acid (excess).
The reaction mixture was stirred overnight at room tem-
perature. The following day the solution was extracted with
THF, washed with 2 x 30 mL portions of deionized water
and dried over MgSQ,. Filtration,followed by evaporation
of the solvent under reduced pressure, afforded 3 as a white
powder. Yield: 1.6 g (3.5 mmol, 88%). m.p. = 150-152 °C.
'"H NMR (400 MHz, CDCl;, 25°C): 6 =1.09 (d, *Jiyn =
6.4 Hz, 12H, CH(CHs),), 1.14 (d, *Jyy = 6.4 Hz, 12H,

CH(CHs),), 2.57 (sept., >Jy u = 6.8 Hz, 4H, CH(CHs),),
4.58 (s, 2H, CH>), 7.19 (d, *Jy.n = 7.6 Hz, 2H, m-C¢Hs),
720 (d, *Jyu=7.6Hz, 4H, m-CsH}), 7.35 (t, Ju_
n=7.6Hz, 2H, p-C¢Hs), 7.45 (t, 3Jyn = 7.6 Hz, 1H, p-
CeH3), 7.54 (s, 1H, HCOO) ppm. *C NMR (100.4 MHz,
CDCls, 25°C): 6 = 23.02 (CH(CHjs),), 25.40 (CH(CHjs),),
30.78 (CH(CH3),), 61.51 (CH,), 122.82 (m-C4H}), 128.36
(p-CeH}), 128.46 (m-CeHj), 129.53 (p-C¢Hs), 131.22 (o-
CeH3), 136.82 (i-C4H}), 142.17 (i-C4Hs), 146.69 (0-CsHY),
159.93 (HCOO) ppm.

4.4. 2,6-(2',6'-Pr,CsHs),-4]2,6-(2" 6" -PryCsH 3 ) ,-CH 5-
1-CH ]-1-methylene-cyclohexa-2, 5-diene (4)

The alcohol 1 (2.1 g, ca. 5 mmol) was placed in 50 mL
two-necked round-bottom flask, provided with a reflux con-
denser and a magnetic stir bar, was changed with the bro-
mide (0.49 g, ca. 1 mmol) dissolved in 20 mL dry and
degassed THF, are 0.03 g (1.25 mmol) of magnesium turn-
ings. The resulting solution was heated to reflux for 2 h, while
it assumed a pale yellow color and almost all of the metal was
consumed. Then, 10 mL methanol was syringed in. The pale
yellow color disappeared and the solution became cloudy. It
was extracted with 2x 15mL diethyl ether, and the
combined organic layers were dried over MgSO, and
subsequently filtered. The solvent was evaporated under
reduced pressure and a white solid was obtained. Recrystal-
lization from toluene afforded X-ray quality crystals of
4. Yield: 0.22 g (ca. 0.24 mmol, 45%); m.p. = 109-111 °C.
'H NMR (300 MHz, CDCl;, 25°C): 6=0.73 (d,
*Jin = 6.9 Hz, 6H, CH(CH3), on Ar’), 0.96 (d, *Jy =
6.9 Hz, 6H, CH(CHs;), on Ar’), 1.04 (d, *Jyy y=7.2 Hz,
24H, CH(CHjs),), 1.08 (d, *Jy_p = 6.9 Hz, 12H, CH(CH3),),
2.53 (d, *Jyu=4.8 Hz, 2H, CH,), 2.59 (sept., *Jyu =
6.9 Hz, 6H, CH(CHs;),), 2.72-2.76 (m, 1H, C32-H), 2.83
(sept., 3Ju =69 Hz 2H, CH(CH3), on Ar’), 4.86 (s, 2H,
=CH,), 7.03 (t, *Jy_u = 7.5 Hz, 1H, p-Ar’), 7.08 (d, *Jyyn =
6.9 Hz, 2H, m-Ar’), 7.13 (d, *Jy_n = 8.4 Hz, 8H, m-Dipp),
721 (t, *Jyu=7.8 Hz, 4H, p-Dipp), 7.25 (d, *Jyyn=
1.8 Hz, 2H, m-Ar’ = CH,) ppm. *C NMR (75.4 MHz,
CDCl3, 25 °C): 6 =22.24 (CH(CH3),), 23.06 (CH(CH3),),
23.51 (CH(CH3),), 24.19 (CH(CHs;),), 24.88 (CH(CH3),),
24.95 (CH(CH3),), 25.01 (CH(CHs;),), 26.18 (CH(CH3),),
30.31 (CH(CHs;),), 30.39 (CH(CHs3),), 30.63 (CH(CH3),),
30.87 (CH(CHsj),y), 37.15 (CH,), 40.07 (C32), 112.57
(=CH,), 122.25 (m-Dipp (Ar’)), 122.43 (m-Dipp (Ar’ =
CH,)), 122.86 (p-Ph (Ar’)), 123.39 (m-Ph (Ar’ = CH,)),
125.51 (0-Ph (Ar’)), 127.31 (p-Dipp (Ar’)), 128.30 (p-Dipp
(Ar' = CHy)), 130.37 (m-Ph (Ar’)), 132.06 (i-Ph (Ar’)),
134.97 (o-Ph (Ar’ = CH,)), 137.11 (i-Dipp (Ar’)), 138.36
(i-Dipp (Ar’ = CHy)), 140.43 (i-Ph (Ar’ = CHy)), 146.94
(o-Dipp (Ar’ = CH,)), 147.12 (0-Dipp (Ar’)) ppm.

4.5. 1-1-2,6(CsH;3-2',6'-P¥, ) ,-4-CH3-CsH, (5)

Following the known [38] general synthetic protocols,
0.1 mol 2,6-dibromo-4 methyliodobenzene was dissolved in
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ca. 400 mL THF, cooled to —78 °C and treated with
0.11 mol Bu"Li. The solution became light brown and, after
stirring at this temperature for an additional 20 min, a
freshly prepared Grignard solution of 2,6-diisopropyl
bromobenzene (0.25 mol, excess), was added slowly, via can-
nula. After the addition was complete, the reaction mixture
was allowed to reach room temperature overnight. Next
day it was refluxed for 2 h, cooled in an ice-bath, then iodine
(0.15 mol, excess) was added in small portions and the solu-
tion stirred for 6 h. The excess iodine was quenched with a
10% solution of Na,SOs;, the organic layer separated, dried
over anhydrous MgSO,. The solvent was pumped off and
the solid residue was refluxed in ethanol overnight. The pre-
cipitate that had formed was filtered off, washed with cold
methanol and dried. Crystallization from diethyl ether affor-
ded crystals suitable for X-ray crystallographic analysis.
Yield: 0.065mol, 65%: m.p.=188-190°C. 'H NMR
(300 MHz, CDCl;, 25°C): 6=1.12(d, *Jyy=6.9 Hz,
12H, 0-CH(CHs),), 1.24 (d, *Jyu = 6.9 Hz, 12H, o-CH
(CHs)), 2.38 (s, 3H, p-CHs), 2.57 (sept., *Jyu = 6.9 Hz,
4H, CH(CHj3),), 7.00 (s, 2H, m-C¢H>), 7.24 (d, *Jyn =
7.8 Hz, 4H, m-CsH}), 7.42 (t, *Jyy_u = 8.1 Hz, 2H, p-C¢H})
ppm. '3C NMR (75.4 MHz, CDCls, 25 °C): § = 21.27 (p-
CHj;), 23.45 (0-CH(CHs;),), 25.06 (0-CH(CHsj),), 30.94
(0-CH(CHjs),), 106.15 (i-C¢H,), 122.92 (m-C¢HY), 128.41
(m-CeHa,), 129.14 (p-C¢Hj), 137.38 (p-CeHa,), 142.79
(i-CsH3), 146.20 (0-CsH3), 146.27 (0-CsH,) ppm.

4.6. 1-1-2,6(CsH -2, 4',6'-Pr, ) ,-4-CH;-CsH, (6)

In a similar procedure as the one used for the synthesis of
5, except that the Grignard reagent was generated from the
reaction of Mg and TripBr, the terphenyliodide (7) was
obtained as a white powder. Starting with 22.4 g (ca.
60 mmol) of the precursor 2,6-dibromo-4-methyliodoben-
zene, 13.7 g (22 mmol, 36.7%) 7 was obtained. After recrys-
tallization from diethyl ether, X-ray quality crystals were
obtained: m.p. = 201-203 °C. "H NMR (300 MHz, CDCls,
25°): 0 = 1.11 (d, *Jy_ = 6.9 Hz, 12H, 0-CH(CHjy),), 1.23
(d, *Juu =7.5Hz, 12H, 0-CH(CHs),), 1.32 (d, *Jyn =
6.9 Hz, 12H, p-CH(CH3)»), 2.35 (s, 3H, p-CH3), 2.56 (sept.,
*Jiun = 6.9 Hz, 4H, 0-CH(CHs),), 2.97 (sept., *Jun=
6.9 Hz, 2H, p-CH(CHs;),), 6.99 (s, 2H, m-CgH,), 7.06 (s,
4H, m-C4H)) ppm. *C NMR (75.4 MHz, CDCl;, 25°): § =
21.20 (p-CH3y), 23.55 (0-CH(CHs3),), 24.24 (0-CH(CH3),),
25.09 (p-CH(CHs;),), 30.93 (0-CH(CHs),), 34.33 (p-
CH(CH3;),), 107.0 (i-C¢H,), 120.82 (m-C¢H)), 129.28 (m-
CeHy), 137.05 (p-CeH,), 140.46 (i-CsH)), 145.72 (0-CeH}),
146.50 (0-C¢H,), 148.39 (p-CsH)) ppm.

4.7. 1-Li-2,6(CsH3-2',6'-Pr, ) ,-4-CH3-C4H, (7)

To a suspension of 2.7 g (5 mmol) 5 in 50 mL hexane,
3.2mL of a 1.6 M solution of Bu"Li in hexane was added
by syringe, at 0 °C. The reaction mixture was then stirred
at room temperature for 6 h, allowed to settle and the
supernatant solution was decanted off. The white precipi-

tate was washed once with ca. 30 mL cold hexane and dried
under reduced pressure. Yield: 1.97 g (4.8 mmol, 96%):
m.p. = 168-169 °C. 'H NMR (300 MHz, C¢Ds, 25 °C):
0=1.07 (d, *Jyu = 6.9 Hz, 12H, 0-CH(CHs),), 1.09 (d,
*Jin = 6.9 Hz, 12H, 0-CH(CHs),), 1.95 (s, 3H, p-CHs),
2.75 (sept., *Juu = 6.9 Hz, 4H, 0-CH(CHj;),), 6.88 (s,
2H, m-C¢H,), 7.17 (d, *Jyy.u = 7.8 Hz, 4H, m-C¢Hs), 7.31
(t, *Jyu=76Hz, 2H, p-CiH}) ppm. "“C NMR
(75.4 MHz, C¢Dg, 25°C): 0 =20.85 (p-CHj3), 23.77 (o-
CH(CHs;),), 25.11 (0-CH(CHj),), 31.32 (0-CH(CHs),),
123.31 (m-CgHjz), 128.96 (m-CgH,), 129.47 (p-CgHs),
137.63 (p-C¢H,), 143.02 (i-C¢Hj), 146.22 (0-C¢H}),
147.12 (0-C¢H;) ppm.

4.8. 1-Li-2,6(C4H,-2'\4',6'-P¥, ) ,-4-CH ;-CsH, (8)

To a suspension of 6.2 g (10 mmol) 7 in 120 mL hexane,
4.1 mL of a 2.5M Bu"Li solution in heptane was added
dropwise, at 0 °C, via syringe. The reaction mixture was
stirred at room temperature overnight. The supernatant
solution was decanted off via cannula and the remaining
solid was washed once with ca. 40 mL cold hexane. After
decanting off the liquid, the white powder was dried under
reduced pressure. Yield: 4.2 g (8.3 mmol, 83%): m.p. =
186-188 °C. '"H NMR (300 MHz, C¢Dg, 25°): 6 = 1.14 (d,
*Jun =69 Hz, 12H, 0-CH(CHs),), 1.24 (d, *Jyu=
6.9 Hz, 12H, 0-CH(CHs)), 1.41 (d, *Jy_y = 6.9 Hz, 12H,
p-CH(CHs3),), 1.96 (s, 3H, p-CH3), 2.82 (sept., *Jyp =
6.9 Hz, 6H, 0-CH(CH3), + p-CH(CH;),), 6.90 (s, 2H, m-
CeH,), 7.20 (s, 4H, m-C¢H,) ppm. '*C NMR (75.4 MHz,
C¢Ds, 25°): 6 =20.68 (p-CHs), 23.74 (0-CH(CH3),), 24.27
(0-CH(CHs;),), 25.05 (p-CH(CH3),), 31.25 (0-CH(CH3),),
3471 (p-CH(CHjs)y), 121.0 (m-CsH)), 129.47 (m-CeHy),
137.35 (p-CeH,), 140.86 (i-C¢H), 146.0 (0-C¢H)), 147.14
(0-CeHb), 148.85 (p-CH’) ppm.

5. X-ray crystallographic studies

In all cases, a colorless crystal was selected and
mounted on a Bruker Smart 1000 CCD system at 90 K.
The initial unit cells were indexed by using a least-squares
analysis of a random set of reflections collected from
three series of 0.3° wide w-scans, 10s/frame, and
25 frames/series that were well-distributed in reciprocal
space. Mo Ka (1=0.71073 A) radiation was used.
Absorption corrections were applied using SADABS
[39,40]. All crystallographic calculations were performed
on a Personal computer (PC) provided with SHELXTL [41]
program. The structures were determined by direct meth-
ods or by using the Patterson option in SHELXs [42] and
were refined with sHELxL [42]. All non-hydrogen atoms
were refined anisotropically, while hydrogen atoms were
placed at calculated positions and included in refinement
using a riding model. Some details of the data collection
and refinement are presented in Tables 3 and 4 above,
but further details can be found in the supporting
information.
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6. Supplementary information

CIF files for 1 and 3 may be obtained from the Cam-
bridge Crystallographic Data Centre as supplementary
publications CCDC 292610-292613 upon application to
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK, e-mail:
deposit@ccdc.cam.ac.uk.
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