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The synthesis and characterization of sterically encumbered terphenyl compounds are
described. These are 2,6-Dipp,CsHsl (Dipp = 2,6-i-Pr.CsHs7), 1, 2,6-Trip.CeHsl (Trip = 2,4,6-
i-PrsCgHz—), 2, and 1,3-Mes*CsH4 (Mes* = 2,4,6-t-BusCgH;,7), 3, and the solvated metal
derivatives Et,OLiCgH3-2,6-Trip2, 4, and Me,SCuCgHs-2,6-Trip,, 5. They were characterized
by 'H and **C NMR spectroscopy and, in the case of 3—5, by X-ray crystallography. The
monomeric structures of 4 and 5 and the two-coordinate nature of the metals underline the
very bulky characteristics of these ligands. In addition the isolation of 3 rather than the
intended iodine derivative 2,6-Mes*,C¢H3l suggests that the synthetic route to the precursor
halides can be limited by very large ring substituents.

Introduction

Sterically encumbered aryl groups have been shown
to have widespread utility in the synthesis of numerous
species with unusual bonding and/or coordination num-
bers. Classic examples of such compounds were the first
stable disilene Mes,SiSiMes; (Mes = 2,4,6-Me3CgH3)?!
and the first uncomplexed diphosphene Mes*PPMes*
(Mes* = 2,4,6-t-BuzCgHy).2 Other bulky aryl substitu-
ents that have proven useful include the isopropyl-
substituted aryls 2,4,6-i-PrsCgH,—23 and 2,6-i-Pr,CeHz—*
and silyl-substituted species such as 2,6-(Me3Si),CeHz—>
and 2,4,6{(Me3Si),CH}3CsH,—.6 A characteristic fea-
ture of these aryls is that the steric crowding is
provided, in the main, by two alkyl (or alkylsilyl)
substituents at the ortho positions. Corresponding
species in which the crowding is a result of bulky ortho
aryl substituents have received rather less attention.
These compounds feature two phenyl, or substituted
phenyl, rings at the ortho positions of a central aryl ring
and form part of a larger class of compounds, the
terphenyls, owing to the fact that they contain three
aromatic rings. Derivatization of such species is usually
accomplished by the use of a reactive substituent such
as halide, and it has been shown that it is possible to
synthesize iodo compounds of the type 1-1-2,6-Ar,CgsH3
through a five-step route commencing with commer-
cially available 2,6-dichloroaniline. The ortho aryl
groups employed have included Ph,” 2,6-Me,CgH3—,8
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and Mes.” Recent investigations involving the 2,6-
Mes,CsHs- terphenyl group have demonstrated that it
is capable of stabilizing unusual or unique structural
types through the synthesis and characterization of the
dimeric lithium aryl { LiCsH3-2,6-Mes;}»° and the two-
coordinate arenethiolato and areneselenolato com-
pounds Fe{SCgH3-2,6-Mes;},1% and Mn{SeCgHz-2,6-
Mes,} 2.1 In contrast, similar compounds involving the
Mes* ligand were found to be more highly aggre-
gated.1%12 These initial results suggested that the
synthesis of more crowding terphenyl groups such as
2,6-Dipp2C5H3— (Dlpp = 2,6—i—Pr2C6H3—), 2,6-Trip2C6H3—
(Trip = 2,4,6-i-Pr3CgH,—), or 2,6-Mes*,CsHs— might
allow the synthesis of stable, hitherto unknown, types
of compounds, for example, a crystalline species con-
taining a one-coordinate metal or certain monomeric
compounds with unusually low oxidation state such as
a stable univalent phosphorus species. In this paper
the synthesis and characterization of the key halide
derivatives of these crowding ligands as well as two of
their metal complexes are now reported.

Experimental Section

All experiments were performed under a nitrogen atmo-
sphere either by using modified Schlenk techniques or in a
Vacuum Atmospheres H43-2 drybox. Solvents were freshly
distilled from a sodium—potassium alloy and degassed twice
prior to use. 'H and 3C NMR spectra were recorded in CDCl3
or CgDs solution by using a General Electric QE-300 spec-
trometer. IR spectra were recorded as Nujol mulls on a
Perkin-Elmer PE 1430 spectrometer. The compound 2,6-i-
Pr,CsHsl was prepared by diazotization of commercially avail-
able 2,6-i-ProCe¢HsNH,; 2,4,6-i-PrsC¢H>Br and Mes*Br were
purchased from commercial suppliers and used as received.
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Grignard reagents were prepared as described previously for
these aryl halides.314

2,6-Dipp2CeHsl, 1. A solution of 200 mmol of DippMgl in
THF (200 mL), freshly prepared from magnesium (4.86 g, 200
mmol) and Dippl (48.23 g, 200 mmol), was added dropwise to
a stirred solution of 2,6-dichloro-1-iodobenzene (13.64 g, 50
mmol) in THF (100 mL) with cooling in an ice bath. Stirring
was continued for 1 h at ambient temperature, after which
time the mixture was heated to reflux for 16 h. The reaction
mixture was then cooled in an ice bath, and a solution of iodine
(39.0 g, 150 mmol) in THF (200 mL) was added dropwise. After
the mixture was stirred for 10 h at room temperature, a
solution of Na,SO3 (20 g) in water (300 mL) was added to
destroy the excess iodine and to dissolve the magnesium
halides. The aqueous layer was separated and washed three
times with Et,O (100 mL). The solvents were evaporated, and
the pale brown residue was dried at 100 °C under reduced
pressure (0.1 mmHg). All volatile side products (mostly Dippl)
were then removed by distillation of at 140 °C at 0.1 mmHg.
Upon cooling, EtOH (250 mL) was added to the remaining solid
and the mixture was heated to reflux for 16 h. After cooling
of the suspension in a —20 °C freezer (10 h), a pale brown solid
was isolated by filtration, washed twice with 30 mL of MeOH,
and dried. Sublimation of the solid at 180 °C at 0.01 mmHg
yields 16.52 g (31.5 mmol, 63%) of pure 2,6-Dipp.CsHsl: Mp
151-153 °C; *H NMR (CDCl3) 6 = 1.09 (d, 12H, (0-CH(CHj3)2)
83w = 6.9 Hz, 1.23 (d, 12H, (O-CH(CHg)z) 33y = 6.9 Hz, 2.53
(sept, 4H, (0-CH(CHs)2) 3Jun = 6.9 Hz, 7.15 (d, 2H, m-C¢H3)
33w = 7.5 Hz, 7.23 (d, 4H, m-Dipp) 3Jun = 7.8 Hz, 7.40 (t,
2H, p-Dipp) 3Jun = 7.8 Hz, 7.43 (t, 1H, p-Ph) 3Jyy = 7.5 Hz;
13C NMR (CDCls) 6 = 23.24 (0-CH(CHs)2, 24.84 (0-CH(CHa)2),
30.84 (0-CH(CHj3),), 110.08 (i-CsH3), 122.79 (m-Dipp), 127.45
(p-Ph), 128.11 (m-Dipp), 128.37 (m-Ph), 142.60 (i-Dipp), 146.02
(o-Dipp), 146.44 (o-Ph).

2,6-Trip2CsHsl, 2. A solution of 75 mmol of EtMgBr in THF
(200 mL) was added dropwise to a stirred solution of 2,6-
dichloro-1-iodobenzene (20.47 g, 75 mmol) in THF (100 mL)
with cooling in an ice bath. Stirring was continued for 1 h,
after which time the resulting solution was added dropwise
to a solution of 200 mmol of TripMgBr in 300 mL of THF
(freshly prepared from magnesium (4.86 g, 200 mmol) and
TripBr (56.65 g, 200 mmol)) at room temperature (30 min).
Stirring was continued for 1 h at ambient temperature, after
which time the mixture was heated to reflux for 16 h. The
reaction mixture was then cooled to room temperature and
allowed to settle. The supernatant liquid was then added to
a solution of iodine (76.0 g, 300 mmol) in THF (200 mL) with
cooling in an ice bath. After the mixture was stirred for 10 h,
a solution of Na;SO3 (20.0 g) in water (300 mL) was added to
destroy the excess iodine and to dissolve the magnesium
halides. The aqueous layer was separated and washed three
times with Et,O (100 mL). The solvents were evaporated, and
the pale brown residue was dried at 100 °C under reduced
pressure (0.1 mmHg). All the volatile side products (mostly
Tripl) was then removed by distillation (at a bath temperature
of 140 °C) at 0.1 mmHg. EtOH (250 mL) was added to the
remaining solid and was heated to reflux for 16 h. After
cooling of the suspension to —20 °C a pale brown solid was
isolated by filtration, washed twice with MeOH (30 mL), and
dried. Sublimation of the solid at 190 °C at 0.01 mmHg yielded
38.5 g (63.3 mmol, 83.3%) of pure 2 as a white solid: Mp 229
°C; IH NMR (CDC|3) 0 =110 (d, 12H, 0-CH(CH3)2), 3Jyn =
6.9 Hz, 1.23 (d, 12H,0-CH(CHa)2) *Jun = 6.9 Hz, 1.32 (d, 12H,
p-CH(CHs)2) 3Jun = 6.9 Hz, 2.53 (sept, 4H, 0-CH(CHs3),) 3Jnn
= 6.9 Hz, 2.97 (sept, 2H, p-CH(CHz3);) 3Jun = 6.9 Hz, 7.06 (s,
4H, m-Trip, 7.15 (d, 2H, m-CgH3) 33y = 7.5 Hz, 7.39 (t, 1H,
p-Ph) 334y = 7.5 Hz. 13C NMR (CDCl3) ¢ = 23.35 (0-CH(CH)3),
24.08 (p-CH(CHa)2), 24.90 (0-CH(CHa)2), 30.87 (0-CH(CHs),),
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34.20 (p-CH(CHa3)), 110.04 (i-C¢Hs), 120.72 (m-Trip), 127.23
(p-CsH3), 128.25 (m-CgHs), 140.33 (i-Trip), 145.59 (o-Trip),
146.75 (0-CgHs), 148.41 (p-Trip).

1,3-Mes*,CsH,4, 3. Compund 3 was prepared from Mes*-
MgBr (200 mmol) and 2,6-dichloro-1-iodobenzene (13.64 g, 50
mmol) by a procedure similar to that described above: yield
17.75 g (62%) of 1,3-Mes*,C¢H, after sublimation at 230 °C as
a colorless solid; mp 243 °C; *H NMR (CDClz) 6 = 1.21 (s, 36H,
(0-C(CHsa)3), 1.36 (s, 18H, (p-C(CH3)s), 7.18 (t, 1H, p-CsHa) *Inn
= 7.5 Hz, 7.29 (d, 2H, m-C¢Hy) 3Jun = 7.5 Hz, 7.52 (s, 4H,
m-Mes*), 7.56 (s, 1H, i-Ph); 3C NMR (C¢Ds) 6 = 31.56
(p-C(CH3)s), 34.82 (0-C(CHg3)s), 35.33 (p-C(CHg3)s), 38.61 (p-
C(CH3)3), 123.02 (m-Mes*), 124.20 (i-CsHa), 135.23 (Mm-CsH4),
135.62 (p-CeHa), 138.29 (i-Mes*), 142.69 (o-Ph), 148.22 (p-
Mes*), 148.90 (0-Mes¥*).

Et,OLiCsH3-2,6-Trip2, 4. A 3.56 g (6 mmol) amount of 2,6-
Trip.CeHsl was dissolved in a mixture of diethyl ether (15 mL)
and hexane (50 mL) with rapid stirring. The solution, which
gave a fine precipitate upon cooling to ca. —70 °C, was then
treated with a 1.6 M solution of n-BuL.i in hexane (3.75 mL, 6
mmol). The solution was warmed slowly to room temperature
over 6 h, and stirring was continued for a further 4 h. The
resulting clear solution was concentrated to incipient crystal-
lization (ca. 25 mL) under reduced pressure (0.1 mmHg) and
cooled in a —20 °C freezer for several hours to afford Et,-
OLiCe¢H3-2,6-Trip, as large colorless crystals. Concentration
of the mother liquid yields a second crop of crystals: combined
yield 2.90 g, 86%; mp 141 °C (dec); *H NMR (CgsD¢) 6 = 0.31
(t, 6H, OCH,CHs) 33y = 7.2 Hz, 1.18 (d, 12H, p-CH(CHs),)
3-]HH =6.9 HZ, 1.24 (d, 12H, O-CH(CH3)2) SJHH =6.9 HZ, 1.25
(d, 12H, 0-CH(CHg),) 3Jun = 6.9 Hz, 2.53 (g, 4H, OCH,CHjs)
BJHH =7.2Hz 2.84 (sept, 2H, p-CH(CHg)z) SJHH =6.9 Hz, 3.51
(sept, 4H, 0-CH(CHj3),) 3Jun = 6.9 Hz, 7.11 (s, 4H, m-Trip),
7.23 (d, 2H, m-Ph) 33y = 6.9 Hz, 7.35 (t, 1H, p-Ph) 33y =
6.9 Hz; 13C NMR (CgDg) 6 = 13.85 (OCH,CHj3), 24.60 (0-CH-
(CHa)2), 24.68 (p-CH(CHs)), 24.83 (0-CH(CH3)2), 30.17 (0-CH-
(CHa)2), 34.89 (p-CH(CHyg),), 66.28 (O—CHy), 120.40 (m-Trip),
123.03 (m-CeHs), 123.45 (p-CeH3), 145.92 (i-Trip), 146.92 (o-
Trip), 147.51 (p-Trip), 150.60 (m-Ph), 176.59 (i-Ph); 'Li NMR
(CeDg) 6 = 1.40; IR (cm™1) 3180 w, 2720 w, 1900 w, 1840 w,
1780 w, 1760 w, 1603 m, 1558 m, 1531 m, 1418 sh, 1310 m,
1238 m, 1220 sh, 1180 sh, 1160 m, 1150 sh, 1095 sh, 1075 sh,
1055 s, 1035 sh, 938 m, 9155 h, 872 m, 844 m, 798 m, 788 m,
780 sh, 752 w, 695 m, 645 w, 608 m, 595 sh, 550 br, w, 492 w,
480 w, 375 w, 265 s.

Me,SCuCgH3-2,6-Tripz, 5. A 1.69 g (3 mmol) amount of
Et,OLiC¢H3-2,6-Trip, in diethyl ether (40 mL) was added to a
suspension of CuBr (0.43 g, 3 mmol) in diethyl ether (10 mL)
with cooling in an ice bath and the exclusion of light. The
reaction mixture was stirred for 45 min, and 1 mL of S(CH3);
was added via syringe. The resultant pale yellow suspension
was stirred for 1 h and was filtered over a pad of Celite.
Concentration to incipient crystallization (ca. 15 mL) under
reduced pressure and cooling in a —20 °C freezer afforded Me,-
SCuCgHs-2,6-Trip; as colorless crystals: Yield 1.24 g, 68%; mp
189—191 °C (dec turns red at 140 °C); *H NMR (C¢Dg) 6 =
1.04 (S, 6H, S(CH3)2), 1.16 (d, 12H, p-CH(CHg)z) 8Jun = 6.9
Hz, 1.21 (d, 12H, p-CH(CH3)2) *Jun = 6.9 Hz, 1.31 (d, 12H,
0-CH(CHa)2), 3Jnn = 6.9 Hz, 2.77 (sept, 2H, p-CH(CHz3)2) 3Jun
= 6.9 Hz, 3.34 (sept, 4H, 0-CH(CHa);) 3Jun = 6.9 Hz, 7.09 (s,
4H, m-Trip), 7.16—726 (mult, 3H, m-Ph and p-Ph); 13C NMR
(CeDg) 0 = 18.55 (S(CHg)2), 24.52 and 24.91 (o- and p-CH-
(CHj3),), 30.55 (0-CH(CHg),), 34.81 (p-CH(CHs)2), 120.38 (m-
Trip), 124.80 (m-Ph), 125.27 (p-Ph), 145.78 (i-Trip), 146.48 (o-
Trip), 146.96 (p-Trip), 149.57 (m-Ph), 168.09 (i-Ph); IR (cm™2)
3180 w, 2708 w, 1910 w, 1850 w, 1608 m, 1562 m, 1535 w,
1428 m, 1378's, 1358 s, 1310 m, 1240 m, 1180 w, 1162 m, 1150
sh, 1098 m, 1070 m, 1065 sh, 1035 m, 972 m, 940 m, 912 w,
872 s, 795 s, 645 w, 582 w, 482 w, 285 w.

X-ray Data Collection, Solution, and Refinement of
Structures. Crystals of 3—5 were coated with a layer of
hydrocarbon oil upon removal from the Schlenk tube. Suitable
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Table 1. Selected Crystallographic Data? for 3—5

1,3-M65*2C6H4 (3)

Et,0LiCeH3-2,6-Trip; (4)

Me,SCuCgH3-2,6-Trip; (5)

formula Cs2He2

fw 566.92

cryst color and habit colorless blocks
cryst system triclinic

space group P1

crystal dims, mm 0.4 x 0.3 x 0.25
a, A 6.260(2)

b, A 10.557(4)

c, A 28.794(24)

o, deg 78.98(5)

B, deg 84.08(5)

y, deg 75.79(3)

v, A3 1807.5(18)

z 2

dealc, g cm—3 1.042

u, mm~1t 0.422

no. of obsd rflns
R (all dataL0, wR2

2902 (1 > 20(1))
0.0831, 0.2553

C40H59Li0 C38H55CUS
562.81 607.42
colorless blocks colorless blocks
monoclinic orthorhombic
P2:/n P212121
05x04x04 0.4 x 0.4 x 0.25
8.765(3) 8.774(1)
17.178(8) 15.974(4)
24.267(14) 24.860(6)
93.84(4)

3646(3) 3484.3(13)

4 4

1.025 1.158

0.433 1.595

3598 (1 > 20(1))
0.0618, 0.1574

2385 (1 > 20(1))
0.0495, 0.1429

a Data were collected at 130 K with a Syntex P2; diffractometer using Cu Ko (1 = 1.541 78 A) radiation.

Scheme 1

NO;’ /H* . KI
@% @2’“2 S
| BrMgEt excess
-IEt

crystals were selected, attached to a glass fiber by silicon
grease, and immediately placed in the low-temperature N
stream. X-ray data were collected with a Syntex P2, diffrac-
tometer equipped with a graphite monochromator and a locally
modified LT-1 apparatus. Calculations were carried out on
an IBM-compatible 486 PC using the SHELXTL 5 program
system. Neutral atom scattering factors and the correction
for anomalous dispersion were those supplied by SHELXTL
5. Some details of the data collections and the refinements
are provided in Table 1. Further details are in the Supporting
Information. The structures were solved by direct methods.
The compounds were refined by full-matrix least-squares
procedures. Hydrogen atoms were included by the use of a
riding model with C—H distances of 0.96 A and isotropic
thermal parameters. Important atom coordinates and bond
distances and angles are given in Tables 2 and 3.

Results

Synthesis. The compounds 1—3 were synthesized by
the route’® illustrated in Scheme 1. The first two steps
may be avoided by using the commercially available, but
considerably more expensive, starting material 1-1-2,6-
Cl,CsHs. The reactions proceed smoothly to give the
products 1 and 2. However, the iodo product is not
isolated in the case of the Mes*-substituted ring.
Instead, the compound 3 is obtained. It is possible that
the aryl Grignard BrMgCsHs-2,6-Mes*; formed in the
penultimate step is unstable—perhaps for steric reasons.
It is notable that the addition of a large excess of iodine
or bromine did not result in the isolation of the desired
XCgH3-2,6-Mes*; (X = Br or 1) species.

Structural Descriptions. 1,3-Mes*;CgHy (3). The
compound crystallizes as discrete monomers in the
space group P1. The compound is illustrated in Figure
1. There are no unusual C—C bond lengths within the
rings, and the range of C—C distances in the central

Figure 1. Computer- generated drawing of 3. H atoms are
not shown.

C(1) ring is 1.375(7)—1.401(6) A. There are also some
deviations from the expected internal 120° ring angles
in the C(1) ring; the widest such angle (123.6(5)°) is
observed at C(1), and the narrowest are observed at C(2)
(115.9(4)°) and C(6) (117.9(4)°). The external angles at
the ring carbons substituted by the Mes* groups (i.e.
C(2) and C(6)) also display asymmetry. Thus, C(1)—
C(2)—C(25) (125.2(4)°) is 6.4° greater than C(3)—C(2)—
C(25) (118.8(4)°) whereas C(1)—C(6)—C(7) (118.7(4)°) is
4.7° less than C(7)—C(6)—C(5) (123.4(4)°). The angles
between perpendiculars to plane of the central ring and
those of the Mes* rings are 88.1° for the C(7) ring and
89.5° for the C(25) ring. There are also significant
deviations involving the Mes* ring planes and central
ring —Mes* C—C bonds. Thus, the C(2)—C(25)---C(28)
and C(6)—C(7)---C(10) angles are 169.6 and 176.9°
instead of the expected 180°.

Et,OLiCgH3-2,6-Trip2 (4). Compound 4 crystallizes
as monomers of formula Et,OLiCgH3-2,6-Trip, with no
required crystallographic symmetry. The compound is
shown in Figure 2. The Li* ion is bound only to C(1)
(Li—C =2.017(7) A) and O(1) (Li—O = 1.850(7) A) with
a C—Li—O angle of 171.9(5)°. There is very little
asymmetry in the angles surrounding the ortho carbon
atoms C(2) and C(6) bearing the Trip substituents, and
the maximum deviation from 120° that is observed is
only 2.6°. In addition, the planes of the Trip rings are
bent away from the C(2)—C(22) and C(6)—C(7) vectors
by only 2.0 and 1.2°, respectively. The angle between
the perpendiculars to the central (C(1)) ring and the C(2)
and C(7) Trip rings are 77.3 and 76.1°.

Me,SCuCgHs3-2,6-Trip; (5). The structure of 5 bears
a close resemblance to that of 4 (see Figure 3). The
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Table 2. Atomic Coordinates (x 10%) for 3—5

X y z X y z
Compound 3
Cc@) 609(8) 5039(4) 2523(2) C(22) 2449(21) 7566(12) —47(4)
C(2) 47(8) 4490(4) 2988(2) C(23) 3422(25) 9178(11) 366(4)
C(3) —2129(8) 4399(4) 3083(2) C(24) 5875(18) 6904(13) 415(5)
C4) —3645(8) 4821(5) 2740(2) C(25) 1622(8) 3998(4) 3385(2)
C(5) —3050(8) 5375(5) 2285(2) C(26) 1807(8) 4867(4) 3700(2)
C(6) —884(8) 5482(4) 2168(2) C(27) 3157(8) 4332(4) 4078(2)
C(7) —71(8) 6061(5) 1674(2) C(28) 4322(8) 3035(4) 4171(2)
C(8) —27(9) 7433(5) 1567(2) C(29) 4113(8) 2222(5) 3863(2)
C(9) 1163(9) 7855(5) 1149(2) C(30) 2777(8) 2648(4) 3475(2)
C(10) 2183(9) 7058(5) 830(2) C(31) 2797(3) 1588(4) 3162(2)
C(11) 1942(8) 5771(5) 927(2) C(32) 3942(10) 1942(5) 2672(2)
C(12) 815(8) 5231(5) 1337(2) C(33) 4115(10) 199(5) 3372(2)
C(13) 735(9) 3752(5) 1353(2) C(34) 488(9) 1411(5) 3110(2)
C(14) 3154(11) 2911(6) 1363(2) C(35) 696(8) 6370(4) 3645(2)
C(15) —234(12) 3661(6) 898(2) C(36) 1111(10) 6997(5) 4057(2)
C(16) —567(10) 3101(5) 1761(2) C(37) —1834(8) 6655(5) 3633(2)
Cc@17) —1067(10) 8570(5) 1853(2) C(38) 1675(9) 7124(4) 3198(2)
C(18) —2604(11) 8245(5) 2286(2) C(39) 5750(8) 2541(5) 4600(2)
C(19) —2496(12) 9699(6) 1516(2) C(40) 4238(9) 2613(5) 5055(2)
C(20) 796(12) 9080(6) 2011(2) C(41) 7410(9) 3398(5) 4585(2)
C(21) 3529(10) 7565(6) 390(2) C(42) 7046(10) 1101(5) 4616(2)
Compound 4
O(1) 7084(3) 1145(1) 1639(1) C(20) 6897(5) 584(2) 4252(1)
Li(1) 5362(8) 1759(4) 1683(3) C(21) 4669(5) 1085(2) 4739(1)
Cc@1) 3340(3) 2290(2) 1768(1) C(22) 3091(3) 2509(2) 747(1)
C(2) 2476(3) 2603(2) 1306(1) C(23) 4324(3) 2972(2) 600(1)
C@3) 1112(3) 3008(2) 1354(1) C(24) 4917(4) 2860(2) 88(1)
C(4) 558(4) 3115(2) 1867(1) C(25) 4341(4) 2308(2) —288(1)
C(5) 1358(3) 2824(2) 2330(1) C(26) 3143(4) 1852(2) —132(1)
C(6) 2720(3) 2414(2) 2281(1) C(27) 2503(4) 1941(2) 372(1)
C(7) 3571(3) 2117(2) 2799(1) C(28) 1171(4) 1424(2) 504(1)
C(8) 4460(3) 2622(2) 3147(1) C(29) —214(7) 1560(5) 107(3)
C(9) 5199(3) 2338(2) 3631(1) C(30) 1592(7) 573(3) 517(3)
C(10) 5109(3) 1562(2) 3784(1) C(31) 4960(4) 3627(2) 972(1)
C(11) 4266(3) 1068(2) 3432(1) C(32) 6696(4) 3575(3) 1084(2)
C(12) 3501(3) 1321(2) 2944(1) C(33) 4485(4) 4411(2) 730(1)
C(13) 2606(4) 728(2) 2585(1) C(34) 4991(7) 2206(2) —849(2)
C(14) 3687(5) 176(2) 2306(2) C(35) 5557(7) 1454(3) —954(2)
C(15) 1491(4) 268(2) 2914(2) C(36) 5557(7) 2887(3) —1090(2)
C(16) 4693(3) 3471(2) 2983(1) C(37) 7284(6) 648(3) 1184(2)
Cc@17) 4736(5) 4031(2) 3469(1) C(38) 6079(6) 791(4) 738(2)
Cc(18) 6133(4) 3549(2) 2669(1) C(39) 8232(5) 1076(3) 2084(2)
C(19) 5844(4) 1282(2) 4331(1) C(40) 7864(7) 1554(4) 2545(3)
Compound 5
Cu(1) 4656(1) 5845(1) 2377(1) C(19) 5682(8) 5718(5) 4843(3)
S(1) 6682(2) 6632(1) 2375(1) C(20) 6633(10) 6503(6) 4762(3)
Cc@) 2975(7) 5102(4) 2393(2) C(21) 4589(10) 5837(6) 5309(3)
C(2) 2179(8) 4873(4) 1921(2) C(22) 2683(7) 5262(4) 1399(2)
C@3) 961(8) 4312(4) 1935(2) C(23) 4031(8) 4997(4) 1146(3)
C4) 501(7) 3976(4) 2420(3) C(24) 4556(9) 5408(4) 686(2)
C(5) 1246(7) 4176(4) 2893(3) C(25) 3771(8) 6079(4) 463(3)
C(6) 2465(7) 4736(4) 2885(3) C(26) 2434(8) 6315(4) 704(3)
C(7) 3283(8) 4972(4) 3390(2) C(27) 1857(7) 5937(4) 1163(2)
C(8) 4482(8) 4491(4) 3589(2) C(28) 398(8) 6253(4) 1416(2)
C(9) 5257(9) 4740(4) 4052(2) C(29) —885(8) 6367(5) 1010(3)
C(10) 4859(8) 5466(4) 4329(2) C(30) 694(9) 7081(5) 1721(3)
C(11) 3650(8) 5928(5) 4134(3) C(31) 4899(8) 4236(4) 1344(2)
C(12) 2861(8) 5711(4) 3671(3) C(32) 6620(8) 4410(5) 1409(3)
C(13) 1500(8) 6221(4) 3492(3) C(33) 4636(10) 3501(4) 960(3)
C(14) 213(11) 6188(7) 3908(4) C(34) 4317(8) 6526(5) —39(3)
C(15) 1930(10) 7131(5) 3370(4) C(35) 5970(9) 6376(6) —175(3)
C(16) 4983(8) 3684(4) 3299(3) C(36) 3301(10) 6292(5) —507(3)
Cc@17) 5250(10) 2948(4) 3684(3) C(37) 8122(9) 5970(5) 2675(3)
Cc(18) 6415(9) 3843(5) 2956(3) C(38) 6421(10) 7342(5) 2929(3)

metal atom (i.e. copper) is almost linearly (S—Cu—C =
176.3(2)°) coordinated. The copper is bound to Me,S
instead of Et,O with a Cu—S distance of 2.177(2) A. It
is notable that the geometry at sulfur is pyramidal with
3°S = 306.4(3)°. The disposition of the —CgH3-2,6-Trip2
group is very similar to that observed in 4. The
asymmetry in the exo-ring angles at C(2) and C(6) is
ca. 1°, and the bending angle between the ortho-Trip
rings and the C(2)—C(2) or C(6)—C(7) bonds is 4.3 and

1.8°, respectively. The angles between the perpendicu-
lars to the C(1) and C(7) or C(22) Trip rings are 85.7
and 77.3°.

Discussion

The major objective in synthesizing the sterically
encumbered terphenyl ligands described here was their
eventual application in the stabilization of new com-
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Table 3. Selected Bond Distances (A) and Angles
(deg) for Compounds 3-5

Compound 3

C(1)—C(6) 1.391(6) C(2)—C(1)—C(6) 123.6(5)
C(1)-C(2) 1.401(6) C(1)—-C(2)—C(3) 115.9(4)
C(2)—-C(3) 1.385(7) C(3)—C(2)—C(25) 118.8(4)
C(2)—C(25) 1.517(6) C(1)—C(2)—C(25) 125.2(4)
C(3)—-C(4) 1.375(7) C(2)—C(3)—C(4) 122.0(4)
C(4)—C(5) 1.383(7) C(3)—C(4)—C(5) 120.8(5)
C(5)—C(6) 1.389(7) C(4)—C(5)—C(6) 119.8(5)
C(6)—C(7) 1.525(7) C(5)—C(6)—C(1) 117.9(4)
C(7)—C(8) 1.429(7) C(5)—C(6)—C(7) 123.4(4)
C(7)—-C(12) 1.412(7) C(1)—C(6)—C(7) 118.7(4)
C(8)—C(7)—C(12) 119.7(4)
C(12)—C(7)—C(6) 120.5(4)
C(30)—C(25)—C(26) 119.3(4)
C(30)—C(25)—C(2) 120.3(4)
C(26)—C(25)—C(2) 120.1(4)
Compound 4
Li(1)—C(1) 2.017(7) O(1)—Li(1)—C(1) 171.9(5)
O(1)—Li(1) 1.850(7) C(37)—0(1)—C(39) 114.9(3)
C(1)—C(6) 1.408(4) C(37)—0O(1)—Li(2) 122.1(3)
C(1)—-C(2) 1.416(4) C(39)—0O(1)—Li(1) 122.6(3)
C(2)—C(3) 1.394(4) C(6)—C(1)—C(2) 115.1(2)
C(2)—C(22) 1.502(4) C(6)—C(1)—Li(1) 123.6(3)
C(3)—-C(4) 1.378(4) C(2)—C(1)—-Li(2) 121.2(3)
C(4)—C(5) 1.378(4) C(3)—-C(2)—C(1) 122.6(3)
C(5)—C(6) 1.397(4) C(3)—C(2)—C(22) 119.4(2)
C(6)—C(7) 1.509(4) C(1)—C(2)—C(22) 118.0(2)
C(22)—C(23) 1.407(4) C(4)—C(3)—C(2) 119.9(3)
C(22)—C(27) 1.408(4) C(3)—C(4)—C(5) 119.8(3)
0(1)—C(37) 1.416(5) C(4)—C(5)—C(6) 120.2(3)
0(1)—C(39) 1.430(5) C(5)—C(6)—C(1) 122.3(2)
C(5)—C(6)—C(7) 118.5(2)
C(1)—C(6)—C(7) 119.2(2)
C(8)—C(7)—C(6) 120.9(2)
C(12)—C(7)—C(6) 120.5(2)
Compound 5
Cu(1)—C(1) 1.894(6) C(1)—Cu(1)-S(1) 176.3(2)
Cu(1)-S(1) 2.177(2) C(38)—S(1)—C(37) 98.1(4)
S(1)—C(38) 1.799(8) C(38)—S(1)—Cu(1) 104.9(3)
S(1)—C(37) 1.810(8) C(37)—S(1)—Cu(1) 103.4(3)
C(1)—-C(2) 1.414(9) C(2)—C(1)—C(6) 116.8(5)
C(1)—C(6) 1.428(9) Cu(1)—C(1)—C(2) 122.0(5)
C(2)—C(3) 1.394(9) Cu(1)—C(91)—C(6) 121.2(5)
C(2)—C(22) 1.504(9) C(2)—C(1)—Cu(1) 122.0(5)
C(3)—C(4) 1.380(8) C(6)—C(1)—Cu(1) 121.2(5)
C(4)—C(5) 1.383(9) C(1)—C(2)—C(3) 121.5(6)
C(5)—C(6) 1.395(9) C(1)—C(2)—C(22) 117.6(6)
C(6)—C(7) 1.494(9) C(3)—C(2)—C(22) 120.9(6)
C(4)—C(3)—C(2) 119.8(6)
C(3)—C(4)—C(5) 121.0(6)
C(4)—C(5)—C(6) 119.9(6)
C(5)—C(6)—C(1) 121.0(6)
C(1)—C(6)—C(7) 117.8(5)
C(5)—C(6)—C(7) 121.2(6)

pounds with unusual structures, coordination numbers,
or oxidation states. The synthetic route to such ligands
has already been established with (relatively) less
crowding ortho aryl groups such as Ph,” 2,6-Me,CgH3z—,8
and mesityl.” In addition, recently published work has
shown that metal derivatives such as (LiCgH3-2,6-
Mes;)2® or ClGa(CgHs-2,6-Mes;),15 can be readily ob-
tained. These results have suggested that the —CgHs-
2,6-Mes; ligand can often produce a more crowded
environment than related bulky ligands such as —CgH3-
2,4,6-t-Bujs (i.e. Mes*). For example, the C—Ga—C angle
in Mes*,GaCl® is 135.6(2)° whereas in {2,6-Mes,CgHz} »-
GaCl the corresponding angle is 153.3(5)°. Other

(15) Li, X.-W.; Pennington, W. T.; Robinson, G. H. Organometallics
1995, 14, 2109.

(16) Meller, A.; Pusch, S.; Pohl, E.; Haming, L.; Herbst-Irmer, R.
Chem. Ber. 1993, 126, 2255.

(17) Schmidbaur, H. Angew. Chem., Int. Ed. Engl. 1985, 24, 893.
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Figure 2. Computer-generated drawing of 4. H atoms are
not shown.
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Figure 3. Computer-generated drawing of 5. H atoms are
not shown.

instances involve thiolate and selenolate derivatives of
Fe or Mn where the steric properties of the Mes* and
—CgH3-2,6-Mes; groups can be directly compared tend
to support this view.10-12

In addition to these steric considerations it should be
noted that ortho-aryl groups attached to the central
aromatic ring introduce electronic effects that differ
from those provided by ortho-alkyl or alkylsilyl substit-
uents. Aryl groups, since they contain six s-electrons,
may provide electron density that can aid in the
stabilization of species that contain low-coordination
metal ions. A classic example of this behavior is the
complexation and stabilization of Ga(l) species by
neutral arene ligands.1” On the other hand, the ortho-
alkyl substituents can provide stabilization of low-
coordination numbers at metals by interactions between
the metal center and the C—H groups of the alkyl. This
can be illustrated in the case of the Mes* substituents
by the recent synthesis®18-20 of Mes*MX; and Mes*,-
MX compounds (M = Al, Ga, In; X = halide) which
display close M---H approaches and do not form donor
complexes with diethyl ether.

Of the new compounds described in this paper the
structure of the lithium derivative 4 most readily
illustrates the high steric requirements of the —CgH3-
2,6-Trip2 ligand. Its structural details may be compared
to those of related ether-solvated lithium aryls?1—24
provided in Table 4. It can be seen that there is a
substantial decrease in the Li—C distance with decreas-

(18) Petrie, M. A,; Power, P. P.; Dias, H. V. R.; Ruhlandt-Senge, K;
Waggoner, K. M.; Wehmschulte, R. J. Organometallics 1993, 12, 1086.

(19) Schultz, S.; Pusch, E.; Pohl, S.; Dielkuis, R.; Herbst-Irmer, R;
Meller, A.; Roesky, H. Inorg. Chem. 1993, 32, 3343.

(20) Rahbarnoori, H.; Heeg, M. J.; Oliver, J. P. Organometallics
1994, 13, 2123.

(21) Power, P. P.; Hope, H. 3. Am. Chem. Soc. 1983, 105, 5320.

(22) Beno, M. A.; Hope, H.; Olmstead, M. M.; Power, P. P. Organo-
metallics 1985, 4, 2117.

(23) Bartlett, R. A.; Dias, H. V. R.; Power, P. P. J. Organomet. Chem.
1988, 341, 1.
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Metal Derivatives of Terphenyls

Table 4. Important Structural Parameters for
Ether-Solvated Aryllithium Compounds

Li C
compd coord no. coord no. Li—C(A) ref
(Et20LiPh), 4 5 231(4) 21
{(THF).LiMes} 2 4 4 2.271(3) 22
(Et2OLiTrip)2 3 4 2.203(3) 23
(Et20),LiTriph? 3 3 2.074(16) 24
Et,OLiCsH3-2,6-Trip: 2 3 2.017(7) this work

a Trlph = 2,4,6-Ph3C6H2—.

ing coordination number of lithium or carbon. The
structure of 4 in effect represents the lowest degree of
aggregation for an ether-solvated organolithium com-
pound. The Li—C distance 2.017(7) A is nominally the
shortest Li—C bond length to have been observed in the
solid state. It is, however, within the standard devia-
tions seen in the vapor phase structure of LiCH-
(SiMe3),?® (Li—C = 2.03(6) A) which features a unique
one-coordinate Li™ ion bound to an alkyl group. The
Li—O distance, 1.850(7) A, is also very short and is
consistent with the two-coordination of the Li* ion.?6 In
spite of the crowding in 4 there is no evidence for a
significant amount of strain in the molecule. The angles
surrounding the carbons to which the Trip substituents
are attached are close to 120°. Furthermore, there is
almost perfect alignment of the planes of the Trip rings
with the C—C bonds through which they are connected
to the central phenyl ring. There is no evidence that
the ortho Trip substituents interact with the lithium
center. Thus, it may be concluded that the monomeric
structure of 4 and the two-coordinate nature of the Li*
ion are a consequence of the size of the —CgH3-2,6-Trip;
ligand rather than to electronic effects introduced by
the Trip substituents.

The structure of the copper derivative 5 has many
similarities to that of 4. The copper is two-coordinate,
being bound to SMe, and —CgH3-2,6-Trip,, and the
interligand angle is 176.3(2)°. The Cu—C (1.894(6) A)
and the Cu—S (2.177(2) A) distances may be compared
to those observed in Me;SCuMes*, Cu—C = 1.916(3) A
and Cu—S = 2.185(1) A.27 The reasons for the slightly
shorter metal—ligand distances in 5 are not clear. Itis
possible that the ortho t-Bu substituents on the Mes*
group interact weakly with the Cu atom, thereby
increasing slightly the electron density and coordination
number at the metal which would account for the
observed differences. There is no evidence in the
structure of 5 for any such secondary metal—ligand
interactions.

Like the Li—C bond length in 4 the Cu—C distance
in 5 represents the shortest Cu—C (alkyl or aryl) bond
length that has been authenticated to date. It is of
interest to note that it is practically identical to the
Cu—C bond length (Cu—C = 1.890(6) A) reported for
CuTriph (Triph = 2,4,6-Ph3CgHs™), which was said to
contain a unique one-coordinate metal.?® A recent

(24) (a) Power, P. P.; Olmstead, M. M. J. Organomet. Chem. 1991,
408, 1. (b) Girolami, G. S.; Riehl, M. E.; Suslick, K. S.; Wilson, S. R.
Organometallics 1992, 11, 3907.

(25) Atwood, J. L.; Fjelberg, T.; Lappert, M. F.; Luong-Thi, N. T.;
Shakir, R.; Thorne, A. J. J. Chem. Soc., Chem. Commun. 1984, 1163.

(26) Setzer, W. N.; Schleyer, P. v. R. Adv. Organomet. Chem. 1985,
24, 353.

(27) He, X.; Olmstead, M. M.; Power, P. P. 3. Am. Chem. Soc. 1993,
114, 9668.

(28) Lingnau, R.; Strahle, J. Angew. Chem., Int. Ed. Engl. 1988, 27,
436.
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publication, however, has suggested that this result is
in error and that the compound studied was, most
probably, the TriphBr starting material.2® CuTriph
may, nonetheless, be isolated as the solvate (Me,S),Cu-
(u-Triph)CuTriph (6)?” from a Me,S solution. The
structure of both 5 and 6 also offer circumstantial
evidence that the description of the structure of
“CuTriph” as monomeric is incorrect. For instance, it
is odd that the uncomplexed monomer CuTriph forms
the aggregate 6 when crystallized from a donor solvent
such as Me,S. Usually, the addition of donors to metal
complexes results in a lower, not a higher, degree of
aggregation. Furthermore, the almost identical Cu—C
distances observed in 5 and in “CuTriph” are inconsis-
tent with the different metal coordination numbers
observed since a longer Cu—C distance should have been
obtained in the case of the higher metal coordination
number in 5. In addition to the structural arguments
it is notable that the solution 3C NMR data for 5 and
(Me2S),Cu(u-Triph)CuTriph (most probably monomeric
in solution with one or two Me,S ligands solvating the
copper) display ipso-C signals at relatively low field (i.e.
154.9 ppm for (Me3S),Cu(u-Triph)CuTriph and 168.09
ppm for 5) that are consistent with substitution at this
carbon by copper. In contrast, the ipso-C signal for
“CuTriph” was reported to occur at 122.11 ppm which
is almost identical to the value recorded for TriphBr.2°
Attempts to obtain crystalline CuCgHs-2,6-Trip in the
absence of a Me,S donor have not been successful to
date.

Turning now to the compound 1,3-Mes*CgH, (3), it is
notable that this species was consistently obtained in
spite of numerous attempts to effect halogenation and
obtain 2,6-Mes*,CgH3sX (X = Br, I). Although itis likely
that the halide derivatives will be obtained eventually,
it seems that an alternative route to the one described
here will have to be used. It is not possible to say at
present why 3 is formed in preference to the halide. One
explanation is that in the last step the Grignard
XMgCsHs-2,6-Mes*; may be unstable (possibly for steric
reasons) and thus the Mg—C bond may be cleaved in
which case the hydrogen derivative 3 is formed by
hydrogen abstraction from a solvent molecule. The
crowding in 3 is evident from the crystal structure which
shows some deviation from the expected 120° angles at
the substituted carbons from the central aryl ring. In
addition to this there are significant deviations (up to
ca. 10°) of the Mes* ring planes from the line of the C—C
bonds through which they are connected to the CgH,
aryl ring.

In addition to the compounds described in this paper
the iodo compound 1 may be converted to the lithium
derivative LiCgH3-2,6-Dipp,. This compound does not
crystallize well from diethyl ether solutions. Nonethe-
less, it can be crystallized as the dimer (LiCgH3-2,6-
Dippy). from noncoordinating solvents. Its structure,
as well as those of other “nonsolvated”, sterically
encumbered, lithium aryls, will be reported separately.3°

Conclusion

The bulky aryl iodides 2,6-Dipp.CsHsl and 2,6-
Trip2CeHsl may be relatively easily synthesized. They

(29) Haaland, A.; Rypdal, K.; Verne, H. P.; Scherer, W.; Thiel, W.
R. Angew. Chem., Int. Ed. Engl. 1994, 33, 2443.
(30) Schiemenz, B.; Power, P. P. Unpublished results.
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may be transformed by simple, known, routes to their
lithium derivatives. The structures of the lithium and
copper salts 4 and 5 attest to the very bulky character
of these aryl groups which should have widespread
applicability throughout the periodic table.
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