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ABSTRACT: Poly(phenylene ethynylene)s were designed and synthesized that are completely soluble in nematic
liquid crystalline solvents at molecular weights (GPC, relative to PS) of more than 100 000. These materials
experience a chain extended rod conformation under these conditions with the polymer chains highly aligned
with the liquid crystal director and an enhanced conjugation length determined by optical spectroscopy. Structure
property relationships are investigated that reveal the role of steric congestion about the polymer mainchain in
determining the order parameter of the polymers. It was also found that the order polymer parameters increased
with increasing molecular weights.

Introduction iptycene scaffolds designed to create polymers displaying greater

The alignment and conformation of conjugated polymer (CP) order and enhanced solubility in LCs at high molecular wgights.
chains are crucial for their efficient implementation in elec- The polymers are produced as soluble stable materials by
trooptical systems such as electroluminescent devices, sensorsc,’a'|""_d'Um'c"j"["’“yzecl cross-coupling reactions (Scheme 1). These
and field-effect transistorsHigh molecular weight CPs, includ- ~ Studies also reveal a molecular weight dependence (degree of
ing polythiophenes, polyfluorenes, patyphenylene)s (PPPs),  Polymerization, DP: ca. 16200) whereby the degree of
poly(phenylene vinylene)s (PPVs), and pgiyghenylene ethy- alignment in t.he LC system increases linearly with increasing
nylene)s (PPEs), have finite persistence lengths and exist agnolecular weight.
flexible coils as opposed to rigid rods in solut®®@onsequently, Monomersmono-1andmono-2(Scheme 2), were designed
the disorder displayed in solution is often transferred to the solid- to define issues determining the degree of alignment imposed
state structures of CPs, and there is a general lack of long-rangeby the iptycene scaffolds. The syntheses, which are shown in
molecular order due to conformational disorder in the polymer Scheme 2, make use of facile Diel8lder reactions between
main chain. The many structural defects in the solid state quinones and a diphenylpentacene. Although the parent unsub-
ultimately result in diminished device performance and limit stituted pentacene undergoes Diefdder additions predomi-
the ability to study the intrinsic properties of these matedals. nantly at the central ring, the phenyl moieties block this site to
These characteristics of CP chains strongly depend on thegive the product shown. The phenyl groups are incorporated
chemical structurfeand the molecular weightSeveral methods by reacting the corresponding aryllithium derivatives with penta-
have been investigated to obtain the ordered structures of CPsgene quinone, followed by reductive deoxgenation to give
including the Langmui+Blodgett (LB) techniqué;® mechanical groups that will become the terphenyl units. These terphenyl
stretching in a transparent polymer matfilemplate alignment  units, which are present in both monomers, can be thought of
in uniaxial mesoporous materidlgnd mesomorphistof the as an incorporated mesogen within the iptycene scaffold that is
CP main chain or side chains. Nevertheless, the developmentoriented parallel with the polymer’s backbone. These monomers
of versatile methodologies to fabricate solids with well-aligned also have an extended planar surface in the form of an anthra-
polymer conformations with optimal electronic delocalization cene unit that was not present in previous materidisno-1
remains a challenge. andmono-2were dissolved in an LC host (MLC-6884), which

We have previously shown that fluorescent dyes, PPEs, andhas negative dielectric anisotropy and a nematic phase at room
PPVs containing triptycene groups could be aligned along the temperature. This LC host transforms to an isotropic liquid at
nematic director in liquid crystals (LCs) due to minimization 76.3°C and 2 wt % solutions homogeneously aligned in rubbed
of “internal free volume”, resulting in significant ordering (high  polyimide-coated test cells (0m thickness). The UV absorp-
order parameter$, and dichroic ratioD).191 More recently, tion spectra ofmono-1andmono-2in test cells (Figure 1) reveal
we have succeeded in the demonstration that the organizatiora high order parameté& (Sa1: 0.75;S42: 0.73) and dichroic
imparted by a liquid crystal solvent can provide for a substantial ratiosDa (Dal: 10.0;Da2: 9.38). These values are obtained
enhancement in intrachain energy transfer within iptycene- from polarized U\*-vis absorbance ratios of the lowest energy
containing PPEs possessing a low-energy band gap end group0—0 transition at orientations parallel and perpendicular to the
The latter result was attributed to increased conjugation length LC director® The intensity at the 90 transition was chosen
that accompanies the enhanced alignment of the polymer mainbecause it is purely associated with the anthracene unit and
chainl? In related work, Scholes and co-workers have inves- polarized along the anthracene short axis. These results confirm
tigated organizing poly[2-(thylhexyloxy)-5-methoxy-1,4-phe-  thatmono-1landmono-2display organizations consistent with

nylenevinylene] (MEH-PPV) with an LC solvent hd$tHow- our model wherein a plane bisecting the iptycene scaffold is

ever, in these cases which do not contain triptycene groups,organized perpendicular to the liquid crystal director. In this

much lower degrees of organization are realized. way the liquid crystal molecules are best aligned to fill the
We report herein the synthesis of novel PPgal\-1, poly- concave surfaces presented by the iptycene and minimize free

2, and poly-3, Scheme 1) incorporated with more elaborate volumel® The order parameters fanono-1 and mono-2 are
higher than those reported previously for other small molecules
* Corresponding author. E-mail: tswager@mit.edu. by our group'® This enhancement is attributed not only to the
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Scheme 1. Chemical Structures of Monomer and Polymers
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Figure 1. UV —vis spectra omono-1(A) andmono-2(B) in solution
(CHCl) and LC. The UV spectra of LC solutions were taken parallel
(solid line) and perpendicular (dotted line) to the LC director alignment.
The molar extinction coefficient, was measured in CHgland thee
values ofmono-1andmono-2 at 392 nm were 1.8 10* and 1.2x

104 respectively.

effect of internal free volume but also to the terphenyl group.
Furthermore, in comparison with these valugsndD values

of mono-1 are slightly higher than those afiono-2 This is
also consistent with our model wherein the less sterically
congested iptycene scaffold mfono-1is less disruptive to the
local LC order tharmono-2 On the basis of the results obtained
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poly-1 and poly-2 exhibit significant red wavelength shifts in
LC solvent ¢max shifts by 30 and 10 nm, respectively) relative
to the spectra observed in dichloromethane solvent. In contrast,
poly-3 exhibits no such shift, and hence it appears that steric
crowding in this material restricts the large degree of interaction
with the liquid crystal solvent that promotes a planarization of
poly-1 and poly-2. Consistent with this decreased interaction
with the LC solvent, we find that only relatively low molecular
weight chains ofpoly-3 completely dissolved in the LC. For
poly-1, which has the least steric congestion, it is also likely
that the conformational preferences of the ethylhexyl (EtH) side
chains in the comonomer also promote efficient association with
the LC moleculé! resulting in the highessandD values &a:
0.86;Da: 19.0). The correlation with the degree of alignment
with a red-shifting of the absorptiohnax is consistent through
the series (Table 1) witpoly-1 displaying the greatest red shift
and highest alignment.

The absorption spectra pbly-1 (Figure 2A) are considerably
different in LC solutions relative to isotropic solutions (i.e.,
dichloromethane). In general, CPs with disordered conforma-
tions display spectra that can be described as a collection of
chromophores created by a distribution of conjugation lengths.
This fact generally leads to broadened absorption spectra. The
new sharp absorption band at 422 nmoty-1 in LC solvent
is not observed in isotropic solutions and thin films, and hence
we believe this feature is the result of a uniform and extended
conjugation length in the LC solution. Similar features have
been observed in organizegaggregateéthat have a planarized
structure along with interpolymer interactions. Aggregation of
this type typically results in greatly reduced emission efficiencies
and broadened emission spectra. However, in the cgsalyfl
we observe an emission with similar features in both LC and
isotopic solutions, and hence we conclude that there is no
intermolecularr-aggregation in LC solutions.

CPs generally display less variation in their emission spectra
as a result of facile energy migration to minority segments
having extended conjugation and lower bandgaps. Nevertheless,
we observe a significant red shift (ca. 6 nm) in the fluorescence
spectrum opoly-1, in liquid crystal solutions relative to values
in dichloromethane solution. The homogeneous chain extended
conformation inpoly-1 also leads to a small Stokes shift of 9
nm. Chain alignment determined by polarized emission mea-
surementsS. and D, are in agreement with th& and Da

from the alignment properties of monomers, we expected that determined for each polymer (Table 1). This spectral behavior

poly-1, poly-2, andpoly-3 derived from these monomers will

display highly extended conformations in liquid crystal solvents.
Figure 2 shows UVvis absorption and photoluminescence

(PL) spectra opoly-1, poly-2, andpoly-3 observed in solution,

in LC solutions is consistent with the result we have reported
previously!0 It is important to emphasize that we do not see any
evidence of strong interpolymer interactions suchvaggrega-

tion. The fluorescence spectra of all of the polymers in LC

spin-cast films, and LC solvent. These polymers readily dissolve solutions are similar in shape to that obtained in dichloromethane

in LC solvent (we typically used 1.0 wt % polymekC solution
system for the experiment). The UWis absorption spectra of

solution state and are in contrast to the broadened spectra
obtained in thin films (Figure 2). Another indication suggestive

Table 1. Numerical Data for Polymers

Mp2 abslmax PL }-max Sqd DAd S_e D.® D D
polymer (x 10% PDI (nm)y (nmy € (x 109 (uv) (Uv) (PL) (PL) CHCl3 solid film
poly-1 2.5 1.2 391 (422) 425 (431) 55 0.86 19.0 0.84 17.1 0.67 oaa2
poly-2 2.2 1.9 375(388) 416 (417) 6.1 0.81 13.5 081  13.6 0.26 002
poly-3 2.2 1.8 411 (411) 421 (421) 6.2 0.80 13.3 0.80 13.3 0.66 #0702

aRelative to polystyrene standards (GPC). Note that GPC often inflates the values for rigid poR/ketses in CHC4 solution and the corresponding
values in MLC-6884 are shown in parenthesddolar extinction coefficiente, was measured in CHEIY Obtained by taking an intensity ratio poly-1:
422 nm,poly-2: 388 nm, ancpoly-3: 411 nm with the polarizer paralleA() and perpendicularAR) to the LC alignment. The order parametgk, and
dichroic ratio,Da, were calculated by the equatioBs = (A — An)/(A; + 2An) andDa = A)/An, respectively® The PL anisotropyS., and polarized

dichroic ratio,D, are defined a§ = (lw —

lvi)/(lww + 2lyn) andD = lw/lvy where the emission intensitiy, is measured with vertically polarized

excitation and a vertically polarized emission analyzer gpds measured with vertically polarized excitation and a horizontal emission analyzek,The

was corrected by th& factor which takes into account the nonideal instrument response. These values here were determined by intensity ratios at 431 nm

(poly-1), 417 nm poly-2), and 421 nm goly-3) with the analyzer parallell\y) and perpendicular ) to the LC alignment.
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Figure 2. UV—vis and photoluminescence in solution, spin-cast film, and LC solutionmlyt1 (A, D), poly-2 (B, E), andpoly-3 (C, F). In

(A—C), the UV spectra of LC were taken parallel (solid line) and perpendicular (dotted line) to the LC director alignment-)ngBbtoluminescence

spectra of LC were taken with the excitation polarized parallel to the nematic LC director. The solid line shows the emission spectra acquired with
the emission channel polarizer parallel to the polarization plane of excitation light, and the dotted line corresponds to the spectrum obtained with
the emission channel polarizer perpendicular to one. The spectra corrected to account for instrumentaGetietds) (

of w-aggregation in thin films is the presence of new absorption small molecular solution by theoretical studies on the basis of
features on the red edge of the emission bands, which areOnsager theory’ However, we note that rigid wormlike
assigned to excimer states. The excimer emission is particularlypolymers generally adopt rodlike architecture in the low molec-
pronounced in the case pbly-2. ular weight range, while attaining a random coil conformation
Poly-1 displayed superior solubility in liquid crystals, and in the high molecular weight range wherein their length exceeds
we found that it was completely soluble over all of the molecular their persistence lengt#i.We furthermore find that the intensity
weights investigated. Hence, this material was selected for aratio of absorbance observed at 422 and 391 AmAAsg1)
study of the role of molecular weight on the degree of alignment. increased with the molecular weight (Figure 3). This also indi-
Figure 3 shows plots db value as a function of the logarithm  cates that as molecular weight increases, the conjugation lengths
of molecular weights ofpoly-1. These results revealed an of polymer chains are extended, and this effect suggests that
increase in the alignmenS(and D values) with increasing  translational diffusion of LC molecules along the polymer back-
molecular weight, thereby indicating that polymer chains are more bone is responsible for the greater planarization (Figure 4).
ordered with increasing molecular weight. Van Der Haegen and  In conclusion, we have demonstrated that a novel PPE
co-workers have substantiated that ideal long rods can be orderedncorporating an iptycene scaffold with a terphenyl moiety can
better than short rods in an anisotropic phase of a rod-shapede soluble in LCs even at high molecular weightsl(P Da)



Macromolecules, Vol. 40, No. 1, 2007 Conjugated Polymers in LC Solution23

0.9 Sciences) with THF as the eluent and a Hewlett-Packard series 1100
A HPLC equipped with a Plgel 5 mm Mixed-C (300 7.5 mm)
column. Reagents were purified and dried by standard techniques,
and all air- and water-sensitive synthetic manipulations were
} 3 performed under an argon atmosphere using standard Schlenk

ol

-3

©
T

techniques. The host liquid crystal MLC-6884 was purchased

from Merck Chemicals Ltd. Monomer (2.0 wt %) and polymer (1.0

wt %) LC solutions were prepared using the following procedure:

A 2.0 mg sample of monomer was taken and added to 98 mg of
MLC-6884 in a small vial with 2.0 mL of chloroform. The

} { chloroform was evaporated at reduced pressure, and the solution

e

-3

2
T

0.87

Order parameter, SA

0.86 was heated into the isotropic phase with a heat gun for 15 s. Cooling
* to room temperature resulted in generation of a homogeneous LC
solution. PolymerLC solutions were prepared in the same way
0.85 T T except with 1 mg of polymer being dissolved in 99 mg of LC.
4 45 5 58 Solutions were heated to 8& with a Linkham 350 hot stage (the
clearing point of MLC-6884 is 76.3C) and infused by capillary
action into KSRO-10 test cells (cell gap i, with parallel rubbed

f%ﬁ?ﬁ polyimide coating, manufactured by E.H.C. Co. Ltd, Japan). The
---51K cell was slowly cooled to 78C, equilibrated at this temperature

—----25K for 30 min, and then slowly cooled to room temperature. Different
""""" 11K molecular weight polymer samples were prepared by fractional

precipitation. Polymer (200 mg) was dissolved in 30 mL of toluene,
and then 2 mL of ethanol and 1 mL of methanol were added slowly.
The methanol induced precipitates and solids were separated by
centrifugation and decanting. By this procedure, we successfully
obtained low-polydispersity polymers with molecular weights
ranging from 10K to over 200K.

Synthesis of 6,13-Dihydroxy-6,13-bis(decyloxyphenyl)-6,13-
dihydropentacene.A solution ofn-BuLi (40 mL of 1.6 M solution

Normalized absorbance / a.u.

in hexanes, 63.0 mmol) was added dropwise to78 °C stirred
, r Mmm solution of 20 g (63.0 mmol) of 4-bromodecoxybenzene and 7.32
350 400 450 500 550 g (9.45 mL, 63.0 mmol) oN,N,N,N'-tetramethylethylenediamine
Wavelength (nm) (TMEDA) in 60 mL of THF. The solution was stirred for 2.0 h at
Figure 3. (A) Plots of order parameteS,, as a function of molecular ~ —78 °C, followed by addition of a solution of 6.5 g (21 mmol) of

weight for poly-1. The polydispersity index of all polymers are in the  6,13-pentacenequinone in 60 mL of THF. This reaction mixture
range between 1.2 and 1(8) Polarized U\~vis spectra (normalized  was stirred for 1.0 h at-78 °C and further stirred at room
at 391 nm) ofpoly-1 (taken parallel to the LC director) with various  temperature for 12 h. At this time 50 mL of 10% hydrochloric acid
molecular weights in the test cell. solution was added and followed by an aqueous work up with
dichloromethane. The organic fraction was successively washed
and that the global and local chain conformation can be extendedwith water and saturated NBI solution and dried over MgSQO
and aligned uniaxially more effectively with increasing molec- After concentration in vacuo, the crude product was a yellow solid
ular weight. The realization of facile and precise alignment Which was purified by chromatography on silica gel with a gradient
control of high molecular weight CPs is crucial to achieve €luent of 100% hexanes to 100% dichloromethane and then
recrystallized from hexane to give 9.66 g (59%) of light yellow
solid. 1H NMR (300 MHz, CDC}): 8.35 (s, 4H), 7.84 (dd, 4H),
7.51 (dd, 4H), 6.27 (d, 4H), 5.91 (d, 4H), 3.66 (s, 2H), 3.54 (t,

optimal properties. Our future efforts will be focused on using
LC alignment to improve the performance of CPs in sensors

and organic field effect transistors (OFETS). 4H), 1.62 (m, 4H), 1.421.27 (m, 28H), 0.87 (t, 6H)13C NMR
) (75 MHz, CDCE): 14.1, 22.6, 26.0, 29.2, 29.3, 29.5, 29.6, 31.9,
Experimental Procedures 67.8, 75.7, 112.9, 124.6, 126.0, 128.1, 128.8, 132.5, 134.0, 139.4,

General. 'H and proton decoupledC NMR spectra were  157.2. HRMS calcd for &HesO4Na (M + Na)*, 799.4697; found
recorded on a Varian MERCURY (300 MHz) instrument, using 799.4692.
CDCl; as reference. The chemical shifts were referenced to solvent ~ Synthesis of 6,13-Bis(decyloxyphenyl)pentacene (B mixture
peaks that had been determined relative to tetramethylsilane (00f 9.5 (12.2 mmol) g of 6,13-dihydroxy-6,13-bis(decyloxyphenyl)-
ppm). High-resolution mass spectra were obtained with a Bruker 6,13-dihydropentacene and 8.1 g (48.8 mmol) of potassium iodide
Daltonics APEXIV 4.7 T Fourier transform ion cyclotron resonance in 200 mL of glacial acetic acid was refluxed for 2.0 h in the dark
mass spectrometer (FT-ICR-MS) using an electron impact 70 eV (note, we observed product degradation with laboratory light) and
source and a peak matching protocol to determine the mass andhen allowed to cool with the addition of 250 mL of water. The
error range of the molecular ion. UWis absorption spectra were  reddish-purple solid was generated and filtered then washed with
measured with a Cary 50 UWis spectrometer equipped with a methanol and water several times in the dark. Because of its
Cary fiber-optic coupler accessory. Photoluminescence spectra weresensitivity, this compound was carried immediately to the next step
acquired with a SPEX Fluorolog-2 fluorometer (model FL112, 450 without further purification.
W xenon lamp) equipped with a 1935B polarization kit. The Synthesis of 2In 200 mL of glacial acetic acid, crude &f(9.0
fluorescence anisotropy was determined using a standard proceqg, 12.0 mmol)p-benzoquinone (1.69 g, 15.7 mmol), and CuCl (1.12
dure®® The PL spectra of spin-cast film and LC were recorded in g, 12.0 mmol) were combined, and the solution was heated to reflux
front-face geometry. Solution- and solid-state quantum yields were for 1.5 h in the dark. The reaction was cooled and quenched by
respectively determined relative to quinine bisulfate in 0.1 N H  pouring into water. The precipitate was filtered, washed with hot
SO, (solution samplespr = 0.556) and~10 mM 9,10-diphenyl- water, dissolved in dichloromethane, and dried over Mg2Ger
anthracene in PMMA spin-cast film (solid filmér = 0.837). The concentration in vacuo, the crude product was dissolved in acetone,
molecular weights of polymers were determined by gel permeation and 5.9 g of AgO (48 mmol) was added into solution followed by
chromatography (GPC) relative to polystyrene standards (Poly- stirring for 12 h in the dark. The solution was then dissolved in
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Figure 4. Schematic representation of global and local conformatiopodf-1 in LC solution.

dichloromethane, filtered through a plug of celite, and dried over solid was used for the next step. Reduction of the dioxime to the
MgSQ,. After concentration in vacuo, a dark brown solid was diamine was accomplished by the following procedure; 1.0 g (2.35
purified by chromatography on silica gel (eluent dichloromethane: mmol) of the dioxime was dissolved in 15 mL of ethanol, and then
hexane 30:70). Recrystallization from methanol gave 5.0 g (49%) 15 mL of concentrated hydrochloric acid was added. After the
of of 2 as a red solid*H NMR (300 MHz, CDC}): 8.07 (s, 2H), mixture changed to a homogeneous solution, 3.2 g (14.1 mmol) of
7.76 (dd, 2H), 7.37 (dd, 2H), 7.31 (m, 4H), 7.20 (dd, 4H), 7.07 stannous chloride was added with stirring. The mixture was refluxed
(dd, 2H), 6.93 (dd, 2H), 6.64 (s, 2H), 5.85 (s, 2H), 4.21 (m, 4H), for an additional 45 min and then poured into water. The solid
1.98 (m, 4H), 1.66-1.31 (m, 28H), 0.95 (t, 6H)3C NMR (75 was precipitated and washed with hot water, dissolved in ethyl
MHz, CDCL): 183.8, 158.9, 150.8, 142.8, 137.4, 135.6, 135.5, acetate, and dried over Mg$QAfter concentration in vacuo, a
134.5,131.8, 131.4, 130.2, 129.4, 128,1, 126.0, 125.6, 125.3, 124.5hydrochloride salt of the diamine was isolated and used without
114.8,114.5,68.1, 44.8, 31.9, 29.7, 29.6, 29.5 (2 peaks), 29.4, 26.2 purification in the next step. A suspension of the crude hydrochlo-
22.7, 14.2. HRMS calcd for gHesO4Na (M + Na)*, 871.4697; ride salt (0.91 g, 1.98 mmol) in 30 mL of phospholic acid cooled

found 871.4664. to 0°C was added to a similarly cooled mixture of 20 mL of acetic
Synthesis of Mono-1.A solution ofn-BuLi (4.4 mL of 1.6 M acid and 14 mL of water. A solution of sodium nitrite (0.82 g,
solution in hexanes, 7.02 mmol) was added dropwise+3@°C 11.9 mmol) in 25 mL of concentrated sulfuric acid was slowly

stirred solution of 0.69 g (0.99 mL, 7.02 mmol) of (trimethylsilyl)- added to this solution, with care being taken to maintain the
acetylene in 10 mL of THF. The resulting solution was stirred for temperature below 6C. The resulting red solution was stirred at
1.5 h at-78°C, and 1.5 g (1.75 mmol) & in 5 mL of THF was 0°C for1.5h an_d then poured into an aqueous solu_tlon of potassium
then added. The reaction mixture was stirred for 30 min28 °C iodide (5.0 g in 50 mL). This mixture was stirred at room
and further stirred at room temperature for 24 h. Then 2.38 g (10.5 temperatqre for 12 h. The solid product was collected via flltlr.atlon,
mmol) of stannous chloride in 10 mL of 10% hydrochloric acid washed with water and saturated,8#; solution, and then purified
was added dropwise to the solution. The reaction mixture was stirred 0y column chromatography on silica gel (eluent hexane 100%).
for 24 h, diluted with water, and extracted with dichloromethane. The product3, was then recrystallized from ethanol to yield 0.38
The organic fraction was washed successively with saturated NH 9 of & white solid (32% yield):H NMR (300 MHz, CDC): 7.49
Cl solution and water and dried over Mg$Qoncentration in  (d, 2H), 7.39 (d, 2H), 7.11 (s, 2H), 7.06 (dd, 2H), 5.72 (s, 2H),
vacuo gave 0.91 g of a crude disilyl-protectadno-1as a yellow 1.29 (s, 18H)*C NMR (75 MHz, CDCY): 31.5, 34.6, 58.7, 94.1,
solid material. To remove the TMS protecting groups from the 121.3,122.3,123.4,136.2, 141.4, 144.2, 148.8, 150.3. HRMS calcd
acetylene, this intermediate was dissolved in 50 mL of THF, and for CogHagl2 (M+), 618.0275; found 618.0299.
1.2 g of TBAF (75% solution in water) was added. The resulting Synthesis of 4.In 140 mL of glacial acetic acid were addéd
solution was stirred at room temperature for 1 h, poured into water, (1.70 g, 2.28 mmol), 6,11-d#&rt-butyl)triptycenequinone (1.17 g,
and extracted with dichloromethane. The organic fraction was 2.97 mmol), and CuCl (0.22 g, 2.22 mmol). The solution was then
successively washed with saturated /&Hsolution and water and  heated to reflux fo2 h in thedark. The reaction was cooled and
dried over MgSQ. After concentration in vacuo, the crude dark quenched by pouring into water. The precipitate was filtered,
yellow solid was purified by chromatography on silica gel (eluent washed with water, dissolved in dichloromethane, and dried over
dichloromethane: hexane 30:70) to give 0.525 g (34%hoho-1 MgSQ,. After concentration in vacuo, a dark brown solid was
as a yellow solid!H NMR (300 MHz, CDC}): 8.17 (s, 2H), 7.78 purified by chromatography on silica gel (eluent dichloromethane:
(dd, 2H), 7.51 (dd, 2H), 7.40 (dd, 2H), 7.33 (m, 4H), 7.22 (d, 4H), hexane 25:75) to yield 1.32 g (51%) 4fas a dark red solidH
7.15 (s, 2H), 7.07 (dd, 2H), 5.98 (s, 2H), 4.16 (m, 4H), 3.23 (s, NMR (300 MHz, CDC}): 8.06 (d, 2H), 7.79 (dd, 2H), 7.41 (d,
2H), 1.93 (m, 4H), 1.671.30 (m, 28H), 0.93 (t, 6H)}3C NMR 1H), 7.3%7.16 (m, 15H), 6.98 (m, 3H), 6.94 (d, 1H), 5.75 (d,
(75 MHz, CDCI3): 158.6,147.1, 143.8, 137.5, 133.5, 132.9, 131.7, 2H), 5.69 (s, 2H), 4.19 (m, 4H), 1.95 (m, 4H), 1-69.33 (m, 28H),
131.2,130.4, 130.2, 128.8, 128,1, 125.9, 125.5, 125.0, 124.1, 118.1.1.20 (s, 18H), 0.93 (t, 6H}3C NMR (75 MHz, CDC}): 180.2 (2
114.5,114.2,82.1, 80.8, 68.2, 48.9, 31.9, 29.7, 29.6, 29.5 (2 peaks) peaks), 158.9, 151.4 (2 peaks), 149.7, 148.6 (2 peaks), 143.8, 143.7,
29.4, 26.2, 22.7, 14.2. HRMS calcd fogfEeO-Na (M + Na)*, 143.1, 143.0, 140.9, 140.8, 135.7, 134.3, 131.9, 131.8, 131.5, 131.4,
889.4955; found 889.4975. 131.3, 130.2 (2 peaks), 129.6 (2 peaks), 128,1, 125.9, 125.5, 125.1,
Synthesis of 1,4-Diiodo-6,11-diért-butyltriptycene (3). The 124.3, 121.9, 114.8, 114.4, 68.1, 47.4, 44.8, 34.6, 34.5, 32.0, 31.4
dioxime of 6,11-difert-butyl)triptycenequinone was prepared by (2 peaks), 29.7 (2 peaks), 29.6, 29.5, 29.4, 26.3, 22.7, 14.2. HRMS
2.0 h of reflux of a solution of 1.0 g (2.54 mmol) of 6,114i(- caled for GzHgsONa (M + Na)*, 1159.6575; found 1159.6592.
butyl)triptycenequinoni@ and 2.82 g (40.6 mmol) of hydroxylamine Synthesis of Mono-2 A solution ofn-BuLi (1.53 mL of 1.6 M
hydrochloride in 100 mL of ethanol. The dioxime was isolated by solution in hexanes, 2.45 mmol) was added dropwise to a stirred
pouring into water and washed with hot water. The crude orange at —78 °C solution of 0.241 g (0.35 mL, 2.45 mmol) of (trimeth-
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ylsilyl)acetylene in 5 mL of THF. The resulting solution was stirred and the Japan Society for the Promotion of Science (Fellowship
for 1.5 h at—78°C, and then 0.70 g (0.61 mmol) dfin 3 mL of No. 01682).

THF was added into the solution. The reaction mixture was stirred ) ) .

for 30 min at—78 °C and further stirred at room temperature for ~ Supporting Information Available: NMR spectra of the

24 h. Stannous chloride in 10 mL of 10% hydrochloric acid was MOnomers. This material is available free of charge via the Internet
then added dropwise to the solution. The reaction mixture was at http://pubs.acs.org.

stirred for 24 h, then diluted with water, and extracted with
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with saturated NLCI solution and water and dried over Mg50O (1) Conwell, E. M. InHandbook of Organic Conduet Molecules and
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