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Abstract: A versatile method for the synthesis of complex, fused polycyclic aromatic systems in high chemical
yield is described. Construction is achieved using a general two-step synthetic sequence. Pd-catalyzed Suzuki and
Negishi type cross-coupling chemistries allow for the preparation of nonfused skeletal ring systems in yields consistently

>80%.

The critical ring-forming step, which generally proceeds in very high to quantitative yield, utilizes

4-alkoxyphenylethynyl groups and is induced by strong electrophiles such as trifluoroacetic acid and iodonium
tetrafluoroborate. The reaction in essence produces phenanthrene moieties which are integrated into extended
polycyclic aromatic structures. Fused polycyclic benzenoids as well as benzenoid/thiophene systems may be prepared
utilizing this methodology. The scope of the described cross-coupling/cyclization chemistry including mechanistic

insights and problematic side reactions are described.

Introduction

The availability of rigid molecular platforms is critical to

advances in a number of areas of chemical research. Example

include host-guest chemistry where rigid molecules often serve
as substrate-specific receptérs, liquid crystal chemistry

wherein molecules posessing a rigid core are required to achiev

mesomorphic behavidr,!® and even biochemical studies of

synthetic peptides wherein carefully designed rigid segments

serve ag-turn mimics~13 The utility of such rigid molecular

structures can be altered and even enhanced if, in addition to' @™, e ¢ i .
d. conjugatior?® Fused polycyclic aromatics are an obvious

being highly rigid, the molecules are extensively conjugate

Rigid conjugated materials are the key components in a number

of advanced technologies utilizing nonlinear optical (NL&}$
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photo- and electroluminescekit?° and molecule-based sensory
devices?~27 These materials function as a result of their highly
conjugatedr electron systems, which can transform an applied

Dias or optical input to a desired response. Examples of these

advanced materials include substituted polyphenylenes, poly-
thiophenes, and push-pull NLO materials which are inherently
rigid as a result of their highly unsaturated frameworks. It is
commonly believed that the degree of conjugation and hence
properties in such systems can be enhanced if they can be
rigidified to eliminate conformational disorder which lowers

chemical structural class which would meet this requirement
while maintaining conjugation.
While a number of methodologies are presently available for

r]t[he direct preparation of fused polycyclic aromatic systems, most

dre plagued by some type of limitation. The most widely

* Present address: Department of Chemistry, Massachusetts Institute ofemployed and direct method is the Mallory photochemical

Technology, Cambridge, MA 02139.
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Synthesis of Fused Polycyclic Aromatics
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including cis-substituted stilbenes to give phenanthrene type
subunits,o-terphenyl systems to give triphenylene type struc-
tures, and 2-olefinic biphenyls to produce substituted phenan-
threne systems (Scheme 1). The primary limitation of the
photochemical route is the necessarily dilute conditions( 3

M) under which the reaction must be run, limiting it to the
preparation of only analytical quantities of material.

Another direct route to fused polycyclic aromatics is the [2
+ 2] cyclization of thioketones which is followed by sulfur
elimination to give the aromatic produ®t. This method, while
proceeding in very high yield is limited in its versatility as it
requires structurally specific and synthetically challenging
precursor structures. Another well-explored approach to the
construction of polycyclic aromatics is the utilization of Diels
Alder chemistry to provide access to precusor ring systems
which may be aromatized upon further chemical treatment.
Miller has oxidatively converted partially saturated precursor
ring systems to linear polyacenequinofdsyhile Schiiter has
used oxidatiof?33 and dehydratiof$34 protocols to prepare
fused aromatic ladder polymers.
prepared [5]- and [6]helicenes by Dieldlder reaction of
o-substituted divinylnapthalenes withbenzoquinoné® Com-
plete aromatization is achieved by reductive trapping of the
quinoidal produc®® Longitudinally twisted polycyclic aromatics
have been prepared by Pascal using a thermally induced-Diels
Alder/elimination protocof? Additional routes to fused poly-
cyclic aromatic systems include annulation strategies which
often employ metal carbefie*® and/or vinyl keten&—47
intermediates. While these methodologies allow access to
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In another case, Katz has
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highly functionalized materials, the lower yields and multistep
syntheses necessary for the preparation of precursor compounds
make these methodologies more amenable to complex molecule
synthesis than to the synthesis of topologically interesting
molecules in useful quantities.

With the goal of ultimately preparingpolymeric fused
polycyclic aromatic systent$,we first endeavored to develop
versatile, high-yielding synthetic routes to their corresponding
molecularanalogues. Of interest was a report wherein Barlu-
enga used iodonium tetrafluoroborate (WBFa highly electro-
philic source of iodonium ion, to cyclize 1,4-diphenylbut-1-
yne to the corresponding iododihydronapthalene (Scheme 2,
top)#° We desired to modify this system such that cyclization
would produce a fused polycyclic aromatic. In order to
exclusively form 6-membered rings, it was necessary to
convince the majority of positive chargeesulting from initial
electrophilic attackto reside on the carbon atom labeledsas
(Scheme 2, bottom). Hence, it was necessary to chose a group
R which could provide more favorable positive charge stabiliza-
tion than the phenyl group attached to carbon atom labeled
To accomplish this, R was chosen to be an electron-rich
p-alkoxyphenyl group, which provides resonance stabilization
of the positive charge at thg carbon.

This electrophile-direction strategy proved successful, and in
this paper, we describe our studies of this novel cyclization
reaction including synthetic and mechanistic implications. In
addition, we describe the preparation of the cyclization precursor
systems utilizing Pd-catalyzed cross-coupling chemistry. This
tandem cross-coupling/cyclization approach is highly effective
and hence constitutes a new high-yielding, versatile methodolgy
for the synthesis of fused polycyclic aromatic systéfns.

Results and Discussion

The general structural requirement for the precursor systems,
in addition to the carbocation directing group, is that the alkynyl
group and the aromatic ring undergoing electrophilic substitution
(Ar") must beortho-substituted. All systems reported contain
a central ring to which twoptalkoxyphenyl)ethynytAr' pairs
are attached. We have studied symmetric systems in which the
two Ar' partners are configureplara, meta andortho to each
other (Figure 1).
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Figure 1. General topology of precyclized structures investigated.

Para-Substituted Systems. With a general design concept

in mind, we have prepared precursor systems with the general

structure2—5. This was accomplished in short order starting
with 1,4-dibromobenzene. Utilizing a modified version of an
iodination procedure developed by Mattétr, 4-dibromo-2,5-

diiodobenzene was produced in 50% vyield (Scheme 3). Al-
though the yield is modest, starting materials are relatively

inexpensive and quantities on the order 6300 g can be easily

prepared. This intermediate is a versatile building block since
coupling at the iodide positions can be effected with complete
chemoselectivity using Pd-catalyzed cross-coupling reactions,

leaving the bromide positions available for further cross-

coupling under more aggressive conditions. The tetrahalide was
reacted with 2 equiv of 4-(dodecyloxy)phenylacetylene, prepared
in three steps from 4-iodophenol (87% overall), using standard

Pd(0)/Cu(1) cocatalysis to produce the dibromildg 3%0)52:53
Treatment of the dibromidé& with a variety of substituted
phenylboronic acids under modified Suzuki cross-coupling

condition$* produced the substituted terphengis5. These
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Pd(dba),, PhgP, KOH,
PhNOg, Hy0O

6 (R = OCHg, R'=H, E = H, 99%)
7 (R = OCHj, R=H E =1, 96%)
8(R=H, R'=H, E = H, 99%)

9 (R = H, R = OCHj, E = H, 99%)
10 (R = CHy, R = H, E = H, 98%)

s-BuLi, THF, >99%

compounds are obtained as colorless solids and may be
crystallized from a variety of common organic solvents. The
highly soluble nature of these materials is attributed to the
presence of the dodecyloxy groups which provide an entropic
driving force for solubilization. In our optimization of these
coupling reactions, we found several parameters to be critical.
In agreement with the work of Kim and Websténve found
nitrobenzene to be a more effective solvent than toluene and
dimethoxyethane (DME), which are more commonly used. In
addition, employing smaller amounts of catalyst (0.3%) was
generally more effective than larger amounts-§26). This
result may be attributable to unwanted Heck type reactions with
the dibenzylideneacetone (dba) ligands and a reduction in the
tendency of the catalyst to deactivate prematurely by forming
Pd black®®57 We cannot attribute the improved yields with
low catalyst ratios to the inhibition or reduction of aryl exchange
reactions which have been previously obseffeéf since higher
ligand to metal ratios X15:1) had virtually no effect on the
reaction. Lower ligand to metal ratios (4:1) were detrimental,
as the catalyst rapidly precipitated out of solution as inactive
Pd black.

Initial cyclization attempts were conducted on compo@nd
using the protocol reported by Barluert§&*6> Treatment of
I(pyr):BF4 with 2 equiv of triflic acid (TfOH) precipitates
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pyridine as its triflate salt and liberates free IBFHowever,
use of this procedure resulted in mixtures of cyclization products.
We reasoned that Hfrom unreacted TfOH or from the acid
produced during the cyclization was competing with. |
Consistent with this reasoning, treatmengafith TFOH alone
produces the substituted dibeat{lanthracene produd ex-
clusively, in quantitative yield. We have found that the same
transformation can be effected under much milder conditions
employing trifluoroacetic acid (TFA) in place of TFOH. Reduc-
tion of the TfOH/I(pyryBF, ratio from 2:1 to 1:1 resulted in
the exclusive formation of (96%), since 1 equiv of pyridine
(pyr) was still available to react with the acid produced during
the reaction. The versatility of the cyclization reaction is
apparent as substrates with a variety of substitution pattérns (
10) were prepared.

The conversion of substitutgaterphenyls 2—5) to dibenz-
[a,h]anthracene system6-10) was accompanied by consistent
and diagnostic spectral changes. All substitupegrphenyls

were obtained as colorless materials and were converted to

yellow to bright yellow materials on cyclization. The UWis
spectra of these materials, on cyclization, exhibit a characteristic
bathochromic shift for the onset of absorption and a hypso-
chromic shift forimax. Compound?, for example, displays an
absorption maximumigay at 342 nm é = 59 900) with a
shoulder at 364 nme(= 51 000). On conversion t6, Amax
shifts to 318 nm4{ = 55 600) and lower intensity absorptions
appear at 280¢(= 37 500), 3564 = 24 600), 3744 = 24 000),

406 € = 12 100), and 430¢(= 14 400) nm. These optical
properties, particularly the observation of low-intensity absorp-
tions (relative tolmay ONn the low-energy side dfnax are similar

to those observed for similar polycyclic aromatic hydrocar-
bons® The 'H NMR spectra of these materials also display
characteristic changes. The singlet assigned to then@ 6
protons of compound appears at 7.59 ppm and shifts downfield
to 10.10 ppm on conversion ®where they are located at the

7 and 14 positions. Such downfield signals are characteristic
of bay region protons. The new singlet present6at 7.78
ppm corresponds to the protons at the 6 and 13 positions. Fou
additional aromatic resonances are present inltheNMR
spectrum of6, all doublets. Two of these doublets (6.94 and
7.34 ppm) correspond to the protons on fralkoxyphenyl
moieties, while the other two doublets (7.03 and 7.18 ppm),
with an integrated area 50% of the first two doublets, correspond
to the protons on the terminal rings of the dibexizJanthracene
ring system. In thé3C NMR spectra, the conversion frogh

to 6 is accompanied by the disappearance of acetylenic
resonances (88.11 and 93.31 ppm) 2caind an increase from
13 to 15 for the number of aromatic resonances. This change
is attributable to the conversion of the acetylene carbons to
aromatic carbons. Compouns10all display high-resolution
mass spectra (HRMS) in agreement with the proposed structures
and the low-resolution mass spectrum (LRMS) of the diiodide
7 (MT = m/z1170.4) displays signals ab/z 1044 and 918,
corresponding to the loss of the two iodides. As additional
structure proof, the diiodid@ was treated witts-BuLi and the
reaction was quenched with 2-propanol. THENMR spectrum

of the compound obtained>@9% by NMR) is identical to the
spectrum obtained following the direct treatmenRofith TFA,
providing additional support for the structuBe The spectral

(64) Barluenga, J.; Gonzalez, J. M.; Campos, P. J.; AsensiAnGew.
Chem., Int. Ed. Engl1985 24, 319.
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Reidel: Dordrecht, The Netherlands, 1985.
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Scheme 4
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11 (R = CgHy3, R' = OCgHy3, R" = H)
12 (R=Ph, R'= H, R" = OCHy)

TFA or TFA or
I(py)2BF4 I(py)2BF4
R

trends observed for the conversions of compougies to 8—10
were consistent with those described for the conversidghtof

6 and 7 and are in complete agreement with the reported
structures.

To further investigate the scope of the reaction, we prepared
11-13 (Scheme 4), which lack thp-alkoxy directing groups
present i2—5. Compoundl1l contains simple alkyl directing
groups in place op-alkoxyphenyl groups. Treatment of these
systems with TFA resulted in the complete recovery of starting
material. Exposure to |(pyiBF4 produced complex mixtures
of products, most likely due to competitive aryl ring iodination.
These results indicate that tipealkoxy group on the phenyl-
ethynyl moiety is indeedritical to the success of the reaction.

In addition, the presence of the electron-activating methoxy
groups as i2 and 12 is not necessary as evidenced by the
guantitative formation o8. Regarding solvent, the reaction has
proven successful only in halogenated (polar, non-nucleophilic)
solvents such as methylene chloride, 1,2-dichloroethane, and
1,2,3-trichloropropane. The reaction fails in hydrocarbon
solvents (hexane and pentane) and ethereal solvents (THF and
diethyl ether). These results support our assertion that the
reaction proceeds through a carbocationic intermediate species,
as is shown in Scheme 5. Selective electrophilic attack at the
acetylenic carbon attached to the central ring of the terphenyl
moiety is driven by resonance stabilization provided by the
p-alkoxy directing group. Ring closure may then occur by
electrophilic attack on the outer rings of the terphenyl moiety
in a Friedet-Crafts type manner. This ring closure is ac-
companied by loss of a proton, making the reaction catalytic.
However, for kinetic purposes a large excess of acid was usually
employed. In addition, we believe that ring protonation occurs,
necessitating the use of excess acid. This claim is based on
the deep green color which was observed during the cyclization
of more electron-rich systems. In fact, treatment of compound
9 with TFA-d overnight resulted in extensive substitution of
deuterium for hydrogen on the aromatic ring system.

As is evident from the structure af3, we were interested in
preparing fused polycyclic aromatic heterocycles as well as
aromatic hydrocarbons. As a first example we investigatéd Ar



4582 J. Am. Chem. Soc., Vol. 119, No. 20, 1997 Goldfinger et al.

Scheme 5 We have found that the cyclization may also be performed
— — directly onto a thiophene moiety. The cyclization precut®r
OR was prepared (Scheme 7) in quantitative yield using a Negishi
type couplingg”-®8 utilizing the dibromidel with 2 equiv of
O 2-(chlorozincio)-5-methylthiophene. Cyclization of the precur-
ya sor 16 becomes problematic, however, as a 5/6 mixture of
E products17 and 18 was obtained. While the two structural
OR isomers have proven inseparable, thi¢ir NMR (500 MHz,
O O O CDCl) resonances are easily discernible due to the asymmetric
O nature of18. Changes in chemical shifts due to shielding/
E deshielding effects of the migrated phenyl proved critical in
— " identifying structurel8. The methyl resonance df7 appears
O O oR 6 at 2.64 ppm, and on conversion18, the methyl in the relatively
O O unchanged environment appears at 2.65 ppm while the methyl
O on the side of the migrated phenyl, now deshielded, moves
Vi downfield to 2.70 ppm. More diagnostic is the effect on the
E thienyl proton which appears at 7.19 ppm 1at  On conversion
to 18, the thienyl proton in the nearly unchanged environment
O O appears at 7.20 ppm while the deshielded thienyl proton appears
] at7.83 ppm The thienyl protons are easily identifiable as they
o appear as apparent doublets due to a weak couplirgd.8—
1.2 Hz) with the adjacent methyl groups. THREl NMR
spectrum of17 displays four aromatic resonances in addition
to the thienyl resonance just discussed. Two of these resonances
appear as doublets and correspond to the protons on the
p-alkoxyphenyl groups. The remaining two resonances appear
as singlets and correspond to the pseudo bay protons (8.55 ppm)
and the 5/11 protons (7.75 ppm). There are no resonances
detected which display the distinctive coupling constant=(
3.6 Hz) attributed to a 3,4-thienyl spin systéfas was evident
in 16. CompoundL8, in addition to the two thienyl resonances,

groups (Figure 1) incorporating fused heterocyclic linkages.
4-Dibenzothiopheneboronic acid was prepared by metalation of
dibenzothiophene with-BuLi in THF followed by a B(OMej
guench and acidic (5% HCI) hydrolysisTwo equivalents of

the boronic acid were coupled with 1 equiv dfto produce
cyclization precursot4in 86% yield (Scheme 6). The colorless
compound 14 was treated with TFA in CbCl, at room
temperature (rt), and after approximately 10 min, a bright yellow
crystalline compound precipitated from the solution. The
product was exclusively the biscyclized compodsgindicating displays four singlets and three doublets in the aromatic region.

the monocycll.zed product displays much gr.eater solubility. Two of the singlets correspond to the pseudo bay region protons
On conversion of the colorlesst to the bright yellow15, (8.57 and 8.76 ppm) while the remaining two singlets correspond
an approximately 60 nm bathochromic shift is observed for the tg the 5 and 10 protons (7.77 and 7.78 ppm). One doublet
onset of absorptionignset (14) ~ 390 Nm, Aonset (15) ~ 450 (broad) appears at 7.04 ppm and corresponds to four hydrogens
nm) in the U\~vis spectrum. Consistent Wlth the .observatlons of the p-alkoxypheny! groups, while the remaining two doublets
made for compound8—10, a hypsochromic shift is observed (7 59 and 7.74 ppm) correspond to two protons each. Additional
for Amax following cyclization @max (14) = 346 nM,Amax (15) support that the two compounds exist as structural isomers
= 340 nm), while lower intensity absorptions appear on the comes from mass spectral and combustion data. In the low-
low-energy side ofimax (372, 392, 404, and 430 nm). Inthe yresplution mass spectrum, the only signals present are for the
'H NMR spectrum ofl4, the protons assigned to the 3 and 6 molecular ion (1/z838) and for the loss a dodecy! side chain
positions of the central ring appear as a singlet at 7.98 ppm (m/z670), while the HRMS data obtained are accurate to 1 ppm.

and shift downfield to 9.88 ppm on conversion 16, where _ As shown in Scheme 7, produt® forms by phenyl migration
they are now bay region protons (10 and 20). The chemical of the “correct” cyclization product7, presumably through a
shifts of the two doublets attributed to thealkoxyphenyl  phenonijum iof® The occurrence of this event is not surprising

moiety appear at 6.66 and 6.99 ppm for compofiddas they as it has been previously reported that biphets@-enriched
are shielded by the dibenzothiophenyl moiety, which is permitted ¢ theipso(1) position, undergoes rearrangement atGvith

to freely rotate. On cyclization t&5, rotation is eliminated; AICI3/H,0 in CeHg to give biphenyl which is3C-enriched at
hence, shielding is reduced and the two doublets are shiftediye 2, 3, and 4 positiond. The observation that migration is
downfield to 7.12 and 7.60 ppm. These aromatic shielding occurring in our system under much milder conditions is not
effects are not as dramatic in syste2is10, as the terminal surprising as it has been reported thamethoxyphenyl
aryl groups (substituted phenyls), physically much smaller than yndergoes migration approximately 56880 times faster than
the dibenzothiophenyl groups, are not able to shield as ef- phenyl in the pinacol rearrangeméaf? Treatment ofl6 with

fectively. Two additional doublets appear at 8.12 and 8.31 ppm an jodonium source should prevent aryl migration, aaddition
in the IH NMR spectrum of15 and correspond to the pro-

tons at the 6/16 and 7/17 positions (not assigned). The presence_(67) Negishi, E.; King, A. O.; Okukado, NI. Org. Chem 1977 42,
of these doublets confirme the copversion of t'he' ABC spin (68) Negishi, EAcc. Chem. Re€982 15, 340.

systems present on the dibenzothiophenyl moietied4ofo (69) Silverstein, R. M.; Bassler, G. C.; Morrill, T. GSpectrometric
AB spin systems on cyclization td5. The 13C NMR spec- Identification of Organic Compounddth ed.; John Wiley & Sons: New

. - York, 1981; p 236.
trum of compound 4 displays two acetylenic resonances (87.25 (70) Lowery, T. H.; Richardson, K. $4echanism and Theory in Organic

and 95.05 ppm) and 17 aromatic resonances (19 expected)chemistry 3rd ed.; Harper & Row: New York, 1987; pp 43446.

while no acetylene resonances and 21 aromatic resonances (71)Necula, A.; Racoveanu-Schiketanz, A.; Gheorghiu, M. D.; Scott,
L. T. J. Org. Chem1995 60, 3448-3451.

(21 expected) are obseryed f@b. Accurate HR.MS data (72) Bachmann, W. E.. Ferguson. J. W.Am. Chem. Sod934 56

and satisfactory combustion analyses were obtained for bothyggq

14 and 15. (73) Depovere, P.; Devis, Bull. Soc. Chim. Fr1969 479.
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Scheme 6

Pd(dba),, PhsP, KOH,
1 + 2(HO)B O >

S

PhNO,, H,0
86%

99%

Scheme 7

TFA, CHoCl,
CHa  83%, (5/6 17/18)

16 (Ar = PhOC 5Hos)

Ar

(PhgP),PdCl,
THF, 65°C
97%

-
1 + 20IZn" g~ ~CHs

1) n-BuLi, 0°C
2) ZnCly, RT

{ ),

S

at the phenyl juncture should be energetically unfavorable. of slight shielding from the migratepg-butoxyphenyl groups:
However, this approach was precluded by the rapid oxidation the one methyl is shielded by the pdbutoxyphenyl and the 8

of 16 on exposure to iodonium. methyl is shielded by the g-butoxyphenyl. The low-resolution
To examine the phenyl migratory event more closely, one of Mass spectrum a9 displays a lone signal corresponding to
the original model systems was reexamined. Compdisad the molecular ion rf/z 630.4) while the HRMS reading is

(butoxy rep|aces dodecy]oxy) when treated under standard accurateto 1 ppm. The exclusive formation of the bismigrated
Cyc”zation conditions (TFA, CbC|2’ rt) produced the expected prOdUCtlg under thermOdynamiC conditions is not surprising
product10-C4 (Scheme 8). However, when heated to 285 as it relieves the strain caused by the tweri interactions
overnight using difluoroacetic acid in 1,2,3-trichloropropane Presentinl0-C4 In fact, AM1 calculation¥' show a 10.9 kJ/
(1,2,3-TCP), the bismigrated produt® was obtained exclu- Mol higher AH; for 10-C4 (AH; = 69.4 kJ/mol) than forl9
sively (74%). Alternately,19 can be prepared from the (AH;= 58.5 kd/mol).

intermediate 10-C4 using the identical conditions. While Meta-Substituted Systems. Systems in which the Ar
compoundd.0-C4and19 show identical coupling patterns, their ~ (Figure 1) substituents are orientetetato each other were
structural assignments are supported by their diagnostic chemicaPrepared following the general synthetic methodology used to
shifts, particularly those of the methyl groups. In the precyclized Prepare th@ara-substituted systems reported above. lodination
system5-C4, the two methyl resonances appear at 2.24 and Of 1,3-dibromobenzene (Scheme 9) produced 1,5-dibromo-2,4-
2.36 ppm. On cyclization th0-C4 the 4/11 methyl resonances ~ diiodobenzene in 68% yield. The preparation of this tetrahalide
shift upfield to 2.04 ppm as a result of shielding from the Was operationally simpler than the preparation of fera’
p-butoxyphenyl groups located at the 5 and 12 positions. The Structural isomer as the reaction is not plagued by overiodinated
1/8 methyl protons, deshielded by the dibextifanthracene ring ~ side products and can therefore be run between 0 antC25
system move downfield to 3.18 ppm. Following rearrangement (<30 min reaction time). CompouriD, the ‘metd structual

to 19, the two methyl resonances appear at 2.70 and 2.79 ppm.isomer ofl, was prepared in an analogous fashion in 88% yield
The 4/11 methyls, no longer shielded by thdutoxyphenyl utilizing standard Pd(0)/Cu(1) cocatalysis. Reactio@@Wwith
groups which have migrated to the 6 and 13 positions, move ™ (74) Dewar, M. J. S.; Zoebisch, E. G.; Healy, E. F.; Stewart, J. J. P.
downfield while the 1/8 methyls now move upfield as a result Am. Chem. Sod985 107, 3902-3909.
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Scheme 8 the conversion o21to 22 are not as great as those observed in
thepara-oriented systems. Changes in the onset and maximum
of absorption are shifted by no more than 10 nm in either
direction on cyclization, while the overall spectral shapes are,
qualitatively, very similar. Bott21 and 22 display accurate
HRMS data and give satisfactory combustion analyses.

The cyclization of suchmetasubstituted systems provides
fused ring systems with an different overall shape than their
para analogues. For example, compou®? is “U shaped”.

To generate analogs with a cavity, we prepared the extended
bis(dibenzothiophenyl) compourB (Scheme 10). On treat-
ment with TFA, an inseparable mixture of cyclized products
was obtained. Keeping in mind our previous experience with
phenyl migration, we sought to circumvent the problem with

CF,HCO,H the use of iodonium, which should block the adjacent position
1,2,3-TCP,135°C and prevent migration. This strategy proved successful as a
>70% (NMR) single compoun®4 was isolated as a bright yellow solid in

92% vyield. The reaction was conducted using iodonium
Y generated in situ by reaction of Hg(TFAyith I, in the presence

of 2,6-lutidine. This procedure proved to be operationally
simpler than using the bis(pyridine)iodonium tetrafluoroborate
reagent, since the addition of 2,6-lutidine may be carefully
controlled, precluding the addition of small quantities of TfOH.

CHg The reaction using this procedure was rapid and usually

N 5-C4
(Ar = PhOC,4He) HeC4O

CF,HCOH, complete after only 1620 min. The bay region proton (20)
1,2,3-TCP now appears at 11.12 ppm, while the proton (10) sandwiched

between the two iodides appears at 9.67 ppm. These protons
appeared as singlets at 7.95 and 8.01 ppm prior to cyclization,
19 i.e., for compoun@3. Similar shielding effects were observed
for the two doublets attributed to thealkoxyphenyl rings as
were observed for their counterparts in the conversiobddb
15. These doublets appear at 6.69 and 7.03 ppn2&and
shift downfield to 7.10 and 7.27 ppm after cyclization2d.
Kl, HslOg I p-HysC1,0PhCCH This effect is not as dramatic as in thara case as a result of
/©\ H,S0,, 25°C j@f (PhaP),PdCh, Cul shielding provided by the iodides. Compoudidisplays two
Br Br 68% Br B DIPA, PhMe, 88% additional doublets (7.66 and 8.23 ppm) which result from the
conversion of the ABC spin systems on the dibenzothiophenyl
moieties of23 to AB systems on cyclization, consistent with
the observations made for the conversioiéto 15. The3C
NMR of 23 displays two acetylenic resonances and 19 aromatic
resonances (20 expected), while 8 no acetylene resonances
are present and 22 aromatic resonances (22 expected) are
observed. The most upfield aromatic carbon resonance, present
at 107.14 ppm, most likely corresponds to the aryl carbons
Ar Ar bearing the iodides, which are known to dramatically shield the
OOO carbons to which they are attached. Compow@ddgave a
TFA, CHzClp, 25°C ) HRMS accurate to 2.5 ppm and satisfactory combustion
96% O 1 O analysis.
22 The iodides 024 may be easily replaced by protons using
Ar = 4-HpsC 1,0Ph- s-BuLi-mediated lithium-halogen exchange followed by a
2-propanol quench. The reduced prodefstvas again isolated
2 equiv of phenylboronic acid produced theterphenyl21 in as a bright yellow solid (97%). Th#d NMR spectrum o25
81% vyield as an off-white solid. TFA-induced cyclization displays an additional resonance not observe@#pia singlet
provided the substituted diberglanthracene22 (96%) as a at 7.75 ppm attributed to the replacement of iodides with
light yellow solid. The!H NMR spectrum of this compound  protons. Interestingly, the two doublets assigned to fthe
displays two downfield resonances corresponding to the threealkoxyphenyl group now appear at 7.02 and 7.45 ppm. While
bay region protons 022: a doublet at 9.08 (2H) and a singlet the downfield shift of one doublet due to removal of the
at 10.06 (1H) ppm. In th&3C NMR spectra, cyclization from  shielding iodides is expected, the reason for the slight upfield
21to 22is accompanied by loss of the acetylenic resonances atshift of the other doublet is not apparent. THEC NMR
87.26 and 93.11 ppm and an increase in the number of aromaticspectrum oR5displays 22 aromatic carbons (22 expected), and
resonances from 12 to 16. The increase of four aromatic carbonsthe resonance which appeared at 107.12 ppn2foand was
can be accounted for by the conversion of acetylenes to assigned to the iodide bearing carbons is no longer observed,
components of the aromatic ring structure and desymmetrizationwith the most upfield aromatic resonance appearing at 114.37
of the first and third rings of theo-terphenyl moiety on ppm. The loss of the iodides is also reflected in the HRMS
cyclization. The effects on the optical properties observed for which is accurate to within 1 ppm and in the combustion

135°C, 74% H,C

Scheme 9

Ar. Ar
A Z
PhB(OH),, Pd(dba)s,

B PhsP, KOH, PhNO,,

H,0, 81%

Br

20
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e 26 CH, 69% (6/1 27/28)H

Ar = 4'H250120Ph'

20 + 2ClzZn (PhaP)oPdCly

TFA

THF

=
S 30 (35%)

analysis. In the UV-vis spectra, the wavelength of maximum
absorptionmaxis shifted hypsochromically on cyclization, from
318 nm for23to 286 and 280 nm foR4 and 25, respectively.
Again the onset of absorption is shifted bathochromically from
ca. 380 nm fo23to ca. 440 nm for botl24 and25. It should

be noted that comparison of thld NMR spectrum of25 with
spectra of materials obtained by the direct reactio@ivith

TFA showed no overlap, thereby indicating that extensive acid-

promoted rearrangements/migrations were occurring.

CICH,CH,Cl, 65°C
55% (6/1 31/32)

Ar = 4-H,3CqOPh-

of the correct cyclization produ@7 to its inseparable phenyl-
migrated isomeR8. In accord with the proposed struct.2@

three singlets were observed in the aromatic region at 8.65 (1H),
8.43 (1H), and 7.70 (2H) ppm, corresponding to the 12, 6, and
5/7 protons, respectively. Again, the thienyl proton2fis
observed as an apparent doublet at 7.20 ppm due to weak
coupling 0 = 0.9 Hz) with the adjacent methyl group. This
proton appeared at 6.80 ppm as a doublet of doublets 3.6,

0.9 Hz) prior to cyclization, i.e., fo26. Note also that the

As demonstrated earlier, we were interested in performing doublet at 7.58 ppmJ(= 3.6 Hz) for26is no longer present in

cyclizations directly onto heterocyclic rings. Theeta
substituted bisthienyl compourgb was prepared (Scheme 11)
in an analogous fashion to imraanaloguel6. TFA promoted
cyclization now proceeds more cleanly, providing a 6:1 mixture

the spectrum 027 as this resonance corresponds to the proton
which is eliminated after the initial cyclization. The shielding
effects on thep-alkoxyphenyl are less dramatic than in the
conversion o23to 24 as the methylthienyl group is physically
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smaller than the dibenzothiophenyl group and not able to shield ppm resonance corresponds to the 5/7 protons and the 7.58 ppm
as well. Thes@-alkoxyphenyl doublets appear at 6.88 and 7.47 resonance corresponds to the 3/9 thienyl protons. The conver-
ppm for 26 and shift to 7.03 and 7.57 ppm on conversion to sion of 29 to 31 is accompanied by loss of the acetylene
27. The cyclization is again accompanied by loss of the resonances (87.59 and 95.72 ppm) in ##& NMR and an
acetylene resonanceS¢ NMR, appearing at 87.62 and 94.61 increase in the number of aromatic carbons from 16 (16
ppm for 26) and an increase in the number of aromatic expected) fo29to 18 (18 expected) fa81l. Again, due to the
resonances from 12 (12 expected) fito 14 (14 expected)  small amount present and the overlap of resonances 3ith

for 27. Due to the small amount present and the overlap of the structure82may only betentatively assigned. The positions
resonances Wwitl27, the structure28 may only betentatively of the minor resonances ascribed@relative to the resonances
assigned; however, strong evidence exists in support of this ascribed t@1reveal a trend consistent with the relative positions
assignment. Minor resonances present irtth8IMR spectrum observed for th&7/28 system. Minor resonances present in
occur at 8.86 (s), 8.44 (s), and 7.92 (s) ppm and most likely the *H NMR spectrum occur at 8.95 (s), 8.46 (s), and 8.29 (s)
correspond to the 12, 6, and 9 proton8f respectively. The ~ ppm and correspond to the 12, 6, and 9 protons3af

7.92 ppm resonance qualitatively displays very similar line shape respectively. The 8.29 ppm resonance qualitatively displays
to the resonance at 7.20 assigned to the 3 and 9 thienyl protong/€ry similar line shape to the resonance at 7.58 assigned to the
and may correspond to the thienyl resonance on the “side” of 3 and 9 thienyl protons and may correspond to the thienyl
the molecule which has undergone phenyl migration. This résonance on the side of the molecule which has undergone
dramatic downfield shift from 7.20 to 7.92 ppm is consistent Phenyl migration. This downfield shift from 7.58 to 8.29 ppm
with the analogous shift observed in th#18 system (7.19 to IS consistent with the analogous shift observed in 228
7.83 ppm) and is again attributed to deshielding of the thienyl Systém (7.20 to 7.92 ppm) and is again attributed to deshielding
proton. Additional signals appear at 7.71 and 7.73 and may of th(_e thlen_yl proton. The relatlve_ doyvnfleld positioning of
correspond to the 5/8 protons28, recalling that the 5/7 protons the signals is att_rlbuted_ to the deshleldmg_effect of repl_acmg a
of 27 appear at 7.70 ppm. The remaining resonances, i.e., thosdnethyl group with a thienyl group. Additional weak signals
of the p-alkoxyphenyl groups and the thienyl resonance in the aPPear at 7.73 and 7.75 and may correspond to the 5/8 protons

nearly unchanged environment are obscured by the resonancedl 32 The remaining resonances are _aII obscured by the
attributed to27. Interestingly, heating the mixtui7/28 with resonances at_tnbuted 8w T_he Iow-resol_utlon mass spectrum
TFA in 1,2-dichloroethane at 7% for 2 h improved the product of the ?’JJ?,Z mlxtyre dqes display two 5'9”?"5 ez 798 a"?'
ratio from 6:1 to 10:1. This observation strongly supports the 823 at 10% the intensity of the molecular iam/g 806, 100);

assertion thaR8 exists as a structural isomer which forms as _however, satisfactory combustion analysis was obtained provid-

the result of an isomerization process fr@#. Additional Ing add_itional support th.aBZ_ exists as a structural iso”.'er-

support thaR8 exists as a structural isomer comes from mass Interestingly, the conversion is accompanied by a narrowing of
. - features in the UVvis absorption spectrum &1/32 relative

spectral evidence. In the LR mass spectrum only two signals . .

are observed, corresponding to"Mm/z 838.5) and (M — to 29. Compound29 displays abroadabsorption from 450 to

i L 290 Nm fmax= 366 nm). Following cyclization, low-intensity
Cizze) (M/2670), while the HRMS agrees to within 1.5 ppm absorptions appear at 440 and 406 nm, while the absorption
of the calculated value.

i _corresponding tdmax (370 nm) begins at 390 and ends at 280

The preparation of more complex structures was easily nm with relatively sharp features. This narrowing effect is
accomplished by coupling of bithiophene to the dibron@¢ attributed to a reduction in the number of accessible conforma-
In an effort to prepare conjugated polymers with helical tjons available to the molecule upon rigidification of the ring
architectures, we were interested in preparing the broiB@le  gsystem.
by reaction of 1 equiv of 5-(chlorozincio)-2;Rithiophene with Ortho-Substituted Systems. To extend the electrophilic
1 equiv of 20. Homopolymerization 080 using conditions cyclization strategy beyond theeta and para systems, we
developed by McCullough would produce the desired poly-  gecided to explore the more sterically demandiadho-
mers. The coupling reaction to produg@afforded a statistical  gypstituted system (where the aryl groups undergoing electro-
mixture of products as the desired prod@6twas obtained in  philic cyclization areorthoto each other; see Figure 1). If this
35% yield, while the disubstituted produ2® was obtained in - methodology were to be successful, it would provide entry to a
17% yield. The attempted cyclization @ using standard host of interesting helical structures.
conditions (CHCI,, 25 °C) resulted in the recovery of only To determine the efficacy of the cyclization for toetho-
starting material. Heating the reaction to 85 in the higher g htituted systems, we targeteddkterphenyt35. This proves
boiling solvent 1,2-dichloroethane produced a 6:1 mixture of 4 jjeal substrate to study since the parent pentahelicene of the
the product3l and its phenyl-migrated structural ison& cyclization producB7 is a known compound and its NMR is

In the aromatic region of thiH NMR spectrum of31a 2,3,4- available in the literaturé-78 Compound35was synthesized,
thienyl spin system is clearly present, as are the doubletsin a manner similar to that employed for tieetaand para
attributed to thep-(hexyloxy)phenyl groups. The remaining four  systems, as outlined in Scheme 12.
signals in the aromatic region are all singlets. The singlet at The synthesis commenced with the readily available (two
8.72 (1H) corresponds to the pseudo bay region proton (12) steps fronp-xylene) 3,4-dibromo-2,5-diiodo-xylene. Chemose-
while the singlet at 8.42 (1H) corresponds to the proton at the |ective Pd(0)/Cu(l)-catalyzed coupling with 4-(butyloxy)phe-
6 position. The remaining singlets at 7.58 and 7.72 ppm (2H nylacetylene provided the substituted dibrom@® in good
each) correspond to the 5/7 protons and the 3/9 thienyl protons.yield. Unlike themetaandpara systems, Suzuki coupling on
The presence of thienyl rather than methyl groups at the 2/10 the dibromide33 was unsuccessful. To increase the reactivity,
positions precludes splitting of the 3/9 thienyl protons, however,

(76) Martin, R. H.; Defay, N.; Figeys, H. P.; Flammang-Barbieux, M.;
thed F;r(;tons an.g-lggotljsz;o the 5/7. pl’lot9n§lll’l_appte1ar it 77'7752 Cosyn, J. P.; Gelboke, M.; Schurter, JTétrahedron1969 25, 4985.
and 7.70 ppmii7an , respectively, Implying that the 7. (77) Matthews, R. S.; Jones, D. W.; Bartle, K. Spectrochim. Acta A
1971, 27, 1185.
(75) McCullough, R. D.; Tristram-Nagle, S.; Williams, S. P.; Lowe, R. (78) Defay, N.; Zimmerman, D.; Martin, R. H.etrahedron Lett1971,

D.; Jayaraman, MJ. Am. Chem. S0d.993 115 4910. 1871.
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Scheme 12
HsC  CHs BUO <:> _ HsC ~ CHg
cat. Cul , cat. Pd(PPh3),Cl, — >—(
Br Br iProNH, PhCH3 Br Br
80% 33
ul
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Scheme 13 Cyclization using t as the electrophile prepared from

mercury(ll) trifluoroacetate and Was successfully employed
for the metasystem. This approach resulted in the starting
material 35 being recovered in almost quantitative yield. We
reasoned that perhaps a more reactive fornt afds required,
and therefore, the earlier protocol was altered by replacing the
mercury(ll) trifluoroacetate with silver triflate. There was also

Il
Ar 4+ Ar O Q Ar a question in our mind as to the effect of added base, which

may reduce the reactivity of thet.l Compound35 was

O O subjected to the iodine/silver triflate mixture in the presence of
only half an equivalent of base (2,6-dimethylpyridine), and the
36 37 (20%) result was encouraging. One of the distinguishing features of

hy theH NMR of the parent pentahelicene was the downfield shift

E E I (8.34 ppm) of the innermost (bay) protons. Th¢ NMR of
O o] the crude reaction mixture indicated a doublet at 8.43 ppm. By
eSSl

integrating the signals for the methyl peaks on the aromatic
. rings, it was observed that the crude mixture contained ap-
O O proximately equal amounts &5 and what we believed was
the expected cyclized helice8& along with some decomposi-
38 (40%) tion products. This seemed to suggest that the base was indeed
Ar = §~©703u interfering with the reaction. In all subsequent runs, the base
was omitted. It was observed that the order of mixing had a
) o very pronounced effect on the reaction. The additioB®fo
the bromines were replaced by iodine by prolonged treatment 3 mixture of silver triflate and iodine gave a complex mixture
of 33 with large excesses of both Cul and KI in hot (ca. 145 of products, whereas addition of iodine to a mixtureg&fand
°C) DMF. The diiodide34 could be converted in very high  gjyer triflate gave a much cleaner reaction.
yield to the target terpheny85 under the modified Suzuki Optimized conditions gava7 in 20% yield. Pure samples
coupling conditions (used for th@etaand para systems), SO of 37 were isolated, and to our surprise, characterization by mass
long as a large excess (about 10 equiv) of the phenylboronic gpectroscopyH NMR, and'3C NMR indicated that the product
acid was used. did not contain any iodine! We were able to confirm, on the
With the target terpheny85in hand, attempts were made to  basis of COSYH NMR, and3C NMR, along with careful
induce the cyclization which would lead to a pentahelicene. comparison of the'H NMR reported for the parent penta-
Initial attempts focused on the acid-catalyzed cyclization. The helicene’®-78 that the iodine/silver triflate protocol actually
protocol employed in the previous casesetaandpara) failed provided us with37 (E = H). To further confirm the identity
to work in this instance!H NMR and TLC indicated a complex  of 37it was subjected to the Mallory photocyclization reactfon
and nearly inseparable mixture of products had been formed.to form the corresponding benzf{ijperylene38 (see Scheme
A careful analysis of théH NMR of the crude reaction mixture ~ 13) whose'H NMR agreed quite well with that of the parent
indicated that in most cases one of the major products was mosthenzofhi]perylene’®
likely the monocyclized compourb (see Scheme 13). There We have considered that the iodine actually played no role
also appeared to be a somewhat smaller amount of the expecteéh the reaction. To test this hypothesis, a sampl8@®fvas
product37. Since the cyclization appeared to have gone at least treated with silver triflate and then divided into two parts; one
partway, we decided to use more aggressive reaction conditionspart was treated with iodine, while the other was allowed to
The solvent and reagents were switched to the higher boiling stir for the appropriate amount of time and subjected to the usual
1,2,3-trichloropropane and trichloroacetic acid. Refluxing at workup conditions. It was observed that the aliquot which had
higher temperatures or using a stronger acid (triflic aci@8 not been treated with iodine gave a complex mixture of products,
C to room temperature) proved unsuccessful, and in mOSt Cases; — gy =k i ibrar of % and 'H FT NMR Spectra st ed.:
we obtained complex mixtures wherein the major identifiable pochert, c. J., Behnke, J., Eds.; Aldrich Chemical Co.: Milwaukee, W,
component was usually the monocyclized prodé@t 1994; Vol. 2, p 58C.
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whereas that which had been treated with iodine @€ =

H). Furthermore, the substitution of sliver trifluoroacetate or
mercury trifluoroacetate for silver triflate led to complex
mixtures.

Conclusion

Goldfinger et al.

it.80 161-163°C). 'H NMR (250 MHz, CDC}): 6 8.02 (s, 2H)*3C
NMR (62.9 MHz, CDC}): 6 101.5, 129.2, 142.3. HRMS (CI GH
positive ion): foundm/z 485.6646 (M); calcd for GH.Bral, m/z
485.6613 (M). Anal. Calcd for GH.Braly: C, 14.78; H, 0.41.
Found: C, 14.58; H, 0.43.
1,4-Dibromo-2,5-bis((4-(dodecyloxy)phenyl)ethynyl)benzene (1).
To a 500 mL flask charged with 1,4-dibromo-2,5-diiodobenzene (16.0

We have described a versatile method for the synthesis of 9, 0.0328 mol), (P#¥)PdC} (0.461 g, 0.657 mmol), Cul (0.656 g,

complex, fused polycyclic aromatic systems in high chemical
yield. Construction is achieved using a general two-step

synthetic sequence. Pd-catalyzed Suzuki and Negishi type
cross-coupling chemistries allow for the preparation of nonfused

skeletal ring systems in yields consisterti$0%. The critical
ring-forming step, which generally proceeds in very high to
guantitative yield in themetaand para cases (but not in the
ortho case), utilizes 4-alkoxyphenylethynyl groups and is
induced by strong electrophiles such as trifluoroacetic acid

3.44 mmol), and (¢Hg)sNBr (0.634 g, 1.97 mmol) were added 75 mL
of toluene, 75 mL of DIPA, and 50 mL of THF. 4-(Dodecyloxy)-
phenylacetylene (19.74 g, 0.0689 mol) dissolved in 25 mL of THF
was added dropwise at 2& generating a noticeable amount of heat.
After 2 h of stirring without any external source of heat, the mixture
was diluted with 200 mL of CHGland washed with 5% HCI (X 50

mL), H,O (50 mL), 5% NHOH (2 x 50 mL), and HO (2 x 50 mL).
MeOH was added to precipitate the compound as a yellow solid. After
crystallization from THF/MeOH,1 (19.17 g, 73%) was obtained as
small colorless plates (mp 16810 °C). 'H NMR (250 MHz,

(TFA) and iodonium tetrafluoroborate. Fused polycyclic ben- CDCk): 6 0.86 (t, 6H,J = 6.8 Hz), 1.1-1.5 (36H), 1.77 (m, 4H),
zenoids as well as benzenoid/thiophene systems have beer-95 (t 4H,J = 6.5 Hz), 6.86 (d, 4H) = 8.9 Hz), 7.47 (d, 4H) =

prepared utilizing this methodology. We have studied sym-
metric systems which contain two ethymyr’ partners. When
the ethynyl groups and the aryl groups undergoing electrophilic
substitution (Al) are situategarato each other, the resulting
cyclization products are substituted bisasl]anthracenes. In
the case where the ethyrylr' partners are situatemhetato
each other, cyclization provides substituted bisajjén-
thracenes. When the ethyryhr’ partners are situategara

to each other and the aryl groups undergoing electrophilic
cyclization areortho to each other, the product is a helicene.
Unfortunately, theortho system does not work as well as the
metaandparacases. The forcing conditions and low yields of
this method render it of limited synthetic utility for the
preparation of helicenes. Our ongoing studies will focus on
applying this methodology to the design and construction of
graphite ribbons (rigid aromatic polymeric systems) and other
electronic polymer4?

Experimental Section

General Methods. NMR spectra {H and **C) were obtained on
Bruker AC-100, AC-250, and AMX-500 spectrometers. Chemical
shifts are reported in ppm relative to residual protio solvent (chloroform
7.24 ppm {H), 77.0 ppm £C); DMSO 2.49 ppmiH)). Microanalyses

8.7 Hz), 7.71 (s, 2H).*C NMR (62.9 MHz, CDC})): ¢ 14.1, 22.7,
26.0,29.2,29.4,29.6,31.9,68.1,85.8,96.9, 114.1, 114.6, 123.4, 126.3,
133.3,135.7, 159.9. Anal. Calcd fordElscO,Br,: C, 68.65; H, 7.51.
Found: C, 68.28; H, 7.46.

General Coupling Procedure for Preparation of p-Terphenyls
2—5. 2,5-Bis((4-(dodecyloxy)phenyl)ethynyl)-2,2,5,5'-tetramethoxy-
[1,2:4',1"terphenyl (2). A 25 mL Schlenk tube was charged with
(0.089 g, 0.111 mmol), 2,5-(dimethoxy)phenylboronic acid (0.043 g,
0.234 mmol), Pd(dba)0.0004 g, 6.66< 10* mmol), triphenylphos-
phine (0.0026 g, 9.9% 10-2 mmol), and KOH (0.131 g, 2.34 mmol).
To the mixture was added.B (1 mL) followed by PhNG (4 mL).
The heterogeneous mixture was purged with a rapid stream of argon
for 20 min before being placed in an oil bath (85). After 16 h of
heating at the stated temperature, the solution was allowed to cool,
diluted with CHC} (4 mL), washed with 5% NaOH (2 4 mL), H,O,
5% HCI (3 x 4 mL) and HO, and dried (Ng&8Qy). The solvent was
removed at 83C under high vacuum (0.01 Torr), and the solid residue
was chromatographed on silica gel (1:1 hexanes/toluene) to &8ford
(0.089 g, 86.9%) as a colorless solid (mp $3%9 °C). H NMR
(250 MHz, CDC}): ¢ 0.87 (t, 6H,J = 6.8 Hz), 1.1-1.5 (36H), 1.74
(m, 4H), 3.75 (s, 6H), 3.78 (s, 6H), 3.90 (t, 4Bi= 6.5 Hz), 6.75 (d,
4H,J = 8.6 Hz), 6.92 (s, 4H), 7.00 (s, 2H), 7.13 (d, 4H+= 8.7), 7.59
(s, 2H). 3C NMR (125 MHz, CDC}): ¢ 14.08, 22.67, 25.99, 29.16,
29.32, 29.35, 29.54, 29.57, 29.61, 29.63, 31.90, 55.80, 56.37, 68.03,
88.11, 93.31, 112.27, 114.39, 114.42, 115.44, 116.83, 122.76, 129.97,
132.81, 133.34, 139.51, 151.38, 153.21, 159.07.—ig (CHCE) Amax

and mass spectra were obtained at the University of Pennsylvania(e, cm M~1): 364 (sh, 51 000), 342 (59 800), 258 (27 300) nm.

instrumentation center. U¥vis spectra were recorded in CH®@In a

Luminescence spectrum (CHEAmax (rel intensity): 376 (1), 392 (0.96)

Hewlett Packard 8452A diode array spectrophotometer. Luminescencenm. HRMS (FAB): foundm/z 918.5783 (M); calcd for GH7eOs

spectra were recorded in CHCI
All solvents were distilled by vacuum transfer. THF was stored
over CaH before being distilled from sodium benzophenone ketyl.

m/z918.5798 (M). Anal. Calcd for GH760s: C, 81.01; H, 8.55.
Found: C, 80.64; H, 8.48.
2',5-Bis((4-(dodecyloxy)phenyl)ethynyl)[1,14',1"Jterphenyl (3).

Toluene was distilled from sodium metal. Nitrobenzene and methylene Compound3 was prepared as described for Compoandubstituting

chloride were distilled from #s. Nitrobenzene was stored in the dark.
Diisopropylamine (DIPA) was distilled from solid KOH pellets.

phenylboronic acid for 2,5-(dimethoxy)phenylboronic acid. Compound
3 was obtained as a colorless solid in 91.3% yield (mp-1024 °C).

Synthetic manipulations were performed under an argon atmosphereH NMR (250 MHz, CDC}): 6 0.87 (t, 6H,J = 6.8 Hz), 1.--1.5

in oven-dried glassware using standard Schlenk techniques.
1,4-Dibromo-2,5-diiodobenzene.To a 3000 mL three-neck round

(36H), 1.83 (m, 4H), 3.92 (t, 4H, 6.6 Hz), 6.79 (d, 48i= 8.8 Hz),
7.25 (d, 4H,J = 8.8 Hz), 7.45 (m, 6H), 7.68 (s, 2H), 7.74 (d, 4b=

bottom flask equipped for mechanical stirring was added concentrated 7.5 Hz). 3C NMR (62.9 MHz, CDCJ): ¢ 14.1, 22.7, 26.0, 29.1, 29.3,

H,SO, (1500 mL) and periodic acid (66.6 g, 0.292 mol). After
dissolution of the periodic acid, Kl (145.6 g, 0.880 mol) was added in
small portions over 40 min to produce a deep purple solution. The
temperature was then lowered+30 °C and 1,4-dibromobenzene (138
g, 0.585 mol) was added over approximately 5 min. An additional
600 mL portion of HSO, was added to facilitate stirring. The mixture
was stirred for 24 h while maintaining the temperature betwegf
and—20°C. The entire mixture was then poured over approximately
9000 g of ice and filtered on a glass frit. The solid was taken up in
CHCl;, washed with 5% NaOH () and HO, and dried (MgSg),

and the solvent was removed in vacuo. Following recrystallization
from THF (1x) and CHC} (2x), 1,4-dibromo-2,5-diiodobenzene (142.1
g, 49.8%) was obtained as a white crystalline solid (mp-1B581 °C,

29.6, 31.9, 68.0, 87.9, 93.9, 114.5, 115.1, 121.6, 127.6, 127.9, 129.3,
132.8, 133.5, 139.6, 142.0, 159.2. BVis (CHCh) Amax (€, cm 1 M~Y):

366 (sh, 53 400), 348 (57 200), 286 (43 700) nm. Luminescence
spectrum (CHG) Amax (rel intensity): 382(1), 398 (0.81) nm. HRMS
(FAB): found m/z 799.5463 (M+ HT); calcd for GgH710, m/z
799.5454.

2',5'-Bis((4-(dodecyloxy)phenyl)ethynyl)-4,4-dimethoxy[1,1":

4" 1"terphenyl (4). Compound4 was prepared as described for
compound?2, substituting 4-(methoxy)phenylboronic acid for 2,5-
(dimethoxy)phenylboronic acid. Compountl was obtained as a
colorless solid in 82.2% yield!H NMR (250 MHz, CDC}): ¢ 0.87

(80) Hart, H.; Harada, K.; Chi-Jen, F. D. Org. Chem1985 50, 3104.
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(t, 6H,J = 6.8 Hz), 1.1-1.5 (36H), 1.75 (M, 4H), 3.87 (s, 6H), 3.93
(t, 4H,J = 6.70 Hz), 6.80 (d, 4H) = 8.66 Hz), 7.00 (d, 4H) = 8.66
Hz), 7.28 (d, 4H,J = 8.66 Hz), 7.63 (s, 2H), 7.67 (d, 4H,= 8.63
Hz). 1%C NMR (125 MHz, CDCY): 6 14.12, 22.68, 26.00, 29.18, 29.37,

J. Am. Chem. Soc., Vol. 119, No. 20, 458y

sity): 374 (0.58), 442 (1) nm (very low intensity). HRMS (FAB):

foundm/z1170.3802 (M); calcd for GzH760sl2 m/z1170.3731. Anal.

Calcd for G:H76Osl2: C, 63.59; H, 6.54. Found: C, 63.51; H, 6.59.
Preparation of 5,12-Bis(4-(dodecyloxy)phenyl)-1,4,8,11-tet-

29.58, 29.62, 31.91, 55.35, 68.10, 88.19, 93.73, 113.38, 114.54, 115.25ramethoxydibenz[a,h]anthracene (6) from 5,12-Bis(4-(dodecyloxy)-

121.51, 130.47,132.21, 132.85, 133.44, 141.24, 159.26, 159.2# UV
Vvis (CHCk) Amax (¢, cnmt M™1): 368 (sh, 40 100), 344 (44 600), 298
(50 000) nm. Luminescence spectrum (Ck@hax (rel intensity): 382
(1), 398 (0.83) nm. HRMS (FAB): founth/z858.5549 (M); calcd
for C60H7402 m/z 858.5587.
2',5'-Bis((4-(dodecyloxy)phenyl)ethynyl)-2,5,2,5"-tetramethyl-
[1,1:4',1"terphenyl (5). Compound was prepared as described for
compound?2, substituting 2,5-(dimethyl)phenylboronic acid for 2,5-
(dimethoxy)phenylboronic acid. CompouBdvas obtained as a white
solid in 85.4% yield (mp 164167°C). H NMR (250 MHz, CDC}):
0 0.88 (t, 6H,J= 6.8 Hz), 1.1-1.5 (36H), 1.75 (m, 4H), 2.26 (s, 6H),
2.37 (s, 6H), 3.90 (t, 4H) = 6.53 Hz), 6.75 (d, 4HJ = 8.80 Hz),
7.07 (d, 4H,J = 8.75), 7.11-7.21 (m, 6H), 7.49 (s, 2H)13C NMR
(62.9 MHz, CDC}): 6 14.12,19.57, 20.97, 22.68, 25.98, 29.14, 29.35,

phenyl)-6,13-diiodo-1,4,8,11-tetramethoxydibenalh]anthracene (7).
A solution of 7 (0.005 g, 0.004 mmol) in 3 mL of THF was cooled to
—78°C, ands-BuLi (0.10 mL, 1.53 M, 0.153 mmol) was added. After
5 min of stirring, the golden yellow solution was quench by the rapid
addition of 1 mL of MeOH. The mixture was diluted with CHGBO
mL), washed with 5% HCI (2« 10 mL) and HO (10 mL), and dried
(Na:SQy) before removing the solvent in vacuo. The proddi¢t 95%
by NMR) exhibited aH NMR spectrum identical to material prepared
via TFA-induced cyclization of the terphengl
5,12-Bis(4-(dodecyloxy)phenyl)diben# h]anthracene (8). Com-
pound8 was prepared as described for compondising 3 as the
starting material. Speci@was isolated as a pale yellow solid in 99.4%
yield (mp 146-149°C). *H NMR (250 MHz, CDC}): 6 0.87 (t, 6H,
J=6.8 Hz), 1.1-1.5 (36H), 1.83 (m, 4H), 4.06 (t, 4H,= 6.5 Hz),

29.58, 31.91, 68.00, 87.73, 93.83, 114.40, 115.12, 112.57, 128.28,7.06 (d, 4H,J = 8.6 Hz), 7.52 (d, 4HJ = 8.6 Hz), 7.56 (t, 2H,) =
129.57,130.59, 132.32, 132.81, 133.34, 134.56, 139.81, 143.02, 159.147.9 Hz), 7.70 (t, 2HJ = 7.9 Hz), 7.88 (s, 2H), 7.97 (d, 2H, 8.1 Hz),

UV —vis (5-C4 (butoxy replaces dodecyloxy), CHEmax (¢, cmt
M~1) 364 (sh, 61200), 342 (63 900) nm. Luminescence spectrum
(CHCls) Amax (rel intensity): 372 (1), 390 (0.77) nm. HRMS (FAB):
found m/z854.6008 (M); calcd for G,H7zs0, m/z854.6002.

General Acid-Induced Cyclization Procedure. 5,12-Bis(4-(dode-
cyloxy)phenyl)-1,4,8,11-tetramethoxydibend,h]anthracene (6).In
a 100 mL Schlenk flask? (0.500 g, 0.544 mmol) was dissolved in 50
mL of CH.Cl,. To the solution was added trifluoroacetic acid (1.5
mL, 19.5 mmol) in one portion at room temperature. The solution
turned in color first to a light red, then to a yellow brown, and finally
to a deep green. After 45 midiH NMR indicated the reaction was
complete. The solution was washed with 10% NaHG@lution (3x
10 mL) and HO (2 x 15 mL) and dried (Ng5Qy). After removal of

8.91 (d, 2HJ = 8.3 Hz), 9.14 (s, 2H).23C NMR (62.9 MHz, CDC}):
014.1, 22.7, 26.2, 29.4, 29.7, 31.9, 68.2, 114.4, 122.0, 123.1, 126.6,
126.8, 127.1, 127.9, 129.0, 130.4, 130.6, 131.1, 131.7, 132.9, 138.5,
158.7. UV~vis (CHCh) Amax (€, cnm* M~%): 408 (1390), 366 (16 500),
350 (16 600), 314 (55 400), 304 (51 100) nm. Luminescence spectrum
(CHCIs) Amax (rel intensity): 412 (1), 436 (0.61) nm. HRMS (FAB):
found m/z799.5452 (M+ H); calcd for GgH710, m/z799.5454.
5,12-Bis(4-(dodecyloxy)phenyl)-3,10-dimethoxydibenajh]an-
thracene (9). Compound was prepared as described for compound
6, using compound as the starting material. Speci@svas isolated
as a yellow solid in 98.7% yield (mp 15154 °C). *H NMR (250
MHz, CDCk): 6 0.89 (t, 6H,J = 6.8 Hz), 1.1--1.5 (36H), 1.85 (m,
4H), 3.81 (s, 6H), 4.04 (t, 4H] = 6.40 Hz), 7.04 (d, 4H, 8.72 Hz),

the solvent under reduced pressure, the crude product was recrystallized.30 (dd, 2HJ = 8.94, 2.62 Hz), 7.37 (d, 2H} = 2.55 Hz), 7.50 (d,

from benzene. Compourtilwas obtained (0.498 g, 99.6%) as bright
yellow needles (mp 209211 °C). H NMR (250 MHz, CDC}): o
0.87 (t, 6H,J = 6.8 Hz), 1.3-1.5 (36H), 1.83 (m, 4H), 3.43 (s, 6H),
4.03 (t, 4H,J = 6.5 Hz), 4.13 (s, 6H), 6.94 (d, 4H,= 8.6 Hz), 7.03
(d, 2H,J = 8.8 Hz), 7.18 (d, 2HJ = 9.0 Hz), 7.34 (d, 4H,J) = 8.5
Hz), 7.78 (s, 2H), 10.10 (s, 2H)!3C NMR (25 MHz, CDC}): 6 14.0,

4H, J = 8.67 Hz), 7.81 (s, 2H), 8.77 (d, 2H,= 9.06), 8.95 (s, 2H).

3C NMR (62.9 MHz, CDCY): 6 14.13, 22.70, 26.13, 29.38, 29.48,
29.65, 31.92, 55.32, 68.12, 108.70, 114.39, 115.78, 121.19, 124.59,
124.70, 128.35, 128.52, 129.82, 130.90, 132.93, 132.98, 138.05, 158.37,
158.61. UV~vis (CHCk) Amax (¢, cmit M~1): 410 (2800), 370

(18 100), 322 (98 100), 286 (46 600) nm. Luminescence spectrum

22.7,26.2,29.3, 29.5, 29.6, 31.9, 56.5, 57.0, 68.4, 110.0, 111.1, 113.3,(CHCL) Amax (rel intensity): 414 (1), 438 (0.55) nm. HRMS (FAB):
122.8, 124.7, 128.0, 128.1, 129.1, 131.1, 132.7, 135.7, 138.9, 151.8,found m/z858.5596 (M); calcd for GoH7.0, m/z858.5587.

154.1, 157.5. UV-vis (CHCh) Amax (€, cm* M~1): 430 (14 400), 406
(12 100), 374 (24 000), 356 (24 600), 318 (55 600), 280 (37 500) nm.
Luminescence spectrum (CHEAmax (rel intensity): 438 (1), 462 (0.53)
nm. HRMS (FAB): foundm/z918.5841 (M); calcd for G;H7g06
m/z918.5798 (M). Anal. Calcd for GHzs0s: C, 81.01; H, 8.55.
Found: C, 80.66; H, 8.65.
5,12-Bis(4-(dodecyloxy)phenyl)-6,13-diiodo-1,4,8,11-tetramethox-
ydibenz[a,h]anthracene (7). To a 50 mL Schlenk tube wrapped with
aluminum foil to omit light and containing I(pyBF4 (0.250 g, 0.672
mmol) was added C¥Ll, (25 mL), followed by CESOsH (60uL, 6.78
x 1074 mmol). The solution was allowed to stir at room temperature
for 15 min before being cooled te40 °C. After this time,2 (0.300
g, 0.326 mmol) dissolved in Gi€l, (10 mL) was added in one portion.
The solution was allowed to warm from40 to —30 °C over 30 min
and then from—30 to 10°C over 1.5 h. To the solution were added
50 mL saturated aqueous thiosulfate solution and 50 mL of GHCI
The organic layer was washed with an additional portion of thiosulfate
(50 mL) and HO (2 x 50 mL) and dried (MgSg). After removal of

5,12-Bis(4-(dodecyloxy)phenyl)-1,4,8,11-tetramethyldibera]-
anthracene (10). CompoundlOwas prepared as described 6using
compoundb as the starting material. SpecE3was isolated as a bright
yellow solid in 98.2% yield (mp 186184 °C). 'H NMR (250 MHz,
CDCly): 6 0.89 (t, 6H,J = 6.83 Hz), 1.+1.6 (36H), 1.82 (m, 4H),
2.04 (s, 6H), 3.18 (s, 6H), 4.03 (t, 48,= 6.52 Hz), 6.96 (d, 4HJ) =
8.67 Hz), 7.25 (d, 2HJ = 7.50 Hz), 7.33 (d, 4HJ) = 8.56 Hz), 7.42
(d, 2H,J = 7.50 Hz), 7.69 (s, 2H), 9.06 (s, 2H}3C NMR (62.9 MHz,
CDCl): 0 14.15, 22.72, 25.16, 26.14, 26.70, 29.39, 29.48, 29.66, 30.33,
31.95, 68.14, 114.05, 125.53, 127.03, 129.42, 129.57, 130.07, 130.32,
130.89, 131.98, 132.12, 133.22, 133.87, 137.71, 138.43, 158.19: UV
vis (10-C4 (butoxy replaces docecyloxy), CHlmax (¢, cmmt M—1):
418 (2500), 378 (28 800), 364 (27 300), 310 (71 200) nm. Lumines-
cence spectrunlQ-C4 (butoxy replaces docecyloxy), CHE Rmax (rel
intensity): 426 (1), 448 (0.64) nm. HRMS (FAB): founz854.6031
(M™); caled for GoH7g0, m/z854.6002.

1,4-Bis(dibenzop,d]thiophen-4-yl)-2,5-bis((4-(dodecyloxy)-
phenyl)ethynyl)benzene (14). Compound14 was prepared as de-

solvent under reduced pressure, the crude solid was recrystallized fromscribed for compoun@, substituting 4-dibenzothiopheneboronic acid

THF/MeOH to afford7 (0.368 g, 96.3%) as a yellow solid (mp 232
233°C). H NMR (250 MHz, CDC}): 6 0.88 (t, 6H,J = 6.7 Hz),
1.1-1.5 (36 H), 1.84 (m, 4H), 3.29 (s, 6H), 4.04 (t, 4H= 6.6 Hz),
4.19 (s, 6H), 6.97 (d, 4H] = 8.5 Hz), 6.99 (d, 2HJ = 8.7), 7.12 (d,
4H,J = 8.5 Hz), 7.21 (d, 2H) = 8.7 Hz), 10.13 (s, 2H).13C NMR
(25 MHz, CDCE): d 14.0, 22.7, 26.2, 29.7, 31.9, 57.3, 57.5, 68.3,

for 2,5-(dimethoxy)phenylboronic acid. The crude product was crystal-
lized from CHCHEtOH. Compoundl4 was obtained as a colorless
solid in 86.3% yield (mp 168169°C). *H NMR (500 MHz, CDC}):

6 0.86 (t, 6H,J = 6.8 Hz), 1.2-1.42 (36H), 1.70 (m, 4H), 3.85 (t, 4H,

J = 6.60 Hz), 6.66 (d, 4HJ) = 8.79 Hz), 6.99 (d, 4HJ) = 8.81 Hz),
7.47 (m, 4H), 7.61 (t, 2H) = 7.66 Hz), 7.73 (dd, 2H) = 7.37, 1.03

111.4, 111.8, 113.4, 113.5, 122.5, 125.7, 128.7, 129.9, 132.2, 134.9,Hz), 7.84 (m, 2H), 7.98 (s, 2H), 8.23 (m, 4H}*C NMR (125 MHz,

142.6, 143.9, 151.1, 153.1, 157.8. BVis (CHCk) Amax (€, cnT 1 M™1):
436 (14 100), 410 (11 000), 380 (16 900), 362 (20 100), 328 (58 800),
284 (42 600) nm. Luminescence spectrum (CHlGhax (rel inten-

CDCls, partial): 0 14.10, 22.67, 25.95, 29.12, 29.33, 29.53, 29.56,
29.61, 31.90, 68.00, 87.25, 95.05, 114.37, 114.84, 120.93, 121.69,
122.63, 122.75, 124.29, 126.73, 128.32, 132.85, 133.06, 134.82, 135.84,
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135.93, 139.81, 141.70, 159.25. BVis (CHCE) Amax (€, cm M~):

Goldfinger et al.

2H, J = 8.60 Hz), 7.74 (d, 2H) = 8.66 Hz), 7.770 (s, 1H), 7.775 (s,

368 (52 900), 346 (56 500), 290 (37 900) nm. Luminescence spectrum 1H), 7.83 (d, 1HJ = 1.07 Hz), 8.57 (s, 1H), 8.76 (s, 1H). UWis

(CHCl3) Amax (rel intensity): 388 nm. HRMS (FAB): foundn/z
1010.5111 (M); calcd for GoH740.S; m/z1010.5130. Anal. Calcd
for CzoH740,S,: C, 83.12; H, 7.37. Found: C, 83.22; H, 7.53.
8,18-Bis(4-(dodecyloxy)phenyl)bis(dibenzb[d]thiophene)[4,3a,h]-
anthracene (15). To a solution of14 (0.205 g, 0.203 mmol) in 55
mL of CH.Cl, was added 1 mL of TFA. After 30 min, a bright yellow
product precipitated out of solution. Stirring was allowed to continue
for an additional 20 min. The solution was diluted with 50 mL of
CHCI;, and the organic layer washed with 5% NaOH X220 mL)
and HO. The solvent was dried (MgSJoand removed under reduced

(17/18, CHCk) Amax (¢, cmt M™3): 408 (10 700), 384 (18 700), 362

(24 600), 326 (142 000) nm. Luminescence spectrum (GHGh (rel

intensity): 426 nm. HRMS (FAB): founth/z838.4823 (M); calcd

for CseH700,S; (17/18) m/z838.4817. LRMS (FAB): 838 (100, 1),

670 (10, M" — CyzHzs), 460 (10). Anal. Calcd for §H70.S, (17/

18): C, 80.14; H, 8.41. Found: C, 79.68; H, 8.55.
6,13-Bis(4-butoxyphenyl)-1,4,8,11-tetramethyldibenzajh]an-

thracene (19). A 250 mL Schlenk flask was charged wih(butyloxy

replaces dodecyloxy) (0.300 g, 0.476 mmol), 1,2,3-trichloropropane

(150 mL), and difluoroacetic acid (15 mL). The mixture was subjected

pressure. The solid was crystallized from benzene to afford the product to three freeze pump-thaw cycles and was then heated at 1@Cfor

15as bright yellow needles (0.202 g, 98.5%) (m290°C). *H NMR
(500 MHz, CDC}): 6 0.88 (t, 6H,J = 6.8 Hz), 1.2-1.4 (m, 32H),
1.55 (quint, 4H,J = 7.73 Hz), 1.89 (quint, 4H) = 7.15 Hz), 4.11 (t,
4H, J = 6.45 Hz), 7.12 (d, 4HJ = 8.55 Hz), 7.54 (m, 4H), 7.60 (d,
4H, J = 8.54 Hz), 8.05 (m, 2H), 8.14 (d, 2H,= 8.62 Hz), 8.19 (s,
2H), 8.28 (m, 2H), 8.35 (d, 2H] = 8.66 Hz), 9.88 (s, 2H).**C NMR
(125 MHz, CBQCl4, 100°C): 6 13.74, 22.38, 25.98, 29.06, 29.23, 29.33,

12 h. The mixture was allowed to cool and was diluted with 150 mL
of CH.CI, before being washed with 5% NaOH 75 mL) and HO.

The organic layer was dried (MgQ)Qand the solvent was removed
under reduced pressure to provide a crude product which was purified
by silica gel chromatography (1:1 hexanes/toluene). Crystallization
from CHCHL/i-PrOH provided compound9 as a light yellow solid
(0.222 g, 74.0%).

29.39, 31.67, 68.51, 114.88, 120.00, 121.43, 122.10, 124.61, 124.67, Alternately, the cyclized compourid (butoxy replaces dodecyloxy)
126.07, 126.40, 126.60, 128.08, 128.76, 131.06, 131.30, 132.29, 133.36/may be exposed to identical conditions to provi@4>70% by NMR).

134.76, 134.91, 135.81, 139.32, 139.51, 158.92.—UM (CHCE) Amax
(e, cm M~1): 430 (18 000), 404 (21 400), 392 (28 000), 372 (24 400),

IH NMR (500 MHz, CDC}): & 1.07 (t, 6H,J = 7.40 Hz), 1.60 (m,
4H), 1.89 (quint, 4H), 2.71 (s, 6H), 2.81 (s, 6H), 4.11 (t, 4k 6.50),

340 (89 900), 324 (77 100), 260 (63 100) nm. Luminescence spectrum7.11 (d, 4H,J = 8.55 Hz), 7.33 (d, 2HJ = 7.48 Hz), 7.35 (d, 2HJ

(CHCI3) Amax (rel intensity): 438 (1), 462 (0.50) nm. HRMS (FAB):
foundm/z1010.5116 (M); calcd for GoH740,S, m/z1010.5130. Anal.
Calcd for GoH740,S,: C, 83.12; H, 7.37. Found: C, 83.41; H, 7.38.
2,5-Bis((4-(dodecyloxy)phenyl)ethynyl)-1,4-bis(5-methylthiophen-
2-yl)benzene (16).To a cooled (O°C) solution of 2-methylthiophene
(140 uL, 1.45 mmol) dissolved in 10 mL of THF was addeeBulLi
(0.67 mL, 1.75 M, 1.17 mmol). After 25 min, a solution of ZnCl
(0.507 g, 3.72 mmol) dissolved in 8 mL of THF was added to the
2-methyl-5-lithiothiophene solution. The mixture was allowed to stir
for 20 min and then was cannulated into a separate flask contalning
(0.25 g, 0.311 mmol) and (RR)PdCh (0.0087 g, 0.012 mmol). The
reaction was refluxed fo4 h and, after cooling to room temperature
(rt), carefully quenched with MeOH. The mixture was diluted with
diethyl ether (CH{ for shorter side chain derivatives), washed with
5% HCIl and HO, and dried (MgS@). The solvent was removed under

= 7.65 Hz), 7.57 (d, 4HJ) = 8.51 Hz), 7.85 (s, 2H), 9.31 (s, 2H)C
NMR (125 MHz, CDC}): 6 13.92, 19.33, 20.15, 26.51, 26.83, 31.43,
67.93, 114.52,124.02, 126.42, 127.86, 129.69, 129.88, 129.93, 130.39,
131.17, 131.62, 132.57, 133.18, 133.69, 138.42, 158.69.—\k/
(CHCl3) Amax (e, cmmt M~1): 410 (2230), 374 (20 600), 358 (20 600),
340 (17 300), 318 (72 200), 304 (77 300) nm. Luminescence spectrum
(CHCIs) Amax (rel intensity): 412 (1), 436 (0.60) nm. HRMS (FAB):
found m/z630.3494 (M); calcd for GeHaeO2 m/z630.3498.
1,5-Dibromo-2,4-diiodobenzene.Periodic acid (36.95 g, 0.162mol)
was allowed to dissolve in 150 mL of concentrategSB,. To the
colorless solution was slowly added Kl (80.75 g, 0.487 mol), and the
mixture was cooled to 0C. 1,3-Dibromobenzene (75 g, 0.318 mol)
was quickly added in one portion, and the reaction mixture was allowed
to stir for 30 min. The entire reaction was poured onto ice and filtered
(glass frit), and the crude product was crystallized two times from THF/

reduced pressure, and the product was purified by silica gel chroma-MeOH. 1,3-Dibromo-4,6-diiodobenzene was obtained as a colorless

tography (15:1 hexanes/THF eluent) to affdélas a yellow/orange
solid (0.254 g, 97.4%) (mp 160162°C). Specied6-C4was purified

by recrystallization from CHGIi-PrOH. Compound6. *H NMR (500
MHz, CDCL): 6 0.88 (t, 6H,J = 7.04 Hz), 1.24-1.47 (36H), 1.78

(m, 4H), 2.54 (app s, 6H), 3.96 (t, 4d=6.59 Hz), 6.77 (app dd, 2H,
J=3.60, 0.97 Hz), 6.87 (d, 4Hl = 8.71 Hz), 7.45 (d, 4HJ) = 8.70

Hz), 7.52 (d, 2H,J = 3.58 Hz), 7.75 (s, 2H).23C NMR (125 MHz,
CDCly): 6 14.10, 15.40, 22.68, 26.02, 29.19, 29.34, 29.38, 29.57, 29.59,

29.63, 31.92, 68.13, 88.17, 95.25, 114.63, 115.18, 120.15, 125.61,

126.85, 132.91, 133.14, 133.90, 138.80, 140.64, 159.47—\i&/(16-
C4 (butoxy replaces dodecyloxy), CH I max (¢, cmmt M~1): 358
(41 900), 326 (78 200) nm. Luminescence spectrafrC4 (butoxy
replaces dodecyloxy), CH@lAmax (rel intensity): 422 nm. HRMS
(FAB): foundm/z838.4802 (M); calcd for GeH700,S, m/z838.4817.
Anal. Calcd for GoH3s0,S, (16-C4, butoxy replaces dodecyloxy): C,
78.14; H, 6.23. Found: C, 78.51; H, 6.32.
4,10-Bis(4-(dodecyloxy)phenyl)-2,8-dimethylbisthien[2,3;h]an-
thracene (17) and 4,11-Bis(4-(dodecyloxy)phenyl)-2,8-dimethyl-
bisthien[2,3-a,h]anthracene (18). Compounds17 and 18 were
prepared using the standard TFA-induced cyclization conditions.
Chromatography on silica gel (4:3:1 hexanes/toluene/GHEbvided
a 6:5 mixture of the inseparable structural isomEF£18(82.5%). As
compoundl8is asymmetric, its proton resonances are easily discernible
from those of17. Compoundl7. *H NMR (500 MHz, CDC}): 6
0.88 (t, 6H,J = 7.07 Hz), 1.24-1.47 (36H), 1.84 (quint, 4H), 2.64 (d,
6H, J = 0.93 Hz), 4.04 (t, 4H,) = 6.56 Hz), 7.036 (d, 4H) = 8.76
Hz), 7.192 (d, 2HJ = 1.14 Hz), 7.58 (d, 4HJ = 8.62 Hz), 7.75 (s,
2H), 8.55 (s, 2H). Compounil8. H NMR (500 MHz, CDC}): &
0.88 (t, 6H,J = 7.07 Hz), 1.24-1.47 (36H), 1.84 (quint, 4H), 2.65 (d,
3H, 1.02 Hz), 2.70 (d, 3HJ = 0.89 Hz), 4.04 (t, 4H,) = 6.56 Hz),
7.042 (br d, 4HJ = 8.64 Hz), 7.199 (d, 1HJ = 1.25 Hz), 7.59 (d,

crystalline solid (155.04 g, 68.1%) (mp 16465 °C, lit.8° 166-167
°C). H NMR (250 MHz, CDC}): 6 7.81 (s, 1H), 8.26 (s, 1H)C
NMR (62.9 MHz, CDC}): 6 100.40, 130.47, 135.30, 149.46. HRMS
(CH, Cl, positive ion): foundn/z485.6635 (M); calcd for GH2Br2l»
m/z 485.6613. Anal. Calcd for gi,Bril,: C, 14.78; H, 0.41.
Found: C, 15.16; H, 0.53.

1,5-Dibromo-2,4-bis((4-(dodecyloxy)phenyl)ethynyl)benzene (20).
Compound20 was prepared in an analogous fashion to compdlind
only replacing 1,4 dibromo-2,5-diiodobenzene with 1,5-dibromo-2,4-
diiodobenzene. The compound was isolated by removing ca. three-
fourths of the reaction solvent under reduced pressure and diluting the
remaining solvent with benzene. The organics were washed with 5%
HCI, H,0, 5% NHOH, and HO before being dried (MgS{2 The
solvent was reduced to ca. one-third volume, and the crude product
was precipitated by the addition of MeOH/acetone. The solid was
filtered and recrystallized two times fromhexane. Compound0
was obtained as an off-white amorphous solid (88.3%) (mp-11P
°C). H NMR (250 MHz, CDC}): 6 0.89 (t, 6H,J = 6.8 Hz), 1.1+
1.5 (36H), 1.78 (m, 4H), 3.94 (t, 4H,= 6.25 Hz), 6.86 (d, 4HJ =
8.45 Hz), 7.48 (d, 4H)J = 8.37 Hz), 7.65 (s, 1H), 7.83 (s, 1H)}C
NMR (62.9 MHz, CDC}): 6 14.14,22.71, 26.01, 29.08, 29.39, 29.65,
31.93, 68.06, 85.53, 95.60, 114.23, 114.55, 124.50, 125.07, 133.20,
135.49, 135.93, 159.75. HRMS (GHKCI, positive ion): foundm/z
634.1090 (M); calcd for G4Hz602Br (side chains= -OCsH13) m/z
634.1082.

4',6'-Bis((4-(dodecyloxy)phenyl)ethynyl)[1,13',1"]terphenyl (21).
Compound21 was prepared in an analogous fashion to compdind
only replacing 2,5-dibromo-1,4-bis((4-(dodecyloxy)phenyl)ethynyl)-
benzenel) with 1,5-dibromo-2,4-bis((4-(dodecyloxy)phenyl)ethynyl)-
benzeneZ0). Purification by silica gel chromatography (15:1 hexanes/
THF) provided21 as an off-white solid in 80.9% yield (mp 658
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°C). IH NMR (500 MHz, CDCH): 6 0.91 (t, 6H,J = 7.12 Hz), 1.26-
1.47 (m, 36H), 1.78 (m, 4H), 3.95 (t, 48,= 6.54 Hz), 6.83 (d, 4H,
J = 8.74 Hz), 7.30 (d, 4H) = 8.74 Hz), 7.41 (t, 2H,) = 7.47 Hz),
7.48 (t, 4H,J = 7.72 Hz), 7.51 (s, 1H), 7.75 (d, 4H,= 7.18 Hz),
7.91 (s, 1H). 3C NMR (125 MHz, CDCY): ¢ 14.12, 22.68, 26.00,
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124.79, 126.45, 126.54, 126.91, 128.98, 131.14, 132.69, 133.15, 134.98,
135.05, 135.34, 138.02, 140.01, 141.33, 146.55, 158.96.—\ik/
(CHCl3) Amax (e, cmmt M~1): 432 (5070), 402 (18 400), 384 (26 400),
356 (57 600), 338 (48 900), 286 (106 000), 258 (72 000) nm. Lumi-
nescence spectrum (CHEMmax (rel intensity): 436 (1), 462 (0.63)

29.17, 29.35, 29.37, 29.57, 29.60, 29.63, 31.92, 68.06, 87.26, 93.11,nm (very low intensity). HRMS (FAB): foundn/z1094.1161 (M);

114.51, 115.20, 120.96, 127.66, 127.90, 129.30, 130.54, 132.82, 136.72calcd for GgHael20,S, (24-C6 m/z 1094.1184. Anal.

140.01, 142.88, 159.26. UWis (CHCk) Amax (¢, cmmt M7Y): 314
(74 400) nm. Luminescence spectrum (CkJ@hax (rel intensity): 388
nm. HRMS (FAB): foundm/z798.5395 (M); calcd for GgH7¢O2
m/z798.5376. Anal. Calcd for £gH-002: C, 87.17; H, 8.83. Found:
C, 87.45; H, 8.97.
5,9-Bis(4-(dodecyloxy)phenyl)dibenZ,jJanthracene (22). Com-
pound22 was prepared in an analogous fashion to compdijning
compound2l as the starting material. Purification by silica gel
chromatography (20:1 hexanes/THF) provid&is a yellow solid in
95.7% yield. *H NMR (500 MHz, CDC}): ¢ 0.90 (t, 6H,J = 7.05
Hz), 1.23-1.42 (32H), 1.48-1.54 (m, 4H), 1.821.88 (m, 4H), 4.05
(t, 4H,J = 6.56 Hz), 7.05 (d, 4HJ = 8.60 Hz), 7.50 (d, 4H) =
8.58), 7.58 (td, 2H,) = 7.60, 1.05 Hz), 7.75 (td, 2H] = 7.60, 1.05
Hz), 7.77 (s, 2H), 7.98 (dd, 2H,= 8.20, 1.00 Hz), 8.29 (s, 1H), 9.08
(d, 2H,J = 8.07 Hz), 10.06 (s, 1H)3C NMR (125 MHz, CDC}): o

Calcd for
CsgHasl 20,S; (24-C6): C, 63.62; H, 4.42. Found: C, 63.84; H, 4.96.
8,12-Bis(4-(dodecyloxy)phenyl)bis(dibenzb|d]thiophene)[4,3a:
3,4'-j]anthracene (25). Compound24 (0.110 g, 0.100 mmol) was
dissolved in 35 mL of THF and cooled t678 °C. To the solution
was addeds-BuLi (1.5 mL, 1.53 M, 0.98 mmol) resulting in the
formation of a deep green solution. After 4 min of stirring, the reaction
was quenched by the rapid addition of 3 mL of MeOH. The mixture
was diluted with 100 mL of CHGJ and the organic layer was washed
with 5% HCI (2 x 30 mL) and HO and dried (Ng5Qy) before removal
of the solvent in vacuo. The residue was purified by silica gel
chromatography (7:7:1 hexanes/toluene/Cii@ afford 25 as a bright
yellow solid (0.082 g, 96.8%) (mp 194195°C). 'H NMR (500 MHz,
CDCly): 6 0.91 (t, 6H,J = 7.05 Hz), 1.371.44 (m, 36H), 1.52 (quint,
4H,J = 6.75 Hz), 1.85 (quint, 4HJ = 8.02 Hz), 4.03 (t, 4HJ = 6.56
Hz), 7.02 (d, 4HJ = 8.57 Hz), 7.45 (d, 4HJ = 8.53 Hz), 7.52 (m,

14.11, 22.70, 26.14, 29.38, 29.46, 29.64, 29.69, 31.94, 68.16, 114.38,4H), 7.75 (s, 2H), 8.03 (m, 2H) overlapped with 8.04 (d, 2 8.58
116.08, 123.05, 126.62, 126.70, 127.21, 127.26, 127.30, 128.40, 130.78Hz), 8.25 (m, 2H), 8.285 (d, 2H),= 8.67 Hz), 8.290 (s, 1H), 11.01 (s,

131.05, 131.13, 131.70, 132.87, 138.76, 158.71.— UM (CHCk) Amax

(e, cm™t M™1): 400 (1270), 380 (2820), 350 (23 700), 318 (85 200),
266 (44 300) nm. Luminescence spectrum (CHlQhax (rel inten-
sity): 410 (1), 432 (0.69) nm. HRMS (FAB): founuh/z 798.5360
(M*); calcd for GgH700, m/z798.5376. Anal. Calcd for £gH700.:

C, 87.17; H, 8.83. Found: C, 87.18; H, 8.88.
1,5-Bis(dibenzop,d]thiophen-4-yl)-2,4-bis((4-(dodecyloxy)-
phenyl)ethynyl)benzene (23). Compound23 was prepared as de-
scribed for compoun@, substituting 4-dibenzothiopheneboronic acid

for 2,5-(dimethoxy)phenylboronic acid a@@for 1. The crude product
was crystallized once from THF/MeOH and once from acetone/GHCI
Compound23 was obtained as a colorless solid in 78.4% yield (mp
165-169°C). H NMR (500 MHz, CDC}): ¢ 0.87 (t, 6H,J = 7.01
Hz), 1.24-1.42 (m, 40H), 1.72 (quint, 4H] = 7.75 Hz), 3.87 (t, 4H,

J = 6.56 Hz), 6.70 (d, 4H) = 8.81 Hz), 7.03 (d, 4H) = 8.80 Hz),
7.43 (m, 4H), 7.58 (t, 2H) = 7.61 Hz), 7.73 (dd, 2H) = 7.40, 0.92
Hz), 7.80 (dd, 2HJ = 6.80, 2.32 Hz), 7.95 (s, 1H), 8.01, (s, 1H), 8.18
(m, 4H). 3C NMR (125 MHz, CDC}, partial): 4 13.98, 22.68, 25.97,

1H). 3C NMR (125 MHz, CDCY): ¢ 14.12, 22.71, 26.17, 29.39,
29.41, 29.50, 29.67, 29.72, 31.95, 68.16, 114.37, 119.94, 121.55, 121.88,
122.36, 124.57, 124.61, 126.59, 127.22, 127.45, 127.67, 127.84, 130.99,
131.14, 132.05, 133.23, 134.49, 135.09, 135.47, 139.58, 139.85, 158.72.
UV —vis (CHCE) Amax (¢, cmit M~1): 430 (4440), 380 (28 200), 350
(71 200), 334 (51 100), 296 (63 800), 280 (85 300), 266 (67 200) nm.
Luminescence spectrum (CH{Ckmax (rel intensity): 434 nm. HRMS
(FAB): foundm/z1010.5088 (M); calcd for GoH740.S, m/z1010.5130.
Anal. Calcd for GoH740.S;: C, 83.12; H, 7.37. Found: C, 83.24; H,
7.45.

2,4-Bis((4-(dodecyloxy)phenyl)ethynyl)-1,5-bis(5-methylthiophen-
2-yl)benzene (26). Compound26 was prepared as described i,
substituting the dibromid@0 for 1. The crude product was purified
by silica gel chromatography (6:1 hexanes/ethyl acetate) to agférd
as a yellow solid in 98.4% yield*H NMR (250 MHz, CDC}): &
0.86 (t, 6H,J = 6.8 Hz), 1.}+-1.5 (36H), 1.77 (m, 4H), 2.55 (app s,
6H), 3.96 (t, 4HJ = 6.53 Hz), 6.80 (dd, 2H] = 3.60, 0.89 Hz), 6.88
(d, 4H, 8.77 Hz), 7.47 (d, 4H] = 8.76 Hz), 7.58 (d, 2HJ = 3.59

29.13, 29.34, 29.57, 29.64, 31.91, 68.04, 86.66, 94.08, 114.42, 114.88Hz), 7.74 (s, 1H), 7.82 (s, 1H}*C NMR (62.9 MHz, CDC})): ¢ 14.12,
120.91, 121.64, 122.73, 122.96, 124.23, 126.68, 128.35, 130.02, 132.88,15.39, 22.68, 26.00, 29.17, 29.37, 29.62, 31.91, 68.02, 87.62, 94.61,

135.00, 135.78, 135.92, 136.32, 139.75, 139.79, 141.53, 159.2% UV
vis (CHCk) Amax (¢, cmt M™Y): 318 (73 800), 298 (58 400) nm.
Luminescence spectrum (CH{kmax (rel intensity): 394 nm. HRMS
(FAB): foundm/z842.3267 (M); calcd for GgHsgO,S, (23-C6) m/z
842.3252. Anal. Calcd for £§Hs00,S; (23-C6): C, 82.62; H, 5.98.
Found: C, 82.24; H, 6.04. Anal. Calcd fordl740,S,: C, 83.12; H,
7.37. Found: C, 83.30; H, 7.37.
8,12-Bis(4-(dodecyloxy)phenyl)-9,11-diiodobis(dibenzbld]-
thiophene)[4,3a:3',4'-j]anthracene (24). To a 50 mL Schlenk tube
containing  (0.40 g, 1.57 mmol) was added 14.56 mL of a Hg(TF#A)
CH.ClI; solution (0.03 M, 0.437 mmol) followed by 2,6-lutidine (50
uL, 0.429 mmol). The mixture was cooled tdG and allowed to stir
for 15 min before a solution a23 (0.16 g, 0.190 mmol) dissolved in
5 mL of CH,Cl, was added. After 20 min of stirring, maintaining the
temperature at OC, the reaction was quenched with 5% NaOH (15
mL). The mixture was diluted with CHglwashed with additional
5% NaOH (2x 30 mL), H,0, 5% HCI (2 x 30 mL), and HO, and

114.52,115.18, 118.59, 125.69, 127.05, 127.85, 132.79, 135.08, 138.50,

139.20, 140.88, 159.31. HRMS (FAB): foummd/z 838.4839 (M);

calcd for GgH700,S, m/z838.4817.
4,8-Bis(4-(dodecyloxy)phenyl)-2,10-dimethylbisthien[2,3:3',2' -

jlanthracene (27) and 4,7-Bis(4-(dodecyloxy)phenyl)-2,10-dimeth-

ylbisthien[2,3-a:3',2'-jJanthracene (28). Compound®7 and28 were

prepared using standard acid cyclization conditions. Silica gel chro-

matography (3:2 hexanes/toluene) provided a 6:1 mixture (69%) of the

inseparable structural isome2#28. Due to the small amount present

and the apparent overlap of several resonances 2vitithe structure

28 can only betentatively assigned. Compoun@7. *H NMR (250

MHz, CDCk): ¢ 0.86 (t, 6H,J = 6.8 Hz), 1.1-1.5 (36H), 1.83 (m,

4H), 2.67 (app s, 6H), 4.03 (t, 4Hd,= 6.55 Hz), 7.03 (d, 4H) = 8.60

Hz), 7.20 (d, 2HJ = 0.87 Hz), 7.57 (d, 4HJ = 8.57), 7.70 (s, 2H),

8.43 (s, 1H), 8.65 (s, 1H)13C NMR (125 MHz, CDC}): ¢ 16.18,

22.67, 26.09, 29.33, 29.41, 29.60, 31.90, 68.14, 114.50, 115.63, 123.29,

124.62, 126.87, 128.23, 129.43, 130.13, 133.27, 135.19, 136.38, 137.18,

dried (NaSQs), and the solvent was removed in vacuo. The crude 139.57, 158.74. UWvis (27/28, CHCk) Amax (¢, c* M) 416
product was chromatographed on silica gel (1:1 hexanes/toluene) to(6130), 392 (8800), 370 (8680), 328 (103 000). Luminescence spectrum

provide 24 as a bright yellow solid (0.192 g, 92.3%) (mp 26204
°C). H NMR (500 MHz, CDC}): 4 0.89 (t, 6H,J = 7.10 Hz), 1.24
1.44 (m, 36H), 1.54 (quint, 4H] = 7.72 Hz), 1.88 (quint, 4HJ) =
7.93 Hz), 4.10 (t, 4H,) = 6.53 Hz), 7.11 (d, 4H) = 8.64 Hz), 7.27
(d, 4H,J = 8.59 Hz), 7.50 (m, 4H), 7.66 (d, 2H,= 8.55 Hz), 7.94
(ddd, 2H,J = 7.35, 1.99, 0.94 Hz), 8.23 (d, 2H, 8.68 Hz) overlapping
with 8.23 (dd, 2HJ = 7.38, 2.05 Hz), 9.67 (s, 1H), 11.12 (s, 1HC
NMR (125 MHz, CDC}): 6 14.12, 22.71, 26.21, 29.38, 29.45, 29.51,

(27/28, CHCL) Amax (rel intensity): 426 (1), 452 (0.65) nm. HRMS
(FAB): found m/z838.4826 (M); calcd for GeH700.S; (27/28) m/z
838.4817.
2,4-Bis((4-(hexyloxy)phenyl)ethynyl)-1,5-bis(2;2ithiophene-5-
yl)benzene (29) and 1-Bromo-2,4-bis((4-(hexyloxy)phenyl)ethynyl)-
5-(2,2-bithiophene-5-yl)benzene (30).To a cooled 50 °C) solution
of 2,2-bithiophene (0.330 g, 1.98 mmol) dissolved in 10 mL of THF
was added n-BuLi (1.28 mL, 1.55 M, 1.98 mmol). After 20 min of

29.66, 31.94, 68.15, 107.14, 114.45, 120.73, 121.71, 122.16, 122.45,stirring, a solution of ZnGl (0.338 g, 2.48 mmol) in 10 mL of THF
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was added via cannula. The solution was allowed to warm to room 3.4 mol %) in a 200 mL Schlenk flask was evacuated and back-filled
temperature and stir for an additional 10 min before being transferred with argon. Toluene (100 mL) was added with vigorous stirring
to another flask containing 1,5-dibromo-2,4-bis((4-(hexyloxy)phenyl)- followed by diisopropylamine (4.5 mL, 32 mmol, 3.2 equiv). The
ethynyl)benzene (§side chain version d0) (1.25 g, 1.97 mmol) and mixture was allowed to stir for about 5 min during which time it became
(PhsP),PdCL (0.028 g, 0.040 mmol) predissolved in 10 mL of THF.  progressively more red. 4-(Butyloxy)phenylacetylene (4.20 g, 24 mmol,
The reaction was allowed to stir at rt for 14 h before being carefully 2.4 equiv) was added dropwise over a period of about 10 min. The
guenched with MeOH. The mixture was diluted with diethyl ether, reaction was heated at 7« for 24 h, cooled, and filtered through
washed with HO, and dried (MgSg), and the solvent was concentrated  silica gel using chloroform (300 mL). The solvent was removed under
under reduced pressure. The crude mixture was separated by colummeduced pressure, and the resulting black sludge was stirred with ether
chromatography using alumina as the stationary phase (12:1 hexanes(125 mL), filtered, and washed with ether to gi8é (4.879 g, 80%)
EtOAc) to provide two major fractions. The first fraction was further as a pale yellow powder which was essentially pure. An analytically
purified by performing a second column using the same conditions to pure sample was obtained by recrystallization from THF/MeOH (mp
afford compound30 as a yellow solid (0.49 g, 34.7%) (mp 97200 136-137°C). *HNMR (250 MHz, CDC}): 6 0.99 (t, 6H,J = 7.32

°C). The second fraction from the first column was further purified Hz), 1.50 (m, 4H), 1.79 (m, 4H), 2.51 (s, 6H), 3.99 (t, 4H+ 6.50

by performing a second column using alumina as the stationary phaseHz), 6.90 (d, 4HJ = 8.77 Hz), 7.51 (d, 4H) = 8.77 Hz). 13C NMR

(8:1 hexanes/EtOAc eluent). CompouR8@was isolated as a yellow (125 MHz, CDC#): 6 13.82, 19.21, 19.28, 31.23, 67.84, 87.44, 99.50,

solid (0.276 g, 17.4%) (mp 168L11°C). Compound9. H NMR 114.66, 114.78, 125.38, 126.54, 133.10, 138.59, 159.74. HRMS
(250 MHz, CDC¥): ¢ 0.89 (t, 6H,J = 6.30 Hz), 1.+-1.5 (12H), 1.75 (FAB): foundm/z606.0777 (M); calcd for G,H3,0,Br, m/z606.0768.

(m, 4H), 3.91 (t, 4HJ = 6.55 Hz), 6.84 (d, 4H) = 8.82 Hz), 6.99 1,2-Diiodo-3,6-bis((4-butoxyphenyl)ethynyl)-4,5-dimethylben-
(dd, 2H,J = 5.03, 3.66 Hz), 7.17 (m, 6H), 7.44 (d, 4Bi= 8.72 Hz), zene (34). A mixture of cuprous iodide (22.3 g, 117 mmol, 23 equiv),

7.62 (d, 2H,J = 3.87 Hz), 7.76 (s, 1H), 7.77 (s, 1H}3C NMR (62.9 potassium iodide (45 g, 270 mmol, 54 equiv), &4(3.03 g, 5 mmol)
MHz, CDClk): 6 14.04, 22.59, 25.68, 29.15, 31.57, 68.05, 87.59, 95.72, in a 500 mL Schlenk flask was evacuated and back-filled with argon.
114.58,115.00, 119.08, 123.71, 123.82, 124.50, 127.40, 127.76, 127.90DMF (200 mL) was added with vigorous stirring, and the mixture was
132.87, 134.32, 137.37, 138.04, 138.54, 140.14, 159.44 —\i/ heated to 145150 °C for 90 h. After cooling, a significant portion
(CHCl) Amax (e, cm™* M™Y. 366 (60300), 258 (31500) nm.  (150-170 mL) of the DMF was removed under reduced pressure, and
Luminescence spectrum (CHTAnax (rel intensity): 446 nm. HRMS the mixture was diluted with chloroform (500 mL) and filtered through
(FAB): foundm/z806.2367 (M); calcd for GoHae02S, m/z806.2381. silica gel, which was washed with more chloroform (500 mL). The
Anal. Calcd for GoHseO.Ss: C, 74.40; H, 5.74. Found: C,74.30;H, combined filtrate and washings were washed with concentrated

5.82. Compoun®0. 'H NMR (250 MHz, CDC}k): ¢ 0.88 (t, 6H,J ammonium hydroxide (4« 800 mL), and the solvent was removed
= 6.8 Hz), 1.1-1.5 (12H), 1.72 (m, 4H), 3.87 (t, 4H, = 6.50 Hz), under reduced pressure. The yellow black sludge was stirred with ether
6.81 (br d, 4HJ = 8.69 Hz), 6.96 (t, 1H) = 3.75 Hz), 7.13 (m, 3H), (125 mL), filtered, and washed successively with ether, water, and cold
7.42 (d, 2H,J = 8.38 Hz), 7.45 (d, 2H) = 8.28 Hz), 7.54 (d, 1H) acetone to give35 (2.96 g, 84%) as a pale yellow solid which was
=3.94 Hz), 7.65 (s, 1H), 7.76 (s, 1H}*C NMR (125 MHz, CDC}): essentially pure. A single recrystallization from THF/MeOH provided

0 14.00, 22.58, 25.68, 29.15, 31.56, 68.12, 86.20, 86.97, 95.42, 95.93,analytically pure compound (mp 17476 °C). 'H NMR (250 MHz,
114.58, 114.61, 114.70, 114.78, 119.54, 123.84, 123.89, 124.32, 124.70CDCl): 6 0.98 (t, 6H,J = 7.39 Hz), 1.50 (m, 4H), 1.79 (m, 4H), 2.53
124.75,127.94, 128.08, 131.41, 132.91, 133.23, 133.27, 135.30, 137.21(s, 6H), 3.99 (t, 4H,) = 6.53 Hz), 6.89 (d, 4H) = 8.79 Hz), 7.51 (d,
137.39, 138.63, 139.00, 159.65, 159.69. this (CHCE) Amax (€, cn? 4H, J = 8.71 Hz). 13C NMR (125 MHz, CDC})): ¢ 13.82, 19.21,
M~1): 380 (35 200), 328 (60 300), 262 (30 100) nm. Luminescence 20.00, 31.23, 67.84, 92.95, 98.06, 112.19, 114.66, 114.77, 130.62,
spectrum (CHG) Amax (rel intensity): 436 nm. HRMS (FAB): found ~ 132.96, 138.71, 159.75. HRMS (FAB): foumd/z 702.0403 (M);
m/z720.1748 (M); calcd for GoH10,BrS, m/z720.1731. calcd for GyH321,0, m/z702.0410.
4,8-Bis(4-(hexyloxy)phenyl)-2,10-bis(thiophen-2-yl)bisthien[2,3- 3',6'-Bis((4-butoxyphenyl)ethynyl)-4,5'-dimethyl[1,1":2",1"ter-
a:3',2-jJanthracene (31) and 4,7-Bis(4-(hexyloxy)phenyl)-2,10-bis- phenyl (35). A mixture of diiodide 34 (545 mg, 0.78 mmol),
(thiophen-2-yl)bisthien[2,3a:3',2-jJanthracene (32). A 200 mL phenylboronic acid (1.03 g, 8.4 mmol, 11 equiv), palladium bis-
Schlenk flask was charged wi#t® (0.100 g, 0.124 equiv) and 110 mL  (dibenzylideneacetone) (28 mg, 0.05 mmol, 6 mol %), potassium
of 1,2-dichloroethane. The solution was subjected to two freeze hydroxide powder (2.15 g, 38 mmol, 49 equiv), and triphenylphosphine
pump-thaw cycles before TFA (1.5 mL) was added and the solution (0.29 g, 1.1 mmol, 1.4 equiv) in a 200 mL Schlenk flask was evacuated
was heated to 63C. After 4 h, the reaction was allowed to coolto rt  and back-filled with argon. Nitrobenzene (40 mL) was added with
and was diluted with 50 mL of CH@l The organics were washed  vigorous stirring followed by water (12 mL). The reaction mixture
with 5% NaOH (2x 40 mL) and HO (40 mL), dried (NaSQy), and was purged with argon for about 30 min and then heated tCdor
concentrated in vacuo. Silica gel chromatography (1:1 hexanesgCHCI 16 h. After cooling, the reaction was diluted with ether (250 mL).

afforded a 6:1 mixture of the inseparable structural isorBé32 as a The organic layer was washed twi2 M potassium hydroxide (X

bright yellow solid (0.055 g, 55.0%). Due to the small amount present 100 mL) and 10% hydrochloric acid (2 100 mL) and filtered through

and the apparent overlap of resonances Biththe structure32 can silica gel which was washed with ether (150 mL). The solvents were
only be tentatively assigned. Compoungl. H NMR (500 MHz, removed under reduced pressure, and the brown sludge was dissolved

CDCls): 6 0.93 (t, 6H,J=7.08 Hz), 1.37 (m, 8H), 1.51 (m, 4H), 1.85 in chloroform (10 mL) and filtered to remove insolubles. The filtrate

(quint, 4H), 4.06 (t, 4H) = 6.54 Hz), 7.06 (d, 4H) = 8.67 Hz), 7.08 was diluted with methanol (300 mL), and the product precipitated. This

(dd, 2H,J = 5.03, 3.66 Hz), 7.29 (dd, 2H = 5.09, 1.10 Hz), 7.35 was filtered and washed with methanol. The filtrate and washings were

(dd, 2H,J = 3.55, 1.07 Hz), 7.58 (s, 2H), 7.59 (d, 4Bi= 8.61), 7.72 evaporated under reduced pressure. The brown solid was coated onto

(s, 2H), 8.42 (s, 1H), 8.72 (s, 1H):*C NMR (62.9 MHz, CDC}): o silica gel from methylene chloride, loaded onto a silica gel column,

14.10, 22.66, 25.81, 29.34, 31.66, 68.08, 114.49, 115.66, 120.97, 124.55and eluted with 60% hexane/40% toluene mixture. The solid was then

125.00, 126.29, 127.91, 128.17, 129.35, 129.67, 130.11, 132.76, 135.08dissolved in chloroform (1 mL), diluted with methanol (30 mL), filtered,

136.11, 136.30, 137.14, 137.60, 158.74. s (31/32, CHCL) Amax and washed with methanol. This ga86 (441 mg, 94%) as a pale

(e, cm1M~1): 440 (8120), 406 (28 200), 370 (93 000), 358 (92 800), yellow solid which was essentially pure (mp ¥4851°C). H NMR

340 (75 400), 322 (67 100) nm. Luminescence spectrum (HG« (250 MHz, CDC}): 6 0.95 (t, 6H,J = 7.42 Hz), 1.46 (m, 4H), 1.74

(rel intensity): 452 (1), 480 (0.70) nm. HRMS (FAB): foumd/z (m, 4H), 2.62 (s, 6H), 3.92 (t, 4H,= 6.57 Hz), 6.73 (d, 4H) = 8.75

806.2350 (M); calcd for GoHa602Ss (31/32) m/z806.2381. LRMS Hz), 7.00 (d, 4HJ = 8.78 Hz), 7.16 (s, 10H)*C NMR (125 MHz,

(FAB): 823 (10), 806 (100, M), 798 (10), 460. Anal. Calcd for CDCly): ¢ 13.82, 18.61, 19.19, 31.21, 67.72, 87.80, 98.40, 114.38,

CsoH160.Ss (31/32): C, 74.40; H, 5.74. Found: C, 74.12; H, 5.94. 115.55, 123.25, 126.20, 127.04, 130.81, 132.62, 137.09, 140.48, 141.23,
1,2-Dibromo-3,6-his((4-butoxyphenyl)ethynyl)-4,5-dimethylben- 159.04. HRMS (FAB): founan/z602.3193 (M); calcd for GuH420,

zene (33). A mixture of 3,4-dibromo-2,6-diiod@-xylene (5.171 g, m/z602.3185.

10.0 mmol, 1 equiv), bis(triphenylphosphino)palladium(ll) chloride (130 1,6-Bis(4-butoxyphenyl)-3,4-dimethyldibenzaf,g]phenanthrene

mg, 0.19 mmol, 19 mol %), and cuprous iodide (65 mg, 0.34 mmol, (37). To a solution of 120 mg 085 (0.2 mmol) in 50 mL of CHCI,
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contained in a flask wrapped in aluminium foil was added 140 mg of toluene/hexane solution. Careful chromatography on silica gel with

silver triflate (0.54 mmol). After 4 h, 0.6 g of iodine (2.4 mmol) was
added, and the reaction was allowed to stir for a further 8 h. The
reaction was quenched by addition of 10 mL ea€l2 ¢ KOH and
saturated NELCI solutions. The organic layer was dried (MggGnd

the solvent was removed in vacuo yielding 130 mg of a black solid.
Silica gel chromatography (65:35 hexanes/toluene) @a\as a bright
yellow solid (24 mg, 20%) (mp 186189°C). H NMR (CDCl;, 500
MHz): 6 8.43 (d, 2HJ = 8.5 Hz, H(1)), 8.08 (s, 2H, H(6)), 7.96 (dd,
2H,J = 7.7, 0.5 Hz, H(4)), 7.62 (d, 4H] = 8.5 Hz, OG=CHCH),
7.38 (dd,J = 7.1, 7.1 Hz, H(3)), 7.20 (dd, 2H,= 7.1, 7.1 Hz, H(2)),
7.10 (d, 4H,J = 8.5 Hz, OG=CH), 4.08 (t, 4H,J = 6.5 Hz, OCHy),
2.78 (s, 6H, G=CCHg), 1.88-1.82 (m, 4H, OC1,CH,), 1.59-1.51 (m,

4H, CH;CHy), 1.03 (t, 6H,J = 7.4 Hz, CHCH3). '3C NMR (CDCE,

125 MHz): § 158.72, 138.52, 133.28, 131.61, 131.20, 130.99, 130.61,

3:1 hexane/toluene gaas (5 mg, 40%) as a yellow solid (mp 267
209°C). H NMR (CDCl;, 500 MHz): ¢ 9.06 (d, 2H,J = 8.1 Hz),
8.33 (s, 2H), 8.25 (d, 2H] = 7.8 Hz), 7.94 (dd, 2HJ = 8, 8 Hz),
7.65 (d, 4HJ =9 Hz), 7.13 (d, 4HJ = 8.7 Hz), 4.12 (t, 4H) = 6.3
Hz), 3.05 (s, 6H), 1.961.83 (m, 4H), 1.621.50 (m, 4H), 0.86 (t,
6H,J = 7.7 Hz). HRMS (EIl): foundwz 600.3024 (M); calcd for
Cu4H49O, m/z 600.3028.
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130.55, 130.07, 125.92, 125.69, 124.90, 124.25, 122.6, 114.47, 67.86,

31.44,19.33,15.97, 13.89. HRMS (FAB): foumdz602.3178 (M);
calcd for G4H420, m/z602.3185.
4,11-Bis(4-butoxyphenyl)-1,2-dimethylbenzajhi]perylene (38).

Supporting Information Available: Synthetic procedures
and spectral data for the synthesis of 4-(dodecyloxy)pheny-
lacetylene including UV, emissiodH NMR, and 13C NMR

To a solution 0f37 (12.5 mg, 0.02 mmol, 1 equiv) in benzene (500 gpectra of most of the compounds reported (105 pages). See

mL) were added iodine (94 mg, 0.37 mmol, 18.5 equiv) and propylene any current masthead page for ordering and Internet access
oxide (2 mL, 28 mmol, 1400 equiv). The solution was irradiated j,structions.

through pyrex fo 2 h and then evaporated under reduced pressure.
The crude material was filtered through a plug of silica gel using a 1:1 JA9642673



