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Bis(oligophenyleneethynylene$)-4 were prepared as representative members of a new class of potential
nonlinear optical materials. The optical propertied 6# were examined for evidence of restricted rotation
of the aryl rings when compared to their single-strand precursors, which could potentially increase their
nonlinear response through more effective conjugation. The effect of altering the electron density of the
terminating functional group of these compounds on their properties was also investigated.

Introduction

Materials which possess high second- and third-order optical

susceptibilities ¥® and %) have the ability to alter the
properties of incident light and are required for potential

applications in the computing, imaging, and telecommunications

industriest Organic compounds have some of the highest known
%@ andy® reported and provide many advantages compared
to inorganic materials, including processability and the op-
portunity to fine-tune the properties of the material by functional
group manipulation.

While widely studied in their capacity to act as molecular
wires3#4 oligo(phenyleneethynylene)s (OPEs) have not been
extensively investigated for nonlinear optical (NLO) activity
relative to their double-bond analogues, oligo(phenylene-
vinylene)s (OPVs). When direct comparisons of OPEs and
OPVs have been reportédhe OPEs have decreased NLO
responses due to the less effective conjugéiietuced by the
negligible barrier to rotation of the aryl rings.

* Corresponding author. Tel:#-61-8-8303-5712. Fax:+61-8-8303-5348.
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As part of our studies into the optical properties of OPEs
and the effects of coplanarity of arylalkyne oligomers on
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CHART 1
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MeO COOMe COOMe COOMe
L= /\/ = \\_/\/ = \\_/( = A
COOMe COOMe COOMe
1 2
a: Ar = Ph; b: Ar = 4-NO,CgHy; c: Ar = 4-MeOCgHy; d: Ar = 4-BocNHCgH,; e: Ar = 2-thienyl;
f: Ar = 4-BrCgHy; g: Ar = 4-(TMSCH,CH,S)CgH..
N — N — 7N owe
_ \ /( _
MeO COOMe
D /A
\ /= N\ T = NOz
COOMe
3 4
SCHEME 1 SCHEME 2
Q | = 7 N _— 7 \_— 5 Pd(PPhy)Cl
= — ar Pd(PPhg)Cl, 6 + \_< \_< — "7 2a2e
MeO O + 1b-g COOMe COOMe cul
| COOMe Cul 7
5 b: Ar = 4-NO,CgHy; ¢: Ar = 4-MeOCgHy; d: Ar = 4-BocNHCgHy; e: 2-thienyl

b: Ar = 4-NO,CgH; ¢: Ar = 4-MeOCgHy; d: Ar = 4-BocNHCgH;

€ Ar = 2thieryl- 1 Ar = 4-BrCaHa: g AT & 4-(TMSCHsOHsS) et TABLE 2. Bis-coupling of Trimers to Anthracene &

trimer product Ar yield (%)
TABLE 1. Bis-coupling of Dimers to Anthracene 6 7b b 4-NO,CeHs 11
dimer product Ar yield (%) 7c 2c 4-MeOGH4 41

5bp 1b 4-NO,CeHq 29 ;g 222 g:ﬁ]?:r':'yTQH“ 2372

5c 1c 4-MeOGH4 41

5d 1d 4-BocNHGH4 73 21.0 equiv of6, 2.2 equiv7b—e, 0.1 equiv of Pd(PPCly, 0.1 equiv

5e le 2-thienyl 79 of Cul, EgN, DMF, 60°C, 18 h.

5f 1f 4-BrCeHa 80

59 1g 4-(TMSCH,CHS)GsHa4 55

reactions were performed at 8C to improve the solubility of
21.0 equiv of6, 2.2 equiv of5b—g, 0.1 equiv of Pd(PPfCl,, 0.1 equiv the intermediates; however, the isolated yields were much lower
of Cul, EsN, DMF, 20°C, 18 h.P Reaction performed at 6TC. than for the bis(dimers)a—e.
The nitro-substituted compoundlb and2b precipitated from
reported the synthesis of bis(OPEK) and 2a.%1% We now the reaction mixture and were only sparingly soluble in a few

discuss the preparation of more functionalized bis(ORIBs) solvents;2b was so insoluble that a satisfactoC NMR

g, 2b—e, and3, as well as the asymmetric bis(dimdrJChart spectrum could not be obtained, even at elevated temperatures.

1), and examine their spectroscopic properties. The other bis(OPEs) could only be completely separated from
small amounts €10%) of impurities by repeated chromatog-

Results and Discussion raphy. The impurities were identified as the corresponding 1,3-

butadiynes, formed by copper-catalyzed oxidative dimerization
The syntheses of the OPE fragments was reported previdusly. of the terminal alkynes as indicated by th&# NMR spectra.

Coupling of the dimer$sb—g to the anthracene templa6! In many cases, however, analytical samples were obtained by
proceeded in moderate to good yields under mild conditions judicious pooling of fractions. The exceptions were the Boc-
(Scheme 1, Table 1). The reaction of nitro dinsrrequired protected bis(OPEs)ld and 2d, whose solutions in several
warming to 60°C to promote the coupling of the second OPE solvents darkened considerably after just a few minutes at
unit as the monoadduct was almost completely insoluble in the moderate concentrations. NMR spectra of these compounds
reaction medium at room temperature. Similarly, trimédss-e revealed a mixture of components, some of which appeared to
were coupled t® (Scheme 2, Table 2), except that all of the have free amino groups. Decomposition of the NMR samples
was confirmed by TLC; however, the more dilute UV and
(9) Armitt, D. J.; Crisp, G. TTetrahedron2006 62, 1485. fluorescence solutions showed no evidence of degradation.
(10) Similar structures have been previously reported as candidates for  The cinnamateé8a and stilbene8b® were deprotected under

molecular tweezers and molecular electronic devices, in addition to those ; . ;
in ref 8. See: (a) Vgtle, F.; Koch, H.. Rissanen, KChem. Ber1992 the usual mild conditions (potassium carborateethanol) to

125 2129. (b) Maya, F.; Flatt, A. K.; Stewart, M. P.; Shen, D. E.; Tour, J.
M. Chem. Mater2004 16, 2987. (11) Lovell, J. M.; Joule, J. ASynth. Commuril997, 27, 1209.
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SCHEME 32

COOMe COOMe
8a (R = COOMe) 9a (R = COOMe) 10 (R = COOMe) 58%
8b (R = Ph) 9b (R = Ph) 3(R=Ph) 100%

aConditions: (a) KCOs, MeOH; (b) 6, Pd(PPB).Cl,, Cul.

SCHEME 42 TABLE 3. UV Absorption and Fluorescence Emission Data of
/\ /7 /1 OPEs and Bis(OPEs)
=X _ /) = _ /) O™me Aapd € denP  Stokes shift
a b ent compd (nm L-mol~t-cm™ nm nm
6 —~ MeO O COOMe L. ry pd (nm) ( ) (nm) (nmy
1 12a 330 43900 367 37
O | 2 12b 345 36000 459 114
3 12¢c 342 30300 405 63
1 4 12d 350 38400 416 66
5 12e 346 20100 394 48
aConditions: (ajc, Pd(PPB):Clz, Cul, 41%; (b)5b, Pd(PPB).Cly, Cul, 6 12f 333 37300 368 35
51%. 7 12g 348 32500 424 76
8 8b 327 14100 398 71
CHART 2 9 13a 351 60800 388 37
10 13b 362 64200 470 108
TMS—= — A TMS—= O = O = A 11 3¢ 361 55900 427 66
12 13d 365 55200 445 80
COOMe COOMe COOMe 13 13e 360 49000 416 56
12 13 14 la 331 51900 457 126
a: Ar = Ph, b: Ar = 4-NO;CgHg, ¢: Ar = 4-MeOCgHj, d: Ar = 4-BooNHCH, 15 1b 342 52200 460 118
e: Ar = 2-thienyl, f: Ar = 4-BrCqHy, g: Ar = 4-(TMSCH,CH,S)CgHs 16 1c 343 48700 461 118
17 1d 352 74000 424 72
. . 18 le 344 53800 461 117
give the terminal alkyneSa and9b, and these were coupled 19 i 323 63300 461 138
with the anthracené (Scheme 3). The resulting product® 20 1g 349 65600 432 83
and 3 possess elements common to both OPE and the related 21 2a 351 101900 465 115
oligo(phenylenevinylene) (OPV) classes of NLO materials. gg g'g ggg 1%2%88 ig gi
Usm_g a cor_nblnatlon (_)f OPE and OPV r_notlfs potentially allows 5, 2d 367 62500 456 89
for fine-tuning of desired NLO propertiés. 25 2 362 93300 465 103
An unsymmetrical bis(OPE) was also prepared (Scheme 4). 26 3 331 51100 455 124
The reaction o6 with 1.1 equiv of5c gave a statistical mixture 27 4 343 39200 460 118
28 11 356 30300 410 54

of unreacted, the desired monocoupled produkt, and the _ _
bis(dimer)1c, which were separated by flash chromatography. *Wavelength of lowest energy absorption for the OPE fragment in
Further coupling ofL1 to 5b afforded the mixed bis(dime), IS(OPEs).? Wavelength of highest energy emission maximéitkm — 4abs
which possesses both electron-rich and electron-poor OPEis remarkably little difference between the OPE region in the
chains. spectra of the bis(OPEs) and that of their precursors. They all
Unfortunately none of the compounds could be induced to have broad, almost featureless absorptions between 240 and 400
crystallize in a form suitable for X-ray analysii NMR spectra nm, with a maximum at ca. 345 nm, reflecting the conforma-
of the bis(OPEs) did not reveal any evidence of restricted tional flexibility of the OPE chains. The shapes of the absorption
rotation at room temperature; only one set of sharply defined spectra of12 and 13 display the single-sided exponential
signals was observed for each compound. broadening described for other OPEsbut this effect is
The UV absorption and fluorescence emission spectra of the somewhat obscured by the intense anthracene absorbance in the
bis(OPEs)la—g, 2a—e, 3, 4, and their trimethylsilyl-protected  bis(OPE) spectra.

precursors]2a—g and13a—e (Chart 2)? were recorded as dilute Substitution of the parent OPE with electron-donating or
THF solutions and are summarized in Table 3. Spectra of -withdrawing groups appears to have a minimal effect on the
selected compounds are shown in Figures 1 and 2. wavelength of maximum UV absorptions, although a change

The UV spectra ofl—4 all display characteristic peaks in peak shape occurs as the absorbance at380 nm becomes
emanating from the anthracene portion of the molecules, with more dominant over that at 363820 nm when strongly
a narrow, intense primary absorption at around 265 nm and aelectron-donating or -withdrawing groups are appended. The
series of less intense secondary bands from 360 to 440 nm, somerimeric substrates are red-shifted by-1Z0D nm in comparison
of which are obscured by the OPE absorption. Significantly, to their dimeric analogues as a result of increased conjugation
1-4 have negligible absorption at wavelengthl60 nm, length. Also noteworthy are the high extinction coefficients of
resulting in good optical transparency in the visible region. There the bis(trimers).

(12) Brizius, G.; Pschirer, N. G.; Steffen, W.; Stitzer, K.; zur Loye, H.- (13) Sluch, M. I.; Godt, A.; Bunz, U. H. F.; Berg, M. Al. Am. Chem.
C.; Bunz, U. H. FJ. Am. Chem. So200Q 122, 12435. Soc.200], 123 6447.
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FIGURE 1. (a) UV absorption and (b) normalized fluorescence emission spectra of selected dimers and bis(dimers).
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FIGURE 2. (a) UV absorption and (b) normalized fluorescence emission spectra of selected trimers and bis(trimers).

CHART 3
4 =< __S>—=—Ar
— COOMe
MeO
COOMe
\ =< __S>—=Ar
14 "syn" 15 "ant"

Restricting the rotational freedom of the arylalkyne groups
reduces the number of available energy levels and increases
effective conjugation; thus an increase in fine structure coupled
with a bathochromic shift was expected for the bis(OPE) relative
to the free dimer/trimer. The absence of these effects suggests
the OPE chains still have significant torsional mobilitylin4,
probably by flipping betweensyri- and “anti’-conformations,
e.g.,14 and15, and that this motion happens rapidly on an NMR FIGURE 3. UV absorption, normalized fluorescence emission, and
time scale (Chart 3). No concentration effect on the UV spectra excitation spectra of bis(OPEX.
of 1la and12awas observed.

There is a stronger dependence of the fluorescence emissiorall fall within a relatively narrow range (ca. 30 nm), regardless
maxima of 12 and 13 on their substituents. Both strongly of substituents and chain length. This may suggest that inter-
electron-donating (entries 3, 4, 7, and-112) and -withdrawing or intramolecular interactions between OPE chains are amplified
(entries 2 and 10) groups induce a red shift of~90 nm in in the excited states df—4. It is assumed that the fluorescence
comparison to the unsubstituted compounds (entries 1 and 9)of 1—4 arises through absorption of the OPE segments, as the
and those bearing substituents with less influence on electronicfluorescence excitation spectrum bé exhibited a maximum
structure (entry 6} By contrast, the maxima of the bis(OPES)  at 370 nm (Figure 3) when recorded at the emission maximum
of this compound. In addition, the emission maximum was

(14) Similar effects were reported for 2,7-bis(arylethynyl)-9,10-  jndependent of the excitation wavelength used. Generally, the
anthraquinones; see: Yang, J.; Dass, A.; Rawashdeh, A.-M. M.; Sotiriou- . ) . T
Leventis, C., Panzner, M. J.: Tyson, D. S.. Kinder, J. D.; Leventi€iém. fluorescence spectra of bis(OPES) displayed more vibronic fine
Mater. 2004 16, 3457. structure than both the UV spectra and the emission spectra of

N
220 260 300 340 380 420 460 500540 580
wavelength (nm)
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the dimers and trimers. This may be indicative of a more rigid mmol) and Cul (0.1 mmol) were added, and the mixture was stirred
and planar emitting state for the bis(OPES)® at room temperature under,Nor 18 h and then poured into
All compounds studied had moderately large Stokes shifts Saturated N&CI (40 mL). The resulting suspension was extracted
(35-138 nm), indicating a significant reordering of the sur- with a suitable splvent (3 30 mL), and the. combined extracts
rounding solvent molecules upon excitatidione explanation ~ Were washed with water (5 30 mL) and brine (30 mL), dried

for this is the existence of a charge-separated excited state suclﬁNaQSO“)’ filtered, and concentrated under vacuum.

16. with inoidal ch 9 té?ylg 19Th ter sid ' 1,8-Bis[3-(methoxycarbonyl)-4-(4-nitrophenylethynyl)phenyl-
as16, with some quinoidal charactet: € ester sijdearms ethynyl]-10-methoxyanthracene 1bA mixture of6 (0.20 g, 0.43
may also provide added stability for such an excited state when o) '5p (0.29 g, 0.96 mmol), and 1:2 §4—DMF (3 mL) was

the OPE chains are electron rich, as shown in resonance structurgegassed with a stream of,NCul (8 mg, 0.04 mmol) and

17. Pd(PPH),Cl, (31 mg, 0.04 mmol) were added, and the mixture
Interestingly, the emission maximum of the mono(ORE) was stirred at 60C under N for 18 h. After cooling, the mixture

was almost unchanged from the value for the parent dimer ~ was diluted with CHCI, (15 mL), and the precipitate was col-

but the addition of a second OPE chain induced a red-shift of lected by filtration, washed with Ci€l (10 mL), and dried to
ca. 60 nm. afford 1b (0.10 g, 29%) as an orange solid: mp +387°C dec;

Cs1H30N,OgNa requires 837.1849, found (M Na)t 837.183614
® ®0o° (600 MHz, pyridineds) 9.72 (1H, br s), 8.52 (2H, dJ 9.0), 8.44
R _Q___Q o (2H, d,J1.8), 8.10-8.12 (6H, m), 7.847.86 (2H, m), 7.75-7.78
o (4H, m), 7.64-7.67 (4H, m), 4.16 (3H, s), 3.97 (6H, )& (150
COOMe MHz, pyridineds) 165.8, 154.9, 148.0, 135.7, 135.6, 135.4, 134.6,
16 133.4,133.0,132.4,130.5, 126.3, 125.5, 125.0, 124.6, 123.6, 123.4,
121.8, 95.2, 95.1, 94.1, 91.9, 64.4, 53R« 2198, 1737, 1717,
R—— - ®:0Me COOMe 1594, 1512, 1350, 1248, 1078, 851 ¢mESI-MS m/z 837 (M +
— N\ —/ @ ™S | Na)™: UV Aas(log €) 441 (4.33), 417 (4.41), 393 (4.45), 342 (4.72),
o \ OMe _ 265 (4.79) nm; fluorescenckn, 460, 486 nm.
o] COOMe 1,8-Bis[3-(methoxycarbonyl)-4-(4-methoxyphenylethynyl)phen-
17 18 ylethynyl]-10-methoxyanthracene 1cThe general procedure was
. followed using6 (0.23 g, 0.49 mmol)5c (0.31 g, 1.08 mmol), Cul
Conclusions (9 mg, 0.05 mmol), and Pd(PRECI, (34 mg, 0.05 mmol). After
In summary, several members of a new class of potential extraction with CHCI,, flash chromatography of the residue (1:2
NLO materials, the bis(OPEs), were synthesized by double- acetone-hexane) affordedc (0.16 g, 41%) as a yellow solidR(
palladium-catalyzed cross-coupling reactions. Spectroscopic0-15, 41 CHCl—hexane). mp 8597 °C dec; GaHasO/Na
comparisons of the bis(OPES) with their silylated OPE precur- €quires 807.2359, found (M- Na)* 807.235204 (200 MHz,
sors did not reveal any evidence of restricted rotation of the CDCl) 9.36 (1H, br s), 8.34 (2H, dd 1.1, 8.8), 8.22 (2H, dd]

. 0.6, 1.8), 7.82 (2H, ddj 0.9, 7.0), 7.5+7.59 (4H, m), 7.45 (4H,
arylalkyne groups at room temperature. It may be. possible to m), 7.37 (2H, ddJ 0.4, 8.1), 6.73 (4H, m), 4.17 (3H, s), 3.92 (6H,
force coplanarity pf the OPE strands, however, either by the s), 3.79 (6H, s)dc (75 MHz) 165.9, 159.9, 134.3, 133.9, 133.6,
use of more substituted monomer units, e1§, or throughthe 1335 132.0,131.7, 131.1, 125.0, 124.5, 124.1, 123.5, 122.4, 121.3,
introduction of sidearms capable of hydrogen bonding. The 119.6, 115.3, 113.9, 96.8, 94.0, 90.1, 87.2, 63.7, 55.2, 52.2;
introduction of electron-donating and -withdrawing groups on 2206, 1729, 1605, 1514, 1288, 1250, 1184, 1071, 1035, 926, 839
the termini of the precursor OPEs resulted in an alteration of cm—1; ESI-MS m/z 807 (M + Na)"; UV Aas (log €) 439 (4.28),
relative intensities, but not the wavelengths, of their UV 414 (4.40), 390 (4.39), 343 (4.69), 320 (4.63), 267 (4.83) nm;
absorptions. In contrast, substituents had a marked influencefluorescencele, 461 nm.
on the wavelength of fluorescence emission of these compounds. . 1,8-Bis(3-[methoxycarbonyl]-4-[3-(methoxycarbonyl)-4-(4-
When two OPE chains are attached to an anthracene templaten|trophenylethynyl)phenylethynyl]phenylethynyl}-10-rr_1ethoxy-
the UV characteristics of the parent are retained but substituentamh'racene 2b.The procedure follb was followed usings (65

L . . N mg, 0.14 mmol),7b (0.14 g, 0.31 mmol), Cul (3 mg, 0.01 mmol),
effects are less S|gn|f|_c_ant in the_lr emission spec_tra,l qnd are moreyp g Pd(PPY.Cl, (10 mg, 0.01 mmol), except that the precipitated
unpredictable. In agdltlon, the b|s(OPEs) have S|gn|f|cant optical solid was rinsed with hexane (2 5 mL) to afford 2b (18 mg,
transparency, an important characteristic for potential NLO 119%) as an orange solid: mp 19200 °C dec; G;H4.N,O1sNa

materials?® requires 1153.2585, found (M Na)* 1153.2601y (600 MHz,
) ) pyridine-ds) 9.55 (1H, br s), 8.438.46 (4H, m), 8.26-:8.32 (4H,
Experimental Section m), 8.13 (2H, ddJ 1.8, 7.8), 8.03 (2H, dJ 7.8), 7.94 (2H, dd)

Sonogashira Coupling of Terminal Alkynes to 6.A mixture 1.2,7.2),7.827.86 (8H, m), 7.62 (2H, dd) 7.2, 9.0), 7.277.29
of 6 (1.0 mmol), alkyne (2.2 mmol), and 1:248—DMF (6 mL) (2H, m), 4.12 (3H, s), 3.99 (6H, s), 3.97 (6H, 8)ax 2198, 1737,
was degassed with a stream of. IRd(PPh), or Pd(PPh),Cl, (0.1 1591, 1520, 1342, 1243, 1073, 829 CMESI-MSm/z 1153 (M +
Na)*: UV daps(10g €) 430 (4.67), 407 (4.84), 373 (4.90), 264 (5.00)
(15) Guyard, L.; Dumas, C.; Miomandre, F.; Pansu, R.; Renautete nm; fluorescencden 471 nm.
R.; Audebert, PNew J. Chem2003 27, 1000. 1,8-Bis[3-(methoxycarbonyl)-4-E-(2-phenylethenyl)phenyl-
(16) Grummt, U.-W.; Pautzsch, T.; Birckner, E.; Sauerbrey, H.; Utterodt, ethynyl]-10-methoxyanthracene 3.The general procedure was

A.; Neugebauer, U.; Klemm, E. Phys. Org. Chen2004 17, 199. .
(17) Schulman, S. GFluorescence and Phosphorescence Spectros- followed using6 (66 mg, 0.14 mmol)9b (83 mg, 0.32 mmol),

copy: Physicochemical Principles and Practié&ergamon Press: Oxford, ~ Cul (3 mg, 0.01 mmol), and Pd(PB}Cl, (10 mg, 0.01 mmol).

1977. After extraction with CHCI,, flash chromatography of the residue
(18) Karabunarliev, S.; Baumgarten, M.;"Nan, K. J. Phys. Chem. A (1:1 CH,Cl,—hexane) afforde® (45 mg, 44%) as a yellow solid
200Q 104, 8236. R 0.11): mp 155167 °C dec; GiHacOsNa requires 751.2460,

- . - (
(19) These are similar to the butatrienic structures proposed for the excited + .
states of polydiacetylenes in: Kinusaga, J.; Shimada, S.; Matsuda, H.; found (M + Na)* 751.2469:0 (200 MHz, CDCH) 9.44 (1H, br

Nakanishi, H.; Kobayashi, TChem. Phys. Lett1998 80, 4068. s), 8.35 (2H, br dJ 8.8), 8.20 (2H, dJ 1.5), 7.99 (2H, dJ) 16.1),
(20) Zhao, Y.; Slepkov, A. D.; Akoto, C. O.; McDonald, R.; Hegmann, 7.83 (2H, ddJ 1.3, 7.0), 7.587.64 (4H, m), 7.53 (2H, dd] 7.0,
F. A Tykwinski, R. R.Chem. Eur. J2005 11, 321. 8.8), 7.38-7.48 (6H, m), 7.20 (4H, m), 7.01 (2H, d,16.4), 4.19
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(3H, s), 3.86 (6H, s)pc (50 MHz, CDC}) 167.0, 153.5, 139.0, 2207, 1731, 1672, 1606, 1514, 1304, 1288, 1249, 1175, 1076, 1032,
139.0, 137.0, 134.9, 133.9, 132.5, 132.1, 130.8, 128.7, 128.6, 128.0834 cn1}; EI-MS mVz 622 (M**), 607; UV Aaps(log €) 430 (4.10),
127.0,126.7,126.2, 125.0, 124.5, 123.4, 122.0, 121.5, 119.8, 94.3,406 (4.17), 356 (4.48), 265 (4.67) nm; fluorescengg 410, 437
89.2, 63.7, 52.2ymax 1721, 1440, 1243, 1188, 1072, 1036, 960 nm.

cm—1; EI-MS m/z 728 (M), 713, 626, 611; UVias (log €) 439 1-[3-(Methoxycarbonyl)-4-(4-methoxyphenylethynyl)phenyl-
(4.35), 414 (4.39), 391 (4.25), 331 (4.71), 267 (4.96) nm; ethynyl]-8-[3-(methoxycarbonyl)-4-(4-nitrophenylethynyl)-
fluorescencelem 455, 483 nm. phenylethynyl]-10-methoxyanthracene 4A mixture of 11 (65

1,8-Bif 3-[methoxycarbonyl]-4(E)-[2-(methoxycarbonyl)eth- mg, 0.10 mmol)5b (44 mg, 0.14 mmol), and 1:2 f—DMF (3

enyl]phenylethynyl} -10-methoxyanthracene 10The general pro- mL) was degassed with a stream of.\Cul (2 mg, 0.01 mmol)
cedure was followed using (94 mg, 0.20 mmol)9a(0.11 g, 0.45 and Pd(PP%).Cl, (7 mg, 0.01 mmol) were added, and the mixture
mmol), Cul (4 mg, 0.02 mmol), and Pd(PPICI, (14 mg, 0.02 was stirred at room temperature undes fidr 18 h. The mixture
mmol). After extraction with CHGI flash chromatography of the ~ was poured into saturated NEl (20 mL) and extracted with
residue (3:7 EtOAe hexane) afforded0 (81 mg, 58%) as a yellow CH.Cl, (3 x 15 mL). The combined extracts were washed with
solid (R 0.16, 1:2 EtOAe-hexane): mp 125140 °C dec; water (5x 15 mL) and brine (15 mL), dried (N8Q,), filtered,
Cy3H3.00Na requires 715.1944, found (M Na)t 715.1938;04 and concentrated under vacuum. Flash chromatography of the
(200 MHz, CDC}) 9.35 (1H, br s), 8.37 (2H, d 16.0), 8.35 (2H, residue (1:30:19 EtOAeCH,Cl,—hexane) afforded (41 mg, 51%)
dt, J 0.9, 8.8), 8.15 (2H, dJ 1.6), 7.82 (2H, ddJ 0.9, 7.0), 7.48 as an orange solid¥ 0.31): mp 187189°C; Cs,H33NOg requires
7.61 (6H, m), 6.26 (2H, d] 15.9), 4.17 (3H, s), 3.85 (6H, s), 3.83  799.2206, found (M*) 799.2213y (200 MHz, CDC}) 9.35 (1H,
(6H, s); 6c (50 MHz, CDC}) 166.7, 166.3, 153.6, 142.4, 135.7, brs), 8.36 (2H, app dq] 1.1, 8.6), 8.22 (2H, app dd, 1.3, 5.3),
134.9,133.8, 132.0, 131.1, 130.3, 127.7, 125.0, 124.6, 124.5, 123.7,7.93 (2H, m), 7.83 (2H, dtJ 0.9, 7.0), 7.49-7.60 (6H, m), 7.41
121.4,119.5, 107.9, 93.7, 90.4, 63.8, 52.5, 52,85 1723, 1320, (2H, m), 7.26 (2H, ddJ 0.6, 7.9), 6.75 (2H, m), 4.18 (3H, s), 3.93
1287, 1203, 1176, 1077 ctj EI-MS mVz692 (M**), 677; UV daps (3H, s), 3.91 (3H, s), 3.81 (3H, sPc (50 MHz, CDCE) 165.8,
(log €) 438 (4.09), 414 (4.13), 393 (3.97), 301 (4.57), 267 (4.83) 165.3,160.2, 153.6, 147.0, 134.6, 134.4, 133.8, 133.7, 133.6, 133.4,
nm; fluorescencé.mn 489, 687 nm. 132.4,132.1,131.8,131.1,131.0, 130.0, 125.1, 125.0, 124.6, 124.5,
1-lodo-8-[3-(methoxycarbonyl)-4-(4-methoxyphenylethynyl)- 124.1,123.9, 123.8, 123.6, 123.4, 122.4,121.3,121.1, 119.6, 115.1,
phenylethynyl]-10-methoxyanthracene 11A mixture of 6 (0.14 114.0,96.9,94.1, 93.9, 93.8, 93.1, 91.0, 90.1, 87.2, 63.8, 55.3, 52.4,
g, 0.30 mmol),5¢ (0.10 g, 0.33 mmol), and 1:2 §—DMF (3 52.2; vmax 2209, 1713, 1592, 1342, 1285, 1246, 1075, 831%m
mL) was degassed with a stream of. \Cul (3 mg, 0.02 mmol) LSIMS m/z800 (M**), 785; UV Aaps(log €) 440 (4.22), 415 (4.27),
and Pd(PP§),Cl; (11 mg, 0.02 mmol) were added, and the mixture 392 (4.19), 342 (4.59), 267 (4.69) nm; fluoresceigg405, 460,
was stirred at room temperature undes fdr 1 h. The solution 485 nm.
was poured into saturated NEI (20 mL) and extracted with .
CH.CI; (3 x 15 mL). The combined extracts were washed with Ackno_wledgment. We th?‘“" the Central Science Labpra—
water (5x 15 mL) and brine (15 mL), dried (NSO), filtered, tory, University (_)f Tasmania, and the Sc_hool o_f Chemistry,
and concentrated under vacuum. Flash chromatography of theMonash University, for mass spectrometric services. We also
residue (2:1 CHCl,—hexane, then 9:1) affordetdl (77 mg, 41%) gratefully acknovyledge the financial support of the Australian
as a yellow solid R 0.63, 4:1 CHCl,-hexane): mp 7283°C dec; Research Council.
Cs4H,3l04 requires 622.0641, found () 622.0648p (300 MHz,
CDCls) 9.15 (1H, br s), 8.46 (1H, ddl 0.6, 1.8), 8.32 (1H, dtJ
1.0, 6.9), 8.29 (1H, dtJ 1.1, 7.0), 8.15 (1H, dd) 1.0, 7.0), 7.84
(1H, dd,J 1.8, 8.0), 7.79 (1H, ddj 1.0, 7.0), 7.66 (1H, ddj 0.5,
8.1), 7.54 (2H, m), 7.50 (1H, dd, 6.9, 8.7), 7.20 (1H, dd] 7.1,
8.8), 6.91 (2H, m), 4.14 (3H, s), 4.00 (3H, s), 3.84 (3H,1%)ax JO052242T

Supporting Information Available: General experimental
details, characterization data for compoutids-g, 2d,e, and9a,b,
and reproductions of selectédl NMR spectra. This material is
available free of charge via the Internet at http://pubs.acs.org.
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