PAPER

1527

Copper-Mediated Simple and Efficient Synthesis of Tribenzohexa-
dehydro[12]annulene and Its Derivatives

Masahiko lyoda,* Siriwan Sirinintasak, Y oshihiro Nishiyama, Anusorn Vorasingha, Fatema Sultana, Kazumi Nakao,
Y oshiyuki Kuwatani, Haruo Matsuyama, Masato Y oshida, Y oshihiro Miyake

Department of Chemistry, Graduate School of Science, Tokyo Metropolitan University, Hachioji, Tokyo 192-0397, Japan

Fax +81(426)772525; E-mail: iyoda-masahiko@c.metro-u.ac.jp
Received 4 May 2004

This articleis dedicated to Professor Teruaki Mukaiyamafor his 77th birthday.

Abstract: A simple and efficient synthesis of tribenzohexadehy-
dro[12]annulene and its derivatives was carried out using coupling
reaction of acetylenes with iodoarenes in the presence of catalytic
amounts of Cul and PPh;, together with three equivalents of K,CO,
in DMF. This synthetic procedure was applied to the synthesis of a
large annulenoannulene derivative.
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There has been a considerable interest in cyclic pheny-
lacetylenes such as dehydroannulenes,' cyclynes,® and
phenylacetylene macrocycles,® because of their n-conju-
gation, all-carbon networks,*° formation of unusual metal
complexes,® self-association® and inclusion properties.’
Tribenzohexadehydro[12]annulene  (tribenzocyclyne)
(1a) isaunit structure of graphyne.* Since 1aisone of the
most useful cyclic acetylenes, avariety of synthetic meth-
ods for 1a have been developed. Annulene 1a can be pre-
pared by Stephens—Castro coupling of copper (2-
iodophenyl)acetylide,? palladium-catalyzed trimerization
of 4-(2-bromophenyl)-2-methylbutyn-2-ol,° palladium-
catalyzed co-cyclization of 1,2-diiodobenzene with acety-
lene,'° a combination of Wittig reaction and bromination/
dehydrobromination procedures! or recently reported
alkyne metathesis.'> However, the synthesis of 1a till re-
mains troublesome, especially for medium to large scale
reactions. Here we report a practical procedure for the
synthesis of 1a and related compounds.

Although the Sonogashira reaction of phenylacetylene
with bromo- or iodobenzene using Pd(PPhs),Cl, and Cul
in Et;N produces diphenylacetylene in a quantitative
yield,*® cyclotrimerization of (2-bromophenyl)acetylene
under similar conditionsaffordslain avery low yield due
to homo-coupling of (2-bromophenyl)acetylene as a pref-
erable reaction.** The cyclotrimerization of (2-iodophe-
nyl)acetylene under similar Sonogashira conditions also
formed only atrace amount of 1a. Thus, the homo-cou-
pling of acetylene units takes place more easily than the
normal Sonogashira coupling in the case of (2-bromophe-
nyl)- and (2-iodophenyl)acetylenes.
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A copper-catalyzed cross-coupling of phenylacetylene
with iodobenzene in an aprotic solvent such as DMF and
DMSO was reported to produce diphenylacetylene in a
quantitative yield.!® Since this reaction proceeds smoothly
to produce no homo-coupling product, we tried to apply
the cyclotrimerization of (2-iodophenyl)acetylene (3a)
and its derivatives with catalytic amounts of Cul and PAr,
(Ar =Ph or 2-furyl) in the presence of K,CO; asabasein
DMF. Although the reaction takes place at high tempera-
tures (160-165 °C), thedesired product 1a and related an-
nulenes 1b—d can be prepared in moderate to good yields
(Figure 1). Additionally, the annulenoannulene derivative
2c can be synthesized in a short pathway.
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Figurel The structures of the annulenes 1la—d and 2a,c

For the construction of the [12]annulene framework, the
cyclotrimerization of 3a—d was first investigated under
various conditions using Cul and PAr; (Schemel and
Table 1). The reaction of 3a with Cul (30-50 mol%) and
PPh; (30—-50 mol %) in DMF proceeded smoothly at 160—
165°C for 24 hoursto afford 1ain 54-55% yields (entries
1and 2). A similar reaction of 3ain DMSO, however, re-
sulted in the formation of a complex mixture of unidenti-
fied products (entry 3). As the ligand, tri(2-
furyl)phosphine can be employed for the cyclotrimeriza-
tionto give 1lain 41% yield (entry 4).
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Schemel Synthesisof 1-4

Although the reaction of phenylacetylene with iodoben-
zenein the presence of Cul (5 mol%) and PPh; (10 mol %)
proceeded smoothly at 120 °C to produce diphenylacety-
lene, 3a was recovered unchanged under similar condi-
tions. As other ligands, P(o-tolyl);, AsPh; and
Ph,PCH,CH,PPh, can be employed for the cyclotrimer-
ization of 3ato afford lainlower yields. Additionally, the
reaction of 3a with a stoichiometric amount of Cul and
PPh; (1 equivalent) also leads to 1ain 44% yield.

The cyclotrimerization of 3a can be applied for the prep-
aration of substituted tribenzohexadehydro[ 12]annulenes
1b—d. (2-lodoaryl)acetylenes 3b—d were prepared by the
Sonogashira reaction of the corresponding 1,2-diiodoare-
nes, followed by deprotection with K,CO; in methanol.
Asshown in Table 1, the reactions of 3b—d with Cul (30
mol%) and P(2-furyl); (30 mol%) in DMF at 160 °C for
24 hours produced 1b—d in 28%, 37% and 17% yields
(entries 5, 6 and 8). In the case of 3c, the reaction with 30
mol% of Cul and PPh; under similar conditions afforded
1cin 31% yield (entry 7). Although the copper-catalyzed
cyclotrimerization of 3b—d with PPh; yielded 1b—d, the
reaction with P(2-furyl); afforded 1b—d in better yields
(entries 5-8).

Tablel Cyclotrimerization of 3a—d with Cul and PAr;?

Entry 3 Cul Ligand (mol %) Solvent  Product

(mol%) (%)°

1 3a 30 PPh, (30) DMF  1a(55)
2 3a 50 PPh, (50) DMF  1a(54)
3 3a 30 PPh; (30) DMSO 1a(0)

4 3a 30 P(2-furyl); (30) DMF  1a(4)
5 3b 30 P(2-furyl);(30)  DMF  1b (28)
6 3 30 P(2-furyl); (30)  DMF  1c(37)
7 3 30 PPh, (30) DMF  1c(31)
8 3d 30 P(2-furyl); (30) DMF  1d(17)

aConditions: 160—-165 °C, 24 h.
b |solated yield.
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For the construction of the [12]annulene framework, we
next tried the [6+6] or [10+2] cyclization using the cop-
per-mediated cross-coupling strategy. As shown in
Scheme 2, the reaction of 7a with 1.5 equivalents of 1,2-
diethynylbenzene in the presence of Cul (30 mol%), PPh,
(30 mol%) and K,CO; (3 equivalents) in DMF at 160 °C
for 24 hours afforded 1la in 33% yield, whereas a similar
reaction of 8a with 1 equivalent of 1,2-diiodobenzene pro-
duced 1la in 51% yield. Since the annulenoannulene 2ais
an interesting target molecule,* the synthesis of 2a was
tried using our [10+2] coupling reaction. Thus, the cross-
coupling of 8a with 0.5 equivaents of 1,2,4,5-tetraiodo-
benzene was carried out using Cul and PPh; in DMF.
However, the reaction gave a complex mixture, and only
a trace amount of 2a was detected by MS analysis, pre-
sumably due to an extremely low solubility of 2a and its
precursors.
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Taking into account the low solubility of 2a, the synthesis
of 2c was attempted, because eight butyl groups may in-
crease the solubility of 2c enough to isolate a pure com-
pound. The precursor 8c was prepared starting from 4c.’
The Sonogashira reaction of 4c with trimethylsilylacety-
lene (TMSA), followed by deprotection yields 5¢c (two
steps, 80%). The cross-coupling of 5¢ with 4c in the pres-
ence of PdCl,(PPh;), and Cul in Et;N afforded 6¢ (93%).
The Sonogashira reaction of 6¢ with TMSA, followed by
deprotection produced the diethynyl precursor 8c in 64%

overall yield. The reaction of 8c with 1,2,4,5-tetraiodo-
benzene (0.5 equivalents) in the presence of Cul (1 equiv-

2a:R=H
2c:R="Bu

Scheme2 Synthesisof 1a, 2a and 2c
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alent) and PPh; (1 equivaent) in DMF at 160-165 °C for
24 hours produced the desired product 2cin 1% yield. The
annulenoannulene 2c is a stable yellow crystalline com-
pound and has a moderate solubility in CH,Cl,, THF and

CS,.
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Figure2 Electronic (a) and fluorescence spectra(b) of 2cin CH,Cl,

Interestingly, 2c shows an intense fluorescence at 495,
535 and 555 nm (Figure 2) with alarge Storks shift of 190
nm, reflecting the tribenzohexadehydro[12]annulene
structure. The fluorescence quantum yield (® = 0.21) of
2cisfairly large. Additionally, 2c forms a 2:1 silver com-
plex with AgBF, at equilibrium (Figure 3), although we
assume a partial formation of the 2:1 complex after mix-
ing 2c and AgBF,. The formation of the (2c),-AgBF,
complex was confirmed by TOF-MS and *H NMR analy-
sis.!8

Figure3 Thesilver complex (2c),-AgBF,

'H and *3C NMR spectrawere recorded on JEOL LA-500 and JEOL
LA-400 instruments. Spectra are reported (in 8) referenced to
Me,Si. Mass spectra were recorded on JEOL IMS-AX 500 and
KRATOS AXIMA-CFR instruments. Only the more intense or
structurally diagnostic mass spectral fragment ion peaks are report-
ed. High-Resolution MS was determined on JEOL JMS-SX102A
instrument. Electronic spectra were recorded on a SHIMADZU
UV-VIS-NIR scanning spectrophotometer (Model UV-3101-PC).
Melting points were determined with aRigaku DSC8230L differen-
tial scanning cal orimetry apparatus and a'Y anaco MP-500D melting
point apparatus. Elemental analyses were performed in the mi-
croanalysis laboratory of Tokyo Metropolitan University. Column
chromatography was carried out with use of EM reagents silica gel

60, 70—230 mesh ASTM, Daiso silicagel 1001W, or neutral alumi-
na activity 11111, 70-230 mesh ASTM. All solvents were dried by
conventional procedures and distilled before use. 1,2-Diiodo-4,5-
dimethylbenzene,'® 4,5-dibutyl-1,2-diiodo-benzene,® 1,2-diiodo-
4,5-dimethoxybenzene® and (2-iodophenyl)-acetylene®? were
prepared according to literature procedures.

(2-1odoaryl)acetylenes 3; General Procedure

Toa50 mL two-necked flask equipped with an argon balloon, 1,2-
diiodoarene (10 mmol), trimethylsilylacetylene (1.17 g, 12 mmol),
Et;N (20 mL), Cul (38 mg, 0.2 mmol) and PdCl,(PPhs), (70 mg, 0.1
mmol) were added. The reaction mixture was stirred for 6-15 h at
r.t. The solvent was removed under reduced pressure. The residue
was passed through a short column of Al,O; and eluted with hex-
ane—CH,Cl, to give the crude product which was purified by col-
umn chromatography on silica gel (hexane—-CH,Cl,) to afford 1-
iodo-2-trimethylsilylethynylarene.

To a solution of 1-iodo-2-trimethylsilylethynylarene (5 mmol) in
MeOH (20 mL) was added K,CO; (69 mg, 0.5 mmoal), and the mix-
ture was stirred for 1-5 h at r.t. The mixture was poured into H,O
and extracted with Et,O. The organic phase waswashed with sat. aq
NH,CI solution, and dried over MgSO,. After removal of thedrying
reagent, the solvent was evaporated under reduced pressure to give
a residue which was passed through a silica gel column (hexane—
CH,CI,) to afford 3.

1-Ethynyl-2-iodo-4,5-dimethylbenzene (3b)
Colorless crystals; yield: 43%; mp 71.5-72 °C.

IH NMR (CDCl,): §=2.18(s, 3H), 2.21 (s, 3H), 3.31 (s, 1L H), 7.27
(s, 1H),7.60 (s, 1 H).

13C NMR (CDCly): § = 19.17, 19.31, 79.78, 85.25, 96.60, 125.83,
134.29, 136.68, 139.40, 139.65.

MS (El): miz (%) = 256 (100, M*), 129 (30), 128 (53).
HRMS-FAB: mvz calcd for CqH ol : 255.9749; found: 255.9750.

1,2-Dibutyl-4-ethynyl-5-iodobenzene (3c)

Colorless ail; yield: 51%.

H NMR (CDCl,): = 0.92-0.96 (m, 6 H), 1.35-1.40 (m, 4 H),
1.49-1.55(m, 4 H), 2.50-2.55 (m, 4 H), 3.31 (s, 1 H), 7.28 (s, 1 H),
7.59 (s, 1 H).

13C NMR (CDCly): & = 13.93, 22.62, 22.68, 31.71, 31.89, 32.94,
33.02, 79.67, 85.39, 96.78, 125.75, 134.02, 139.06, 140.71, 143.73.
MS (El): mz (%) = 340 (81, M*), 255 (100), 170 (20).
HRMS-FAB: mvz calcd for CygH,,|: 340.0688; found: 340.0688.

1-Ethynyl-2-iodo-4,5-dimethoxybenzene (3d)
Colorless crystals; yield: 40%; mp 107.4-107.6 °C.

IH NMR (CDCl,): 5 =3.31(s, 1 H), 3.86 (s, 3H), 3.88 (s, 3H), 6.99
(s, 1H),7.21 (s, 1 H).

13C NMR (CDCly): § = 55.97, 56.16, 79.29, 85.30, 89.64, 115.41,
120.79, 120.88, 148.85, 150.01.

MS (El): m/z (%) = 288 (100, M*), 273 (19), 118 (49).
HRMS-FAB: m/z calcd for CgHgl O,: 287.9647; found: 287.9646.

Cyclotrimerization of 3; General Procedure (Table 1)

To asolution of (2-iodoaryl)acetylene 3 (1.5 mmaol) and PPh; (118
mg, 0.45 mmol) or P(2-furyl); (104.5 mg, 0.45 mmol) in DMF (5
mL) were added Cul (86 mg, 0.45 mmol) and K,CO; (622 mg, 4.5
mmol). The mixture was heated with stirring for 24 hin an oil bath
at 160 °C under argon atmosphere. The mixture was poured into
H,0O and extracted with toluene. The combined organic phase was
washed with sat. ag NH,CI solution, and dried over MgSO,. The
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drying reagent was removed by filtration, and the solvent was evap-
orated under reduced pressure. The residue was passed through a
short column on Al,O; and eluted with hexane—CH,Cl, to give the
crude product which was purified by column chromatography on
silicagel (hexane-CH,Cl,, 10:1 to 5:1) to afford 1 together with a
small amount of acyclic tetramer (tetrabenzooctadehydro[ 16]annu-
lene or its derivatives).

Hexadehydrotribenzo[12]annulene (1a)%*2
Yellow plates; yield: 55%; mp 208.5-210 °C.

IH NMR (CDCly): 8 = 7.19 (m, 6 H), 7.39 (m, 6 H).
13C NMR (CDCl,): § = 92.99, 126.35, 128.39, 132.10.

Hexamethylhexadehydrotribenzo[12]annulene (1b)1%*?
Yellow crystals; yield: 28%; mp ca. 340 °C (dec.).

'H NMR (CD,Cl,): § =2.21 (s, 18 H), 7.10 (s, 6 H).

13C NMR (CD,Cl,): § = 19.70, 92.42, 124.29, 133.15, 138.22.
MS (El): miz (%) = 384 (100, M*), 192 (14).

HRMS (El): m/z calcd for CyoH,,: 384.1878; found: 384.1832.

Hexabutylhexadehydr otribenzo[12]annulene (1c)
Yellow crystals; yield: 37%; mp 153—-154.5 °C.

IH NMR (CDCly): 8 = 0.95 (t, J = 7.3 Hz, 18 H), 1.37-1.41 (m, 12
H), 1.51-1.57 (m, 12 H), 252 (t, J = 7.9 Hz, 12 H), 7.11 (s, 6 H).

13C NMR (CDCly): § = 14.00, 22.74, 32.05, 32.89, 92.18, 124.08,
132.33, 141.18.

MS (El): vz (%) = 636 (100, M*), 551 (17), 318 (13).
HRMS-FAB: mvz calcd for CgHgo: 636.4695; found: 636.4687.

Hexamethoxyhexadehydr otribenzo[12]annulene (1d)*?
Yellow crystals; yield: 17%; mp > 250 °C.

!H NMR (CDCl,): 5 = 3.87 (s, 18 H), 6.74 (s, 6 H).

13C NMR (CD,Cl,): § = 55.89, 91.91, 113.78, 119.81, 149.06.

MS (El): m/z (%) = 480 (100, M*), 335 (13), 281 (5).
HRMS-FAB: m/z calcd for CyoH,,O4: 480.1573; found: 480.1573.

Coupling of 7awith 1,2-Diethynylbenzene

To amixture of Cul (63 mg, 0.33 mmol), PPh; (87 mg, 0.33 mmol)
and K,CO; (414 mg, 3 mmol) in DMF (10 mL) was added 7a2® (430
mg, 1 mmol) and 1,2-diethynylbenzene (189 mg, 1.5 mmol) under
argon. The mixture was stirred for 24 h at 160 °C. The mixture was
poured into H,O and extracted with Et,0. The organic phase was
washed with sat. aq NH,Cl solution, and dried over MgSO,. After
removal of the solvent, 1a was isolated by silica gel column chro-
matography (99 mg, 33%).

Coupling of 8awith 1,2-Diiodobenzene

In asimilar manner to the reaction of 7awith 1,2-diethynylbenzene,
the reaction of 8a (226 mg, 1 mmol), 1,2-diiodobenzene (330 mg, 1
mmoal), Cul (63 mg, 0.33 mmol), PPh; (87 mg, 0.33 mmol) and
K,CO; (414 mg, 3 mmol) in DMF (10 mL) afforded 1a (153 mg,
51%).

1-Bromo-4,5-dibutyl-2-ethynylbenzene (5c)

To a 20 mL-flask, 1-bromo-2-iodo-4,5-dibutylbenzene (2.53 g, 6.4
mmoal), trimethylsilylacetylene (1.0 mL, 7.09 mmoal), Et;N (12 mL),
Cul (121.7 mg, 0.64 mmol) and PdCl,(PPhs), (453.3 mg, 0.64
mmol) were added. The reaction mixture was stirred overnight at
r.t. under argon. The mixturewas poured into sat. ag NH,Cl solution
(20 mL) and extracted with Et,O (3 x 20mL). The combined organ-
ic phase was washed with sat. aq NaCl solution (20 mL) and dried
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over MgSO,. After filtration, solvent was removed under reduced
pressure, and the residue was separated by column chromatography
on silicagel (hexane) to afford 1-bromo-4,5-dibutyl-2-trimethylsi-
lylethynyl benzene (2.26 g, 96%).

To a 20 mL-flask, 1-bromo-4,5-dibutyl-2-trimethylsilylethynyl
benzene (2.26 g, 6.2 mmal), K,CO; (857.5 mg, 6.2 mmol) and
MeOH (15 mL) were added. The mixture was stirred for 30 min at
r.t. The mixture was poured into sat. ag NaCl solution (25 mL) and
extracted with Et,O (3 x 20 mL). The combined organic phase was
dried over MgSO,. After filtration, solvent was evaporated, and the
residue was separated by column chromatography on Al,O; (hex-
ane) to afford 5¢ (1.59 g, 88%) asayellow oil.

IH NMR (CDCl.): & = 0.92-0.96 (m, 6 H), 1.37-1.41 (m, 4 H),
1.51-1.54 (m, 4 H), 2.51-2.57 (m, 4H), 3.30 (s, 1 H), 7.30 (s, 1 H),
7.34(s, 1 H).

13C NMR (CDCly): § = 13.94, 22.64, 22.68, 31.64, 32.09, 32.97,
32.99, 80.43, 82.27, 121.16, 122.20, 132.69, 134.58, 139.88,
143.73.

Bis(2-bromo-4,5-dibutylphenyl)acetylene (6¢)

To a 10 mL-flask were added 1-bromo-4,5-dibutyl-2-ethylnyl ben-
zene (1.44 g, 4.9 mmol), 1-bromo-2-iodo-4,5-dibutylbenzene (1.94
0, 49 mmol), Et;N (8.8 mL), Cul (934 mg, 0.49 mmol) and
PdCI,(PPhy), (346.8 mg, 0.49 mmol). The mixture was stirred over-
night at r.t. The mixture was poured into sat. aq NH,Cl solution (20
mL) and extracted with Et,O (3 x 20 mL). The combined organic
phase was washed with sat. ag NaCl solution (20 mL) and dried
over MgSO,. After filtration, solvent was evaporated, and the resi-
due was passed through a short Al,O; column and eluted (hexane—
benzene, 9:1). The crude product was purified by column chroma
tography on silica gel (hexane—benzene, 9:1) to give 6¢ (2.56 g,
93%).

IH NMR (CDCl,): §=0.95(2t,J = 7.3Hz, 2x 6 H), 1.36-1.43 (m,
8H), 1.51-1.58 (m, 8H), 2.53-2.59 (m, 8 H), 7.36 (s, 2H), 7.37 (S,
2 H).

13C NMR (CDCly): § = 13.96, 22.69, 22.70, 31.75, 32.12, 33.03,
33.11, 91.44, 122.21, 122.32, 132.74, 134.00, 139.81, 143.17.

MS (E1): mz (%) = 562 (52, M* + 4), 560 (100, M* + 2), 558 (51,
M*), 477 (21), 475 (40), 473 (20).

HRMS-FAB: m/z calcd for CyyH,0Br,: 558.1497; found: 558.1490.

Bis(2-ethynyl-4,5-butylphenyl)acetylene (8c)
Bis(2-bromo-3,4-dibutyl phenyl)acetylene (6c, 2.51 g, 4.48 mmol),
trimethylsilylacetylene (2.5 mL, 17.7 mmol), PPh; (117.6 mg, 0.49
mmol), Cul (42.7 mg, 0.22 mmol), PdCI,(PPh), (158.8 mg, 0.23
mmol) and piperidine (20 mL) were placed in a 50 mL-flask. The
mixture was evacuated with argon and stirred overnight at 80 °C.
The mixture was poured into sat. ag. NH,Cl solution (25 mL) and
extracted with Et,0O (3 x 20 mL). The combined organic phase was
washed with sat. aq NaCl solution (20 mL) and dried over MgSO,.
After filtration, solvent was evaporated, and the residue was sepa-
rated by column chromatography on silica gel (hexane—benzene,
4:1) to afford bis(2-trimetylsilylethynyl-4,5-dibutylphenyl)acety-
lene (2.07 g, 78%) as aviscous ail.

To asolution of bis(2-trimetylsilylethynyl-4,5-dibutyl phenyl)acet-
ylene (1.47 g, 2.47 mmol) in THF (10 mL) and MeOH (10 mL) was
added K,CO;4 (341.5 mg, 2.47 mmol) under argon. The mixture was
stirred for 1 h at r.t. The mixture was poured into sat. aq NaCl solu-
tion (25 mL) and extracted with Et,O (3 x 20 mL). The combined
organic phase was dried over MgSO,. The solvent was removed un-
der reduced pressure, and the residue was separated by column
chromatography on Al,O; (hexane—benzene, 4:1) to afford 8c (916
mg, 82%) as aviscous oil.
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IH NMR (CDCl,): 8 = 0.951 (t, = 7.3 Hz, 6 H), 0.954 (t, J= 7.3
Hz, 6 H), 1.37-1.42 (m, 8 H), 1.52—1.59 (m, 8 H), 2.56-2.60 (M, 8
H), 3.26 (s, 2 H), 7.31 (s, 2 H), 7.35 (s, 2 H).

13C NMR (CDCly): § = 13.98, 22.70, 22.72, 32.06, 32.12, 33.01,
33.03, 79.99, 82.64, 91.00, 121.52, 123.60, 132.84, 133.20, 141.11,
141.64.

MS (El): m/z (%) = 450 (100, M*), 365 (25), 293 (6).
HRMS-FAB: m/zcalcd for Cy,H,,: 450.3287; found: 450.3291.

Annulenoannulene 2c

To a mixture of 1,2,4,5-tetraiodobenzene (227 mg, 0.39 mmol),
K,CO; (324 mg, 2.34 mmol), Cul (148 mg, 0.78 mmol) and PPh,
(614 mg, 2.34 mmol) was added a solution of 8c (352 mg, 0.78
mmol) in DMF (2 mL) under argon. The mixture was stirred for 20
hat 160 °C. The mixture was poured into sat. aq NH,Cl solution (25
mL) and extracted with CS, (3 x 30 mL). The combined organic
phase was washed with sat. ag NaCl solution (20 mL) and dried
over MgSO,. The solvent was removed under reduced pressure, and
the residue was separated by column chromatography on Al,O,
(hexane—benzene, 4:1) to give 2c (3 mg, 1%) asyellow crystals; mp
>250 °C.

IH NMR (CS,/CD,Cl,, 1:1): § = 1.02-1.05 (m, 24 H), 1.44-1.51
(m, 16 H), 1.58-1.64 (m, 16 H), 2.60 (t, J = 7.6 Hz, 16 H), 7.08 (s,
4H),7.09 (s, 4H), 7.17 (s, 2 H).

13C NMR (CS,/CD,Cl,, 1:1): § = 13.97, 22.58, 22.67, 31.91, 31.97,
32.88, 32.89, 79.98, 82.53, 91.00, 121.57, 123.61, 132.70, 133.07,
140.89, 141.41.

UV/VIS (CH,CL,): A (109 €) = 252 (4.32), 310 (4.98), 345 (5.03),
399 (3.81), 440 (3.49), 454 (3.41), 486 nm (3.11).

LDTOF-MS: mz 970 (M*).
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