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abstract: The 13 spectra of 5,6,9,10-tetradehydrocyclodeca(l,2,3,4-def]~
benzo([7,8)biphenylene, 1, and 5,6,9,10-tetradehydrocyclodeca{l,2,3,4-def]-
naphtho{2,3-7,8)biphenylene, 2, are reported as are those of a number of
simpler acetylenic hydrocarbons used as spectral references. Most of the
shifts can be assigned unambiguously. The acetylenic shift assignments
were verified by ortho-proton, sp-carbon (lﬂ(l)—l3csp(3)) decoupling
experiments, A simple additive shift correlation is found for the
hydrocarbons containing unstrained acetylenic groups. However, significant
discrepencies are found for the 13¢ shifts for the strained hydrocarbons
1, 2, 1,2-bis(phenylethynyl)-benzene, 12, and 2,3-bis(phenylethynyl)-
naphthalene, 13. The discrepencies are particularily large for carbons
near the triple bonds and are attributed to a combination of strain,
rehybridization, and other proximity effects related to the interaction
between the ortho-substituted acetylenic carbons.

Introduction

The synthesis of hydrocarbons 1 and 2 has recently been reported.1 These
compounds are of particular interest because of their structural relationsip to
the known hydrocarbons 32 and 4,3 which are members of a general class of
schizoid hydrocarbons possessing unusual magnetic and electronic properties.4
The pairs of hydrocarbons 1,3 and 2,4 have nearly identjical Tf-electronic net-
works that differ in connectivity only as a result of the differing separations
of the carbons marked by arrows in Chart I, These carbons are separated in the
acetylenes by only about 2.8 R,s which is well within the sum of their Van der
Waals radii. The particular question addressed in this paper is whether the 13¢
spectra of 1 and 2 provide evidence for a strong interaction between these
carbons. 6

The general approach was to examine the 13¢ spectra of a number of simpler
hydrocarbons which contain the separate structural elements found in 1 and 2.
These observed shifts were reduced to an additive structural scheme that could
be used to determine if the spectra of 1 and 2 deviated in any unusual way.
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Chart X

Results and Digcussion

The 13¢ NMR spectra of aryl-acetylenes 1, 2, and 5 through 13 were recorded
in CDC1l4, and their spectra assigned as discussed in detail in the next section,
The 13¢ shifts for hydrocarbons 1, 2, and 5 through 13, relative intensities,
and their assignments, as well as the previously assigned literature values for
benzene, naphthalene, and biphenylene, are recorded in Table I and Chart II.

Spectral assignments. The 13¢ ghifts for the aryl and biphenylenyl carbons
of compounds 1, 2, and 5 through 11 were partially assigned on the basis of the
gross features of their proton-decoupled spectra. Such features include their
region of occurrence in the spectrum, the number of recorded lines, and their
signal intensities (i.e., relative NOE's, relaxation effects, and superimposed
lines). The assignments were completed on the basis of the additivity of sub-
stituent effects that are derived from the previously assigned shifts (Chart II
and Table I) for naphthalene,7 biphenyletw,8 and also assignments for acetylenes
S and 8.9'10 The reasoning behind these assignments ig described in the follow-
ing paragraphs.
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Table I. The Observed Shifts, Assignments, and Relative Intensities for the Hydrocarbons (in ppm).
Compound C(n) 8n $ Int. Compound C(n) 8n % Int. Compound C(n) Sn ¢ Int. Compound C(n) 6n $ Int
1 1 127.4 100.0 2 1 127.2 94.8 9 1 128.2 37.5 10 1 128.5 62.2
2 129.0 92.8 2 128.,0 100.0 2,8 128.3 100.0 2 128.3 98.2
3 127.0 23.6 3 131.9 22.1 3 131.6 50.2 3 131.7 100.0
4 96.0 12.0 4 129.1 77.9 4 123.3 11.4 4 123.0 17.4
5 95.2 12.7 5 123.3 16.9 5,6 89.8 11.0 5 92.4 7.1
6 112.5 21.3 6 95.4 8.2 7 120.6 6.9 6 85.6 7.4
7 128.9 89.8 7 94.1 5.8 9 128.0 38.1 7 113.2 16.1
8 127.7 92.6 8 112.8 13.3 10 132.8 19.6 8 131.1 54.4
9 116.7 78.8 9 128.8 90.7 11,14 127.8 49 .6 9 128.7 51.5
10 150.8 32.9 10 127.6 97.2 12,13 126.5 44 .4 10 117.3 51.9
11 155.0 8.5 11 117.1 92.9 12,13 126.6 30.4 11 150.2 16.0
12 150.8 22.0 15 133.0 17.2 12 152.3 5.8
13 155.4 6.0 16 131.4 33.4
52 1 77.1 52.0 6 1 77.5 47.4 11 1 128.0 54.1 12 1,8 128.3 100.0
2 83.6 12.9 2 84.0 12.0 2 127.9 100.0 2 131.8 46.0
3 122.1 10.7 3 119.3 17.7 3 131.6 8l1.5 3 125.8 12.5
4 132.,1 100.0 4 128.4 52.9 4 122.7 14.2 4 93.6 10.5
5 128.2 91.2 5 127.9 40.5 5 92.6 6.1 5 88.3 11.7
6 128.7 67.1 6 132.9 18.9 6 86.2 7.9 6 123.3 6.8
7,10 127.7 100.0 7 113.8 6.7 7 131.6 91.4
8,9 126.5 54.9 8 131.9 35.1 9 128.0 51.2
8,9 126.8 47.9 9 128.6 35.3
11 132.7 17.3 10 116.5 35.5
12 132.2 39.0 11 150.2 15.4
12 151.5 4.9
7 1 79.7 87.6 82 1 89.3 8.7
2 80.1 23,9 2 123.3 9.9 13 1 127.1 34.4 benzene - 128.3 —_—
3 111.5 22.8 3 131.6 95.0 2,10 128,2 100.0
4 130.8 72.5 4 128.3 98.6 3 132.2 16.4 naph- 1 128.0 -——
5 128.2 100.0 5 128.2 100.0 4,9 131.6 94.1 thalene 2 125.9 —
6 118.1 85.1 5 122.2 13.9 3 133.6 -
7 150.1 24,1 6 93.0 6.3
8,13 150.5 30.5 7 88.6 7.3 biph- 1l 117.8 —
9,12 117.1 77.1 8 123.3 9.3 enylene€ 2 128.4 —
10,11 128.6 71.8 11 127.5 43.1 3 151.7 ——
10,11 129.0 83.0
9,12 117.7 80.8
14 151.1 28,7
3pgsignments, ref. 9. PRef. 7. CRef. 8.
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Acetylenic carbon shifts. The acetylenic carbon (Cap) shifts of the mono-
aryl-acetylenes 5, 6, and 7 may be confidently assigned from their relative
intensities, since the NOE of the terminal carbon is much greater. With these
acetylenic carbons assigned, the CBp shifts in the diaryl-acetylenes 8 through
11 could be assigned by analogy. If one considers the shifts for 6 and 7
relative to the analogous shifts in phenylacetylene, 5, and likewise those of 9
through 11, relative to diphenylacetylene, 8, parallel trends in the aryl sub-
stituent shifts may be noted. The naphthyl group shifts both CBp signals
slightly downfield, whereas the biphenylenyl shifts the nearer Csp signal up-
field and the further downfield, relative to phenylacetylene (see Table I). The
consistency of these assignments is demonstrated by the fact that the 13Csp
shifte for aryl-acetylenes 5 through 11 fit equation 111 rather well with an
average deviation of 0.3 ppm (12 shifts, 15.5 ppm range):

61 = 71,9 + 54 5,44 (1)
for the general aryl acetylenes:
ar_-iczc-ar ..
ol ~= o
("Ar" represents either a hydrogen or an aryl substituent.) The substituent
parameters are recorded in Table II. The CBp shifts for 12 and 13 were assigned

by comparison with those of 8 and 9, and the assumption that the shifts of the
Csp's nearer the terminal phenyl rings should be similar in all four compounds.

Table II. Aryl-Substituent Csp Shift Parameters.

Substituent S S“.
hydrogen 0.0 0.0
phenyl 11.9 5.4
2-naphthyl 12.3 5.8
1-biphenylenyl 8.4 8.0

The acetylenic carbon shift assignments for hydrocarbons 1 and 2 pose a
special challenge, since their acetylenic shifts are separated by only ca. 1
ppm. This small separation implies that several factors are involved in deter-
mining these shifts and that it is quite possible that the signals may have
crossed over. Based on the assignments for aryl-acetylenes 5 through 13, the
upfield CBp shifts were tentatively assigned to the Cap's nearer the biphenylene
rings, and those downfield to the Cgp'8 nearer the benzo or naphtho substituent,
The shift assignments for 1, 2, (and 10)12 were verified by 1B(l)-13cep(3)
heteronuclear decoupling experiments. In these experiments it was first noted
that each Csp signal in the proton-coupled 13C NMR spectrum is split into either
a doublet or a triplet, depending on whether the aryl substituent has one or two
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ortho protons. The observed 15(1)‘13Csp(3) coupling constants (3JCH) constants
are in the range of 3 to 6 Bz.13 The spectrum is again recorded, this time
while the signal of the splitting proton(s) in the lp NMr spectrum is irradi-
ated. In the ortho-proton decoupled spectrum, the previously-coupled Csp signal
collapses into a singlet. For example, when one irradiates the phenyl multiplet
for diphenylacetylene, 8, the triplet in the undecoupled spectrum collapses into
a singlet. If the phenyl protons in 10 are irradiated the downfield Csp triplet
collapses to a singlet while the upfield Csp doublet remains unscathed. When
the A and A' protons of the AA'BB' splitting pattern for the benzo substituent
in 1 are irradiated the downfield CBp doublet collapses to a singlet. Similar-
ly, when the furthest downfield singlet in the proton spectrum of 2 is irradi-
ated the downfield Cg signal collapses to a singlet while that upfield remains
a doublet.14 The couplinq constant (3JCH) data for compounds 1, 8, and 10 are
summarized in Chart II. When one applies equation 1 to the acetylenic carbon
shifts in 1, 2, 12, 13 and to the shift in Sondheimer's sym-dibenzo-1,5-cyclo-
octadien-3,7-diyne, 14,15'16 significant deviations are found (see Table III).
A large portion of these deviations presumably arise from angle bending in these
strained acetylenes.

Table IXI. Deviant 13CBp Shifts and Angle Corrections.

Compound C(n)? Sobs Spred AS Ae Ase

1 4 96.0 91.8 +4.2 12.1 +10.3
5 95.2 85.7 +9.5 11.4 + 9.7

2 6 95.4 92.2 +3.2 11.9 +10.2
7 94.1 86.1 +8.0 11.3 + 9.6

12 4 93.6 89.2 +4.4 —— —
88.6 89.2 ~0.6 -— _—

13 6 93.0 89.6 +3.4 ——- ——
7 88.6 89.6 -1.0 - -—

14b 1 109.3 89.2 +20.1 26 .4 +22.5
(24.2,
X-ray)€ (+20.7)

apor assignments see Chart II. PRef. 15. CRef. 22.

Meier, et. a1.15 have reported a linear correlation between 13CBp shifts
(SCsp' relative to TMS in CDCl3) and C,sp bend angles away from 180°,
Unfortunately, their data set included a number of questionable shifts. We have
reevaluated their angular dependence using a restricted data set, consisting of
their simplest cyclic acetylenes,17 and introduced corrections of -13.0 ppm
(C p*” and +2.9 ppm (Cg 1p) for the effect of a conjugated vinyl group inl-
cycloocten-3-yne, 18 The vinyl corrections were derived from the differences
between the shifts for the essentially strainless acetylenes: cyclododecyne and
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1-cyclododecen-3-yne.19 This restricted data set, including the corrections,
gave the following line (eq 2):

Scap = 08534 88¢,, + 79.49, 8§ = 2.12 ppm (11 shifts). (2)

The sample standard deviation of 2.12 ppm is significantly better (F-test at
97.4% confidence 1level) than the original Meier fit.20

The slope of the empirical angular-dependence line was used to correct the
CBp shifts in 1, 2, and 14 for the strain-rehybridization effects at those
centers. The Csp angles in hydrocarbons 1, 2, and 14 were estimated using a
modified 2-dimensional Boyd force field (i.e., all atoms are restricted to the
same plane).21 The estimated deviations from linearity (A®) and shift correc-
tions(ASe) are recorded in Table III. The shift corrections agree reasonably
well with the shift deviations (AS) for acetylenic carbon 1 in compound 14,
carbon 5 in 1, and carbon 7 in 2 (these last two carbons lie near the biphenyl-
ene rings). However, they overcorrect the shifts for the carbons near the
biphenylenyl rings in 1 and 2, but they overcorrect the Csp's near the benzo and
naphtho rings in 1 and 2 by ca. 6.5 ppm. It is peculiar that the corrected
shift of 14 is close to the observed Csp shift of 14 - especially when the
correction is based on the x—ray22 angle value. The poor agreement of the Csp's
near the benzo and naphtho rings could be attributed to a failure of the force
field to correctly predict the angles but the evidence presented in the next
section suggests that a more fundamental problem is responsible,

Aryl and biphenylenyl shifts. The shift discrepencies in hydrocarbons 1 and
2 are not restricted to the sp-carbons. If one compares the shifts for the
carbons adjacent to the triple bonds in the benzo and biphenylenyl groups of 1
with those of 11, almost as large deviations occur. The same holds for the
adjacent rings in 2. In examining the biphenylenic carbons it is reasonable to
use hydrocarbon 11 as a model. However, with the benzo and naphtho ring carbons
one must take into account their double substitution. Thus, for example, an
ipso carbon of the benzo ring in 12 is in both an ipso- and ortho-relationship
to the acetylenic carbons. If the substituent effects are assumed to be addi-
tive, the expected shift would be given by equation 3:

d
8?520-12 = sipso—B + 8ortho-s - 8benzene (3)

with similar expressions for the other two positions in 12. The expected shifts
for hydrocarbons 1, 2, and 13 can be calculated analogously using 9 and 11 as
reference. On the basis of these additively-predicted shifts, subtle deviations
were found for the benzo and naphth023 shifts of 12 and 13, whereas more pro-
nounced deviations remained for the aryl shifts for 1 and 2. These deviations
are most pronounced near the acetylenes and fall off with distance. The predic-
ted shifts (spred) and deviations (AS) in the aryl and biphenylenyl rings of 1,
2, 12, and 13 are recorded in Table 1IV.

The contrast between the shift deviations in 1 and 2, on the one hand, and
12 and 13, on the other, is striking. If one were to adopt the view that 12 and
13 were suitable models for 1 and 2 then there are 2 ppm downfield discrepencies
for the ipso positions and 2 ppm upfield discrepencies for the ortho positions.
This clearly indicates that there are special interactions in 1 and 2 that go
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Table 1IV. Aryl and Biphenylenyl 13¢ shift Deviations.

Compound € (n)? Spred AS Compound C(n) Spred as
2 1 127.1 +0.1

2 127.6 +0.4

1 1 127.6 -0,2 3 131.6 +0.3
2 131.0 -2.0 4 131.0 -1.9

3 126.0 +1.0 S 122.4 +0.9

6 113.8 -1.3 8 113.8 ~1.0

7 131.9 -3.0 9 131.9 -3.1

8 128.6 -0.9 10 128.6 -1.1

9 116.5 +0.2 11 116.5 +0.6

10 150.2 +0.6 12 150.2 +0.6

11 151.5 +3.5 13 151.5 +3.9

13 1 127.1 0.0

2 127.6 +0.6

12 1 128.2 +0.1 3 132.2 0.0
2 131.6 +0.2 4 131.4 +0.2

3 126.6 -0.8 5 123.0 -0.8

6 123.3 0.0 8 123.3 0.0

7 131.6 0.0 9 131.6 0.0

8 128.3 0.0 10 128.3 -0.1

9 128.2 -0.2 11 128.2 -0.7

4For assignments see Chart II.

beyond simply having two acetylenes close together as in 12 and 13.24 oOne can
speculate that the additional strains present in 1 and 2 alter the local aniso-
tropies of the acetylene groups and possibly their electronegativities as well.
It is possible that such effects could account for the extra downfield shift of
the acetylenic carbons nearest the benzo and naphtho groups and the alternating
discrepencies of the nearest benzo and naphtho carbons. Either a good theory or
different examples would be required to sort out these effects. We hope to be
able to obtain X-ray structures of the more strained acetylenes.

Conclusions

Unstrained arylacetylenes have 13¢c ghifts that fit a simple additive
scheme. When strain is introduced either by proximity or by geometric con-
straints large deviations from the simple scheme are introduced. Much of the
shift deviations can be accounted for in terms of a linear angle bending rela-
tionship, but there are residual local and remote effects left unexplained.
Since these residual shifts are associated with the non-bonded acetylenic
carbons in closest proximity, it is speculated that the orbital interactions
alter the local anisotropies and electronegativities that give rise to the
effects.
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Exper imental

The 13C NMR spectra were recorded on a JOEL F‘EPOQ 90 MHz (13C,

22.49 MHz) FT-NMR spectrometer in CDCl; and referenced to the CDCl;3 triplet at
77.0 PPM (relative to TMS). The decoupler oscillator power was set at "LO 8"
and the spectral width at 1000 Bz during the decoupling experiments. The “H NMR
spectra for all of the final products were recorded on a Bruker WM-300 300 MHz
spectrometer, the others were recorded on a Varian CFT-20 80 MHz instrument.

All UV-vis spectra in cyclohexane (Fisher Spectranalyze were recorded on
a Hewlett-Packard 8450A double-beam spectrophotometer. Both low and high-
resolution electron-impact mass spectra were recorded on an AEI-MS902 instru-
ment. Melting points were determined with a Thomas Hoover melting point appara-
tus and are uncorrected. Dimethylsulphoxide (DMSO) and CCl, were dried over 4
molecular sieves and tetrahydrofuran (THF) was distilled freshly from Na/benzo-
phenone ketyl under argon. Potassium t-butoxide (KOtBu) was purchased from
Aldrich and stored over P,0:. Organic extraction phases, where unspecified,
were dried over MgSO4 and %iitered prior to evapoigtion. 26

The reference acetylenes 9 (mp 115-11§ °¢y,<> 10, 11, 12 (mp 51-52 °C),
and 13 were prepared by the Wittig reaction 7 between appropriate aryl-aldehydes
and aryl-methyl triphenylphosphonium salts and the alkenes converted into acety-
lenes by bromination followed by dehydrobromination. Phenylacetylene, 5, was
purchased from Aldrich and diphenylacetylene;, 8, was a gift from Prof. M.
Goldstein, 2-Ethynylnaphthalene, 6, (tan oil, *H NMR (300 MHz, CDCl,) 8.032
(s, 1H), B 7.80-7.77 (m, 3BH), S 7.54-7.48 (m, 3H), 2.343 (s, 1%)) 8 was
prepared from 2-ethenylnaphthalene (Aldrich) by bromination followed by dehydro-
bro ation. The prsBaration of l1-ethynylbiphenylene, 7, involvedx-lithia-~
tion of biphenylene followed by reaction with excess acetaldehyde to afford
1-(1-biphenylenyl)-ethanol, 15. The alcohol 15, was dehydrated with POCl,4/
pyridine to l-ethenylbiphenylene, 16, and then brominated and dehydrobromin-
ated to acetylene 7. The Wittig-reaction products were obtained as unresolved
mixtures of cis and trans geometrical isomers. The bromination adducts were
carried on, uncharacterized, unless otherwise specified.

Preparation of 7. 1-(1-Biphenylenyl)-ethanol, 15. In a dry 100-nL flask,
flushed with argon, were placed a magnetic stir bar, biphenylene (2.6488 g,
17.40 mmol), THF (50 mL), N,N,N',N'-tetramethylethylenediamine (3.29 mL, 21.8
mmol), and (2.0 M) n-butyllithium/pentane (11 mL, 22 mmol). The solution was
stirred for ca. 30 min at room teqyerature during, which time it turned dark
green, Next it was cooled to -77 “C in a Dry Ice¥/2-propanol bath. Excess
acetaldehyde was distilled through a CaSO4 (Drierit column into the cooled
mixture, which turned yellow. After the addition, the reaction mixture was
warmed to room temperature, and then partitioned between hexanes and dilute
K7C053. The aqueous phase was washed with fresh hexanes, the hexanes phases were
combined, and then back-extracted with a sat'd NaHCO3 wash, two water washes,
and a sat'd NaCl wash. The dried hexanes solution was evaporated to a yellow
residue, which was chromatographed on a 25 X 250 mm silica (ca. 40 micron)
column with CS, and then 6:1 (v/v) CSz/diethyl ether (anhyd.). The second
yelloY band was collected and evaporated to obtain 15 (1.64 g, 48%), as a yellow
oil: *H NMR (80 MHz, CDCl,) & 6.84~6.46 (complex mult., 7H), §4.70 (g, J = 6.5
Hz, 1H), 2.21 (s, 1H), g 1.45 (d, J = 6.5, 3H); mass spectrum m/e 196.0897,
calc. 196.0888 for Cy,H;,0.

1-Ethenylbiphenylene, 16. In a 50-mL flask were placed 15 (1.64 g, 8.34
mmol), pyridine (25 mL), POCl; (0.90 mL, 9.66 mmol), and a magnetic stir bar.
The mixture was stirred at room temperature (ca. 12 hr) and then partitioned
between hexanes and NiClz'G(H 0) (ca. 25 g) dissolved in H,0. After the hexanes
phase was washed with sat'd NaHCO,, H,0, sat'd NaCl, and dried over K,CO,, it
was evaporated to a yellow oil. T%e 031 was chromatographed on a 15 300 mm
silica (ca. 40 micron) column with hexanes. The first yellow bafd was collected
and evaporated to obtain 16 (0.060 g, 4%) as a yellow oil: ~H NMR (80 MHz,
gDCl ) 7.37-7.11 (complex mult., 3H), 6.84—6.3%(comp1ex mult., 4H; incl.

6.52 (dd, J = 10.3 Hz and J = 17.4 Hz)), 5.63 (dd, J = 17.4 Hz
and J em = fﬁsﬂz), § s5.35 (d&fassi = 10.3 Hz and Jgem = ifgnﬁz); mass
spectf%m m/e 178.0806, calc. 178.07@5 %or C14H;0-

1,2-Dibromo-1-(1-biphenylenyl)~-ethane, 17. In a 25-mL flask were placed 16
(0.0600 g, 0.337 mmol), CCl,; (12 mL), and a magnetic stir bar. The stirred
mixture was cooled to 0 °C (fce bath), for ca. 15 min, and then 0.708 M Br2/CC1
solution3&9.50 mL, 0.354 mmol) was added. The reaction mixture wae stirred in
the dark at room temperature (ca. 12 hr). The mixture was evaporated to a
yellow residue, which was passed through a 6 X 50 mm silica (ca. 40 micron)
pipettf column with CS, and evapprated to obtain 17 (0.0926 g, 8l%), as a yellow
oil: H NMR (80 MHz, CDCl,) 7.45-7.19 (complex mult., 3H), g 6.83-6.52
(complex mult., 4H), 8 4.93 %dd, J= 6.3 Hz and 9.5 Hz), 3.96 (dd, J = 3.3 Hz
and 9.6 Hz); mass spectrum m/e 337.9138, calec. 337.9131 for C14H10f§Br813I-

1-Ethynylbiphenylene, 7. In a 25-mL flask, flushed with argon, were placed
17 (0.0926 g, 0.274 mmol), THF (15 mL), potassium t-butoxide (0.10 g, 0.89
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mmol), and a magnetic stir bar. The solution was stirred at room temperature
(ca. 12 hr), and then partitioned between hexanes and Hy,0. The aqueous phase
was washed with fresh hexanes and the two hexanes phases combined. The hexanes
were back-extracted with four H,0 washes, a sat'd NaCl wash, and then dried over
K,CO03. The hexanes were evaporated to a yellow residue, which was chromato-
grapged on an 11 X 300 mm silica (ca. 40 micron) column with 40:60% (v/v) C8,/
hexanes. The first yellow band was collected and evaporated to obtain 7 (0.0255
g, 82%), as a yellow oil. il‘he oil was crystallized %rom CH,0H to obtaisn yellow
needles (mp,.115-116 °C): H NMR (300 MHz, {DCl,) 7.29-7.27 (cent. 7.280,
mult., 1H), 6.77-6.55 (complex mult., 6H), 3 1317 (s, 1H); mass spectrum m/e
176.0632, calc. 176.0626 for Cj4Hg.

Preparation of 10 and 1l. 1,5-Bis(2-phenylethenyl)-biphenylene, 18. In a
500-mL flask, flushed with argon, were placed triphenylphosphonium-methylbenzene
chloride (1.73 g, 4.45 mmol; Aldrich), DMSO (250 mL), ROtBu (1.0 g, 8.9 mmol),
and a magnetic stir bar., The mixture turned red as it was stirred at room
tempsiature (ca. 1 hr). A 0.04 M solution of 1,5-biphenylenedicarboxalde-
hyde~~/DMSO (50 mL, 2.02 mmol) was added, and the reaction mixture stirred at
room temperature (ca. 12 hr). The mixture was partitioned between benzene and
60% sat'd NaCl solution, and the agueous phase was extracted twice with benzene.
The benzene washes were combined, and then back-extracted with four Hy0 washes,
a sat'd NaCl wash, and dried. The solution was evaporated to a yellow residue
which was chromatographed on a 15 X 250 mm s8ilica (ca. 40 micron) column with
CSy5. The first yellow band wai collected and evaporated to 18 (0.4273 g, 60%),
as a ygllow amorphous solid: H NMR (80 MHz, CDCl,) 7.63~7.09 (complex mult.,
10H), 7.09-6.39 (complex mult., 10?); mass spectrum m/e (relative intensity)
358 (4.1), 357 (27.9), 356 (84.5, M"), 328 (8.4), 327 (26.0), 326 (100.0), 278
(ll.g), 277 (15.8), 276 (19.9), 263 (10.1), 252 (11.7), 169 (9.5), 138 (9.4), 43
(11.8).

1,5-Bis(phenylethynyl)-biphenylene, 10. In a 250-mL flask were placed 18
(0.4273 g, 1.199 mmol), CCl, (150 mL), and a magnetic stir bar. After cooling
to 0 °C (ice bath), a 0.708 M solution of Br,/CCl, (3.1 mL, 2.18 mmol) was
added. The3gixture was stirred at room tempera%ure ca. 12 hr}) while protected
from light. A yellow ppt formed which was collected by suction filtration and
then boiled in benzene. Next, the mixture was frozen, thawed, and then the ppt
collected by suction filtration.

In a 100-mL flask, flushed with argon, were placed the ppt (0.4425 g, crude
1,5-bis(l,2-dibromo-2-phenylethyl)-biphenylene) dry THF (50 mL), KOtBu (0.5 g,
4.46 mmol). The mixture was stirred at room temperature (ca. 8 hr) and then
partitioned between hexanes and 50% sat’'d NaCl solution. The aqueous phase was
washed with hexanes, the hexanes phases combined, and then back-extracted with
five HyO washes, a sat'd NaCl wash, and dried. The solution was evaporated to a
yellow residue which was chromatographed on a 15 X 250 mm silica (32-60 micron)
column with CS, and the first yellow band was collected. The eluent was evapo-
rated to 10 (0,202 g, 48%), as a yellow solid: mp 168 - 170 °C; UV Amax (log
€,) 256 (1.48), 313 (4.82), 307 (4.80), 300 (4.74), 318 (4.87), 382 (3.75), 40
(3.75); H NMR (300 MHz, CDC13) § 7.52-7.49 {cent. 7.504, mult., 4B),
7.35-7.31 (cent. 7.332, mult. 6H), 6.833, 6.772, 6.725 (ABC, J = 8.49
Hz, J = 6.84 Hz, Jpc = 0.53 Hz, 6H);1 mass spectrum m/e 352.12?8, calc.
352.1285 for CogHyge

1,8-Bis(2-phenylethenyl)-biphenylene, 19. Hydrocarbon 19 was prepared from
triphenylphosphoniugp-methylbenzene chloride (1.42 g, 3.65 mmol), 1,8-~biphenyl-
enedicarboxaldehyde 3/DHSO (50 mL, 1.66 mmol),and KOtBu (0.821 g, 7.32 mmol) in
DMSO (300 mL) in a manner analogous to the priparation of 18. 19 wag isolated
as a yellow amorphous solid (0.262 g, 44%): H NMR (80 MHz, CDCl,) 0 7.47-6.52
(complex mult., 20H); mass spectrum m/e (relative intensity) 3%8 {(4.5), 357
(30.4), 356 (100.0, M%), 339 (7.0), 326 (4.42), 279 (4.42), 278 (4.52), 277
(9.9), 276 (11.9), 252 (7.1), 250 (4.2), 177 (4.2), 176 (6.7), 169 (9.6), 163
(4.2), 138 (4.4), 44 (6.0).

1,8-Bis(phenylethynyl)-biphenylene, 11. Hydrocarbon 11 was prepared by
tetrabromination of 19 with 0.708 M Br,/CCl, solution (1.89 mL, 1.34 mmol)
followed by dehydrobromination with KOtBu (0.35 g, 3.1 mmol), in a manner analo-
gous to that used for 10. Hydrocarbon 11 was isolated as a yellow solid (0.1325
g, 51% yield based on 19): mp 96-98 °C; UV ) x (iog €.) 269 (4.65), 280
4.66), 324 (4.19), 260 (3.63), 381 (3.78), 400 (3.78)5 1a nyR (300 MHzZ, cDC1,)
é 7.20-7.15 (cent. 7.173, mult., 4H), 7.05~7.00 (cent. 7.025, mult., 6 i
6.859, 6.755, 6.584 (ABC, Jpp = 8.03 Hz, J c*= 7.26 Hz, Jac = -0.16 Hz, 6 H);
mass spectrum m/e 352,1231, calc. 352.1252 for CogHjg-

Preparation of 13. 2,3-Bis(2-phenylethenyl)~-naphthalene, 20. Hydrocarbon
20 was prepared fro:;n 2,3-bis(triphenylphosphonium-methyl)-naphthalene dibromide
(1.16g, 1.38 mmol), 4 benzaldehyde (excess; Fisher, freshly distilled), and
ROtBu (0.7 g, 6.2 mm in DMSO (100 mL) in a manner analogous to that used with
18. Hydrocarbon 20 was isolated as an off white solid (0.4264 g, 93%): g

NMR (80 MHz, CDCl3) § g,15-8.05 (crude doublet), § 7.85-7.03 (complex mult.),
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6.86-6.71 (crude doublet); mass spectrum m/e (relative intensity) 334 (2.0),
333 (12.9), 332 (46.7, M%), 255 (15.7), 254 (10.3), 253 (9.8), 252 (8.4), 242
(21.5), 241 (100.0), 240 (4.9), 239 (12.7), 167 (10.5), 127 (10.4).

2,3-Bis(phenylethynyl)-naphthalene, 13. Aryl-acetylene 13 was prepared by
tetrabromination of 20 with 0.708 M Br,/CCl, solution (4.00 mL, 2.83 mmol) in
CCly and then dehydrobromination wisg KOtBu (0.70 g, 6.2 mmol) in THF in a
manner analogous to that used with 10. Hydrocarbon 13 was isolated as an off-
white solid (0.1323, 31% yfeld based on 20), which was recrystallized twice from
CH30R: gl\p 136-137 °c; B NMR (300 MHz, CDCl,).6 8.072 (s, 2H), 7.61-7.54
(cent. 7.57g, mult,, 4H), 7.50-7.47 (cent. § 7.488, mult., 2H), 7.34-
7.29 (cent. 7.314, mult., 8H); UV A ax (log €,) 229 (4.23), 245 (3.93), 278
(4.94), 289 (4.90), 310 (4.33), 323 (4.4%; 7 mass spectrum m/e 328.1256, calc.
328.1252 for C26H16.
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