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Abstract

Ireadiation of 1-acetylanthracene in dichloromethane at light wavelengths above 400 nm gives five dimers in a ratio of about 2:1:1:1:1. In
addition to the four typical modes of dimerization leading to symmetrical dianthracenes of anti-head-to-tail, syn-head-to-tail, anti-head-to-
head and syn-head-to-head structures, 1-acetylanthracene undergoes dissymmetrical head-to-tail 4o+ 4 cyclodimerization involving the 1.4
and 9,10’ positions. Selective photoexcitation of 1-acetylanthracene in the presence of anthracene gives the mixed 9,10-9°,10" and 1,4-9',10'
47+ 44 cycloadducts in a ratio of about 3:1. The photochemical dimerization of methyl 1-anthracenecarboxylate proceeds in the same fashion

as that of 1-acetylanthracene.
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1. Introduction

The photochemistry of laterally substituted anthracenes
has received limited attention in comparison with the large
number of investigations dealing with the photochemical
dimerization of 9-anthryl compounds (for a comprehensive
review on the dimerization of anthracene derivatives, see Ref.
[1]). This disparity is presumably due to the experimental
difficulties associated with the separation and structural char-
acterization of the various regioisomeric dianthracenes which
can be formed from anthracene derivatives lacking symmetry
about the molecular 9,10 axis (examples of laterally substi-
tuted anthracenes undergoing dimerization in solution are
given in Ref. [2] and examples of intramolecular dianthra-
cene formation involving tethered 1- and 2-anthracenecar-
boxylates are given in Ref. [3]; see also Ref. [4]). Although
the irradiation of meso-substituted anthracenes may lead to
only two bridgehead-substituted dianthracenes by head-to-
tail (HT) and head-to-head (HH) ' n:rization [1,5] (HH
dimers of meso-substituted anthracenes are rarely isolated
since they are thermally much more labile than the corre-
sponding HT dimers; typically, HH dimers regenerate
starting material during work-up at slightly elevated
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temperature), a laterally substituted anthracene, as shown in
Scheme 1, can give one centrosymmetrical (i) anti-HT dimer
(1), one syn-HT dimer (2) with a twofold axis (C;) of
symmetry, one C,-symmetrical anti-HH dimer (3) and one
syn-HH dimer (4) with mirror plane symmetry. Furthermore,
the C,-symmetrical dianthracenes 2 and 3 give rise to race-
mates with their respective mirror image stereoisomers.

In principle, the photochemical formation of isomeric dian-
thracenes of structures 1-4 can be established by 'H NMR
spectroscopy of product mixtures, as the bridgehead protons
of the HT dimers should give rise to two doublets each, while
the bridgehead protons of each HH dimer are recognizable
by two singlets. Depending on the nature of the substituents,
a distinction between syn- and anti-isomers may be based on
appropriate NMR experiments involving shift reagents. The
photochemical dimerization of 1-anthracenecarboxylic acid
was analysed in this fashion, and found to give dianthracenes
1-4 (R=COOH) in a ratio of 12:7:5:1, corresponding to an
HT:HH dimer ratio of about 3.2:1. [2e]. It is worth noting,
however, that details concerning the isolation and spectro-
scopic characterization of laterally substituted dianthracenes
have rarely been published, nor has X-ray diffraction been
applied in establishing their structure.

In this paper, we deal with the photochemical dimerization
of 1-acetylanthracene (5) and methy! 1-anthracenecarboxy-
late (6) in dichloromethane.
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Buth compounds have previously attracted attention because
their photophysical properties, in terms of singlet lifetimes
and intersystem crossing quantum yields, are strongly
dependent on the solvent polarity (6,7]. The formation of
regioisomeric dianthracenes from S and 6 has not been
described before, but 1-acetylanthracene in ethanol solution
has been reported to disappear on irradiation (A =366 nm)
with about the same quantum yield as 9-bromoanthracene
(9=0.002) [8]. Moreover, various anthracenecarboxylates
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tethered to orincluded in y-cyclodextrin undergo photochem-
ical 47+ 4w cyclodimerizations [2c,2¢,3].

2. Results and discussion

Dichloromethane was chosen as reaction solvent because
it avoided the undesirable precipitation of dimerization prod-
ucts during the course of irradiation. The UV absorption of §
and 6 in dichloromethane solution extends into the visible
region to near 450 nm (see Fig. 1 and Section 4), and irra-
diations were carried out with light wavelengths above 400
nm. We deemed it appropriate to use a corresponding cut-off
filter in order to preclude inadvertent photoexcitation and
consequential dissociation of the conceivable photodimers
1-4. The quantum yiclds of photolytic cycloreversion of lat-
erally substituted dianthracenes to regenerate the starting
material are close to unity [3a].

2.1. Dimerization of 1-acetylanthracene (5)

The irradiation of § in dichloromethane solution (0.02 M)
was terminated at about 90% conversion of the starting mate-
rial, and analysis of the reaction mixture by 'H-NMR spec-
troscopy revealed the formation of dimerization products 7,
8,9, 10 and 11 (see Scheme 2) in a ratio of 32:17:17:17:17.
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Fig. 1. Absorption spectra of 1-acetylanthracene (5), its dimerization prod-
ucts 7, 10 and 11 and its addition product 16 to anthracene in dichlorome-
thane.
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The separation of HT dimers (7, 8, 11) from HH dimers (9,
10) by flash column chromatography on silica gel was pos-
sible because of their markedly different retention times [5].
Isolation of the individual syn- and anti-regioisomeric dian-
thracenes 7-10 and the dissymmetrical HT dimer 11 was then
accomplished by column chromatography in conjunction
with fractional crystallization. It was thus established that the
photochemical dimerization of 1-acetylanthracene afforded
an HT:HH dimer ratio of about 2:1. The proposed structures
of the photoproducts were supported by '"H-NMR spectral
data (see Section 4), and were unambiguously established
by X-ray diffraction analyses of the anti-HT dimer 7, the
racemic anti-HH dimer 9 and the racemic dissymmetrical
dimer 11 (see Section 2.5).
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The phoiochemical dimerization of 1-acetylanthracene dif-
fers significantly from that of the structurally similar 1-
anthracenecarboxylic acid [2e] by the formation of a
dissymmetrical dimer. Only one other laterally substituted
anthracer.e derivative, namely 2,6-didecyloxyanthracene, has
previous'y been observed to undergo an analogous 47+ 41
cyclodimerization involving the 1,4 and 9',10' positions,
although 'H-NMR analysis of the isolated product indicated,
in that case, that the dissymmetrical dimer was actually a 1:1
mixture of syn- and anti-regioisomers [2d]. By contrast, we
have found no evidence for the formation of the conceivable
dissymmetrical HT dimer 14, which may be considered to be
the ‘‘syn’’-counterpart of the ‘‘anti’’-regioisomer 11, We
believe that the selective formation of 11 can be explained
by the geometry of the precursor reaction complex 12, which
is characterized by a centre of symmetry (see Scheme 3).
Thus both the 47+ 47 cycloaddition involving rings A +B’
and the cycloaddition involving rings A’ +B will give the
dissyn,metrical dimer 11. By contrast, formation of the
“*syn’’-regioisomer 14 implies the involvement of reaction
complex 13, in which only one mode of cycloaddition,
namely that of rings A + B’, would give the dissymmetrical
product.

2.2. Photochemical addition of 1-acetylanthracene to
antliracene

Selective photoexcitation of 1-acetylanthracene in the
presence of excess anthracene (molar ratio, 1:2) and subse-
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uent 'H-NMR analysis of the product mixture revealed that
70% of the consumed 1-acetylanthracene had undergone
addition to ground state anthracene. Two products, namely
the acetyl-substituted dianthracene 16 and the 1,4-9',10'
cyclodimer of structure 18 were found to be formed in a ratio
of 3:1 by mixed addition. The formation of addition products
16 and 18 is of particular interest, because it suggests that
both the resonance structure shown in reaction complex 15
and that shown in reaction complex 17 (see Scheme 4) con-
tribute to the excited state reactivity of 1-acetylanthracene.

2.3. UV spectra of acetyl-substituted dianthracenes

The UV absorption spectra of dianthracenes 7-10 arc char-
acterized by the onset of absorption around 340 nm and by a
maximum around 300 nm with an unexpectedly high € value
of about 4000 M~ ' cm ™", The absorption maximum is most
probably attributable to the n—#* transition of the aryl car-
bony! chromophore which, however, is strongly enhanced
due to the B-aryl substitution inherent in the dianthracene
structure. In agreement with this interpretation, the corre-
spondi~. 5 absorption maximaattributable to the acetophenone
chromophores in the dissymmetrical dimer 11 (A, =327
nm) and the 1l-acetylanthracene—anthracene adduct 16
(Amax =309 nm) are characterized by decreased € values of
1000 and 2000 M~ ! cm ™! respectively (sce Fig. 1).

2.4, Dimerization of methyl 1-anthracenecarboxylate (6)

Irradiation of 6 in dichloromethane ( 1.3 M) under the same
conditions as described above for 1-acety'anthracene was
found to give, in a ratio of 34:29:19:10:8, the centrosym-
metrical HT dimer 19, the C,-symmetrical HT dimer 20, the
Cy-symmetrical HH dimer 21, the mirror symmetrical HH

dimer 22 and the dissymmetrical HT dimer 23 (see Scheme
5). Their separation was accomplished by column chroma-
tography on silica gel, and structural assignments were based
on '"H-NMR spectral data in conjunction with X-ray diffrac-
tion analyses of HT dimer 19 and HH dimer 21. The formation
of 23 is of particular interest in view of the fact that dissym-
metrical dimerizations of 1-anthracenecarboxylates have not
been observed before. It should be noted, however, that the
earlier reported photochemical dimerizations of laterally sub-
stituted anthracene derivatives typically involved light wave-
lengths above 300 nm [2e], i.e. conditions under which the
photolytic cycloreversion of dimers occurs. Indeed, the UV
spectra of dimers 19-23 (see Section 4) are characterized by
the onset of absorption around 340 nm, and we have ascer-
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tained spectroscopically that photoexcitation at 313 nm
results in the quantitative regeneration of the starting material.
It is possible, therefore, that the formation of dissymmetrical
dimers has previously escaped detection, and that the earlier
observed composition of the product mixtures actually rep-
resented the composition of a photostationary state.

2.5. Struciural features of 1-acetylanthracene, methyl-1-
anthracenecarboxylate and their photodimers

Crystal structure analyses were carried out on the anthra-
cenederivatives 5 [9] and 6, and on the dimerization products
7.9, 11, 19 and 21. Atomic coordinates and a detailed dis-
cussion of the structures will be given elsewhere in an appro-
priate crystallographic context. Some selected structural
features are presented here, since the molecular geometry of
1-carbonylanthracenes is of photophysical interest, and the
topology of laterally substituted dianthracenes has not been
investigated previously by X-ray diffraction.

The molecular geometries of § and 6 in their crystal state
can be summarized as follows. In both molecules, the car-
bonyl group is conformationally oriented with respect to the
anthracene long axis as sliown in structure 24, rather than in
structure 25.

R
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Both 5 and 6 are geometrically distorted, as is evident from
the enlarged bond angles « and B8 (121° and 122° for 1-
acetylanthracene, and 126° and 121° for methyl 1-anthrace-
necarboxylate). More importantly, however, § and 6 are
characterized by non-coplanarity of the carbonyl group and
the anthracene moiety, «3 borne out by the dihedral angles of
29° and 18° respectively. These findings support earlier sug-
gestions, based on fluorescence measurements, that the
molecular geometry of methyl 1-anthracenecarboxylate in its
lowest excited singlet state differs from that of the electronic
ground state by an enianced coplanarity of the carbonyl and
anthracene 7 systems [6].

With regard to the laterally substituted dianthracenes, their
molecular geometry in terms of the lengths of photochemi-
cally formed bonds and dihedral angles between aromatic
rings, as shown in structures 26 and 27, is summarized in
Table 1. Thus, compared with the parent dianthracene 28a,
and dianthracenes such as 28b and 28c dcrived from meso-
substituted anthracene derivatives, the photochemically
formed bonds in dianthracenes of structures 26 and 27 are
less elongated. The most pronounced topological difference
between dianthracenes 28 and the laterally substituted dian-

thracenes is apparent in the increased dihedral angles between
the aromatic rings A, B and A’, B’ [5,10-12].

27 (9; 21)

20a: R'=R%= M
26b: R' = H; A% = phenyl

26¢: R' = methyl; R? = methoxy

28

The conformation of the carbonyl groups in dianthracencs
investigated by X-ray diffraction was found to be as indicated
in Schemes 2 and 5. In all cases, the carbonyl group deviates
from coplanarity with the aromatic ring, the dihedral angles
ranging from 22° to 36°.

3. Conclusions

It has been shown that the irradiation of both 1-acetylan-
thracene and methyl 1-anthracenecarboxylate leads to four
regioisomeric dianthracenes and onc dissymmetrical dimer.
Head-to-tail dimerization is favoured over head-to-head
dimerization by factors of 2 and 2.5 respectively. The
observed regiochemistry of dissymmetrical dimerization may
be rationalized by the involvement of a centrosymmetrical
reaction complex.

4. Experimental section

Irradiations were carried out at about 10 °C witha 125 W
high-pressure mercury lamp (Philips HPK 125 W) in a
water-cooled immersion well apparatus (Pyrex) equipped
with a liquid filter sleeve of about 1 cm path length. An
aqueous solution of sodium nitrite (75 g per 100 ml) was
used to block wavelengths below 400 nm. During irradiation,
a stream of argon was passed through the solution. Flash
column chromatographic scparations were performed on sil-
ica gel/dichloromethane with a column of 3 cm in diameter
and 30 cm in length. Conventional chromatography involved
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Table 1
Molecular topology of dianthracenes. Lengths of photochemically formed bonds and dihedral angles between aromatic rings
Compound Bond length (A) * Dihedral angles (°)
A/B’ B/A’ A/B A'/B'
7 1.608(4) 554 554 124.6 124.6
1.601(6) 576 572 122.8 1225
1.603(6)
19 1.603(5) 522 522 127.8 127.8
1.610(6) S1a 51.1 128.9 128.9
21 1.58(2) 46.8 48.7 136.0 128.0
1.60(2)
28a 1.624(3) 44.6 4.6 135.4 1354°
28h 1.619(5) 459 459 134.1 134.1¢
28¢ 1.670(4) 40.6 40.6 139.4 13944

* Bstimated standard deviations in parentheses.
® From Ref. {10].

‘From Ref, [11],

4 Prom Refs. [$] and [12).

a column of 2.5 cm X 120 cm, Melting points were deter-
mined on a hot-stage microscope and are ncorrected. 'H-
NMR spectra were recorded in CDCl; on a Varian XL-400
instrument, Chemical shifts ( 6) are given in parts per million
downfield from Me,Si as internal standard. Flectronic
absorption spectra were taken in dichloromethane solution
ona Kontron UVICON 810 spectrometer. Elemental analyses
were carried out by Analytische Laboratorien, D-51789 Lind-
lar, Germany.

4.1. I-Acetylanthracene (§) and methyl l-anthracene-
carboxylate (6)

Taese compounds were prepared according to the literature
{13,14]. Pertinent spectroscopic data are as follows, Com-
pound 8: UV (dichloromethane), onset of absorption at 450
nm; maxima (¢ (M~' em~')) at 384 nm (4700) and 365
nm (4400); minima at 370 nm (4300) and 315 nm (850):
'H-NMR, 2.82 (s, 3), 7.4=8.2 (m, 7), 8.45 (s, 1), 9.48 (s,
1). Compound 6: UV (dichloromethane), onset of absorp-
tion at 440 nm; maxima (¢ (M~'cm™"')) at 379 nm (5450)
and 364 nm (5150); minima at 366 nm (5050) and 307 nm
(450); 'H-NMR, 4.06 (s, 3), 7.4-8.3 (m, 7), 847 (s, 1),
9.58 (s, 1).

4.2. Photochemical dimerization of 1-acetylanthracene (5)
to give 7-11

Inatypical experiment, asolution of § (330 mg; 1.5 mmol)
in Jichloromethane (75 ml) was irradiated for 8 h, 'H-NMR
analysis of the reaction mixturc indicated about 90% con-
sumption of the starting material, and the formation of
dianthracenes 7, 8,9, 10 and 11 in an approximate percentage
ratio of 32:17:17:17:17. Vacuum evaporation of the solvent
from the reaction mixture gave a solid pale yellow residue
which was suspended in dichloromethane (5 ml). The col-

ourless undissolved substance (approximately 80 mg) was
removed by suction filtration and found to be ('H-NMR)
virtually pure centrosymmetrical 7. For the isolation of the
photodimers 8-11, the combined work-up of three identical
irradiation experiments was found to be most convenient.
The filtrate obtained after removal of the centrosymmetrical
dimer 7 was subjected to flash chromatography on silica gel,
with dichloromethane as eluent, removing first the dissym-
metrical dimer 11 together with residual starting material
(TLC R;=0.49), followed by a mixture of the HT dimers 7
and 8 (TLC R,=0.41) and both HH dimers 9 and 10 (TLC
R;=0.12),

The two HT dimers 7 and 8 were found to be inseparable
by column chromatography. However, suspending the mix-
ture of 7 und 8 obtained by flash chromatography in a little
acetone at room temperature preferentially dissolved dimer
8. Filtration gave a solution containing the C,- and i-sym-
metrical dimers in a ratio of 8:2. The mixture of HT dimers
was then recrystallized from dichloromethane solution by the
addition of methanol to give «1e Ca-isomer 8 contaminated
by 15% of the i-isomer 7. As for the mixture of HH dimers,
the separation of C,-symmetrical 9 ( TLC R; = 0.60) and mir-
ror-symmetrical 10 (TLC R;=0.53) was accomplished by
conventional column chromatography with dichloromethane
on neutral alumina. Dimers 7-11 are characterized by the
following analytical and spectroscopic data.

4.2.1. Centrosymmetrical anti-HT dimer 7

Colourless small ncedle-shaped crystals (melting point
(m.p.), 293 °C) were obtained by recrystallizaion from boil-
ing toluene. (The single crystal analysed by X-ray diffraction
was obtained from chlorobenzene solution, and contained one
solvent molecule as solvate.) '"H-NMR: 2.54 (s, 3),4.84 (d,
J=11Hz,1),5.27 (d,J=11Hz, 1), 6.7-7.26 (m, 7). UV,
nm (€): A, 304 (4050), A, 280 (1750) ; absorption onset,
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360 nm. Analysis: calculated for C;,H,,0, (440.55): C,
87.25; H, 5.49; found: C, 87.07; H, 5.48.

4.2.2. Cy-symmetrical syn-HT dimer 8

The sample contaminated by about 15% of 7 precipitated
from dichoromethanc-methanol solution as translucent
square plate-shaped crystals, which decomposed at 260 °C.
'H-NMR: 2.52 (s,3),4.85 (d,J=11Hz,1),5.21 (d,J=11
Hz, 1), 6.78-7.26 (m, 7). UV, nm (€): A« 299 (4000),
Amin 276 (3100); absorption onset, 360 nm. Analysis: cal-
culated for C3,H,,0, (440.55): C, 87.25; H, 5.49; found: C,
87.21; H, 5.59.

4.2.3. Cy-symmetrical anti-HH dimer 9

Colourless crystals were obtained from dichloromeihane
solution by the addition of ethanol (m.p., approximately 263
°C (dec)). (For X-ray diffraction, good quality needle-
shaped crystals of @ containing solvent molecules in a 1:1
ratio were obtained by recrystallization from boiling chloro-
benzene.) '"H-NMR: 2.54 (s, 3), 4.59 (s, 1), 5.39 (s, 1),
6.70-7.22 (m, 7). UV, nm (€): A, 205 (4000), A, 280
(1700); absotption onset, 360 nm. Analysis: calculated for
CyH240; (440.55): C, 87.25; H, 5.49; found: C, 87.08; H,
5.49.

4.2.4. Mirror-symmetrical syn-HH dimer 10

Colourless fluffy needle-shaped crystals were obtained
from dichloromethane-ethanol (m.p., approximately 280 °C
(dec)). 'H-NMR: 2.48 (s, 3),4.60 (s, 1),5.53 (s, 1), 6.80-
7.16 (m, 7). UV, nm (€): Ay, 294 (4100), A, 274 (2250);
absorption onset, 360 nm. Analysis: calculated for C;,H,,0,
(440.55): C, 87.25; H, 5.49; found: C, 87.23; H, 5.39.

4.2.5. Dissymmetrical HT dimer 11

Colourless rod-shaped crystals (m.p. (dec), 165 °C) were
obtained from dichloromethane solution by the addition of
methanol or ethanol. (The sample should be held briefly at
about 70 °C in order to remove dichloromethane as solvate.)
'H- NMR: 2.25 (s, 3), 2.43 (s, 3), 4.54 (ddd, J=11,7, 1
Hz,1),5.25(d,J=11Hz1),5.95 (dd,J=8, 1 Hz, 1),6.26
(dd, J=8, 7 Hz, 1); aromatic protons (J typically about 8
Hz):6.62 (1,1),6.83 (s,1),695 (*'d”’, 1),7.02 (*'d"", 1),
7.1-7.32 (m, 6), 7.47 (s, 1), 7.52 (m, 2); the 'H-NMR
chemical shift assignments of structure 11 are based on the
results of decoupling experiments. UV, nm (€): Ay, 327
(1000), A, 325 (980), sh 285 (3500); absorption onset,
365 nm. Analysis: calculated for C;,H,,0, (440.55): C,
87.25; H, 5.49; found: C, 87.30; H, 5.55.

4.3. Irradiation of 1-acetylanthracene in the presence of
anthracene to give 47+ 4 cycloadducts 16 and 18

A solution of 1-acetylanthracene (330 mg; 1.5 mmol) and
anthracene (535 mg; 3 mmol) in dichloromethane (80 ml)
was irradiated for 4.5 h. Vacuum evaporation of the solvent
gave a virtually colourless olid residue. Combined work-up

of two identical experiments involved flash chromatographic
removal of excess anthracene (TLC R;=0.78), followed by
column chromatographic separation of the mixed dissym-
metrical adduct 18 (212 mg; TLC R;=0.65), mixed 4 +4
adduct 16 (629 mg; TLC R;=0.56) and dissymmetrical
dimer 11 (15 mg; TLC R;=0.49). The spectroscopic and
analytical daza of the mixed adducts are as follows.

4.3.1.9.9',10,10'-Adduct 16

Colourless crystals were obtained from dichloromethane
by the addition of ethanol (m.p. (dec), around 235-240°C).
'H-NMR: 2.54 (s, 3), 4.54, 4.61 (A-B pattern, /=11 Hg,
2), 479 (d, J=11 Hz, 1), 529 (d, J=11 Hz, 1); the 15
aromatic protons give rise to signals between 6.7 and 7.25
ppm. UV, nm (&) Ay 309 (2000), Ay, 290 (1000), Ay,
282 (2100), Ay, 278 (2000); absorption onset, 360 nm.
Analysis: calculated for CygHp0 (398.51): C, 90.42; H,
5.56; found: C, 90.20; H, 5.66.

4.3.2. 1,4,9',10'-Adduct 18

Colourless to pale yellow crystals were obtained from dich-
loromethane~methanol. Partial decomposition occurred dur-
ing column chromatographic isolation. On heating, 18
dissociates into its precursors around 135 °C, forming a clear
yellow melt around 175 °C. 'H-NMR: 2.56 (s, 3), 4.32 (dd,
J=11,7Hz,1),4.47 (d,J=11Hz,1),5.49 (s, 1),5.97 (d,
J=8Hz, 1), 624 (*'t"’, J=8 Hz, 1), 6.87 (s, 1), 7.28 (s,
1); the remaining 10 aromatic protons give rise to multiplets
between 6.5 and 7.6 ppm. Analysis: calculated for Cy,H,,0
(398.51): C, 90.42; H, 5.56; found: C, 90.31; H, 5.66.

4.4. Photochemical dimerization of methyl 1-anthracene-
carboxylate (6) to give 19-23

A solution of 6 (236 mg; 1 mmol) in dichloromethane (75
ml) was irradiated for 7.5 h. "H-NMR analysis of the reaction
mixture indicated 95% consumption of the starting material,
and the formation of dimers 19, 20, 21, 22 and 23 in a ratio
of 34:29:19:10:8, Work-up of three identical irradiation
cxperiments gave a nearly colourless solid residue. It was
suspended in dichloromethane (10 ml), followed by suction
filtration, to give 265 mg (37%) virtually pure centrosym-
metrical HT dimer 19 as a colourless crystalline residue. From
the filtrate, residual starting material 6 (TLC R, =0.58), dis-
symmetrical dimer 23 (TLC R;=0.46), C,-symmetrical HT
dimer 20 (TLC R;=0.43), mirror-symmetrical HH dimer 22
(TLC R;=0.25) and C,-symmetrical HH dimer 21 (TLC
R;=0.21) were isolated by flash chromatography. The over-
lapping fractions of HT and HH dimers were then separated
by conventional column chromatography on silica gel/di-
chloromethane. (It is essential to separate the centrosym-
metrical dimer 19 as described above since its R, value is the
same as that of the dissymmetrical dimer 23.) The dimer-
zation products of methyl 1-anthracenecarboxylate are char-
acterized by the following analytical and spectroscopic data.
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4.4.1. Centrosymmetrical anti-HT dimer 19

Colourless crystals (m.p., 298 °C (dec)) were recrystal-
lized from boiling dichloromethane. (The single crystal of
19 analysed by X-ray diffraction was obtained from boiling
chlorobenzene and was found to be a 1:1 solvate.) 'H-NMR:
3.95 (s, 6), 4.82 (d, J=11.2 Hz, 1), 5.52 (d, J=11.2 Hz,
1), 6.76-7.40 (14 arom H). UV, nm (€): Apax 295 (4700).
Ain 271; absorption onset, around 340 nm. Analysis: calcu-
lated for C3,H,,0,4 (472.55): C, 81.34; H, 5.12; found: C,
81.18; H, 5.02.

4.4.2. Cy-symmetrical syn-HT dimer 20

Colourless needle-shaped crystals (m.p., 235-240 °C)
were obtained from dichloromethane~ethanol solution. 'H-
NMR: 3.94 (s,6),4.83 (d,J=11.2Hz,1),4.48 (d,J=11.2
Hz, 1), 6.78-7.38 (14 arom H). UV, nm (e€): Ay, 288
(4800), sh 310 (2500), Ann 269; absorption onset, around
340 nm. Analysis: calculated for Cy,Hp,04 (472.55): C,
81.34: H, 5.12; found: C, 81.15; H, 5.19.

4.4.3. Cy-symmetrical anti-HH dimer 21

Colourless needle-shaped crystals (m.p., 240-245 °C)
were obtained from dichloromethane-ethanol solution, 'H-
NMR: 3.98 (s, 0), 4.60 (s, 2), 5.67 (s, 2), 6.74-7.40 (14
aromH). UV, nm (€): Apux 296 (4400), A,y 270; absorption
onset, around 340 nm. Analysis: calculated for Cy,H,,0,
(472.55): C, 81.34; H, 5.12; found: C, 81.55; H, 5.28.

4.4.4. Mirror-symmetrical syn-HH dimer 22

Colourless square plate-shaped crystals (m.p., 240-245
°C) were obtained from dichloromethanc—ethanol solution.
'H-NMR: 3.93 (s, 6), 4.60 (s, 2),5.87 (s, 2),6.82-7.36 (14
aromH). UV, nm (€): Ay, 286 (4800), A,y 268; absorption
onset. around 340 nm. Analysis: calculated for C,,H,,0,
(472.55): C, 81.34; H, 5.12: found: C, 81.37; H, 5.11.

£4.3. Dissymmetrical HT dimer 23

Colourless square crystals (m.p., about 170 °C (dec))
were obtained from dichloromethane-ethanol solution. 'H-
NMR (CDCly): 391 (s, 3), 3.96 (s, 3), 447 (dt",
J=108,4Hz,1),5.39 (s, 1),548(d,J=108Hz, 1),6.14
(*'s", 1),6.15 (*'s, 1), 6.64 (1. J=8 Hz, 1), 7.00 (s, 1),
7.15 (m, 4). 7.26 (m, 4), 741 (s, 1), 7.54 (br m, 2). 'H-

NMR (CD;COCD;): 3.93 (s, 3), 3.98 (s, 3), 541 (s, 1),
4.49 (ddd,J=10.8,6.4, 1.6 Hz, 1),5.53 (d,/=10.8 Hz, 1),
6.09-6.17 (m, from which coupling constants of 8.8, 6.8 and
1.6 Hz were deduced, 2), 6.68 (t,J=8 Hz, 1), 7.1-7.35 (m,
10), 7.44 (s, 1), 7.55-7.65 (m, 2). Essential '*C-NMR sig-
nals: 175.6, 167.9, 61.96, 56.37, 53.29, 52.09, 49.41, 47.62;
arcmatic and olefinic C, 146.1-122.7. UV, nm (€): Ap,. 328
(500), A, 324 (400), sh 312 (1480), sh 294 (4200);
absorption onset, around 340 nm. Analysis: calculated for
C1,H40,4 (472.55): C, 81.34; H, 5.12; found: C, 81.20; H,
5.04.
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