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PAHs (molecular landers), 17.7 to 30 A long, devised for the
study of electron transport along a single molecular wire in
an STM tip-molecule-electrode experiment, have been
obtained by Diels-Alder cycloadditions of benzadiyne to two
cyclopentadienone precursors. They comprise a polyaromatic
molecular board with a terminal fluoranthene group for

chemisorption (and electrical contact) on a metallic diatomic
terrace, and 4 to 8 3,5-di-tert-butylphenyl spacers. As a result
of steric crowding, these spacers are held in such a
conformation that the phenyl rings are nearly perpendicular
to the main board plane and maintain the molecular wire 6.8
A above the metallic surface.

Introduction

Molecular systems capable of allowing fast, reliable, long-
distance electron transport are an essential requisite for fu-
ture applications in molecular electronics. In order to design
and synthesize the optimal molecules for this purpose, it is
very important to have an understanding of the parameters
that control this phenomenon. Although theoretical investi-
gations of the conductance and transparence of long molec-
ular wires between two metallic electrodes have recently
been published,™ an experimental study of electron trans-
port decay with increasing molecular length and with differ-
ent types of molecules has yet to be carried out. Along these
lines, only two electrode—molecule—electrode experiments
have been described to date: one using a gapless (“me-
tallic”) single-wall nanotube,? while in the other a ben-
zene-1,4-dithiol was used to bridge a mechanically control-
lable break junction of around 8 A.B! However, for “non-
metallic” molecular wires, the very low current density ex-
pected for the interelectrode gaps currently available by
nanolithography remains a very crucial problem. For ex-
ample, for an electrode-to-electrode distance of 8 nm with a
bias voltage of 0.1 V, calculation™ shows that the expected
current intensity would be at maximum ca. 10~ 4—10"1 A,
at least for the best molecular wires synthesized to date. On
the other hand, with current nanolithography technology,
nanoelectrodes with an interelectrode gap of less than 5 nm
remain difficult to make in a reproducible manner.M In or-
der to overcome this low-current problem associated with
the difficulty of positioning a molecule between two nanoe-
lectrodes, studies are underway in this laboratory concern-
ing a slightly different experimental set-up (tip—molecule—
surface), as shown in Figure 1.

The experiments are performed under ultra high vacuum
conditions, using a clean metallic surface on which the mol-
ecules are initially deposited by sublimation. These mol-
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Figure 1. Schematic view of an “STM tip—molecule—electrode”
experiment
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ecules have a rigid main board (the molecular wire), which
is maintained at least 6 A above the surface by several spa-
cers (legs) R in order to prevent a direct electron flow be-
tween the tip and the surface through (and perpendicularly
to) the board plane. This main board has an aromatic plat-
form that projects beyond the last spacer for chemisorption
(and good electrical contact) with a diatomic terrace on the
metal surface. Measurements of current density versus
length are made by moving the tip along the molecular
board. The similarities between these molecular ladders and
landing craft such as the Mars lander has led to the pro-
posal of the name “molecular landers”. The spacers need
to be chosen carefully; they must show little electronic
coupling with the main board and with the surface in order
to minimize tip-to-surface electron leaks, and they must
also allow some movement of the molecule on the surface.
Although the parameters controlling this mobility are not
fully understood,™ there seems to be a compromise be-
tween rigidity, which favors mobility, and softness (slack-
ness), which allows an adaptation of the molecular confor-
mation to suit the surface roughness, as well as physisorp-
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tion and chemisorption. One further factor is that the spa-
cers must also maintain some solubility of the molecule, at
least for purification and spectroscopic studies.

Results and Discussion

For the experiments outlined in the introduction, several
types of 17.7 to 30 A long “molecular landers” have been
synthesized, as shown in Figure 2.

Figure 2. “Molecular ladders”

They comprise a polyaromatic molecular board with a
terminal fluoranthene group for chemisorption (and electri-
cal contact) on a metallic diatomic terrace, and 4 to 8 3,5-
di-tert-butylphenyl spacers. As a result of steric crowding,
these spacers are held in such a conformation that the
phenyl rings are nearly perpendicular to the main board
plane. Figure 3 shows one of the possible conformations of
1c obtained by semiempirical AM1[®! calculations, which
have been shown to give excellent agreement with the X-
ray structures of polycyclic aromatic hydrocarbons (PAHS).
Steric repulsion between the di-tert-butylphenyl and the
fluoranthene ends is, however, not sufficient to force sub-
stantial distortion of the main board core, as observed in
some sterically congested PAHSs.["! These bulky tert-butyl
groups increase the board—surface distance to ca. 6.8 A,
allow some rotation of the “legs” without significantly re-
ducing this distance, reduce the phenyl—surface electronic
coupling, allow easy displacement of the molecule on the
surface, and improve its solubility.

The syntheses of molecules 1la and 1c are outlined in
Scheme 1.
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Figure 3. CPK model showing the minimum energy conformation
of 1c

Scheme 1. Reagents: (a) NBS, benzoyl peroxidee — (b)

—(c) 6, NaOH, MeOH. — (d) DABT, LTA, THF.
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The key reaction is a double Diels—Alder cycloaddition
of two molecules of cyclopentadienone 7 with benzadiyne,
which provides, after CO extrusion, the anthracene cores
of 1. The benzadiyne intermediate was prepared in situ by
oxidation of 1,5-diamino-1,5-dihydrobenzo[1,2-d:4,5-d"]bis-
(triazole) by lead tetraacetate, as first described by Hart et
al.®®l This route has also been recently used by Schliter et
al.[ for the preparation of very similar (but much more
soluble) molecular boards bearing different substituents. 1-
Bromomethyl-3,5-di-tert-butylbenzene 4 was obtained by
bromination® of 3,5-di-tert-butyltoluene™ 3 using NBS
in CCl,. Subsequent carbonylative coupling of 4 with iron
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pentacarbonyl and a base under phase-transfer con-
ditions*? gave the 1,3-diaryl ketone 5 in moderate yield
(40%). Double Knoevenagel condensation with the naph-
thenequinone 6a, the diketopyracene 6b, or the pyracyclo-
quinone 6¢ in dry methanol gave the respective cyclopen-
tadienones 7a, 7b, 7c in good yields. 3 Finally, reactions of
two molecules of these dienes 7a and 7c¢ with benzadiyne
yielded the target products 1a and 1c, respectively.

In contrast to similar molecules recently described by
Schliiter et al.,[** 2 cannot be obtained by extension of the
dienophile 1c by Diels—Alder reaction with the acecyclone
7a. Attempts to perform this reaction invariably led to com-
plex mixtures of by-products and only low yields of the tar-
get molecule 2. This contrasting behaviour can be mainly
attributed to the much lower solubility of 1c and 2 and to
the more electron-rich character of the diene 7a (due to the
two 3,5-di-tert-butylphenyl substituents) compared with
a,0-dodecanyl or carboxylate groups, which precludes an
efficient retro Diels—Alder reaction. The synthesis of 2 is
outlined in Scheme 2. It involves the preparation of the sol-
uble cyclopentadienone 10, which is then reacted with
benzadiyne in the final step of the synthetic procedure. The
key feature of the preparation of 10 was the oxidation of
ethane-bridged 8 by seleninic anhydride™® according to a
procedure described by Rabideau et al. for the synthesis of
1,2,5,6-tetraketopyracene. Intermediate 8 was obtained by
Diels—Alder cycloaddition of the diene 7b to acenaphthy-
lene with concomitant decarbonylation and aromatization.
Once again, owing to the electron-rich character of 7b, this
reaction proceeds slowly, requiring 7 days in refluxing tolu-
ene, compared with only 2 h in the case of analogous elec-
tron-poor carboxylate derivatives.*4 Base-catalysed reac-
tion of the diketone 9 with 5 in a mixture of methanol and
Scheme 2. Reagents:

(@) Acenaphthylene, toluene. — (b)

(CeHsSe0),0, chlorobenzene. — (c) 5, NaOH, MeOH,
CH,Cl,. — (d) DABT, LTA, THF.
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dichloromethane gave the cyclopentadienone 10 in 85%
yield.

These landers with an anthracene core are moderately
(1a) to very poorly (2) soluble, giving yellow (1a) or pink-
red (2), highly luminescent solutions. Figure 4 shows the
absorption and emission spectra of la in chloroform. The
low-energy absorption bands have a typical vibronic pat-
tern. The emission spectrum displays 4 maxima at 496, 534,
577, and 630 nm, and mirrors (in energy) the absorption
spectrum at 490, 458, 430, and 408 nm, with a small Stoke
shift (6 nm) as expected for a very rigid molecule. These
molecules can be sublimed without decomposition under
ultra-high vacuum conditions on warm, clean, copper or
silver surfaces, and have allowed the measurement of spati-
ally-resolved electrical conductance along a single molecu-
lar wire decay length. 7]

Figure 4. Absorption and emission spectra (bold line) of 1a in
CHCI;. The emission spectra has arbitrary units
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Conclusion and Perspectives

In summary, a simple route to PAHs designed for the
study of electron transport in an STM single molecule—sur-
face experiment has been devised. Work in progress is di-
rected towards further functionalization of these landers,
and their use as real molecular devices such as molecular
switches.

I would especially like to thank C. Joachim and H. Tang for their
collaboration in the conception of molecular landers, for calcu-
lations and simulations of STM experiments, and their help in the
choice of the target molecules described here. Thanks are also due
to V. J. Langlais, R. R. Schlittler, and J. K. Gimzewski (IBM Zurich)
for performing STM experiments. Pierre Lavedan and Christine Vi-
ala are gratefully acknowledged for experimental assistance. This
work was supported by the CNRS and the EEC Esprit-Melari pro-
ject 23238 “Nanowires”.

Experimental Section

General: IR (KBr): Perkin-Elmer FT-IR 1725. — UV/vis: Shim-
adzu UV-3100. — NMR: Bruker WF-250, Bruker AM 300; *H-
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and °C-NMR spectra were recorded in CDCl; solution at 20°C
(except for 2, which was examined in C,D,Cl, at 130°C) and refer-
enced to the residual solvent signals as internal standards (CHCI,
at oy 7.25, 6¢: 77.0; C,DHCI, at 4y 5.95). — DCI- and FAB-
MS: Nermag R10-R10. — Elemental analysis: Service d'Analyse
du LCC (Toulouse) and ICSN (Paris). — TLC: Merck aluminium
sheets, silica gel 60 F,54. — Column chromatography: Merck silica
gel, grade 60, 230—400 mesh. — Emission spectroscopy: spectro-
fluorimeter: Photon Technology International M 2011-MS IlI;
xenon lamp: 75 W, slits 4 nm; photomultiplication: 1000 V; solvent:
degassed CHCls.

Starting Materials: 3,5-Di-tert-butyltoluene,*! 1,5-diamino-1,5-
dihydrobenzo[1,2-d:4,5-d"]bis(triazole),!® 1,2-diketopyracene, and
pyracycloquinonel*®! were prepared according to published pro-
cedures. Commercial acenaphthylene (Aldrich) containing ca. 20%
acenaphthene was chromatographed on a short column of silica gel
using petroleum ether as eluent to remove a brown impurity. Lead
tetraacetate was recrystallized from hot glacial acetic acid and
stored over KOH and P,Os before use. THF was distilled from Na/
benzophenone. CH,CI, was distilled over CaH, prior to use.

1-Bromomethyl-3,5-di-tert-butylbenzene (4): A mixture of 3,5-di-
tert-butyltoluene (5.0 g, 24.5 mmol), N-bromosuccinimide (4.5 g,
25.2 mmol), and dibenzoyl peroxide (0.2 g, 0.8 mmol) in carbon
tetrachloride (50 ml) was refluxed for 1 h. After cooling to room
temperature, the suspension was filtered and the collected solid was
washed with CCl, (2 X 50 ml). After evaporation of the solvent
from the combined filtrate and washings, the crude product was
purified by passage through a short plug of silica gel using petro-
leum ether as eluent (5.0 g, yield 73%). The product was found to
contain up to 8% of the starting material, but was used without
further purification for the next step. — C;5H,3Br (283.25): calcd.
C 63.6, H 8.2; found C 64.1, H 8.0. — *H NMR: § = 1.32 (s, 18
H), 452 (s, 2 H), 7.23 (d, J = 1.8 Hz, 2 H), 7.36 (t, J = 1.8 Hz, 1
H). — 3C NMR: § = 151.1, 136.9, 123.2, 122.4, 34.8, 34.5, 31.4.

1,3-Bis(3,5-di-tert-butylphenyl)-2-propanone (5): To a thoroughly
degassed mixture of 4 (4.0 g, 14.1 mmol), dimethyldioctadecylam-
monium bromide (400 mg, 0.6 mmol), 40 ml of 30% aqueous
NaOH, and 40 ml of CH,ClI, under argon, 0.92 ml (7.0 mmol) of
iron pentacarbonyl was added. The biphasic system was stirred rap-
idly (1200 rpm) under argon for 3 h, and then poured into a beaker
containing 200 ml of dichloromethane and 100 ml of water. After
aerial oxidation of iron carbonyl residues overnight and filtration,
the aqueous phase was extracted with dichloromethane (2 X 50
ml). The dichloromethane phases were dried (MgSO,) and the
product was purified by chromatography (eluent: petroleum ether/
dichloromethane, 2:1). Yield 2.45 g, 40%; pale-yellow oil which sol-
idified on standing. — Cj3;H460 (434.7): caled. C 85.7, H 10.7,
found C 85.5, H 10.8. — *H NMR: § = 1.32 (s, 36 H), 3.73 (s, 4
H), 7.0 (d, J = 1.9 Hz, 4 H), 7.31 (t, J = 1.9 Hz, 2 H). — 13C
NMR: & = 206.5, 151.1, 133.3, 123.7, 120.9, 49.5, 34.8, 31.5.

Cyclopentadienone 7a: To a suspension of acenaphthenequinone
6a (70 mg, 0.38 mmol) and 5 (179 mg, 0.41 mmol) in dry methanol
(10 ml) under argon was added 0.2 ml (0.2 mmol) of a 1 m solution
of potassium hydroxide in dry methanol. After stirring for 5 h un-
der argon, the suspension was filtered and the precipitate was ex-
tensively washed with cold methanol. If necessary, the crude prod-
uct was purified by chromatography (SiO,, CH,Cl,/petroleum
ether, 1:2) giving 190 mg (0.33 mmol, yield 85%) of green 7a (blue
solutions). — C43H40 (580.8): calcd. C 88.9, H 8.3; found C 88.9,
H 85 —H NMR § = 1.40 (s, 36 H), 7.46 (d, J = 1.8 Hz, 2 H),
7.58 (dd, J = 7.1 Hz, 8.2 Hz, 2 H), 7.66 (d, J = 1.8 Hz, 4 H), 7.84
(d,J =8.2Hz,2H),807(d,J=71Hz, 2H). —3C NMR: 3 =
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202.5, 153.6, 150.8, 144.8, 13.2, 132.0, 130.7, 128.3, 127.3, 123.6,
122.6, 120.8, 35.1, 31.6. — MS-DCI (NH5): m/z = 581 [MH*], 598
IMNH,*].

Cyclopentadienone 7b: To a solution of diketopyracene 6b (50
mg, 0.24 mmol) and 5 (110 mg, 0.25 mmol) in dry methanol (5 ml)
under argon was added 0.2 ml of a 1 M solution of potassium hy-
droxide in dry methanol. After stirring overnight under argon, the
suspension was filtered and the precipitate was extensively washed
with cold methanol and dried in vacuo to afford 140 mg (0.23
mmol, 96%) of 7b as green crystals (blue solutions). — C4sH500
(606.9): calcd. C 89.1, H 8.3; found C 89.0, H 8.5. — 'H NMR:
6 =1.40(s, 36 H), 3.52 (5,4 H), 7.34 (d, J = 7.1 Hz, 2 H), 7.44 (t,
J=18Hz, 2H), 769 (,J=18Hz 4H),793(d,J=7.1Hz
2 H). — 3C NMR: & = 202.6, 155.4, 150.7, 146.7, 143.9, 131.0,
128.1, 123.3, 122.4, 122.3, 121.5, 35.1, 32.2, 31.6. — MS-DCI
(NH3): m/z = 607 [MH™].

Cyclopentadienone 7c: To a solution of pyracycloquinone 6¢ (50
mg, 0.24 mmol) and 5 (150 mg, 0.34 mmol) in dry methanol (10
ml) under argon was added 1 ml of a 1 M solution of potassium
hydroxide in dry methanol. After stirring overnight under argon,
the suspension was filtered and the precipitate was extensively
washed with cold methanol and dried in vacuo to afford 140 mg
(0.23 mmol, 96%) of 7c as a brown powder (red solutions). —
Cu5H 480 (604.9): caled. C 89.4, H 8.0; found C 89.1, H 8.2. — H
NMR: § = 1.44 (s, 36 H), 7.45 (s, 2 H), 7.53 (t, J = 1.8 Hz, 2 H),
7.87(d,J=18Hz,4H),806(d, J=73Hz,2H),732(d,J=
7.3 Hz, 2 H). — ¥C NMR: § = 201.3, 150.9, 138.4, 131.0, 130.9,
127.3, 125.4, 123.4, 123.0, 121.9, 35.2, 31.6. — MS-DCI (NHy):
m/z = 605 [MH™].

Lander 1a: To a solution of 7a (300 mg, 0.52 mmol) in THF (20
ml) under argon, 1,5-diamino-1,5-dihydrobenzol[1,2-d:4,5-d']bis-
(triazole) (80 mg, 0.42 mmol) and lead tetraacetate (390 mg, 0.88
mmol) were added alternately in small portions (0.5 h). The suspen-
sion was then concentrated in vacuo and, under argon, the residue
was thoroughly extracted with 50 ml portions of CHCI;. After de-
cantation, the combined extracts were filtered through Celite. Con-
centration of the filtrate and recrystallization of the residue from
CH,Cl,/methanol gave 115 mg (0.097 mmol, 37%) of yellow-orange
la (highly fluorescent yellow-green air-sensitive solutions). —
CgoHog (1179.8): caled. C 91.6, H 8.4; found C 91.2, H 8.8. — H
NMR: 8 = 0.87—1.25 (br m, 72 H), 6.31 (d, J = 7.3 Hz, 4 H),
7.21(dd, J = 7.3,8.0 Hz, 4 H), 7.30 (d, J = 2.0 Hz, 8 H), 7.51 (t,
J = 2.0 Hz, H), 7.61 (d, J = 8.0 Hz, 4 H), 8.54 (s, 2 H). — UV/vis
(CHCl3): Amax (nm) (¢ 1074 mol dm~23 cm~1): 490 (5.37), 458 (3.73),
430 (1.58), 408 (0.74), 361 (12.4), 347 (9.99), 274 (4.38) — Emission:
CHCl3, (Rexe: 361 nm): 496, 534, 577, 630 nm. — MS-FAB
(MNBA): m/z = 1179 [M*].

Lander 1c: To a solution of 7c (70 mg, 0.115 mmol) in THF (20
ml) under argon, 1,5-diamino-1,5-dihydrobenzo[1,2-d:4,5-d"]bis-
(triazole) (20 mg, 0.105 mmol) and lead tetraacetate (120 mg, 0.36
mmol) were added alternately in small portions (0.5 h). The suspen-
sion was then concentrated to a volume of 10 ml and filtered. The
resulting reddish precipitate was extracted with THF (5 X 20 ml),
giving 32 mg (0.026 mmol, 45%) of red 1c. — CgsHgg (1227.8):
calcd. C 92.0, H 8.0; found C 91.7, H 7.9. — *H NMR: § = 1.25
(br m, 72 H), 5.94 (d, J = 7.0 Hz, 4 H), 6.61 (s, 4 H), 7.01 (d, J =
7.0Hz, 4 H),7.21(d,J = 1.8 Hz, 8 H), 7.43 (t, J = 1.8 Hz, 4 H),
8.09 (s, 2 H). — MS-DCI (CHy): m/z = 1227 [MH™], 1243
[MCH5*], 1259 [MC,Hq"].

2,5-Bis(3,5-di-tert-butylphenyl)-3,4-(1,8-naphthylene)-1,6-(5,6-ace-
naphthylene)benzene (8): A solution of 7b (200 mg, 0.33 mmol) and
acenaphthylene (125 mg at 80%, 0.66 mmol of acenaphthylene) in
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toluene (20 ml) was refluxed for 7 d. After evaporation of the tolu-
ene in vacuo, the residue was dissolved in dichloromethane and
preadsorbed onto silica gel. Purification by silica gel chromatogra-
phy using first petroleum ether to remove the excess acenaphthene/
acenaphthylene and then petroleum ether/dichloromethane gradi-
ents led to the isolation of 175 mg (0.24 mmol, 73%) of yellow-
orange 8. — CsgHsg (729.1): caled. C 92.3, H 7.7; found C 92.0, H
74, —HNMR: § = 1.41 (s, 36 H), 3.43 (5,4 H), 6.82 (d,J = 7.1
Hz, 2 H), 6.87 (d, J = 7.1 Hz, 2 H), 7.17 (d, J = 7.1 Hz, 2 H),
7.32(dd, J = 7.1, 8.2 Hz, 2 H), 7.58 (d, J = 1.8 Hz, 4 H), 7.67 (t,
J =18Hz 2 H), 770 (d, J = 8.2 Hz, 2 H). — 8C NMR: § =
151.7, 145.5, 138.3, 136.9, 132.4, 129.6, 127.6, 126.0, 125.0, 123.7,
123.0, 121.0, 120.7, 76.5, 35.2, 32.2, 31.6. — MS-DCI (CH,): m/z =
729 [MH*].

Quinone 9: A solution of 8 (75 mg, 0.103 mmol) and benzenese-
leninic acid anhydride (74 mg, 0.103 mmol) in chlorobenzene (10
ml) was refluxed for 24 h. The orange solution was then rotary
evaporated. Silica gel chromatography of the residue (eluent
CH,Cl,/petroleum ether) furnished 54 mg (0.071 mmol, 69%) of
orange 9. — CsgHs5,0, (757.0): caled. C 88.8, H 6.9; found C 88.5,
H 6.8. — 'H NMR: & = 1.43 (s, 36 H), 6.95 (d, J = 6.8 Hz, 2 H),
7.03(d,J = 7.3 Hz, 2 H), 7.39 (dd, J = 6.8, 8.2 Hz, 2 H), 7.57 (d,
J=18Hz,4H),775(t J=18Hz 2H),7.81(d, J=82Hz,
2 H), 7.95 (d, J = 7.3 Hz, 2 H). — 13C NMR: § = 187.6, 152.4,
141.9, 138.8, 137.0, 135.8, 127.9, 127.3, 124.7, 124.2, 124.0, 123.2,
121.8, 35.3, 31.5. — MS-DCI (CH,): m/z = 757 [MH™], 785
[MC,H5™], 797 [MC3H5"].

Cyclopentadienone 10: To a solution of 9 (40 mg, 0.053 mmol)
and 5 (35 mg, 0.081 mmol) in a mixture of dry methanol (10 ml)
and dry dichloromethane (10 ml) under argon was added 0.25 ml
(0.05 mmol) of a 0.2 m solution of potassium hydroxide in dry
methanol. After stirring overnight under argon, the suspension was
concentrated, filtered, and the precipitate was extensively washed
with cold methanol. The crude product was purified by chromatog-
raphy (SiO,, CH,Cl,/petroleum ether, 1:4) giving 52 mg (0.045
mmol, 85%) of red-orange 10. — Cg;Hg,O (1155.7): calcd. C 90.4,
H 8.2; found C 90.1, H 8.0. — *H NMR: § = 1.20—1.50 (m, 72
H), 6.97 (d, J = 7.0 Hz, 2 H), 7.07 (d, J = 7.0 Hz, 2 H), 7.39 (dd,
J=75Hz, 2H), 747 (t,J = 1.5 Hz, 2 H), 7.63 (d, J = 1.5 Hz,
4 H), 7.72—7.79 (m, 8 H), 8.01 (d, J = 7.5 Hz, 2 H). — 13C NMR:
6 = 201.7, 152.0, 150.8, 140.9, 138.4, 137.6, 137.5, 136.5, 131.1,
130.2, 129.7, 127.8, 126.7, 125.5 124.1, 123.6, 123.4, 123.1, 122.7,
122.1, 121.5, 35.3, 35.1, 31.6. — MS-DCI (CH,): m/z = 1155
[MH™].

Lander 2: To a solution of 10 (25 mg, 21.6 umol) in dry THF (3
ml) under argon, 1,5-diamino-1,5-dihydrobenzo[1,2-d:4,5-d']bis-
(triazole) (10 mg, 52.6 umol) and 40 mg (90.2 umol) of lead tetra-
acetate were added alternately in small portions (1 h). The suspen-
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sion was then filtered through a short plug of silica gel, which was
subsequently washed with THF and dichloromethane until the
washings were colourless. Repeated extractions with boiling chloro-
benzene (5 X 10 ml) gave highly fluorescent pink solutions, from
which 2 precipitated at room temperature. Yield 30%, 7.5 mg, 3.2
pumol. — Cy7gH190 (2329.5): calcd. C 91.8, H 8.2; found C 91.6, H
8.0. — IH NMR (C,D,Cl,, 130°C): § = 1.25—1.40 (br m, 144 H),
580 (d,J =7Hz,4H),613(d,J=7Hz,4H),6.9 (d,J =7
Hz, 4 H), 7.24 (d, J = 1.5 Hz, 8 H), 7.26—7.31 (br m, 4 H), 7.47
(brs, 8 H), 7.65 (brs, 8 H), 7.66 (d, J = 7 Hz, 4 H), 8.19 (s, 2 H).
— UVNis (CgHsCI): Anax (nm) = 588, 543, 504, 440, 419, 397, 320.
— Emission: CHCI,CHCI,, (Aey: 361 nm): 605, 658, 720 nm.
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— Bl M. Magoga, C. Joachim, Phys. Rev. B. 1998, 57,
1820—1823.
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