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New perylene-substituted organotrialkynyltins CioH20Sp—Sn(C=CC4Hoy)s (1; Sp = —C4Hs—,
—CgHi2—, —CH=CH-) have been synthesized in two steps from the tricyclohexyltin
analogues in fair to high yields (30—90%). Tricyclohexyltin derivatives were prepared in
50% vyields either by coupling of 3-perylenyllithium with a (w-iodoalkyl)tricyclohexyltin or
by hydrostannation of 3-ethynylperylene by tricyclohexyltin hydride. Intermolecular 7—x
contacts between the perylene units were found in the solid-state structure of 3-(4-
(tricyclohexylstannyl)butyl)perylene. The presence of a (tricyclohexylstannyl)- or a (trialky-
nylstannyl)alkyl substituent does not affect the fluorescence emission properties of the
perylene core, whereas an w-(trichlorostannyl)alkyl or a 2-stannylethynyl group does.
Molecules 1 are dye precursors for the photosensitization of nanocrystalline tin dioxide

materials.

Introduction

Dye sensitization of wide-gap n-type semiconductors
(TiO2, SNOy, ...) is a promising route for sunlight-to-
electricity conversion.! At the beginning of the 1990s,
Gratzel et al. accomplished a breakthrough in this field
by depositing ruthenium polypyridine complexes, en-
dowed with carboxylic acid groups, onto nanocrystalline
porous titanium dioxide films with high surface area.?
The corresponding devices exhibit yields of energy
conversion comparable to those reported for silicon-
based solar cells. As a result, various new photovoltaic
systems based on nanocrystalline metal oxide have been
described over the 10 past years. Most of them consist
of titanium? or tin® dioxide colloidal particles modified
with coordination complexes of ruthenium?4-% or iron”
or with organic dyes such as aromatic® and polyaro-
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matic® compounds. The sensitizer is usually linked to
the oxide surface via a spacer bearing carboxylic acid,
ester,10 catechol,* phosphonic acid,*®12 or g-diketone!3
functionalities. Up to now, the more successful systems
were obtained with dye-bearing carboxylic acid groups,
the latter reacting with the surface hydroxyl function-
alities of the oxide. However, the weak sensitizer—oxide
bond leads to unstable devices in neutral and basic
media®® which diminishes the light-to-electricity conver-
sion yields and the stability of the device. To improve
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Chart 1

3 la-c
O Sp—Sn(C=C-C,H,),
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Sp=-(CH,),~,-(CH=CH)- n=4.6

the stability of regenerative solar cells, it is therefore
of great relevance to develop new chromophore—oxide
linkages. For instance, it might be advantageous to
exploit the more stable Sn(oxide)—O—Sn—C(alkyl) link-
age in order to strongly attach a dye onto nanocrystal-
line tin dioxide powders.

We have recently reported the preparation of nano-
crystalline F-doped or undoped tin dioxide powders by
the sol—gel route from g-diketonate-stabilized alkoxy-
tins, which could be interesting oxide materials for
photovoltaic applications.!* To photosensitize these
materials, our strategy was to prepare organotin com-
pounds including an organic dye and three moisture-
sensitive groups capable of reacting efficiently with the
surface hydroxyl groups of the tin dioxide. Perylene dyes
have been chosen for both fundamental and practical
reasons. Indeed, they strongly absorb in the visible
range (¢ > 3 x 10* L mol~! cm™1) and the oxidation
potential of their first excited singlet state lies very high
above the lower edge of the conduction band of most
oxide semiconductors with a wide band gap.®@ Further-
more, alkynyl subsituents are good candidates as hy-
drolyzable groups since, on one hand, the corresponding
organotins are easily prepared and purified from orga-
notrichlorotins and, on the other hand, organotrialky-
nyltins smoothly react with alcohols or water to give
alkoxides or oxides.'® To the best of our knowledge, only
one perylene-substituted organotin, namely N-(2,7-
diisopropylphenyl)-1,7-bis(4-tert-butylphenoxy)-10-(tri-
n-butyltin)perylene-3,4-dicarboximide, has been re-
ported up to now and was used as a synthon in a Stille
coupling reaction.’® We have decided to introduce an
alkylene or alkenylene bridging group between the tin
atom and the perylenyl group in order to favor the
grafting ability of the target molecules by reducing the
bulk at the tin center.

Consequently, we report herein on the syntheses,
characterization, and solution spectroscopic properties
of perylene-substituted organotrialkynyltins 1 (Chart 1).
While leading to stable sensitizer—oxide linkages, the
nature (alkylene, alkenylene) of the spacer Sp should
allow us to vary the electronic coupling between the dye
and the oxide surface and/or surface state energetics.

Results and Discussion

Synthesis. It was recently shown that functional
monoorganotrialkynyltins could be readily prepared in
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two steps from the corresponding tricyclohexyltin via a
trichloride derivative.’® A similar chemical pathway was
followed to obtain the target molecules 1 (Scheme 1),
the actual synthetic challenge lying in the preparation
of the tricyclohexyltin derivatives 3.

Indeed, in the case of the alkylene bridging groups,
two synthetic approaches could be followed to reach 3:
(i) hydrostannation of 3-(w-alkenyl)perylenes with tri-
cyclohexyltin hydride and (ii) displacement of halides
in (w-halogenoalkyl)tricyclohexyltins by using peryle-
nyllithium. However, the synthesis of perylene-substi-
tuted a-olefins, which could be achieved by the coupling
of a w-alkenyl Grignard reagent with 3-(chloromethyl)-
perylene,’” would require several steps involving puri-
fication difficulties, owing to the low solubility of the
perylene unit. Furthermore, the second route, which is
more convergent, is usually favored when delocalized
carbanions and primary alkyl halides are used.!® Con-
sequently, the latter was preferred to prepare 3a,b. The
first key molecules were the (w-iodoalkyl)tricyclohexyl-
tin derivatives. These compounds were produced in a
two-step synthesis from the suitable (w-hydroxyalkyl)-
tricyclohexyltin species 4 (Scheme 2).1°

The first reaction was an esterification with p-
toluenesulfonyl chloride, which afforded the (w-(tosyl-
oxy)alkyltricyclohexyltin compound 5 in 75—90% yield.20
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The latter was then converted into the iodide derivatives
6 by reaction with sodium iodide in acetone (yield: 85—
95%).2! Furthermore, we have chosen 3-bromoperylene
7, which was isolated in 80% vyield after NBS (N-
bromosuccinimide) bromination of perylene in DMF,16:22
as the starting material for perylenyllithium. The use
of a slight excess of perylene has allowed us to avoid
polybromination reactions. Then, metal—halogen ex-
change between 3-perylene and n-butyllithium at —78
°C furnished perylenyllithium, which was immediately
reacted with 6 to give 3 in fair yields (50—60%) after
purification (Scheme 3). Low temperature and an excess
(1.4 equiv) of the iodide derivatives were essential to
diminish both transmetalation and the competitive
alkylation of the 1-bromobutane formed during the
metal—halogen exchange stage.

For the alkenylene spacer, the synthesis of 3c was
achieved by an hydrostannation of 3-ethynylperylene 8
(Scheme 4), which was obtained in two steps from
3-bromoperylene.?® As it was shown that metal-cata-
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lyzed hydrostannation of ethynylaryl compounds was
used to give mixtures of o and S(E/Z) isomers,?* reac-
tions under free-radical conditions were carried out.?®
The reaction of 3-ethynylperylene with tricyclohexyltin
hydride in the presence of 0.03 equiv of AIBN in benzene
at 70 °C gave the anti-hydrostannation product 3(2)-
3c ((2)-vinylstannane) regio- and stereoselectively. A
90% conversion rate was reached after 20 h, as moni-
tored by 'H NMR spectroscopy. Further additions of
AIBN and Cy3;SnH led to the complete isomerization of
B(Z2)-3c into the (E)-vinylstannane j3(E)-3c after 24 h,
which was obtained in 50% yield after purification
(Scheme 4).

Despite the addition of Et,NH, partial decomposition
of S(E)-3c over silica gel occurred during the purification
step, which is at the origin of the discrepancy observed
between the conversion rate and the isolated yield. The
occurrence and the course of this reaction are consistent
with experimental and theoretical results previously
reported for hydrostannation of conjugated alkynes.2®
The stereoselectivity of the Kinetic product, the (2)
isomer, would be a result of the intermediate vinyl
radical, which exhibits an sp geometry at the radical
carbon.2%® Experimentally, the kinetic product then
isomerizes and the thermodynamically more stable -
(E) isomer is obtained. It is also worth mentioning that
the temperature had to be carefully controlled to obtain
3c. Indeed, temperatures below 60 °C (or above 80 °C)
have favored the o product (or decomposition of the
vinylstannane). The formation of the a product can be
rationalized by postulating an ionic mechanism,?” the
decomposition rate of AIBN being insufficient to be
under pure free radical conditions.

Monoorganotrichlorotins 2a,b were then conveniently
synthesized in quantitative yields from 3a,b and tin
tetrachloride. These compounds were insoluble in al-
kanes and aromatic and aprotic polar solvents (CH3CN,
DMSO) and only sparingly soluble in dichloromethane
and chloroform. Finally, alkynylation of the trichloride
2a,b with hexynyllithium yielded the corresponding
alkynides 1a,b in very high yields (90—95%). A similar
route was followed to prepare the target molecule
including the alkenylene spacer. The chloride 2c proved
to be insoluble in organic solvents and was light
sensitive (polymerization phenomenon), which has pre-
vented its complete characterization in solution. It was
therefore immediately reacted with an excess of hex-
ynyllithium to give 1c (30%).

Characterization. Compounds 1—3 have been thor-
oughly characterized in solution by multinuclear 1H, 13C
and 11°Sn NMR and UV-visible absorption spec-
troscopies, high-resolution mass spectrometry and steady-
state fluorescence emission spectroscopy.
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Figure 1. Absorption (dotted line) and emission (full line)
spectra: (A) la,b, 2a,b, and 3a,b (only one spectrum
shown); (B) 3c and 1c (only one spectrum shown).

In the case of species with saturated spacers, the 11°Sn
NMR chemical shifts of the tricyclohexyl-, trichloro-, and
trihex-1-ynyltin compounds fall within the range of
those reported for alkyltin analogues:!°19 i.e. —66 ppm
for 3a,b, +4 ppm for 2a,b, and —250 ppm for la,b.
Interestingly, 'H NMR data have allowed the identifica-
tion of the three possible stereocisomers of the products
endowed with an alkenylene spacer. For instance,
isomer S(E)-3c (5(2)-3c) shows two doublets at 6.86 and
7.58 ppm (6.39 and 8.07 ppm) with a 3Juy coupling
constant of 19.5 Hz (13.8 Hz) in H NMR spectroscopy.
Furthermore, the gem-perylenyl group in the a byprod-
uct shields the 'H doublets to 5.67 and 5.97 ppm, the
2Jun coupling constant being equal to 3.5 Hz. 119Sn
NMR spectroscopy was also a suitable method to
identify the different isomers. Indeed, 1°Sn NMR
resonances are detected at —81, —98.5, and —100.1 ppm
for a-3c, S(E)-3c and 5(2)-3c, respectively, which agree
favorably with the trend of the correlation between the
structure and the 119Sn NMR chemical shift reported
by Quintard et al.22 and Cochran et al.2> However, it
must be noted that the chemical shift difference between
the Z and E isomers is much smaller in our case.
Furthermore, the vinylperylene group of S(E)-1c shields
the 119Sn resonance by 32 to —282 ppm when this value
is compared to those found for 1a,b. This is consistent
with the shielding of the 19Sn resonance as primary
alkyl groups are replaced with vinyl or phenyl groups.?®

The UV—visible absorption and fluorescence behav-
iors of the molecules synthesized have been investigated
in solution so as to determine the influence of the
tricyclo-, trichloro-, and trihex-1-ynylstannyl groups on
the photophysical properties of the perylene unit. The
UV—visible absorption spectra of 3a,b, 2a,b, and 1a,b
recorded in dichloromethane were similar to that of
perylene (Figure 1A). The main absorption band in the
visible range corresponds to the lowest energy 7—xa*
transition, whose vibronic fine structure has maxima
at 444, 417, 396 and 375 nm. The energy difference
between each vibrational component is approximately
equal to 1400 cm~1, which is consistent with an interval

(28) Quintard, J.-P.; Degueil-Castaing, M.; Dumartin, G.; Barbe, B.;
Petraud, M. J. Organomet. Chem. 1982, 234, 27.
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8, 291.
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Table 1. Quantum Yield of Fluorescence (®gn) for
1-3
3a 3b 3c 2a 2b la 1b 1lc
$eny 072 075 017 0.19 0.23 068 066 0.12

of totally symmetric vibrational levels.2° On the other
hand, the absorptions of compounds 3c and 1lc are
slightly bathochromically shifted (~15 nm) compared
with molecules 3a,b as a result of the extended =&
system, and the vibrational structure is not as well-
resolved as in the previous cases.

As far as the fluorescence properties are concerned,
the emission spectra recorded in dichloromethane of the
dyes 3a,b, 2a,b, and 1a,b exhibit maxima at 560, 515,
481, and 451 nm, close to those described for perylene.3!
For each compound, the absorption and excitation
spectra overlap. The blue emission is attributed to S;
— Sp fluorescence. In addition, these emission spectra
show mirror image symmetry between the longest
wavelength absorption band and the corresponding
emission band, the Stokes shift between these two bands
being remarkably small (~400 cm~1). Consequently,
these features are consistent with So and S; states of
quite similar geometries, as previously reported for
different perylene derivatives.?? It is also worth men-
tioning that the spectra remain unchanged in the
concentration range investigated: i.e., 1 x 1077—5 x
10-5 M. No eximer emission could be detected, therefore.
Compounds B(E)-3c and S(E)-1c behave similarly, but
Stokes shifts twice as large (~775 cm~1) were found
(Figure 1B). To get a quantitative insight into the
photophysical properties, the quantum yields of fluo-
rescence were determined. Compounds 3a,b and la,b
exhibit quantum yields near that measured under the
same conditions for perylene, i.e., ®en = 0.75 (Table 1).
In contrast, the presence of a trichlorostannyl group
strongly affects the quantum yields, which decrease to
0.23-0.19 for 2a,b. Such a quenching was also noted
for the alkenylene spacer series. The question arose
about the origin of the quenching observed. While both
absorption and emission spectra of 2a,b are similar to
those reported for perylene, the fact that those of 3c and
1c are very different indicates that the quenching
processes are very likely different in origin. The behav-
ior of the trichloride 2a,b might be rationalized by
considering that chlorine atoms are presumably respon-
sible for the quenching observed. Indeed, heavy atoms
and metal ions are known to be efficient quenchers of
fluorescence.® In 3c and 1c, cis—trans isomerization of
the double bond could take place and the emitting part
is the 3-ethenylperylene group which is directly linked
to the tin center. As a consequence, these processes
might be invoked to explain the low quantum yields
measured in these cases.

As mentioned in the Introduction, the dyes prepared
will be used to sensitize nanoporous tin dioxide materi-
als. Among all the possible effects governing the ef-

(30) Tanizaki, Y.; Yoshinaga, T.; Hiratsuka, H. Spectrochim. Acta
1978, 34A, 205.
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Kanbara, T.; Takakusagi, H.; Kagaya, S.; Hasegawa, K. Chem. Lett.
1999, 969.
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Figure 2. Molecular structure of Cy3Sn(CH,)4C10H2o (32) showing the 10% probability thermal ellipsoids for all non-

hydrogen atoms.

Table 2. Selected Bond (A) Lengths and Angles
(deg) for 3a

Sn(43)—C(24) 2.19(4) Sn(93)—C(74) 2.11(3)
Sn(43)—C(25) 2.11(3) Sn(93)—C(75) 2.18(2)
Sn(43)—C(31) 2.14(2) Sn(93)—C(81) 2.18(3)
Sn(43)—C(37) 2.15(4) Sn(93)—C(87) 2.22(3)
C(14)-C(21) 1.52(2) C(66)—C(71) 1.51(2)
C(21)—C(22) 1.50(2) C(71)—C(72) 1.51(3)
C(22)—C(23) 1.58(2) C(72)—C(73) 1.54(3)
C(23)—C(24) 1.51(3) C(73)—C(74) 1.47(3)

C(25)-Sn(43)—C(31) 106.4(10) C(87)—Sn(93)—C(75) 110.1(11)
C(25)-Sn(43)—C(24) 110.0(12) C(87)—Sn(93)—C(81) 105.7(14)
C(31)-Sn(43)—C(24) 100.5(11) C(75)—Sn(93)—C(81) 102.1(11)
C(25)—Sn(43)—C(37) 114.7(14) C(87)—Sn(93)—C(74) 116.5(11)
C(31)—Sn(43)—C(37) 113.9(12) C(75)—Sn(93)—C(74) 105.7(11)
C(24)-Sn(43)—C(37) 110.3(15) C(81)—Sn(93)—C(74) 115.7(16)

ficiency of the electron transfer, the organization of the
perylene units onto the surface should play an impor-
tant part, since aggregation processes via 7—u stacking
are known to strongly affect the photophysical proper-
ties of perylene derivatives.3* It is therefore of interest
to determine whether such interactions do exist in the
solid state. All attempts to crystallize the tin trichlorides
have unfortunately failed. However, X-ray diffraction
quality crystals of 3a were grown by slow evaporation
of a chloroform solution. The molecular structures of the
two independent molecules comprising the asymmetric
unit of 3a are depicted in Figure 2, and selected bond
lengths and angles are shown in Table 2. The compound
crystallizes in the monoclinic space group P2;. The
crystallographic unit cell comprises two sets of two

(34) Sotero, P.; Arce, R. Polycyclic Aromat. Compd. 1999, 14-15,
295.

independent entities arranged head to head, the perylene
units of which exhibit a dihedral angle of ca. 69.3(1)°.
The two independent molecules, labeled a and b, mainly
differ in the conformation of their butylene spacer.
Indeed, the butyl chain of the entity a adopts an anti
conformation, whereas that of b exhibits a less stable
gauche arrangement. The origin of this discrepancy
remains unclear, but the influence of intermolecular
packing effects may be important in these systems. The
environments of the tin centers are best described in
terms of a distorted-tetrahedral geometry defined by a
C'C;s donor set. The bond angles about tin convey the
deviation from the ideal geometry. For instance, al-
though the C(87)—Sn(93)—C(75) angle of 110.1(11)° was
close to the ideal value, a closing of the C(75)—Sn(93)—
C(81) and C(75)—Sn(93)—C(74) angles (102.1(11) and
105.7(11)°, respectively) and a concomitant opening of
the C(87)—Sn(93)—C(74) and C(81)—Sn(93)—C(74) angles
(116.5(11) and 115.7(16)°, respectively) were found.
Furthermore, the SN—Cakyi (2.19(4) and 2.11(3) A) and
Sn—Ccy (2.11(3)—2.22(4) A) bond lengths were within
the range of those reported for alkyl-,3> halogeno-,3¢ and
carboxylatotricyclohexyltins.3”

As a result, no intermolecular 7—x interaction be-
tween perylene cores could be detected in the asym-

(35) (a) Cox, P. J.; Dodge-Harrison, S. M. S. V.; Nowell, I. W.; Howie,
R. A.; Randall, A. P.; Wardell, J. L. Inorg. Chim. Acta 1990, 172, 225.
(b) Glass, R. S.; Guo, Q.; Liu, Y. Tetrahedron 1997, 53, 12273.

(36) Calogero, S.; Ganis, P.; Peruzzo, V.; Tagliavini, G.; Valle, G. J.
Organomet. Chem. 1981, 220, 11.

(37) (a) Molloy, K. C.; Purcell, T. G.; Hahn, E.; Schumann, H.;
Zuckerman, J. J. Organometallics 1986, 5, 85. (b) Kamruddin, S. K;
Chattopadhyaya, T. K.; Roy, A.; Tiekink, E. R. T. Appl. Organomet.
Chem. 1996, 10, 512.
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Figure 3. Side view along the (ox) axis of the unit cell (structure of 3a).

metric unit. In contrast, m—x contacts were found
between the two aromatic rings of molecules belonging
to two neighboring unit cells (Figure 3). Indeed, the
distances C(6)—C(63)' and C(13)—C(56)' are 3.38 and
3.31 A, respectively (symmetry operation i: 1 — x, =1/,
+ v, —2z), values which are smaller than the sum of the
van der Waals radii of two carbon atoms (3.40 A).38

Conclusion

New perylene-substituted organotrialkynyltins have
been synthesized in two steps from the corresponding
tricyclohexyltins in very high yields. The crystal struc-
ture of 3-(4-(tricyclohexylstannyl)butyl)perylene reveals
that 7—m contacts exist between the perylene units of
molecules belonging to two neighboring unit cells. The
absorption and fluorescence properties of the perylene
core remain unaffected by the presence of a w-(tricyclo-
hexylstannyl)- or w(-trihex-1-ynylstannyl)alkyl substitu-
ent but are strongly perturbed by a w-(trichlorostannyl)-
alkyl or a 2-stannylethynyl group.

Work is currently in progress to graft these new
perylene-substituted organotrialkynyltins onto nano-
crystalline tin dioxide powders. The corresponding
results and the photoelectrochemical response of the
materials obtained will be reported very shortly.

Experimental Section

General Procedures and Starting Materials. All ma-
nipulations of air and/or moisture-sensitive compounds were
carried out using standard Schlenk line or drybox techniques
under an atmosphere of nitrogen. THF and toluene were
distilled from sodium benzophenone ketyl prior to use. Aceto-
nitrile, chloroform, dichloromethane, and n-hexane were re-
fluxed over CaH; and collected by distillation. All solvents were
stored over activated 4 A molecular sieves under an atmo-
sphere of nitrogen. Perylene was purchased from Lancaster
and used as received. The (w-hydroxyalkyl)tricyclohexyltin
species 4,'° 3-bromoperylene (7),1622 and 3-ethynylperylene
(8)?® were synthesized according to previously reported pro-
cedures.

Instrumentation. 'H and 3C{!H} NMR spectra were
recorded on Bruker AC-250, Bruker DPX-200, or Varian Unity
Plus 500 spectrometers. 'H and *C assignments were con-
firmed when necessary with the use of one-dimensional NOE
experiments and of two-dimensional *H—'H COSY, 'H—'H
NOESY, and 3C—'H HMQC NMR experiments. All spectra

(38) Bondi, A. J. Phys. Chem. 1964, 68, 441.

were referenced internally to residual protio solvent (*H) or
solvent (33C) resonances and are reported relative to trimeth-
ylsilane (6 0 ppm). 12°Sn NMR spectra were recorded at 74.6
MHz (solvent CDCIs, internal reference MesSn). Chemical
shifts are quoted in 6 (ppm) and coupling constants in hertz,
while “s” stands for singlet, “d” for doublet, “dd” for doublet of
doublets, “t” for triplet, and “m” for multiplet. Tin—carbon
coupling constants (Hz) are given in brackets. Absorption UV—
visible spectra were recorded with a Hewlett-Packard 8453 or
a Hitachi U-3300 spectrophotometer. Fluorescence studies
were carried out with a Spex Fluorolog 212 apparatus. The
quantum yields of fluorescence ®.m were measured in dichlo-
romethane solution (10~7 M) by using quinine sulfate as a
reference and were calculated according to the formula

@ _nCHzc|2[A(5)][Ab5(ref)]$
™ Ny, [A(reN][Abs(s)] "

(ref)

with Ncp,cr, and Nycio, = refractive indexes of dichloromethane
and perchloric acid, A(s) and A(ref) = areas of the absorption
spectra of the sample and the reference, Abs(s) and Abs(ref)
= absorbances at 390 nm of the sample and the reference, and
Dem(ref) = quantum yield of fluorescence of the reference in
HCIO,4 (1077 M).

Mass spectrometry data were collected with a VG Au-
tospec-Q working in the electronic impact mode. Elemental
analyses were performed in the Center of Chemical Analysis
of the CNRS (Vernaison, France).

Atom labeling used in NMR assignments is as follows:

c_b E C_B

D, A
G i
14 16 18

13 15 17

13— d

'l

(4-(Tosyloxy)butyl)tricyclohexyltin (5a). In a three-
necked flask, tosyl chloride (4.8 g, 25.2 mmol) was added by
portion to a solution of (4-hydroxybutyl)tricyclohexyltin (4a;
7.9 g, 17.9 mmol) in pyridine (17.3 mL) cooled to 0 °C. The
mixture was warmed to room temperature and stirred for a
further 8 h. After hydrolysis with HCI (10% v/v), the usual
workup (extraction into ether, drying onto MgSQ,, evaporation
of the solvent) gave a white powder which was stored at — 18
°C. Yield: 8.6 g (81%). mp 64 °C. *H NMR (250 MHz, CDCls,
293 K): 6 7.75 (d, 7.3, 2H, Hg), 7.3 (d, 7.3, 2H, Hc), 4.00 (t,
7.4, 2H, Ha1), 2.42 (s, 3H, Hg), 1.80—1.10 (M, 37H, Hapcq and
H22'23,24125), 0.67 (m, [46], ZH, ng). 13C NMR (629 MHz, CDC|3,
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293 K): ¢ 145.0 (Ca), 133.8 (Cp), 130.2 (Cg), 128.3 (Cc¢), 71.0
(Ca1), 34.7 (C2), 32.8 ([16], Cp), 29.7 ([52], C.), 27.6 (Cy), 26.3
([315], Ca), 25.3 ([17], C2s), 22.0 (Cg), 7.0 ([260], C). °Sn NMR
(74.6 MHz, CDCl3, 293 K): 6 —66.6. Anal. Found (calcd for
Ca9H4g03SSN): C, 58.6 (58.5); H, 8.1 (8.1); S, 5.8 (5.4).

(6-(Tosyloxy)hexyltricyclohexyltin (5b). 5b was formed
by a procedure analogous to that for 5a with tosyl chloride
(1.9 g, 10 mmol) and (6-hydroxyhexyl)tricyclohexyltin (4b; 3.5
g, 7.5 mmol) in pyridine (7 mL). After hydrolysis, the standard
workup yielded a white powder which was stored at —18 °C.
Yield: 3.8 g (81%). mp 57 °C. *H NMR (250 MHz, CDCl3, 293
K): 6 7.77 (d, 7.5, 2H, Hg), 7.32 (d, 7.5, 2H, Hc), 3.99 (t, 7.5,
2H, Hyi), 2.42 (s, 3H, Hg), 1.80—1.10 (m, 41H, Hapcq and
H22,23,24,25), 0.68 (m, [47], 2H, Hze). 13C NMR (629 MHZ, CDC|3,
293 K): ¢ 146.0 (Ca), 133.0 (Cp), 129.8 (Cg), 127.9 (C¢), 70.8
(C21), 34.4 (Cy2), 32.4 ([17], Cy), 29.3 ([56], C), 28.9 (Cy), 27.3
(C23,24), 26.0 ([16], Czs), 25.9 ([318], Ca), 22.0 (Cg), 7.0 ([255],
C2). 1°Sn NMR (74.6 MHz, CDCl3, 293 K): 6 —65.9. Anal.
Found (calcd for C31Hs,03SSn): C, 59.6 (59.7); H, 8.4 (8.4); S,
5.3 (5.1).

(4-lodobutyltricyclohexyltin (6a). In a three-necked
flask, sodium iodide (10.4 g, 69.4 mmol) was added to a solution
of (4-(tosyloxy)butyl)tricyclohexyltin (5a; 7.9 g, 17.9 mmol) in
anhydrous acetone (50 mL). The reaction mixture was refluxed
for 12 h. The standard workup and column chromatography
over silica gel (eluent n-pentane, R = 0.95) gave a colorless
oil. Yield: 6.7 g (87%). *H NMR (250 MHz, CDCls, 293 K): ¢
3.19 (t, 7.5, 2H, Hz), 1.90—1.10 (m, 37H, Hapca and Haos),
0.57 (m, [48], 2H, Hze). 3C NMR (62.9 MHz, CDCls;, 293 K):
0 39.0 (Cyy), 32.1 ([18], Cy), 30.0 ([56], C¢), 28.7 (Czs), 27.9 ([6],
Cua), 26.6 ([326], Ca), 7.2 (C21), 5.5 ([270], Cz6). 1*°Sn NMR (74.6
MHz, CDCl3, 293 K): 6 —64.5. Anal. Found (calcd for CaoHai-
ISn): C, 47.5 (47.9); H, 7.3 (7.5); 1, 23.0 (23.1).

(6-lodohexyl)tricyclohexyltin (6b). 6b was formed by a
procedure analogous to that for 6a with tosyl chloride (7.2 g,
48.1 mmol) and (6-(tosyloxy)hexyl)tricyclohexyltin (5b; 6 g, 9.6
mmol) in anhydrous acetone (50 mL). The usual workup and
column chromatography over silica gel (eluent n-pentane, R¢
= 0.95) yielded a colorless oil. Yield: 5.4 g (96%). 'H NMR
(250 MHz, CDCl3, 293 K): 0 3.17 (t, 7,5, 2H, H,1), 1.80—1.10
(m, 41H, Hb,c,d and H22,23,24,25)1 0.74 ([47], 2H, Hze). 13C NMR
(62.9 MHz, CDCl3, 293 K): 0 34.9 (C3,), 33.6 (Cz3), 32.4 ([18],
Cp), 30.1 (C24), 29.7 ([52], C¢), 27.3 (Cy), 27.1 (Cys), 26.0 ([322],
Ca), 7.4 (C21), 6.7 ([269], Czs). 11950 NMR (746 MHz, CDC|3,
293 K): 0 —65.7. Anal. Found (calcd for C4Has1Sn): C, 50.1
(49.8); H, 8.0 (7.8); I, 21.2 (21.9).

3-(4-(Tricyclohexylstannyl)butyl)perylene (3a). In a
Schlenk tube under a nitrogen atmosphere cooled to —78 °C,
2.7 mL (6.8 mmol) of n-butyllithium (2.5 M in hexanes) was
added dropwise to a solution of 3-bromoperylene (7; 2.25 g,
6.8 mmol) in anhydrous THF. After 10 min, a solution of (4-
iodobutyl)tricyclohexyltin (5.0 g, 9.1 mmol) in anhydrous THF
(20 mL) was added. After it was stirred at —78 °C for 1 h, the
mixture was warmed to room temperature and was stirred for
a further 20 h. The solvent was then removed, and the residue
was extracted into toluene. The resulting organic phase was
washed, dried (MgSOQ,), filtered, and concentrated under
reduced pressure. The crude product was then purified by 10
successive column chromatographies over silica gel (elution
gradient: n-pentane/dichloromethane 100/0 to 80/20 v/v; Rs =
0.83). Recrystallization from toluene gave analytically pure 3a
as yellow plates Yield: 2.5 g (54%). Mp: 169 °C. Crystals
suitable for X-ray measurements were grown by slow evapora-
tion of a concentrated solution of 3a in chloroform. *H NMR
(250 MHz, CDCl3, 293 K): 6 8.18 (d, 7.8, 1H, Heg), 8.15 (d, 7.5,
1H, Hi), 8,13 (d, 7.5, 1H, Hy), 8.09 (d, 7.8, 1H, H,), 7.89 (d,
8.3, 1H, H,), 7.64 (d, 8.3, 1H, Hg or 10), 7,62 (d, 7.5, 1H, Hg or 10),
7.49 (dd, 8.3, 7.8, 1H, Hs), 7.45 (dd, 8.3, 7.5, 1H, Hg or 11), 7.44
(dd, 8.3, 7.5, 1H, Hgor 11), 7.32 (d, 7.8, 1H, Hy), 2.99 (m, 2H,
Hais), 1.85—1.15 (M, 37H, Hapcq and His17), 0.82 (m, [46], 2H,
Hisg). *C NMR (62.9 MHz, CDCls3, 293 K): 6 138.0 (Cs), 133.6,
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132.0 (C3—C—Cy), 130.7, 130.6, 130.5, 128.3, 128.0, 127.5, 126.6
(Coor 10), 126.2 (Coor 10), 125.7 (Cs), 125.7 (Cgor11), 125.5
(Cg or 11), 125.1 (Cs), 122.9 (C4), 119.0 (Ce and 1 and (7 or 12)), 118.6
(C7 or 12), 35.7 (Cua), 32.8 (Cas), 32.4 ([17], Cp), 29.2 ([53], Co),
27.5(Cy7), 27.2 (Cy), 26.0 ([314], CJ), 6.7 ([245], Cis). 11°Sn NMR
(74.6 MHz, CDCl3, 293 K): 6 —65.7. UV—visible (CH,Cl3; Amax,
nm (e, L mol~* cm™1)): 228 (22 700), 256 (32 900), 396 (11 200),
417 (25 000), 445 (31 900). MS-EIl (m/z): 676 (3%) [M*], 593
(83%) [M* — CgHu1], 511 (2%) [M* — Sn(CeH11)2], 426 (5%) [M*
- Sn(C5H11)3], 309 (48%) [M+ - Sn(C5H11)3], 265 (100%) [M+
— Sn(CeH11)3CsHg]. HRMS-EI:  found (calcd) 676.3057
(676.3091). Anal. Found (calcd for C4Hs2Sn): C, 74.3 (74.2);
H, 7.7 (7.8).

3-(6-(Tricyclohexylstannyl)hexyl)perylene (3b). 3b was
formed by a procedure analogous with that for 3a with
3-bromoperylene (2.25 g, 6.8 mmol), n-butyllithium (2.7 mL,
6.8 mmol) 2.5 M in hexanes, and (6-iodohexyl)tricyclohexyltin
(5.2 g, 9.0 mmol) in anhydrous THF (20 mL). The crude
product was purified by 10 successive column chromatogra-
phies over silica gel (elution gradient: n-pentane/dichlo-
romethane 100/0 to 80/20 v/v; Rs = 0.83). After recrystallization
from toluene, yellow plates were isolated. Yield: 2.5 g (52%).
Mp: 179 °C. *H NMR (250 MHz, CDCl3, 293 K): ¢ 8.18 (d,
7.7, 1H, He), 8.16 (d, 7.7, 1H, Hyp), 8.13 (d, 7.7, 1H, H), 8.09
(d, 7.7, 1H, H,), 7.87 (d, 8.4, 1H, Hy), 7.64 (d, 8.1, 1H, Hg or 10),
7.62 (d, 8.1, 1H, Hg or 10), 7.49 (dd, 8.4, 7.7, 1H, Hs), 7.45 (dd,
8,1, 7.7, 1H, Hg or 11), 7.44 (dd, 8.1 Hz 7.7, 1H, Hg or 11), 7.32
(d, 7.7, 1H, Hy), 2.97 (m, 2H, Hi3), 1.85—1.1 (M, 41H, Hapcd
and H14,15,15_17), 0.74 (m, [46], ZH, ng). 13C NMR (629 MHZ,
CDCl3, 293 K): 6 139.3 (C3), 134.9, 133.3 (C3—C—C,), 132.0,
131.7,131.6, 129.6, 129.3, 128.8, 127.9 (Cg or 10), 127.5 (Cg or 10),
127.0 (Cy), 126.8 (C11 or 8), 126.7 (C11 or 5), 126.4 (Cs), 124.1 (Ca),
120.3 (C6 and 1 and (7 or 12)), 119.8 (C7 or 12), 34.9 (C1s), 33.4 (C13),
32.4 ([17], Cp), 30.6 (Ci4), 29.3 ([51], C¢), 29.3 (C1s), 27.3 (Cu),
27.3 (C17), 25.9 ([314], Ca), 6.8 ([350], Cisg). *°Sn NMR (74.6
MHz, CDCls, 293 K): 6 —65.5. UV—visible (CH2Clz; Amax, NM
(e, L mol~t cm™1)): 228 (23 200), 256 (33 500), 395 (12 800),
417 (28 000), 445 (35 700). MS-EI (m/z): 704 (9%) [M"], 621
(46%) [M* — CgH11], 539 (13%) [M* — Sn(CsH11)2], 455 (6%)
[M* — Sn(C¢Hui1)s], 334 (59%) [M* — Sn(CeHqg)sCoH4], 265
(100%) [M* — Sn(CsH11)3CsH10]. HRMS-EI: Found (calcd)
704.3404 (704.3399). Anal. Found (calcd for C44HssSn): C, 75.1
(75.0); H, 8.0 (8.0).

3-(2-(Tricyclohexylstannyl)ethenyl)perylene (3c). In a
Schlenk tube under a nitrogen atmosphere, 0.6 g (1.63 mmol)
of tricyclohexyltin hydride in benzene was added dropwise to
a solution of 3-ethenylperylene (8; 0.5 g, 1.8 mmol) in benzene
(90 mL). The mixture was heated to 70 °C, and a solution of
AIBN (0.06 mmol) in benzene (10 mL) was then slowly added.
The heating at 70 °C was continued for a further 4 h in order
to obtain the pure 5(Z) adduct. After addition of an excess of
tricyclohexyltin hydride (0.95 g, 2.6 mmol) and AIBN (0.06
mmol), complete isomerization into the S(E) isomer was
obtained after 24 h at 70 °C, as monitored by *H NMR
spectroscopy. The solvent was then removed, and the residue
was extracted into toluene. The resulting organic phase was
washed with neutral water, dried over MgSO,, filtered, and
concentrated under reduced pressure. The crude product was
purified by column chromatography over silica gel (eluent:
n-pentane/diethylamine 95/5 v/v; Rs = 0.66). Recrystallization
from chloroform gave analytically pure (E)-3c as orange
plates. Yield: 0.57 g (49%). Mp: 185 °C. *H NMR (500 MHz,
CDCls, 293 K): 6 8.19 (d, 7.6, 1H, He), 8.17 (d, 7.8, 1H, Hiy),
8,15 (d, 8.3, 1H, Hy), 8.14 (d, 7.8, 1H, Hy), 7.97 (d, 8.3, 1H,
H.), 7.65 (d, 7.8, 1H, Hy), 7.64 (d, 7.8, 1H, Hg or 10), 7,63 (d,
8.3, 1H, Ho or 10), 7.58 (d, 19.5, 1H, Hig), 7.50 (dd, 8.3, 7.6, 1H,
Hs), 7.46 (dd, 8.1, 7.6, 1H, Hg o 11), 7.44 (dd, 8.1, 7.6, 1H,
Hs or 11), 6.86 (d, 19.5, 1H, Hi3s), 1.98—1.27 (m, 37H, Hapcd).
13C NMR (75.5 MHz, CDCl3, 293 K): 6 144.0 ([9], C13), 137.4
(Cs), 135.0, 133.7 ([305], Cg), 132.3,131.9, 131.8, 130.9, 129.2,
128.9, 128.1 (Cs), 127.9 (Cg or 10), 127.0 (Co or 10), 126.9 (Cs or 11),
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126.8 (Csg or 11), 124.7 (Cy), 124.0 (C4), 120.7 (Cé and 1 and (7 or 12))s
120.4 (C7 or 12), 32.8 ([17], Cp), 29.7 ([56], C.), 27.6 ([6], Cq), 26.4
([330], Ca). 1*°Sn NMR (74.6 MHz, CDCl3, 293 K): 6 —98.5 (53),
—100.1 (o). UV—visible (CH2Cly; Amax, NM (€, L mol~t cm™)):
259 (39 600), 409 (14 500), 434 (29 300), 459 (34 400). MS-EI
(m/z): 646 (5%) [M*], 563 (32%) [M* — CsH11], 278 (100%) [M*
— Sn(CsH11)3], 426 (5%) [M* — Sn(CeHa1)s], 309 (48%) [M* —
Sn(C5H11)3], 265 (100%) [l\/lJr — Sn(C5H11)3C3H5]. HRMS-ELI:
found (calcd) 646.2632 (646.2621). Anal. Found (calcd for
CsoHsoSn): C, 74.7 (74.4); H, 7.4 (7.2).

3-(4-(Trichlorostannyl)butyl)perylene (2a). In a Schlenk
tube under a nitrogen atmosphere at room temperature, 1.61
g (6.2 mmol) of tin tetrachloride was added dropwise to a
solution of 3a (4.2 g, 6.2 mmol) in CH.CIl, (100 mL). The
stirring was then continued for a further 24 h. After evapora-
tion of the solvent, the residue was washed with n-pentane (6
x 50 mL) in order to remove the tricyclohexyltin chloride
formed. After drying under vacuum at 70 °C for 3 days, a
yellow greenish powder of 2a was isolated. Yield: 3.1 g (95%).
This compound had to be stored under nitrogen with light
exclusion. Mp: 120 °C. 'H NMR (250 MHz, CDCls, 293 K): ¢
8.21 (d, 7.9, 1H, Hg), 8.18 (d, 7.3, 1H, Hi»), 8.15 (d, 7,9, 1H,
H;), 8.11 (d, 7.8, 1H, Hy), 7.81 (d, 7.9, 1H, H,), 7.66 (d, 8.3,
1H, Hg or 10), 7.64 (d, 8,3, 1H, Hog or 10), 7.51 (dd, 7.9 and 7.9,
1H, Hs), 7.47 (dd, 8.3 and 7.9, 1H, Hsg o 11), 7.44 (dd, 8.3 and
7.9, 1H, Hgor 11), 7.30 (d, 7.8, 1H, H,), 3.08 (apparent triplet,
2H, Hiz), 2.34 (apparent triplet, [84], Hig), 2.10—1.90 (m, 4H,
His17). 11°Sn NMR (74.6 MHz, CDCls, 293 K): ¢ +3.9. UV—
visible (CH2Cly; Amax, NM (¢, L mol™t cm™1)): 228 (33 200), 256
(37 000), 396 (12 100), 417 (25 700), 444 (33 100). MS-EI (m/
z): 532 (16%) [M*], 306 (65%) [M* — SnClg], 265 (100%) (M*
— SnClI3C3Hg]. HRMS-EI: found (calcd) 531.9574 (531.9584).
Anal. Found (calcd for C24H19ClsSn): C, 54.5 (54.1); H, 3.6 (3.6);
Cl, 19.8 (20.0).

3-(6-(Trichlorostannyl)hexyl)perylene (2b). 2b was
formed by a procedure analogous with that for 2a with 3b (1.9
g, 2.7 mmol) and tin tetrachloride (0.7 g, 2.7 mmol) in CH.Cl;
(60 mL). After evaporation of the solvent, washing with
n-pentane, and drying under vacuum, a yellow greenish
powder of 2b was isolated. Yield: 1.5 g (98%). This compound
had to be stored under nitrogen with light exclusion. Mp: 125
°C. 'H NMR (250 MHz, CDCls, 293 K): 6 8.19 (d, 7.1, 1H, Hg),
8.16 (d, 7.1, 1H, Hyy), 8.13 (d, 7.1, 1H, Hy), 8.09 (d, 7.8, 1H,
H.), 7.83 (d, 7.8 Hz, 1H, Hy), 7.65 (d, 8.3, 1H, Hg or 10), 7.64 (d,
7.1, 1H, Hg or 10), 7.49 (dd, 7.8 and 7.1, 1H, Hs), 7.45 (dd, 8.3
and 7.1, lH, Hsg or 11), 7.44 (dd, 8.3 and 7.1, 1H, Hs or 11), 7.30
(d, 7.8, 1H, Hy), 2.99 (apparent triplet, 2H, His), 2.33 (apparent
triplet, [90], 2H, Hig), 1.83—1.68 (m, 2H, Hi7), 1.60—1.40 (m,
4H, Hi1516). *C NMR (62.9 MHz, CDCls, 293 K): 6 138.3,
134.6, 133.0, 132.9, 131.8, 131.4, 129.6, 128.5, 127.7, 127.4,
126.8, 126.6, 126.5, 126.3, 123.6, 120.2, 120.1, 120.0 (2C),
119.7, 30.5, 30.3, 29.7, 27.4, 26.2, 22.2. 119Sn NMR (74.6 MHz,
CDCl3, 293 K): 6 +4.3. UV—visible (CH2Clz; Amax, Nm (¢, L
mol~* cm™1)): 228 (24 600), 256 (29 100), 396 (8900), 417
(20 000), 444 (25 900). MS-EI (m/z): 560 (9%) [M*], 336 (39%)
[M* — SnCl;], 265 (100%) [M* — SnCl3CsHio]. HRMS-EL:
found (calcd) 559.9887 (559.9865). Anal. Found (calcd for
C24H19Cl3Sn): C, 55.2 (55.7); H, 4.1 (4.1); ClI, 18.9 (20.0).

3-(4-(Trihex-1-ynylstannyl)butyl)perylene (1a). In a
Schlenk tube under a nitrogen atmosphere cooled to —78 °C,
8.3 mL (20.8 mmol) of n-butyllithium (2.5 M in hexanes) was
added dropwise to a solution of hex-1-yne (1.9 g, 23.1 mmol)
in anhydrous THF (6 mL) at 0 °C. After it was stirred at room
temperature for 30 min, the reaction mixture was cooled to
—78 °C and a solution of 2a (3.0 g, 5.6 mmol) in anhydrous
THF (50 mL) was slowly added. After it was returned to room
temperature, the mixture was stirred for a further 12 h. The
solvent was then removed under reduced pressure, the result-
ing solids were extracted into CH,Cl,, and the solution
obtained was filtered twice over anhydrous MgSO,. Evapora-
tion of the solvent and drying under vacuum at 50 °C gave an
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amber waxy solid. Yield: 3.6 g (95%). 'H NMR (250 MHz,
CDCls, 293 K): 6 8.18 (d, 7.8, 1H, He), 8.16 (d, 7.8, 1H, Hiy),
8.12 (d, 7.8, 1H, Hy), 8.09 (d, 7.8, 1H, H,), 7.86 (d, 8.3, 1H,
H.), 7.64 (d, 8.3, 1H, Hg or 10), 7.63 (d, 8.3, 1H, Hg or 10), 7.49
(dd, 8.3 and 7.8, 1H, Hs), 7.45 (dd, 8.3 and 7.8, 1H, Hgor 11),
7.44 (dd, 8.3 and 7.8, 1H, Hs or 11), 7.32 (d, 7.8, 1H, H,), 3.00
(apparent triplet, 2H, His), 2.19 (m, [131], 6H, H(), 1.82 (m,
[96], 4H, Hi417), 1.44 (m, 6H, Hg), 1.33 (m, 6H, He), 1.28 (t,
7.60, [72], 2H, His), 0.82 (t, 7.32, 9H, Hy). °C NMR (62.9 MHz,
CDCl3, 293 K): 6 137.5 (Cg), 133.6, 132.3, 130.7, 130.5, 130.4,
128.4, 128.0, 127.5, 126.6 (Cg or 10), 126.3 (Cs or 10), 125.7 (C2),
125.6 (C11 or 8), 126.5 (C11 or 8), 125.2 (Cs), 122.8 (C4), 119.0 (3C,
Cé and 1 et (7 or 12)), 118.6 (C7 or 12), 111.3 ([156], Cy), 76.3 ([804],
Ca), 33.6 (Cu4), 32.9 (C13), 30.6 ([8], Cu), 25.8 ([29], C17), 21.9
(Ce), 19.8 ([15], C), 15.2 ([601], C15), 13.6 (Cy). 11°Sn NMR (74.6
MHz, CDClg, 293 K): ¢ —249.8. UV—visible (CH,Cl2; Amax, N(M
(e, L mol~t cm™1)): 228 (18 600), 256 (30 600), 395 (11 500),
417 (24 200), 445 (31 700). MS-EI (m/z): 670 (25%) [M*], 614
(8%) [M* — C4Hq], 588 (34%) [M* — CgHy], 278 (100%) [M* —
Sn(CsHg)3CoH4]. HRMS-ELI: found (calcd) 670.2627 (670.2621).
Anal. Found (calcd for C42H46Sn): C, 74.0 (75.3); H, 6.9 (6.9);
Sn, 17.8 (17.7).
3-(6-(Trihex-1-ynylstannyl)hexyl)perylene (1b). 1b was
formed by a procedure analogous with that for 1a with 2b (3.1
g, 5.5 mmol), n-butyllithium 2.5 M in hexanes (8.1 mL, 20.2
mmol), and hex-1-yne (1.8 g, 21.9 mmol) in anhydrous THF
(60 mL). After filtration over MgSQO,, evaporation of the
solvent, and drying under vacuum, an amber waxy solid was
isolated. Yield: 3.4 g (90%). 'H NMR (250 MHz, CDCl3, 293
K): 6 8.20 (d, 7.8, 1H, Hg), 8.17 (d, 7.8, 1H, Hy,), 8.14 (d, 7.8,
1H, Hy), 8.10 (d, 7.8, 1H, H,), 7.86 (d, 8.3, 1H, H.), 7.65 (d,
8.3, 1H, Hg or 10), 7.63 (d, 8.3, 1H, Hyg or 10), 7.49 (dd, 8.3 and
7.8, 1H, Hs), 7.45 (dd, 8.3 and 7.8, 1H, Hg o 11), 7.44 (dd, 8.3
and 7.8, 1H, Hgor11), 7.32 (d, 7.8, 1H, Hy), 2.97 (apparent
triplet, 2H, His), 2.18 (t, 7.10, [131], 6H, H), 1.72 (m, 2H, Hy,),
1.66 (m, 2H, Hi7), 1.44 (m, 10H, Hq His16), 1.34 (M, 6H, He),
1.20 (t, 7.60, [76], 2H, Hig), 0.82 (m, 9H, Hy). 3C NMR (62.9
MHz, CDCl3, 293 K): ¢ 138.6 (C3), 134.4, 132.8 (C3—C—Cy),
131.5, 131.3, 131.2, 129.2, 128.9, 128.3, 127.5 (Cg or 10), 127.1
(Co or 10), 126.5 (C5), 126.4 (C11 or 8), 126.3 (C11 or 8), 126.0 (Cs),
123.6 (C4), 119.9 (3C, Cé and 1 and (7 or 12)), 119.4 (C7 or 12), 112.0
([150], Cy), 77.2 ([846], Ca), 33.5 (C13), 33.0 (Cis or 16), 30.8 (Ca),
30.6 (Cu14), 29.5 (C1s or 16), 25.7 ([31], C17), 22.1 (Ce), 20.0 ([7],
Co), 15.7 ([655], Cis), 13.8 (Cy). °Sn NMR (74.6 MHz, CDCls,
293 K): 0 —250.0. UV—visible (CH,Cly; Amax, NM (e, L mol™?
cm~1): 228 (15 500), 256 (28 000), 395 (10 000), 417 (21 000),
445 (27 000). MS-EI (m/z): 698 (25%) [M*], 616 (15%) [M+ —
C4Ho], 363 (5%) [M™ — Sn(CsHs)s], 334 (60%) [M™ — Sn-
(CsHo)3C2H4], 265 (100%) [M* — Sn(CeHyg)3CsH10]. HRMS-EI:
found (calcd) 698.2978 (698.2934). Anal. Found (calcd for
Ca2HaeSn): C, 74.5 (75.7); H, 7.2 (7.2); Sn, 17.6 (17.0).
3-(2-(Trihex-1-ynylstannyl)ethenyl)perylene (1c). First
ol all, 2c was formed by a procedure analogous with that for
2a with 3c (0.75 g, 1.16 mmol) and tin tetrachloride (1 mL,
1.16 M in CH.Cl,) in CH,CI, (30 mL). After evaporation of the
solvent, washing with n-pentane, and drying under vacuum,
a yellow greenish powder of 2c was isolated. Yield: 0.56 g
(96%). *H NMR (300 MHz, DMSO, 293 K): 4 7.61 (d, 7.9, 1H,
He), 7.57 (d, 8.5, 1H, H1y), 7.54 (d, 8.5, 1H, H-), 7.53 (d, 8.2,
1H, H), 7.13 (d, 8.5, 1H, Hy), 6.98 (d, 7.9, 1H, Hg or 10), 6.96
(d, 17.4, 1H, Hys), 6.95 (d, 7.6, 1H, Hg o 10), 6.86 (dd, 8.5, 7.9,
1H, Hs), 6.85 (dd, 8.5, 7.9, 1H, Hg or 11), 6.76 (dd, 8.5, 7.6, 1H,
Hs or 12), 6.71 (d, 8.2, 1H, Hy), 6.11 (d, 17.4, 1H, Hi3). This
compound (0.5 g, 1 mmol), which is light and air sensitive,
was immediately reacted with 3.6 equiv of hex-1-ynyllithium
prepared from n-butyllithium 2.5 M in hexanes (1.46 mL, 3.6
mmol) and hex-1-yne (0.34 g, 4.1 mmol) in anhydrous THF
(10 mL). After the mixture was stirred overnight at room
temperature, a workup analogous with that for la,b gave
crude 1c as an orange waxy solid. Final purification was
achieved by washing with n-pentane. Yield: 0.2 g (30%). 'H
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Table 3. Crystal Data and Structure Refinement
Details for 3a

empirical formula CgaHosaSny

formula wt 1340.97

cryst descripn yellow plates

temp, K 120

cryst syst monoclinic

space group P2

a, 10.529(1)

b, A 11.134(1)

c, A 28,762(2)

o, deg 90

p, deg 96.820(2)

y, deg 90

Vv, A3 3347.9(5)

z 2

calcd density, Mg/m?3 1.33

F(000) 1396

u, mm~1 0.792

0, deg 2-25

index ranges —-12<h=<12
—12<k=<10
—34=<1=<283

no. of data collected 10 543

no. of unique data
refinement method
no. of data/restraints/params

7908 (R(int) = 0.0452)
full-matrix least squares on F2
7908/47/556

goodness of fit (F?) 1.099

R1(F) (I = 20(1)) 0.1139
WR2(F?) (1 = 20(1))? 0.2470
extinction coeff 0.0026(8)
largest diff peak/hole, e/A3 1.435/—0.943

2R1 =3 [|Fo| = [Fell/Z|Fol; WR2 = [3[W(Fo® — F)?/ 3 [w(Fo?)]M2.

NMR (300 MHz, CDCls, 293 K): 6 8.22 (d, 7.2, 1H, Hg), 8.19
(d, 7.2, 1H, Hy,), 8.17 (d, 7.2, 1H, H,), 8.16 (d, 7.9, 1H, H,),
8.02 (d, 8.7, 1H, Hy), 7.92 (d, 18.9, 1H, Hig), 7.76 (d, 8.3, 1H,
H.), 7.69 (d, 7.9, 1H, Hyg or 10), 7.68 (d, 7.9, 1H, Hg or 10), 7.50
(dd, 8.7, 7.2, 1H, Hs), 7.49 (dd, 7.9, 7.2, 1H, Hg or 11), 7.48 (dd,
7.9, 7.2, 1H, Hg or 11), 6.75 (d, 18.9, 1H, Hsi3), 2.34 (m, 6H, H),
1.50 (m, 6H, Hq), 1.42 (m, 6H, He), 0.88 (t, 7.5, 9H, Hy). 13C
NMR (75.5 MHz, CDCls, 293 K): 6 144.5 ([11], C13), 137.4 (C3),
135.0, 134.5 ([290], C1g), 132.5, 132.2, 131.9, 131.2, 129.1, 128.5,
128.0 (Cs), 127.7 (Cg or 10), 127.2 (Cg or 10), 126.5 (Cg or 11), 126.7
(Cs or 11), 124.6 (Cy), 124.1 (C4), 120.6 (Cé and 1 and (7 or 12)), 120.4
(C7or 12), 112.7 ([120], Cp), 76.4 ([630], Ca), 30.9 ([8], Cu), 22.2
(Ce), 20.1 ([8], C¢), 13.9 (Cy). °Sn NMR (111.9 MHz, CDCls,
293 K): 0 —281.8. UV—visible (CH,Cly; Amax, NmM (¢, L mol~?
cm™1)): 229 (13 851), 260 (10 633), 434 (6967), 457 (7804). MS-
El (m/z): 363 (6%) [HSN(CsHo)s], 278 (100%) [M* — HSn-
(CeHo)s]. Anal. Found (calcd for CsoH40Sn): C, 73.5 (75.1); H,
6.6 (6.3); Sn, 18.8 (18.6).
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X-ray Crystallography. Crystal data collection and pro-
cessing parameters are given in Table 3. Data were collected
at 120 K using Mo Ka radiation with a Nonius Kappa-CCD%
diffractometer equipped with an Oxford Cryosystems low-
temperature device.*° The images were processed, and equiva-
lent reflections were merged; corrections for Lorentz—polar-
ization and absorption were applied.** The structure was
solved by direct methods, and subsequent Fourier difference
syntheses revealed the position of all other non-hydrogen
atoms. Structure refinement based on F? was carried out by
extended block-diagonal matrix methods. Neutral-atom scat-
tering factors were taken from ref 42. H atoms were placed in
calculated positions and refined in a riding model. All crystal-
lographic calculations were performed using SHELX97,%3 and
illustrations were drawn with PLATON.* It is noteworthy to
mention the very high vibration amplitudes found for some
atoms of the cyclohexyl groups. The ellipsoid thermal param-
eters of these atoms could be rationalized in terms of either
large librations of the cyclohexyl substituents or some confor-
mational disorder.*®
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