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Langmuir±Blodgett ®lms of the title trimethyltetrathiafulvalene derivative 10 have been assembled without the

need for added fatty acid: room temperature, in-plane, dc conductivity values of the ®lms before and after

doping with iodine vapour were srt~1025 S cm21 and 1021 S cm21, respectively. Over the temperature range

300±100 K the ®lms exhibited a linear current versus voltage relationship, with an activation energy for

conductivity Ea~0.11 eV. Cyclic voltammetric data were obtained for LB ®lms of 10 and the best response was

recorded for a 2-layer ®lm; electroactivity gradually disappeared after a few cycles, which is consistent with ®lm

desorption from the electrode. UV±vis and IR spectra of the LB ®lms are consistent with a conjugative

intramolecular charge-transfer interaction between the triMe-TTF (donor) and ester (acceptor) moieties of 10

(see structure 10'). This increases the amphiphilic nature of 10 and is believed to play an important role in

stabilising the LB ®lm structure. Iodine doping of the LB ®lms leads to the formation of radical cations 10?z,

and polarised spectra show that the molecules are aligned at a high angle to the substrate surface. Simultaneous

electrochemistry and EPR (SEEPR) studies provide insight into the electronic structure of the radical cation

species 10?z in solution; the ethoxycarbonyl group strongly polarises the spin density, and these data are

supported by ab initio UHF and B3LYP calculations. The single crystal X-ray structure of the complex

(10)2?TCNQ (TCNQ~tetracyano-p-quinodimethane) reveals a mixed ???ADDADD??? stacking motif with

a low degree of charge transfer between the D and A moieties. Analysis of the bond lengths in the donor

moiety con®rms a contribution from the zwitterionic structure 10'.

Introduction

Tetrathiafulvalene (TTF) derivatives have attracted consider-
able interest in recent years as a number of their crystalline
radical cation salts are molecular metals and superconduc-
tors.1,2 Advances in the synthetic chemistry of the TTF system
have provided access to a wide range of functionalised
derivatives,3 thereby enabling systematic studies on the
structural and electronic effects of substituents. In this

regard, a fruitful substitution pattern has been the attachment
of one electron-withdrawing group which interacts mesome-
rically with the TTF ring system, e.g. acyl 1,4 ester 2,5 thioester
3,6 amide 45 or thioamide 57 derivatives. Intramolecular
charge-transfer (ICT) in the ground state from the donor
TTF unit to the acceptor substituent3b is clearly observed
experimentally in solution studies (notably in the cyclic
voltammetric and optical absorption data) and in the X-ray
crystal structures of some of these derivatives, and theoretical
studies have been reported for compounds 2,5 45 and 5.7

This ICT interaction is particularly important in the context
of designing TTF derivatives which form stable electronically-
conductive Langmuir±Blodgett (LB) ®lms.8 We noted that the
increased hydrophilicity of the TTF head group in amphiphilic
derivatives, e.g. compounds 1 and 3 facilitates monolayer
formation on the water surface, and enables ef®cient build-up
of multilayers on a solid substrate, in comparison with

analogues in which no such mesomeric ICT is observed.9 LB

multilayers of these derivatives which display ICT generally

exhibit in-plane dc room temperature conductivity values in the

range srt~1023±1021 S cm21 after formation of a mixed

valence state by doping with iodine vapour, although higher

conductivities, srt~ca. 1 S cm21, have been achieved for

compound 3.6 The bene®cial effect of the ester substituent

was exploited recently in the assembly of LB ®lms of the non-
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amphiphilic azobenzene-substituted TTF derivative 6, without

the need for added fatty acid.10

The ICT effect can be further enhanced by increasing the

electron donor strength of the TTF moiety by trimethyl

substitution, and derivatives 7,11 87 and 912 have been studied

in solution and in the solid state. In the present work we report

on the properties of 4-ethoxycarbonyl-4',5,5'-trimethylte-

trathiafulvalene 10 and its radical cation in solution, in the

solid state and in LB ®lms. This compound was chosen for

study as the mesomeric ICT effect discussed above is

maximised by combining the strongly electron-donating

trimethyl-TTF moiety with the electron-withdrawing ester

functionality (see structure 10'): polar trimethyl-TTF deriva-

tives have not been explored previously as LB ®lm-forming

materials. The ethyl substituent in 10 replaces the `traditional'

long hydrophobic alkyl tail of amphiphilic LB ®lm forming

materials.

Results and discussion

Monolayer behaviour of 10 on the air±water interface and LB
®lm transfer

Compound 10 formed a stable ¯oating monolayer on the water
surface of a Langmuir trough and a surface pressure versus
molecular area isotherm was obtained (Fig. 1). This was
reproducible and stable at the deposition pressure and was not
affected by the time that the monolayer remained on the
subphase before compression.13 There was no evidence of
collapse during compression of the monolayer up to the highest
pressure measured (40 mN m21). The extrapolated limiting
area (to zero pressure) is 0.25 nm2 molecule21, which is slightly
less than the cross-sectional area obtained from molecular
modelling studies with geometry optimisation using Chem 3D
for Macintosh (ca. 30 AÊ ). This is a common feature of
isotherms of more polar TTF derivatives6,9 and we suspect
that this is due to a very slight solubility of the compound in the
subphase. Multilayers of compound 10 were deposited in Y-
type manner with a transfer ratio on the upstroke of 0.9¡0.1;
for the initial downstroke the deposition was less (ca. 0.8) but
improved towards unity as further layers were deposited. Films
of up to 50 monolayers could be deposited without the need for
added fatty acid. This is especially notable as compound 10
contains no long alkyl chain. We suggest that the extra polarity
imparted by the ICT interaction in 10 greatly assists ®lm
formation. Spectroscopic data (see below) provide evidence for
the formation of ordered ®lms after transfer. Compound 2
(with a lower degree of ICT, but a slightly longer alkyl tail) did
not form stable monolayers under the same conditions.

LB Film characterisation

Conductivity studies. For all samples ohmic current±voltage
characteristics were observed over the range 0±10 V. The in-
plane dc conductivity values for as-deposited LB ®lms of
compound 10 were srt~ca. 1025 S cm21. By varying the
distance between the electrodes it was established that the effect
of contact resistance was negligible. After doping with iodine
vapour, which generates the radical cation species 10?z, the
room temperature conductivity value of each sample rose to
srt~1021¡0.1 S cm21. No anisotropy of conductivity was
found in the ®lm plane. This value remained constant for ®lms
stored in air for 48 h, after which time a gradual decrease in the
value of the conductivity was observed. After storage for 3
weeks the value had declined to srt~ca. 1023 S cm21. Over the
temperature range 300±100 K the doped ®lms exhibited a
current versus voltage relationship, with an activation energy
for conductivity Ea~0.11 eV. This value is lower than that
reported for most semiconducting doped LB ®lms of TTF
derivatives (typically Ea~0.15±0.20 eV).4,8 [The lowest values
reported are Ea~0.09 eV for iodine doped ®lms of compound
3,6b and Ea~0.08 eV for ®lms of a charge-transfer complex of a
bis(ethylenedithio)-TTF derivative and tetra¯uorotetracyano-
p-quinodimethane.14] We also studied the effect on the
conductivity values of LB ®lms of compound 10 of electro-
chemical oxidation either during or after LB ®lm deposition as
described by Tieke.8a Both these methods afforded ®lms with
raised conductivity values of ca. srt~561023 S cm21, clearly
implying that some doping had occurred, but even after
repeated experiments aimed at obtaining a mixed-valence,
partially-oxidised system, this value could not be raised to that
of the chemically doped ®lms. This may be explained by two
factors: (a) hindered anion diffusion within the compact
multilayer assembly restricting the oxidation of the tri-
methyl-TTF groups; (b) instability of the ®lms upon applica-
tion of an electrochemical potential. Cyclic voltammetric (CV)
data were obtained for LB ®lms of 10 and the best response was
recorded for a 2-layer ®lm (Fig. 2a). Two redox waves expected
for the TTF unit are clearly observed: in this system they are
quasi-reversible. The CV curves became distorted with
increasing ®lm thickness (Fig. 2b) and electroactivity gradually
disappeared after a few cycles, which is consistent with ®lm
desorption from the electrode. We consider, therefore, that (a)
explains the results of attempted post-deposition electroche-
mical oxidation, and (b) limits the ef®ciency of the electro-
chemical doping process during ®lm deposition. The
spectroscopic data below for doped ®lms refer to those
produced by chemical doping.

Optical absorption spectra. The UV±vis spectrum of LB
®lms of compound 10 (20 layers, as deposited) shows bands at
lmax 285, 320 (shoulder), 400 (shoulder) and 460 nm (Fig. 3a).
The lowest energy band, which is assigned to an ICT
absorption from the donor moiety (trimethyl-TTF) to the

Fig. 1 Pressure vs. area isotherm for compound 10.

Fig. 2 Comparison of the CV response of LB ®lms of compound 10
obtained in the same transfer experiment, in saturated KCl solution at
10 mV s21: (a) 2 layers; (b) 8 layers.
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acceptor ethoxycarbonyl moiety, is considerably red-shifted
compared to the solution spectrum (lmax 415 nm in aceto-
nitrile).11 This could be caused by increased conjugation due to
a more planar conformation of compound 10 in the compact
LB ®lm structure. The optical density of the absorption band at
lmax~400 nm increased linearly as a function of the number of
layers (data obtained for 10, 20, 30 and 40 layers) consistent
with reproducible monolayer deposition. The spectrum of the
iodine-doped ®lms shows bands at lmax 300, 370 (shoulder),
450 (shoulder) and 900 nm (Fig. 3b) and there is a marked
increase in the intensity of the absorption bands relative to the
undoped sample, as noted previously for LB ®lms of other TTF
derivatives.9a The new broad band in the low energy region of
the spectrum is an intermolecular charge-transfer band
associated with the radical cation species 10?z, and observed
previously in LB ®lms of doped TTF derivatives.9 Polarised
spectra of the LB ®lms after iodine doping are shown in Fig. 4.
The intermolecular charge-transfer band arising from face-to-
face interactions of the triMe-TTF p-systems decreases in
intensity with increasing angle of incidence (measured from the
substrate plane) of linearly polarised light, while the p±p*
transitions of the triMe-TTF system at higher energy increase
in intensity. These data provide evidence that the triMe-TTF
system in the doped ®lms is aligned at a high angle to the
substrate surface.

Infrared spectroscopy. The key diagnostic features of the
transmission spectra for a 16-layer sample of compound 10,
deposited on a calcium ¯uoride substrate, are bands at 1290
and 1705 cm21 arising from the ester substituent (as observed
in the spectrum of a powdered sample of 1011). The spectrum
obtained after doping shows new intense absorptions at 1340
and 1250 cm21, arising from vibronic conduction bands,15

which have been analysed previously in LB ®lms of amphiphilic
TTF systems, where they have been shown to arise from a
previously inactive ag mode [n(CLC)] becoming active.16 The
ATR and RAIRS spectra of the conducting, iodine-doped ®lms
of compound 10, which are shown in Fig. 5, display strong
dichroism. (RAIRS spectra couple only transition dipoles
which are perpendicular to the substrate.) Informative
differences in the spectra concern the intensities of the
intermolecular charge-transfer band at 2000±5000 cm21 and
the vibronic conduction bands, these being strong in the ATR
spectrum (Fig. 5a) but very weak in RAIRS. These data are
entirely consistent with the optical absorption data discussed
above, and show that conduction occurs parallel to the
substrate surface, which is consistent with well-ordered
stacking of the TTF rings in the LB ®lm. It is noteworthy

that the ester band at 1705 cm21 shifts to 1730 cm21 in the
doped ®lm, providing further evidence for a signi®cant
conjugative interaction of this substituent with the p-electrons
in the triMe-TTF system.

Fig. 3 UV±Visible-near IR spectra of LB ®lms of compound 10 (20
layers): (a) before doping; (b) 1 h after iodine doping.

Fig. 4 UV±Visible-near IR spectra of LB ®lms of compound 10 (20
layers) 1 h after iodine doping at different angles of incidence parallel to
the plane of the substrate: (a) angle~0³; (b) 30³; (c) 45³.

Fig. 5 Comparison of (a) ATR and (b) RAIRS spectra of LB ®lms of
compound 10 (20 layers), 1 h after iodine doping.

Fig. 6 SEEPR spectrum of 10?za) experimental and b) curve-®t
simulation.
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Solution EPR studies

To explore further the ICT effect in 10 and to provide insight
into the electronic structure of the TTF radical cation 10?z,
simultaneous electrochemistry and EPR (SEEPR) studies were
performed in solution (Fig. 6). Hyper®ne couplings (hfcs) were
obtained through spectral simulation and iterative curve®tting
(Table 1, r2 for the ®t~0.997).17 Further correlation of the
experimental results with the electronic structure of 10?z was
obtained using ab initio UHF and B3LYP calculations. As
shown in Table 1, very good correlations between predicted
and experimental hfcs were obtained using the B3LYP/6-
31G*//UHF/3-21G* protocol18±20 after averaging of the
computationally-derived hfcs at each position (Fig. 7). This
correlation allows prediction of the spin density distribution of
10?z, a property not experimentally accessible. As shown in
Fig. 7, spin density is strongly perturbed by the ethoxycarbonyl
moiety, relative to tetramethyl-TTF. This distortion is more
pronounced in the proximal atoms, while moderate changes are
also visible in the distal ring.

Single crystal X-ray structure of (10)2?TCNQ

To probe the solid state structure of 10, crystals of the charge-
transfer complex (10)2?TCNQ were obtained and charac-
terised by an X-ray structural study. (Attempts to obtain
crystals of an iodide salt suitable for X-ray analysis, which
could provide a comparison with the iodine doped LB ®lms,
were unsuccessful.) The asymmetric unit comprises one
molecule of 10 in a general position and a half of a TCNQ
molecule, which is situated at an inversion centre (Fig. 8). The
TCNQ molecule is planar while 10 is nearly planar, except for
minor boat-like folding along the S(1)???S(2) and
S(3)???S(4) vectors (by 2.9 and 2.3³, respectively) and a
twist of 3.7³ around the C(2)±C(7) bond. The donor (10) and
acceptor (TCNQ) molecules are parallel within 1.6³ and form a
mixed ???ADDADD??? stack (Fig. 9). Since the A???D
interplanar separation (3.33 AÊ ) is much smaller than the
D???D separation (3.68 AÊ ), the stack can be described as a

succession of trimers, wherein a TCNQ molecule is sandwiched
between two donor molecules. The C(1) atoms of the latter are
situated directly opposite the C(16) and C(16') atoms of the
TCNQ molecule at distances of 3.31 AÊ , much shorter than the
standard van der Waals C???C contact21 of 3.59 AÊ . It is
known5,22 that the HOMO of a TTF molecule is mostly
localised on C(1), C(4) and the four adjacent sulfur atoms, the
Mulliken atomic charge calculations22 showing large negative
charges on carbon atoms and positive charges on sulfur atoms.
MO studies of 222 and 10 (this work, see above) showed that an
ester substituent further enhances the HOMO localisation on
C(1) and C(4). On the other hand, the LUMO of a TCNQ
molecule has the largest localisation (0.27) on C(16) and C(16'),
the phases on which are opposite.22 Thus the stacking mode
observed in the present structure is most favourable for charge
transfer.

The negative charge on a TCNQ moiety is believed23 to
correlate linearly with the differences between the C(13)±C(14)
and C(13)LC(16) or between the (N)C±C(14) and C(13)LC(16)
bond lengths. These differences change from 0.069 and 0.062 AÊ

(room temperature structure corrected for libration)24 or 0.067
and 0.064 AÊ (100 K structure)25 in the neutral molecule to nil in
the radical anion (21). For the TTF?TCNQ complex,26 this
technique gives a degree of charge transfer of 0.55 to 0.60e, in
good agreement with the value of 0.59e determined from
neutron scattering on the superstructure.27 In a TTF moiety,
C±S bonds contract with the increase of the positive charge d,

Table 1 Experimental and calculated hyper®ne coupling constants
(hfcs) for 10?z

Position Experimental hfcs Calculated hfcsa,b

a 0.890 1.112
b 0.890 0.825
c 0.200 0.219
d 0.160 0.188
e v0.010 0.006
aB3LYP/6-31G*//UHF/3-21G*. bAverage value of the protons at this
position.

Fig. 7 Atomic spin densities for the heavy atoms (C,O,S) of 10?z and
tetramethyl-TTF?z.

Fig. 8 Molecules of TCNQ and 10 in the structure of (10)2?TCNQ
(50% displacement ellipsoids; primed; primed atoms are symmetrically
related via inversion centre). Selected bond distances (AÊ ): S(1)±C(1)
1.747(2), S(2)±C(1) 1.751(2), S(3)±C(4) 1.741(2), S(4)±C(4) 1.746(2),
S(1)±C(2) 1.754(2), S(2)±C(3) 1.739(3), S(3)±C(5) 1.747(2), S(4)±C(6)
1.755(2), C(1)±C(4) 1.352(4), C(2)±C(3) 1.352(3), C(5)±C(6) 1.335(3),
C(2)±C(7) 1.470(3), C(13)±C(14) 1.435(3), C(13)±C(15') 1.432(3),
C(14)±C(15) 1.346(3), C(13)±C(16) 1.384(3), C(16)±C(17) 1.427(4),
C(16)±C(18) 1.430.

Fig. 9 Crystal packing of (10)2?TCNQ; H atoms are omitted.
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which can be satisfactorily described28 by a linear equation
d(C±S)~1.75720.0385 d. The `inner' C±S bonds [i.e. those
involving C(1) and C(4)] are more reliable for these calcula-
tions, since the lengths of the `outer' ones are strongly affected
by substituents and also less accurately determined due to
thermal motion.

For (10)2?TCNQ, such estimates give a charge of
20.28¡0.05 for the TCNQ and of z0.28¡0.05 for the TTF
moiety, the balance probably being ICT from the TTF moiety
to the ester group within 10. In the neutral molecule of 2,
closely related to 10, such ICT was estimated by MO
calculations5 as 0.1 to 0.2e. In any case, (10)2?TCNQ exhibits
a lower degree of intermolecular CT than TTF?TCNQ (see
above), which is not surprising, as the oxidation potential of 10
(E1

1/2 0.40 V, vs. Ag/AgCl in MeCN)11 is slightly higher than
that of TTF (E1

1/2 0.34 V under the same conditions). It should
be mentioned, however, that the crystal of TTF?TCNQ
contains segregated rather than mixed stacks.

In all previously studied species (both neutral and oxidised)
with a carbonyl or thiocarbonyl group attached to a TTF
moiety, the C(7)LO or C(7)LS bond adopted the cis-orientation
towards the S(1)±C(2) bond.5,7,29,30 The conformation of the
KCO2Et group in 10 differs from this by a 180³ rotation around
the C(2)±C(7) bond. As in other ester, carbamoyl and
thiocarbamoyl derivatives of TTF, the S(2)±C(3) bond in 10
is shorter than the S(1)±C(2) by 0.015 AÊ (6s), obviously due to
a contribution of the zwitterionic structure 10'.

Conclusions

The electronic distribution within the title TTF derivative 10
has been studied by a range of techniques, and the presence of a
conjugative ICT interaction between the strong donor moiety
(triMe-TTF) and the strong acceptor moiety (ethoxycarbonyl)
has been demonstrated in solution and in Langmuir±Blodgett
®lms. This interaction increases the amphiphilic nature of 10
and plays an important role in stabilising the LB ®lm structure;
after iodine doping LB ®lms with in-plane dc conductivity
values as high as srt~1021 S cm21 have been obtained. This
work clearly demonstrates that TTF derivatives which lack the
traditional hydrophobic tails can be used for the formation of
highly-conductive, well-ordered LB ®lms.

Experimental

Synthesis

The synthesis of compound 10 has been reported previously.11

The complex (10)2?TCNQ was prepared as follows. Equimolar
solutions of 10 and TCNQ in hot dry acetonitrile were mixed.
The solution was cooled to room temperature, and slow
partial evaporation afforded black crystals of the complex
(10)2?TCNQ (24% yield) which were isolated by ®ltration.
Analysis found: C, 51.2; H, 3.9; N, 6.7; C36H32N4O4S8 (2 : 1
stoichiometric complex) requires: C, 51.4; H, 3.8; N, 6.6%; srt

(2-probe, compressed pellet) 1028 S cm21.

Characterisation

The Durham LB troughs were housed in a class 10 000
microelectronics clean room and have been described pre-
viously.31 Compound 10 was spread on the surface of ultrapure
water (obtained by reverse osmosis, deionisation and ultravio-
let sterilisation) from CH2Cl2 solutions (0.1 g l21). The surface
pressure versus molecular area isotherm was measured at
20¡2 ³C, pH~5.8¡0.2 and a compression rate ca.
461023 nm2 molecule21 s21. The optimal dipping pressure
was found to be 35 mN m21. LB ®lms were deposited onto
glass slides, quartz, conducting ITO glass slides (sheet
resistance 300 V per square, from Balzers) and Au- and Ag-

coated glass slides by the conventional vertical dipping
technique. Unless speci®ed otherwise, a dipping speed of
10 mm min21 was employed and the ®rst monolayer was
dipped on the upstroke when the slide was immersed in the
subphase before compression of the monolayer. To improve
the hydrophilic properties of ITO, the slides were pretreated
with saturated Na2Cr2O7±concentrated H2SO4 solution for
approximately 10 s and carefully washed with ultrapure water.
Substrates with areas between 20 and 30 cm2 were used for LB
®lm transfer. After LB ®lm deposition, the slides were cut
carefully with a diamond tipped stylus to form several
electrodes with contact areas between 0.1 and 0.5 cm2. Au
electrodes with a gap of about 30 mm and interdigitated Au
electrodes with a gap of 15±20 mm were used for electro-
chemical doping of the LB ®lms. These electrodes were
produced as previously described.10,32 Electrochemical
doping during LB ®lm transfer was achieved on a KI subphase
(0.1 M) with a current of 6 mA, supplied from a Farnell
Instruments current source between a moving vertical dipping
Au array electrode and another Au counter electrode placed in
the subphase outside the barrier. An EG&G PARC model 273
potentiostat with an Advanced Bryans XY recorder was used
for the electrochemical experiments. Chemical doping of the
LB ®lms was carried out by exposure to iodine vapour in a
sealed vessel.

Dc conductivity data were obtained in air by a standard two-
contact method using silver paste contacts. By varying the
distance between the electrodes, it was established that the
contact resistance was negligible. The conductivity values were
calculated using a monolayer thickness of 1.5 nm (estimated
from molecular modelling). The conductivity normal to the
®lm subphase was measured by using evaporated Au top
contact dots (diameter 0.1 cm, slowly evaporated at a rate of
about 0.5±1.0 nm min21) for ®lms deposited on Au-coated
glass slides. Optical absorption spectra of solutions were
obtained using a Hitachi U-3000 spectrometer, and of LB ®lms
using a Perkin Elmer Lambda 19 spectrophotometer.

SEEPR experiments were carried out in a quartz ¯at cell. The
platinum gauze working electrode was inserted into the ¯at
part of the cell. The Ag-wire pseudoreference electrode was
positioned directly above the working electrode in order to
minimize the iR-drop, and the auxiliary electrode, a platinum
wire spiral of large surface area, occupied the solvent reservoir
above the ¯at section. EPR spectra were recorded on an IBM
ESP 300 X-band spectrometer equipped with a TE104 dual
cavity. TTF solutions (1024 M in CH2Cl2, 0.1 M Bu4Nz

ClO4
2) were degassed by bubbling argon through them for

5 min and then injected into the cell, which was previously
¯ushed with argon. Bulk electrolysis was then carried out
simultaneously with signal acquisition (100 kHz ®eld modula-
tion, modulation amplitude 0.0522 G, SEEPR spectrum
centered at 3475.50 G and 20 G sweep width) (25 kHz ®eld
modulation, modulation amplitude 0.0475 G). IR spectra were
recorded on a Mattson-Sirius 100 Fourier transform spectro-
meter at 4 cm21 resolution using our previously reported
procedures.16 Analysis of the data is based on selection rules
and assignments for TTF discussed by Bozio et al.15

Crystal structure determination{

X-Ray diffraction experiment from a black pinacoidal single
crystal (0.2560.460.4 mm) was performed at room tempera-
ture with a SMART 1K CCD area detector. Crystal data:
C12H4N4?2C12H14O2S4: M~841.14, triclinic, space group P�1
(No. 2), a~7.686(3), b~11.454(4), c~11.617(5) AÊ ,
a~76.59(2), b~80.25(2), c~84.48(3)³, V~978.8(7) AÊ 3, Z~1,
Dc~1.43 g cm23, F(000)~436, graphite-monochromated Mo-

{CCDC reference number 1145/183. See http://www.rsc.org/suppdata/
jm/1999/2973 for crystallographic ®les in .cif format.
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Ka radiation, �l ~0.71073 AÊ , m~5.0 cm21, v scan mode,
2h¡46.5³, 3745 re¯ections, of which 2701 unique (Rint~0.019).
The structure was solved by direct methods (SHELXS-86
programs33) and re®ned by full-matrix least squares
(SHELXL-93 software34) against F2 of all data. All non-H
atoms were re®ned with anisotropic displacement parameters;
H atoms were re®ned in isotropic approximation (TCNQ), as
`riding' (CH2) or in rigid-body model (methyl groups). The
re®nement of 254 variables converged at R(F)~0.036 for 2495
data with F2¢2s(F2), wR(F2)~0.099 for all data, goodness-of-
®t 1.078, Drmax~0.23, Drmin~20.20 e AÊ 23.
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