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Research on the synthesis of large, structurally defined molécules
and on the method to connect them with tunable connective foints
is a growing area of chemical research in nanoscience. We
previously synthesized molecules possessing the shape of a
badminton shuttlecock, ggRsH [1, R = C¢Hs—Ph-4 and2, R =
CeHs—{OCO—CeH3—(0OCy2H25),-3,41-4], conical molecules with
a fullerene apex, which stack head-to-tail to form a polar col&mn.

In this first generation design, the cone is shaped by the five aryl
groups (R), protruding directly from the fullerene core and ensuring
tight fitting of another fullerene molecule in the cone to form a Figure 1. Two stacked molecules df 3, and4 in a unit cell shown along

rigid column in crystals and liquid crystals (LCs). The tightness of ;ryqtaiB (for 1 and3) and C (for 4) axes. Side chain carbon atoms are
this connection restricts the structural mobility of the column. In  colored blue, fullerene cores are red, and silicon atoms are light blue.

light of the interest in this new class of mesogenic struétase Intermolecular spacing is represented by the distance between the centroids
well as in molecular cavities in genefalye considered it important ~ ©Of the Go moiety in the neighboring molecules.

to make a larger cavity that possesses Iarger loading capacity andqp,, 1

allows a more structurally flexible connection between the mole-

crystal axis

cules in the column. To this end, we have chosen an (aryl)- e gg ’@"1 3 X:=H
(dimethyl)silylmethyl group as the R group (&-7; Chart 1) so R voSi ;f §1 f;"‘_'

that one can expand the cavity by outward parallel translation of Me Me s o

the aryl groups irl. and2 with the aid of a silicon connection. The T e X2 = OC12Has; X2 = H
result is a cavity in the shape of a cup created on top of a fullerene Ha 0 g: ;(2 :8&;:3 ;(a ::
group (Figure 1). Although the new side chain may look too «Csi o Bd: X2 = OC+gHg7; X2 = H

flexible, we considered, as verified later by experiments, that the ) Mé e 7:%2 = X = 0C1gHar
torsional strain around the GHSi(Me,) bond is large enoughto  _ CioHos: 6b, R = CaaHog; 6, R = CaeHaz; 60, R = CrgHay). Al

let the aryl group point away from the_ fullerene core. . derivatives were characterized by th¢and*C NMR and APCI-
Among various possibilities to achieve the synthetic goal, we MS analyses

have chos;arlll_the W(;I_I-istabllshed E[:hemlstry of tr:;)rt%anoa:lylmftg?/l Red-colored rectangular crystals ®fand 4 suitable for X-ray
_(I)_Lganom? a I<IC§C\IN(3I;CI al\;le east);] OI' pkrep?re an tﬁ}rmfa”y sta e'crystallographic study were obtained by slow diffusion of methanol
rc;JS&V\(’g ?eo Iacle él on)Clzeél?Zno‘lst;]r:e er (I) Cr(:)nnetchat?ofmesrfl:: into a chloroform (for3) or toluene (fo) solution. Figure 1 shows
gav? wall (tg replace Cl on Si) SiAr(Cjﬂ:I)yMge 73\25 svnthesized two stacked molecules df 3, and4 found in a unit cell. Because
- y P . . 2 Y of the restricted conformational possibility, anticipated a priori, all
first and then converted to Mg(Cl)GBiMeAr under the standard . . : ;
aryl groups in3 and4 point upward to form a cavity. The diameter

Grignard CO!’]dItIOﬂS. We expected that the cavity size can be of the cone as measured at the bottom ipso position of the biphenyl
expanded this way by several angstroms because of the rather Ion%roup is 12.6 A, cab A larger than that of (7.4 A), and the axis

Si—C bond (1.89 A). : ; I _
: . of the biphenyl side chain id forms a ca. 25 angle against the
. Tréebcryt/stallme tproto;yzg, ]ﬁg("CHZS'Me?tth\)ZH g)’(;\;a'\j S)lg;:he' pseudo€s axis of the molecule as opposed to ca® #b61.3 As the
tsrllze y Ihe refacc: Il\? [8 S]' ullerlen(e:GwL:H Sgl\(/l )b' h €2 | :_T result of the larger cavity size, the fullerene moiety is loosely fitted
€ presence of CuBBMe,” Similarly, Coof CH;SiMex(bipheny} o into the cavity, causing the molecular symmetry axi8§ ind4 to

(4) was obtained by the reaction o_f the correspondm_g organocopper, . .« by 11.5 and 6.5 from the column axis (crystal axis) unlike
reagent. The LC molecules bearing hydrocarbon side chains were,

. . that in 1 where it is almost exactly parallel to the column axis.
obtained through a penta-phenah{ICH;SiMe;(CeH,—OH-4) H The second consequence of the larger cavity is the shorter
(5.)’ which was obtained by the penta-addition of 4-(THP@)& intracolumnar spacing in the crystals®&nd4 than in those ofl.
SIMeZC.HZMgCVCUBr.SMeZ reagent (THP: tetrahy_dropyra_lnyl The distance between the two neighboring molecules is 10.28 and
protective group) followed by deprotection. Acylation Siwith 10.19 A for3 and4, respectively, and 11.1 A fdk. In the crystals
an appropriate benzoic chloride derivative possessing an alkyl chain ' ' ) :

. B - of 3and4, the fullerene moiety is supported by the cyclopentadienyl
afforded GoCH,SiMez{ CeHa—(OCO-CoHa~OR-4)-4]sH (6a R hydrogen atom in the bottom of the cavity and also by the

* Department of Chemistry. m-hydrogen atoms of the bottom phenyl group in the biphenyl
* Department of Chemistry and Biotechnology, School of Engineering. group, as opposed to the fact that the fullerene moiety in the crystal
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Table 1. Phase Transition Behavior of the LC Molecules 6a—d
and 7 on the Second Heating?

compd phase transition temperature (°C)°
6a G 2.2 Coh 186.6 (27.4) Iso
6b G 10.1 Coh 175.9 (28.2) Iso
6C G 18.2 Col 181.6 (31.3) Iso
6d G 35.4 Col 185.7 (34.5) Iso
7 Cryst 53.4 (178.8) Iso

a Abbreviations: 1so, isotropic; Cgl hexagonal columnar; G, glassy;
Cryst, crystalline. Transition temperatures were determined by DSC at the
rate of 10°C min~! and were taken at the maximum of each transition
peak.? Transition enthalpies (kJ mdl) are in parentheses.

molten aliphatic moieties at 4.6 A. The reciprochspacings of

the first three peaks are in a ratio of/3:2, which are characteristic

of a hexagonal columnar structure. It should be noted the intraco-
lumnar spacing of 12.9 A is smaller than the 14.3 A spacing, of
while the intercolumnar spacing (38.4 A) is much larger (35.3 A).
of 3. (b) View from B axis of the packing 08. (c) View from A axis of the This shortening of the intracolumnar spacing coincides with the
packing of4. (d) View from C axis of the packing o#. For clarity, solvent shortening in the crystals (vide supra). In contrasttthat has
molecules are omitted and only a single layer of the molecules is shown. fjye long side chains, compourifibearing 10 side chains did not
show the LC property.

The second generation molecules have several useful properties
unavailable for the first generation molecules. First, they have a
larger cup-shaped cavity that can comfortably accommodate the
second fullerene molecule. Second, the cavity wall is less tapered
than before: As the result, the connection between the two neigh-
boring molecules (Figure 1) may look more like a “ball-joint” rather
than stacked shuttlecocks. Third, the intracolumnar spacing has been
much shortened. This would enhance the fullerene/fullerene interac-
tion especially when the cyclopentadienyl hydrogen atom is
removed.

Figure 2. Crystal packing o8 and4. (a) View fromC axis of the packing

of 1 is supported only by the edge of the cavity (Figure 1) and
does not touch the bottom of the cavity. This suggested to us that
LCs of the second generation design will have a more flexible
intracolumnar interaction than the first generation.

The packing of the stacked columns was found to depend on
the molecular structure. Thus, the columns of the phenylsilyl mole-
cule 3 are packed in a hexagonal manner characterized by two
rectangular arrays for each column direction (Figure 2a,b), while
those of the biphenylsilyl moleculé are packed in a tetragonal
columnar manner (Figure 2c,d). The latter is because of the bi-
phenyl/biphenyl interaction among the adjacent columns. The inter-
columnar voids in the crystals are filled by solvent molecules
(toluene).

With the crystal structure @@ and4 in hand, we next examined
the molecules bearing long methylene side chaibas—(¢). In
addition to the cavity/fullerene interaction, microphase segrega-
tion®10 between the fullerene/aromatic array and the saturated References

Supporting Information Available: Procedures for the synthesis
of the new compounds, crystallographic dat8@hd4 (CIF), optical
texture and DSC data dda, and X-ray data oba—d (PDF). This
material is available free of charge via the Internet at http:/pubs.acs.org.

hydrocarbon side chain will help form a stable columnar mesophase.

Differential scanning calorimetry (DSC), polarizing optical mi-
croscopy, and X-ray diffraction analysis were used to identify the
mesophase. Optical textures (see Supporting Informatio®d-ofl
are characteristic of columnar LCs.

The DSC analysis and microscope observation6af-d is
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of 6a—d rises progressively from 2.2 to 35°€ as the side chain
becomes longer from C-12 to C-18. On the other hand, the iso-
tropization temperatures fall within a rather limited range between
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