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Abstract: A molecular clip is described which binds a

romatic guests by an induced fit mechanism. It contains

twelve long aliphatic chains and can evoke liquid-crystalline properties in a variety of molecules, including polymers

and porphyrins, by a process of molecular recognition

Introduction

Supramolecular chemistry involves the design, synthesis, an

study of molecular systems and assemblies of molecules held

together by relatively weak forces, e.g. hydrogen bonding,
electrostatic interactions, Van der Waals forces, etc. In the las
two decades attention in supramolecular chemistry has graduall
shifted from the hostguest binding of alkali metals in crown

ethers to the complexation of neutral molecules in different types

of synthetic receptors. Current efforts are directed toward the

design of more sophisticated host molecules which can bind

guests by an induced fit or allosteric mechan#srh.Much of
this research is inspired by the elegant molecular systems foun

in nature, which operate by similar mechanisms, leading to

efficient catalysis or in a number of cases to the induction of

special (materials) properties. A similar incentive underlies the

compound2 exist in three different conformations (Figure 2):

danti-anti (aa), syn-anti (sajandsyn-syn (ss).The conformers

differ in the way the walls are oriented relative to the phenyl
groups of the diphenylglucoluril part. The molecules change
tfrom one conformation to another by the flipping of one
waphthalene wall. Guest molecules can be clamped between
the walls and held byr—x stacking interactions and hydrogen
bonding to the urea carbonyl functions. Binding occurs by an
induced fit mechanism: one of the walls 2flips up to form

a cleft which accommodates the guést.

In this paper we will demonstrate that the idea of making
dpolymers liquid crystalline by clipping molecules of tyfido
them is viable. Furthermore, we will show that the concept is
general and can be extended to other hgstest combinations
(see Figure 3§.

work presented in this paper. In a number of recent studies theExperimental Section

binding of protein molecules to specific domains of nucleic acid
chains has been describedsome of these proteins are dimers

General Methods. Acetonitrile and CHCI, were distilled from
Cah, diethyl ether and tetrahydrofuran (THF) from LiAJHand toluene

having the shape of a super clip or super tweezer, as in thefrom sodium. Dimethyl sulfoxide (DMSO) was dried over GaH
case of the Gene V protein encoded by the bacteriophage M13 Pyrrole was distilled before use. Methyl 3,5-dihydroxybenzoate (MDB)
which binds to single stranded DNA chains and changes thewas a commercial product used without purification. For column

physical properties of these biomolecules (Figuré IFhis

chromatography Merck silicagel 60 and for flash column chromatog-

particular example from nature inspired us to design a synthetic raphy Merck silicagel 60H were used. Melting points were measured

clip molecule () which can bind to a polymer chain by an
induced fit mechanism. The intention was to change the
properties of the polymei,e. to make it liquid crystallin€.
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The compoundZ, Scheme 1) from whicH is synthesized
has been described previoudty.lts most important structural
features are a concave framework composed of two urea unit
and two methylene linked aromatic walls. The molecules of
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with a Jeneval polarizing microscope connected to a Linkam THMS
600 hot stage'H NMR spectra were recorded on Varian EM-390 and
Bruker AC-100 spectrometers. Chemical shift values are reported
relative to tetramethylsilane as an internal standard. IR spectra were
recorded on a Perkin-Elmer 298 infrared spectrophotometer. Mass
spectra were obtained with a double focusing VG 7070E spectrometer.
Elemental analyses were determined with a Carlo Erba Ea 1108
instrument. For the determination of the optical rotations a Perkin
Elmer 241 polarimeter was used. A Perkin Elmet UV-—vis
photospectrometer was used to obtain the-Wié spectra. Thermo-
grams were recorded at a rate of I/min using a Perkin EImer DSC
7 instrument. Samples were prepared in stainless-steel large volume
pans (75L). Transition temperatures and enthalpies were determined
from the second heating and first cooling scans. GPC measurements
were performed on a Waters 590 GPC instrument equipped with a PL-
GEL 352 column using tetrahydrofuran as the eluent and different
polystyrenes as standards.

S 17b,17c-Dihydro-1,6,10,15-tetrakis(3,4,5-tris(dodecyloxy)benz-
oyloxy)-17b,17c-diphenyl-H,8H,9H,16H,17H,18H-7a,8a,16a,17a-
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Figure 1. (a) Structure of the Gene V protein. (b) Complex of twelve protein molecules and a DNA chain (see ref 6).

After recrystallization from diisopropyl ether the allyl-protected meth-
ylbenzoate3a was obtained in 75% yield. Mp 3%C.
IH NMR (CDCls, ppm)d 7.1 (s, 2H, AH), 6.6 (s, 1H, AH), 6.2—
5.7 (m, 2H, G1=CH,), 5.4-5.1 (m, 4H, CH=CH,), 4.5 (d, 4H, OCl,,
J =6 Hz), 3.9 (s, 3H, OE3). IR (KBr, cm1) » 3150-3050 (arom
C—H), 29802880 (aliph C-H), 1730 (G=0), 1600 (arom &C). MS
(El, m2): 248 (M), 233 (M — CHg)*, 189 (M — COOCH;,)*, and 41
(allyh)*. Anal. (Gi4H1604) C, H: calcd 67.73, 6.50; found 67.74, 6.44.
Methyl 3,5-Bis(benzyloxy)benzoate (3b).A mixture of methyl 3,5-
dihydroxybenzoate (5.0 g, 30 mmol), benzyl bromide (15.2 g, 89 mmol),
and KCO; (11.7 g) in acetone (50 mL) was refluxed overnight. The
tetraazapentaleno[1',6":5,6,7:3',4":5',6, 7]dicycloocta[1,2,3de inorganic salts were filtered off anq washed with CEICThe solution
1,2 3-d'e]dinaphthalene-8,17-dione (1). Receptor molecul@* (n and the CHGJ extracts were combined and evaporated to dryness. The

mmol) and NaH (18 mmol) were refluxed in THF (10mL) and after residue was crystalli.zed from dijsopropyl ether to give the methyl

1 h 3,4,5-tris(dodecyloxy)benzoyl chlorfi¢d.4 equiv) in a mixture benzoatesb in 97% yield. Mp 70°C.

of THF/CHCI (1:1 viv, 5n mL) was added. The mixture was stirred 'H NMR (CDCls, ppm) ¢ 7.50-7.22 (m, 12H, AH), 6.80 (t, 1H,

for 2-24 h and subsequently quenched with a few drops of water. ArH, J = 2 Hz), 5.06 (s, 4H, €,Ph), 3.90 (s, 3H, OBs). IR (KBr,

The solvent was evaporated under reduced pressure and the residuem %) v 3120-2980 (arom C-H), 2980-2800 (aliph C-H), 1715

was dissolved in CHGl The organic layer was extractedx(Rwith (C=0), 1600 (arom €&C). MS (El, mz): 348 (M)*, 317 (M —

aqueos 1 N HCI, then with HO, and dried (MgS@). The crude OCHy)*, 181, and 91 (CkPh)". Anal. (C;H2004) C, H: calcd 75.85,

product was subjected to flash column chromatography (eluent ethyl 5.79; found 75.65, 5.75.

acetate-hexane 1:25 v/v). Yield 57%. K to | transition at 15962 3,5-Bis(allyloxy)benzoic Acid (4a). A mixture of methyl benzoate

°C. 3a(1.0 g, 4.0 mmol) and powdered KOH (0.53 g) in ethanol (15 mL)
'H NMR (CDCl;, ppm) [see Table 1 for uncomplexed host, host  was refluxed for 2 h. The solvent was evaporatedacuoand ethyl

guest complex]:o host 7.67 (s, 8H, Ad(OR)), 7.44 and 6.99 (2d,  acetate was added. The organic layer was acidified with an aqueous

aa as ss
Figure 2. Structures of the three conformers af

8H, naphH, J = 8.9 Hz), 7.11-7.05 (m, 6H, AH), 6.94 (d, 4H, AH), solution d 1 N HCI to pH 1. The mixture was washed with water
5.41 and 4.14 (2d, 8H, NCHAr, J = 16.8 Hz), 4.12-3.84 (m, 24H, (2x) and dried (MgS@), and the solvent was evaporated. Crystal-
OCH), 1.84-1.08 (m, 240H, OCK(CH2)10CHs), 1.04-0.80 (m, 36H, lization from ethanol yielded 60% of the benzoic adal Mp 71 °C.

CCH3)' guesg(re?rg”ﬁ'? 6'?0 d(‘7)f76?§1 1(3‘251-7?0@ s), d5-7479 1(3)-16“22" 1H NMR (CDCls, ppm)é 7.3 (s, 2H, AH), 6.8 (s, 1H, AH), 6.4
(CarosiOz) C, H, N: caled 77,37, 10.23, 1.70;ound 77.13, 1056, 5,8 (m, 2H, GI=CHy), 5.6-5.2 (m, 4H, CH-CH), 4.5 (d, 4H, O,

67. . . _ J=6Hz). IR (KBr, cnr) » 2900 (COOH), 1690 (€0), 1600 (arom
A Phenyt' 3:}5"Dt'.hydroxyt?enzfoateéTQ'E.COt’)“pO“Pd nas Syn_‘hes_'éed 4 C=0). MS (El,m2): 234 ()", 189 (M~ COOHY", and 41 (allyly.

y an esterification reaction from 3,5- is( enzy| oxy)benzoic acidand , (CiH140:) C, H: calcd 66.66, 6.02; found 66.73, 6.04.
phenol. Deprotection of the product was carried out according to a

literature proceduré 3,5-Bis(benzyloxy)benzoic Acid (4b).For the synthesis of this

Methyl 3,5-Bis(allyloxy)benzoate (3a). A mixture of methyl 3,5- compound the same procedure was followed as describe@fosing

dihydroxybenzoate (1.0 g, 6.0 mmol), allyl bromide (1.0 mL, 12 mmol), 3P (1.6 g, 4.6 mmol) and Powdered KOH (0.8 g) in ethanol (60 mL).

and K.COs (1.8 g) in acetone (10 mL) was refluxed for 4 h. The solvent Yi€ld 94%. Mp 213-218°C.

was removed under reduced pressure, water was added, and the product 'H NMR (CDCl; + CDsOD, ppm)d 7.5-7.1 (m, 12H, AH), 6.7

was extracted with CKCl,. The organic layer was washed with water (s, 1H, AH), 5.0 (s, 4H, Gi,Ph). IR (KBr, cnt?) v 2880 (COOH),

(2x), dried (MgSQ), and evaporated to dryness under reduced pressure. 1690 (C=0), 1600 (arom €&C). MS (El,m/2): 334 (M)*, 181, and

91 (CHPh)". Anal. (GaH200) C, H: calcd 75.43, 5.43; found 75.24,
(9) Percec, V.; Lee, M.; Heck, J.; Blackwell, H. E.; Ungar, G.; Alvarez- g 44

Castillo, A.J. Mater. Chem1992 2, 931. . . )
(10) Hawker, C. J.; Lee, R.; Frechet, J. MJJAm. Chem. Sod.991, 1,4-Bis[3,5-bis(allyloxy)benzoyloxy]benzene (S)For the synthesis

113 4583. of this compound a procedure described by Hashineital. was
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Figure 3. Schematic representation of the liquid crystalline complexes that can be obtained from clip moleantslifferent types of guest

molecules.

followed!* To a solution of 3,5-bis(benzyloxy)benzoic aeid (1.18
g, 5.0 mmol) and hydroquinone (0.25 g, 2.3 mmol) in acetonitrile (3
mL) were subsequently added under an argon atmosphere(C&2
mL, 5.4 mmol), EfN (0.69 mL, 5.0 mmol), and PRH1.39 g, 5.0
mmol). The solution was stirred for 2 days and in addition refluxed

OCH,(CH>)e), 0.88 (t, 6H, CHCHs). IR (KBr, cm™) » 3300 (OH),
3020-2800 (aliph G-H), 1750 and 1720 (€0). MS (Cl,m/2): 375
(M + 1)*, 263 (M+ 1 — CgHig)™, 151 (M+ 1 — 2*CgH1e)*". Anal.
(C20H3306) C, H: calcd 64.14, 10.23; found 64.33, 10.1Q]° =
+8.3° (¢ 0.5, EtOH).

for 4 h. The reaction mixture was evaporated to dryness under reduced Dioctyl (2R,3R)-O-Bis[3,5-bis(benzyloxy)benzoyl]tartrate (7). This

pressure and the product was dissolved in GHQlhe organic layer
was extracted with aquesd N HCI (2x), aqueos 1 N NaOH (),
and water (k) and dried (MgS@). After evaporation of the solvent,

compound was synthesized according to a literature procéglube.
solution of4b (110 mg, 0.3 mmol) an®\,N-carbonyldiimidazole (67
mg, 0.5 mmol) in dry toluene was stirred overnight at room temperature.

the residue was subjected to column chromatography (eluent: ethyl Subsequently dioctyl tartrate (60 mg, 0.16 mmol) was added to this

acetate-hexane 1:9 and subsequently 1:3 v/v). Crystallization from
diisopropyl ether yielded 61% of the protected hydroquinone diner
Mp 115°C.

IH NMR (CDCls, ppm) ¢ 7.36 (d, 4H, (AllylOYArH, J = 2 Hz),
7.27 (s, 4H, AH), 6.78 (t, 2H, (AllylOYArH, J = 2 Hz), 6.22-5.89
(m, 4H, H=CH,), 5.52-5.27 (m, 8H, CH=CH), 4.60 (d, 8H, O,
J=6 Hz). IR (KBr, cnt?) v 3150-3050 (arom C-H), 2950-2850
(aliph C—H), 1740 (G=0), 1600 (arom €&C). MS (El, m/2): 542
(M)*, 217 (COAr(OAllyl),)*, and 41 (allyly. Anal. (GH300s) C,

H: calcd 70.84, 5.57; found 70.58, 5.53.
1,4-Bis[3,5-dihydroxybenzoyloxylbenzene (6).To a suspension
of compounds (0.53 g, 0.97 mmol) in acetonitrile/water (4:1, v/v, 50
mL) were added triethylammonium formate (0.45 g, 3.0 mmol),sPPh

(52 mg, 0.19 mmol), and Pd(OAc)8.0 mg, 3.6x 102 mmol)? and
the mixture was refluxed for 2.5 h. Workup was accomplished by

solution. After 6 days the solvent was evaporated and the residue was
dissolved in CHCl.. The organic layer was washed with watex {2

dried (MgSQ), and concentrateith vacua The residue mixture was
subjected to flash column chromatography (eluent: ethyl acetate
hexane 1:7 v/v) and the product was obtained as a colorless oil in 81%
yield.

1H NMR (CDCls, ppm)d 7.3 (s, 20H, AH), 7.1 (s, 4H, Ar(G=0)-

H), 6.7 (s, 2H, Ar(OBzH), 5.9 (s, 2H, G1(OCOAr)), 5.0 (s, 8H, El»-
Ph), 4.1 (m, 4H, OE@,CH,), 1.8-1.0 (m, 24H, GH1,), 0.8 (t, 6H,
OCH,CH3). FAB-MS (mnitrobenzyl alcoholnvz): 1006 (M+ H)*,
915 (M — CH,Ph)". [0]p?® —26.6> (c 0.6, CHC}).

Dioctyl (2R,3R)-O-Bis(3,5-dihydroxybenzoyl)tartrate (8). Com-
pound7 (33 mg, 3.3x 107> mol) was suspended in ethanol (20 mL)
and subjected overnight to hydrogenation using palladium on carbon
as a catalyst. The catalyst was filtered off and the solvent was

evaporation of the solvent under reduced pressure. The residue wasevaporated under reduced pressure. The residue was extracted with
dissolved in ethyl acetate and washed with water. The organic layer ethyl acetate, and the organic layer was washed with water, dried

was dried (MgS@ and evaporateth vacua After purification by

flash column chromatography (eluent ethyl acetdtexane 2:1 v/v)
and precipitation of an acetone solution6oih water, the product was
obtained in 90% yield. Mp>290 °C dec.

1H NMR (acetoneds, ppm)d 7.23 (s, 4H, AH), 7.04 (d, 4H, (HOy
ArH, J = 2 Hz), 6.55 (t, 2H, (HOArH, J = 2 Hz). IR (KBr, cnt?l)

v 3440 (OH), 1720 (€0), 1620 (arom &C). FAB-MS m
nitrobenzyl alcoholpvz): 383 (M+ 1)*, and 137 (COAr(OH)™. Anal.
(C20H140g) C, H: calcd 62.83, 3.69; found 62.58, 3.89.

L-(+)-Dioctyl Tartrate. A solution of L-(+)-tartaric acid (7.69 g,
50.6 mmol) and concentrated aqueous HCI (1.5 mL) in octanol (100
mL) was heated at 80 overnight. The excess of octanol was distilled
off under high vacuum and the crude product was purified by column
chromatography (eluent: ethyl acetateexane 1:3 v/v), which yielded
83% of L-(+)-dioctyl tartrate as white needles. Mp 4C.

H NMR (CDCl;, ppm)d 4.54 (d, 2H, G1OH, J = 7 Hz), 4.26 (t,
4H, OCH,CH,), 3.21 (d, 2H, CH®, J = 7 Hz), 1.906-1.10 (m, 24H,

(11) Hashimoto, S.; Furukawa, Bull. Chem. Soc. Jpri981], 54, 2227.
(12) Yamada, T.; Goto, K.; Mitsuda, Y.; Tsujl, Tetrahedron Lett1987,
28, 4557.

(MgSQy), and concentrated to affol8las a light yellow oil in 86%
yield.

IH NMR (acetoneds, ppm)d 6.94 (s, 4H, AH), 6.51 (s, 2H, AH),
5.81 (s, 2H, GICOOGH;7), 3.6 (br s, 4H, ®f), 4.23-3.75 (m, 4H,
OCH,CH;), 1.6-0.8 (m, 24H, GH1), 0.71 (t, 6H, CHCHa3). FAB-
MS (menitrobenzyl alcohol/z): 647 (M + H)*, 493 (M — OCOAr-
(OH))*. [a]p®® —32.7 (c 0.7, CHC}).

5,10,15,20-Tetrakis(3,5-dimethoxyphenyl)porphyrin, H(T 3 sdi-
MeOPP) (9a). This compound was synthesized according to a
literature procedufé from 3,5-dimethoxybenzaldehyde (2.48 g, 14.9
mmol) and pyrrole (1.0 mL, 14.4 mmol) in propionic acid (150 mL)
as the solvent. The product was purified by column chromatography
(eluent: ethyl acetatehexane 1:1 v/v) and obtained in 53% yield. Mp
>300°C dec.

H NMR (CDCls, ppm)o 9.0 (s, 8H, pyrrole), 7.4 (d, 8H, AH,
J=2Hz), 6.9 (t, 4H, AH, J = 2 Hz), 4.0 (s, 24H, 083), —2.8 (br

(13) Bos, W. F.; Kelly, C. J.; Landsberger, F. Rnal. Biochem1975
64, 289.

(14) Tsuchida, E.; Komatsu, T.; Hasegawa, E.; Nishide JHChem.
Soc, Dalton Trans.199Q 2713.
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s, 2H, NH). IR (KBr, cm™2) v 2950 (aliph G-H), 1600 (arom &C),

1220 (C-0). FAB-MS (mnitrobenzyl alcoholn/z): 855 (M + H)™,

824 (M+ 1 — OCHg)*. UV—vis (CH,Cl,, A/nm, logg/L-mol~t-cm™):

419 (3.1), 514 (2.6), 549 (2.0), 588 (2.0), 645 (1.8).
5,10,15,20-Tetrakis(3,5-dihydroxyphenyl)porphyrin, H(T3sdi-

HOPP) (9b). This compound was synthesized according to a literature

proceduré&* from 9a (0.85 g, 1.0 mmol) and BB(0.8 mL, 8.5 mmol)

in CH.Cl, (80 mL) as the solvent. Porphyrfib was obtained in 94%

yield. Mp >300°C dec.

IH NMR (acetoneds, ppm) 6 8.9 (s, 8H, pyrroled), 7.11 (d, 8H,
ArH, J=2 Hz), 6.71 (t, 4H, AH, J = 2 Hz), —3.0 (br s, 2H, N). IR
(KBr, cm™1) » 3300 (OH), 1600 (arom€C). FAB-MS (m-nitrobenzyl
alcohol, m2: 743 (M + H)*. UV-vis (MeOH, A/nm, log-
(e/l-mol~L-cmY): 417 (6.1), 512 (5.4), 547 (4.9), 587 (4.9), 644 (4.6).

[3,5-Bis(benzyloxy)phenyllmethanol (10).Under an argon atmo-
sphere a solution @b (2.8 g, 8.0 mmol) in diethyl ether (20 mL) was
carefully added to a suspension of LiAJKi780 mg) in diethyl ether
(100 mL). The reaction mixture was refluxed for 24 h and afterwards
cooled down to—78 °C. After the addition of water (20 mL) the
mixture was allowed to warm up and was acidified with concentrated
aqueous HCI. The organic layer was washed with agsidoN HCI
(2x) an aqueous saturated NaHg$@lution (1x), dried (MgSQ), and
concentrated until the crystallization started. In this way white needles
were obtained in 81% yield. Mp 77C.

H NMR (CDCls, ppm)d 7.4 (s, 10H, AH), 6.8-6.5 (m, 3H, AH),

5.0 (s, 4H, ®i2Ph), 4.6 (s, 2H, E;0H), 1.9 (br s, 1H, ®l). IR (KBr,
cm1) v 3300 (OH), 3106-2980 (arom G-H), 2960-2800 (aliph
C—H), 1590 (arom &C). MS (El, mz): 320 (M)", 181, and 91
(CH,Ph)". Anal. (GiH200s) C, H: calcd 78.73, 6.29; found 78.47,
6.27.

3,5-Bis(benzyloxy)benzaldehyde (11).This compound was pre-
pared according to a literature procedti€lTo a cooled solution{78
°C) of oxalyl chloride (715 mg, 5.7 mmol) in dry GBI, (14 mL) was

van Nunen et al.

crystallization from methanol yielded 78% of the protected benzalde-
hyde. Mp 72°C (lit.*¢ mp 72°C).

H NMR (CDCl, ppm)d 9.9 (s, 1H, G10), 7.6 and 7.0 (2*d, 4H,
Ar(CHO)H, J = 9 Hz), 7.3 (s, 5H, AH), 5.1 (s, 2H, O®l,). IR (KB,
cm™) v 3120-3000 (arom G-H), 2960-2730 (aliph C-H), 1690
(CH=0), 1595 (arom &C). MS (El,mV2): 212 (M), 91 (CHPh)".
Anal. (Ci4H120;) C, H: calcd 79.23, 5.70; found 79.17, 5.72.

1-Benzyloxy-4-vinylbenzene (14).This compound was synthesized
as described for compourt?, using methyl triphenylphosphonium
bromide (2.84 g, 7.8 mmol), a solution of butyllithium in hexane (4.9
mL of a 1.6 M solution, 7.8 mmol), and 4-benzyloxybenzaldehyde (1.43
g, 7.1 mmol) in THF (40 mL) as the solvent. Purification by column
chromatography (eluent: ethyl acetateexane 1:19 v/v) yielded 88%
of compoundl4. Mp 67 °C (lit.}” mp 68°C).

H NMR (CDCls, ppm)o 7.4—=7.1 (m, 7H, AH), 7.0-6.8 (m, 2H,
ArH), 6.8-6.5 (m, 1H, Gi=CH,), 5.7-5.0 (m, 2H, CH=CH), 5.0
(s, 2H, O@H,). IR (KBr, cm™) » 3100-3000 (arom G-H), 2950~
2780 (aliph C-H), 1625 (conj G=C), 1600 (arom &C). MS (El,
m/z): 210 (M), 91 (CHPh)". Anal. (GsH140) C, H: calcd 85.68,
6.71; found 85.34, 6.69.

Copolymer 15. 1,3-Bis(benzyloxy)-5-vinylbenzene (0.63 g, 2.0
mmol), styrene (0.18 g, 1.73 mmol), and AIBN (2.4 mg, 146075
mol) were suspended in butanone (3 mL). The reaction mixture was
degassed and heated overnight in an argon atmosphere®@t 8bhe
solvent was evaporated and the residue was dissolved in £hadl
precipitated in methanol. This afforded copolynis as a white
powder in 85% yield.

H NMR (CDCl;, ppm)d 7.2-5.8 (br s, AH), 4.6 (br s, OGi,Ph),
2.1-0.8 (br s, G(IPh—CH,). IR (KBr, cm1) » 3020 (arom C-H),
2910 (aliph G-H), 1590 (arom E&C), 1150 (C-O ether). GPC
(THF): M,, 35500,M\/M, = 2.26. Calculation of the composition of
the polymer was performed by elemental analyigisfrom the oxygen
content, which was assumed to be<(1l00— C — H — N. Elemental

added, under an argon atmosphere and over a period of 5 min, asolutiorhn‘-,uysiS C, H, N: found 84.83, 6.73, 0.64. From these data the ratio

of dry DMSO (940 mg, 15.7 mmol) in Ci&l, (3 mL). After 10 min
a solution of10 (1.7 g, 5.2 mmol) in CKCl; (5 mL) was added
dropwise over a period of 5 min, and after 15 migNE{3.7 mL) was
added, also over a period of 5 min. The reaction mixture was allowed
to warm up to room temperature and water (16 mL) was added. The
organic layer was washed with waterx(® dried (MgSQ), and
evaporated to dryness vacua Crystallization from hexane yielded
74% of the benzaldehydEl. Mp 79 °C.

H NMR (CDCl, ppm)é 9.8 (s, 1H, G10), 7.5-7.0 (m, 13H, AH),
5.1 (s, 4H, G,Ph). IR (KBr, cnT?) v 3150-3050 (arom G-H), 1690
(CH=0), 1600 (arom E&C). MS (El,m/2): 318 (M), 181, and 91
(CHoPh)". Anal. (GuH1g03) C, H: calcd 79.23, 5.70; found 79.10,
5.65.

1,3-Bis(benzyloxy)-5-vinylbenzene (12).Under an argon atmo-
sphere at-10 °C a solution of buthyllithium in hexane (0.5 mL of a
1.6 M solution, 0.8 mmol) was added to a solution of methyltri-
phenylphosphonium bromide (289 mg, 0.78 mmol) in dry THF (5 mL).
After the mixture was stirred for 15 min a solution of 3,5-bis-
(benzyloxy)benzaldehyde (196 mg, 0.63 mmol) in THF (2 mL) was
added. After anothre2 h atroom temperature water (3 mL) was added.
The solvent was evaporat@dvacuoand the residue was dissolved in
CH.Cl,. The organic layer was washed with waterx{2 dried

(MgSQy), and evaporated under reduced pressure. The product was

purified by column chromatography (eluent: ethyl acetdtexane 1:5
v/v) and obtained in 87% yield. Mp 48C.

H NMR (CDCls, ppm)d 7.5-7.2 (m, 10H, AH), 6.9-6.6 (m, 3H,
ArH), 6.6-6.5 (m, 1H, Gi=CH,), 5.8-5.1 (m, 2H, CH=CH,), 5.0
(s, 4H, H,Ph). IR (KBr, cnmt®) v 3020 (arom C-H), 2940 (aliph
C—H), 1600 (conj G=C), 1590 (arom €C). MS (El,m/z): 316 (M)",
225 (M — CH,Ph)t, 181, and 91 (CkPh)". Anal. (GyzH2¢02) C, H:
calcd 83.52, 6.37; found 83.42, 6.37.

4-Benzyloxybenzaldehyde (13).This compound was synthesized
as described faBb, using 4-hydroxybenzaldehyde (1.11 g, 9.1 mmol),
benzyl bromide (1.98 g, 11.6 mmol), and®0; (1.52 g, 11.0 mmol)
in acetone (100 mL) as the solvent. Purification by column chroma-
tography (eluent: ethyl acetatbexane 1:10 v/v) and subsequent

(15) Mancuso, J.; Swern, [Bynthesi981 165.

of 3,5-bis(benzyloxy)-5-vinylbenzene and styrene units was calculated
to be 1.2,

Copolymer 16. Copolymer15 (0.53 g) was stirred overnight at
room temperature in a solution of hydrobromic acid in acetic acid (3
mL). The reaction mixture was concentrated and extracted with ethyl
acetate, aguesul N NaOH (%), saturated aqueous NaHE(@ x),
and water (%). The organic layer was dried (Mg$@nd concentrated
in vacua The residue was dissolved in methanol and precipitated in
water. After filtration copolymef6 was obtained as a beige solid in
93% yield.

H NMR (acetoneds, ppm) 6 7.4-5.9 (br s, AH), 2.1-1.0 (br s,
CHPh—CHy,). IR (KBr, cm1) » 3400 (OH), 3030 (arom €H), 2920
(aliph C—H), 1600 (arom &C).

Copolymer 17. For the synthesis of this copolymer the same
procedure was followed as described for copolyh&using 1-ben-
zyloxy-4-vinylbenzene (0.55 g, 2.6 mmol), styrene (0.20 g, 1.9 mmol),
and AIBN (4.4 mg, 2.68< 105> mol) in butanone (3 mL) as the solvent.
Precipitation yielded 90% of copolym@i7 as a white powder.

H NMR (CDCls, ppm)o 7.4—6.3 (br s, AH), 4.9 (br s, OC1,Ph),
2.0-1.0 (br s, GIPh—CH,). IR (KBr, cm™%) » 3040 (arom G-H),
2920 (aliph C-H), 1610 (arom €&C), 1250 (C-O ether). GPC
(THF): My, = 22 000,M\/M,, = 2.46. Elemental analysis C, H, N:
found 86.67, 6.94<0.1. From these data the ratio of 1-benzyloxy-
4-vinylbenzene and styrene units was calculated to be 2.6.

Copolymer 18. Copolymer17 (0.30 g) was deprotected with a
solution of hydrobromic acid in acetic acid (3 mL) as described for
copolymerl5. Precipitation afforded copolyméB as a beige powder
in 100% vyield.

1H NMR (acetoneds, ppm) 6 7.5-6.3 (br s, AH), 2.0-1.0 (br s,
CHPh—CHy,). IR (KBr, cm™) v 3440 (OH), 3020 (arom €H), 2920
(aliph C—H), 1600 (arom &C).

(16) Bergmann, E. D.; Sulzbacher, Nl. Org. Chem1951, 16, 84.

(17) Oda, UJ. Soc. Chem. Ind. Jpi945 48, 57. (C. A.1952 8044).

(18) Bifunctional, tetrafunctional, etc. refers to the number of 1,3-
dihydroxybenzene functions in the guest molecule that can be captured by
clip moleculel.

(19) Nakahama, S.; Hirao, Aolym. Sci.199Q 15, 299.
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Scheme 1 Table 1. Assignments ofH NMR Resonances to Conformations
of 12

Cll}l’lso o
HOOH CHHZO‘@_( conformer N@HAr  NCHHAr naphtH(3,6) naphtH(4,5)
Ph
NN

0 “ sa 5896 5066, 7.386) 7.916);

o= j: =0 , . 550@) 4.31@) 7.13 @) 7.38 @)
N th NaH/THF Ss 5.89 5.23 7.44 b
Ho“oﬂ aa 542 4.16 7.23 7.73
OO conformer  PHH(2,6) PhH(3,5) PhH(4) (ROXAr-H

sa 6506); 6.296); 6.376;  7.69
6.83 @) 7.01 @) 7.01 @) 7.53

Copolymer 19. For the synthesis of this polymer the same ss ~7.0 6.23 ~7.0 756
esterification method was used as described for compéur@opoly- aa 6.91 7.03 6.92 7.66
mer18(120 mg),4b (200 mg, 0.60 mmol), CGK0.16 mL, 1.7 mmol), . _ i : .
triethylamine (0.05 mL, 0.36 mmol), and P90 mg, 0.68 mmol) 21In CDCl; with [1] = 5 mM. Chemical shifts are in ppm relative

were mixed in acetonitrile (1.5 mL). This mixture was stirred for 3 0 tgtramethyLsnane. The designatic) &nd @) are used for syn and
days at room temperature. The workup procedure was similar to that Nfi: See text? Due to the low abundance of the conformer and the
described for compoun8, except that at the end the residue was complexity of the signals, no assignments could be made.
dissolved in CHG and precipitated in methanol. In this way 68% of  gcheme 2

the esterified copolymer was obtained.

H NMR (CDCl;, ppm)d 7.4-6.2 (br s, AH), 5.1 (br s, OG1,Ph), Me0 0 X% 3x-0Me _ aR= CH,CH=CH, AN
2.2-1.0 (br s, (IPh—CH,). IR (KBr, cm™1) » 3490 (OH), 3020 (arom é —_— é 4X—OH } bR = CH,Ph (Bn)
C—H), 2920 (aliph CG-H), 1760 and 1730 (€0), 1590 (arom &C), HO OH RO OR 2
1150 (G-O ether). GPC (THF):M,, = 24000, M\,/M, = 2.38. MDB
Elemental analysis C, H, N: found 79.60, 6.2, 0.72.

Copolymer 20. Deprotection of copolymerl9 (0.07 g) was RO OR
performed using a solution of hydrobromic acid in acetic acid (2 mL). HO—@—OH Esterification : o ° o o :

The residue was dissolved in acetone and precipitated in water. The - O
copolymer was dried over,®s under high vacuum. In this way * RO OR

copolymer20 was obtained as a beige powder in 96% vyield. fa SR A rotection
IH NMR (acetoneds, ppm)d 7.8—-6.5 (br s, AH), 2.5-1.3 (br s, 6R=H ] ?

CHPh—CH,). IR (KB, cm1) v 3440 (OH), 3020 (arom €H), 2920

(aliph C—H), 1730 (C=0), 1600 (arom €C). OR

Complex Formation. The 1:1 complexes were prepared by mixing ¢ g ooc. ou
817

ca. 20 mg of clip molecule (5< 10°¢ to 10 x 10°® mol) and an o OR
equimolar amount (between 0.7 and 1.5 mg) of guest ()6 to 10 CH,;00C” "OH Esterification C,H,,00C,_ O 7R= Bn )
x 1076 mol) in 0.2 mL of CHC}. If necessary 43 drops of acetone + : C.H.00C™0 SR=H ] Deprotection
or MeOH was adde#. The solvent was slowly evaporated overnight " N OR
at 40 °C, and the complexes were dried at room temperature using
high vacuum. For the DSC-measurements ca. 10 mg of complex was OR
weighed out in a stainless-steel large volume panulZp Thermo-
grams were recorded at 2C/min. and repeated heating and cooling OR RO
runs were recorded to study the stability of the complex and all the E:”“ O O
reproducibility of the measurements. Polarizing microscopy was carried RO OR
out using the same heating and cooling rates. * 9aR= Me )
- I bR~ H ;:I Deprotection

Discussion é ‘o o oR

Synthesis: Receptor Molecule. Clip molecule 1 was MeO OMe O rd

OR

synthesized fron? by an esterification reaction in 57% yield
(Scheme 1). Interpretation of thel-NMR spectrum of clipl

was complicated by the fact that this molecule has three
conformations 4a, sa andss, which interconvert slowly on
the NMR time scale. Earlier work performed in our laboratory
has shown that the binding of a suitable guest molecule in
receptor molecules of typ2 increases the relative amount of
the aa conformer, which is the dominant binding conforniér.
We found that upon addition of an excess of resorcinol to a
solution of receptor moleculk, the equilibrium of the conform-
ers was almost completely shifted to tha conformer. The
resonances could be assigned by taking the following points
into consideration: (i) the presence of a guest molecule in the
cleft will significantly shift the signals, (ii) placing a naphthyl

group into thesynorientation will cause a considerable upfield
shift of the naphthyl and phenyl signals, due to the ring current
effects of these moieties, and (iii) the methylene protons of the
sa conformer must give rise to two AX systems with equal
intensity34 The assignments of the most important signals of
compoundl are given in Table 1. These NMR data showed
that at 25°C, 61% of the molecules are in tlas 33% in the
aa, and 6% in thessconformations. From & NMR titration
the association constant for the complex with resorcinol was
calculated to bé; = 400 M~1 and for the complex with methyl
3,5-dihydroxybenzoate (MDBIK, > 2500 M~18

Bi- and Tetrafunctional Guest Molecules!® Hydroquinone
was used as a spacer in the bifunctional moleéu(&cheme
(20) A 1:1 complex ofl and resorcinol, prepared using CHEmethanol 2). This compound was synthesized frdmand hydroquinone

as the solvent mixture, showed a smectic phase with a clearing temperatur P ; . . . )
of 110°C. After repeated heating and cooling, phase separation took place’eoy an esterification reaction using carbon tetrachloride, triphen

indicating that the complex was unstable when prepared from this solvent YIPosphine, and triethylamih&in 61% yield. Removal of the
mixture. However, if this complex was prepared by evaporation of a allyl groups yielded 90% of pure gue8t

CHClz—acetone solution a stable liquid-crystalline phase was observed. Bifunctional guest8 was synthesized from tartaric acid
During the course of our study we found out that complex formation in

general proceeds much better with the latter method than with the method (SCheme 2).  Reaction otb, N,N-carbonyldiimidazole, and
we published previously (see ref 8). L-(+)-dioctyl tartrate in toluene afforded the protected guest
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Scheme 3 Scheme 5
Liam, HO Swern H_0 Wittig CH,
P duction — —
reductmano bonn oxidation B0 OBn reaction B0 OBn 18 cQ, PPy
10 11 12 + T@J’
HoO0  wittig .CH, b 19 HBr
é reaction BnO OBn \ AcOH
OBn OBn
13 14
Scheme 4
X X 1-X OH

X
HBr
o, O
O AcOH  HO OH

to afford benzaldehyddl (74% vyield). This benzaldehyde
could be transformed into styred@ by a Wittig reaction with
methyltriphenylphosphonium bromide. Compoudd was
synthesized in two stepsijz. benzyl protection op-hydroxy-
benzaldehyde and conversion of the latter into styrbhdy
the Wittig reaction described above with an overall yield of
69% (Scheme 3).

Copolymerization reactions were carried out using styrene
(S) and the benzyloxystyrene derivatiielsand14 as monomers
and azobis(isobutyronitrile) (AIBN) as an initiator in butanone
at 80°C (Scheme 4). The results are presented in Table 2.
The reaction of the disubstituted styreh2 and styrene in a
1.2 to 1 ratio produced copolymé&b. The composition o5,
which corresponded to the monomer feed, was determined by
17 18 elemental analysis. Copolymerization of monosubstituted sty-
reneldwith styrene (ratidl4/S = 1.4) resulted in the formation
of 17. As can be seen in Table 2, copolyniét contains 2.6
repeat units ofL4 for every styrene unit. Apparently, styrene
derivativel4is more reactive in the copolymerization reaction
than styrene itself. The molecular weig{) and molecular
weight distribution 1,,/Mp) were determined by gel permeation

in 81% yield1® Deprotection of the benzyl groups was achieved
by catalytic hydrogenolysis in ethanol to gi8dn 86% vyield.

The synthesis of 2,6-disubstituted tetraphenylporphyrins has
been described in the literatut®. The same synthetic route was
used for the preparation of the 3,5-disubstituted derivalve

Reaction of 3,5-dimethoxybenzaldehyde and pyrrole in propi- ; .
onic acid gave the protected porphyr@m in 53% yield. chromatography (GPC). The results are also given in Table 2.

Deprotection of the methoxy groups with boron tribromide in DeprotecFio_n of the benzyl groups of th_e polymers appeared to
CH.Cl, yielded the tetrafunctional guesb in 94%. be very difficult and on.Iy startlng.mate.rlal was recoyergd .after
Polyfunctional Guest Molecules. The polyfunctional guest catalytic hydrog_enoly_5|s_or reactlc_)n Wlth trlmethy_lsnyl |0d|de_.
molecules were synthesized by radical polymerization reactions W€ succeeded in achieving quantitative deprotection by treating

of styrene derivatives. Since phenol and related hydroxy coPelymerslS and 17 with HBr in acetic acid. Copolymers
substituted aromatic compounds are known to be inhibitors or 16 and 18 were isolated by precipitation.

retarders of radical polymerizations, protected styrene derivatives Copolymerl8was esterified with 3,5-bis(benzyloxy)benzoic
were used? Starting from3b, three steps were necessary to acid derivative4b using the PPHCCI, method described above
synthesize the disubstituted styrene derivafi2ggScheme 3). for compound5 (Scheme 5). The yield of the esterification
Unfortunately, a selective reduction 8b with diisobutylalu- reaction was calculated from the elemental analysis of the
minum hydride in CHCI, did not result in benzaldehyd&l resulting polymed 9. It was estimated that 40% of the hydroxyl
but in a mixture of benzyl alcohdlO and starting material. ~ functions had reacted. Quantitative removal of the benzyl
Compound3b was, therefore, first reduced to benzyl alcohol groups ofl9with hydrobromic acid in acetic acid was possible
10 with lithium aluminum hydride (81% yield) and the latter  without noticeable hydrolysis of the ester functions in copolymer
compound was subsequently oxidized by a Swern oxidttion 20.

Table 2. Results of Copolymerization Reactions of Styrene and Styrene Derivatives. Composition and Physical Properties of the
Copolymer3

comonomer comonomer ratio polymer polymer composition of
(BS) (BS:S) yield (%) polymep (X:1 — X) Muw® Muw/Mp€
12 0.55:0.45 15 85 0.55:0.45 35500 2.26
14 0.58:0.42 17 90 0.72:0.28 22000 2.46
19 24000 2.38

a s = styrene, BS= benzyl protected styrene derivativeDetermined by elemental analysis,=X BS. ¢ Determined by GPC.
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Figure 4. Liquid-crystalline behavior of clipl in the presence of
different amounts of methyl 3,5-dihydroxybenzoate.

Table 3. Phase Transition Temperatures and Enthalpy Changes of
Liquid-Crystalline Complexes of and Different Guest Moleculés

guest hostguestratio transition tempC) AH (kJ/mol)
MDB 10:1 K—S 0[-8] 58.8
S—S 95 [86] 1.0
S —I 144 [136] 5.9
MDB 10:2 K—S -1[-8] 50.6
S—S 84 [78] 15
S—I 141 [133] 5.3
MDB 10:3 K—S  —3[-13] 456
S—S 82 [74] 21
S —I 131[127] 3.8
MDB 11 K—N —4[-12] 29.5
N—I 110 [94] 1.1
6 1:1 K—S 49 123.7
S—S 90 12.4
S—I 157 24.8
8 2:1 K—S 18 [4] 1355
S—S 111 [102] 3.9
S—I 133[121] 9.9
8 11 K—S 12[-2] 66.2
S —I 114199] 6.8
16 1:2 K—D 21[10] 73.7
D—D 86 [75] 0.7
D' —I 131[118] 4.8
20 1:1° K—D' 30[19] 75.3
D' —I 141 [129] 7.0

aDetermined by DSC. K, crystalline phase; S, smectic phase, N,

J. Am. Chem. Soc., Vol. 119, No. 2, 128D
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Figure 5. (A) Textures of the smectic mesophases of the 2:1-host
guest complex ofl and 8 observed at 95C (top) and at 110C
(bottom), as viewed under the polarizing microscopy during a cooling

nematic phase, D, discotic phase; I, isotropic phase. The values inrun from the isotropic phase. (B) Influence of the hegtest ratio on
square brackets are obtained from cooling runs. Structural assignmentshe liquid-crystalline behavior of the complex.

are based on polarizing microscopy measuremérmstio 1/modified
and unmodified 4-HS= 1:1.¢Per mole repeating unit (mru) of the
polymer that contains one receptor molecule.

Induction of Liquid Crystallinity by Complexation of
Guest Molecules. Compoundl displayed, in the first and
subsequent heating and cooling runs, a reversible~KI
transition at 159164 °C. Utilizing fast cooling to prevent
crystallization, a monotropic liquid crystalline phase with a
clearing temperature of 16 was observed. The binding of
a dihydroxybenzene derivative in the cleft bfwas found to
change this behavior and to induce reversible liquid-crystalline
behavior?® In the following we will describe the influence of
the complexation of mono-, bi-, tetra-, and polyfunctional guest
molecules on the mesogenic properties of receptor moldcule

Monofunctional Guest Molecules. Variation of the host
guest ratio in complexes of clip and MDB gave rise to the

point is observed. Apparently, complexation of guest molecules
in the cleft of1 influences to an appreciable extent the stacking
of the rigid central frameworks of the molecules, but has almost
no effect on the packing of the alkyl chains, and consequently
has almost no influence on the melting point.

Bifunctional Guest Molecules. The bifunctional gues6
contains two resorcinol groups, which are linked by a rigid
spacer. A 1:1 complex of this molecule with receptbr
displayed in the first heating run two smectic phases between
49 and 157C (Table 3). During the subsequent cooling and
heating runs the complex decomposed and only crystalline
material of the uncomplexed host and guest was left. Appar-
ently, the hydroquinone spacer@rhas an unfavorable influence
on the stability of the liquid-crystalline complex. To prove that
this instability originates from the rigidity of the spacer rather

appearance of different mesophases covering a wide temperaturghan from substitution of the phenyl ring itself, a 1:1 complex
range as shown in Figure 4 and Table 3. At low concentrations of 1 and phenyl 3,5-dihydroxybenzoate, the monomeric analogue
of guest two mesophases were present, which were interpretedpf 6, was prepared. Two reversible smectic-like phases (bire-

on the basis of the polarizing microscopy pictures, as being

fringent mosaic type texture$142M1103M5,) were observed

smectic phases. At higher concentrations of guest only a for this complex by polarizing microscopy.

nematic phase was visible. Figure 4 shows that an increase in An enhancement of the stability of the complex could be
the amount of guest molecule is accompanied by a slight changeachieved by introducing a more flexible connection, a chiral
of the melting point, whereas a large decrease of the clearingspacer derived from-(+)-dioctyl tartrate, between the resorcinol
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Table 4. Phase Transition Temperatures and Enthalpy Changes of Different-Basst Complexes df and PorphyrirOb?

host:guest AH AH AH AH
ratio run T(°CyP (kJ/mol) T (°C)° (kJ/mol) T (°C)y (kJ/mol) T(°C)® (kJ/mol)
4:1 1 157 74.2
2 17 [5] 157.4 127 [115] 2.50 149 [132] 27.0
3 17 [5] 166.5 126 [114] 2.78 148 [131] 26.0
31 1 206 155.9
2 15 [3] 189.9 130[118] 2.76 150 [132] 17.3
3 15[3] 183.7 124 [112] 1.91 146 [131] 17.9
1:1 1 202 55.3
2 13[2] 66.3 152 [121] 5.97 199 [138] 14.12
3 13[2] 73.9 150 [121] 5.81 197 [136] 8.51
4 14 53.8 128 0.61 148 5.85 197 2.98

aDetermined by DSC. The values in square brackets are obtained from cooling Kurs.S transition.® S— S transition. S — | transition.
eK — | transition.

functions in the guest (compour). Addition of receptor

moleculel to 8 in a 2:1 host-guest ratio led to the formation a

of a complex, which displayed two reversible liquid-crystalline

phases: a smectic phase between 18 and°Cland another A U ——
smectic phase of lower order between 111 and A33Table

3). The objective of using the chiral dioctyl tartrate spacer was b

to induce chirality at the macroscopic level, but unfortunately,

no chiral textures were observed (Figure 5). For this guest
molecule we also studied the influence of the kagiest ratio AH
on the liquid-crystalline properties of the complex. The 1:1
complex exhibited only one liquid-crystalline phase between

12 and 114°C, which corresponds with the lower ordered
smectic phase of the 2:1 complex. As can be seen from Table

3 and Figure 5 the complexation of more than one molecule of

1to 8 hardly influences the melting point, whereas the clearing .
point is strongly affected. temperature (°C) ———

Tetrafunctional Guest Molecule. The tetrafunctional guest  Figure 6. Thermograms of (a) the second heating run of the 4:1
molecule was a porphyrin modified at the meso positions with complex and (b) the second and (c) the fourth heating runs of the 1:1
3,5-dihydroxyphenyl groups9b). When four receptor mol-  complex of1 and9b.
ecules1 were bound to porphyri®b, two almost identical
smectic-like phases were generated, after the first heating and
cooling run. These phases were separated by a transition with
a small enthalpy change at ca. 127 (Table 4). To show that
binding in the cleft is necessary for inducing the mesogenic
properties we also used a porphyrin modified with 2,6-
dihydroxyphenyl group$* Because of steric constraints this
porphyrin is not able to form hydrogen bonds with the carbonyl
functions in the cleft of molecular cli2. With the 2,6-
disubstituted porphyrin no liquid-crystalline behavior could be
observed.

We also studied complexes of porphy®b with different
equivalents of receptor molecule(Table 4). The 3:1 host
guest complex as well as the 1:1 complex initially displayed a
phase transition to the isotropic liquid at ca. Z@(AH > 50
kJ/mol). In the subsequent cooling and heating runs of the 3:1
complex a similar behavior was observed as for the 4:1 complex
(Table 4). In the case of the 1:1 complex more heating runs
were required than in the case of the 3:1 complex to achieve
this behavior (see Figure 6&). The polarizing microscopy a
results in combination with the large enthalpy changes (Table
4) in DSC suggest that the transitions at 157 and ca.°Z00
are crystal to isotropic liquid transitions. Apparently, crystalline
complexes are initially formed, which after repetitive heating investigated the possibilities of inducing liquid crystallinity in
and cooling cycles disappear at the expense of the formationpolymers. The complex of copolym&0 (21 mol% of 1,3-
of the mesophases of the 4:1 complex and free porphyrin. Thisdihydroxybenzene functions) with molecular clip (ratio
suggests that the porphyrin, which is completely surrounded I/modified and unmodified 4-HS= 1:1) was found to give a
by clip molecules, possesses an enhanced stability. A computewery stable liquid-crystalline phase from 30 to 141 (Table
generated drawing of the supramolecular complex is presented3) with a discotic-like (fan-shaped) texture (Figure 8), which
in Figure 7. was clearly different from the smectic-like (mosaic type) textures

Polyfunctional Guest Molecules. Stimulated by the results  of the complexes ol with the low molecular weight guests.
obtained with the low molecular weight guest molecules we Complexation to the polymer chains probably induces a change

o-

1 M I

0 10 150 20

Figure 7. Computer generated structure of a 4:1 complex of molecular
clip 1 and porphyrin9b.
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Figure 8. The discotic-like (fan-shaped) texture observed at 120
viewed under the polarizing microscope during a cooling run from the
isotropic liquid (top) and a thermogram of the complex of polymeric
guest molecul@0 with clip 1 (bottom), showing the K> D' and the
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molecules. The taper-shaped clip molecules may surround the
polystyrene chains in a cylindrical fashiéh.X-ray studies are
underway to further investigate the structure of the complex.

In copolymerl6 the dihydroxybenzene (DHB) moieties are
directly attached to the polymer backbone. When receptor
moleculel was added to polymet6 in a 1:1 ratio (based on
the number of 3,5-dihydroxybenzene units i6) the DSC
thermogram showed the presence of free receptor moletules
A 1:2 complex (clipl: DHB units) was, therefore, prepared,
which resulted in the induction of reversible liquid-crystalline
phasesyiz. from 21 to 86°C and from 86 to 13TC. The
former phase was a more highly ordered one. Its texture
resembled a crystalline phase, but the value of the enthalpy
change measured by DSC was more in line with a liquid-
crystalline phase. The high temperature liquid-crystalline phase
displayed a discotic-like texture, similar to the polymer complex
described above.

Conclusions

In summary we have shown that molecular recognition can
be used as a tool to provide molecules with interesting materials
properties. Similar results have been obtained recently by other
goups’ The binding of a guest to receptor molectleads to
the induction of liquid crystallinity. Compountconsists of a
mixture of three conformers. The guest changes the equilibrium
of the conformers and, in this way, probably tunes the properties
of the material. Experiments with complexes having different
ratios of host and guest show that complexation of the guest
molecule affects the clearing, but not the melting temperature
of the material. This suggests that guest molecules have an
effect on the packing of the rigid central frameworks of the
host molecules and not on the packing of the alkyl chains. The
results described here indicate that the concept of introducing
liquid crystalline properties by hosguest interactions is very

D' — | transitions in the heating (top) trace and the reversed events in general and can be applied to both low molecular weight and

the cooling (bottom) trace.

in the conformation of the clip molecules in such a way that

their trialkoxybenzoyl groups adopt a more spread out arrange-

polymeric guest molecules.
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ment, resulting in an overall taper-shaped structure for these Chu, P.; Ungar, GPure Appl. Chem1994 A31, 1719.



