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ABSTRACT
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A new system for the double amplification of the molecular chirality of simple chiral amines in achiral liquid crystalline media is described.
It involves a conformationally flexible phosphoric acid based receptor that by binding to chiral amines induces chirality in the liquid crystalline
matrix. Efficient cholesteric phase formation was shown by several chiral amines that were not able to induce measurable helicity in nematic

liquid crystals by themselves.

The amplification of molecular chirality in supramolecular
systems is considered a major factor in the origin of
homochirality in Naturé.Chiral amplification mechanisms

It could also provide a hint at protobiotic amplification
mechanisms, as liquid crystallinity and organic phosphate
amine interactions (between DNA or RNA and peptides) are

have been applied in the detection and analysis of chiral key features of the essential molecules of fife.

compoundg.Recently, we described a new concept for the
amplification and detection of molecular chirality in liquid

Chiral nematic (or cholesteric) liquid crystals are chiral
due to a supramolecular helical organization which results

crystalline systems, by a double amplification sequence in large optical and circular dichroism (CD) activities.

involving host—guest chemistd/Here, we report a new
system for the double amplification of the molecular chirality
of simple chiral amines in achiral liquid crystalline media.
It involves a conformationally flexible phosphoric acid based
receptor that by binding to chiral amines induces chirality
in the liquid crystalline matrix (Scheme 1). In doing so it
not only provides a new mechanism for cholesteric LC
formation but also allows the chirality of the amines to be
detected by standard liquid crystal (LC) techniques.
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Furthermore, they show macroscopic properties that can be
used as a measure of their chiral organization. When the
helical organization of an achiral liquid crystalline host is
induced by addition of a small chiral molecule (the dopant),
the chirality of this dopant is amplified resulting in a large
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Scheme 1. Double Amplification of Molecular Chirality by Phosphate-ammonium Interactions Which Effect a Conformational
Change in the Receptor that Is Subsequently Expressed in a Transition from a Nematic to a Cholesteric LC Phase
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change in the optical and structural properties. The chirality biphenol backbone, a phosphoric acid functionality, and two
of a cholesteric LC is indicated by the sign and magnitude 2-naphthyl moieties that feature a dynamic helical structure
of the cholesteric pitch. The pitclp(the length of one turn  (Figure 1). When mixed with a chiral amine, proton transfer
of the cholesteric helix) is dependent on: (1) the concentra-
tion (c) of the chiral dopant, (2) the enantiomeric excess (ee)
of the dopant, and (3) the helical twisting powg) of the
dopant, via the relatiop = (c+5-ee) ™. The helical twisting
power is an intrinsic property of any chiral dopant in a given
LC host, which indicates how efficient this molecule is at
inducing the chiral organization of the LC molecules.
However, for a molecule to have a significant helical twisting
power, some structural resemblance to the mesogenic host
is required, although conformational properties of the
molecule are also extremely importdnEor this reason,
simple, small chiral organic molecules usually have very low
helical twisting power$. To facilitate the induction of a
cholesteric phase we developeg-anhancing receptdrin

the reported amplification mechanism, chiral amino alcohols
bind to conformationally flexible biphenol receptors, which
resulted in a preference for one axially chiral conformation Figure 1. Achiral biphenol-based phosphoric acid receptoasd
of the receptor. When this complexation and “transfer of 2and the structure of liquid crystal blend E7 £Rn-CsHi, n-C/Hs,
chirality” occur in a liquid crystalline matrix, the induced ~"CeH170, 4'-N-GH1CeHa.

axial chirality of the receptor affects the LC superstructure,
as it induces a change from a nematic to a cholesteric LC.
In this biphenot-amino alcohol system, the macroscopic
stereochemical properties of the LC phase ultimately result
from the molecular chirality of the amino alcohols, as this
was the only source of chirality present.

To see if the substrate scope and the chiral amplification
could be improved, we introduce here a new receptor with
a diaryl phosphoric acid as the primary binding métif.
Inspired by the phosphat@mmonium interactions found in (10) (a) Hendrix, M.; Alper, P. B.; Priestley, E. S.; Wong, C.Ahgew.
protein—nucleic acid complexesnd in various synthetic ~ Chem., Int. Ed. Engl1997,36, 95. (b) Mizuno, Y.; Aida, T.; Yamaguchi,

; ; ; K. J. Am. Chem. So2000,122, 5278. (c) Bonnot, C.; Chambron, J.-C.;
host-guest system¥,receptorl was designed with a flexible Espinosa, EJ. Am. Chem. S08004,126, 11413,
(11) (a) Das, G.; Hamilton, A. DJ. Am. Chem. S0d.994,116, 11139.
(7) Superchi, S.; Donnoli, M. 1.; Proni, G.; Spada, G. P.; RosiniJC. (b) Anderson, S.; Neidlein, U.; Gramlich, V.; Diederich,Amgew. Chem.,

E7 liquid crystal blend

and subsequent hydrogen bonding combined with electro-
static interactions could then facilitate complexation. The
interaction of phosphate groups with neutral or cationic
guests has been described in the literature and applied in
the recognition of sugaf$2'tin NMR-based enantiomeric
excess determination of chiral aminésor chiral resolving
agents;? and for induction of chirality in helical polymefs.

Org. Chem.1999,64, 4762 and references therein. Int. Ed. Engl.1995,34, 1596.

(8) Solladié, G.; Zimmermann, R. @ngew. Chem., Int. Ed. Endl984 (12) Shapiro, M. J.; Archinal, A. E.; Jarema, M. A.Org. Chem1989,
23, 348. 54, 5826.

(9) See the Supporting Information for details. (13) Fujii, I.; Hirayama, N.Hely. Chim. Acta2002,85, 2946.

1332 Org. Lett, Vol. 8, No. 7, 2006



Phosphoric acid receptdris highly insoluble in various || | N NN

organic solvents, including LC blend E7. However, mixing tapie 1. Pitch of E7 Doped withl-Amine
1 with enantiomerically pure R)-o-phenylethylamine3

(amine/receptor 1.5:1; 0.03&mol receptor/mg E7) (Figure entry amine pitch (um)
2) produced a soluble complex, which when dissolved in 1 (R)-3 +10
2 (S)-3 -10
3 (R)-4 11
4 (R)-5 a
5 (R)-6 45
NH, N N 6 (R)-7 a
H | 7 (R)-8 a
8 (8)-9 32
3 4 s 9 (S)-10 a
10

O \/L (R)-11 16
NH2 O/LNHZ NH; 2No Grandjean—Cano lines were observed.
6 7

8 induce a measurable cholesteric pitch. This suggests that the
o o on additional methyl group creates steric congestion in the
~ o binding pocket, or a different mode of binding as the
@j:NHZ @INHZ ©/LHJ\ protonated forr_n 05 has only one hydroggn available for
hydrogen bonding, instead of two or three in the other cases.
9 10 " Both effects could lead to a change in complex conformation

with an associated lower helical twisting power. Finally, it
Figure 2. Structures of chiral amine3—11. was shown that chiral amidgl also induces a cholesteric
phase when mixed within E7. Although the obtained pitch
is comparable to that obtained with eitfeor 4, the binding
to 1 is believed to proceed via a different motif &% does
not contain a basic enough nitrogen. All these experiments
were conducted at a receptor/amine ratio of 1:1.5 to ensure
complete dissolution ol and to avoid disturbance of the
LC matrix by large quantities of free amine. As this ratio
has an influence on the concentration of chiral complex in
the LC phasel and3 were mixed in different ratios, varying
from 1:1 to 1:5 prior to doping in E7. However, this did not

E7 led to polygonal and Grandjea@ano LC textures,
indicating a cholesteric phase (Figure 3d%Jhe pitch of
this cholesteric phase was L@n, which is shorter than all
previously reported valuéswhen3 was mixed with E7 at

a similar concentration, in the absence If no chiral
induction was observed (Figure 3€)The interaction of3
with 1 should lead to protonation &f so it could be possible
that it is merely the protonated form & inducing the
cholesteric phase. However, this was ruled out by mixing e i Veh
E7 with the3-HCl or the complex o8 with phosphoric acid !ead to S|gn|f|_ca|jt variation in the cholesteric p|'Fch, suggest-
2 lacking the 3,3naphthyl moieties3-HCI was insoluble ~ I"g & large binding constant for ttie3 complex in the LC

in E7 (Figure 3d), whereaa 2 led to a highly disturbed LC ~ Matrix’

phase (Figure 3e). Neither showed any sign of cholesteric | "€ structure of the complexes of receptosith amines
induction. 3 and4 was studied byH NMR and CD spectroscopy. The

To assess the chiral induction and substrate scope ofcOMPlex stoichiometry of-3in CDCl; was determined by
i : ; i «. H NMR titration, which revealed a 1:1 complexatidfH
receptorl, mixtures with several chiral amines were dis- ' - )
solved in E7 (amind/= 1.5:1; 0.038mol 1/mg E7), and NMR and 2D NOESY measurements in CRQ€bnfirm that

the cholesteric pitch was measured using the Grandjean @Mines3 and4 are situated deep in the cleft between the
Cano technique (Table 1). Amin8sind4 induce the shortest ~ Naphthalenes flanking the binding st€D measurements
pitches, indicating the largest chiral induction (entries 1 and ©f 1-3and1-4in CHCl; showed small but significant induced
3). When the enantiomer Gfwas applied, a cholesteric phase CP Signals ofl at 295 and 305 nm, indicating the transfer
with opposite helical sign was obtained, again showing that Of chirality from the amines to the receptor. Althoug

the cholesteric induction is associated with the chirality and NMR measurements show binding &fto 1, CD spectros-
absolute configuration of the amines (entry? Bimilar but copy of the complex did not show induced CD in receptor
less efficient cholesteric induction was obtained with amine 1 PY chiral amine5, which could reflect its lack in ability to

6 and amino ested (entries 5 and 8). induce a cholesteric phage.

In striking contrast to the primary and secondary amines " conclusion, we have demonstrated that it is possible to
3 and4, complexation of dimethylated amifigto 1 did not amplify the chirality of chiral amines by hosguest interac-
tions in a liquid crystalline environment. Binding of the

742114) Onouchi, H.; Maeda, K.; Yashima, &.Am. Chem. So@001, 123 amine to a conformationally flexible phosphoric acid based
(15) Dierking, 1. Textures of Liquid CrystajdNiley-VCH: Weinheim, receptor results in a chirality transfer to the receptor, leading
Germany, 2003. to a chiral conformation. When this conformational change

(16) Only addition of extremely large amounts 8f(1:1 mol/mol . . o
compared to E7) led to a chiral phase, judging from the polygonal line takes place in the LC matrix it causes a transition from the

texture observed under the microscope. nematic to the cholesteric phase. Without the assistance of
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Figure 3. Optical micrographs of doped E7: (a) E7 doped wiH(R)-3; the arrows point at the Grandjeabano lines, caused by the
helical organization in the LC; (b) the same sample without the plane-conveksleowing a polygonal cholesteric texture (c) E7 doped
with (R)-3; (d) E7 doped withR)-3-HCI; (e) E7 doped witR-(R)-3. In (a), (c), (d), and (e), an out-of-focus circular artifact is visible that
is caused by the presence of the plane-convex lens lying on the LC film. Bar represems.300
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capable of inducing detectable helicity in cholesteric phases

by themselves. This could ultimately lead to LC-based  g,pnorting Information Available: Experimental pro-
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implications for the detection of peptides and their role in
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