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Abstract: A series of 11 chiral dopants with an atropisomeric core derived frorhdihgdroxy-2,2,6,6-
tetramethyl-3,3dinitrobiphenyl were synthesized in optically pure form. These compounds were doped into
five different smectic C (§ liquid crystal hosts to induce a ferroelectrig*Siquid crystal phase, and the
reduced polarizatioR, was measured as a function of the dopant mole fractiaver the range 0.005 xq4

< 0.05. The polarization powe¥, was found to strongly depend on the core structure of théadst. For
example, the dopantH)-2,2,6,6-tetramethyl-3,3dinitro-4,4-bis[(4-octyloxybenzoyl)oxy]biphenyl gavé,
values of<30 nC/cn? in a phenyl benzoatec$host and 1738 nC/chin a phenylpyrimidine §host; the latter

is one of the highest polarization power values reported thus far in the literature. In the phenylpyrimgidine S
host, the polarization power was found to depend on the length of the dopant side chains and on the position
of the atropisomeric core with respect to those of the surroundirffgoSt molecules, on the time average. The
polarization power followed a trend opposite to that followed by th# I&lical pitch. Analysis of these
results suggests that chirality transfer from the atropisomeric core of the dopant to thosedfitisé r8olecules
plays a key role in amplifying the polarization induced in the phenylpyrimidine host. It is likely that such
intercore chirality transfer results in an asymmetric distortion of gfdatice, which in turn, further increases

the conformational asymmetry of the chiral dopant by virtue of increased diastereomeric bias betwegn the S
lattice and the chiral conformations of the dopant.

Introduction . Y

A chiral smectic C (g*) liquid crystal phase, which is
ferroelectric as a surface-stabilized thin film (vide infra), can
be obtained by doping an achiral smectic @)(Bquid crystal
host with a chiral additive that may or may not be mesogénic.
On the time average, the symmetry elements of an achiral
smectic C () liquid crystal phase include @, axis normal to
the tilt plane (defined by the molecular long ariand the layer
normalz) and a reflection plane of symmetsycongruent with
the tilt plane, as shown in Figure 1. The introduction of a chiral
dopant |nt0_a &liquid crystal_ breaks the reflection symm(_etry Figure 1. Schematic representation of the smectic C phase. The vectors
and results in the polar ordering of transverse molecular dipoles; andn are in the plane of the page.
along theC; axis, which is now golar axis thus resulting in
a net spontaneous polarizatid®s).2 In the absence of external E across the glass slides, a SSFLC can be switched between
constraints, however, a chiralcs liquid crystal forms a two degenerate surface-stabilized states corresponding to op-
macroscopic helical structure in which the spontaneous polariza-posite tilt orientations, thus producing a change in birefringence
tion rotates from one layer to the next, thus averaging to zero when the SSFLC film is placed between crossed polarizers. This
in the bulk. effect is now being exploited in high-resolution display ap-

Clark and Lagerwall have shown that the helical structure of Plications? The switching time £;) of a SSFLC light valve is
a &+ liquid crystal spontaneously unwinds between polyimide- @ function ofPs, the orientational viscosityy{, and the applied
coated glass slides with a spacing ef8um to give a surface-  field (E) according to eq 1° Because & mesogens with high
stabilized ferroelectric liquid crystal (SSFLC) with a net Pstend to have high orientational viscosities, commercigl S
spontaneous polarization along the po@yr axis, which is mixtures suitable for SSFLC display applications are normally
perpendicular to the glass slid&By applying an electric field (4) (@) Lagerwall, S. T. IrHandbook of Liquid CrystajsDemus, D.,

Goodby, J. W., Gray, G. W., Spiess, H. W., Vill, V., Ed.; Wiley-VCH:
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obtained by mixing a chiral dopant with a propensity to induce o}
high Ps into an achiral g liquid crystal mixture with a low CsH1sO‘®—/< >_06H13
viscosity and a wide temperature range. OOO

7, 0 5/PE (1)

The spontaneous polarization and tilt andgledf a S* phase o ™ o
are related by eq 2 to the reduced polarizatiBg),(which is OCH,
intrinsic to the chiral component of the-Sliquid crystal at a
fixed temperature difference below the*S-Sa* or Sc* —N* o
phase transitionT(— Tc).> The propensity of a chiral dopant to O)‘\
! LT (o)
induce a spontaneous polarization in@®st can be expressed
as the polarization powedg) according to eq 3, in whicky is HsCO 2
the dopant mole fractiohThis relationship is generally found
to be linear wherxg < 0.1. It is now well established that the transverse dipole with respect to the polar axis due to so-called
magnitude and sign d%, in induced $* liquid crystals depend hard core(steric) interactions with theghost. However, due
on the molecular structure and absolute configuration of the to the limited amount of experimental data reported for type Il
chiral dopant, respectivefy’ More recently, studies have shown dopants, it is difficult to fully assess the validity of each model.
that, for certain types of chiral dopants, the induced polarization To further investigate the host dependence of type Il chiral
can also depend on the nature of thef®st8 To rationally dopants, and possibly exploit this phenomenon in the formula-
design chiral dopants with highy—and achieve fast switching ~ tion of fast-switching FLC mixtures through the design of
in SSFLC display applicationsa detailed understanding of these  dopants with increasingly high polarization powre have

structure-property relationships must be achieved. undertaken the study of a new class of axially chiral dopants
with atropisomeric biphenyl cores.

P,=P4sino (2
dPy(x4) CaftinO < > Z
p= 3 O O
P dxg X—0 ) @OCSH17

To contribute tdPs, a polar functional group must be oriented 3
with its dipole perpendicular to the molecular long axis of the
dopant, and it must be sterically coupled to an adjacent Hoo o@_ﬁ NO,
asymmetric center (stereopolar coupling). By reducing the Zn+in 5 Q O o
conformational symmetry of the polar functional group, stere- )—QOCnHzm
opolar coupling results in a net orientational bias of the dipole O:N o}
along the polar axis, thus giving rise to a spontaneous polariza- 4
tion. The dependence &% on the conformational asymmetry
of chiral side chains, which comprise the vast majority of an=1bn=4¢n=6dn=8en=9;

,n=12;g,n=14;h,n=16;i,n=18;j,n=20

stereopolar units in chiral dopants, has been investigated in a

number of different systems and is reasonably well understood.

Stegemeyer has shown that the polarization power of dopants

with chiral side chains (e.gl) is generally independent of the C8H17Ow Q O

ngure of the §host; these chiral dopants are classified as Type >/-—C9H19
Recent studies have shown that the polarization power of

several new dopants with rigid chiral cores (e2).yaries with

the nature of the Shost; these dopants are classified as type

1.8 The dependence @f, on the nature of theghost has been

explained on the basis of two modé&¥sin the first model,

intermolecular chirality transfer leads to a polar ordering of the

Only a few examples of axially chiralc® mesogens are
known; these include alleffeand alkylidenecyclohexane de-
rivatives!? butadiene iron tricarbonyl complex&sand atropi-

Sc host, which results in highe}, values in $ hosts with large ( )(Illg) Fotf exTamg'ekS OL_(;hiril d&pams with Qigtholzrizaéioan?(we&, SeYE:
: : -~ (a emoto, |.; sakashita, K.; Kageyama, Y., lerada, r.; Nakaoka, Y.;
transverse dipole moments. In the second model, which is Ichimura, K. Mori, K. Chem. Lett1992 567. (b) Dibal, H. R.: Escher,

derived from the microscopic model of Zeksariations ind, C.; Ginther, D.; Hemmerling, W.; Inogushi, Y.; Mer, I.; Murakami, M.;

arise from different rotational distributions of the dopant Ohlendorf D,; Wlngen Rlpn. J. Appl PhySl988 217, 12241. (c) lehlde
K.; Nakayama A.; Kusumoto, T.; Hiyama, T.; Takehara, S.; Shoji, T.;

(5) Siemensmeyer, K.; Stegemeyer,Ghem. Phys. Letfl988 148 409. Osawa M.; Kurlyama T, Nakamura K. FUJlsawa Qhem. Lett199Q
(6) Walba, D. M. InAdvances in the Synthesis and Reaityi of Solids 623. (d) Kusumoto, T, Sato, K. Ogino, K.; Hiyama, T.; Takehara, S.;
Mallouck, T. E., Ed.; JAI Press: Ltd.: Greenwich, CT, 1991; Vol. 1. Osawa, M.; Nakamura, KLig. Cryst. 1993 14, 727. (e) Sakashita, K;
(7) () Goodby, J. W.; Chin, E.; Leslie, T. M.; Geary, J. M.; Patel, J. S. Ikemoto, T.; Nakaoka, Y.; Terada, F.; Sako, Y.; Kageyama, Y.; Mori, K.
J. Am. Chem. S0d.986 108 4729. (b) Goodby, J. W.; Chin, B. Am. Lig. Cryst.1993 13, 71. (f) Kobayashi, S.; Ishibashi, S.; Takahashi, K;
Chem. Soc1986 108 4736. Tsuru, S.; Yamamoto, FAdv. Mater. 1993 5, 167. (g) lkemoto, T.;
(8) (a) Osipov, M. A.; Stegemeyer, H.; Sprick, Rhys. Re. E 1996 Kageyama, Y.; Onuma, F.; Shibuya, Y.; Ichimura, K.; Sakashita, K.; Mori,
54, 6387. (b) Stegemeyer, H.; Meister, R.; Hoffmann, U.; Sprick, A.; Becker, K. Lig. Cryst.1994 17, 729.
A. J. Mater. Chem1995 5, 2183 and references therein. (c) Vizitiu, D.; (11) (a) Lunkwitz, R.; Tschierske, C.; Langhoff, A.; Geisselmann, F.;
Halden, B. J.; Lemieux, R. Ehem. Commuril997 1123. (d) Yang, K.; Zugenmaier, PJ. Mater. Chem1997, 7, 1713. (b) Stichler-Bonapatrte, J.;
Campbell, B.; Birch, G.; Williams, V. E.; Lemieux, R. B. Am. Chem. Kruth, H.; Lunkwitz, R.; Tschierske, Qiebigs Ann.1996 1375.
Soc.1996 118 9557. (12) Poths, H.; Schonfeld, A.; Zentel, R.; Kremer, F.; Siemensmeyer,

(9) Urbanc, B.; Zeks, BLig. Cryst.1989 5, 1075. K. Adv. Mater. 1992 4, 351.
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Figure 2. Structures representing two conformational minima of
3-methyl-5-nitrophenyl benzoate X NO, Y = H) and 3,5-dimethyl-
2-nitrophenyl benzoate (X Me, Y = NO,) according to AM1
calculations.

someric 5,7-dihydro-1,11-dimethyldibenzgthiepine deriva-
tives1* In the first three cases, relatively smBy values ranging
from 12 to 38 nC/crhwere reported for the neat:Sliquid
crystals; noPs data were reported for the fourth one. Our first
report of ferroelectric induction by an atropisomeric dopant
focused on compoun8, which exhibited a pronounced type Il
behavior in the § hostsPhB andNCB76.84 We proposed that
polar ordering of dopan8 in the & lattice originates from a
very small conformational energy bias associated with rotation
of the biphenyl core about the ester-O bond (Figure 2), which
was estimated by AM1 calculations on the model compound
3-methyl-5-nitrophenyl benzoate to be 0.4 kcal/mol. We have
extended this conformational analysis to other phenyl benzoate
model compounds and found that shifting the symmetry-
breaking NQ group to the 2-position raises the conformational
energy bias to 1.2 kcal/mol, as shown in Figure 3. According
to our hypothesis, this should result in a higher polarization
power for the corresponding atropisomeric dopant. To test the
validity of this conformational analysis in predicting relative
Op values in chiral dopants with atropisomeric cores, and to

investigate the origin(s) of the observed type Il host dependence,

we have synthesized the atropisomeric dopdatsj and5 and
measured their polarization power in five Bjuid crystal hosts
representing four distinct structural classes of mesogens.

Results and Discussion

The atropisomeric dopanta—j were obtained by diesteri-
fication of the optically pure dihydroxybipheny using the
corresponding 4-alkoxybenzoic acids. The dihydroxybiphenyl
8 was first obtained as a racemic mixture by conversion of the
known tetramethylbenzider@® to the dihydroxybipheny? via
the bis-diazonium salt, followed by dinitration under mild
conditions (Scheme 1). Resolution &f was achieved by
semipreparative chiral stationary-phase HPLC using a Daicel
Chiralcel OJ column to give both enantiomers in optically pure
form. The unsymmetrical dopark was obtained by mono-
esterification of racemi@ using 4-octyloxy-4-biphenylcar-
boxylic acid to give9, which was resolved by semipreparative

Energy (kcal/mol)

Energy {(kcal/mol)

20+
214
22
-23-

-24
-180

.18 4
20
.22 _
.24_-
26
.28

-30
-180

J. Am. Chem. Soc., Vol. 121, No. 36, 187381

O.N

-60

60 120 180

Torsional angle (deg)

Poo

b
a

b'
a'

T T
<120 -60

T T T T T 1

0 60 120 180

Torsional angle (deg)

Figure 3. Energy profiles for 3-methyl-5-nitrophenyl benzoate (top)

and 3,5-dimethyl-2-nitrophenyl benzoate (bottom) as a function of the

torsional angle defined by C-6, C-1, O, C(O) and C-2, C-1, O, C(0O),

respectively, according to AM1 calculations.
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aKey: (a) NaNQ, 10% HSQ, 5 °C; (b) reflux; (c) Fe(N@)s-9H,0,
EtOH; (d) chiral stationary-phase HPLC resolution, Daicel Chiralcel

chiral stationary-phase HPLC and esterified using decanoic acidoj column, 9:1 hexanes/EtOH, 3 mL/min.

to give 5 in optically pure form.
NO
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2
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9

The dopantga—j were mixed into the ShostsPhB, NCB76,
DFT, andPhP1 (Figure 4) over the mole fraction range 0.005

< Xg < 0.05 to give an inducedgS liquid crystal phasé® Each
mixture was introduced into a polyimide-coated ITO glass cell
with a 4um gap and aligned by slow cooling from the isotropic
liquid phase to the & phase &5 K below the $* —Sa* phase
transition temperaturel (— T¢c = —5 K). Spontaneous polariza-
tion and tilt angle values were measured as a functiog by

the triangular wave method (8@.00 Hz, 6V/m), andP, values
were calculated using eq 2. At least four different samples were
prepared for each dopanihost combination.

(13) Jacq, P.; Malthete, Liq. Cryst.1996 21, 291.
(14) Solladie G.; Hugele P.; Bartsch, RJ. Org. Chem1998 63, 3895.
(15) Carlin, R. B.J. Am. Chem. S0d.945 67, 928.

(16) Doping compounds8—5 into any of the g hosts caused the
temperature range of the resulting*$hase to decrease with increasing
dopant mole fraction, thus limiting the useful rangexgo< 0.05.
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Figure 4. Structures of liquid crystal hosts and phase transition
temperatures ifiC.
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Figure 5. Reduced polarizatioR, as a function of dopant mole fraction
x4 for the dopant {)-4e in the & hostsDFT (triangles), NCB76
(squares), an€hP1 (circles) atT — Tc = -5 K.

Plots of P, vs x4 gave good linear fits, as shown in Figure 5
for dopant ¢)-4e from which J, values were obtained

Vizitiu et al.

Table 1. Polarization Powed, of Dopants3 and4a—j in the &
HostsPhB, DFT, NCB76, andPhP1 Measured al — Tc = -5 K

0p*P (nClen?)
dopant PhB DFT NCB76 PhP1
(-)-3 <20 (-)ed 63 (+)¢ 170 ()¢ 161+ 11 ()
(-)-4a <3049 <27 (-)d 103+ 14 (=) <43 ()¢
(+)-4b <30 (-)d <30 (+)d 183+ 6(+) 505+ 51 ()
(-)4c 171+11(+) 98(-)e 274+ 12 (<) 1199+ 81 (-)
(+)-4d <30 (-)d 124 (+)e 373+ 54 () 1738+ 95 ()
(-)-4e <34 (-)d 312+ 32 () 514+38() 1555+ 119 ()
(+)-4f 250+ 11 () 602437 (+) 768423 (+) 1423+ 149 ()
(-)-4g 496+43 () 817+54(—) 85673 (—) 1392+ 140 (=)
(H)-4h 449+ 42 (+) 550444 (+) 940+ 71 () 1329+ 60 (+)
(+)-4i 506+8(+) 500+78(+) 634+70(+) 998+ 18 (+)
(-)-4j 388()° 454+ 39 (-) 280+ 26 (-) f

a Sign of inducedPs in parenthese$.Uncertainty is+ standard error
of least-squares fit From ref 8d.9 Estimated upper limit based on a
detection limit of 0.3 nC/crhat the highest dopant mole fraction.
¢Values extrapolated from a singl, measurement aty = 0.03—
0.04.f The temperature range of the*Sphase was less than 5 K.
9 Unable to determine the sign 6%.

20007

1500

10

Figure 6. Polarization powebd, as a function of alkoxy chain length
n for dopants4a—j in the & hostsPhB (triangles),DFT (squares),
NCB76 (circles), andPhP1 (filled circles). Error bars represestSE.

hosts, except forf)-4ain DFT andPhPland ¢+)-4bin DFT.
The results in Table 1 show that the sigrRgfinduced byda—j

in the & hostsDFT, NCB76, and PhP1 correlates with the
relative configuration of the atropisomeric core: all dopants
derived from ()-8 induced a positive polarization and all those
derived from )-8 induced a negative polarization. PhB,

Ps sign inversions were observed for the-«Cg derivatives {)-
4b,d and (-)-4c.

Inspection of the results in Table 1 reveals three important
trends. First, the polarization power of the '2¢nitro dopant
(—)-3 is significantly less than that of the corresponding-3,3
dinitro dopant €)-4d in NCB76, DFT, and PhP1, which is

according to eq 3. These results are presented in Table 1, alongonsistent with an increase in the conformational energy bias

with new data for dopant—)-3 in DFT and PhPl As
previously observed with dopant}-3,8¢ dopants in seried
with short to medium chain lengths, except fef){4c, produced

no measurable spontaneous polarization in thiedstPhB even
though the characteristic Goldstone-mode switching ota S
phase was evident upon applying an AC field across the cell.
Upper limit values ford, were estimated from tilt angle
measurements dt— T¢ = —5 K assuming a detection limit of
0.3 nC/cmd at a maximum dopant mole fraction of 0.05.
Measurable spontaneous polarizations were obtaingehB

for dopants with chain lengths;€and longer. All dopants gave

a measurable spontaneous polarization in the other thgee S

for rotation about the ester-€0 bond (vide supra). Second,
the polarization power of all dopants strongly depends on the
nature of the §host, as predicted by Stegemeyer et al., although
on a larger scale than reported heretof§rEor example, the
polarization power of)-4d in PhP1is at least 55 times that
estimated for{)-4d in PhB. Third, the polarization power of
dopants in seried varies with the length of the alkoxy chains,
as shown in Figure 6. The highest polarization power was
recorded in the & host PhP1 for the G derivative (+)-4d
(+1738 nC/cr), which is one of the highes}, values reported
thus far in the literature for a chiral dopaftA plot of Ps vs
temperature foa 2 mol % mixture of ¢)-4d in PhP1 (Figure
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Figure 7. Spontaneous polarizatidPs as a function of temperature
for a 2 mol % mixture of 4)-4d in PhP1

7) shows a supercooling of the induceg* $hase to 40°C
(pure PhP1 crystallizes at 58°C) and gives a maximum
spontaneous polarizatioPs(max) of +18 nC/cn?, which
corresponds to an extrapolatBg(max) value for dopant)-
4d of +900 nC/cm.
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Figure 8. Schematic view of the chiral core along the molecular long
axis: y, is the angle between the transverse dipeland the molecular
reference axisn, andy is the angle betweem and the polar axiy.
The tilt plane is in thexz plane.
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Figure 9. Model for intercore chirality transfer between the atropi-
someric dopant and thec®iostPhPL1

However, simple calculatioh$ show that the rotational
distribution model alone cannot account for the wide variations

To explain these results, we consider the models proposedin J, values reported in Table 1, especially the highvalues

for the molecular origins of Type Il behavit.In a general
sense, the polarization power of Type Il dopants is thought to
be strongly influenced by interactions between the chiral core

obtained inPhP1 For example, assuming; to be coincident
with the molecular reference axis (cqs = 1), this model
predicts a polar order parametéosy [of 0.58 for dopant{)-

of the dopant and the achiral cores of the surrounding host4d in PhPlat T — Tc = —40 K, which is remarkably large
molecules. This is reasonable since the core region of a smecticconsidering the relatively small degree of conformational

liquid crystal phase is more highly ordered than the tail regions,
and intermolecular interactions in the former are expected to

asymmetry expected for such a dopant in theldtice (vide
supra)!® In this case, it is likely that dopanthost interactions

affect macroscopic bulk properties to a much greater extent thando more than simply influence the rotational distribution of the

intermolecular interactions in the latter. Suokercoreinterac-
tions may or may not result in substantial chirality transfer
depending on the complementarity of the core structures. An
extension of Zeks' microscopic modebuggests that the
spontaneous polarization induced by a type Il chiral dopant is
influenced by steric interactions with the surroundingh®st

core transverse dipole; such interactions may also amplify the
conformational asymmetry of the chiral dopants via chirality
transfer.

Semiempirical calculations suggest that the core structures
of all four & hosts adopt twisted chiral conformations that
should be in rapid equilibrium with their enantiomeric mirror

molecules that affect the orientation of the core transverse dipoleimages at ambient temperatdfelnteractions with a dopant

with respect to the polar axis (rotational distribution). The

chiral core favoring one handedness can shift such conforma-

spontaneous polarization is expressed as a function of the cordional equilibrium toward one of the two enantiomeric states

transverse dipole momept; by eq 4:

Ps= Nyu cosy [tosyD 4)
whereN; is the dopant number density, is the angle between
up and a reference axis defined by the shape of the chiral
core, andcosyllis a polar order parameter ranging from 0 to
1 that is related to the conformational asymmetry of the chiral
core about the molecular long axis (Figure®8According to
this model, the relatively smadi, values obtained iPhB could

be due to a rotational distribution that brings the transverse
dipole of the chiral core near the tilt plane. In such a situation,
small changes iitosycould change the sign &% by rotating

the vectorup through the tilt plane. This would be consistent
with the fact that dopant<)-3 and some of the shorter chain
dopants in serie4 show a sign inversion iRs going fromPhB

to the other three &hosts (see Table 1). Conversely, the higher
Op values obtained iDFT, NCB76, andPhP1and the lack of

Ps sign inversion in these &Shosts could be explained by a
shift in rotational distribution that brings the core transverse
dipole closer to the £polar axis.

and result, in some cases, in a nonlinear amplification of chiral
bulk propertieg® As shown in Figure 9, conformational
interactions between the atropisomeric core of an orientationally
ordered dopant such dsand the cores of neighboring 8iost
molecules should result in an effective transfer of molecular
chirality to favor, or induce, one twisted conformation of the
Sc host?! In principle, thisintercore chirality transfer could
amplify the induced spontaneous polarization by (i) inducing a
polar ordering of the §host transverse dipof8,and/or (ii)

(17) Dunmur, D. A.; Grayson, M.; Roy, S. Kiq. Cryst.1994 16, 95.

(18) The polar order paramet&osiwas calculated using eq 4. /A,
value of 2.49D was obtained by ab initio calculation at the HF/3-21G*
level on the AM1-minimized model system 4dibenzoyl-2,26,6-
tetramethyl-3,3dinitrobiphenyl in its lowest energy conformation. The
dopant number density; of a 2 mol % mixture of {)-4d in PhP1was
estimated as 2% of the molecular number densitRloP1 The density of
PhP1was assumed to be 1.1 g/&m

(19) Low-level ab initio calculations at the STO-3G level suggest that
the global minimum of 2-phenylpyrimidine, which forms the core structure
of PhP1, adopts a planar conformation in the gas phase: Barone, V.;
Commisso, L.; Lelj, F.; Russo, Nletrahedron1985 41, 1915.

(20) Green, M. M.; Zanella, S.; Gu, H.; Sato, T.; Gottarelli, G.; Jha, S.
K.; Spada, G. P.; Schoevaars, A. M.; Feringa, B.; Teramoto].AAm.
Chem. Soc1998 120, 9810.
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Table 2. Polarization Powed, of Dopant (-)-4eatT — Tc = —5 2000 25

K and Helical Pitch of the Induced:SPhase in the Liquid Crystal ] [

HostsPhB, DFT, NCB76, andPhPland a 1:1PhP1/PhP2 i [

Mixture 1500 ] [ 20

Sc Host 0p* (NClend) pitchP€ (um) ur® (D) «— ] : S

PhB <34 43+0.2 2.4 g ] 18 F
DFT 312+ 32 7.4+ 0.6 3.2 G 1000 [ =
NCB76 514+ 38 5.9+ 0.6 3.8 £ ] L 10 '533
PhP1 1555+ 119 2.9+ 0.3 0.92 oS 1 r =
1:1 PhP1PhP2 1063+ 76 1.5+ 0.1 2.9 500 4 :
aUncertainty ist standard error of least-squares fiMeasured at r o

a dopant mole fractiony = 0.02.¢Uncertainty is+ one standard L

deviation. Transverse dipole moment of the Bost calculated at the ole 1 0

HF/3-21G* level. Estimated upper limit based on a detection limit of 0 5 1 15 20

0.3 nCl/cnd at the highest dopant mole fraction.

inducing an asymmetric distortion of the &ittice that would
increase the conformational asymmetry of the atropisomeric core
by a feedback mechanism.

An induced polar ordering of thecSost can be ruled out as
the main cause of polarization amplification by comparipg

values with transverse dipole moments)(of the corresponding Another way to assess the importance of intercore chirality
Sc host core structures. The latter values were obtained by singley o nsfer is to study the effect of varying the length of the dopant

point ab initio calculations at the HF/3-21G* level using  gjge chains on the polarization power. As shown in Figure 6,
structures minimized at the semiempirical AM1 level and are o polarization power of dopadt increases with increasing
listed in Table 22 The results show that there is no correlation alkoxy chain length in all four S hosts, reaching a maximum
between the pqlarlzanon power and the h(_)st transverse dipoleg; 4 valuen(max) that varies with the host. The subsequent
moment: the highes}, values are obtained in the Bost with decrease i, with a further increase im has been observed
the smallest transverse dipole mome?tP1 which is incon- — petore with some type | dopants but remains largely unex-
sistent with polar ordering of th_&fhost. The polarization power plained?* The increase in, with increasing chain length is
of (—)-4ewas also measured in a 1:1 mixtureRiiPland the qngjstent with an increase in positional/orientational ordering
difluoro derivativePhP2, which has a transverse dipole moment - ¢ e atropisomeric core in the-Sattice, which should improve

0f 5.03 D in its lowest energy conformation. In the 1:1 mlréture, intercore chirality transfer as well as increase the contribution
the_dopant{—)-4e%ave a polarization power 61063 n2(32/c ", of the ester asymmetric conformational mode toward polar
which is about 30% less than that obtained in i1 This ordering byanchoringthe side chains in the transoig Bttice 2>

Is also inconsistent with polar ordering of the 8ost and g yariation inn(max) as a function of the Shost may be
suggests that polarization amplificationfnP1may be due in \o|ated to differences in the-Sayer spacing and/or differences
large part to an increase in conformational asymmetry of the ;. e length of the § host core structure. Measurements of

dopant as a result of intercore chirality transfer. _ Sc* helical pitch were also carried out for 2 mol % mixtures of
To assess the importance of intercore chirality transfer in 45_i in PhP1 As shown in Figure 10, thecS helical pitch

polarization amplification, the polarization power of the unsym- ¢-10ws a trend that is opposite to that followed By as a

metrical dopant £)-5 was measured in theCShost_PhPl function ofn, except at very long chain lengths. This observation
Although (=)-5 has the same length as the symmetrical dopant ¢, her supports the claim that polarization amplificatiohiP1
(+)-4d, the position of its atropisomeric core should be offset ;g strongly linked to intercore chirality transfer.

with respeAct to theltco][ethregmn_t(_)f thle; f."fi’er odn tltqhe time ted However, when the & helical pitch is measured as a function
average. As a resuit of this positional shilt, and the expected ¢ o & host (Table 2), we find that there is essentially no

requﬁctlé)n |nn(f[h|rna(lj (iﬁnform?ttl[]onal Lr:tersgit;]onrs] b(ihrA;]e?nCthle cotrrt]e correlation between thecSpitch andd,. Given these and other
of the dopant a ose ot the surrou g host molecules, eexperimental results presented herein, we conclude that one

Eoﬁgﬁgggl %%WZLtOf QdS I?]Z%ng kt)ﬁelovc\,/gr-th;no:,haé O:;:hoef cannot rationalize the variations in polarization power as a
Y : pant)-4d. ' polarization pow function of the $ host on the basis of a single microscopic

(=)-5 proved to be ca. 35% less than that obtained for4d: model. Indeed, the two models described above are not mutuall
_ . . ] y
1101 nClerfivs +1738 nC/crA, respectively. Furthermore, a exclusive, and it is likely that differences i), values for an

. ; . o i
_cogﬁsg-lsgn of dS;‘hhtfllcalll dp.'t%h value?_ fﬁ: 2 rzml).l /|° T')ﬁ%es atropisomeric dopant in any twa:®i0sts can be explained by
n showed thatt)-4d induces a tighter helical pitch than variations in both the rotational distribution of the transverse

(_.)'5’. which Is "’_“SO consistent with a decrease in dopant-host dipole and intercore chirality transfer. Nevertheless, the results

chirality transfer: 1.5 0.3um vs 2.4 0.5um, respectively. obtained inPhP1may be singled out as a unique case in which
(21) A similar mechanism of chiral induction was proposed for cholesteric intercore chirality transfer plays a key role in amplifying the

phases induced by atropisomeric biaryl dopants in order to account for the indyced spontaneous polarization. We propose that polarization

fr?;[eé?t'tﬁg fggggn?e%vgggrgﬁil'cgll.tv,‘ﬂisgesrfnff.O;g:ﬁocr!wéeftggﬁaﬁgse andamplification takes place via a feedback mechanism in which

Spada, G. P.; Zimmermann, BR. Am. Chem. Sod.983 105, 7318. intercore chirality transfer results in an asymmetric distortion
(22) A plot of experimental dipole moments vs dipole moments calculated
at the HF/3-21G* level for a series of monosubstituted benzenes gave an  (24) Loseva, M.; Chernova, N.; Rabinovitch, A.; Poshidaev, E.; Narkevitch,
excellent linear correlatiorR@ = 0.994). J.; Petrashevitch, O.; Kazachkov, E.; Korotkova, N.; Schadt, M.; Bucheker,
(23) The decrease iy, may be ascribed to a difference in polarizability =~ R. Ferroelectrics1991, 114, 357.
anisotropy of the phenylpyrimidine cores that should, in principle, affect (25) A similar effect was reported for a more conventional type | dopant
the strength of dopant/host chiral conformational interactions. A systematic and accounted for by considering the “rotational damping” of the stereo-
investigation of this relationship is underway, and results will be published polar unit with increasing chain length: Goodby, J. W.; Patel, J. S.; Chin,
elsewhere. E. J. Phys. Cheml987, 91, 5151.

n
Figure 10. Polarization powed, (filled circles) and g* helical pitch
(circles) as a function of alkoxy chain lengttfor dopantsda—i in the
Sc host PhPL1 Error bars representSE () and +one standard
deviation (pitch).
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of the &* lattice that, in turn, further increases the conforma-
tional asymmetry of the atropisomeric dopant by virtue of
increased diastereomeric bias between tgel&tice and the

J. Am. Chem. Soc., Vol. 121, No. 36, 18¥85

332.1008, found 332.1015. The second eluant was collected and
concentrated to givet)-8 in optical purity of 96% ee.
General Procedure for the Preparation of Dopants 4&i. The

chiral conformations of the dopant. Further studies aimed at Procedure described for the preparation ©)-,2,6,6-tetramethyl-

providing additional experimental and theoretical support for
this hypothesis are in progress.

Experimental Section

General Methods. *H and *3C NMR spectra were recorded on
Bruker ACF-200 and AM-400 NMR spectrometers in deuterated
chloroform (CDC}) and deuterated dimethyl sulfoxide (DMSig:: The
chemical shifts are reported in(ppm) relative to tetramethylsilane as

3,3-dinitro-4,4-bis[(4-nonyloxybenzoyl)oxy]biphenyl {{)-4€) is rep-
resentative. Dopants—)-4a,c,e,g were derived from |)-8; dopants
(+)-4b,d,f,h,i were derived from)-8.

Under an Ar atmosphere, solid DCC (35 mg, 0.17 mmol) was added
to a stirred solution of{)-8 (26 mg, 0.08 mmol), 4-nonyloxybenzoic
acid (45 mg, 0.17 mmol) and DMAP (21 mg, 0.17 mmol) in dry/CH
(5 mL). The mixture was stirred at room temperature for 24 h and
then filtered and concentrated. The solid residue was redissolved in
EtOAc, washed wit 2 M aqueous HCI, kD, and brine, dried (MgS£),

internal standard. Low-resolution EI mass spectra were recorded on aand concentrated. Purification by flash chromatography on silica gel
Fisons VG Quattro triple quadrupole mass spectrometer; peaks are(7:3 hexanes/EtOAc) gave 56 mg (88%) ef)¢4e as a white solid.

reported asn/z (percent intensity relative to the base peak). High-

Prior to doping into liquid crystal hosts, the compound was recrystal-

resolution EI mass spectra were performed by the University of Ottawa lized from hexanes after filtration through a 048 PTFE filter: mp
Regional Mass Spectrometry Center. Optical rotations were measured116-118°C; [a]p —7.32 € 1.1, CHC}); *H NMR (400 MHz, CDC})
on a Perkin-Elmer 241 polarimeter at room temperature. Semiprepara-0 0.89 (t,J = 7.0 Hz, 6H), 1.36-1.54 (m, 24H), 1.761.89 (m, 4H),
tive chiral stationary-phase HPLC separations were performed using a1.99 (s, 6H), 2.03 (s, 6H), 4.05 (,= 6.5 Hz, 4H), 6.97 (dJ = 8.9

25 cmx 10 mm i.d. Daicel Chiralcel OJ column. Elemental analyses
were performed by Guelph Chemical Laboratories Ltd (Guelph,
Ontario) and by MHW Laboratories (Phoenix, AZ). Melting points were

measured on a Mel-Temp Il melting point apparatus and are uncor-

rected.

Materials. All reagents, chemicals, and liquid crystal hosts were
obtained from commercial sources and used without further purification
unless otherwise noted. Methylene chloride ¢CH) was distilled from
P,Os under N. Tetrahydrofuran (THF) was distilled from sodium/
benzophenone under ;N (—)-2,2-Dimethyl-6,6-dinitro-4,4-bis[(4-
octyloxybenzoyl)oxy]biphenyl ¢)-3),8¢ 4,4-diamino-2,2,6,6-tetra-
methylbiphenyl €),'® (+)-4-[(4-methylhexyl)oxy]phenyl 4-decyloxy-
benzoateRhB),?¢ 2,3 -difluoro-4-heptyl-4 -nonylp-terphenyl DFT),?’
and 4-octyloxy-4biphenylcarboxylic aci# were synthesized according

Hz, 4H), 7.34 (s, 2H), 8.08 (d} = 8.9 Hz, 4H);*C NMR (100 MHz,
CDCl;) 6 14.1, 15.1, 20.4, 22.7, 26.0, 29.1, 29.3, 29.4, 29.5, 31.9, 68.4,
114.6, 120.0, 123.6, 129.7, 132.7, 136.2, 140.0, 142.0, 143.4, 163.6,
164.1.

Anal. Calcd for GgHeoN2010: C, 69.88; H, 7.33; N, 3.40. Found:
C, 69.69; H, 7.13; N, 3.17.

(—)-4,4-Bis[(4-methoxybenzoyl)oxy]-2,26,6-tetramethyl-3,3 -
dinitrobiphenyl (( —)-4a): white solid (80%); mp 185186 °C; H
NMR (400 MHz, CDC}) 6 1.99 (s, 6H), 2.03 (s, 6H), 3.90 (s, 6H),
7.00 (d,J = 8.8 Hz, 4H), 7.34 (s, 2H), 8.10 (d,= 8.8 Hz, 4H);1*C
NMR (100 MHz, CDC#) 6 15.1, 20.4, 55.6, 114.1, 120.3, 123.5, 129.7,
132.7, 136.2, 140.0, 141.9, 143.4, 163.5, 164.4.

(+)-4,4-Bis[(4-butyloxybenzoyl)oxy]-2,2,6,6 -tetramethyl-3,3-
dinitrobiphenyl (( +)-4b): white needles (40%); mp 158,57 °C; H

to published procedures and shown to have the expected physical andNMR (400 MHz, CDC}) 6 1.00 (t,J = 7.4 Hz, 6H), 1.46-1.61 (m,

spectral properties. The liquid crystal hd$é€B76 was provided by
Prof. H. Stegemeyer.

4,4-Dihydroxy-2,2',6,6-tetramethylbiphenyl (7). A solution of
NaNG; (0.27 g, 4.0 mmol) in KO (2 mL) was added dropwise to a
solution of6 (0.48 g, 2.0 mmol) in 10% aqueous$0, (10 mL) cooled
to 5°C. The mixture was stirred at® for 30 min, then refluxed with
stirring overnight. After cooling, the mixture was extracted with EtOAc
(2 x 20 mL), and the combined extracts were washed wid ldnd
brine, dried (MgS@), and concentrated. The solid residue was purified
by sublimation (0.06 Torr, 128C) to give 0.20 g (41%) o7 as a
white solid: mp 172-174°C (lit.2° mp 183°C); *H NMR (200 MHz,
DMSO-ds) 0 1.73 (s, 12H), 6.52 (s, 4H), 9.05 (s, 2HJC NMR (50
MHz, DMSO-ds) 0 19.7, 114.2, 130.1, 136.4, 155.5; MS (B¥)z 242
(M*, 100), 227 (64), 212 (74) 105 (28); HRMS (EI) calcd forid:50,
242.1307, found 242.1302.

(—)- and (+)-4,4-Dihydroxy-2,2',6,6-tetramethyl-3,3'-dinitrobi-
phenyl ((—)-8 and (+)-8). A mixture of 6 (2.16 g, 8.95 mmol) and
Fe(NG;)39H,0 (2.53 g, 6.26 mmol) in absolute EtOH (60 mL) was
refluxed with stirring overnight. After cooling, the mixture was
concentrated to a solid residue that was dissolved in EtOAc (20 mL),
washed wih 2 M aqueous HCI, water, and brine, dried (Mg@nd
concentrated. Purification by flash chromatography on silica gel (HCI
gave 1.39 g (47%) ofk)-8 as a bright yellow solid. After recrystal-
lization from 10% CHGJhexanes, the product was resolved by

4H), 1.74-1.89 (m, 4H), 1.99 (s, 6H), 2.03 (s, 6H), 4.06 Jt= 6.5

Hz, 4H), 6.98 (dJ = 8.8 Hz, 4H), 7.34 (s, 2H), 8.08 (d,= 8.8 Hz,

4H); 13C NMR (100 MHz, CDC}) 6 13.8, 15.1, 19.2, 20.4, 31.1, 68.1,
114.5, 119.9, 123.5, 129.7, 132.7, 136.1, 140.0, 141.9, 143.4, 163.6,
164.1.

(—)-4,4-Bis[(4-hexyloxybenzoyl)oxy]-2,26,6-tetramethyl-3,3 -
dinitrobiphenyl (( —)-4c). white needles (71%); mp 120.22°C; H
NMR (400 MHz, CDC}) ¢ 0.92 (t,J = 6.8 Hz, 6H), 1.341.50 (m,
12H), 1.75-1.89 (m, 4H), 4.05 (tJ = 6.5 Hz, 4H), 6.98 (dJ = 8.8
Hz, 4H),7.34 (s, 2H), 8.08 (dl = 8.8 Hz, 4H);}3C NMR (100 MHz,
CDCl;) 6 14.0, 15.1, 20.4, 22.6, 25.6, 29.0, 31.5, 68.4, 114.5, 119.9,
123.5, 129.7, 132.6, 136.1, 140.0, 141.9, 143.3, 163.6, 164.1.

(+)-2,2,6,8-Tetramethyl-3,3-dinitro-4,4'-bis[(4-octyloxybenzoyl)-
oxy]biphenyl ((+)-4d): white needles (44%); mp 13214 °C; H
NMR (400 MHz, CDC}) 6 0.90 (t,J = 6.7 Hz, 6H), 1.36-1.55 (m,
20H), 1.76-1.89 (m, 4H), 1.99 (s, 6H), 2.03 (s, 6H),4.05Jt= 6.5
Hz, 4H), 6.97 (dJ = 8.8 Hz, 4H), 7.34 (s, 2H), 8.08 (d,= 8.8 Hz,
4H); 13C NMR (100 MHz, CDC}) 6 14.1, 15.1, 20.4, 22.6, 26.0, 29.0,
29.2,29.3, 31.8, 68.4, 114.5, 120.0, 123.5, 129.7, 132.7, 136.1, 140.0,
142.0, 143.4, 163.6, 164.1.

(+)-4,4-Bis[(4-dodecyloxybenzoyl)oxy]-2,26,6-tetramethyl-3,3-
dinitrobiphenyl (( +)-4f): white solid (71%); mp 9294 °C; 'H NMR
(400 MHz, CDC}) 6 0.89 (t,J = 6.7 Hz, 6H), 1.271.50 (m, 36H),
1.75-1.89 (m, 4H), 1.99 (s, 6H), 2.03 (s, 6H), 4.05 Jt= 6.5 Hz,

semipreparative chiral stationary-phase HPLC (9:1 hexanes/EtOH, 34H), 6.97 (d,J = 8.8 Hz, 4H), 7.34 (s, 2H), 8.08 (d,= 8.8 Hz, 4H);

mL/min). The first eluant was collected and concentrated to giyed(
in optically pure form: mp 128130°C; [a]p —99.4 € 1.1, CHC});
IH NMR (400 MHz, CDC}) 6 1.89 (s, 6H) 2.16 (s, 6H), 7.01 (s, 2H),
10.04 (s, 2H)23C NMR (100 MHz, CDC}) 6 18.0, 21.0, 118.6, 132.1,
134.2,134.8, 145.7, 153.9; MS (Btyz 332 (M+, 100), 315 (87), 165
(67), 152 (65), 128 (75), 115 (88); HRMS (EI) calcd forgB1eN20s

(26) Keller, P.Ferroelectrics1984 58, 3.

(27) Gray, G. W.; Hird, M.; Lacey, D.; Toyne, K. J. Chem. Soc., Perkin
Trans. 21989 2041.

(28) Gray, G. W.; Hartley, J. B.; Jones, B. Chem. Socl955 1412.

(29) Nomura, Y.; Takeuchi, YJ. Chem. Soc. B97Q 956.

3C NMR (100 MHz, CDC}) 6 14.1, 15.1, 20.4, 22.7, 26.0, 29.0, 29.4,

29.55, 29.58, 29.64, 31.9, 68.4, 114.5, 119.9, 123.6, 129.7, 132.7, 136.1,

140.0, 141.9, 143.4, 163.6, 164.1.
(—)-2,2,6,6-Tetramethyl-3,3-dinitro-4,4'-bis[(4-tetradecyloxy-

benzoyl)oxy]biphenyl ((—)-4g). white solid (52%); mp 9496 °C;

IH NMR (400 MHz, CDC}) ¢ 0.88 (t,J = 6.7 Hz, 6H), 1.26-1.49

(m, 44H), 1.78-1.89 (m, 4H), 1.99 (s, 6H), 2.03 (s, 6H), 4.05J&

6.5 Hz, 4H), 6.99 (dJ = 8.9 Hz, 4H), 7.34 (s, 2H), 8.10 (d,= 8.9

Hz, 4H); 3C NMR (100 MHz, CDC}) 6 14.1, 15.1, 20.4, 22.7, 26.0,

29.0, 29.4, 29.55, 29.59, 29.66, 31.9, 68.4, 114.5, 119.9, 123.6, 129.7,

132.7, 136.1, 140.0, 141.9, 143.4, 163.6, 164.1.
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(+)-4,4-Bis[(4-hexadecyloxybenzoyl)oxy]-2,26,6 -tetramethyl-
3,3-dinitrobiphenyl (( +)-4h): white solid (14%); mp 8890 °C; H
NMR (400 MHz, CDC}) 6 0.88 (t,J = 6.7 Hz, 6H), 1.26-1.50 (m,
52H), 1.78-1.89 (m, 4H), 1.99 (s, 6H), 2.03 (s, 6H), 4.05Jt 6.5

EtOAc (20 mL), washed wit 2 M aqueous HCI, kD, and brine, dried
(MgSQy), and concentrated. Purification by flash chromatography on
silica gel (7:3 hexanes/EtOAc) gave 13 mg (99%) 6)-6 as a light
brown solid: mp 8%+82°C; [a]p —11.0 € 0.3, CHC}); *H NMR (400
Hz, 4H), 6.97 (dJ = 8.8 Hz, 4H), 7.34 (s, 2H), 8.08 (d,= 8.8 Hz, MHz, CDCL) 6 0.86-0.91 (m, 6H), 1.251.48 (m, 22H), 1.721.84
4H); 13C NMR (100 MHz, CDC}) 6 14.1, 15.1, 20.4, 22.7, 26.0, 29.1,  (m, 4H), 1.97 (s, 6H), 2.01 (s, 6H), 2.57 {t= 7.5 Hz, 2H), 4.02 (t,
29.4,29.57, 29.60, 29.66, 31.9, 68.4, 114.5, 119.9, 123.6, 129.7, 132.7,J = 6.6 Hz, 2H), 7.00 (dJ = 8.7 Hz, 2H), 7.15 (s, 1H), 7.35 (s, 1H),
136.1, 140.0, 141.9, 143.4, 163.6, 164.1. 7.59 (d,J = 8.7 Hz, 2H), 7.70 (dJ = 8.4 Hz, 2H), 8.17 (d]) = 8.4
(+)-4,4-Bis[(4-octadecyloxybenzoyl)oxy]-2,26,6 -tetramethyl- Hz, 2H); **C NMR (100 MHz, CDC}) 6 14.1, 15.2, 20.4, 20.4, 22.7,
3,3-dinitrobiphenyl (( +)-4i): white solid (65%): mp 9692 °C; *H 24.2, 24.6, 26.0, 28.8, 29.0, 29.2, 29.2, 29.4, 29.4, 31.8, 31.9, 34.0,
NMR (400 MHz, CDC}) ¢ 0.88 (t,J = 6.7 Hz, 6H), 1.26-1.50 (m, 35.3,68.2,115.0, 123.5, 123.5, 125.9, 126.8, 128.4, 129.8, 131.0, 131.7,
60H), 1.78-1.89 (m, 4H), 1.99 (s, 6H), 2.03 (s, 6H), 4.05Jt= 6.5 136.3, 140.1, 141.7, 141.9, 143.3, 146.7, 159.7, 163.8, 171.1.
Hz, 4H), 6.97 (dJ = 8.8 Hz, 4H), 7.34 (s, 2H), 8.08 (d,= 8.8 Hz, Anal. Caled for G/HsgN2Oo: C, 71.01; H, 7.35; N, 3.52. Found:
4H); °C NMR (100 MHz, CDC}) 0 14.1, 15.1, 20.4, 22.7, 26.0, 29.1, C, 71.14; H, 7.12; N, 3.37.
29.4,29.57, 29.60, 29.66, 31.9, 68.4, 114.5, 119.9, 123.6, 129.7, 132.7, Ferroelectric Measurements. Texture analyses and transition
136.1, 140.0, 141.9, 143.4, 163.6, 164.1. temperature measurements for the doped liquid crystal mixtures were
(—)-4,4-Bis[(4-eicosanoyloxybenzoyl)oxy]-2,%6,6-tetramethyl- carried out using a Nikon Labophot-2 polarizing microscope fitted with
3,3-dinitrobiphenyl (( —)-4j). Under an Ar atmosphere, thionyl chloride  a Instec HS1-i hot stage. Spontaneous polarizati) ¥alues were
(1.0 mL, 13 mmol) was added dropwise to a mixture of 4-eicosanoyl- measured as a function of temperature by the triangular wave niéthod
oxybenzoic acid (20 mg, 0.048 mmol) and dry benzene (2 mL) at room (6 V/um, 80-100 Hz) using a Displaytech APT-III polarization testbed
temperature. After the mixture was refluxed for 2 h, it was concentrated in conjunction with the Instec hot stage. For each data point taken, the
to give the 4-eicosanoyloxybenzoyl chloride as a colorless oil. Under temperature of the sample was allowed to fully equilibrate in order to
an Ar atmosphere, a solution of}-8 (7 mg, 0.022 mmol) and DMAP rule out any temperature effect during measurement. Polyimide-coated
(6 mg, 0.049 mmol) in dry THF (5 mL) was added to the acid chloride. 1TO glass cells (4um x 0.25 cnf) supplied by Displaytech Inc.
The mixture was stirred at room temperature overnight, diluted with (Longmont, CO) were used for all the measurements. Good alignment
EtOAc (20 mL), washed wit 2 M aqueous HCI, kD, and brine, dried was obtained by slow cooling of the filled cells from the isotropic phase
(MgSQy), and concentrated. Purification by flash chromatography on via the N* and S* phases. Tilt anglest{) were measured as a function
silica gel (7:3 hexanes/EtOAc) gave 12 mg (49%)-6j-4j as a white of temperature between crossed polarizers as half the rotation between
solid. Prior to doping into liquid crystal hosts, the compound was two extinction positions corresponding to opposite polarization orienta-
recrystallized from absolute EtOH after filtration through a 046 tions. The sign oPs along the polar axis was assigned from the relative
PTFE filter: mp 77-80 °C; '"H NMR (400 MHz, CDC}) 6 0.88 (t,J configuration of the electrical field and the switching position of the
= 6.7 Hz, 6H), 1.26-1.50 (m, 68H), 1.781.89 (m, 4H), 1.99 (s, 6H), sample according to the established converttion.
2.03 (s, 6H), 4.05 (t) = 6.5 Hz, 4H), 6.97 (dJ = 8.9 Hz, 4H), 7.33 Sc* Helical Pitch Measurements. Measurements of & helical
(s, 2H), 8.08 (dJ = 8.9 Hz, 4H);*%C NMR (100 MHz, CDC}) ¢ pitch were carried out af — Tc = —10 K on a 150um film of the
14.1,15.1,20.4,22.7, 26.0, 29.1, 29.4, 29.57, 29.61, 29.69, 31.9, 68.4liquid crystal material in a planar alignment using a Nikon Labophot-2
1145, 119.9, 123.6, 129.7, 132.7, 136.1, 140.0, 141.9, 143.4, 163.6,polarizing microscope fitted with a Instec HS1-i hot stage. The helical
164.1. pitch was measured as the distance between dark fringes caused by
4-Hydroxy-2,2,6,6-tetramethyl-4'-[(4-(4-octyloxyphenyl)benzoyl)- the periodicity of the & helix.3!
oxy]-3,3-dinitrobiphenyl (9). Under an Ar atmosphere, solid DCC Calculations. All semiempirical calculations at the AM1 level were
(15 mg, 0.07 mmol) was added to a stirred solution-§-8 (25 mg, carried out using the Spartan 4.0 molecular modeling progfam.
0.07 mmol), 4-octyloxy-4biphenylcarboxylic acid (24 mg, 0.07 mmol),  Rotational energy profiles of the ester linking groups in the model
and DMAP (9 mg, 0.07 mmol) in dry Ci€l, (5 mL). The mixture systems 3-methyl-5-nitrophenyl benzoate and 3,5-dimethyl-2-nitrophen-
was stirred at room temperature for 24 h, filtered, and concentrated. yl benzoate were obtained by constraining the torsional angle defined
The solid residue was redissolved in EtOAc, washeth ®iM aqueous by C-6, C-1, O, and C(O) and by C-2, C-1, O, and C(O), respectively,
HCI, H,0, and brine, dried (MgS£, and concentrated. Purification  and performing a full geometry optimization on the rest of the molecule.
by flash chromatography on silica gel (4:1 hexanes/EtOAc) gave 15 All minima were determined by full geometry optimization and
mg (32%) of racemi® as a white solid. The product was resolved by confirmed as minima by vibrational analysis. Ab initio calculations of
chiral stationary-phase HPLC (60:40 hexanes/EtOH, 4 mL/min); the transverse dipole moments were carried out as single-point calculations
first eluant was collected and concentrated to g\e optically pure on AM1-minimized structures with the HF/3-21G* basis set imple-
form: mp 115-116 °C; *H NMR (400 MHz, CDC}) 6 0.89 (t,J = mented in Gaussian $4 The calculations were performed on a RISC-
6.8 Hz, 3H), 1.36-1.49 (m, 10H), 1.791.84 (m, 2H), 1.95 (s, 3H), based IBM SP2 parallel processing computer.
1.96 (s, 3H), 2.00 (s, 3H), 2.21 (s, 3H), 4.02Jt 6.6 Hz, 2H), 7.00
(d, J = 8.8 Hz, 2H), 7.04 (s, 1H), 7.34 (s, 1H), 7.59 W= 8.8 Hz,
2H), 7.70 (d,J = 8.6 Hz, 2H), 8.17 (dJ = 8.6 Hz, 2H), 10.05 (s, 1H);
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benzoyl)oxy]-3,3-dinitrobiphenyl (( —)-5). Under an Ar atmosphere,
thionyl chloride (1.0 mL, 13 mmol) was added dropwise to a mixture
of decanoic acid (3.5 mg, 0.02 mmol) and dry benzene (2 mL) at room
temperature. After the mixture was refluxed for 2 h, it was concentrated
to give decanoyl chloride as a colorless oil. Under an Ar atmosphere,
a solution of optically pureé (10 mg, 0.02 mmol) and DMAP (2.5
mg, 0.02 mmol) in dry THF (3 mL) was added to the acid chloride.
The mixture was stirred at room temperature overnight, diluted with
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