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Cholesteric helix inversion induced with UV irradiation has been revealed in the liquid
crystal (LC) system based on nematic 4-pentyl-4'-cyanobiphenyl (5CB) which contains
left-handed helix inducing chiral dopant of 3(R)-methyl-6-arylidenecyclohexanone series. A
further irradiation results in increasing right-handed helical twisting in the system till
photostationary state is reached. The twisting extent in this state exceeds three times that
in the initial mixture and remains unchanged under further UV light action. The effect
under consideration must be caused by reversible photochemical E,Z-isomerization of the
chiral dopant molecules. This was proven by preparative photochemical synthesis of the
corresponding Z-isomer and independent study of its properties as a chiral dopant in
5CB. It is shown that a principal difference exists between photoinduced changes in the
LC systems containing chiral ao,B-unsaturated ketones, 3(R)-methylcyclohexanone and
(+)-isomenthone derivatives.

Ob0uapy:xkeHa (QorouHaynupoBaHHaAsS Y®P o0JayueHMEeM WMHBEPCUS 3HAKA XOJECTEPUUECKOH
COUpAaNu B JKUAKOKPUCTAJIINYECKOI CCTeMe Ha OCHOBE HEMAaTHUUYEeCKOTO 4-meHTua-4'-1inaHoou-
denuna (511B), comep:kaieii XxupaabHYI0 J0OaBKY cepuUu JieBO3aKpyuuBawIux 3(R)-meTua-6-
ApUINIEHIINKJIOTeKCAHOHOB. IIpomosikeHue OO0JydYeHHA IOCJe TOUKW WHBEPCUU YCUJIUBAET
mpaBoe 3aKpydYWBaHUE B CHCTEMe OO0 MOCTHKEHUS (POTOCTAIIMOHAPHOTO COCTOAHUA. B sTOM
COCTOAHUM CTeIleHb XO0JEeCTePUUECKOr0 3aKPYYMBAHUS IIPEBHINIAEeT B TPU pasa TaKOBOE IJId
WCXOJHOM cMecH W He U3MEHSeTCS IIPU JaJibHeHIeM ITPOJOJIKUTeIbHOM AelicTBuu cBeta. OOHA-
py*KeHHBIN adhdeKT 00ycaoBIeH odpaTumMoit oroxuMuueckoi E-Z msomepusaiueii, 4uTo goKasa-
HO IIpernapaTuBHBIM (I)OTOXI/IMI/I‘IGCRI/IM CHHTE30M COOTBETCTBYIOIIETO Z—H30Mepa 1 HEe3aBUCUMbIM
U3y4YeHUEeM ero MoBeJeHUA KaK xupaibHOU mobaBku B S5IIB. IloxkasaHo MpPUHIUOINAILHOE OTJIH-
uvie (GOTOMHIYIMPOBAHHLIX M3MEHEHUI B CHCTEMAaX, COAEPKAIlUX XUpajbHbIe O,3-HeHaCHIIIeH-
HbI€ KeTOHBI, TPOM3BOHbIe 3(R)-MEeTHU/IIIUKJIOTEeKCAHOHA U (+)-M30MEHTOHA.

Photoinduced changes in liquid crystal-
line (LC) systems with helical supramolecu -
lar structure offer promising applications
for optical recording devices, ultra-violet
(UV) radiation detection, color filters for re -
flective cholesteric liquid crystal displays
claboration as well as for photoswitching re-
alization (see, e.g., [1-4]). Systems exhibit-
ing the effect of photoinduced cholesteric
helix inversion, which is relatively rare and
occurs due to reversible photoisomerization
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of a chiral dopant, are also of great interest [ 2].
As chiral dopants being capable for E,Z-photo-
isomerization either in isotropic organic sol-
vents [5] or in LC media [6-8] «,B-unsatu-
rated ketones, isomenthone arylidene deriva -
tives 1 have been systematically studied.
Helical twisting power (HTP) of the
Z-isomers of such compounds differs essen -
tially from that for initial E-isomers. This
fact offers a principal possibility for their
use in optical information recording.
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Thereis, however, a serious difficulty asso-
ciated with the essentially higher efficiency
of photoreaction in E - Z direction than in
Z - E one [5]. This causes a substantial
enrichment of the rapidly achievable photo -
stationary state with the photoproduct hav-
ing low HTP. Furthermore, small difference
in the UV spectra of the isomers [5] does
not allow selection of an UV region suitable
for an effective reverse photochemical proc -
ess. A comparable efficiency of the direct
and reverse reactions could only be achieved
by use of a triplet sensitising dye [5]. How -
ever, there are some problems concerning
the choice of such a sensitizer as well as
unavoidable negative influence of this com -
pound as a non-mesomorphic dopant on iso-
tropic phase transition temperature and
mesomorphic range of the LC mixture [9].
Search and investigation of new LC systems
containing chiral o,B-unsaturated ketones
capable of photoisomerization and possess-
ing other ratios of quantum yields for the
direct and reverse reactions as well as other
HTP ratios between photoisomers is actual
problem now. Among these systems, those
potentially possessing photoinduced
cholesteric helix inversion are of special in -
terest. Some preconditions for the realisa-
tion of this effect follow from the results of
recent investigations [6, 7, 10]. For some of
the E- and Z-isomers of 1 series, HTP signs
in nematic N-(4-methoxybenzylidene)-4-
butylaniline (MBBA) are opposite [6, 7]. A
similar effect was observed recently for the
ester derivative of 3(R)-methyl-6-arylidene
cyclohexanone 2 [10].

However, intermediate states of these
systems under UV irradiation have not been

studied in [6, 7, 10]. Moreover, selection of
ester 2 as the subject of investigation is
somewhat incorrect, since similar com-
pounds are known to be capable of secon-
dary photochemical changes [11].

In this work, for more detailed investiga -
tion of UV irradiation influence on a magni -
tude and sign of the helical twist in induced
cholesteric systems based on the nematic
4'-pentyl-4-cyanobiphenyl (5CB), compounds
3 being analogues of 2 containing no ester
group were chosen as chiral dopants.

The syntheses of compounds 3 were de-
scribed in detail [12]. Studying of them by
the spectral method (UV range) in dilute
solutions (107°-10"4 mole/]) in acetonitrile
combined with high performance liquid
chromatography (HPLC) analyses was car-
ried out in the manner similar to that de-
scribed for compounds 1 in [5]. The results
obtained have show that compounds 3 un-
dergo photochemical E-Z isomerisation at the
same efficiency as arylidene derivatives of
(+)-isomenthone 1 studied before (Table 1) [5].
In accordance with conclusions of [5], the
similar extent of the photoisomerisation
should be also expected for these com-
pounds in LC solutions. However, the be-
haviour of the induced helical pitch for sys-
tems containing chiral dopants of series 1
and 3 was turned out to be quite different.

m=0,n=0(),6(M), 7(c))ym=1,X=H,n=6d);m=1,X=F,n=25 (e)
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Table 1. Spectral and photochemical parameters of CDs 1 and 3 in organic solvents(n-octane for
1[5, 11] and 3a and acetonitrile for 3b, ¢ unless otherwise noted) *

CDs Ve CL(E) D550 D,(e\0) P, /P, o
E-isomer Z-isomer

1a 33480 34780 0.32 0.08 4.0 0.11
(26100) (23330) (21710) (11340)

1b 32340 33820 0.25 0.07 3.6 0.16
(28710) (26470) (28470) (19880)

1c 32040 33480 0.32 0.05 6.4 0.094
(28700) (20780) (28680) (19680)

1d 32120 33580 0.35 0.05 7.0 0.095
(26220) (24100) (26150) (19700)

3a 32540 34200 0.31 0.07 4.2 0.11
(28530) (27710) (15050)

3c 31380 33620 - - - -
(30025) (26990)*" (29410) (22640)**

3d 31060 32460 0.33 0.08 4.1 0.19
(45420) (42730) (40675)

3e 32320 33760 0.28 0.08 3.5 0.15
(46040) (45520) (30300)

%y (¢) is reciprocal wavelengths (extinction) in maximum of the wavelength Tmt-labsorption band,

max

®p(e,p) and P,(g,) are quantum yields of the forward (E-Z) and backward (Z—E) photoisomeri-
sation (extinctions for the respective isomers on the wavelength of excitation taken as 313 nm),
0 is mole fraction of the initial E-isomer in photostationary mixture (on HPLC data),

“* measured in n-octane for Z-3b

The photoisomerisation of chiral com-
pound 3¢ in LC medium was studied by the
irradiation of a chiral-nematic mixture pre-
pared by the usual method when a chiral
dopant is dissolved in the isotropic phase of
a nematic (5CB, in our case) and cooled
down to the cholesteric state. A high-pres-
sure mercury lamp DRK-120 was used as
the UV light source. The helical pitch, P, of
the cholesteric mixture under study and its
changes during irradiation were measured
using the conventional Grandjean-Cano
technique as described in the previous re-
port [13]. The wedge-shaped cell was put in
a specially constructed hot-stage arrange-
ment which had a £0.5° temperature control
accuracy. A ratio between E- and Z-isomers
in photostationary state was determined by
analysis of the cholesteric mixture dissolved
in chloroform using HPLC method (a Bis-
choff Lambda 1010 chromatograph, Pron-
tosil 120-5-C18 ace-EPS column).

The reverse pitch, P71 (as the twist
measure) dependence on irradiation time for
LC composition of 5CB with chiral dopant
3¢ (the dopant mole fraction 0.0238) is
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Table 2. Helical twisting power (f3) of com-
pounds of 1 and 3 series in 4'-pentyl-4-cy-
anobiphenyl

Chiral dopant B, pm~1
E-isomer Z-isomer
la -36.9+1.3 [6] <0 [6]
1c -44.3+1.8 [6] -1.5[8]
3b - 37.5%1.9
3¢ -9.9+0.3 [14] 36.8"

* estimated by using equation (2).

shown in Fig. 1a. The P! value decreases
steeply during the initial irradiation period
that corresponds to the unwinding helix,
reaches zero (the inversion point), and then
rises up to the P! constant value of
0.77 um~! that corresponds to a rather
small P value (1.30 pm). This helical pitch
value remains unchanged under the follow -
ing UV light action over a long period of
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time (during 10 h) that confirms reaching
photostationary state.

Such an influence of UV radiation on the
Pl value can be elucidated if suppose that
the initial E-isomer and forming Z-one in-
duce in nematic 5CB cholesteric helices of
the opposite signs and determined twist ex -
tent, P71, is the weighted-average value:

pl= Ctotal(XEBE + XZBZ)’ 1)

where Bg, B, and Xz, X, are HTP values and
mole fractions of E- and Z-isomers in the
cholesteric mixture, respectively (X5 + X, = 1).
Using the reverse pitch value measured
for the mixture in the photostationary state
(P! =0.77 pm™1) and mole fractions of E-
and Z-isomers according to HPLC analysis for
this mixture (Xp = 0.064, X, =0.932), at
Ciotar = 0.0238 mole fractions) as well as
measured B value for E-isomer 3¢ (Bg is —
9.9+0.3 pm~!/mole fractions [14], we estimated
hypothetical HTP for the respective Z-form
(Z-3c¢) as possible photoproduct, on Eq.(2):

Bz = (P_l - CtotaEXEBE)/Ctotal‘XZ’ 2

The |B,| value calculated by this method
exceeds the initial |Bgz| more than by three
times (Table 2).

At the same time, a monotonous decrease
of P71 value (i.e. unwinding helix) under
irradiation is typical of (+)-isomenthone de-
rivatives 1 (see Fig. 1b). That is consistent
with a much lower HTP of Z-isomers for
these compounds [6, 7]. The photostationary
mixture of 5CB with chiral dopant 3c¢ is
proved to be stable not only under the pro-
longed UV light irradiation, but also
against a thermal effect. The helical pitch
value for this mixture remained unchanged
after its heating at 100° during one hour fol-
lowed by cooling down to the cholesteric state.

The formation of photodimers (4a and
4b) as products of [2+2]-cycloaddition

o 00
C

head-to-head isomer
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Fig.1. Reverse cholesteric pitch P! vs. irra-
diation time for the mixtures of 0.0238 mole
fractions of 3¢ in 5CB (a) and 1a-5CB (b) [7].

should be noted to be also possible besides
E-Z-isomerisation under UV irradiation of
a,B-unsaturated ketones.

Such a process is known to run effi-
ciently under irradiation in both crystalline
examples [15] and solutions [16]. Since a
possibility of the similar photoinduced reac -
tion for compounds 3 cannot be excluded
fully, in contrast to (+)-isomenthone deriva -
tives 1 [5, 7], a detailed nature clarification
of the phototransformation product for
E-isomer 3c is quite necessary. In this con-
nection, the photoreaction product for com -
pound E-3b being a more available but the
nearest homologue of E-3c¢ was investi-
gated. It was prepared by irradiation of the

head-to-tail isomer

4a 4b
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Table 3. Chemical shifts (8) and difference in the !H NMR spectra of E- and Z-isomers of

compound 3b in CDCl,

Hp Ho H

STHH
Proton 5, ppm Ad, ppm
E-isomer Z-isomer
2-equatorial 2.13 2.27 0.14
2-equatorial 2.68 2.62 0.06
3 2.08 2.13 0.05
4-axial 1.38 1.62 0.29
4-equatorial 1.95 2.01 0.06
5-axial 2.71 2.59 -0.12
5-equatorial 3.13 2.70 -0.43
7CH4 1.07 1.08 0.01
8 7.61 6.42 -1.19
0- 7.50 7.50 0
m- 7.63 7.50 -0.13
o' 7.62 7.50 -0.10
m' 7.46 7.24 -0.22

respective E-form (E-3b, 0.36 g) dissolved
in heptane (100 ml) with non-filtered light
of the high-pressure mercury lamp DRK-
120 under mixing up to reaching photo-
stationary state (control by HPLC). The so-
lution obtained was evaporated to dryness
and the residue was purified by the re-crys-
tallisation from a minimal amount of
methanol at —5°C. The purity (98.2 %) of
the isolated photoproduct was checked by
HPLC. Compound Z-3b is non-mesogenic,
m.p. 42.5-43°C. The Z-isomer structure of
this product was determined by H NMR
spectroscopy (Varian Mercury VX-200,
200 MHz, CDCI3). The proton chemical
shift values in spectra of the 3b E- and
Z-isomers differ significantly (Table 3). The
highest absolute values Ad are observed for
the arylidene H(8) and equatorial H(5) pro-
tons. These distinctions are similar to estab -
lished for E- and Z-isomers of compounds 1
[17]. At that, the resonance of the arylidene
proton for the photoproduct under study
(0 = 6.42 ppm) is observed in the ranges
being typical of Z-forms of other a,B-un-

saturated ketones (& 6.0 to 6.7 ppm
[17-20]). It is of importance that the signal
of this proton is shifted to the low field
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with respect to the non-equivalent protons
of the cyclobutane ring for the photodimer
of type 4 (4.57 and 3.97 ppm) obtained
starting from 2-benzylidene-6-benzylcyclo -
hexanone [15]. Similarly, in the case of the
photodimers of some aromatic o,B-unsatu-
rated ketones [16], molecular structure of
which was determined by X-ray analysis,
the chemical shift of the cyclobutane proton
nearest to benzene ring is 4.52 to 4.70 ppm.
Such a position of the proton signals for the
photodimers of type 4 differs significantly
from the one for the phototransformation
product of E-3b. Thus, it can be concluded
from these data the photoproduct is indeed
corresponding Z-isomer. As an additional
proof, mass-spectrometric analysis per-
formed in the liquid matrix of m-nitroben-
zyl alcohol using the magnetic sector a mass
spectrometer MI-1201E equipped with pri-
mary FAB ion source for generating a bom -
barding beam of argon atoms, has shown
the photoproduct molecular mass ([M+1]",
m/z = 361) coincident with that of the respec-
tive Z-isomer.

The magnitude and sign of HTP for ob-
tained Z-3b were measured experimentally
similar to as described in [13]. Its B value is
positive and exceeds on absolute magnitude
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that for the respective E-isomer. That ex-
perimental value is important to coincide un-
commonly with the B value of Z-3¢ which was
estimated above basing on the data on relation
of isomers in photostationary state (Table 2).
The somewhat different length of the terminal
alkyl chain in molecules 3b and 3¢ does not
influence HTP, as was observed for many se-
ries of chiral compounds (see, e.g. [13]).

This allows to conclude with the final
word that E,Z-isomerization of compounds
3 occurs selectively when their solutions in
isotropic (acetonitrile and heptane) as well
as in nematic solvents (5CB) are UV irradi-
ated. The selectivity extent is independent
of the solvent concentration and nature.
The formation of mixture of the E- and
Z-isomers for 3 under UV irradiation of
their 5CB solutions results in the
cholesteric helix inversion. The helical pitch
value in the photostationary state of such a
system does not change under further UV
light action. This makes these systems to be
rather applicable for the photostable LC ma -
terials elaboration. High HTP of the Z-iso-
mers of 3 in 5CB allows to reach selective
visible light reflection, which can be used in
the development of multicolour reflective
cholesteric displays. Origins of the great
difference revealed between HTP absolute
values for the Z-isomers of compounds 1
and 3 are now under investigation.
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doTOiHAYKOBAHA iHBEpPCisA X0JIeCTEPHMYHOI cmipaJri
y DesIKMX CHMCTeMaX, I0 MiCTATh XipaJjabHi

0,3-HeHacHMYeHi KeTOHHU

O.1.Kpueoweii, H.I.Illkonvnixoea, JI.B.Uenenesa,
J.A.Kymyna, M.C.Iliénenko

Buasneno goroingykoBany Y@ ompomiHeHHAM iHBepCilo 3HAKy XOJeCTEpUUHOI cmipaii y
pizxokpucrasiuHiii cucTeMi Ha OCHOBI HeMaTUUHOTO 4-meHTUJI-4'-mianobideniny (5I1B), aka
MicTuTh XipanpHy gmoMimKy cepii miBosakpyuyouux 3(R)-merui-6-apuiriieHIIUKIOrEKCA-
HOHiB. IIpoOBKEHHA ONMPOMiHEHHA IiCJsS TOYKM iHBepcil IOCUJIIOE IIpaBe 3aKPydYyBaHHA Y
cucTeMi MO MOCATHEHHA (hOTOCTAI[iOHAPHOIO CTAaHy. ¥ IIbLOMY CTaHi CTYIiHB XOJECTEePUUYHOI'O
3aKPYYyBaHHS IIEPEBUINYE BTPUYi BiAMOBiAHMII MOKA3HMK OJA BHUXiAHOI cymimri i He
3MIHIOETHCA OPU HOJAJBIIIOMY TPHUBAJIOMY BIAWBiI cBiTia. BuaBmenwuii epert oO0ymMoBIeHUI
o6opoTHOIO (poToximiunoio E-Z izomepusallieio, 110 AOBEJEeHO IpermapaTUBHUM (POTOXiMiuHUM
CUHTE30M BiAMOBiAHOTO Z-idoMepy Ta He3aJeXHUM MOOCHIIKEeHHAM IHOTO0 IOBENiHKU HAK
xipampHOl momimkm B 5IIB. Ilokasano mpwHIWUIOBY BiAMiHHiCTH (OTOIHAYKOBAHWX 3MiH Yy
cucremax, fAKi mictaTs xipanbui O,B-HeHacuueni xeronum, noxigui 3(R)-MeTUINKIOTEKCAHO-

HY Ta (+)-idoMeHTOHY.
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