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Ilbrlrrcr-II H shown that the prcwncc of twoch~rrtl~d~rto~cd aromatIc youpr 1% the pnnc~prl factor detcrmlnmg the 

twlrbq power of optlcally.xStlvC rrons.strlhnc ordc and rnaktgous mokcuks In ncmatk’ hqud try<tals The 
at&utr configuntlon of a WICI of chlnl oxww and thunnes can bt corrctrtcd by company ther turtttng powers 

In MRBA. thas hqud cqrtal mcthnd hcq In rorw CIW compkmcntary to CD spctrcncopy 

Induced cholertcric mcsopharcc are generated by the 

addttlon of small quantitus of chiral compound\ to 
ncmatic hqutd crystals (LC) ” The twistmg power of a 

chiral dopant can be defined as ” 

&4=(pCr) ’ 

where p is the pitch (pm). C 1s the conccntratlon (mol of 

~olutc per mol of solvent) and r the cnantiomtric purity 

of the dopont 
The parameter flu and ~tr 4gn ((-1 for a P-hchx and 

l- 1 for an M-helix of the Induced cholcsteric mcrophase) 
characteriscs the chlrrl solute in a way similar to the UK 

of specific O~IICJ rotation [a]. However. the physIcal 
ori@n of the two quantlticr is entirely different The 

origin of the optlcal rot;rtion depends. in fact, on tic 

mteractionr of light with molecules whlk the twisting 

power onginalo from IntcractKms between molecules of 
solute and solvent The clasrlcll rotatory power, its 

dqxrslon as a function of A (ORD) and Clrculu [)I- 
chroism (CD1 has been widely employed In chemistry for 

characterirma chin1 molecuks and obtuning mfor- 
mation about the rtlativc and absolute configurations. 
The quantity & should g~vc lnformrtion in the same area. 

The vuutions of B wrth the molecular structure of the 
Inducing chin1 compound and, for a given compound, 

with the liqutd crystal used a5 a solvent, must acturlly 
afiord Information concernin the mechamrm of in- 

duction That should also allow the formulation of an 

Interaction m&l between solute and solvent. able to 
predict the handedness of the Induced cholcsttnc meso- 
phase and the relative magnitude of the twIstin powers 
of a IerRs of solutes havmg related structures. Such a 
model should allow the passage from a purely correlative 
use of B IO the detcrmlnation of absolute configuntions 
based on a hrmcr background 

Continumg previous work on chin1 alcohols’ and 
opticllly acttvt dcuttrium dcnvatlvcs,* we now repon 
same results obtained by doping nematic LCs with 
variously substituted oxlrans and thiirans 

usuI.Ts AND Wn’sQm 

Pitch values were dctcrmlntd by mean\ of the Grand- 

]can+Cano method whKh is bared on the ohervatlon of 
the discontinuity lines appearing when a chole5tcrlc 1.C 
IS inserted in a cell of vanable thickness,’ ‘.’ 

TIK handedness of the hcllccr was determined by 
means of the elegant mcthd recently described by 

Htppke and Ocstrcichcr’ where the cholcstcnc solution 
is placed between a glass plate with planar ahgnmcnt 

(parallel rubbing) and a lens with conccntnc surface 
alignment (circular nrbblng). Wth there boundary con- 
ditions, a P-cholcstcric origrnatcs a left-handed double 

spiral and a M-choltstcric 8 right-handed one 

The sign of the rotatory power of the chokstcnc 
mcsophasc’” ” Always confirmed the assignment< based 

on the doubk spiral mctM 

Table I reports the twlstmg po%crs of vanourly sub 
strtuted oxrnns and thlirans of tyv A In MBBA 

Compounds I-10 clearly show a conelatlon betseen 
their stereochemistry UM! the sign of the twistq power 

compounds 1 to 10 havmg the absolute configuration 
depicted In Figure A flablc I1 Induced in MBBA M- 

cholcstcrlc mcsophascs (kft-handed hclrx) 
The higher values for twirtmg power are obtained 

when two aromatic rings UC directly bonded to the 
3-membered ring (compounds I-3) and are In a rrunr- 
configuration. These values arc conrldcrably hlghcr than 

those obrcrvcd for chin1 alcoholr’ and other varlou~ly 
substituted derivatives ” The twisting power diminishes 

by replacing one aromatic group with a methyl (com- 
pound 4) or by movln8 the aromatic group away from the 
Smcmbrcd ring (compounds 54) The replacement of 
one group by hydro#cn (compound 9) or by a methyl 
hrviq a CIJ conwntion (compound 10) reduces con- 
siderably the value of fly 

Compounds II and 12 containing only methyl groups 
show a dnmatic decrease of Bu and sign inversion 

These variabons of fly accordin to the dopant strut- 
twc as well as the vcq hi& intrinsic values mdlcatc Lhat 

the structure of the transdiuyl derivatives Interacts best 



Table 1 Twst~q pwcn ol compounds of type A In MBBA’ 
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with the MBBA molecules. However, the presence of 

two oryl groups at approximately the same distance a9 in 

1. 2 and 3 IS not ruflicznt to g~vc high values of the 

twisting power !.T+piroblmdancs b recently studied by 

Kortc TV a1 ,” showed low valuc~ of fi in a 
MBBAEBBA mlrture T?w reason ~cmr to be that in 
these molecules the Z-phcnyl groups arc perpendicular to 

each other u hllc In substituted oxinner and thiirancs the 

two phcnyl groups arc not 

In the course of our report we ~IVC indications that the 
presence of two chtratl) distorted atyl groups af a drr. 

tancc approximately \Imilar to those in MBBA intro- 
duces a molecular asymmetry (similar to a biphcnyl 
asymmetry) and a structural similarity to MBBA which 
arc both important factors in dctermming the twisting 
powers 4 ” 

Any structural Interpretation of the mductlon of 

cholcsttric mcrophascs must be based on the knowledge 
of ~hc oritntatlon of the chiral inducing molecules with 

respect to the local ncmatic directors. Dichroic tcch- 
niqucs are very useful for this purpose. Circular W 

chroism (CD) studies using light propagatmg along tk 

hellcat axis of macroscopically oncntcd choltstcric 

sampler can k safely pcrformcd only when any War 
anlrotropy has been avoided in the plants pcrpcnd~cular to 
the dirccllon of propaptlon of the ctrcularly polarized 

hght. In Induced cholc\terlc ramplcr. thlc requirement IS 
expected to be fulfilled only when the pitch I\ very short 

When a circularly or linearly polarized berm 

expcrrcr~cr both circular and 1mca.r anisotropy through 
the sample. the interpretation of the ctrcular or linear 

dichroirm data becomes so complex that It discouta@cs 
any cxpcctation of stcrockmical InformatIon ” For this 
reason. Instead of studying the CD of the induced 
cholesterrcr. raccmic mlxturcr of the Invcctlgatcd Induce 
ing moltculcr were added to the ntmatic solvent in order 
to avoid any induction of net helicity rn the sample. I c 
of crrcular anisotropy. and to measure its linear aniro- 
tropy In terms of 1-D 

The LD spectra of guest molecules oriented by ncma- 
tic mlvents transparent in the UV-visible rcglon can 
yield two rypcr of information: ta1 if the main oncntation 
of the guest molecule 1~ known, data conccrnmg the 
clcctronlc states mvolbcd kcomts rvaihblc’* or (b) II 
the polansatlons of the tranrltlons arc known. their 
oricntatton with respect to the ncmatic director is 

obtained 



When no mixed poloriut8onr arc present, a very sirn- 
plc relationship” links the LI# A)- E,(A)) to the rb 

Y sorption from non-polarized light QA) + E ,W) and to 
the slupc order parameter S,, of the )r = x. y, t mole- 
cular axes (eqn I): 

E&l - E,(A) 3S,, 
E&I + E,(A) = ! + S,, 

(I) 

E&I and E.(A) are the optical density of the two 
perpendicularly plane polarized ndiatlons. 

Provided the symmetry of the molecule is. or can be 

safely considered. hqh” (e.g. C,,). tbe poltis~tion of the 
trrnsitmn or the onentatlon of the molecular axes can be 

determined earily and directly from the sign of the LD 

following a “shape model” approach.” The rolute 
molecules arc considered to have orientational proper- 
ties, Inside a ncmatic solvent. which ue intermediate 

between those of two limiting shape m&k. a dark and a 
rod. 

Knowledge of the polarisation of the transitions in the 
aromatlc chromophorc of the cpoxldc dcnvatrvcr leads 

one to expect a rod and a disk-hkt orientation, respcc- 

tivtly. for 2 and 9 from their double- and suqle-slgncd 

LD spectra (Figs 1 and 2) 
The LD \pcctrum of 2 shows (Fig. I) a negative and a 

positive band. corresponding rcspativtly to the short 
and long-axis polarized tranritlons OF the pyridinc 
chromophort. The lower and higher energy transitions 

art potiud along directions whKh can be considered 
as molecular short and long axes (b) and (a) (set chart I). 

a 

Ch4nl 

Thus they are expected to g~vc origin to an LD spectrum 
shaped like that reported in F&. I If the molecules of 2 
have a rodlikc oritntrtion inside the ncmrtic matrix. 

the preferred orientation of the long and short molt- 
culu axes parallel and perpendicular to the optic&l axis 
of the sample. i.e. to the ntmatlc director of the solvent, 
can be quantitrtivtly expressed by the vaIucs OF the 
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FIN 1 Thcrbwpwmr~----land LD(- )t~of~wtorwnlsd~ZU1167(#mrbc~cry~UC)rt 
4? The huwplmn components A,/! ( - - I ~4 (A,+ A,)/2 t-x-11 compvtcd by a rcductmn ~hrqur” 

rwm~q a mokcuh rod-htc oncaution 4bw th t - a mokulu 4x1s (KC chut 1) 



corresponding order parameters (~0.31 and -0.13) cal- 
culrtcd from the spcctsa t’ 

The long and shorf axes of the phcnyl chromophort 
responriblc for the electronic transitions observed in the 
LD spectrum of 9 (Fig. 2) indicate the two molecular 
transItIon momentum (a3 md (b’) (KC chart I) Both 
tnnsition moments have posltlvc (+O I6 (a’) and +0.09 
(b’)) computed valuc~ of tbc corresponding order 
parameters. This g~cs evidence for disk-like mokculrr 
orientation: the molecules of 9 arc thus expected to 
assume a molecular packmg in the ntmatic matrix which 
prevents orientations of their molecular planes pcr- 
pcndlcular to the local director. Furthermore. a preferred 
rlignmcnt of the (a’) direction along the ncmrtic director is 
clearly shown by the conespondiw higher value of the 
order parameter. By compting the vllucr of the order 
parameters of the (8) rnd (a3 directions. it is evident that 
the mean orientation along the ncmat.ic director of the long 
axis (a) of 2 II hmr than that of the (a3 axis of 9 

behaves approrlmatcly llkc a disk-shaped molecule with 
a shght preference of the monesubrtltuted phcnyl group 
to lie with Its long axls panllcl to the director. 

Although rn different ncmatic solvents the S values of 
a given mokcuk might dlffcr quantitatively. qualitatively 
the alignment 1s preserved in the absence of dif?crcnt 
specific mtcrac tions ” 

The twisting power of 2 In different ncmatic solvents 1s 
reported in Table 2 

In all the solvents studied. the sign of 4 remains the 
same. the quantitative values are. however, very 

different 
Such variations cannot be understood solely on the 

barns of the different polariubiliticr of the solvents, nor 
do the possible differences in Kr, (the scalar twist elastic 
constan? of the LCs) justify the diflercnccs observed 
(rigorously &- = B K.-z).” 

By asrummg a perfect rod-shaped oricntatlon of 2 In 
the nemstic solvent. the absorption components along 
the L long axis and the dcgtntrrtc x an!, y,short axes can 
also be calculated (ic*, be scparattd), Owrng to the 
Imperfect disk-shape of 9. wpurtion in this case is not 
feasible. 

It should be noted that in the first two solvents. MBBA 
and Phase IV which have aromatic rings separated by 
two atoms (as In the tranr diary1 dcnvrtivrr). the twlrtrng 
power is high whereas it 1s drastically reduced in the 
biphenyl-type LCr and decreases even further in PCH 
and ZLI (mixture of bicyclohcxyl ncmatics) The high 
values of &, in the first two solvents can therefore be 
attnbutcd to the strong structural simllrnty between the 
doping and ncmatic molecules ’ ” 

PoM& mtchonrsm o/ induction Although in phcnyloxinncs the rotatin of the phcnyl 
SummtiGu the results from LD spectra. dcrivatwc 2 groups around the exocylic cuboMartxm bond II rtla- 

is aligned with the axis connecting the two aryl groups tivtly free.” *’ several reports show a prtftncd con- 
parakl to the nemrtic director; derivative 9 instead. formation for such a molecule. X-ny structure of I-@ 



Irbdusb0n of choltrtcnc mclophucr 

Tabk ? Twlr~m~ povtr of (*)IR. !R-! m bflcrtnt nemabc solvtnts 

bromophcnyl)- I ,!-cpoxycylohcnanc demonWatt that the 
phenyl group adopts a quas+biscctcd conforma!jon In the 

crystal ’ 54 0 calculations on phcnyloxlranc” also In- 
dicate a quasi-bisected conformation. with the plane of 
the phcnyl-group rotated towrrdr the C-0 bond of the 
otlrane rrng In thi\ type of conformatlon the !-aryl 

c-9 .c 
/ 

/ ‘N-_:.C 

group of (+ I R.R trunr-\tilbcnt oxrde and analogous H’ 
molecules are dittrvtcd and drrplaycd a sort of left- 
handed (M) two-bladed propeller helicity 

A possible model to explain the gnduccd t&ent hell- J J 
city IS depicted In Fig !. where the dopant molecule IS 
aligned with its long dkls parallel to the rod-like molt- 

culcr of the solvent, the three-membered ring dlrturbs +. 
the parallel alrgnmtnt of other solvent molcculcs and 

Imposes the correct twist 1 

.I 

v 
That model IS not In dkgrecment ulth the data of 

Table I Gncc the derlvatlucs havmg tuo arclmatlc group *I i 

drrectly bonded to the three mcmtxred ring arc lrkcly to 

be better aligned along the director and should therefore 
Fq 1 S~rn~lurty btfvttn rroasdwyl cr~a)dts and tht aromat- 

K cow of WBA Tbt r&tot ~~trtochtmlrrry of the taodIstorted 
dlrplay hlghcr twisting power rryl groups rcwmbks I kfl-hut&d two N&d proptlkr 



On the other hand, this model, in uhlch each molecule 
of LC is considered as an mdcpendcntly rotatmg rod. 
cannot explain the variations of fl *ith the nature of the 

LC reported in Table !. Ncmatics of the p-subMuted 

knzalanilinc type, such as MBBA or EBBA. arc known 
lo lx non planar:J’ the angle between the phenyl rrng 

located on the Nitrogen atom and the plane containing 
the other phcnyl nng and the lmlno double bond I\ be. 

twctn 41 and 55’. Such a conformatlon IS strblhrcd by 

clcctronlc interacttons betutcn the nitrogen lone-pair 
and the ll-cltctrons 

(5) 

’ ; 
’ I 

’ I 
t 

Recent work on EBBA In the cryrkl* and in the 
hquld cryrtallinc state” confirms this conformation 

Such a distorted conformation is chiral. However in the 
crystal or in the ncmatic phase the two cnanbomerically 

distorted spcc~er are equally probable. 
It 15 quite intcrcrtlng to notice that the chirally dis- 

torted conformation (M-hcliclty) of substituted stilkne 

oxide fits very well Into Mdistorted conformations of 
MBBA (Fig 4). This may explain the process of chintity 
ttanrfcr from the dopin molecule to the solvent: the 

choral conformatmn of the solute a5 well as its structural 
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Ft6 ! The abwrphocr (-1 and cuculrr dlchrotsm ( - -) rpcctn of dunrt~rts q. 6, f and 6 In cyclohcwtanc 



induction of choksttric mcsophawr I.91 

analogy with MBBA may induce a chin1 conformatlon 
of the solvent which could be at the origin of the 
choltstenc helix 

A model of this type. which rtqutres coopcratrvt rota- 
ttons of the molcculcs abut their long axes, is in 
agreement with a recent invcstigatton of ncmatic struc- 
ture m 

Modification of the structure of the inducing molecules 
from the “ideal” ones (l-3) would decrease their 
similanty to MEBA and. therefore. the dynamic asym- 
mctnc mttracttons with the solvent molecules, con* 
scquently the twisting power would decrease (see If and 
12 which have a globular geometry leading to a low 
twlstrng power and the solvent effect reported in Table 
Zf 

Circular Olchrolsm 15 a veq useful tcchnlquc for 
correlating absolute con~~ratlon5 in homogeneous 
wit5 Houtxr tn some casts, the very complex nature 
of Cotton cffccts makes such a correlation dificult. 

The i% indeed the case wrth dcrivallvcs !N. The 
absolute configuration I IS ?R) of (- bchalconc cpoxidc $ 
was recently detcrmmatcd by Marsman and Wynbtrgf, 
by chemtcal correlation 

Compounds 54 were all obtarncd by asymmetric 
epoxidation of the corrtspondm& chalconcs In the 
presence of poll _(.~I-amm*actd\ and thcrc arc no 
reason% to expect dn mvcrslon of configuratton tn this 
wricc 

The CD and adsorptton spectra of S-U are reported tn 
Fig ! 

The CD of chalconc egoxrdc IS in good agreement with 
that already dcrcnbcd’ and is practtcally %upcnmpos* 
able on that of the p-chloro detiv~tiv~ 4 In these spectra. 
the couplet centered at co 30 nm can be tntcrprctcd 1% 
due to non-degenerate cxclton coupling In a way similar 
to that rcpofled for tranr+t&enc oxide ” The spectra of 
the thlentl compounds arc Instead very different and 
dtfficuft to analysc The lack information about the 
thrcnyl-CO chromophor~ makes correlation of the ab 
sotute configuration\ wtth the spectra unsafe 

The handedness of the Induced cholcstcrlcs as well 05 
the <lmllarit) of the twtstmg poucrs of compounds S-4 
tllustratc well the potentIalit) of the ttquld crystal tech+ 

nrquc to correlate absolutt con~gurations 

Ct,Y+l’lA wn 

The presence of two chlrall) dtsrortcd aromatic groups 
IS hkcly to be the prmclpat factor determining the wry htgh 

tripling power of frtinr cttltune omdc dnd analogous 
molecules The chtraht! OCR transferred from the dopant to 
molecules of MBRA which are conscqucntl~ arranged to 
form a macrostructural helix 

It is pos~~blc to correlate the conjuration of a series 

of nttrancs and thi~ra~e~ by ~~rnpa~ng the sign of thw 
twisting power\ rn MBBA, even tn the case where the 
correlation IS Imposslblc by Cl3 spectroscopy 

Mcrozcop~c m~a~urerncnt~ uerc camcd out follo#~~ the 
method dcrenhtd tn Ref z urtng a 7x1~ palulzr~ mtcrowopr 
and fiahko pIanoaic*nbcx Icnw of ndtus .XMOmm The con- 
ccntnc rhgnmcnrr uttt obtauwd b) prescmg the lens on a ~JIIUC 
paper attached ln a totalmu plate ln order to obtam the rp~ralr 
more Errol). both the Ien\ and thr glare plate were trc8tCd with 

The LD spectra were recorded by a modulated tccharquc 

(JASCO LD rtbchmtnt to the J-XXI A rpcctropolurmctcr~ USI- 
a blcycbhcxyl tumatK liqud cryrlrllmt rmtnx tnnrpirent (0 the 

UV ndutton (Merck ZLJ IllaT) urd I wf~cc cauplwq ycnt rn 
order 10 ct hnculy rruiotraprc sampier w calibrrtum ucd the 
cxpcnmcntli dttmh of the ttchnxquc UJt b dmcwwd else+ 
where 

Lknratltlrl 
~~HlR.;tRtr~~nr~rtrlknc axrdc. 1. [o]r,= - 3X!’ (c = 05. 

kntcnc) 9#% cc . was prepared as drtcnkd III Ret ft 
I - rrs, !Sk ftonr I .~dl(~p~~~l~xlr~ne. 2. lolr, - - Xl 
tC - 0 !. $f:O) *at prcpucd ml drwvbd tn Ref. !? Tbc opti 
punt) bawd on the mrxlmum rotaDon was ca 97% (-HIS. 
~S~rr~s~~~trlbtnt cptuilptudc 3. toIt, = - 113’ (c - 0 !. F.tOH) 

WM prcpued as dcxnhrd tn Rrf 21 l+HIR. ?Rt 

tnnt t.phrn)i.l.!tpoxtpropln. 4”, (alp = + I I< Y Quit!, OBL) 
c c (* HRbctyrcrw or&. 9. a$> - -3% Q (neat). 99% c c . wu 
ptcpuicd as dcccnkd In Rcf 15 ~-~lR.~kir~l~phcnyl~l.2~ 

epoxypropane”. IO. 1031, q *I67’(ncat). I(lM cc (+HIR.ZRt 
ttong -!..kpoxybufx+r . II, la*]0 q -3h ltwatl. 9v CC (-1 IS. 
~S.tronr~?.)~d~methytthrrnm. 12. (ofr* = -95 2’ In&t)‘ 100% 
cc 

C)ulconc ctpoxtcki wcrt ktndly pm&d by Prof S Colonnr 
Mlanl* and had the followm# chltactenstlcs S. lo]*, q - ItQ 

tCHSl:,. M% c c ,4 lo]*-8 = - 148’ tCH.CI:l, TtQ c c . 7 [a]~, - 
- 18!’ tCHSt:r. #T c e .8 [a]m q - 118’ (CHSI:). RI“5 c c 

AcLntt*frdrdRm~ntl-We arc t&b&d lo NSTO for the pwtul 
wp@rt of rhls research tCmt IJo RG 08141) We thank aJso 

Prof S Colonna (IWllrn) for thr generout pft of compounds 5.6. 
I and 8 (i (i and 8 S thrnL CNR(Romc) for fmancul urppon 
finally UC gratefully acknowkdge Prof R We~rr from Gcom. 
lofhn ~‘ntWr~~ty_ w~~~~on n c Ion ubb&KJ ka*t in Strar. 
Murgl and Dr 4 Solladii~(‘rvrllo for helpful dl~cu~~l~n~ 

‘+ E W Thul,trup and J M~chl. J f’hri Ckm L1.8! tIQ&o) 
.PF fxtnhmtr and A I Drtker. J Chm Phvs 74. 19% (I%11 
“G Gottucllt. G F Ptduilr and C ?iannoru, C&m Phtr 44. 143 



G GrnuFlIr r1ol 

?B Martman and H U‘lnhtrl. I OQ I‘hrm 14. ZII? (19791 
nS hal~r. f Gu~wr. J &\anr. J Rcrar. S Cobnna and H 

Mollnafi. I rbrm CH Prr&irn I 111: ClpWZi 

“I Rcul and L C V Cunpbll. J t’hrm Sot !JT! (19M) 
“G Go~tarcl~~ and R Samori. I Chrm SK P&l II 1993 
( 197’) L 

“R Kctiham and I’ P Shah. J (hn (‘hn 21. X9 (I%\) 
“B W~tkop ad C M I-oltz. I 4m [‘hrm Ex 79, IYI r19!7) 

“D 1 Pan. C C Cumtw and J Fraw. I Am Chnn .GK II. 
2194 (1%) 

‘CI K Hclmhmp and 5 khnantt. ~rtrohrdrcln 2. W 119W 


