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Abstract-A scrtes of choral aryl alkyl carbinols. dtssolbed in MHHA and other ncmattc solvents, mtlucc 
cholestcrtc structures. The handcdncss of the induced mcsophascs and the twisting po%cr of the dopant 

alcohols ;tre studied by moansof C‘D ;~nd Grandjean-Cane microscoptc tcchntyurs. I he inicstigation points 
out the possibility of obtaining inrormatmn on the stcreouhemtstry of the dopant hy studytng the 

charactertsttcs of-the tnduccd hcltces. 

_ . 
model of inductton 

When a chiral “guest substance” is dissolved in a 

nematrc mesophase. the longitudinal axes ofthe”host” 

molecules become twisted to form a helical structure.’ 
The cholestertc mesophase so obraincd is charac- 

terized by handedness (P or M-helix I and pitch. Equal 

amounts of cnantiomeric guest substances of equal 
optical purity induce helical structures with opposite 

chiraiity and identical pitch.’ DIfferem substances 
show a difiercnt ability to twist the ncmatic phases. 

These facts point out the possibility of obtaining 

stereochemical information by studying the charac- 
teristics of the hchces induced by different “guest 
substances*‘. 

The usefulness of comparing the chirahty of the 

induced cholesteric mesophascs. in order to correlate 

the absolute configurations of the inducing molecules. 
reiies on the expectation that molecules with similar 
chemical structures and having the same configuration 

interact in a similar way wrth the ncmatic liquid crystal 
used as a solvent. It is fundamental for the 
competitivity of the method that the variations of the 
interactions between “host” and “guest” according to 

the molecular structure of the guest are less dramatic 
than the variations observed in the chiroptical 
propernes of the guest itself. 

The first successful application of this idea was the 
correlation of the absolute c~n~~urations of a series of 
chiral secondary alcohols containing an aromatic ring 
and having a single asymmetric centrc. using a 

“A strik~n~ex~mpiewhich shows how delicate thesttuatlon 
is which determines the handedness of cholesteric mcs- 
ophascs is the even and odd alternating erect described for 
pure mesogens by Gray and McDonnell.” 

qualitattto comparison of the helices Induced in 

M BBA.” 

Ar-CH-Alch 
I 

OH 

After the first experimental observations a tcntativc 

explanation of the results was given in which the 
alcohols interact by means 01‘ it H-bond with the 

nitrogen of the Schif%base (MBBA) and the aromatic 

group (Ar) is al&cd parallel to the nematic director. 
The stcric bulk of the third suhstitucnt of the chuul 
carbon atom (Alch) prevents a neltrby molecule of 
;MBBA from lying parallel to fhc hydrogen bonded 
one and imposes a definite twist.’ 

A d&erent approach to the determinatmn of the 

absolute configuration was recently attempted and IS 

based on meastlrenlents of the pitch and handedness of 
a large number of organic moIecuies by means of IK 

ORD.S”.h As the results obtained did not show a 
correlation between the R-S Cahn-Ingold-Prelog 

configuration symbols (based on the atomic numberst 
and the induced handedness. a different empirical 
system of priorities was proposed which aliowz the 
correlation of a large number of dcrrvatives. However. 
this scheme of priornics does not seem to be pencrrtl 
and exceptions ucrc found by the authors thcmsclvcs’ 
and other workers.” Generally speaking, it YXI~S 

dlticult to assign to z.t WI of chemical groups a 
sequence of priorities which applies also to molecules 
having a very different structure“ ‘: moreover. the 
specific chemical structure of the liquid crystalline 
solvent cannot bc ignored. 
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More recently. Pirkle and Rinaldl” studied qualita- 
tively the cholesteric mesophases induced by alcohols 

and proposed an alternatlve induction mechamsm 
based on specific interactions between MBBA and the 
inducing alcohols. 

In this paper WC complcrc and extend our 

investigations to the quantitatlvc determination of the 
“twisting power” of a series of alcohols where the 

aromatic system, the polarity and the bulk of the alkyl 
groups are varied. 

Both the pitch and handedness of the cholestcric 

helices can be dctccted by chiroptical techniques. 

optical rotatory dispersion (ORDJ and CD. by 
characterizing the selective rctlcction band. A right- 

handed helix (P-helix I originates a negative reflection 

Cotton-effect and vice versa’” (;_,, = np whcrc i,, is the 

wavelength ofthc reflection band. n the main refractive 

index and p the pitch). However cholestcric mcs- 
ophases induced by the addition ofoptlcally act~vc non 

ncmatogenic substances to ncmatic liquid crystals are 
in most cases characteriT.cd by such long pitches that 

the corresponding rellectlon bands lie in the IR 
reglon ’ ’ ” ’ which is outside the range of commercial 
dichrographs. 

With standard dichrographs. it is possible to detect 

only the chlrality of the lielices working at the 

absorption band of the liquid crystal chromophorc. 
The pitches were determined by means of the 

Grandjean-Cane method which is based on the 
obsercation of the discontinuity llncs appearing when 
a cholcstcric liquid crystal is inscrtcd in a cell of 

variable t hickncss.’ .’ ” A drop of the cholesteric 

solution was put between a piano convex lens and a 
glass plarc both rubbed previously with tissue paper: 

the rubbing directions of the lens and plate were kept 

parallel to each other.’ ’ The preparation was observed 
with the polarizing microscope using monochromatic 

light. and showed both Grandjean-Cane disclinations 
(concentric circles) and extinction rings which are 

connected to the itariation of the rotatory power with 

the sample thickness.“‘,” The separation of the 
disclinatlon llncs gives the pitch value:” 

r’ 

2-R 
= (11 - ; llpl. 2 11 = I. 2. 3 

Where R is the radius of the lens and r is the radius of 

the Grandjean- Cano circles. 
Rotation of the analyzer displaces the extinction 

lines due to the rotatory power. In particular. if a 
clockwise rotation of the analyzer displaces the cmclc~ 
towards increasing thickness of the sample. the 
rotatory power is right-handed. as is the cholesteric 
helix (if the wavclcngth ofthe light used is shorter than 

the wavelength of the selective rcflectlon band).“‘.” 
The handedness of the heliccs was further inkesti- 

gated by means of the elegant method rcccntly 
described by Heppkc and Oestrcichcr’” whcrc the 
chotcsteric solution is placed between a glass plate with 
planar alignment (parallel rubbing) and a lens with 
concentric surFace alignment (clrcultir rubbmp). 

“In our C~SL rhc cltxrlng polnf\ of the S~IUIIO~S do no1 
dltkr more than 6 and xc more than 30 hqhcr than the 
tcmpcrsture of the cxpcricncc. 

With these boundary conditions a double spiral 
disclinution line appears: a right-handed hells gives a 

Icft-handed double spiral and vice versa. In all cases the 

independent methods, CD, sign of the rotatory power 
(some preparations however did not show a clear 
displacement of the extinction lines) and spiral, gave 
concording rcsulrs. 

The pitch is inversely proportional to the conccn- 
tratlon of the solute and I[ IS convcnicnt to deline a 

quantity IL the “twisting power”. which represents the 
abilityofthc”guest” totwist thenematicphasc.lV Hcrc 
WC shall use the definition given by Korte cl ~1.“’ 

/I=(pcr) ’ 

whert: c is the concentration (in mol. of soIute:mol. of 

solution) and r the enantiomeric purity of the “guest”. 
A rigorous comparison of the twisting powers of 

dilTcrcnt optically active compounds should be based 
on measurements of pitches performed at the same 
reduced temperature (T,T, ) and possibly at a 

tcmpcrature (T) at lcast 20 lower than the clearing 

point (T, t. 
In fact the temperature dependence of the long range 

orirntatmnal correlation ol the mesomorphic solvent 
and the occurrence of pretransitional elfrcts could 
product scattered results of twisting power?. 

The characteristics of the cholestcric mesophases 
induced In a 50: SO mixture of MBBA and EBBA by the 
compounds investigated together with the handedness 

of the hclices induced in nematlc phase IV arc reported 

in Table I. In Table 2 the data for phcnylethanol in 

different ncmatic solvents are reported. 
With thccxccption of I-phenyl-2.2,2-trifluoroethan- 

ol which shows a very small twisting power ofopposite 

handedness, and will be discussed later. all aromatic 

derlvatibes show a correlation between their absolute 

chirality (the K. S nomenclature is misleading owing to 
the different priority of the CF, and the alkyl groups 

with respect to the aromatic moiety) and the 
handedness of the induced hclices. As has pre\iously 
been reported. the configuration corresponding to R- 
phcnylcthanol induct negative hcliccs and \icc versa 

the configuration corresponding to S-l-phcnylethanol 

induce positive hellces. 

The values of the twisting power greatly increase by 

increasing the size of the aromatic moiety. and are less 

markedly but clearly iniluenccd by increasing the bulk 
of the alkyd group when the aromatic moiety is the 
same. In derivatives 2--f; one observes a nice increase of 
/I in passing from MC to Et. i-Pr and t-Bu. In 
derivatives tl and 9 the substitution of Me with CF., 

causes a comparable relatlvc increase of the twibting 

power. 
The scrics of derivatibes 2 9 seems to fulfill the 

requirement that the dominant “host-guest” interac- 

tions arc of the same type In all members. 
The variations of /I with the structure are not 

uneupcctcd in the light of the model hypothesized. 
It ilrworth notingthat themcthyletherofderivative2 

induces in the mixture M BBAI’EBBA helix of opposite 
handedncss’h and that also a solution of 2 in Merck 
phase 1008 (a mixture of benzoates esters) gives an 
opposite helix with respect to MBBA;EBBA. In orher 
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1 able I. Dcpcndcncc of [he iwistmg power of the chiral aryi-alkhyl carbinols On R and K’ suhsrilucnts and 
handedness of cholcsrerif induced h&es relative to the same abmlutC chirality II 1 of the :tlcoh& 
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Alcohol Absolute Helix Tw~stmg power” Hettx 

n H R’ ConfiguratIon (MRBA) (MBBA) (Phase IV) 

1 (‘F? Phenyl S” P 0.2 P 

:! MC Phenyl R M I .(P M 

? i:t Phenyl K 41 I.3 M 

-I Pro’ I’hcnyl R %f I.4 M 

f; Hu’ Phcnyl R M I.5 M 

6 Me 3-Pyridyl R M 1.11 M 

7 MC Mesityl R M 34 M 

X MC I-N~iPl~th~l R M 7.1 M 

9 (‘f:, I-N;tphthyl Sh M 8.5 M 

10 C‘F, ?-Naphthyl S” M x.1 M 

“Values corrcclrd cp IOO”,, optical purity of chiral alcclhol. “IS)-trifluaromethylcarhinol~ are 
conligura~~onall> r&ted to the corresponding (K t-methyl alcohols. ‘ht.” < 0.5. ‘1.11.‘~ 0.99. 

Iablc 7. (‘hiraIlIIc\ of the induced h&cc< and tulstmg power (/I) oi R-( + )-I-phcnylethanol in diltreren~ 
ntmattc solvents 

LlBBA 

E /%-LO 

words. suppression or variation of the hydrogen bond 

seem to caiisc dramatic eifects. 
The qualitative data in “Phase IL”‘atc Instead for all 

iferi\ativcs thesamc as for mivrure MBBA:EBBA and 
similarly the quantitative value for derlvativc 2. 

In ;L previous research we showed’ that alcohols are 
selecti\cly H-bonded to the nitrogen of the Schiff base 
and that the O-11 stretching direction is perpendicular 
to the local nematic director (long axes of the MBBA 
molecules). These data. uonsidcrations of the property 
of aromittic groups to align in the liquid crystalline 
matrxcs and standard conformational analysis argu- 

mcnts concrrnlng the prefcrcnce of the O-H group. H- 
bonded. to he crrtr; to Ihe alkyl group. led to the 
tentative model depicted in Fig. 1: thu two principal 
interactmns hetwcen the chrral guest molecule and an 
MRBA molecule are fht H-bond and the tendency to 
align of the aromatic moiety. The stcric bulk of the 
alk) I group prevents a nearby molecule of MBRA from 
lying parallel to the H-bonded one and Imposes a 
Jefinitc local twist: the overall effect will be ;t 
macroscopictil chirality dcpendcnt on the conccntra- 
tion of the dopant. 

ObviousI> this will not he the only possible 

intcrscting arrangement in the solution and altcr- 

nitrivc con~~urati~~lls could be expected such as a 
doubly H-hondcd one. the first H-bond bcinp idenlical 

7’hlst\peuf1ntcractlngcontifur;ltion is the haszczfthc model 
of mduwon proposed by Pirkfe and Rinaldi Hoth the 

aromatic and the alkyl c;rrbinyl substltucnts are quasi 
perpendicular to the Ionp axis of MBHA. The adjaccnr 
MBBA molecules wtll ahgn on the side of the tess repellent of 
thr tuo protrudinpcarbinyl substituents; Me is less repellent 
than phcn!l. C-F., more more rcpcilcnt than phrnyl,” R- 
phrnylcthanol gives if M-hchx and the corresponding S- 

trifluoro derlvati\e a P-hchu. 

to the one descnbcd. the second one being formed 

bctwrn the carbtnyl hydrqxn ctt’thc dopant and one 

aromatic rmg of MBBA’. In this configuration. 
however, the zomatx ring of the alcohol 1s quasi 
perpendicular to the ncmatic direclor. leading to a 
conformation which is certamly not favourcd and 

helix 

Fig. I. Prmcipnl interaction helwccn LI chrral alcohol and 9 
MBBA molecule. The stcrlc bulk of the R group prevents 
nearby molecules of MBBA from lying parallel to the H- 
bonded one and Imposes a definite twist The IS)-alcohol 

lnduccs a right-hitndcd helix (PI. 
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therelorc less populated and important in a fairly rigid 
mesomorphic matrix“. 

According to our mod4 the twisting power should 
increase when the tendency to align of the aromatic 
group isgreater and when the bulk of the alkyl group is 
augmented. This is in fact what is observed. 

The cll’ects of solvent variation are not unexpected: 
“Phase IV” is a mixture ofa~oxy derivatcs of structure 
and rotational freedom analogous to the Schiff bases 
(Fig. 2). 

In this cast. there is probably an H-bond with the 
oxygen and stcrically the situation does not change 
with rccpect to MBBA. 

In the mixture of csthers constituting the nematic 
“Phase 100X”, there are several equivalent sites 
available for hydrogen bonding; the possibility of sign 
inversion is therefore not surprising. 

7hc deviating case of I-phcnyl-2.2.2-trifluoro- 
ethanol can be understood if one considers that the 
carbinyl hydrogen must bc more acidic than in I- 
phenylethanol and therefore its ability to give an H- 
bond with one aromatic ring of MBBA will probably 
compete ravourably with the contrasting tendency of 
the substituted phenyl group to avoid perpendicular 
orientations and to align its long axis parallel to the 
director; this will not be the case when a naphthyl 
group is prcscnt which is much better aligned and is 
\:cry unlikely IO be found in a perpendicular position. 
As a result of the two oppos~tc cfiects (in the trilluoro 
derlvatc the doubly H-bonded configuration should 
give opposite chirality to the cholesteric structure’) a 
very small twisting power is expected. Possibly 
alcohols not containing aromatlc groups will also 
adopt a perpcndlcular configuration in MBBA;EBBA 
mixture. 

“Thl< configuration can Instead be possible in an isotroptc 
solbcnt when the alcohol-ImIne sybtcms are charactcri7rd hy 
3 more pronounced conformatIonal freedom. l-or instance. 
bpeclfiz cJrhlnol-ImIne xohatlon model. based on doubly H- 
hondrd interactions. seem 10 rarionalile asymmctrlc reaction 
results obtained by oxidation of prochiral Schlff bases with 
tv-chloroperoxybcn7oic acid In the presence of choral methyl 
or trifluoromethyl-carbinols”’ better than the model of the 
present \hork. 

/ 0 \ I 

With the exception of derivative I it is possible to 
correlate the configurations of the alcohols containing 
an aromatic group directly bonded to the asymmetric 
centre by comparing the handedness of the cholesteric 
mesophascs Induced m the MBBAlEBBA mixtureand 
in “Phase IV”. A similar correlation by comparing the 
CD spectra is impossible owing to the difierent nature 
of the aromatic chromophores. 

The method is rapid and requires only a few 
milligrams of one single enantiomer. 

The quantitative values of the twisting power are a 
useful guide for monitoring possible abnormal or 
deviating behaviour ofone member durmg the study of 
a series and are fundamental in the attempt to 
understand a possible induction mechanism. 

Eken if the situation in general is probably more 
complex (e.g. twisted MBBA, several conformations of 
the hydrogen-bonded species, etc.) the model pro- 
posed does not seem to be weakened by the 
quantitative investigation. but rather to gain strength. 

kXPEWlMU\TAL 

CD spectra were measured usmg a Jouan II dichrograph. 
In order to check artepacts due to linear dichrolsm, the 
measurements were carried out with the cell in two positions 
rotated of 90 degrees. 

Microscopic measurements were carried out using a Zeiss 
polarising microscope and “Galileo” plano comex lcnscs of 

radius from 20 to 40 mm. 
The concentric ahgnments \scre obtained by pressing the 

lens on a t~ssuc paper attached 10 a rotating plate. In order to 
obtain more cas~ly the spirals. both the lens and the glass plate 
Hcrc treated with N-methylamlnopropyltrlethyoxysilane 
(MAP by Dow-Corning).” 

For sake of simplicity in Table I arc reported data for 
chlralitics related to R-I-phcnylethanol. 

-(S I-( + )- l-Phcn!l-2.2.2-rrlllltororrllutlf~/ (I ) was obtained 
by fractional oftheestersoftheraccmalewith (-)-W-camphamc 
actd *’ hp. 8.3-85 at 14mmHg. rz]:” + 40.1 (neat) ~lit..2’ 
b.p.‘loU--I10 at 0.6mmHg. ;z]:T + 41.3 (neat);. 

(R )-( - b I-( I-Nopltrh~~1~2.2,2-~ri~1~~r~1~r/~t1~1/,”’ b.p. 160. 
at 2mmHg. [x]$ - 19.5’ ((3.0 in EtOH) (ht .‘I m.p. 51.6 
_ 53.2’. [x’k5 - 25.7’ (EIOH)) and (R)-( - )-l-(2-naplrrl1~$ 
2.2.2-rrrn~,o;o~fl,crnoj.’ ’ m.p. 84-86.‘. [Y 1;' - 18.X- (( 9.2 in 
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CHCI,) ;ht..” [2],, - 3.7. (CHC13), optical purity I1.5”,,: 

were obtained by reduction of the corresponding ketones by 
actively fermenting yeast.“’ 

(S)-( - )- 1-(3-~~.rici?l)-rrirun~)~ (6).*‘ was obtained by 
fractional crystallization of the acid tartrate from MeOH, 
[2]:’ - 33.5 ( iOr’,, HCI) ilit.” [x16” - 33.4 IOO”, optical 
purity:. 

Dcrivatrves. R-( + I-3. [x],, + 7.59, optical purity26.4?,,. R- 
( t )- 4. [xl,, t 20.3 opttcal purity 42.6’:,, and S-( - )-5, 
[zju - 7.98. optical purity 22.0’!, were kindly provided by 
Prof. L. Lardiccr.‘- 

Methyl-carbinots (7 and 9) were resolved by fractronal 
crystallizatron of the brucine salts of the respccttve phthalic 
mono-esters. prepared by conventional methods.” 

(R )-( + )- I-(?.J,b-~i~ncrl~~~lphm~~/)-~~rhrcr~ol (7) had m.p. 
49-51 . [xl::’ + 47.0 (c 1.0 in EtOH) :lit..LH m.p. 52 , 
ix 12 + 520 (LtOH); 

i R )-I + )_ I-( 1 -h upi~rll~f)-frhurtol (9) had b.p. 165 at 
I I mmllg. ix]:;’ - 71.4 (( 4.0 m EtOH) {lit.,” b.p. 166. at 
I I mmHg. [x$’ t 78.9 (EtOH)f. 

,4( ~no,~-l~,d~c,mrn~.\ We thank the C’NR (Rome) for financial 
support, Dr. J. P. Hcrthault and Prof. J. Jacques (Paris) for 
strmulating discussron. Prof. L. Lardtcci (Prsa) for providing 
dcrrvatiyes 3. 4 and 5. Prof. W. H Pirklc (Illinois) for a 
preprint of his work. 
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