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Abstract : Pmdiction of the absolute configuration of optically active methyl branched pheromones is possible 

by combining them with mesogens to give diem liquid crystalline properties and measuring the helical senses of 

the chiral nematic phases. 

It has been almost impossible to determine the absolute configuration of steteogenic carbons separated 

from the functional group by physical methods except for X-ray crystallographic analysis. Synthesis has been 

therefore the only way to establish it. Especially in the pheromone field, stereogenic carbons of some 

compounds are separated from the functional group. Compound 1 is the first example whose absolute 

configuration was detetrnined by synthesist82 

OH 
. 

Although some methods using liquid crystals have been tested for the determination of absolute 

configuration, all the trials were to find the rules simply by doping optically active secondary alcohols or 

optically active epoxides, which have relatively high twisting power, directly into nematic liquid crystals.3-l5 

On the other hand, Tsukamoto et al. first noticed that the helical senses of the chiral nematic phases for 

compounds 2 were different between (SJ-2-methylbutyl derivatives and (S)-J-methylpentyl derivatives.16 Apart 

from this, Gray and McDonnell found that the helical senses of the chit-al nematic phases for compounds 3 

reversed depending on whether the number of the carbon atoms n was odd or even, and they proposed the odd- 

even rule for the helical senses of chit-al nematic phases.17 
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n=1,2 

NC -q=J-@H~“@5 
3 

From these backgrounds, we thought that we would be able to predict the absolute configuration of 

optically active alcohols by combining them with some particular mesogens to control the arrangement of the 

chiral groups and measuring the helical senses of the chiral nematic phases. We selected compound 4 as a 

mesogen, since its esters would tend to have mesogenic properties regardless of the structures of the optically 

active alcohols and also the alcohols could be recovered by hydrolysis. However, they generally show no chh-al 

nematic phases, and we measured the helical senses of the chii nematic phases induced by doping lOwt% of 

the esters into compound 5.18 

CH3O-W~ w COOH 

4 

Since the twisting power p is regulated by the equation of the intermolecular interaction (eq.l),lg it is 

necessary to use the optically active compounds at low concentration or at 100%. (If the chiral compounds are 

used at high concentration, the helical senses are sometimes reversed.)l9-21 

x: concentration of chital compounds 
~~eraubn-~mok3aJ~ 

~i-aetxtkn~ac#attndsculeancianachiralc0s 

Compound 4 was prepared according to the method of Krishnaswamy et a1.,z2and compound 5 was 

synthesized according to the method of Zaschke et al. 18 Chiral alcohols A are all available in our laboratory. 

Chiral esters B were prepared from 4 and A (Scheme 1). 
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The results are shown in Table 1. The helical senses reverse depending on the number of carbon atoms 

from the benzene ring to the stereogenic carbon atom and this method was found to be useful for the prediction 

of the absolute configurations of optically active alcohols. However, it became difficult to measure the long 

pitches by a doping method. We thought that we could determine the helical senses even in the case where a 

functional group was far from asymmetric carbon atoms if the measurements were done with neat chiral 

compounds. Since tbe compounds must always show a nematic phase regardless of the hinds of optically active 

alcohols,23-26 we chose compound 6 as a mesogen. The mesogen 6 was synthesized as shown in Scheme 2, 

and the Mitsunobu reactionn was used to connect the optically active alcohols to the mesogen (Scheme 3). The 

odd-even rule is also applicable in this system. 

6 

Table 1 Helical senses 01 chiral nemstic phases pmduced from chiral esters B (iOwt%) 

and compound 5 (9Owt%) at 50°C snd those of chirsl nematic phases of chiral 

compounds C at 150°C. 
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l The chirsfff was inverted because the Mitsumobu reaction was used. 
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4+A 
DCC,DW B 

r.t. ( 2ohrs * 

Scheme 1 

!OEt - 

9 R=H 

10 R=MOM 

6 R=H 

Scheme 2 

6-l-A 
PPh3, DEAD 

r.t., 20hrs 
* c 

Scheme 3 

Table 2 shows the results for the real pheromones synthesized in our laboratory.28-31 which were 

converted to the corresponding alcohols and connected to the mesogen 6 to give ethers F by the same method 

shown in Scheme 3. Even remote asymmetries were sufficiently recognized without exception. In addition, it is 

noteworthy that only 100 pg samples are needed for measurement. 

Table 3 shows the example for pheromones with two asymmetric carbons which were also synthesized 

in our laboratory.32 The twisting power p is thought to be the sum of those values of the fifth and eleventh 

asymmetric carbons. That is, the fifth carbon contributes 4.2 pm-lmol-I and the eleventh carbon contributes 

0.8 pm-lmol-I to the B value. Consequently the helical sense is decided by the p value of the fifth carbon. This 

suggests the possibility that this method will be useful for determining the absolute configuration of both 

asymmetric carbons simultaneously if we measure the l3 value systematically according to tbe number of carbon 

atoms between tbe functional group and the asymmetric carbon atom and that from the asymmetric carbon atom 

to the end. 
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Table 9 H&al senses of chiral nematic pf?ases of chiraf compour& J al 150% 

and lwistirq powers of chiral twmatic phases prodWed from chlral 

ethers J (lOwI%) and compound 5 (Slh~t%) at 50% 

II Naonr 
aH*3)u*ur, OH 

l)N1oB? 
2)H'3mAll% OH 

righl 3.4 

right 5.0 

In conclusion, we showed that the prediction of the absolute configurations of optically active alcohols 

is possible by combining them with mesogeus to give them liquid crystalline properdes and measuring the 

helical senses of the chiral nematic phase. Remote asymmetries = also recognized Sandy with a small 

amount of sample, aud this method has been shown to bc useful for prediction of the absolute conf@ration of 

remote stereogenic centres of pheromones. 

Experimental 

Although many methods to determine helical senses have been nported,3 we adopted the contact 

method’733 which is one of the easiest ones. The contact cell @C&l) was put on a hot plate hnving a 
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thermoconuolkr. A standan.i compound of known helical scnsc was inserted from one side and a compound of 

unknown helical sense was inserted from another side. If two compounds have the same helical sense, a 

continuous chlral ncmatlc phase is observed, and if the helical senses are opposite, a noncontinuous band of 

nematic phase is observed. 

For demrminiig the pitch, we used the Cano-Wedge method (Fig.2).34 The tangent of the distance 

between neighbourlng discllnation lines gives half the helical pitch. 

glass 

spacer (8 m-50 v) 
polyimide 
liquid crystal 

Fig. 1 

Fig. 2 

Preparation of compound 6 

MOMCl (2.4g) was added to a stirred and ice-cooled solution of 7 (4.6 g) and LPr2NEt (4.4 g) in dry 

CH2C12 (20 ml). The mixture was stirred for 1 hr at room temperature. It was poured into an ice-cooled and 

saturated NaHCO3 aqueous solution and extracted with ether. The ether solution was washed with water and 

brine, dried over MgS04 and concentrated in vacua. Elution with n-hexane-AcOEt gave 5.10 g (87.6%) of 8, 

v,(neat) 3080(w), 1720(s). 1605(s). 1510(m) cm-l; G(CDC13) 1.42 (3H. t, J=7 Hz). 3.50(3H, s), 4.38(2H, 

q, J=7 Hz). 5.26(2H. s), 7.07(2H, d, J=8 Hz), 8.01(2H, d, J=8 Hz). (Found: C, 62.55; H, 6.75. Calc. for 
Cl lH1404: C, 62.84; H. 6.71%). 

To the stirred solution of 8 (4.0 g) in EtOH (50 ml) was added 4N KOH aqueous solution (30 ml). The 

mixture was then stirred for 16 hrs at room temperature. To the stirred and ice-cooled solution was added N- 
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HCl q. until the pH of the solution turaed to 3. The Produced crystals were collected on a filter+ washed with 

water and dried in vucuo to give 324 g (93.5%) of 9, m,p, 124oC, vmu(KBr) 2700&r), 255O@r), 1675(s), 

1605(s), 1510(m) cm-l; G(CDCl3) 3.50(3H, 8). 5.24(2H, s), 7.11(2H, d, 54 Hz), 8.06(2H, d, J=8 Hz). 

(Found: C, 59.33; H, 5.52. Calc. for CgH1004: C, 59.33; H, 5.53%). 

To a stimd solution of 9 (2.5 g), 4-(4_Methoxybenxoyloxy)phenol23 (3.3 g) and DCC (1.4 g) in dry 

CH2Cl2 (70 ml) was added DMAP (0.5 g). After the addltlon, the mixture was s&red for 20 hrs at room 

ternary. Suspended particles were filtered off and the filtrate was concenuated in v~~cuo. The residue was 
chromatographcd over SiO2 (150 g). Elution with CH2Cl2 gave 4.78 g (86.6%) of 10, m.p. 144oC, 

Tn1>23oOC; v,,(KBr) 1730(s), 1610(s), 1605(s), 1515(m), 1505(m) cm-r; G(CDC13) 3.50(3H, s), 3.89(3H, 

s), 5.26(2H, s), 6.98(2H, d, 518 Hz), 7.11(2H, d. J=8 Hz), 7.25(2H, s), 8.15(4H, d, J=8 Hz). (Found: C, 

67.25; H, 5.00. Calc. for C23H2OC7: C, 67.64; H, 4.94%) 

To a stirred solution of 10 (2.5 g) in THF (150 ml) was added 6N HCl tq(60 ml) and the mixture was 

stirred for 60 hrs at room temperature. The mixture was poured into ice-water (400 ml) and the produced 
crystals were filtered. The crystals were washed with CH2Cl2 and recrystallized from EtOH-AcOEt to give 

1.81 g (81.2%) of 6, m.p. 216oC, T~l>230OC; v,,,(KBr) 3410(br), 1735(s), 1710(s), 1610(s), 1595(s), 

1515(m), 1505(m) cm-l; G(DMSO&) 3.87(3H, s), 6,91(2H, d, J=8 I-Ix), 7.01(2H, d, J=8 Hz), 7,27(4H, s), 

7.97(2H, d. 518 HZ), 8.07(2H, d, J=8 Hz). (Found C, 48.97; H, 4.47. Calc.for C2lHI606: C, 69.22, H, 

4.43%). 

General method for the preparation of esters B 

To a stlrmd solution of a ehiral alcohoi (1 mmol), 4 (1.2 mmol), DCC (1.2 mmol) in dry CH2Cl2 (10 

ml) was added DMAf (0.3 mmol). After the addition, the mixture was stirred for 20 hrs at room temperamre. 

Suspended particles were filtered off and the filtrate was concentrated in vactw. The residue was 
chromatographed over Si02 and recrystallized. 

Cenerai methodfor the preparation of ethers C. E wd J. 

To a stirred suspension of 6 (1.2 mmol) and a chiral alcohol (I mmol) in dry benzene (10 ml) was 
added E@CN=NCC$t (1.2 mmol) and the Ph3P (1.2 mmol). After the addition, the mixture was stirred for 

20 hrs at room temperature. It was then concentrated in VUCMJ and the residue was chromatographed over SiO2 

and recrystallired, 
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