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요 약. 합성 한 MB BA。와 EBBA 의 NMR spectrum 의 분석 결과로 N-(力-methoxy benzylidene) 
-/r-n-butylaniline (MBB A ) 와 N~ (/>-ethoxy benzylidene) -/)-n-butylaniline (EBBA) 분자내 의 p~n~~ 

butylaniline 의 벤젠핵과 분자내 의 다른 이중결합 사이 에 Ccmjugation 이 일어나고 있지 않음을 발견 

하였으며 이 벤젠핵은 분자 방면으로부터 이탈되어 있다는 결론과 분자궤도 계산결과 벤젠기가 평 

면에서 30도 이 탈되 어 있을 때 minimum energy conformation -f- 지님을 알았고 이는 NMR 분석결 

과와 잘 일치하였다.

Abstract. By means of NMR spectrum analysis of the synthesized MBBA and EBBA, it has 
been found that benzene rings of 力rz나)utylaniline in both MBBA and EBBA molecules do not 
conjugate with the central double bond and the benzene ring is twisted from molecular plane of 
N-(p~methoxy or ethoxy benzylidene) 흥!'。up. And as a result of MO studies, the minimum 
energy conformation is found for the coi血고mation of 30° twisted angle. One sees reasonable
agreement between theory and experiment.

Introduction

Scientific researches on the liquid crystalline 
materials have been developed greatly during 
the last several years. C1) Of particular impor
tance to the orga꾜ic chemist is the relationship 
between chemical structure and mesomorphic 
properties of organic compounds.

^Department of Chemisery, Catholic Medical College, 
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Since most of substances, which exhibit 
nematic mesophases, have melting points above 
100°C and are unstable to moisture, acids or 
bases, and so forth, many chemists have stud
ied to obtain substances which exhibit nematic 
mesophases at room temperature and simul
taneously, have long-term stability under amb
ient condition.

It is well known that molecules, which pos
sess a high degree of symmetry pack well in 
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the solid phases, exhibit relatively high melting 
point. This rule has been extended to apply 
in the liquid crystal as well as in the solid 
phases, and we hypothesized that the compound 
which have nonplanar in the molecular structure 
will exhibit significantly lower melting points 
than their planar counterpartes. On this basis, 
the conformation of MBBA and EBBA which 
exhibit nematic mesophases at room tempera
ture is studied by NMR and MO theory. As 
expected, the benzene rings in both MBBA and 
EBBA molecules are twisted out of coplanarity 
in order to relieve steric crowding about the 
central double bond. Our resulats may be useful 
to design the molecular structure which exhibit 
nematic mesophase at room temperature and to 
synthesize those substances.

OH0
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C-OH

p-hydroxybetuoic 
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0C2Hr,
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C-NH-NH-SOj-^^-CHs 
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*Synthesis of 力-ethoxy benzaldehyde
This material is synthesized by McFadyen Stevens 

method. 2

**Synthesis of />-butylaniline3

This material is synthesized through Friedel crafts 

method starting with aniline and «-butylalcohol. 

As a catalysis ZnCl3 is used.

-0
I 
C-H 
II 
O 

p-ettraxyberttaldshyde

stirred liquid has been cooled to 5 °C, 14. 9 g 
(0.1 M) of 0-butylaniline**  was added slowly 
without allowing the temperature to rise above 
15 °C during about half hours, and the stirring 
was continued for three hours as room temper
ature. EBBA had been distilled from the mix
ture at 2 mm pressure. EBBA distilled at 224〜 
226 °C, yield 22. 5 g(80 %), m. p 35〜36°C.

Anal. C19H93NO Calc. C ： 81.1 % H : 8. 2 % 
N ： 4. 98 %

Found. C ： 80. 7 % H : 8. 3 % 
N ： 5. 00 %

With the use of similar method mentioned, 
力一methoxy benzylidene-/>-butylaniline (MBBA) 
was prepared.

Calculation

In previous studies4^8 we have successfully 
applied a semiempirical molecular orbital theory 
to predict molecular conformations. The me
thod we have used is known as extended Hiickel 
theory developed by Hoffmann9. The expansion 
of a molecular orbital as a linear combination 
of atomic orbitals yields

世£=*0 兩

upon minimizing the total energy, a set of 
Hiickel equations arises

甲*0 + CzHg-CHa-CHa-OH

AniliM

—0
回-어厂어厂아句

4-Bufylonilme

OCaHs

6 +
하标Q - ► CzHs-O-O-O^N-O-C^-O^Hs

Qfe-CHi-CHa-CHa EB.B.A.

S Cij^=0 0=1,2.......n)
j=i

where 函？ is the molecular orbital wave func
tion, H, the Hamiltonian operator, E, the 
energy, S, the overlap integral, and C the 
orbital coefficient. The calculations are perfor
med for the valence electron in S and P orbitals

Experimental

p-Ethoxy Benzylidene-p-Butylaniline (EB 
BA), In a flask, provided with 거 dropping fun- 
nel and a magnetic stirrer, we placed 15 g(0.1 
M) of 力-ethoxy benzaldehyde. * After the
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using Slater orbitals as a basis set. The input 
parameters consist of the Slater exponent and 
the Coulomb integral, approximated as the 
valence state ionization potential. All overlap 
integrals are considered. The resonance inte
grals are approximated by the equation.

H 苛=Q5K(H计+ H打)

with K set at 1.75 the value preferred by 
Hoffmann. The total electronic energy is com
puted to be the sum of the doubly occupied 
molecular orbitals,

財=2財

Since all overlap integrals and all nonbonded 
interactions are explicitly considered, the com
puted total energy Et is sensitive to the geo
metry of the molecule. Thus by varying the 
geometry and calculating the total energy, Et 

for each, the minimum energy is found, which 
corresponds to the preferred conformation. It 
is therefore necessary to include the three di
mensional coordinates of each atom in the con
formation selected for calculation. These are 
derived using a vector program which locates 
each atom in space in Cartesian coordinates. 
The bond lengths used were C 一 C=L 54 C—O= 
1. 42 C—H=l. 09 C—C=l. 40 C—CNH=1. 45 
CN—H=L 08 C—N=l. 31, all in angstrons.

All bond angles wereZCOC—115° 匕CCN= 

125° ZCNC=125°, assumed tetrahedral on the 
alkyl group and 120° be ween each atom in 
benzene ring.

The input parameters are listed in Table 1.

Results and Discussion

To evaluate the conformation of N-p-me- 
thoxy (or />-ethoxy) benzylidene-/)-?z-butylani- 
line, we assume that the substituents in para 
positions will not grossly affect the configura
tion of benzene rings and of the linkage group12 
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and have calculated energy to rotate benzene 
ring about N——bond axis between nitrogen 

of R3O-<^>-CH=N-C6H5 (R=CH3 or 

C2H5) and phenyl radical, respectiveily, at the 
coplanar, 15° angle, 30° angle and 45° anagle. 
The energy minimum value have been found 
at 30° angle as shown in Table 2.

The result indicate that the benzene ring in 
both MBBA and EBBA molecules are twisted 
out of the coplanarity in order to relieve steric 
hindrance about the central double bond. and 
does not conjugate with the central double bond 
(see Fig. 1).

For the confirmation of our molecular orbital 
predication by NMR analysis, we have inves
tigate the NMR (100 M cps) spectrum of p- 

ethoxy benzaldehyde, />-butylaniline and p- 

methoxybenzylidene />-w-butylaniline in carbon 
tetrachloride with TMS as internal standard. 
The spectrum of each molecules have shown

Table 1. Coulomb integrals10.

Electron Value (eV)〔 Electron Value (eV)

N 2s 一26. 00 O 2p -17. 76

N 2p — 13.40 [ C 3s -21. 40

O 2s -35. 30 C 2p —aa. 40

Slater exponents

Atom Value Atom Value

H
1.000 I

N 1. 950

C 1.625 O 2. 275

Table 2. The energy minimum value

Angle (degree) : Energy (eV) 誰幣쮜/
0° ； 一14验 90 13. 69

15。' — 1454.23 : 5. 98

30° -1454. 49 0

45。 一 1454.13 j 7. 25
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that the splitting of phenyl proton in 力一ethoxy 
benzaldehyde exhibit at 2. 37 r and 3. 17 r as 
a multiple peak as shown in Fig. 2.

And phenyl protons in 刀나)utylaniline also 
give splitting at 3. 17 r and 3. 60 r in Fig. 2.

In the case of EBBA the phenyl protons 
with ethoxy group at the :para position give 
splittings at 2.36 r and 3. 26 r.

However, phenyl protons with butyl group 
give singlet at 2. 98 r as shown in Fig. 4.

These result are consistent with the hypo
thesis relating melting point and molecular 
nonplanarity which the induced steric repul
sions caused the benzene rings to twist out of 
coplanarity. Nonplanarity of MBBA and EBBA 
m시ecules by our calculation indicate 30° torsion 
angle.

Fig. 1. Conformation predicted for N- [/?-methoxy 

’ethoxy) benzylidene] "-aniline viewed down 

the benzene ring has 30° torsion angle from 

N- "-methoxy (ethoxy) benzylidene〕group.

Fig. 2. NMR(1001k『 cps) spectrum of yj-ethoxybenz- 

aldehyde in carbon tetrachloride with TMS 

as internal standard

Fig. 3. NMR(100 M cps) spectrum of />-butyIaniI- 

inine in CCL with TMS as internal standard.

Fig. 4. NMR(100 M cps) spectrum of EBBA in

CC14 with TMS as internal standard

By means of NMR spectrum analysis shown 
in Fig. 2〜4, it has been found that 力-butyl 
phenyl ring do not conjugate with the double 
bond in schiff's base, and also, the phenyl 
ring substituted with />-butyl group is twisted 
from molecular plane of />-alkoxy-benzylidene 
group. In case substituted phenyl proton shows 
singlet peak, one sees that either the substituted 
radical does not conjugate with phenyl radical 
as found in toluene molecule, or due to steric 
effect, two phenyl proton in different plane 
does not conjugate each other as cis stilben 
molecule does. However, in case of trans stib 
ben, phenyl radicals located at the both side 
of vinyl radical are in same vinyl radical 
plane. And it is expected to have conjugation 
which provide multiple splitting in NMR spec
trum. One sees that our MO calculated values 
are in good agreements with NMR data.
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