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A method of pattern recognition, SIMCA, was applied to a collection of 170 mesogenic and
non-mesogenic compounds, belonging to a family of benzalazines. Four types of liquid
crystals were considered: monotropic nematics, enantiotropic nematics, smectics and
nematic-smectics. The method leads to a classification that follows the increase of molecular
order. Geometric and electronic variables, which can be calculated from the structural
formulae, have been used. The best set of variables for a study of the mesogenic properties of
benzalazines turned out to be the one formed by a combination of geometrical variables,
dipole moment and Hammett parameters.

At present there exist a sufficiently large number of data about different kinds of substituent
constants to make it possible to describe, in an approximate manner, some of the properties
of a compound, taking into account the nature and the position of its substituents.
Particularly complete is the collection of aromatic substituent constants. Since most of the
known liquid crystals have at least one aromatic ring, it was tempting to use the
above-mentioned constants to explain the mesogenic properties of an aromatic compound.

If a relationship can be found it would be possible to predict the mesogenic properties of
a new compound from its structural formula and a series of tabulated values. However, the
thermal and thermodynamic properties depend on a large number of factors, which make
“intuitive” classifications almost impossible. On the other hand, the foreseeable existence of
interactions between the “independent” variables and the qualitative nature of the response
excludes the formulation of an empirical model, simple enough to apply the modern
methods of building optimum experimental matrices.’

The best approach to a problem of this complexity is to use pattern recognition methods ?
among which SIMCA ? was selected. The theory and practical utilisation of this method has
already been described (Ref. 4 and references cited therein).

EXPERIMENTAL

In this first attempt at the classification of mesogenic compounds by means of multifactorial
analysis, a restricted experimental domain was selected, namely benzalazine derivatives
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Table 1. Experimental Space; cf. Scheme 1.

R, R} R, Ri Class
R2= Ré=CH3 R3=R:I;=H
1 O-CH, O-CH, H H B(M)?
2 0-C,H; 0-C,H; H H B(M)
3 0-GH, 0-C;H, H H B
4 O-n-CH, O-n—C,H, H H A
5 O—n'C5H11 O—H'C5H11 H H A
6 O—H'C6H13 O—ﬂ-C6H13 H H A
7 O—n-C7H,5 0"‘“'C7H15 H H A
8 O—n-Can O—D-Can H H A
9 O“I’l'CgH]g O—n-C9H19 H H A
10 O—H'C10H21 O"‘ﬂ-CmHzx H H A
11 O—H'Cqus O—n-Cnst H H A
12 O—n-C14H29 O—D'C14H29 H H A
13 O—H-C16H33 O—H-CI(,H33 H H A
14 O"‘ﬂ-ClgH:ﬂ O—n-C18H37 H H A
15 H H H H A
16 H H OH OH A
17 OH OH H H A
18 0O-CO-CH; 0-CO-CH; H H B(M)
19 0-CO-CgHs 0-CO~-C¢Hs H H A
20 H H CH, CH, A
21 CH, CH, H H A
22 OH OH CH; CH, A
23 O-C,Hs 0-C,H; CH, CH, A
24 O—n'C3H17 O—n“Can CH3 CH3 A
25 H H Cl Cl A
26 Cl Cl H H A
27 OH OH Cl Cl A
28 O-C,H; 0-C,H;s Cl Cl A
29  O-n-CgHy a al a A
30 H H NO, NO, A
31 NO, NO, H H A
32 OH OH NO, NO, A
33 0O-GCHs 0-C,H; NO, NO, A
34 O—n-CgH” O—n-Can N02 N02 A
35 NH, NH, H H A
R,=R}=CH; R;=R3;=0H
36 O-CH, 0-CH, H H c(M)
37 0O-C;Hs 0-C,H;s H H C
38 O—H-C3H7 O—H'C3H7 H H C
39 O-n-C/Hyg O-n-C,Hy H H C(M)
40 O"H-CSHM O-—n-Can H H E(M)
41 O—H-CGHU O—H-C6H13 H H E(M)
42 O—D-C7H15 O"'n-C7H15 H H D(M)
43 O—n-CgH17 O*H-CgH” H H D(M)
4 O-n-CoHy 0-n-CoHyo H H D
45 O—n'CIOHZI O‘H-Clonl H H D(M)
46 O —n-C12H25 O- n-Clezs H H D(M;
47 O—n-C14H29 O‘-H-C14H29 H H D(M
48 O—-n-Cl6H33 O—ﬂ-C16H33 H H D
49 O—n-C18H37 O—n-C18H37 H H D(M)
50 H H H H A
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R, R} R, R; Class
51 OH OH H H A
52 O-CH,-CH=CH, 0-CH,-CH=CH, H H Cc(M)
53 O—iso-C;H, 0—iso-CsH, H H A
54 O- iSO'C4H9 Oo- iSO-C4H9 H H A
55 O—iSO-C5H11 O-iSO-C5H11 H H E
56 O-sec-C4Hy O-sec-C4Hy H H A
57 O-C,H; 0-C,H; H H B(M)
58 O- ter-C4H9 Oo- ter-C4H9 H H
59 O-CH,-CH,-OH 0-CH,-CH,-OH H H c(M)
60 O-C,H; 0-CH,~CH,-OH H H C(M)
61 O-CH,-COO-C,H; 0-CH,-CO0O-C,H; H H A
62 O-CHs 0-CH,-CO0-C,H; H H C
63 0-CH,-COO-CH; 0-CH,~COO—-CH; H H A
64 O-C,H; 0-CH,~COO~-CH, H H c(M)
65 O-CH, O-cyclo—CgH, H H C(M)
66 O-CH,—C¢H; 0-CH,—-C¢Hs H H
67 O-C,H;s O-CH,-C¢Hs H H C(M)
68 O-CO-CH; 0-CO-CH; H H
69 O-C,Hs 0-CO-CH, H H C(M)
70 O-CO-C¢Hs 0-CO-C4Hs H H C(M)®
71  0-C,Hs 0-CO-C.H; H H cb
72 0-C,H; 0O-CH, H H Cc(M)®
73 O"C2H5 O"Il'CgH” H H C(M)
74  O-n-C;H, 0-n-CiH,, H H
75  0-n-CiH,, 0-n-CHjys H H E(M)
76 O-CH, 0-n-CsH,, H H
77 0"C2H5 O—n-C4H9 H H C(M)
78 O—CH3 O—H-CgH” H H
79 O‘Il-CgH” O“ﬂ-CmHu H H D(M)
R,=R;=CH; R;=OH Rj=H
80 O-CH, 0-CH, H H BgM)”
81 O-C,Hs 0-C,Hs H H c(M)
82 O—H-C3H7 (0] —D'C3H7 H H C
83 O0-n-CH, 0-n-C,Hy H H C
84 O—n-CsH“ O—Il-CsHu H H C(M)
85 O—n—C6H13 O‘D-C(,HB H H C(M)
86 0"1’1’C7H15 O—n-C7H15 H H E M)
87 O—Il-CgH” O—H-Can H H E M)
88 O—n-CoHyo 0-n-CoHyo H H D(M)
89 O “H'CmHu O- ﬂ'Clonl H H D(M)
90 O- n-Cqus (0] —n-C12H25 H H D(M)
91 O- n-C14H29 O—n-C 14H29 H H D
92 O—H'C16H33 (0] —n-C16H33 H H D(M)
93 O—n-C13H37 O—H-C13H37 H H D(M)
94 O"ﬂ-CsHu O—CH3 H H C
95 O-H-CsH“ O"Csz H H C(M)
96 O‘“Csz O—D‘C5H11 H H C
97 OH H H H A
98 O-C,H; H H H A
9 O —D-C8H17 H H H A
100 O —n-C4H9 OH H H A
101 O-CH, 0-C,H;s H H c(M)
102 O—CH:; O—D-CsHu H H C
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R, Ri Ry R, Class
103 O-n-CiH, 0-C,H; H H C
104 O-CH; O-n-CgHy, H H C(M)
105 O—H-C8H17 O—C2H5 H H C
106 O-n-CsHy O—-n-C;H;; H H E(M)
107 O—n-C7H15 O—n-C9H19 H H E
108 O—H‘Clonl O—H-C8H17 H H E(M)
109 OH CH; H H A
110 O—C,Hs CH, H H C
11 O—n-Cng—; CH3 H H C(M)
112 OH H H CH; A
113 O-C,Hs H H CH, A
114 O-n-CsHyy H H CH, A
115 O-C,Hs 0-C,H; H CH, C(M)
116 N—n-Cng-; O—H-Can H CH3 E(M)
117 OH Cl H H A
118 O-C,Hs a H H C(M)
119 O-n-CsH a H H C
120 OH H H Cl A
121 O-C,H; H H Cl A’
122 O-n-CgHy, H H cal A
123 O-C,Hs 0-C,H; H Cl C(M)
124 O"'D'CSHU O—n-C3H17 H Cl ?d
125 OH NO, H H A
126 O-C,Hs NO, H H C
127 O-n-CgHy; NO, H H C(M)
128 OH H H NO, A
129 O-C,Hs H H NO, A
130 O-n-CgHys H H NO, A
131 OH OH H NO, A
132 0-GCH, 0-C,H; H NO, A
133 O-n-CgHy; O-n-CgHy, H NO, D(M)
13¢  O-C,H; 0-CH, H H C
135 O—H-C8H17 O—CH:; H H C(M)
136 O-C,H; H H O-CH; A
137 O—H-C8H17 H H O‘CH3 A
138  O0-C,H; 0-C,H; H 0-CH; B(M)
139 O'—n-C3H17 O—H'CgH” H O—'CH3 E(M)
140 O-n-C.H, C,H H H C(M)
141 O—n-C6H13 n-C4H9 H H C(M)
&:Rz:H R3=R§=H
142 O-CHj 0-CH, H H c(M)
143 O-C,Hs 0-C,H; H H C
144 O-n-CiH, 0-n-C;H, H H C(M)
145 O- n~C4H9 o- II'C4H9 H H C
146 O-n-CsHj, 0-n-CsHj, H H C
147 O-n-CeHys 0-n-C;H,; H H C(M)
148 O-n-C;Hy, O-n-C;Hy4 H H E(M)
149  O-n-CgHys 0-n-CgHy, H H E
150 O-n-CoHyo 0-n-CoHyo H H E(M)
151 O—n'CloHZI O_n'CIOHZI H H E(M)
152 O-CO-CHj; 0-CO-CH; H H C(M)
153 0-CO-C,H; 0-CO~C,Hs H H C
154 O—CO~(n)C3H7 O—CO_(H)C3H7 H H C(M)
155 O—CO—(n)C,Ho 0-CO—(n)C,Hs H H C(M)
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R, R} R, R, Class
15 0-CO-CH,—CH(CHs;), O-CO-CH,-CH(CH;), H H C
157 0O-CO-C¢H; 0-CO-C¢Hs H H C§M)
158 CH,—(CH,),—~CN CH,—(CHy),~CN H H E(M)
159 O—-(CH,),—OH 0-(CH,),—OH H H C
160 CH; CH;, H H B(M)
161 n-C;H, n-C;H; H H C(M)
162 n'CSHu n‘CsHu H H C M)
163 H-C5H11 n'C5H11 CH3 CH3 C
164 n-C4H9 n-C5H1 1 CH3 CH3 C(M)
165 n-C5H11 0 —l'l'C3H7 CH3 CH3 A’
166 l'l-C4H9 H-C4H9 CH3 CH3 C
167 l'l-C5H11 n-C4H9 CH3 H C(M)
168 H-C4H9 O- n-Can CH3 H C(M)
169 ﬂ"C4H9 O—D'C3H7 CH3 H C
170 n-C,H, n-C,H, CH, H C(M)

4 (M) object for the training set; ® These objects were included erroneously in class E for classification
using the I, II and IIlrd set of variables.  Compounds for the training set; ¢ This compound was
included in class B for classification using the I, II and IIIrd set of variables; ¢ These compounds were
included erroneously in class C for classification using the I, IT and IIIrd set of variables.

(Scheme 1). Most of the compounds were synthetized and studied in our laboratory
(Zaragoza),>®, the remaining being selected from the literature.'*!!

The collection includes 170 compounds, 140 being synthesized by us. They were divided
into five different groups according to their mesogenic properties:

A, 62 compounds that melt normally (no liquid crystals).

B, 8 compounds that present nematic monotropism, Ny,.

C, 67 enantiotropic nematic compound, N.

D, 16 compounds showing smectic mesophases, S5 and/or Sc.

E, 16 compounds showing nematic and smectic mesophases, N and Sc or Sa.

(one compound, the 124th, does not belong to any of the above groups, as will be
explained later on).

The collection was divided into two parts, the first one (73 compounds) being used as a
training set and the second (97 compounds) as a test set.* The division of the compounds into
two groups was carried out in order to include representatives of all possible geometrical
structures in the training set. In a second analysis, all the compounds were included.

The compounds are gathered in Table 1 with the mesogenic group they belong to and the
indication of the set (training or test).

The choice of the variables used to characterize a compound is rather subjective, but
takes into account the factors believed to be responsible for mesomorphism. Classically,
three factors are regarded as important:

The molecular shape.

The existence of a permanent dipole moment in the molecule.

The anisotropy of the electronic polarizability.

. R,
R,
Ry / R
N-N
R ¢ {
1 R3

Scheme 1. R,
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Table 2. Variables used to characterize the structures. The symbols used refer to Fig. 1.

Geometrics 40. YFR, 9]
1. IM® LILILIV,V)® 41, S FR{ {
2. wM* (LILIILIV,V) 42. LFR+ZFR{ (LIV)
3. IR g,l{ Ig Ix x; 43. TFR+XFR] (0))
4. IR JLILT
5. wR, (LI III) Related to dipolar moments
6. WRj (L,ILIII) u (vectorials)
7. wa (LILIILIV,V) 4. pM (10
8. wa' (LILIILIV,V) 45. pM
9. IR;+IR] §IV Vg 46. uR, (ILIV,V)
10. wR;/lR,' Iv,v 47. uyR, (ILIV,V)
11. wRY/IR] , ?V ,V) 48. uR{ (ILIV,V)
12. Molecular weight LILIILIV,V) 49. uR] (ILIV,V)
13. Number of intra- 50. pa (ILIV,V)
molecular H-bonding 51. ma (I1)
in the central core (LILIII) 52. lea (ILIV,V)
. 53. pya' (I1)
Related to Swain and Lupton’s constants
R (vectorials) 1 (scalars)
14. TR,a? (LIV) gg IuM (ILIV,V)
15. SR,0° 0] . ZuM| (ILIV,V)
16. zgt,a (LIV) 56. TuR (ILIV,V)
17. IR,a’ I 27- gl#ll{& I vV
) ?% M o 9. Tl ()
. 1
60. ZuR;+ZuR{ (ILIV,V)
R (scalars) 61. Z|uR{ +Z]pr, gﬂ
20. IRd' (LIV) 62. Zpa ILIV,V)
21. SRa’ (LIV) 63. Zjuja IT)
(U i
. a .
24. zgml,{ (LIV) 66. Tu bond of M o In
25. SIRM (LIV) 67. Number of lone pairs in

the whole molecule, M (LIV,V)
% (vectorials)

26. *%.a (LIV) Related to Hammett’s constants

27. TFa I o (vectorials)

28. Zg‘xa (LIV) 68. Xoa IILV)

29. &’ 1)) 69. Zoya III)

30. ZFM (I; 70. Zoxa (I1L,V)

31. Eg M a 71. Zoya' (II1)
72. ZoM 1)

% (scalars) 73. Zo,M (I1I)

32. ZFa (LIV)

33. XFa’ (LIV) o (scalars)

34. L\ F|a 09} 74. Loa (I1L,V)

35. L%’ D 75. Zoad’ (II1)

36. TFM (LIV) 76. Xjola (1)

37. ZIFM (I,IV; 71. Xjold’ Iy

38. ¥R, (LIV 78. ZoM (I1L,V)

39. TFR] (LIV) 79. ZioiM (IILV)

¢ Classification groups including this variable; # 1=length; ¢ w=width;  R,e=% component along the
X-ax1s (a group); ¢ R,a=R component along the Y-axis (a group) f Ra=Scalar algebraic sum;
& |R|a=Scalar absolute sum.
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According to that, the following independent variable were selected:

Intramolecular geometrical distances in A, obtained from molecular models.' The bond
lengths used are the ones determined by X-ray for structurally-similar compounds.!*'6

Dipole moment and polarizability were calculated from the values of group and bond
dipole moments.!”"

The Hammett!® and Swain and Lupton !® aromatic substituent constants.

For the polysubstituted compounds the independent variables were considered collec-
tively. Three different summations were used (Table 2):

Vectorial: Take into account the origin and the direction of the substituents in relation to
the principal axis of the molecule (Figure 1). %, R, u and o were treated in this way.

Scalar: Do not take into account the direction of the substituent. Algebraic: The
constants were added up taking into consideration their sign (X Cte). Absolute: The sum of
the absolute values of the constants (Z|Cte|). The following variables were treated in this
way: ¥, R and p.

Due to the relationship existing between Hammett’s o and the Swain and Lupton’s & and
R constants, no model including both types of variables was tested.

The following sets of variables were used in the classification trials:

I, Geometric data and Swain and Lupton’s constants (40 variables).
II, Geometric data and constants obtained from dipole moments (34 variables).

III, Geometric data and Hammett’s constants (22 variables).

The first calculations were carried out with these sets (I, IT and III). For each group of
liquid crystals, the corresponding mathematical model was obtained and analyzed. The
importance of the variables was determined for the different models.

Once this had been carried out, two supplementary sets of variables (IV and V) were
constructed. They are combinations of the most representative variables of the first three
sets (Table 2).

IV, Geometric data and a selection of the Swain and Lupton’s constants plus a selection
of variables data related to the dipole moments (39 variables).

V, Geometric data, a selection of the Hammett’s constants and a selection of variables
related to the dipole moments (30 variables).

Sets IV and V were similarly used to obtain the mathematical models for each group of
liquid crystals (B, C, D, E).

In Table 2 the 79 different variables, their definition and the set (I to V) they belong to
are gathered.

These five sets of variables were used to obtain the mathematical model from the training
set of compounds. The validity of the model was tested against the test set.

RESULTS AND DISCUSSION

Classification using the I, II and IlIrd sets of variables. Class A: Non-mesogenic compounds
were impossible to classify, even the changing the collection of compounds making up the
training set. There is no spatial structure in this group, the compounds appearing randomly
distributed all over the experimental domain. However, as the class A compounds do not
belong to any of the four mesogenic group (B, C, D and E), they can be assigned by
exclusion. Hence this is a case of asymmetric data structure.*

The most interesting results of the mathematical models for the mesogenic groups B, C,
D and E are gathered in Table 3.

The performances of the models are also reported. The columns in Table 3 are as
follows:

a: Mesogenic properties of the group (B to E).

b: Sets of variables used in the classification (I to III).

¢: Number of compounds used in the training set, the total number of compounds in the

group appears in brackets.
d: Minimum number of principal components (p.c.) of the model.
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e: Total residual standard deviation (RSD) of the objects in a given p.c. model.

f: Percentage of the explained model variance.

g: Value of the “tolerance distance”. A compound belongs to a class model if its RSD is

not significantly larger than this value.

h: Number of well classified compounds in the group (percentage).

i Number of wrongly classified compounds in the group (liquid crystals classified in

group A) (percentage).

j: Number (J) of classified compounds from other groups of liquid crystals within the
group. Percentage calculated in relation to the sum of compounds in the remaining groups:
100J/(2N). For instance, 23 compounds belonging to C, D and E groups were classified
erroneously in group B (Table 3): 100x23/(67+16+16)=23 %, since there are 67, 16 and 16
compounds belonging to class C, D and E, respectively.

k: Number (K) of class A compounds classified within the group. Percentage calculated

in relation to the total number of the group A compounds: 100K/62.

A close examination of the compounds abnormally far from their class model, leads to
the discovery of some experimental errors which were subsequently corrected.

Compounds 121 and 165 belonging to class A were included in class C.

Compound 124 shows nematic and smectic monotropism. Nematic mesophase has a very
small temperature range. It was classified in class B, but in fact it did not belong to any of the
four groups.

Compounds 70, 71 and 72 belonging to class C were included erroneously in class E. The
mathematical treatment was repeated with a set which did not contain these compounds (see
bottom of table 3) with a considerable improvement in the classification results (from 56 %
to 94 %, column h of Table 3).

When the compounds that deviated most were excluded, the fitting of the models
improved (the variance decreased) for each class of liquid crystals. On the other hand their
discriminating power * worsened and a large number of false positives appear from the other
classes, class A included.

For compound 94, the SIMCA method pointed to an anomaly. An examination of the
data matrix showed an error in the variables, an error that was subsequently corrected.

In other wrongly classified compounds no error was found either in the calculated data or
in the mesogenic classification.

The results using the first three sets of variables (I, II, III) are good enough to detect big
anomalies, but the discriminating power of the mathematical models is too poor to be useful.
To go further, it would be necessary to analyse the role that the independent variables play
in the classification.

Analysis of the variables used in sets I, 1l and I1I and selection of the new variables for sets
IV and V. Among the geometrical variables, the most important are those related to
molecular width (2, 7 and 8); the importance of the remaining ones depends on the class of
mesogenic compounds under consideration. Whereas the molecule length (1) and the
terminal chains (3 and 4) are fundamental for the classification of groups D and E, they are
of little importance for groups B and C. On the other hand, variable 12, the molecular
weight, is of fundamental importance for the classification of the last two groups. The
variables 5 and 6 corresponding to the width of the terminal chains do not play any
significant part in the classification. In sets IV and V they were replaced by the more
interesting variables 10 and 11.

Variable 13 is of special interest. In the case of benzalazines, when R; (Scheme 1) is an

Acta Chem. Scand. B 39 (1985) No. 5



Mesogenic Benzalazines 337

IM|= |a] + la

Fig. 1. Definition of the independent variables.

hydroxyl group, a six-membered hydrogen-bonded ring is formed with the nearest nitrogen
atom of the azine bridge. The coplanarity that the chelate ring imposes on the phenyl and
the central bridge has important consequences both for the structure and the mesogenic
behaviour of benzalazines.!® As expected, variable 13 (intramolecular hydrogen bond) has a
considerable influence on the mathematical models. However, its own specificity limits its
interest and in sets IV and V it was decided to omit this variable for the sake of generality.

For the other variables it was apparent that the “vectorial” variables corresponding to
the whole molecule are on the whole of little importance whereas the ones corresponding to
the aromatic rings, @ and o’ (Fig. 1) are important. With regard to the latter the most
significant are the ones defined in relation to the principal axis of the molecule (X, Fig. 1).
For this reason, in sets IV and V only the variables corresponding to the aromatic rings a and
o' have been kept.

Other variables of moderate importance are those belonging to the group of
“vectorially” added up variables related to the dipole moments of the terminal chains R; and
R,’ (46, 47, 48 and 49). They were kept in sets IV and V because they are the only
“vectorial” variables related to the terminal chains.

In the group of scalar variables, the “algebraic” ones are those which most influenced the
classification. For this reason, they were kept in sets IV and V. Among the “absolute”
variables, only those in rapport with the whole molecule |M| were kept, since they have the
largest weight in the classification.

Variable 67 represents the number of lone pairs in the molecule. Since it is of
considerable importance in the classification, it was retained in sets IV and V. Variable 66
was excluded for the opposite reason.

Classification using the IV and Vth sets of variables. According to the previous
considerations, the IVth set was formed by the following 39 variables:

Geometrical variables (1-4, 7-12).

Swain and Lupton’s constants (14, 16, 20, 21, 24-26, 28, 32, 33, 36—39, 42).

Dipole moment (46-50, 52, 54—56, 58, 60, 62, 64, 67).

The last set differs from the preceding one in that the Swain and Lupton’s constants were
replaced by Hammett’s.

V (30 variables):

Geometrical variables (1—4, 7-12).

Dipole moment (46—50, 52, 54-56, 58, 60, 62, 64, 67).

Hammett’s constants (68, 70, 74, 75, 78, 79).
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Fig. 2. Topological representation of the relationships between the different groups of liquid
crystals.

The most interesting properties of the mathematical models corresponding to the
mesogenic compounds B, C, D and E and the IV and Vth sets of variables are gathered in
Table 4. The meaning of the columns is identical to that of the columns in Table 3.

The classification power of the new sets is considerably better than that of sets I, II and
III. Remarkable is the decrease of false positives (columns j and k, Tables 3 and 4).

The mathematical models for classes B, D and E are clearly defined, but the model
obtained for class C is somewhat vague, having a very low discriminating power. Its domain
intersects with the domains (hyperboxes*) of the other classes. This corresponds.to an
inhomogeneity of the compounds making up class C with regard to the sets of variables used.
For this group it would be necessary to include other structural properties in the sets of
variables.

Fig. 2 represents graphically the distribution of the compounds in different classes using
the sets of variables IV and V.

These representations deserve a few comments. To begin with, they only have a
topological meaning. Secondly, the white areas correspond to wrongly classified com-
pounds. For instance, in set IV the upper left white area contains seven compounds
belonging to group B, classified in both B and C groups and seven other compounds
belonging to group C also classified in both groups B and C. The central white area of set IV
marked SD+4E corresponds to five D class compounds classified in groups D, C and E and
four E class compounds classified in the same groups. Apart from the fact that set V of
variables is a better classifier than set IV, the main difference between the two sets is that
there is a non-liquid crystalline compound A classified in B and C groups obliging group B to
shift.

Ignoring the compounds that melt normally (class A) the relationships between the
mesogenic groups in both diagrams (Fig. 2) can be summarized as follows (Scheme 2):

B=2Cz2E=2D
Scheme 2.
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The arrows indicate that compounds of one class are included in another class. This
phenomenon is generally reciprocal, save for the fact that no class C compound was included
in class D. .

Structurally, the classification of liquid crystals according to the increase of molecular
order follows the sequence N, <N <S4 <S¢, i.e. BKC<E<D, which corresponds quite
well to Scheme 2 which shows no relationship between class B and classes E and D and a
weaker relationship between classes C and D. Taking into account the fact, previously
stated, that class C is ill-defined, the agreement between the pictures of figure 2 (see also
scheme 2) and the molecular reality is satisfactory. It is also worth pointing out that the
transition from one class of liquid crystals to another is quite smooth. For instance, a closely
related series of compounds could even belong to four different classes of liquid crystals, see
compounds 36—49 or 80—-96 in Table 1.

Both sets of variables lead to the same six false negative compounds (Table 4, column i).
Two of them (59 and 159) share in common an hydroxyethoxy (HOCH,CH,O—) substituent
on the terminal chain (R,, Scheme 1). This substituent can form intermolecular hydrogen
bonds which modify the Van der Waals interactions responsible for the mesophase
molecular order. None of the variables used takes into account this possibility. An
examination of other compounds with the same terminal substituent shows that all of them
are at the periphery of experimental region, confirming the necessity of introducing new
variables in order to define the hydroxyethoxy substituent correctly.

Compounds 126, 127 and 133 are nitro derivatives substituted. We have already
observed that this substituent shows a special behaviour compared with other substituents.’

All the variables of sets IV and V have an appreciable weight in the classification, with
the exception of those related with the dipole moments of the terminal chains, 40—49, which
may be omitted. Considering that set V has fewer variables than set IV and that it is a better
classifier, (the number of compounds belonging to group A that can be defined by exclusion
is superior) we recommend set V for the study of the mesogenic properties of benzalazines.

Using this last set, four still unsynthesized compounds have been classified with the
following result:

2,2'-Dihydroxy-4,4'-dipentyloxybenzalazine: C group 2,2’-Dihydroxy-4,4’-dioctyloxy-
benzalazine: C+D groups 3’-Aza-2-hydroxy-4,4'-dioctyloxy-a-methylbenzalazine: C+E
groups.

4,4'-Acetylamino-a,a’'-dimethylbenzalazine: A group (no liquid crystal).

We intend to synthesize these compounds in order to verify the predictive character of
the SIMCA model obtained with set V of 30 variables.
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