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2-[4-Alkenyloxy)phenyl]-5-alkylpyrimidines

The relationship between position and nature
(E/Z) of the double bond and transition temperatures

by S. M. KELLY

F. Hoffmann-La Roche Inc, Dept. RLCR,
4002 Basel, Switzerland

The 5-n-atkyl-2-[4-(n-alkoxy)phenyl]pyrimidines are essential components of
most commercial chiral smectic C mixtures for electrooptic display devices based on
ferroelectric effects. This is due to their generally relatively low melting points,
enantiotropic, relatively wide range smectic C mesophases, low viscosity and ease of
preparation. An unsaturated carbon-carbon double bond has now been introduced
into the terminal alkoxy chain of the 5-n-alkyl-2-[4-(alkoxy)phenyl|pyrimidines to
produce the corresponding alkenyloxy substituted derivatives. The position and
nature (E/Z) of the double bond has been varied systematically and the effect on the
liquid crystal transition temperatures studied. A number of homologous series of
the most interesting alkenyloxy substituted materials has been prepared and
evaluated. The position and nature (E/Z) of the double bond changes the
conformation of the alkenyloxy chain substantially. This can result in significantly
higher smectic C transition temperatures for compounds with a trans double bond
(E) at an even number of carbon atoms from the molecular core. Significantly lower
transition temperatures (including the melting point) are observed for materials
with a cis double bond (Z) at an odd number of carbon atoms from the molecular
core. Comparisons with the corresponding alkoxy substituted materials (i.e.
without a double bond) are made.

1. Introduction

Most substances exhibiting pronounced smectic polymorphism recorded in the
literature consist of a central aromatic core made up of two or more aromatic rings (one
of which is often heterocyclic) and two terminal alkyl/alkoxy chains (sometimes
branched or substituted with heteroatoms) [1,2]. The majority of new smectogens
synthesized in the past decade have been designed for use in mixtures for electrooptic
display devices [3] originally based on laser addressed dynamic scattering (smectic A
mesogens: S,), then ferroelectric effects [4-12] (requiring the chiral smectic C
mesophase : S¢) and more recently antiferroelectric effects [13, 14] (using chiral anti-
smectic C mesophases:S&,). The object of most synthetic work was concerned with
modifying the core structure (for example with lateral substituents) [15-23] and the
central linking units (for example the introduction of ethyl [18-21] or four unit linking
groups [22]). Optical activity [23-36] was also introduced into the terminal
alkyl/alkoxy chain (for example via chain branching or the introduction of hetero-
atoms). Some attempts [37-41] have been undertaken to modify the alkyl/alkoxy
chains more substantially, for example via the replacement of a methylene unit (—~CH ,-)
of the chain by an oxygen atom [37], fluorocarbon units [38], an epoxy group [39-41],
or silicon [40], or via replacement of oxygen by sulphur [41].

The results of our first attempts [19,21,42-44] to influence the smectogenic
properties of compounds designed for use in electrooptic display device applications

0267-8292/93 $10-00 © 1993 Taylor & Francis Ltd.
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based on ferroelectric effects [4-14] by modifying the alkyl/alkoxy chains via the
introduction of an unsaturated carbon—carbon double bond (-CH=CH,) revealed a
general lowering of all the liquid crystal transition temperatures (often by about 20°C).
However, the melting point was sometimes decreased by a larger amount than the
smectic C mesophase transition temperature, leading in some cases to a widening of the
smectic C mesophase range. In contrast to these results a small number of compounds
incorporating a carbon—carbon double bond in the central four unit linking group [44]
or in short chains attached to a 1,4-disubstituted cyclohexane ring [21] were seen to
lead to marginal increases in the smectic C transition temperatures. These results
indicated that the optimal position and possibly the configuration of the unsaturated
carbon—carbon double bond had not been found. This encouraged us to conduct a
thorough and systematic study of the dependence of the liquid crystal transition
temperatures of a standard system on the position of the carbon—carbon double bond
in one terminal alkoxy chain, while keeping all the other parameters constant.

The model system chosen was the S5-n-alkyl-2-[4-(n-alkoxy)phenyl]pyrimidines
[45]. These are essential components of most commercial chiral smectic C mixtures for
electrooptic display devices based on ferroelectric effects. This is due to the smectic
morphology (enantiotropic smectic C, smectic A and nematic mesophases combined
with the absence of highly ordered mesophases), generaily low melting points, low
viscosity and general ease of preparation (the two aromatic rings are not laterally
substituted and are directly bonded to each other).

In order to investigate the suitability of these new alkenyloxy substituted materials
as non-optically active components of chiral smectic C mixtures for electrooptic
display devices based on ferroelectric effects (SSFLCDs, DHFLCDs and SBFLCDs) a
parallel study of their physical properties in admixture with each other and in a
standard chiral S§ mixture was also carried out [46]. The liquid crystal transition
temperatures of the new 5-n-alkyl-2-[4-(n-alkenyloxy)phenyl]pyrimidines (2-7, 9-14
and 16-96) with an unsaturated carbon—carbon double bond in the terminal
alkenyloxy chain are recorded in tables 1-4 and those of the corresponding ethers [45]
without an additional double bond are given for three homologues (1, 8 and 15)in table
1 and for the complete three homologous series (1, 8, 15 and 97-119) in table 5 (where
available).

2. Synthesis

The  methods of  synthesis of  the new 5-n-alkyl-2-[4-n-
alkenyloxy)phenylpyrimidines (2-7, 9-14 and 16-96) with an unsaturated carbon-
carbon double bond in the terminal alkenyloxy chain are shown in reaction schemes 1-
4. The methods of preparation are described in general below and then in detail in the
Experimental for a representative member (1-7) of each series. One homologue (1) of
the parent compounds (without an additional unsaturated carbon-carbon double
bond in the alkoxy chain)is included as a reference compound. The configuration of the
unsaturated carbon—carbon double bond in the alkenyloxy chain of the new ethers
(2-7, 9-14 and 16-96) was confirmed by 'HNMR spectroscopy (the trans olefinic
coupling constantsa 12-18 Hz are larger than those of the corresponding cis olefinic
coupling constants ~ 7-11 Hz) and by IR spectroscopy (the trans absorption bands are
narrow and exact~970-960cm ™!, while the cis absorption bands are observed at
distinctly different wavelengths ~730-675 cm ™ !). Traces of undesired isomers formed
during the preparation of the various alkenyl-1-ols required as reaction intermediates,
or present in commercially available starting materials, could be removed by
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Table 1. The liquid crystal transition temperatures for the 5-heptyl-, octyl-, and nonyl-2-[4-n-
(octenyloxy)phenyl]pyrimidines 1-21.

ChH —<:N\)-—©—OR
ni2n+1 =N

n R Tesesan/’C Tgesam/"C Tsp/°C Ta/°C AT /°C
17 SN 51 (45) — 72 _
27 N\ 38 35) — 68 —
37 SN 28 — 43 44 —
47 VN 39 45 _ 65 +6
57 N\ 2 24 47 53 +22
67 ~ N7 33 — _ 7 —
77 N7 36 (33) 48 62 —
88 \_ "\ 34 56 64 70 +22
98 NI\ 24 56 — 68 +32
108 \_/ 25 38 45 — +13
s \_ 32 56 59 63 +24
128 N/ 10 38 53 — +28
13 8 N\ 40 52 57 67 +12
14 8 ANV ey 22 34 56 60 +12
15 9 N 33 61 75 — +28
16 9 \ N 42 70 72 73 +28
17 9 N 24 43 54 — +19
18 9 N YW 42 64 73 —_ +22
19 9 \__/—\___/— 24 45 61 — +21
20 9 SN 39 53 7 7 +14
21 9 \__/—\_/: 37 — 67 — —

() Represents a monotropic transition temperature.
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Table 2. The liquid crystal transition temperatures for the 5-heptyl-, octyl-, and nonyl-2-[4-n-
((E)-2-alkenyloxy)phenyl]pyrimidines 2, 9, 16, 2245,

N
CrHanst —</-= N‘)—@- O/ CmaHams

(B)

nom ’IESC/SA/N/I/OC TscsA/N/OC Tgmp/°C Tw/°C
22 7 4 52 — — 72
23 7 5 31 (30) — 62
24 7 6 52 — — 68
258 7 17 22 33 — 63
27 8 38 (35) — 68
26 7 9 40 41 — 66
27 710 49 (42) — 68
28 7 1t 43 47 — 66
29 7 12 55 49) — 68
30 8 4 48 (45) — 68
31 8 53 49) 55 61
328 6 43 51 — 66
338 7 30 55 — 64
9 8 8 24 56 — 68
34 8 9 29 58 - 66
35 810 31 59 — 68
36 8 11 40 60 — 66
37 8 12 44 62 — 68
383 9 4 59 — 65 75
399 5 56 42) 68 —
40 9 6 49 63 70 72
41 9 7 46 66 70 —
16 9 8 42 70 72 73
42 9 9 20 70 7 72
43 9 10 37 72 73 74
44 9 11 36 2 73 —
45 9 12 42 74 — —

() Represents a monotropic transition temperature.
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Table 3. The liquid crystal transition temperatures for the 5-heptyl-, octyl-, and nonyl-2-[4-n-
((Z)-3-alkenyloxy)phenyl pyrimidines 3, 10, 17, 46-69.

N
(-0
an2n+1"<-= N 0\—/=\Cm-5H2m-9

(9
nm Tcsc/s A/N/ °C TscsA/ °C TSAN/l/ °C Tw/°C
46 7 4 38 — 41 49
47 7 5 45 — 41) 47
48 7 6 43 — 45 48
49 7 7 20 — 44 —
37 8 28 — 43 44
5 7 9 25 — 40 —
51 710 33 _— 39 —
52 711 40 —_ 37 —
53 7 12 31 — 3 38
54 8 4 34 — 46 —
558 5 4 — 45 —
5% 8 6 42 32) 47 —_—
57 8 7 33 35 46 —
10 8 8 25 34 46 —
58 8 9 12 30 42 —
59 8 10 22 25 41 —
60 8 11 30 20 39 —
61 8 12 32 (14) 41 —
62 9 4 55 — 56 _
63 9 5 48 (25) 55 —
64 9 6 58 (C3))] (56) —
659 7 34 45 54 —
17 9 8 24 43 54 —
66 9 9 6 38 51 —
67 9 10 19 34 49 —
68 9 11 26 (24) 47 —
69 9 12 29 (149) 50 —

() Represents a monotropic transition temperature.
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Table 4. The liquid crystal transition temperatures for the 5-heptyl-, octyl-, and nonyl-2-[(4-n-
(alkenyloxy)phenyl]pyrimidines 7, 14, 21, 70-96.

/ N
an2n+1‘<-= N\)—O‘ O-(CHIm2=

nm Tegys A/N/l/ °C Toesal°C TSAN/I/ °C Ta/°C
70 7 3 44 — (43) 50
7 4 38 e 41 49
727 5 46 — 45) 63
73 7 6 27 — 43 57
74 7 7 56 (34) 47) 67
77 8 36 (33) 48 62
757 9 52 (43) 54 67
76 7 10 43 42) 55 64
77 7 1t 49 (46) 59 67
78 7 12 50 (45) 60 65
79 8 3 54 — (51) —
80 8 4 34 — 46 _
81 8 S 38 — 54 58
82 8 6 44 — 51 55
83 8 7 37 (30) 58 64
14 8 8 22 34 56 60
84 8 9 27 45 62 66
85 8 10 24 46 60 63
8 8 11 34 52 64 66
87 8 12 36 50 63 64
88 9 3 47 — 59 —
89 9 4 55 — 56 —
9 9 5 40 — 65 —
91 9 6 438 — 62 —
92 9 7 31 — 69 —
21 9 8 37 — 67 —
93 9 9 19 39 71 —_
94 9 10 35 45 70 —
95 9 11 32 52 72 —
9% 9 12 46 50 70 —

() Represents a monotropic transition temperature.
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Table 5. The liquid crystal transition temperatures for the 5-heptyl-, octyl-, and nonyl-2-[4-(n-

alkoxy)phenyl]pyrimidines.

N
CnH2n+1_<N\>_OOCmHZm+1

nm  Tess,n/°C Lisan/°C Tin/°C Ta°C
97 7 3 42 — 44 52
98 7 4 41 — 42 64
9 7 5 49 — 52 66
100 7 6 48 (36) — 70
1m0 7 7 39 48 — 68

1 7 8 51 45) — 72

102 7 9 48 47 — 70
103 7 10 54 55 — 72
104 7 11 55 (54) 63 70
105 7 12 60 (58) 63 71
166 8 3 45 — 50 —
107 8 4 35 — 54 60
108 8 5 38 — 54 58
109 8 6 28 47 59 66
110 8 7 47 49 61 66
8 8 8 34 56 64 70
1t 8 9 35 57 65 69
112 8 10 35 61 67 70
113 8 11 45 60 67 69
114 8 12 42 62 69 70
115 9 5 41 — 66
116 9 6 33 48 71 72
1n 9 1 35 51 72 —
15 9 8 33 61 75 —
118 9 9 36 61 74 —
119 9 10 40 66 76 —

() Represents a monotropic transition temperature.
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recrystallization of the desired end product (see Experimental). The structural and
isomeric purity was determined by differential thermal analysis and gas capillar
chromatography as usual and, where necessary, on liquid crystal packed columns [47].

The reaction pathway leading to the 5-heptyl-, octyl-, and nonyl-2-[4-((E)-2-
alkenyloxy)phenyl]pyrimidines (2, 9, 16 and 22-45) is shown in scheme 1. Commerci-
ally available alkyl aldehydes are converted in a standard Wittig-Horner reaction [48]
to the trans acrylates. Reduction of these trans acrylates with diisobutylaluminium
hydride [49] yielded the corresponding (E)-2-alkenyl-1-ols, which were used in a
Mitsunobu reaction [50] with the known S5-heptyl-, octyl-, and nonyl-2-[4-
(hydroxy)phenyl]pyrimidines [45] to yield the desired ethers (2,9, 16 and 22—45). Some

(a)

Y Crn-tHam-1 > °§ g/ Cm-aHoms
N0
(E)
(b)
N (©)
Cn H2n+1_</; N‘"‘@' O, Va CmaHome HO\_/ Cm-aHom-s

(E) (E)

2, 9,16, 2245
Scheme 1. (a) (C,H,0),P(0)CH,CO,C,H,/K,CO4/H,O/tetrahydrofuran, (b) DIBAH/
hexane, (¢) DEAD/TPP/tetrahydrofuran/»c,,u,,,,,-(’;'}—Q—ou

° _ (@) _ o —
Oro~= > Qo\—’e\—cm.sﬂzm.s
(b)
_ (© 0
HO—\ CmsHome <-—-)_ o0~ Cm-sHam-o
2 (2)
(d)

N
Cnani L 3 N0 —
nH2n+t -<-= N SN Cm.sHam-g

3, 10, 17, 4669 2
Scheme 2. (@) C,H,Li/BrC,_sH,,_s/tetrahydrofuran, (b) H,/Lindlar’s Catalyst/
HOC,H,SC,H,SC,H,OH/ethy! acetate, (c) ((CH,);5i),SO,/CH;0H, (d) DEAD/
TPP/tetrahydrofuran; ¢, tzn, -{:‘—Q oH
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(E)-2-alkenyl-1-ols are commercially available. The method of preparation of the 5-
heptyl-, octyl-, and nonyl-2-[4-((Z)-3-alkenyloxy)phenyl Jpyrimidines (3, 10, 17, 46-69)
is depicted in scheme 2. The commercially available 2-(3-butynyloxy)tetrahydro-2H-
pyran is alkylated at —78°C with the appropriate commercially available bromo- or
iodo-alkanes [51]. The resultant 2-(3-alkynyl-1-oxy)tetrahydro-2H-pyrans are then
hydrogenated using Lindlar’s catalyst [52] modified with 1,2-bis(2-
hydroxyethylthio)ethane to vyield the cis-2-[(Z)-3-alkenyl-1-oxy]tetrahydro-2H-
pyrans with less than 2 per cent of the corresponding trans isomer. Deprotection of the
tetrahydropyranyl protecting group under mild conditions [53] yielded the (Z)-3-
alkenyl-1-ols, which were used in a Mitsunobu reaction with the known 5-heptyl-,
octyl-, and nonyl-2-(4-(hydroxy)phenyl)pyrimidines to yield the desired ethers (3, 10,
17, 46-69).

The  synthesis of the  S-heptyl, octyl, and  nonyl-2-[4-(E)-
octenyloxy)phenyl]pyrimidines (4, 11 and 18) is demonstrated in scheme 3 [54]. The
commercially available (E)-2-hexen-1-ol is converted by bromination with tetra-
bromomethane and triphenylphosphine to the corresponding bromide [ 55], which was
condensed with diethyl malonate to yield the diester with eight carbon atoms in the
longest chain. Saponification with potassium hydroxide and decarboxylation of the
resultant diacid at 150°C led to ( E)-4-octenoic acid. Reduction with lithiumaluminium
hydride yielded the corresponding trans alcohol, which was alkylated as above to yield
the required ethers (4, 11, and 18). The trans configuration is retained throughout the
synthesis.

Ho/—\—/— __._(_a.)__.———-> BI'/_\—/__

e B
(b)

(o]
Ho 4___—-—-() \-0»_4:&/—
g Mon o »o
o

(o] | -
(E) (E)
(d)
HO /N /™ © > W/ N/
[o]
(E) " ()
CpHans {:‘“@‘ o/ /S

4,11,18 (E)

Scheme 3. (@) CBr,/TPP/dichloromethane, (b)) NaOEt/ethanol/diethylmalonate, {(c) (i)
KOH/H,0; (i) HC, (d) 150°C/-CO,, (¢) LiAIH, /ether, (f) DEAD/TPP/tetrahydrofuran/

cn“hw!'«':ijOH
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HO’_\J_ ________’(a) Br/—\—’_

(=) ()
(b)

C,
HO <2 \—o,,_{_‘\_j"
(o] OH (o] (o]
o]

)

(@

(e)

3] ®

U]

CnHznat _</-= :‘)_O_ o\__/—\J—

6, 13, 20 (E)

Scheme 4. (a) CBr,/TPP/dichloromethane, (b) NaOEt/ethanol/dicthylmalonate, (c) (i)
KOH/H,0; (i) HC], (d) 150°C/-CO,, (¢) LiAlH, fether, (f) DEAD/TPP/tetrahydrofuran/

cnﬂmn{:‘j“Q‘OH

The parallel synthesis of the related S5-heptyl-, octyl-, and nonyl-2-[6-
(-(E)-octenyloxy)phenyl]pyrimidines (6, 13, and 20) using the same reaction steps,
but starting with (E)-4-hexen-1-ol, is depicted in scheme 4.

The S5-heptyl-, octyl-, and nonyl-2-[5-((Z)-octenyloxy)phenyl]pyrimidines (5, 12,
and 19) were prepared from the known S5-heptyl-, octyl-, and nonyl-2-[4-
(hydroxy)phenyl]pyrimidines and the commercially available (Z)-5-octen-1-ol as
described above.

The ethers (7, 14, 21, 70-96) with a carbon-carbon double bond in a terminal
position of the alkenyloxy chain were prepared as described above using either
commercially available straight chain alkenyl-1-ols or as previously described [43].

3. Mesomorphic properties

The liquid crystal transition temperatures of the 5-heptyl-, octyl-, and nonyl-2-(4-
(octyloxy)phenyl)pyrimidines (1, 8, and 15) and those of the analogous 5-heptyl-, octyl-,
and nonyl-2-(4-(alkenyloxy)phenyl)pyrimidines (2-7, 9-14, and 16-21) are collated in
table 1. The position of the unsaturated carbon-carbon double bond is varied
systematically from the beginning to the end of the terminal alkenyloxy chain in each
series. The configuration at the olefinic double bond is alternately trans and cis (E and
Z). The 7-octenyloxy chain incorporating a double bond in a terminal position is
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neither trans not cis due to the equivalence of the two hydrogen atoms on the end
carbon atom. The width of the smectic C mesophase (i.e. the mesophase type of most
direct interest for electrooptic applications based on ferroelectric effects) is recorded in
the last column.

The data in the table can be separated into four distinct classes: the standard
compounds(1, 8, and 15) without a double bond in the terminal chains; the materials (2,
4,6,9,11,13,16,18, and 20) incorporating a trans double bond in positions 2,4 and 6 in
the terminal alkenyloxy chain; the substances (3, §, 10, 12, 17, and 19) with a cis double
bond in positions 3 and 5; and those (7, 14, and 21) with a terminal double bond.

Taken as a whole the substances (2, 4, 6, 9, 11, 13, 16, 18, and 20) incorporating a
trans double bond in positions 2, 4 and 6 in terminal alkenyloxy chain exhibit similar
melting points (37°C, on average), smectic C temperatures (53°C, on average), smectic A
transition temperatures (66°C, on average) and nematic—isotropic transition tempera-
tures (68°C, on average) as those (39°C, 54°C, 70°C, and 71°C, on average, respectively)
of their analogues containing no double bond in the alkoxy chain (1, 8, and 15).

However, these average values mask the rise (+9°C) in the smectic C—smectic A
transition temperature for the (E)-2-octenyloxy substituted compound (16) with a
decrease (—3°C) in the smectic A transition temperature resulting in only a narrow
smectic A mesophase range (2°C) above the smectic C mesophase. Additionally, a
narrow range (1°C) nematic mesophase is observed for the unsaturated compound (16)
and not for the saturated compound (15). Thus the compound (16) exhibits the ideal
order and range of mesophases for mixtures designed for electrooptic effects based on
ferroelectric effects. Although the range of the smectic C mesophase for the unsaturated
compound (16) is the same as that (18°C) of the corresponding saturated material (15),
this still represents an improvement in the transition temperatures with regard to
electrooptic display device applications based on ferroelectric effects.

A totally different picture appears for the materials (3, 5, 10, 12,17, and 19) with a cis
double bond in positions 3 and 5 compared to the standard compounds. The melting
point, smectic C, smectic A and nematic transition temperatures are all lower (—20°C,
—16°C, —19°C and —22°C, on average, respectively) than those of the analogous
materials with saturated alkoxy chains. However, this often results in enantiotropic,
relatively wide range (< 20°C) smectic C mesophases at and above room temperature
(for example 17 and 19). Several homologues (for example 5 and 12) exhibit extremely
low melting points below room temperature. Decreases in all the liquid crystal
transition temperatures of the three compounds (7, 14, and 21) with a terminal carbon—
carbon double bond are also observed. Comparisons are difficult because all three
homologues do not always exhibit the same phases. However, the smectic C transition
temperature seems to be decreased more (— 17°C, on average, for 7 and 14) than either
the melting point (— 7°C, on average), the smectic A transition temperature (—8°C, on
average, for 14 and 21) or the nematic—isotropic transition temperature (— 10°C, on
average) relative to the saturated materials (1, 8, and 15). Thus, this would seem to be
the least attractive position of all the possible positions of the double bond. However,
initial measurements of the physical properties of these chosen homologues in a
standard chiral smectic C mixture indicated that the electrooptic response offered
advantages over the standard materials.

Thus a total of nine homologous series (2 and 22-29, 9 and 30-37, 16 and 38-45; 3
and 4653, 10 and 54-61, 17 and 62-69; 7 and 70-78, 14 and 79-87, 21 and 88-96) of
these ethers (see tables 24 and figures 1-9) were chosen for further study. Three series
contained the (E)-2-alkenyloxy chain as these seemed the most promising compounds
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of all due to their transition temperatures and relative ease of preparation (see table 2
and figures 1-3). Three series incorporating the (Z)-3-alkenyloxy chain were prepared
(see table 3 and figure 4-6) because of their relatively wide smectic C mesophase and
low melting points, fast response times and relative ease of synthesis compared to the
very similar (Z)-5-alkenyloxy chain (although their physical properties appeared
equally attractive). Three series with an alkenyloxy chain with the double bond in a
terminal position were also prepared due to their good response times in test mixtures,
the absence of isomer problems and the ready availability of appropriate starting
materials (see table 4 and figures 6-9).

The liquid crystal transition temperatures of the 5-heptyl-, octyl-, and nonyl-2-[4-
((E)-2-alkenyloxy)phenyl]pyrimidines (2 and 22-29, 9 and 30-37, 16 and 3845,
respectively) are recorded in table 2 and plotted against the total number of carbon
atoms in the terminal alkenyloxy chain in figures 1-3, respectively. The plots of the
nematic-isotropic liquid crystal transition temperature (N-I) against chain length (m)
of the 5-heptyl-2-[4-((E)-2-alkenyloxy)phenyl]pyrimidines (2 and 22-29) shown in
figure 1 are unusually flat and show a considerable degree of alternation at surprisingly
high temperatures (67°C, on average) for two-ring compounds without a polarizable
central linkage to increase the length/breadth ratio and the total degree of conjugation.
The plots of the smectic C—nematic transition temperature (Sc—N) also show a degree of
alternation, although to a lesser extent and at much lower temperatures (40°C, on
average). The plots begin at low temperatures (30°C) for the shorter chain lengths
(m=15)and rise smoothly to reach the highest values (55°C) for the longest chain studied
(m=12) without appearing to reach a maximum as is often the case with smectic series.
The plot of the melting point (C-S¢ and C-N) is irregular as expected varying greatly
with chain length, although starting and ending at relatively high temperatures (52°C
and 55°C, respectively) leading to a relatively high average value (42°C). Thus is is not
surprising that most of the smectic C-nematic transitions are just monotropic (i.c.
below the melting point). There are no other smectic mesophases.
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Figure 1. Plots of the transition temperatures against the number of carbon atoms (m) in the
alkyl chain of the 5-heptyl-2-[4-((E)-2-alkenyloxy)phenyl]pyrimidines 2 and 22-29. ({3,
crystal-smectic C/nematic transition; A, smectic C-nematic transition;O, nematic—
isotropic transition).
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The plots of the nematic-isotropic liquid crystal transition temperature (N-T)
against chain length (m) of the 5-octyl-2-[4-((E)-2-alkenyloxy)phenyl]pyrimidines (9
and 30-37) shown in figure 2 are very similar in shape to those of the corresponding
heptyl homologues and at almost identical temperatures (66°C, on average). However,
while the plots of the smectic C—nematic transition temperature (Sc—N) of the heptyl
homologues were concave, the corresponding plots of the octyl homologues are convex
and at much higher temperatures (55°C, on average). The plot of the melting point of
the octyl homologues shows much less variation than that of the heptyl analogues,
beginning and ending at similar temperatures, with a corresponding minimum (24°C)
for the octyl analogues for intermediate chain lengths (m = 8), similar to that of (22°C) of
the heptyl materials (m =7) resulting in almost the same average values for the heptyl
and octyl derivatives (42°C and 38°C, on average, respectively). This results in
enantiotropic, relatively wide range smectic C mesophases for most of the octyl
homologues (17°C, on average) and for some homologues in particular (for example
32°C for n=m=g§;9).

Addition of one methylene unit (-CH,-) to octyl derivatives (9 and 30-37) to
produce the nonyl analogues (16 and 38-45) results in the injection of an enantiotropic
smectic A mesophase at elevated temperatures (70°C, on average; see figure 3). This
causes a reduction (—8°C, on average) in the nematic mesophase range (3°C, on
average), although the nematic—isotropic transition temperature is high (73°C, on
average). For some homologues (m =35, 7) there is no nematic phases at all. The smectic
C mesophase now lies underneath a smectic A phase for most of the chain lengths
studied (m=>5-11). However, the plots of the smectic C transition temperature rises
much more steeply for the nonyl derivatives resulting in high values (66°C, on average)
and a direct transition (Sc-I) to the isotropic phase for the longest chain lengths
investigated (m=12).

The liquid crystal transition temperatures of the 5-heptyl-, octyl-, and nonyl-2-[4-
((Z)-3-alkenyloxy)phenyl]pyrimidines (3 and 46-53, 10 and 54-61, 17 and 6269,
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Figure 2. Plots of the transition temperatures against the number of carbon atoms (m) in the
alkyl chain of the 5-octyl-2-[4-((E)-2-alkenyloxy)phenyl]pyrimidines 9 and 30-37. (1,
crystal-smectic C/smectic A/nematic transition; A, smectic A-nematic transition; O,
nematic—isotropic transition).
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Figure 3. Plots of the transition temperatures against the number of carbon atoms (m) in the
alkyl chain of the 5-nonyl-2-[4-((E)-2-alkenyloxy)pheny!]pyrimidines 16 and 38-45. ([,
crystal-smectic C/smectic A/nematic transition; A, smectic C-smectic A/isotropic
transition; A, smectic A-nematic/isotropic transition; O, nematic-isotropic transition).

respectively) are recorded in table 3 and plotted against the total number of carbon
atoms (m) in the terminal alkenyloxy chain in figures 4-6. The most salient feature of the
plots of the liquid crystal transition temperatures of the 5-heptyl-2-[4-(Z)-3-
alkenyloxy)phenyl]pyrimidines (3 and 46-53) is the total absence of a smectic C
mesophase (see figure 4). Compared to the corresponding 5-heptyl-2-[4-((E)-2-
alkenyloxy)phenyl]pyrimidines (2 and 22-29) a primarily monotropic smectic C
mesophase has been transformed into an enantiotropic smectic A mesophase at
moderately elevated temperatures (41°C, on average). The melting point (32°C, on
average) and nematic-isotropic transition temperature (45°C, on average) are lower
(—10°C and —22°C, on average, respectively) for the materials incorporating the cis
instead of the trans double bond. Thus, the similarities between the two series are
minimal.

The addition of one methylene unit (-CH,-) to the heptyl derivatives (3 and 46-53)
to produce the octyl analogues (10 and 54-61) results in the disappearance of the
nematic phase and the appearance of a smectic C mesophase around room temperature
(24°C, on average; see figure 5). The melting point (25°C, on average) decreases (— 7°C,
on average), while the smectic A transition temperature (44°C, on average) increases
marginally (+3°C, on average) compared to the heptyl homologues. The plot of the
smectic C transition temperature rises steeply for short chain lengths (m = 4, 5), reaches
a maximum for intermediate chain lengths (m=7) and decreases gradually to
monotropic values below room temperature for the longest chain lengths studied
(m=11, 12). The plot of the melting point is similar to those of the corresponding
materials containing a trans double bond, beginning and ending at high values and
showing a minimum for intermediate chain lengths (m=9), although at a much lower
value (12°C) for the material (58) containing the cis double bond than that (24°C)
observed for the corresponding homologue (9) for a slightly different chain length
(m=9) of the analogous series with a trans double bond.
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The plots of the melting point, smectic C and smectic A transition temperatures of
the 5-nonyl-2-[4-((Z)-3-alkenyloxy)phenyl]pyrimidines (17 and 62-69) are very similar
to those of the corresponding octyl homologous series, although at consistently higher
temperatures (31°C, 34°C and 52°C, on average, respectively; see figure 6). However,
the minimum for the melting point plotis at a lower temperature (6°C), although for the
same homologue (m=9), while the smectic C transition temperature (38°C) is
somewhat higher (+8°C) leading to a wider (+14°C) smectic C mesophase range
(32°C). Three homologues (17, 66 and 67) exhibit enantiotropic smectic C mesophases
at room temperature.
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Figure 4. Plots of the transition temperatures against the number of carbon atoms (m) in the
alkyl chain of the 5-heptyl-2-[4-((Z)-3-alkenyloxy)phenyl]pyrimidines 3 and 46-53. ((],
crystal-smectic A/nematic/isotropic transition; A, smectic A-nematic/isotropic tran-
sition; O, nematic-isotropic transition).
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Figure 5. Plots of the transition temperatures against the number of carbon atoms {m) in the
alkyl chain of the 5-octyl-2-[4-((Z)-3-alkenyloxy)phenyl]pyrimidines 10 and 54-61. (1,

crystal-smectic C/smectic A transition; A, smectic C-smectic A; A, smectic A—isotropic
transition).
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Figure 6. Plots of the transition temperatures against the number of carbon atoms (m) in the
alkyl chain of the 5-nonyl-2-[4-((Z)-3-alkenyloxy)phenylJpyrimidines 17 and 62-69. (O,
crystal-smectic C/smectic A/isotropic transition; &, smectic C-smectic A; A, smectic
A-isotropic transition).

An interesting feature of the transition temperatures of the 5-heptyl-, octyl-, and
nonyl-2-[4-((Z-3-alkenyloxy)phenyl]pyrimidines 3 and 46-53, 10 and 54-61, 17 and
62-69) is that although the first homologue (46, 54 and 62) of each series (n=7-9; m=4)
does not incorporate a cis carbon—carbon double bond, but a terminal one, they still
continue the plots of the smectic A and nematic phases for the remaining eight
homologues with a cis carbon-carbon double bond (i.e. m= 5-12). This is most unusual
and is not valid for any of the other homologous series studied (i.e. the ethers 22-45) or
for a shorter alkenyloxy chain (i.e. m= 3; allyloxy, see table 4).

The liquid crystal transition temperatures of the S-heptyl-, octyl-, and nonyl-2-[4-
(alkenyloxy)phenyl]pyrimidines (7 and 70-78, 14 and 79-87, 21 and 88-96, respec-
tively) with a terminal carbon—carbon double bond are recorded in table 4 and plotted
against the total number of carbon atoms (m) in the terminal alkenyloxy chain in figures
7-9. The most obvious feature of the plots of the melting point, smectic C and smectic A
and nematic transition temperatures of the 5-heptyl-2-[4-(alkenyloxy)
phenyl]pyrimidines (7 and 70-78) shown in figure 7 is the presence of broad smectic A
and nematic mesophases for the complete homologous series at elevated temperatures
(50°C and 61°C, on average, respectively). The plots of the nematic-isotropic liquid
crystal transition temperature (N-I) against chain length (m) are convex, while the plot
of the smectic A—nematic transition temperature (S,~N) are concave. Both series of
plots show a regular degree of alternation. This applies to the plot of the melting point
across almost the whole homologous series. The melting point is relatively high (44°C,
on average). Thus, several of the smectic A mesophases (i.e. for the compounds 70, 72
and 74) and all the smectic C mesophases are monotropic (41°C, on average). Only
those homologues with relatively long chains (m =7-12) show a smectic C mesophase.

The smectic C and smectic A mesophase transition temperatures for the corre-
sponding octyl derivatives (14 and 79-87) are higher (+7°C for both, comparing
identical homologues for both series) than those of the corresponding heptyl
substances (see figure 8). However, the melting point is lower (— 7°C, on average). This
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results in the appearance of enantiotropic, relatively wide range smectic C and A
mesophases, although the smectic C mesophase is still only observed for longer chain
lengths (m= 7-12). The nematic transition temperatures remain more or less constant
(61°C, on average) and, thus, the nematic mesophase range becomes narrower (5°C, on

average).

The addition of one methylene unit (-CH ,-) to the octyl derivatives (14 and 79-87)
to produce the nonyl analogues (21 and 88-96) results in the disappearance of the
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Figure 7. Plots of the transition temperatures against the number of carbon atoms (m) in the
alkyl chain of the S-heptyl-2-[4-(alkenyloxy)phenyl]pyrimidines 7 and 70-78. (O, crystal~
smectic A/nematic transition; A, smectic C-smectic A transition; A, smectic A-—nematic
transition; O, nematic-isotropic transition).
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Figure 8. Plots of the transition temperatures against the number of carbon atoms (m) in the
alkyl chain of the 5-octyl-2-[4-(alkenyloxy)phenyl]pyrimidines 14 and 79-87. (I, crystal-
smectic C/smectic A/isotropic transition; A, smectic C-smectic A transition; A, smectic
A-nematic/isotropic transition; O, nematic-isotropic transition).
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Figure 9. Plots of the transition temperatures against the number of carbon atoms (m) in the
alkyl chain of the 5-nonyl-2-[4-(alkenyloxy)phenyl]pyrimidines 21 and 88-96. (O,
crystal-smectic C/smectic A transition; A, smectic C-smectic A transition; A, smectic A—
isotropic transition).

nematic phase and a substantial rise (+ 11°C) in the smectic A transition temperatures
(S4-1), while the smectic C transition temperatures remain more or less constant (— 1°C
on average, comparing the same homologues; m=9-12); see figure 9. This is unusual.
The melting point shows a surprising degree of alternation.

4. Discussion

Since the introduction of an unsaturated carbon—carbon double bond into an
alkyl/alkoxy chain of such a large molecular model system changes the mesomorphic
properties significantly the differences in the chain conformation must also be large
(although the geometry at only two carbon atoms from more than fifteen in the two
chains is changed). The size of the changes are commensurate with that observed for
analogous nematic systems [56-67], but the type of change is different.

Analogous to the situation for nematics, it may be assumed that the preferred
arrangement for both terminal alkyl chains is a linear conformation. This may be either
the most efficient way of filling space in a layered, ordered system with tilted molecules
and/or lead to the greatest degree of inter-molecular attraction [46].

It may be supposed that the double bond at position 2 in the terminal alkenyloxy
chain leads to the reduction in the (already small) number of non-linear conformations
possible for the first four atoms in the chain. This change in the molecular shape could
also result in a stronger interaction between the chains and the aromatic core of
adjacent molecules. Whichever of these two effects may be dominant an increase in the
smectic and nematic transition temperatures would be expected. This is reflected in the
high liquid crystal transition temperatures of most of these compounds (see table 2).

The degree of chain-stiffening (i.e. the reduction in the number of non-preferred,
antiperiplanar, zig-zag conformations) could be expected to decrease directly with the
distance of the trans double bond from the core of the molecule. Thus, the effect on the
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liquid crystal transition temperatures can be expected to decrease as the trans double
bond moves from position 2 to 4 and then to 6. This is observed to be the case for the
nonyl homologues, but not always for the heptyl and octyl materials (see table 1). This
serves to demonstrate the complexity of the molecular situation. A double bond seems
to be detrimental to mesophase formation near to the end of the chain, perhaps due to
induced dipole—dipole interactions between adjacent chains (see the general decreases
in the liquid crystal transition temperatures of the ethers containing a carbon—carbon
double bond in a terminal position of the alkenyloxy chain). This is difficult to explain
on steric grounds.

The effect of the cis double bond can be assumed to be to deform the linear
conformation. This has been clearly demonstrated in the accompanying publication
[46]. This should decrease the smectic C transition temperature as well as all the other
liquid crystal transition temperatures (as is indeed observed to be the case). The
enlarged degree of asymmetry should also lead to a lower melting point.

With respect to the melting point, there are parallels with natural products. For
example, the melting point of a fat or oil depends on the presence, number and type of
carbon-carbon double bonds in the alkyl chain. If all the alkyl groups of the fatty acid
portion of the molecule are saturated, the chains can align themselves in a regular
pattern, with staggered zig-zag conformations along the chain. Molecules of this type
can pack reasonably regularly on a crystal lattice (due to the high degree of symmetry
and uniformity) and, therefore, they usually form solids at room temperature. The
introduction of a cis double bond in the alkyl group of fatty acids (the double bonds of
most naturally occurring fatty acids are cis) prevents such even packing of the chains
and lowers the melting point (for example consider the three unsaturated fatty acids:
cis:-oleic acid, mp 13°C; cis-, cis-linoleic acid, mp — 5°C; cis-, cis-, cis-linolenic acid, mp
—11°C). Thus, in general, naturally occurring oils (liquids) contain a higher percentage
of unsaturated alkyl groups (with cis double bonds) than fats (solids) do. However, no
naturally occurring straight chain fatty acid is mesomorphic, thus, confirming that a
fully-extended zig-zag conformation of the chain is not conducive to mesophase
formation.

A cis double bond in nematic systems has so far been seen to lead to large
depressions in the nematic—isotropic transition temperatures compared to the
corresponding systems with a carbon—carbon single bond [59]. This is in contrast to
the nematic mesophases at relatively elevated temperatures (see table 3) for some of the
materials reported here (where a predominantly linear conformation of the chain is
postulated).

Although such arguments may be useful as models in order to better understand the
observed changes in the liquid crystal transition temperatures of the alkenyloxy ethers
1-96, they are necessarily somewhat simplistic in comparison to the complex
intra/inter-molecular attractions actually responsible for them. The situation with
regard to the trends in the observed liquid crystals is also extremely complicated and
average values have been quoted in order to be able to comment at all on such a large
number of data. The observed effects seem to be more pronounced as the length of the
chain attached to the pyrimidine ring increases (i.e. from heptyl to octyl and then
nonyl). There are a number of individual deviations from these general trends
(especially for the trans-substituted members of the heptyl series) evident from reference
to tables 1-5. In order to facilitate an independent interpretation of the large number of
data collated in tables 1-4, the liquid crystal transition temperatures of the analogous
n-alkyl/alkoxy chain parent compounds (1, 8, 15 and 97-119, i.e. those without an
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additional carbon—carbon double bond in the terminal alkoxy chain) have also been
listed in table 5. The author’s own values have been quoted where possible as these are
in general higher than those found in the literature [45].

5. Experimental

The liquid crystal transition temperatures of the compounds prepared recorded in
tables 1-5 were determined by optical microscopy using a Leitz Otholux IIPOL BK
microscope in conjunction with a Mettler FP 82 heating stage and FP 80 control unit.
All the monotropic liquid crystal phases could be observed using a microscope and no
virtual values (extrapolated) had to be determined. When necessary the Mettler stage
could be cooled (— 50°C) by allowing nitrogen gas, cooled by liquid nitrogen, to pass
through the stage at a controlled rate. The liquid crystal transition temperatures were
also determined using a Mettler DTA TA 2000.

The purity of the compounds was determined by thin layer chromatography (TLC),
gas chromatography (GC) and differential thermal analysis DTA. A Perkin-Elmer
8310 gas capillar chromatograph equipped with a 25m OV 61 column and GP-100
graphics printer was used. TLC plates (4 cm x 8 cm) coated with SiO, SIL/G/UV,,,
(Machery-nagel, Diiren, Germany) were utilized. The purity of the final liquid
crystalline products (1-119) was >99-7 per cent by GC and DTA. Column
chromatography was carried out using silica gel 60 (330400 mesh ASTM). Reaction
solvents and liquid reagents were purified by distillation or drying shortly before use.
Reactions were carried out under nitrogen unless water was present as solvent or
reagent. All temperatures were measured externally unless otherwise stated. The
'H NMR spectra were recorded at 60 MHz (Varian T-60), 80 MHz (Bruker WP-80) or
270 MHz (Bruker HX-270). Mass spectra were recorded on a MS9 (AEZ, Manchester)
spectrometer.

5.1. 5-Heptyl-2-[4-(octyloxy)phenyl pyrimidine (1)

A  mixture of 1-bromooctane (Fluka) (86g, 0-044mol), 4-(5-heptyl-2-
pyrimidinyl)phenol [45] (10-0 g, 0-037 mol), potassium carbonate (1-02 g, 0-0074 mol)
and N, N-dimethylformamide (500 ml) was stirred at room temperature overnight, then
filtered to remove inorganic material. The filtrate was diluted with water (1000 ml) and
then extracted into diethyl ether (3 x 100 mli). The combined organic extracts were
washed with water (2 x 500 ml), dried (MgSQ,), filtered and then evaporated down. The
residue was purified by column chromatography on silica gel using a 9: 1 hexane/ethyl
acetate mixture as eluent and recrystallization from ethanol to yield the pure ether
(132 g,94 per cent), Tey = 51°C; Ty n=45°C); Ty = 72°C. IR (KBr) v,,,, 923, 2851, 1582,
1543, 1513, 1426, 1254, 1025, 847, 790 cm ™ 1. MS m/z: 382(M™*), 270(C,,H,,N,0*);
185(C,HyN,O ™). 'HNMR (CDCl,): 0-88-0-89 (6H, overlapping peaks), 1-29 (18 H,
overlapping peaks), 1-62(2H, overlapping peaks), 2:60(2H,t), 402(2H,t), 696—
7-00(2 H,d), 8-32-8:36(2H,d), 857 ppm (2 H, s). The liquid crystal transition tempera-
tures of this ether (1) and similar ethers (8, 15 and 97-119) prepared using this general
method are collated in the tables 1 and 5.

5.2. 5-Heptyl-2-[4-((E)-2-octenyloxy)phenyllpyrimidine (2)

A solution of (E)-2-octen-1-ol (Johnson Matthey) (0-35 g, 0:0019 mol), 4-(5-heptyl-2-
pyrimidinyl)phenol [45] (0-5g, 0-0019mol), diethyl azodicarboxalylate (0-32g,
0-0019 mol), triphenylphosphine (0-49 g, 0-0019 mol) and tetrahydrofuran (25 ml) was
stirred at room temperature overnight and then evaporated down. The solid residue
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was taken up in warm hexane (25 ml), filtered to remove precipitate (P(Ph;)O) and
evaporated down once more. Purification of the residue by column chromatography
on silica gel using a 9:1 hexane/ethyl acetate mixture as eluent and then recrystalliz-
ation from ethanol yielded the pure ether (0-37 g, 53 per cent), Tey = 38°C; (Ts n=35°C);
T =68°C. IR (KBr) v,,,,: 2955, 2926, 1655, 1583, 1429, 1248, 1005, 971, 847, 797 cm L,
MS m/z: 380(M™), 270(C,,H,,N,0%), 185(C,;H,N,O0%),"HNMR (CDCl,):
0-86-091 (6 H, overlapping peaks), 1-28-1-44(14H, overlapping peaks), 1-64 (2H,t),
2:05-2:13(2H,q), 2-56-2:62(2H,t), 453-455(2H,t), 568-593(2H, overlapping
peaks), 6:98-7-26 (2 H, d}, 8-32-8-36 (2 H, d), 857 ppm (2 H, s). The liquid crystal tran-
sition temperatures of this ether (2) and similar ethers (9, 16 and 22-45) prepared using
this general method are recorded in tables 1 and 2.

5.3. 5-Heptyl-2-[4-((Z)-3-octenyloxy)phenyl Ipyrimidine (3)

A solution of (Z)-3-octen-1-0l (K and K Laboratories) (0-35 g, 0-0019 mol), 4-(5-
heptyl-2-pyrimidinyl)phenol [45] (0-5g, 0-0019mol), diethyl azodicarboxalylate
(0-32g, 0:0019mol), triphenylphosphine (0-49g, 0-0019mol)} and tetrahydrofuran
(25 ml) was stirred at room temperature overnight and then worked up and purified as
described above to yield the pure ether (0-36 g, 52 per cent), Tes, =28°C; T,y =43°C;
T =44°C. IR (KBr) v,p,,: 2956,2926, 1655, 1608, 1584, 1542, 1431, 1248, 847, 796 cm ™ *.
MS m/z: 380 (M*), 270 (C,,H,,N,0"), 185, (C,;H,N,0*),’'HNMR (CDCl,): 0-88
(3H, overlapping peaks), 1:28-1-44 (12 H, overlapping peaks), 2:08 (2 H, ), 2-56-2-62
(2H, t), 400-4-06 (2H,t), 5-48-5-53 (2H, overlapping peaks), 6:96-7-00 (2H, d), 8-32—
836 (2H,d), 857 ppm (2 H, s). The liquid crystal transition temperatures of this ether (3)
and similar ethers (10, 17 and 46—69) prepared using this general method are collated in
tables 1 and 3.

5.4. 5-Heptyl-2-[4-((E)-4-octenyloxy)phenyl lpyrimidine (4)

A solution of (E)-4-octen-1-ol [53] (0:35g, 00019mol), 4-(5-heptyl-2-
pyrimidinyl)phenol [45] 0-5g, 00019mol), diethyl azodicarboxalylate (0-32g,
0-0019 mol), triphenylphosphine (0-49 g, 0-0019 mol) and tetrahydrofuran (25 ml) was
stirred at room temperature overnight and then worked up and purified as described
above to yield the pure ether (0-28 g, 40 per cent), Tes. =39°C; Ty y=45°C; Ty =65°C.
IR (KBr) v,,,,: 2956, 2927, 1600, 1584, 1542, 1431, 1256, 1167, 967, 848 cm ~*. MS m/z:
380(M 1), 270(C, ,H,,N,0%), 185, (C;;H,N,0*).'H NMR (CDCl,): 0-85-0-91 (6 H,
overlapping peaks), 1-28(10H,. overlapping peaks), 1-64(2H,t), 1-84-1-98(4 H),
2-18(2 H,t), 2-56-2-62(2 H, 1), 400-4-06 (2 H, t), 5-37 5-56 (2 H, overlapping peaks), 6:95-
7-00(2H,d), 8:32-8-36 (2H, d), 8-57 ppm (2 H, s). The liquid crystal transition tempera-
tures of this ether (4) and similar ethers (11 and 18) prepared using this general method
are given in table 1.

5.5. 5-Heptyl-2-[4-((Z)-5-octenyloxy)phenylpyrimidine (5)

A solution of (Z)-5-octen-1-0l (K and K Laboratories) (0-35 g, 0-0019 molj, 4-(5-
heptyl-2-pyrimidinyl)phenol [45] (0-5g, 0-0019mol), diethyl azodicarboxalylate
(0:32g,0:0019mol), triphenylphosphine (0-49g, 0-0019mol) and tetrahydrofuran
(25 ml) was stirred at room temperature overnight and then worked up and purified as
described above to yield the pure ether (0-14 g, 20 per cent), T, =2°C; Tg 5, =24°C;
Ts n=47°C; Ty =53°C. IR (KBr) v, 2955, 2927, 1608, 1584, 1542, 1431, 1248, 1168,
846, 796cm~'. MS m/z: 380(M™*), 270(C,,H,,N,0%), 185, (C,;H,N,0%).
'H NMR(CDCl,): 0-85-1-00 (6 H, overlapping peaks), 1:27-1-31 (8 H, overlapping
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peaks), 1-51-1-61 (4 H, overlapping peaks), 1-79-1-86 (2 H, overlapping peaks), 2-03—
2-13(4 H, overlapping peaks), 2:56-2-62 (2 H, t), 400-4-06 (2 H, t), 5-36-5-38 (2 H), 6-96—
7-00(2 H, d), 8-32-8-36 (2 H, d), 8-57 ppm (2 H, 5). The liquid crystal transition tempera-
tures of this ether (5) and similar ethers (12 and 19) prepared using this general method
are given in table 1.

5.6. 5-Heptyl-2-[4-((E)-6-octenyloxy)phenyl|pyrimidine (6)

A solution of (E)-6-octen-1-ol [53] (0-35g, 00019mol), 4-(5-heptyl-2-
pyrimidiniyl)phenol [45] (0-5g, 00019mol), diethyl azodicarboxalylate (0-32g,
0-0019 mol), triphenylphosphine (0-49, 0-:0019 mol) and tetrahydrofuran (25ml) was
stirred at room temperature overnight and then worked up and purified as described
above to yield the pure ether (0-28 g, 40 per cent), Ton = 53°C; Ty ;= 72°C. IR (KBr1) v,
2927, 2852, 1607, 1583, 1543, 1428, 1252, 1167, 967, 847, 797 cm ™~ . MS m/z: 38G(M *),
270(C,,H,,N,07), 185, (C,;HoN,0%). 'THNMR (CDCl,): 0-88(3 H, overlapping
peaks), 1-28-1-31 (12 H, overlapping peaks), 1-64-1-65 (5 H, overlapping peaks), 1-81
(2 H, overlapping peaks), 2:01 (2 H, overlapping peaks), 2-56-2-62 (2 H, t), 400-4-04
(2H,t), 542-545 (2H, overlapping peaks), 695-7-00 (2H,d), 8:32-8-36 (2H,d),
8-:57 ppm (2 H, s). The liquid crystal transition temperatures of this ether (6) and similar
ethers (13 and 20) prepared using this general method are recorded in table 1.

5.7. 5-Heptyl-2-[4-(7-octenyloxy)phenylIpyrimidine (7)

A mixture of 7-bromo-1-octene (Aldrich) (0-35g, 0-0019mol), 4-(5-heptyl-2-
pyrimidinyl)phenol [45] (0-5 g, 0-0019 mol), potassium carbonate (1-02 g, 0-0074 mol)
and 2-butanone (25 ml) was heated under gentle reflux overnight, filtered to remove
inorganic material and the filtrate evaporated down. The residue was purified by
column chromatography on silica gel using a 9:1 hexane/ethyl acetate mixture as
eluent and recrystallization from ethanol to yield the pure ether (0-48 g, 68 per cent),
Tes, = 36°C; (Tg s, =33°C); Ty ,n=48°C; Tiy=62°C. IR (KBr) v,,,: 2927, 2851, 1641,
1607, 1584, 1543, 1428, 1253, 917, 851, 790cm™' MS m/z: 380(M™), 270
(C,-H,,N,0%), 185,(C{{HgN,0"). 'H NMR (CDCl,): 0-88 (3 H, overlapping peaks),
1-28-1-42 (15H, overlapping peaks), 1-42-1-81 (2H,t), 1-84-2-06 (2 H, q), 2-56-2-62
(2H, t), 400405 (2H, ), 493-5-04 (2H,d), 5-81-5-83 (1 H, overlapping peaks), 6:95—
700 (2H,d), 8:33-8-36 (2H, d), 8-57 ppm (2 H, s). The liquid crystal transition tempera-
tures of this ether (7) and similar ethers (14, 21 and 70-96) prepared using this general
method are collated in tables 1 and 4.

The author expresses his gratitude to Mr C. Haby for technical assistance in the
preparation of the compounds. Dr W Arnold (NMR), Mr W. Meister (MS), Dr M.
Grosjean (IR), Mr F. Wild and Mr B. Halm (DTA) are thanked for the measurement
and interpretation of the required spectra.
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