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S Y N T H E S I S  AND L I Q U I D  C R Y S T A L  P R O P E R T I E S  O F  

S U B S T I T U T E D  5- (ARYLCARBONYLOXY)-2- (p-  

C Y A N O P H E N Y L )  PYRIMIDINES 

M. A. Mikhaleva, G. A. Igonina, and V. A. Savel'ev 

Liquid co'stal p-substituted benzoates, bipherrylcarboxyIates, and benzoyloxybenzoates were obtained on the 
basis of 5-hydro:o,-2-(p-cyanophenyl)lO'rimidine. The development of nematogenicity by the esters due to the 
p-cyanophenyl grouping was noted, and the appearance of the smectic mesophase by the variation of the ring 

framework of the acid fragment of the molecu& was investigated. 

Mesomorphic properties of liquid crystals in unsymmetrically substituted molecules are complex, and depend strongly 
on the electrostatic and geometrical characteristics of the bonds. On the whole, the nematic properties of molecules can be 

considered in the scheme of the molecular geometrical and polarizational anisotropy, and the smectic properties can be 

considered as the result of  local lateral interactions, among which the dipole-dipole interaction has the most important role 

in promoting the thermal stability of the smectic mesophase [1]. Thus, for example, polar liquid crystals containing nitro or 
cyano groups form antiparallel dimers in the mesophase owing to the strong dipole-dipole interaction [2], and tend to manifest 

nematic properties [3-5]; the carbonyloxy-p-phenylene systems are characterized by smectic polymorphism, which strongly 

depends on the orientation of the ester group in relation to the terminal substituents [1, 6]. 
In the study of the influence of the molecular structure of highly polar pyrirnidine liquid crystals with ester bridges 

on the mesomorphic properties [7-10], the attempt was made to obtain pyrimidine analogs of known nematic p-cyanophenyl 

esters of p-(arylcarbonyloxy)benzoic acids [11] by the sequential substitution of the benzene rings by pyrimidine rings. The 

esters containing the fragment of the 5-alk3,,lpyrimidine-2-carboxylic acid exhibited nematic properties in a wide range of 

temperatures [8]. However, the 5-hydroxy-2-cyanopyrimidine necessary for the synthesis of other analogs could not be obtained 

either by the debenzylation of 5-benzyloxy-2-cyanopyrimidine, or by the substitution of the methylsulfonyl group by the cyano 

group in 5-hydroxy-2-methylsulfonylpyrimidine (I). The esters (II) and (Ill), obtained from the hydroxypyrimidine (I), did not 

possess liquid crystal properties. 
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TABLE 1. Characteristics of the Esters (II), (III), and (V)-(VII) 

Com- 
pound 

II 

In 

Va 
Vb 
Vc 

Vd 

Ve 

Vf 
Via 

VIb 
VIc 
VId 

VIIa 

VIlb 

Temperatures of phase transitions, '~C 

113 

79 

K S N I 

129_.131 

142...145 

122 247 

128 258 

162 274 

215 249 

108 233 

132 231 

146 345 (decomp.) 
116 >300 (decomp.) 

147 >245 (decomp.) 
153 349 

(decomp.) 
80 177 296 

120 173 289 

1R spectra, ~,, cm I 

1750 

1745,1765 

1690, 2220 

1680, 2230 

1720, 2220 

1720, 2210 

1760, 2220 

1730, 2220 

1730, 2220 

1730, 2220 

1730, 2220 

1725, 1760, 2220 

1730, 1740, 2230 

Yield, % 

77 

57 

65 

82 

50 

77 

40 

60 

30 

24 

42 

10 

20 

15 

Starting from the fact that the most favorable fragment in low-melting liquid crystal pyrimidine derivatives for the 
formation of the mesophase is the planar 2-arylpyrimidine fragment [12, 13], and also taking into account that the introduction 
of the aryl group stabilizes functional derivatives of pyrimidine [14], we utilized the bicyclic system - -  5-hydroxy-2-(p- 
cyanophenyl)pyrimidine (IV), obtained by the acid hydrolysis of 5-(dinaethylaminomethylenamino)-2-(p-cyanophenyl)pyrimidine 
--  in the synthesis of liquid crystal ester derivatives of pyrimidine [15]. Compound (IV) was the basis for obtaining the esters 
(Va-f), containing three rings, as well as the monoesters (Via-d) and diesters (VIIa, b) including four rings. By varying the 
framework of the molecule while preserving the terminal cyano group, favoring the development of nemetogenicity, we 

investigated features of the appearance of the nematogenicit 7 in such structures including the comparison with analogous esters, 
not containing the terminal CN group, having the tendency to show smectic properties [10]. The characteristics of the 
compounds synthesized are presented in Table 1. 
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Va, eR l m C4H9; Vb,f R 1 - C6H13; Vc R I - OC4H9; Vd R t - OC7Hl5; VIa R 1 - C5tt11; 
VIb, Vll a R 1 = C71115; VI c R l = C3H7; Vld R 1 - 0C8H17; Vllb R l ~ 0C6H13 

All the esters (V)-(VII) obtained are enantiotropic liquid crystals with wide ranges and high thermostability of the 
mesophase. Most of the compounds are also characterized by high temperatures for the transition into the mesophase (the mp). 

The aromatic esters (Va-c) only showed nematic properties, as for the cyclohexane analog of the ester (Va), namely, 
the compound (Ve). A similar situation is generally observed for the properties of esters based on 4-hydroxy-4'-cyanobiphenyl: 
the biphenyl analogs of the esters (Va-c, e) are also purely nematic liquid crystals with ranges of the mesophase 130-160°C 
[161. 
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In contrast to the purely nematic p-cyanobiphenylyl ester of p-heptyloxybenzoic acid [ 17], the heptyloxy derivative (Vd) 
already shows smectic mesomorphism. The appearance of the smectic for the lower homologs in pyrimidine derivatives by 
comparison with p-phenylene systems was observed repeatedly [12, 18], and is evidently associated with the strengthening of 
lateral interactions [19]. 

Smectic mesomorphism appears in the cyclohexylcarboxylate (Vf) in contrast to the nematogens (Vb, e). In one case, 
this is associated with the lengthening of the terminal substituent in relation to the butyl homolog (Ve); in the other case, it 
is associated with substitution of the planar phenyl ring in the benzoate (Vb) by the trans-disubstituted cyclohexane ring, 
destabilizing the nematic mesophase [19]. It is known that the lengthening of the alkyl chain on the cyclohexane fragment 
stabilizes the mesophase, since the energetically advantageous transoid conformation of the alkyl group prolongs the geometry 
of the cyclohexane ring, which leads to the denser packing of the molecules and the appearance of smectogenicity [19]. 
However, the decrease of the geometrical and polarizational anisotropy in the esters (Ve, f) by comparison with the benzoates 
(Va, b) and the tendency of the terminal cyano derivatives for the formation of antiparallel dimers [2] leads to a decrease in 
the density of the packing of the molecules in the mesophase and the lowering of its thermodynamic stability. A consequence 
of this is the decrease in the temperatures of the N - I  transition in the esters (Ve, f) by comparison with the esters (Va, b). 

The appreciable difference in the properties of the two highly polar pyrimidinyl benzoates, determined by the steric 
and electrostatic nature of the terminal group, is observed using the example of the nematogen (Vb) and its 2-(p- 
nitrophenyl)pyrimidyl analog [10]. In contrast to the ester (Vb) with a wide nematic mesophase, the nitro analog forms wide 
smectic and narrow (4°C) nematic mesophases with the lower general extension of the mesophase (by 43°C) and the 
thermostability reduced by 39°C. 

Therefore, the cyanophenyl derivatives (V) containing three rings tend, on the whole, to show nematogenicity with 
higher temperatures of the N - I  transition than the p-phenylene analogs. 

The monoesters (VI), having four rings, are characterized by the very high thermostability of the mesophase and 
decompose on heating, not reaching the transition into the isotropic state. The compounds (Vla, b) only have the nematic 
mesophase and thereby differ from biphenyl p-biphenylpylcarboxylates, which still also show smectic properties, and for which 
the N - I  transition was not always successfully observed [20]. It is probable that the increase in the polarizational anisotropy 
in derivatives of pyrimidine with the one-sided direction of the dipole moments of the pyrimidine ring and the cyano group 
renders these compounds only nematogenic. 

The esters (VIc, d), including correspondingly the cyclohexane ring or still one pyrimidine ring, only possess the 
smectic mesophase. Such a change in the properties for the cyclohexane derivative (VIc) can be explained by the geometry of 
the phenylcyclohexane fragment, favoring the formation of a lamellar structure; in the case of the derivative (VId), it can be 
explained by the appearance of an additional side interaction due to the second pyrinlidine ring. These factors induce the 
development of smectogenicity by the compounds with the inhibition of nematic properties [19]. 

The introduction of an additional ester bridge in compounds of the type (VI) significantly changes their mesomorphic 
behavior. In contrast to the nematic monoesters (Via, b), the diesters (VIIa, b) have a wide smectic mesophase in like manner 
to the geometrically folded benzoyloxybenzoates with a high-grade smectic nature (thanks to the effect of the packing of the 
folded molecules [1]). The presence of the terminal cyanophenyl grouping also allows the observation of the wide nematic 
mesophase with high thermodynamic stability. 

EXPERJMENTAL 

The IR spectra were recorded on the Specord M-80 instrument using KBr tablets. Temperatures of phase transitions 
and types of mesophases were determined by thermal microscopy using a heating stage of the Boetius type with the visual 
attachment of the RNMK-05 type. Designations are as follows: C for crystalline mesophase, S for smectic mesophase, N for 
nematic mesophase, and I for isotropic melt. 

The data of the elemental analysis for the compounds obtained correspond with the calculated values. 
5-Benzyloxy-2-cyanopyrimidine (C12H9N30). To the mixture of 7 g (26.5 mmole) of 5-benzyloxy-2-methyl- 

sulfonylpyrimidine [21] and 100 ml of dry DMF are added 2.6 g (0.04 mole) of KCN, and the mixture is stirred at 100°C for 
3 h. The DMF is distilled off in the vacuum of a water jet pump, and the residue is treated with 50 ml of water; the product 

is extracted with CH2C12. The extract is dried with MgSO 4 and concentrated. The residue is recrystallized threefold from 
hexane and twice from CCI 4. The yield of 3.5 g (62%) of 5-benzyloxy-2-cyanopyrimidine is obtained. The mp is 96-98°C. 
The IR spectrum is characterized at 2230 cm-1 (C-= N). 
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5-(p-Heptylbenzoyloxy)-2-methylsulfonyipyrimidine (II) (C19H24N204S). To the solution of 1.65 g (6.9 manole) of 

p-heptylbenzoyl chloride in 15 ml of dry pyridine is added 1 g (5.7 mmole) of the finely ground hydroxypyrimidine (I) [22]. 

The reaction mixture is stirred at 20°C using a magnetic stirrer for 10 h, and it is poured in a Vine stream into the mixture of 

30 g of ice and 20 ml of concentrated HC1. The precipitated yellow residue is filtered off, washed with acidified water, dried, 

and recrystallized from alcohol. The yield of 1.65 g of the ester (II) is obtained. 

5-[p-(p-Heptylbenzoyloxy)-o-chlorobenzoyloxy]-2-methylsulfonylpyrimidine (LID (C26H27CIN206S). Using the 
method presented above, 1.73 g (4.4 mmole) of p-heptylbenzoyloxy-o-chlorobenzoyl chloride in 10 ml of dry pyridine and 0.63 

g (3.6 mmole) of the pyrimidine (I) afford 1.1 g of the ester (III) after 4 h. 

5-[p-Alkyl(aikoxy)benzoyloxy]-2-(p-cyanophenyl)pyrimidines W a d ) .  The mixture of 0.2 mmole of the p-R-benzoic 

acid, 5 ml of SOCI 2, and 3 ml of dry benzene is boiled for 10-15 h. The excess of the SOCI 2 and the benzene is then distilled 
off. The acid chloride obtained is added to the solution of 0.2 mmole of the pyrimidine (IV) in 10 ml of pyridine, cooled to 

0°C, and the mixture is stirred on a magnetic stirrer at 20°C for 48 h. The mixture is poured into 50 ml of 10% HCI, and the 

precipitated residue is filtered off, washed with water, and dried. The esters (Va) (C22H19N302) and (Vd) (C25H25N303) are 

recrystallized twice from methanol. The esters (Vb) (C24H23N302) and (Vc) (C22H19N303) are dissolved in CHCI 3, passed 
through a layer of A1203, and recrystallized as follows: the ester (Vb) sequentially from the 1:1 mixture of petroleum ether 

(40-70°C)-acetone and alcohol, and the ester (Vc) twice from methanol. 

5-ffrans-4-butylcyclohexylcarbonyloxy)-2-(p-cyanophenyl)pyrimidine fVe) (C22H25N302). To the mixture of 0.98 

g (5 mmole) of the hydroxypyrirnidine (IV) and 1 g (5 mmole) of trans-4-butylcyclohexanoyl chloride are added 20 ml of dry 

pyridine, and the mixture is stirred at 20°C for 40 h. The reaction mixture is filtered, and the filtrate is diluted with 100 ml 

of water. The residue is separated and extracted with 2 x 30 ml of boiling hexane. The hexane solution is concentrated to the 
volume of 15 ml and cooled. The precipitated residue is recrystallized sequentially from alcohol, hexane, and the mixture of 

hexane-petroleum ether (70-100°C). The yield of 0.83 g of the ester (Ve) is obtained. It has the M + 363, 1938. 

5-(Trans-4-hexylcyclohexylcarbonyloxy)-2-(p-cyanophenyl)pyrimidine CVf) (C24H29N302). To the mixture of 0.46 

g (2 mmole) of trans-4-hexylcyclohexanoyl chloride and 10 ml of dry pyridine is added 0.39 g (2 mmole) of the 

hydroxypyrimidine (IV), and the mixture is stirred at 20°C for 3 days. The reaction mass is poured onto the mixture of 100 

g of ice and 100 ml of 10% HCI; the mixture is stirred until the solution of the ice is effected. The residue is filtered off, 

washed with water, and recrystallized from alcohol. The yield of 0.46 g of the ester (Vf) is obtained. It has the M + 391, 2260. 

5-(4-Amylbiphenylyl-4'-carbonyloxy)-2-(p-cyanophenyl)pyrimidine (Via) (C29_H25N302). The mixture of 0.3 g 
(1.12 mmole) of 4-amyl-4'-carboxybiphenyl and 10 ml of SOC12 is boiled for 5.5 h. The SOCI 2 is distilled off prior to the 

addition of 10 ml of benzene; the mixture is again concentrated to dryness. The resulting acid chloride is added with stirring 
to a solution of 0.22 g (1.12 mmole) of the hydroxypyrimidine (IV) in 10 ml of dry pyridine, cooled to 0-5°C, and the mixthre 

is maintained at 20°C for 12 h. The reaction mixture is then poured into 50 ml of 10% HCI; the precipitated residue is filtered 

off, recrystallized from methanol, and purified on a column with A1203 using CHCI 3 as the eluent. The fraction with the Rf 

0.38 (Silufol UV-254, CHCI3) is evaporated, and the residue is recrystallized from ethyl acetate. The yield of the ester (Via) 
is 0.15 g. 

5-(4-Heptylbiphenylyl-4'-carbonyloxy)-2-(p-cyanophenyl)pyrimidine (VIb) (C31H29N302). The mixture of 0.5 g 
(1.7 mmole) of 4-heptyl-4'-carboxybiphenyl, 5 ml of dry benzene, and 5 ml of SOCI 2 is boiled for 4 h. The benzene and the 

SOCI 2 are distilled off to dryness, and 5 ml of benzene are added to the residue prior to renewed distillation. The resulting 

acid chloride is added to the solution of 0.34 g (1.7 mmole) of the hydroxypyrimidine (IV) in 6 ml of dry pyridine, cooled to 

0-5°C, and the mixture is maintained at 60-70°C for 9 h. The cooled mixture is poured into 50 ml of 10% HCI, and the 
product is extracted with CHCL 3. The extract is washed with water, dried, and concentrated. The residue is recrystallized from 

the 1:1 mixture of petroleum ether (40-70°C)-acetone, and twice from methanol. The yield of the ester (VIb) is 0.19 g. 

5-[p-ffrans-propylcyclohexyl)benzoyloxy]-2-(p-cyanophenyl)pyrimidine (Vie) (C27H27N302). The mixture of 0.18 
g (0.59 mmole) of trans-4-propylcyclohexylcarboxylic acid, 5 ml of dry benzene, and 5 ml of SOC12 is boiled for~6 h. The 

excess of the SOC12 and the benzene is distilled off to dryness, and the resulting acid chloride is added to the solution of 0.12 

g (0.59 mmole) of the pyrimidine (IV) in 5 ml of dry pyridine, cooled to 0-5°C. The mixture is maintained at 70°C for 16 

h, cooled, and poured into 50 ml of 10% HC1. The residue is filtered off, washed with water, and dried prior to the isolation 
of 0.15 g of the ester (VIc), which is recrystallized twice from methanol. 

5-[p-(5-Octyloxypyrimidin-2-yl)benzoyloxy]-2-(p-cyanophenyi)pyrimidine (VId) (C3oH29NsO3). The mixture of 

0.15 g (0.46 mmole) of 4-(5-octyloxypyrimidin-2-yl)benzoic acid, 7 ml of dry benzene, and 7 ml of SOCI 2 is boiled for 5 h. 
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The excess of the SOC12 and the benzene is distilled off. The resulting acid chloride is added with stirring to the solution of 

0.09 g (0.46 mmole) of the pyrimidine (IV) in 10 ml of pyridine, cooled to 0-5°C, and the mixture is maintained at 20°C for 

50 h. The mixture is poured into 50 ml of 10% HCI. The residue is filtered off, washed with water, dried, and 

chromatographed on a column with AI203 using CHCI 3 as the eluent, collecting the fraction with the Rf 0.8 (Silufol UV-254, 

the 20:1 mixture of CHC13-alcohol). The residue remaining after the evaporation of the eluent is recrystallized from the 1" l 

mixture of ah ohol-benzene, and from alcohol. The yield of the ester (VId) is 0.03 g. 

2-(p-Cyanophenyl)pyrimidmyl Esters of  p - ( p - R - B e n z o y i o x y ) b e n z o i c  A c i d s  (Vlla) (C32H29N304) and (Vllb) 

(C31H27N305). The mixture of 28 mmole of tile p-R-benzoic acid and 25 ml of SOCI 2 is boiled for 7 h. The excess of the 
SOC12 is distilled off to dryness, and tile resulting acid chloride is added to the solution of 3.86 g (28 mmole) of p- 

hydroxybenzoic acid in 30 ml of pyridine, cooled to 0-5°C. The mixture obtained is stirred at 20°C for 15 h. Subsequently, 

the reaction mass is poured onto ice with HC1; the residue is filtered off, dried, and recrystallized from acetic acid. The yields 

of the products are - 7 0 % .  The method described is utilized to obtain p-(p-heptylbenzoyloxy)benzoic acid (VIII) with the mp 

123-124°C, and p-(p-hexyloxybenzoyloxy)benzoic acid (IX) with the mp 13%138°C. The IR spectrum is as follows: 1690 

cm -1 and 1735 cm -1. 

The mixture of 2.8 mmole of the acid (VIII) or (IX), 10 ml of SOCI 2, 10 ml of CCI 4, and 2 drops of DMF is boiled 

for 16 h prior to tile evaporation to dryness. The resulting acid chloride is added to the solution of 0.55 g (2.8 mmole) of the 

hydroxypyrimidine (IV) in the mixture of 5 ml of N-methylpyrrolidone and 1 ml of pyridine, cooled to 0°C. The reaction mass 

is stirred on a magnetic stirrer at 0°C for 12 h, and then at 20°C for 12 h. The mixture is poured into 100 ml of 10% sulfuric 

acid. The residue is filtered off, washed with water, dried, recrystallized from alcohol, and purified on a column with A1203 

using CHC13 as the eluent, and then on a plate with silica gel using CHCI 3 as the eluent. The separated compounds (VIIa) and 
(VIIb) are recrystallized from ethyl acetate, and the diester (VIIa) is recrystallized additionally from alcohol. 
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