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Common syntheses of phenyl benzoyloxybenzoates generally produce products in low
yields. A variety of synthetic pathways were employed in an attempt to increase the
overall yield of the final product. It was found that catalytic agents such as boron
trifluoride-etherate (BF;-Et,0), 1,3-dicyclohexylcarbodiimide (DCC), and 4-N,N-di-
methylaminopyridine (DMAP) were relatively ineffective in these processes. However,
protection of the hydroxy moiety of an appropriately substituted benzoic acid with
methyl chloroformate, followed by esterification under normal conditions, and de-
protection with ammonia in ethanol produces the hydroxy-benzoyloxybenzoate inter-
mediate. This material can be used in further esterifications to produce phenyl ben-
zoyloxybenzoate compounds in good yield. Materials such as the triply reentrant
compound 4-n-nonyloxyphenyl 4-nitrobenzoyloxybenzoate (DBIONQO,) can be pre-
pared by this method.

INTRODUCTION

Mesogenic materials which incorporate the benzoyloxybenzoate moiety
in the central aromatic core of their molecular structures have been
found to produce both useful and unusual liquid-crystalline proper-
ties. For example, incommensurability in certain smectic phases and
reentrancy of the nematic phase have been observed in the 4-n-
alkoxyphenyl 4-nitrobenzoyloxybenzoates (DBnONO,’s),!2 and
ferroelectric® and pyroelectric* properties are exhibited in homolo-
gous series such as the S-3,7-dimethyloctyl 4-n-alkoxybenzoyloxy-
benzoates.?

In order to make detailed physical studies of these types of phe-
nomena it is often desirable to have reasonably large quantities of
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these materials available for investigation. However, common syn-
thetic pathways to these materials do not generally produce the prod-
uct in high yield.

RESULTS AND DISCUSSION

In the preparation of appropriately substituted phenyl benzoyloxy-
benzoates two alternative approaches are often utilized; one via the
production of the substituted phenyl 4-hydroxybenzoate intermedi-
ate.® or the second by the synthesis of the substituted benzoyloxy-
benzoic acid intermediate.” In the first case esterification is often
achieved by reacting the hydroxybenzoic acid with a substituted phenol
and employing a suitable catalyst such as 1,3-dicyclohexylcarbodi-
imide/4-N N-dimethylaminopyridine (DCC/DMAP)® or boron tri-
fluoride-etherate (BF;-Et,0), or conc.sulphuric acid/boric acid (H,SO,/
Boric acid),® or toluene sulfonyl chloride (TosCl).® Generally these
reactions are heated under reflux for a number of days in order to
drive the reaction to equilibrium. Unfortunately the yields in this
synthetic step are usually low. In the second example esterification
of the hydroxybenzoic acid with an appropriately substituted benzoyl
chloride in the presence of a base such as pyridine, 4-N ,N-dimethy-
laminopyridine (DMAP), or triethylamine yields the required ben-
zoyloxybenzoic acid. However this reaction also produces large quan-
tities of by-products which are often acid anhydrides formed by the
reaction of the acid chloride with the acid moiety of the benzoic acid.”
Moreover separation of the required product from the mixture can
be an arduous task. The only example of this reaction taking place
in a clean and efficient manner is in the esterification of n-alkanoyl
chlorides with the appropriately substituted hydroxybenzoic acid.
An alternative to this synthetic approach is the preparation of a
suitably esterified intermediate which can be converted to the ben-
zoyloxybenzoic acid. For example esterification of a substituted 4-
hydroxybenzaldehyde with an acid chloride and then a Jones oxi-
dation will yield the benzoyloxybenzoic acid.'® In practice however,
the Jones oxidative procedure also proceeds with some saponification
of the previously formed ester. This leads to substantial impurities
in the final product. Unfortunately, saponification can become a ma-
jor problem in the preparation of the 4-n-alkoxyphenyl 4-nitroben-
zoyloxybenzoates (DBnONO,’s). The intermediate is 4-nitroben-
zoyloxybenzaldehyde, and when subjected to a Jones oxidative
procedure, the predominant reaction is in fact saponification. The
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ease with which saponification takes place may be due to the weak-
ening of the ester linkage caused by the strong electron withdrawing
effect of the nitro substituent.

Similar problems are also encountered if the intermediate is a sub-
stituted 4-nitro or 4-cyano benzoyloxyacetophenone prepared from
4-hydroxyacetophenone. This intermediate can be oxidized to the
substituted benzoyloxybenzoic acid by sodium hypobromite, but again
saponification and bromination can be undesirable side-reactions.

One method that was found to be generally applicable to the prep-
aration of a variety of benzoyloxybenzoate derivatives was first pro-
posed by Fischer and Fischer.!! This method proceeds via the pro-
tection of the hydroxy substituent of the benzoic acid with methyl
chloroformate, then esterification with an appropriate alcohol fol-
lowed by deprotection using ammonia in ethanol to yield the substi-
tuted phenyl 4-hydroxybenzoate, as shown in Scheme 1.

The first step of the reaction sequence, the protection of the hy-
droxy acid with methyl chloroformate, gave an amost quantitative
yield provided that the reaction mixture was maintained between —5°
and — 15° during the procedure. Similarly the deprotection step also
proceeds almost quantitatively provided that the ammonia base used
is relatively strong (10-35% ammonia in water), and that the reaction
is carried out in ethanol to aid solvation of the reactants. Under these
conditions cleavage was found to be twice as efficient than under the
conditions used previously.!! Triethylamine was also tested as the
base for cleavage of the protecting function, however, in this case
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some saponification of the previously formed ester (step 2) was also
detected.

A variety of hydroxy aromatic acids were esterified with both al-
iphatic and aromatic alcohols by this technique. The method was
found to be versatile and generally no undesirable side-reactions were
detected. Table I lists some substrates that were investigated.

The intermediate, substituted phenyl 4-hydroxybenzoates pro-
duced by this method were then used in further esterifications with
acid chlorides to produce the desired liquid-crystalline material. Table
11 lists a variety of liquid-crystal compounds and their phase sequences
produced by this method.

All of the materials prepared except for the nitro and cyano sub-
stituted phenyl benzoyloxybenzoates were found to have relatively
good stabilities. The nitro and cyano materials (DB7OCN, DB7ONO,,
and DBYONO,) on the other hand were found to decompose rapidly
when heated to temperatures in excess of 150°. For example 4-n-
heptyloxyphenyl 4'-cyanobenzoyloxybenzoate (DB70OCN) (>99%
purity by HPL.C) when heated to its clearing point in a nitrogen
atmosphere for 30 min. decomposed to give a material of less than
95% purity. Liquid chromatography showed that the compound had
fragmented back to the original starting components in its synthesis.
The reduced stability of these materials appears to be complimented
by the observation that saponification readily occurs during the Jones
preparation of the 4-cyano or 4-nitrobenzoyloxybenzoic acid. Fur-
thermore the solid state infra-red spectra of the 4-cyano derivatives
do not exhibit the characteristic strong adsorption peak for the cy-
anide stretching mode at approximately 2200 cm ~?. This suggests that
the cyanide triple bond is considerably weakened by the negative
mesomeric effect of the ester function in the para position, see Figure
1. This effect is possibly involved at a molecular level in the formation
of incommensurate smectic phases. The dipolar strength of the cyano
moiety is reduced by this electronic effect, thus the molecule is more
likely to pair with neighboring molecules in a variety of ways in order
to alleviate the electron deficiency of the cyano group. The different
pairs formed have different overlapping lengths thus causing incom-
mensurabilities in the layered smectic phase, as shown in Figure 2.
Similar results are also exhibited in the 4-n-alkoxyphenyl 4-cyano-
benzoates where the two phenyl-ring molecules pair in this case to
produce tilted smectic phases.!>!* The isomeric 4-n-cyanophenyl 4'-
n-alkoxybenzoates which do not suffer with the opposed ester-cyanide
dipolar arrangement simply form nematic and orthogonal smectic A
phases.
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RESONANCE HYBRID:

cro~ - @ e

FIGURE 1 Two possible extreme canonical resonance structures (a) and (b) for
DB70CN, showing the electron withdrawing nature of the cyano and ketone functions.

EXPERIMENTAL

The synthetic procedure for the preparation of 4-n-heptyloxyphenyl
4-cyanobenzoyloxybenzoate is given as an example.

1. Preparation of 4-methyoxycarbonyloxybenzoic acid

To a solution of sodium hydroxide (30g, 0.75 mol) in water (800 ml)
which was maintained at — 10°, 4-hydroxybenzoic acid (35.8g, 0.259
mol) was added with vigorous stirring. Methyl chloroformate (40g,
0.423 mol) was then added slowly to the resulting suspension which
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FIGURE 2 Possible packing arrangements for two DBnOCN molecules.

was maintained at —5°. The resulting slurry was stirred for a further
4 hrs. and brought to pH 5 by the addition of conc. hydrochloric acid
and water (1:1). The voluminous precipitate was filtered off and
recrystallized from ethanol to give a white solid (yield 46g, 90%).
mp 84.8° (IR1740, 1670, 1400 820 cm~!, MS m/e 196).

2. Preparation of 4-n-heptyloxyphenol

To potassium hydroxide (11.2g, 0.2 mol) dissolved in water (60 ml),
hydroquinone (22.0g, 0.2 mol) was added. The vigorously stirred
solution was heated under reflux and 1-bromoheptane (35.8g, 0.2
mol) dissolved in dioxane (40 ml) was added dropwise over a period
of 1 hr. The resulting solution was heated under reflux with stirring
for 14 hrs. Dioxane was removed by evaporation under reduced pres-
sure and the residue was diluted with water (100 ml). The mixture
was brought to pH 5 by the addition of conc. hydrochloric acid and
water (1:1). The resulting mixture was extracted with dichlorome-
thane (2 x 150 ml) and the combined extracts were dried over an-
hydrous magnesium sulfate. The methylene chloride was removed by
evaporation under vacuum. The solid residue was recrystallized from
hexane (600 ml) to yield an off-white solid (yield 9.25g, 40%), mp
58.5 (IR 3350, 2900, 1500, 1220, 810 cm~', MS m/e 192).
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3. Preparation of 4-n-heptyloxyphenyl 4-
methoxycarbonyloxybenzoate

Oxalyl chloride (60 ml) was added slowly to 4-methoxycarbonyloxy-
benzoic acid (6g, 0.0306 mol) and the resulting solution was heated
under reflux with stirring for 3 hrs. The excess oxalyl chloride was
removed by evaporation under reduced pressure. 4-n-heptyloxy-
phenol (6.37g, 0.0306 mol) dissolved in toluene (60 ml), pyridine/4-
N,N-dimethylaminopyridine (10:1) (25 ml), was added to the crude
4-methoxycarbonyloxybenzoyl chloride (6.57g, 0.0306 mol). The mix-
ture was heated under reflux for a further 5 hrs. and the cooled
solution was evaporated to dryness in vacuo. The residue was purified
by column chromatography over silica-gel (60-200 mesh) using meth-
ylene chloride/hexane (4:1) as the eluant. The product was recrys-
tallized from petroleum-ether (33-65°) to give a white solid (yield
S5.4g, 41%). The product had the following transition temperatures:
crystal to nematic, 59°, nematic to isotropic liquid, 92.3°. (IR 2900,
2820, cm~!, MS m/e 386)

4. Preparation of 4-n-heptyloxyphenyl 4-hydroxybenzoate

4-n-heptyloxyphenyl 4-methoxycarbonyloxybenzoate (5.4g, 0.0125 mot)
was stirred in a mixture of ethanol (150 ml) and ammonia (10-35%)
(75 ml) at room temperature for 1 hr. The extent of the reaction was
monitored by thin layer chromatography (silica-gel 60 F,s,, 0.2 mm,
Rf = ~0.2). After the reaction was complete (usually 30 min), the
solution was poured into water (200 ml) and cooled in dry ice. The
precipitated product was filtered and recrystallized from acetonitrile
(yield 4.16g, 89%) mp 166.8 (IR 3880, 2900, 2840, 1690, 1570, 1490,
1150, 1060 cm~!, MS m/e 348).

5. Preparation of 4-n-heptyloxyphenyl 4-cyanobenzoyloxybenzoate

To 4-cyanobenzoyl chloride (0.88g, 0.00534 mol), a solution of 4-n-
heptyloxyphenyl 4-hydroxybenzoate (2g, 0.00534 mol), toluene (75
ml) and pyridine/4-N N-dimethylaminopyridine (10:1) (30 ml) was
added, and the resulting mixture was heated under reflux with stirring
for 5 hrs. The reaction mixture was reduced to dryness by evaporation
under reduced pressure. The residue was purified by column chro-
matography over silica-gel (60-200 mesh) using methylene chloride/
hexane (4:1) as the eluant. The product was recrystallized from ace-
tonitrile (yield 1.23, 46%) and found to have the following transition
temperatures: crystal to smectic A, 132.4; smectic A, to smectic Ad,
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173; smectic Ad to nematic, 182.9; nematic to isotropic liquid, 247.2
(IR 2900, 2220 (CN-weak), 1720, 1450, 1070, 760 cm ~ !, MS m/e 457).

The transition temperatures of the liquid-crystalline products were
determined by thermal optical microscopy using a Zeiss Universal
polarizing microscope in conjunction with a Mettler FP52 hot-stage
and FPS control unit. The phases were identified by textural and
muscibility studies. Transition temperatures were also confirmed by
differential scanning calorimetry employing a Perkin-Elmer DSC-4-
TADS system. Purities were determined by reverse phase liquid chro-
matography using a Beckmann 344 system equipped with a variable
wavelength UV-VIS detector. The column was constructed of octa-
decylsiloxane (5 pm pore size, 25 x 0.46 cm).

SUMMARY

A protection/deprotection method for hydroxy substituted carboxylic
acids has been developed. The protection and cleavage steps are
essentially quantitative making this a useful synthetic tool for the
prepartion of substituted phenyl benzoyloxybenzoates, which possess
unusual liquid-crystalline properties.
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