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Abstract —In this paper, a review on the synthesis and
characteristic of hydroxybenzoic acid, particularly para-
hydroxybenzoic acid are discussed. An overview of the
physical properties and chemical characteristics of para-
hydroxybenzoic acid is provided. Different synthesis methods
and mechanisms involved for the production of para-
hydroxybenzoic acid and their analysis are presented. Para-
hydroxybenzoic acid is used as the starting material for the
preparation of various parabens.
Keywords— Synthesis, para-hydroxybenzoic acid, physical
properties, chemical properties.

Introduction
Para-hydroxybenzoic acid and their derivatives have found a
wide applications as food presevatives and stabilizers
(antioxidants), as well as for synthesis of liquid crystalline
polyethers [1-3]. Para-hydroxybenzoic acid is a phenolic
derivative of benzoic acid. It is a white crystalline solid that is
slightly soluble in water and chloroform but more soluble in
polar organic solvents such as alcohols and acetone. Para-
hydroxybenzoic acid is isomeric with 2-hydroxybenzoic acid,
known as salicylic acid, a precursor to aspirin. Para-
hydroxybenzoic acid can be synthesized by both chemical and
biological method. Para-hydroxybenzoic acid is primarily
known as the basis for the preparation of its esters, known as
parabens, which are used as preservatives in cosmetics and
some ophthalmic solutions. Parabens have been attracting
great interest because of their importance in synthetic organic
chemistry. Parabens have been widely used as antimicrobial
preservative agents in foods, beverages, drugs and cosmetics
for more than fifty years due to their broad antimicrobial
spectrum, [4]. Paraben are very versatile in terms of food
preservatives, differing from the other preservatives such as
benzoates, propionates and sorbates because they are not weak

acid compounds but have a wide ph range. The antimicrobial
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activity of parabens is directly dependent on the chain length
[5, 6 In the plant world, 4-hydroxybenzoic acid and its
derivatives are commonly found in various vegetable foods,
such as barley, strawberries, black currants, peaches, carrots,
onions, cocoabeans, vanilla; further in foods prepared from
fruit plants such as grapes and fruit juices, yeast extract, wine
vinegar and also in cheeses [7]. Methyl paraben found
application in the synthesis of dimethyl 4, 4-
(tetraphaioyldioxy) dibenzoates as a reactant for monomer
preparation [8]. Methyl and propyl p-hydroxybenzoate are
used in Rhamnolipid based formulation for fire suppression
and chemical and biological hazards [9] Methyl and propyl p-
hydroxy benzoates are used in collagen or gelatin based
crumble as a preservatives [10]. Polyester is a manufactured
fiber in which the fiber-forming substance is any long-chain,
synthetic polymer composed of at least 85% of an ester of a
substituted aromatic carboxylic acid [11]

Physical and Chemical properties
Para-hydroxybenzoicacid are organic compounds containing
hydroxyl group and carboxylic acid group. The chemical
formula of PHBA is C7TH603 with CAS Number of 99-96-7.

HO (OOH

Fig 1: Structure of p-HBA
Physical State: solid, white crystalline powder
Odor :Odorless
Molecular Weight: 138.121 g/mol
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Conversion factors: 1 ppm = 5.65 mg/m3; 1 mg/m3 = 0.18
ppm

Melting Point: 214-217 °C (338 °F).

Boiling Pt: 216.2 °C (421.2 °F)

Vapor Pressure: 2.9 x 10-6 mm Hg at 100 °C (212 °F), 1.9 x
10-7 mm Hg at 100 °C

Saturated Vapor Concentration: 3.8 x 10-3 mm Hg at 100
°C (212 °F)

Specific gravity: 1.46

Vapor Density (air = 1): 4.76

Solubility: 6.0 g/L @ 250C in water; soluble in diethyl ether,
acetone, very slightly soluble in cold water. It is freely soluble
in alcohal, slightly soluble in chloroform, practically insoluble
in carbon disulfide.

Stability and Reactivity: Stable in water at pH, 7 and 9.
Incompatible with oxidizing agents, reducing agents

Partition coefficient (Log Pow): 1.37 pK1l= 4.582, pK2=
9.23

Synthesis method of p-HBA

Para-hydroxybenzoic acid can be synthesized by both physical
and chemical method

(] Chemical method

According to Liu Guoping, Tong Guomin, money Jianhua
studied the method of synthesis of p-HBA by reacting phenol
with potassium hydroxide. A 50% solution of KOH, phenol
and kerosene and isooctanol certain ingredients, with the mass
ratio of 1:1:2, put into the reactor, at about 120°C and
atmospheric pressure All above were transferred to the
carboxylation reactor, while carboxylation with CO2 was done
until the temperature of the reactor was 200°C, and the
pressure was 0.4 MPa, the reaction was completed after about
4 h. After carboxylation reaction, demineralized water was
added to the material, to obtain an aqueous solution of
potassium benzoic acid. Potassium, unreacted phenol and the
solvent is recycled to the reactor into a salt, separating by
phase separation process to achieve phase column. p-
hydroxybenzoic acid containing solid material to the
centrifuge separation and is washed with water to obtain a
solid p-hydroxybenzoic acid, p-hydroxybenzoic acid and the
product was obtained by drying & the drying temperature
160°C. According to Toshinobu Suzuki, Makiko ljiri, Hitoshi

Saima, TadahiroWakui invented an improved process for
preparing para-hydroxybenzoic acid comprises of reacting
potassium phenol with carbon dioxide in an inert reaction
medium or without using a reaction medium in the presence of
at least one compound selected from the group consisting of
the compounds represented by general formula | or Il wherein
compounds | and Il are sources of potassium and are
substantially free from carboxylation during said process at a
reaction temperature of 230-4500C and at a carbondioxide
pressure ranging from atmospheric pressure to 6 kg/cm2. A
pressure vessel was charged with 6.62 g of potassium
phenolate and 25 ml of NeoSK-1400 (a dibenzyltoluene
mixture medium produced by Soken Chemical K.K. With
stirring at 1,000 r.p.m., reaction was carried out at a carbon
dioxide pressure of 8 kg/cm2 (G) and 230° C. for one hour.An
analysis of the reaction product after conversion to acid form
showed a para-hydroxybenzoic acid yield of 46.4% on the
basis of the potassium phenolate, with 1.7% salicylic acid
forming as a by-product.According to Irwin Pearl studied a
reaction between p-hydroxybenzaldehyde and sodium
hydroxide in the presence of water. The whole mixture was
stirred properly .to this mixture silver nitrate was added. An
immediate reaction took place and the temperature rose
considerably. The mixture was stirred for 30 minutes without
heating and filtered. The precipitated spongy silver was
washed with water and was stored under water. The combined
filtrate and washings were acidified with sulfur dioxide to give
p-hydroxybenzoic acid melting at 212-2130C The aqueous
filtrate, upon saturating with sodium chloride and extracting
with ether, yielded an additional of p-hydroxybenzoic acid
melting at 207-209 oC which, upon crystallization from
water, melted at 212-21 oCKh. A. Suerbaev, G. B.
Akhmetova, and K. M. Shalmagambetov found a method for
para carboxylation of phenol with potassium ethyl carbonate.
Previously Jones [5] reported the synthesis in 50% yield of
salicylic acid by heating to 1750C of a mixture of sodium
ethyl carbonate with phenol; with potasiium ethyl carbonate, a
mixture of salicylic acid and p-hydroxybenzoic acid was
obtained (yield 30%). However, by performing the reaction in
the conditions in [5] we failed to obtain the target products (o-

and  p-hydroxybenzoic acids) because of the oxidative
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condensation and compaction that resulted in tarring and
charring of the reaction mixture. Previously they studied in
detail carboxylation of arenes with metal alkyl carbonates [6].
They found that alkaline metal alkyl carbonates can be used to
success in carboxylation of phenols and naphthols. The
reactions were shown to be strongly affected by the nature of
the metal in the salt, nature of the gas medium (air, argon,
carbon dioxide), temperature, and pressure. BlankaVrchotova,
Martina Mackova, TomasMacek and KatefinaDemnerova
studied the synthesis of p-hydroxybenzoic acid from p-

chlorobenzoic acid. The reaction pathway is as follows:

COCH CO-E0EA CO-5004 lf[f,'-:ll-
A b‘-\'.." | _I.,-"'..Qh I .-"'I"L':..‘?\-. i ’f.-' *‘:\
00402
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| ATH 4 . .-'-J T‘ | }-'l:jﬂr:ll’llHl
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4-chlorabenzsic d-thiorobenzozte-Cod ShycnevberzoateCod d-hydromybenzol
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Fig. 2: p-HBA from p-chlorobenzoic acid
This pathway begins with the conversion of 4-CBA to 4-
chlorobenzoate-CoA catalyzed by 4-chlorobenzoate: CoA
ligase with the consumption of 1 molecule of ATP. This
reaction is followed by replacement of chlorine atom with
hydroxyl group- derived from water catalyzed by 4-
chlorobenzoate:CoAdehalogenase. The last step of 4-CBA
dehalogenation is the hydrolysis of 4-hydroxybenzoate-CoA
thioester by the enzyme 4-hydroxybenzoate:CoAthioesterase
with formation of 4-hydroxybenzoate.
» Biological Method:
V. Kumar, N. Thakur, T. Bhalla studied the biological method
for the synthesis of p-HBA.
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oH OH
pHydragbemitile pHydroybenzoic acid Araronia

Fig. 3: p-HBA from p-hydroxybenzonitrile
Mutants of Gordonia terrae were generated using chemical

mutagens for better activity, stability and higher
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substrate/product tolerance of its nitrilase enzyme. Mutant E9
showed two-time increase in activity and tolerated p-
hydroxybenzonitrile (p-HBN) up to 50 mM. Response surface
methodology and inducer mediation approach further
enhanced the production of enzyme to 2.5-fold. The bench
scale production of p-hydroxybenzoic acid (p-HBA) was
carried out in a fed-batch reaction (500-mL scale) using
whole-cell nitrilase of mutant E9 in 0.1 M potassium
phosphate buffer (pH 8.0) at 40 °C. Total six feedings each at
an interval of 45 min resulted in accumulation of 360 mM
(21.6 g) of p-HBA with a purity of 99 %. The catalytic and
volumetric productivity of bioprocess using mutant G. terrae
was improved to 1.8 g h—1 gDCW-1 and 432 g L1,
respectively, from 0.78 g h—1 gDCW—1 and 28.8 g L—1 using
resting cells of wild strain. Km and Vmax of purified nitrilase
from mutant E9 were 55 U mg—1 and 1.8 mM for p-HBN with
a higher turnover number of 36 s—1 x 10-3. Jessica L Barker
and J W Frost et al.: studied a series of recombinant
Escherichia coli strains have been constructed and evaluated
for their ability to synthesize p-hydroxybenzoic acid from
glucose under fed-batch fermentor conditions. The maximum
concentration of p-hydroxybenzoic acid synthesized was 12
g/L and corresponded to a yield of 13% (mol/mol). Synthesis
of p-hydroxybenzoic acid began with direction of increased
carbon flow into common pathway of aromatic amino acid
biosynthesis. This was accomplished in all constructs with
overexpression of a feedback-in-sensitive isozyme of 3-deoxy-
D-arabino-heptulosonic acid 7-phosphate synthase. Expression
levels of enzymes in the common pathway of aromatic amino
acid biosynthesis were also increasesd in all constructs to
deliver increased carbon flow from the beginning to the end of
common pathway. Chorismic acid, the last metabolite of the
common pathway, was converted into p-hydroxybenzoic of p-
hydroxybenzoic acid acid by ubic-encoded chorismatelyase
constructs differed in the strategy used for overexpression of
chorismatelyase and also differed as to whether mutations
were present in the host E.coli to inactivate other chorismate-
utilizing enzymes.
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