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ARTICLE DETAILS ABSTRACT

In recent years, the development of antihistamines has become a popular research project and is still emphasized
to the status of the treatment of allergic diseases. Many companies at home and abroad are working to develop
better varieties to seize the pharmaceutical market. Because of antihistamine drugs plays an important role in the
treatment of allergic diseases, are allergic rhinitis, urticaria, atomic dermatitis and other first-line drugs, so the size
of the market is very considerable. As an antihistamine promethazine, the superiority of its low cost, as the use of
veterinary drugs with new drug incomparable. This article comprehensively analyzed the effects of various
antihistamines and the principle of their antihistamines and reviewed the synthesis routes of promethazine
hydrochloride and its upstream product phenothiazine.
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1. HISTAMINE AND ANTIHISTAMINES MECHANISM OF ACTION

granules of the tissue, and in the skin, bronchial mucosa, intestinal mucosa,
and nervous system [1-5]. When the body is subjected to physical and
chemical stimulation or allergy occurs. These cells can cause
degranulation, leading to histamine release. By binding to a specific
histamine receptor on the target cell membrane, the receptor is directly
agonized and various effects are produced [6,7]. Histamine receptors are
well known for having three subtypes of Hi, Hz, and Hs, and their
distribution and effects. (e.g.,, Table 1,)

1.1 Histamine

It is part of the self-active substances. It is decarboxylation from histidine
in the body and has a strong biological activity. Under normal conditions,
histamine is kept in inactive, bound form in the mast cells and basophil

Table 1: Histamine Receptor Distribution and Effects Table

Receptor type Organization Effectiveness Antihistamines
H1 Bronchial gastrointestinal uterine smooth muscle Shrink Diphenhydramine,
Promethazine,
Skin vessels Expansion Chlorpheniramine, etc.
Atria, atrioventricular node Contractility, conduction
slows
Hz Gastric parietal cells Secretion Cimetidine. Ranitidine
Vascular Expansion
Ventricular and sinus node Contractility, heart rate
Hs Central and peripheral Negative feedback Thiopropamide
adjustment
Nerve endings Histamine synthesis
release

1.2 The mechanism of action of antihistamines 2. ROUTE SYNTHESIS OF PROMETHAZINE HYDROCHLORIDE

Since antihistamines vary in their mechanism of action, they can be
divided into histidine decarboxylase inhibitors, histamine Hi receptor
antagonists, and histamine H: receptor antagonists, of which Hi receptor
antagonists are predominant [8-10]. The mechanism of action is mainly to
block the Hi receptor. Because Hi receptor antagonists are highly selective
for the Hi receptor, they can lock the binding of histamine at the H:
receptor at low concentrations.

Promethazine hydrochloride is also known as phenazine, promethazine,
etc. Molecular formula: Ci17H20N2S, melting point is 60°C, boiling point is
bp190~192°C, odorless white powder crystal. Slowly oxidizes in humid
air and changes color when left for a long time. (e.g., Figure 1)
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Figure 1: Promethazine hydrochloride
In recent years, some of the major synthetic methods are the following:

Method 1:

The first method of synthesis developed in 1948 by Paul Charpentier, their
2-chloro -N, N- dimethyl isopropyl amine hydroiodide was dissolved in
water and mixed with toluene. After the mixed solution was cooled added
50% concentration of aqueous sodium hydroxide solution, and stirred,
several layers dried with a desiccant [11-15]. Was added dropwise with
stirring a toluene solution of phenothiazine and sodium amide, in toluene
at reflux the suspension for 2.5 hours, poured into water and the toluene
layer was separated, and then poured into methanol mixture, methanol
was added to dissolved solution of oxalic acid and sulfur urea, boiled, and
then an alkali to give the appropriate oxalate promethazine to give
promethazine [16]. (e.g,, Figure 2)

This method is the first method of preparation of promethazine, tedious
process and the conversion rate is not very high, but simple materials at
that time, many of the improvements that we can learn from today.
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Figure 2: Reaction of phenothiazine with 2-chloro-N, N-
Dimethylisopropylamine hydroiodide to form promethazine

Method 2:

American scientist Samuel, Sidney, berg, who began the synthesis method
promethazine improvements [17]. They first with anhydrous diethyl
ether, methyl iodide and magnesium metal formed Grignard reagent was
added thereto, and phenothiazine of anhydrous benzene, and the resulting
solution was green mixture was reflexed for 30 minutes, and then added
portentous over 1 hour 1-chloro 2-dimethylamino propane and
anhydrous benzene solution, followed by continued reflux for 1.5 hours
[18]. After cooling adding an appropriate amount of aqueous ammonium
chloride, extracted with chloroform and then added, reservoir plus ¢ (HCL)
= 2mol / L aqueous solution, to give final promethazine hydrochloride.
(e.g., Figure 3)

This method greatly increases the conversion rate of promethazine
optimizes the process, due to the contaminated solvent which uses a large
amount of chloroform and diethyl ether like, the discharged waste liquid
will cause a lot of pollution.
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Figure 3: Adding phenothiazine to 1-chloro-2-dimethylaminopropane in
Grignard reagent to prepare promethazine

Method 3:

Almost at the same time, Dahibom,] R.Aminalkyl and others found that the
use of three bromide added to 10-(2-Carboxymethyl) thiophene of
methylene chloride in response to the appropriate period, the 10-(2-
Bromo-propyl) thiophene, which is evaporated to dry, can be paralyzed by
the copper powder and reacted with the dimethyl amine solution to
produce the promethazine [19]. (e.g., Figure 4)

This method is improved by the raw material for the preparation of
phenothiazine promethazine. Simple process is a new way of synthesis
and improvement of promethazine.
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Figure 4: Phosphorus tribromide is added to the trichloromethane of 10-
Phenoxy phenothiazine to generate promethazine

Method 4:

Improved by the French company Rhone-Poulene Research 1953,
phenothiazine dissolved in xylene was mixed with sodium
amide. Refluxed for 3 hours, was added N, N- Dimethyl-P-Toluenesulfonyl
MSDS and potassium carbonate, the aqueous layer was extracted with
xylene oil layer were combined, dehydrated with sodium is heated for 20
minutes, the cooling water, the xylene layer was washed with
concentration of 5% aqueous hydrochloric acid solution was separated,
washed with an acetyl, and finally aqueous sodium hydroxide and with a
concentration of 30, to give the product promethazine. (e.g., Figure 5)

After the research results of thiophene, the synthesis of promethazine
hydrochloride as a raw material is a common method in the process of
synthesis of promethazine [20].
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Figure 5: Phenothiazine is dissolved in xylene and mixed with sodium
amide to add N, N-dimethyl P-Toluenesulfonyl isopropylamine to
promethazine

Method 5:

Rhone-Poulen Company again to improve the synthesis of promethazine,
he used thiophene dissolved in N, N-two methyl formamide, and then in
batches to add nah and mineral oil into the dispersion, and then cooled to
35 °C below, to maintain this temperature 1 hours later, Add a toluene
solution of 2-two methyl P-Chloro propane and place the mixture until the
heat is stopped to add methanol [21]. Then pour 1:1 of acetic acid and
water, separate the toluene layer, discard after the layer with toluene
washing, and then use sodium hydroxide to regulate acid-base to alkaline,
that is, the promethazine. (e.g., Figure 6)

This is to Rhone-Poulen Company phenothiazine was synthesized as
promethazine improved method, by changing the solvent, promethazine
optimized synthetic route, an important idea promethazine later on
improved synthetic route.
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Figure 6: Phenothiazine is dissolved in N, N-Dimethylformamide to form
promethazine

Method 6:

The method is a synthesis route of promethazine hydrochloride developed
by Chinese scientists Wang Shugqin, Peng Jiagang, Yang Ruifen, etc [22-25].
It is to add diphenylamine and Potassium phthalate at 260° C, and slowly

=T

COOK

adds 1-Ethoxy-2. The dimethyl carbonic acid ester was distilled under
reduced pressure. The residue was separated with hydrochloric acid, and
then alkalinity was adjusted with sodium hydroxide. After extracting with
diethyl ether, the extract was distilled under reduced pressure and the
obtained product was in an appropriate amount. The sulfur and iodine are
mixed and brought to give the target promethazine. (e.g., Figure 7)

Instead of using the traditional phenothiazine as the main ring, this
method uses diphenylamine as the main ring of promethazine [26]. First
synthesizing its straight chain, and then modifying the main ring with
sulfur. This synthetic route has a novel idea and strong innovation, and it
has greatly improved both in terms of yield and reaction efficiency.

CHz CHg

CH,CHN(CHy), CHZCHN(CH3)2

CH40CO,CH,CH(CHN
+
COOK

=0 OO0

Figure 7: The reaction of diphenylamine with 1-Ethoxy-2-Dimethyl carbamate followed by the addition of sulfur produces promethazine hydrochloride

3. SYNTHESIS ON PHENOTHIAZINE AS THE MAIN RING STRUCTURE
OF PROMETHAZINE

Phenothiazine, yellow to greenish gray powder or flaky crystals. Soluble in
benzene, was dissolved in hot acetic acid and ether, slightly soluble in
alcohol and mineral oil, almost insoluble in petroleum ether, chloroform
and water [27]. The chemical formula is C12HoNs, the melting point is 182-
187°C, the boiling point is 371°C, and the density is 1.362. (e.g., Figure 8).
According to the different catalysts used, it is divided into several synthetic
routes.

Figure 8: Phenothiazine structure
3.1 Phenothiazine Synthesis Using I. as Catalyst

Vasile et al used iodine as a catalyst for the reaction, and then used
microwave radiation to heat the reaction between diphenylamine and
sulfur [28]. Activation of electrons shortened the reaction time of the
reaction, improved the efficiency, and achieved better yields. (e.g., Figure
9)

SACEPSS

Figure 9: Using iodine as catalyst to react with elemental sulfur to
produce phenothiazine

3.2 Synthesis of Phenothiazine Using Pd as Catalyst

This method is the earliest application of one-step coupling reaction to
construct phenothiazines [29]. It was discovered by the scientist
Jorgensen that the reaction used palladium as the catalyst to synthesize
the target product. The operation steps of this reaction are relatively
simple, but because Pd is more expensive, the method increases the cost
of the synthesis reaction [30]. (e.g., Figure 10)
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Figure 10: Pd Catalyzed One-step Coupling Reaction for the Synthesis of
Phenothiazine

3.3 Synthesis of phenothiazine with Cu as catalyst

Ma Dawei's research group reported that under the catalysis of Cu I/L-
proline, raw materials 2-iodoaniline and 2-bromobenzenethiol were
coupled by CS and CN to synthesize phenothiazine compounds [31]. In this
synthetic route, there are two reaction centers where 2-iodoaniline and 2-
bromothiophenol can be couple, so the reaction is often accompanied by
four possible products, two of which are from the raw materials
themselves [32]. For coupling, there are for two products that are cross-
coupled products. (e.g., Figure 11).
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Figure 11: Reaction of 2-Iodoaniline with 2-Bromothiophenol-copper
Catalyzed Reaction to Produce Phenothiazine

3.4 Phenothiazine Synthesis Using Fe as Catalyst

Weiye Hu et al reports the synthesis of thiophene using FeS04:7H-0
catalysts. The reaction was carried out using acetamidothiophenol and
ortho-arylene dihalide as reactants, t-BuONa as base for the reaction, and
DMF as solvent in a nitrogen atmosphere at 135°C for 24 h to obtain the
product [33]. This method is also used to synthesize phenothiazines
through the coupling of C-S and C-N and replaces the conwentional copper
and palladium catalysts with iron catalysts. The ubiquitous star is better,
with the highest yield up to 96%. However, when this method is utilized
to synthesize phenothiazine, some substrates react to form two similar
phenothiazine isomers, which are not easily separated. (e.g., Figure 12)

SH X
‘ N o N FeS0,.7H,0,24h
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Figure 12: Fe catalyzes the reaction of acetamidothiophenol with ortho-
arylene dihalide to generate phenoxazine

4. CONCLUSION

Because the structure of promethazine is composed of a main ring and a
branch, so in its process optimization is also mainly from these two
structures to find the entry point, through the choice of different reagents,
find the reaction conditions are more suitable The process path is simpler,
the reaction rate is more efficient, and the reaction process is more
environmentally friendly.

In the methods mentioned in this article, Method 1 and Method 2 both use
phenothiazine as the main ring, and then the first form of a ring and then
synthesize the branched chain. The synthetic route is clear and the process
flow is simple, but because of relatively old technology, resulting in the
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production of product purity is not high, the yield is not very high these
two routes; Method 3, Method 4 and Method 5 are improvements to the
former, and in the same way that phenothiazine is also used as the main
ring, the raw materials of its branches are Improvements have been made
to increase the purity of the product, but due to the contamination of the
waste liquid from the raw materials used, they are also very pure defects.
Methods 6 are used in the synthetic route of promethazine hydrochloride
a great innovation, it uses the first branched into a re-thinking of the ring,
so that its stability during the reaction, and impurities less pure high, as an
important breakthrough in the development of the synthetic routes of
promethazine.
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