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Abstract. The removal of β-naphthol from waste water of cephalexin exit unit of antibiotic manufacture in North of
Iran has been studied. There are three organic and aqueous layers with waste β-naphthol that can cause water and
environment pollution in process of synthesis, purification and crystallization of cephalexin. Acid-base extraction has
been used by NaOH 5% and HCl 30% to obtain pure β-Naphthol (more than 98%) in good yield (93%).
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1. Introduction
Phenol is an important compound in petrochemical, pharmaceutical and several chemical industries [1].
Phenols are present in waste water of various industries, such as refineries, coking operations, coal
processing, and manufacture of petrochemicals. Phenols are also the main organic constituents present in
condensate streams in coal gasification and liquefaction processes. Other sources of waste water containing
phenols are pharmaceutical, plastics, wood products, paint, and paper industries [2]. Phenols are pollutants of
high priority concerns because of their toxicity and possible accumulation in the environments [3]. Due to
the toxicity of phenolic effluents their treatment must be accomplished before the solutions can be safely
discharged into the natural water resources. It has been found that phenol produces many adverse effects on
fish and aquatic ecosystem when chronically exposed even at a small concentration [4]. In the past, toxic
aromatic hydrocarbons were used for the recovery of phenols both in the laboratory and industrial scale.
Recently several papers dealing with the feasibility of different separation processes to recover phenols have
been published [5-12]. The aim of the present study is to remove β-naphthol from waste water of cephalexin
exit unit of antibiotic manufacture In North of Iran with sodium hydroxide extraction method.

2. Results and Discussion
The Cephalosporin derivatives like cephalexin are important life saving antibiotics. Large-scale synthesis
and purification of them from an aqueous solution is hampered by a number of problems. In manufactures
purification and crystallization of cephalosporin can be achieved by adding β-naphthol to aqueous solution of
them [13].
These derivatives selectively form complexes with β-naphthol that precipitate from an aqueous solution.
In the crystalline state, the cephalosporins are less susceptible to degradation. Moreover, complexation
provides a method for the isolation of the product, since the precipitated complex can be separated from the
reaction mixture by simple filtration (Figure 1) [14].
+

Corresponding author. Tel.: + 00989111133578; fax: +00981232245040.
E-mail address: navabehnami@yahoo.com
108

NH2
S
O

N
O

CH3
COOH

Cephalexin

H COOK
HN
C
COOEt 2
HN

CH

+

CH3

CH3

EtOOC

S

C
H

N

CH3

O

COOTMG

H
N HC
CO N
H

Condensation

S
N

CH2Cl2

O

- + CH3
COOTMG

HCl

B-Naphthol

Hydrolysis
S

(A) Organic (B-Naphtol)

Cephalexin
Mother
Liquor

Filter

Cephalexin
Crystal

NH4OH

Filter

Separation

+

CH3
N
COOH
O

Cephalexin/B-Naphthol
Complex

(B)
Cephalexin/B-Naphthol
Complex

aqueous

H
N
- + HC CO
ClH3N

Mother
Liquor

Cephalexin/B-Naphthol
Complex

Cephalexin/B-Naphthol
Complex

Washed
with aceton

Mother

(C) Liquor

Fig. 1: process of synthesis, purification and crystallization of cephalexin

It is a well-known fact that β-Naphthol is aromatic compound and in class of phenolic derivatives. βNaphthol is slightly soluble in water but its sodium salt is largely hydrolyzed and is soluble in water (Figure
2). This property permits it to transfer from organic layer to aqueous layer. According Scheme 1, it is
necessary to remove β-Naphthol from organic layer (A), and wastewater {(B), (C)} to protect environment.
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Fig. 2: Acid-base conjugated of β-Naphthol

-The first step was extraction of β-Naphthol from methylen chloride (A) by transfer it to separator funnel
and washed with sodium hydroxide solution (5%), the extracted aqueous layer (D) was red and the progress
of the extraction from organic layer was monitored by TLC using n-hexane–ethyl acetate (4:1) and the spots
were visualized in UV light λ = 254 & 366 nm.
- The second step was extraction of β-Naphthol from mother liquor (B). This is aqueous layer with βNaphthol and, slightly other compounds like dimethyl acetamide (DMAC) and pyridine. It’s better to
separate β-Naphthol from other organic compounds, so this layer was washed with methylen chloride and
then methylen chloride was washed with sodium hydroxide solution (5%) (Aqueous layer E). The extracted
aqueous layer (E) was red and the progress of the extraction from organic layer was monitored by TLC.
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- The 3th step was to remove acetone from aqueous layer (C) by evaporation under reduced pressure. At
this point two layers (liquid & aqueous) formed to washed with methylen chloride to extract β-Naphthol
(Cephalexin is slightly soluble in CH2Cl2). Finally β-Naphthol was transferred from methylen chloride to
aqueous layer by sodium hydroxide solution (5%) (Aqueous layer F).
-Three aqueous layers (D, E, & F) were mixed together and acidified by HCl (30%); all the time the
temperature was controlled to be less than 18oC. The yellow brown precipitate was filtered, washed with
water and dried to obtain pure β-Naphthol (more than 98% by HPLC, m.p 121- 122oC) in good yield (93%).
It was ready to use for crystallization of cephalexin exit unit of antibiotic manufacture.
This acid-base β-naphthol extraction method is less expensive than other methods. Separation of waste
β-naphthol reduces environmental pollution, reduces import material from foreign sources and can be used
with the lowest cost producers in antibiotic manufacture. Organic solvents used in this separation method can
be used again through recycling in the production of cephalexin, in addition sodium chloride or sodium
hydroxide pollution in water is much less than β-naphthol.

3. Material and Methods
All of Chemical compounds and Solvents were purchased from Merck without further
purification. TLC silica gel 60, aluminium sheets were purchased from Merck. The melting points
were obtained using an Electrothermal IA 9100 Digital melting point apparatus. The IR spectra
were recorded on a Bruker IFS-88 instrument (the samples as KBr disks for the range 4000–400
cm–1).

3.1.

Extraction of β-Naphthol from Methylen Chloride (A)

Organic layer (A) (165 ml) was washed with NaOH 5% (3x50 ml). The progress of the extraction from
organic layer was monitored by TLC using n-hexane–ethyl acetate (4:1) and the spots were visualized in UV
light λ = 254 & 366 nm. Organic layer washed with NaOH 5% (3x80 ml). The aqueous layer (D) was
separated , kept in 10-18 oC and acidified by HCl (30%)(15 ml), yellow brown precipitate was filtered,
washed with water and recrystallized by ethanol: water (1:2), to obtain pure β-Naphthol (1.3g), m.p 121oC.

3.2.

Extraction of β-Naphthol from Mother Liquor (B)
Mother liquor (B) (280 ml) was washed with methylen chloride (3x50 ml), The progress of the

extraction from organic layer was monitored by TLC using n-hexane–ethyl acetate (4:1) and the spots were
visualized in UV light λ = 254 & 366 nm. The aqueous layer (E) was separated , kept in 10-18 oC and
acidified by HCl (30%)(20 ml), yellow brown precipitate was filtered, washed with water and recrystallized
by ethanol: water (1:2), to obtain pure β-Naphthol (1.8g), m.p 122oC.

3.3.

Extraction of β-Naphthol from Aqueous Layer (C)

Aqueous layer (C) (15 ml) was concentrated by evaporation under reduced pressure to remove aceton. At
this point two layers (liquid & aqueous) formed to wash with methylen chloride (30 ml). Organic layer was
washed with NaOH 5% (3x30 ml). The aqueous layer (F) was separated , kept in 10-18 oC and acidified by
HCl (30%)(18 ml), yellow brown precipitate was filtered, washed with water and recrystallized by ethanol:
water (1:2), to obtain pure β-Naphthol (0.7g), m.p 122oC.

4. Acknowledgment
The authors thank Islamic Azad University, Qaemshahr Branch and Antibiotic Sazi Iran Company
(ASICO) for financial support.

5. References
[1] N. A. Laoufi, D. Tassalit, and F. Bentahar. The Degradation of phenol in water solution by TiO2 photocatalysis in
a helical reactor. Global NEST Journal, 2008, 10(3): 404-418.
[2] M. J. Gonzalez-Munoz, S. Luque, J. R. Alvarez, and J. Coca. Recovery of phenol from aqueous solutions using
hollow fibre contactors. J. Membr. Sci. 2003, 213: 181-193.
110

[3] Y. Ku, and K. C. Lee. Removal of phenols from aqueous solution by XAD-4 resin, J. Hazard. Mater. 2000, B 80:
59.
[4] N. C. Saha, F. Bhunia, and A. Kaviraj. Toxicity of phenol to fish and aquatic ecosystems, Bull. Environ. Contam.
Toxicol. 1999, 63: 195-202.
[5] A. Romo, F. J. Penas, J. R. Isasi, I. X. Garcia-Zubiri, and G. Gonzalez-Gaitano, Extraction of phenols from
aqueous solutions by β-cyclodextrin polymers. Comparison of sorptive capacities with other sorbents. Reactive &
Functional Polymers. 2008, 68: 406-413.
[6] G. Pan, and K-I. Kurumada. Hybrid gel reinforced with coating layer for removal of phenol from aqueous solution.
Chemical Engineering Journal, 2008, 138: 194-199.
[7] W. Kujawski, A. Warszawski, W. Ratajczak, T. Porebski, W. Capala, I. Ostrowska, Removal of phenol from
wastewater by different separation techniques. Desalination, 2004, 163: 287-296.
[8] J. Olejniczak, J. Staniewski, J. Szymanowski, Extraction of phenols and phenyl acetates with diethyl carbonate.
Analytica Chemica Acta, 2005, 535: 251-257.
[9] H. Jiang, Y. Fang, Y. Fu, and Q-X. Guo, studies on the extraction of phenol in wastewater. Journal of Hazardous
Materials 2003, B 101: 179-190.
[10] M. Brenes, A. Garcia, P. Garcia, and A. Garrido, Rapid and complete extraction of phenols from olive oil and
determination by means of a coulometric electrode array system. J. Agric. Food Chem. 2000, 48: 5178-5183.
[11] Z. Li, M. Wu, B. Bao, and S. Lu, Extraction of phenol from wastewater by N-octanoylpyrrolidine. Journal of
Hazardous Materials, 2004, B 114: 111-114.
[12] M. T. A. Reis, O. M. F. de Freitas, M. R. C. Ismael, and J. M. R. Carvalho, Recovery of phenol from aqueous
solutions using liquid membranes with cyanex 923. Journal of Membranc Science, 2007, 305: 313-324.
[13] U.S. Patent no. 4003896 (NOVO Nordisk), 1977; [Chem. Abs. 1977, 86: 171480m].
[14] G. J. Kemperman, R. de Gelder, F. J. Dommerholt, P. C. Raemakers-Franken, A. J. H. Klunder, and B.
Zwanenburg. Clathrate-Complexation of Cephalosporins with β-Naphthol. Chem. Eur. J. 1999, 5(7): 2163-2168.

111

