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Abstract: Safety of a drug molecule is dependent on various impurities formed during chemical process which may 

cause drug product instability, decreased product performance, loss in potency, and/or formation of potentially 

genotoxic impurities. Therefore, it is essential to identify and quantify the impurities generated during the drug 

development stage. Herein, we describe the synthesis and characterization of metoprolol EP Impurity D, 3-[4-(2-

methoxyethyl)phenoxy]propane-1,2-diol (1), reported in European Pharmacopeia. The synthesis of compound 1 was 

accomplished starting from 4-(2-methoxyethyl)phenol in two steps via KOH-mediated substitution with 

epichlorohydrin and then H2SO4 catalyzed hydrolysis of the formed epoxide.  
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1. Introduction  

Metoprolol is a selective β1 receptor blocker and commonly used to treat high blood pressure, 

chest pain and a number of conditions involving an abnormally fast heart rate.1,2 It is chemically known as 

bis [(2RS)-1-[4- (2-methoxyethyl)phenoxy]-3-[(1-methylethyl)amino]propan-2-ol] (2R,3R)-2,3-

dihydroxybutanedioate having structure as shown in (Figure 1). The active ingredient in Metoprolol 

tartarate tablets is metoprolol, and lactose is one of the excipient which is used as a diluent.3. 

Regulatory authorities are doing careful examination of the safety profiles of drug substances.4,5 

Impurity profiling in pharmaceuticals is now gaining critical attention for medical safety and drug 

effectiveness of API’s.6,7 The “International Conference on Harmonisation of Technical Requirements for 

Registration of Pharmaceuticals for Human Use” has dedicated guidelines on impurities in new drug 

substances, products and residual solvents.8-10 Hence, there is a surge in demand for impurity reference 

standards by both regulatory authorities and pharmaceutical companies, as each impurity needs to be 

quantified in the drug substance.11 To our knowledge, there are two records in the literature describing  

methodologies for the synthesis of EP impurity D. Cohnen synthesized EP impurity D by a combination 

of  4-(2-methoxyethyl)phenol and 2-oxiranemethanol.12 The synthesis described by Gurjar et al.13 

proceeds via O-allylation of 4-(2-methoxyethyl)phenol followed by OsO4-catalyzed hydroxylation of 
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alkene double bond.  Here we present an alternative synthesis for EP impurity D via 4-(2-

methoxyethyl)phenol and epichlorohydrin.  

 

 
 

Figure 1. Metoprolol and its pharmacopoeia impurities  

 

2. Background  

United States Pharmacopoeia includes four impurities i.e related compounds A-D  and European 

Pharmacopoeia has A-O impurities as listed in Figure 1. Many researchers have worked on impurity 

profiling of metoprolol and hence, on their analytical method development.  

In recent years, green chemistry approaches have gained importance in synthetic organic 

chemistry not only for reduction of byproducts, reduction of waste products and lowering of energy costs 

but also in the development of new methods / methodologies.14,15 Medicinal and pharmaceutical 

industries traditionally have large volume of waste/product ratio when compared with other existing areas 

of chemistry16,17 and hence, most promising for evolution of greener methods. 

Out of the pharmacopoeia impurities, metoprolol EP impurity D is a by-product formed during 

the synthesis of metoprolol API at levels between 0.2-0.3%. International Conference on Harmonization 

(ICH) has recommended guidelines to qualify the drug substance. As the metoprolol EP impurity D is a 

by-product, it would be required in essential quantity for method development, validation and 

qualification of API.  
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To the best of our knowledge, there is no reported synthesis of metoprolol EP impurity D utilizing 

green chemistry approaches in literature and herein, we wish to report a short synthesis of metoprolol EP 

impurity D for impurity profile study of metoprolol API which will help pharmaceutical companies all 

over the world to have better control on the process and routine batch analysis.  

The newly developed method utilizes ultrasonic waves as source of energy to carry out reaction at 

room temperature. Water is used as solvent for the reaction. The developed method avoids use of any 

dangerous reagents and expensive catalysts, reduces the time of reaction required to obtain the product 

with high yield and purity.  

 

3. Experimental  

The detailed experimental procedure is given as supplementary information of the article. 

4. Present Study  

Synthesis of EP impurity D (Scheme 1) started from commercially available 4-(2-

methoxyethyl)phenol (2) and epichlorohydrin (3). In a typical general experimental procedure, a solution 

of 2 and 3 in solvent in presence of KOH was stirred at room temperature till completion of reaction, 

resulting in the formation of 3-[4-(2-methoxyethyl)phenoxy]-1,2-epoxy propane (4). The excess of 3 was 

distilled out under vacuum and the reaction mass was extracted with CH2Cl2. Distillation of CH2Cl2 layer 

gives intermediate 4 as brown color oil (51%).  

The final product was obtained by reaction of 3 with 98% H2SO4 in appropriate solvent by stirring 

the reaction mixture at ambient temperature till completion of reaction. The reaction mixture on 

extraction with CH2Cl2 and then further distillation of CH2Cl2 layer afforded crude EP impurity D (1). 

Purification of crude product with column chromatography (60-120 mesh silica gel and petroleum ether-

ethyl acetate in the ratio 95:5) yielded 63% of EP impurity D (1). 

To study the generality of synthetic route, several trials of this novel and general method were 

conducted and results are summarized in (Table 1 and 2). 

 

Scheme 1. Preparation of metoprolol EP impurity D (Reaction conditions are given in Tables 1and 2  

Table 1. Reaction condition of key compound 4 

Entry Amount of KOH MeOH as solvent H2O as solvent Ultrasound assisteda 

  Yield 

(%)b 

Time (h) Yield (%)b Time (h) Yield (%)b Time (min) 

1 0.5 molar equiv. 22 20 31 18 43 90 

2 1.0 molar equiv. 28 20 38 18 51 90 
aReaction condition: 2 (1.0 molar equiv.), 3 (1 molar equiv.), KOH (1.0 molar equiv.) in H2O (15 mL), irradiated with 

ultrasonic waves (80 W, 50 KHz)  for 90 mins at room temperature. bIsolated product of 4 after preparative TLC. 

Table 2. Reaction condition of EP Impurity D 

Entry Amount of H2SO4 Methanol as solvent H2O as solvent Ultrasound assisteda 

  Yield (%)b Time (h) Yield (%)b Time (h) Yield (%)b Time (min) 

1 0.05 equivalent 28 5-6 46 5 51 30 

2 0.1 equivalent 34 5-6 48 5 63 30 
aReaction condition: 4 (1 equiv.), acid (0.1 equiv.) in water (5 mL) irradiated with ultrasonic waves (80 W, 50 KHz) 

for 30 mins at room temperature. bIsolated product of 1 after column chromatography. 
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Use of 1.0 equivalent of KOH is sufficient to push the reaction in forward direction. Higher 

amounts of KOH did not improve the result. For ring opening of epoxide, NaOH was first tested but no 

reaction occurred. Addition of 0.1 equivalent of H2SO4 was able to open the epoxide ring to afford the 

diol 1. 

To lower the utilization of environmentally harmful solvents, we choose to carry out the reaction 

in H2O as it is recognized as an attractive medium for many organic reactions.18 Synthesis of EP impurity 

D (1) using H2O as a solvent showed a significant improvement on the yield of isolated product ranging 

from 58-63%. 

To further incorporate the principles of green chemistry, the optimized process was performed in 

presence of ultrasonic waves which led to drastic reduction of time required for completion of reaction. 

The optimized process was also adopted for reaction in microwave but it led to high 

exothermicity during course of reaction resulting in large number of side products. 

The ultrasound assisted reaction conditions afforded good yield of the key intermediate 4 as well 

as EP impurity D (1) during the course of this study and in majority of trials, the greener approaches 

generated EP impurity D of high purity. 

EP Impurity D was characterized by spectroscopy (1H NMR, 13C NMR and Mass) studies; and the 
1H NMR spectral data  were found to be comparable with the reported literature.13 

 
 

4 1 

 

3-[4-(2-Methoxyethyl)phenoxy]-1,2-epoxy propane (4): Pale brown oil; yield: 51%; IR (KBr, νmax, cm-1): 

2915, 2870, 1611, 1516, 1241, 1034; 1H NMR (400 MHz, DMSO-d6) δ: 2.82-2.84 (m, 1H, HC(12)), 2.88-

2.92 (m, 2H, H2C(3)), 2.96-3.03 (m, 1H, HC(12)), 3.23 (s, 3H, OMe), 3.45-3.49 (m,1H, HC(19)), 3.58-

3.62 (m, 2H, H2C(2)), 3.83-3.88 (m, 1H, H2C(10)), 4.42-4.48 (m, 1H, HC(10)), 6.83-6.85 (AA' part of 

AA'BB' system, quasi d, J=9 Hz, 2H, HC(5) and HC(9)), 7.13-7.16 (BB' part of AA'BB' system, quasi d, 

J=9 Hz, 2H, HC(6) and HC(8)) ppm; Elemental analysis: calcd (%) for C12H16O3: C, 69.23; H, 7.69; 

found: C, 69.46; H, 7.85; MS: m/z [M+1]+ 209.18. 

 

3-[4-(2-Methoxyethyl)phenoxy]propane-1,2-diol (1): Pale yellow oil; yield: 63 %; IR (KBr, νmax, cm-1): 

3473 - 3313 (Broad peak), 2929, 2878, 1610, 1513, 1246, 1039: 1H NMR (400 MHz, DMSO-d6) δ : 2.72-

2.80 (t, 2H, H2C(3)), 3.21 (s, 3H, OCH3), 3.54-3.82 ((m, 6H, H2C(2), H2C(10), H2C(12)), 3.94-4.04 

(m,1H, HC(11)), 4.70-4.85 (br s, 1H, OH), 6.82-6.85 (AA' part of AA'BB' system, quasi d, J=9 Hz, 

HC(5) and HC(9)), 7.15-7.19 (BB' part of AA' BB' system, quasi d, J=7.5, HC(6) and HC(8)),) ppm. 13C 

NMR (100 MHz, DMSO-d6):  = 162.4 (C(7)), 135. (C(4)), 129.4 (C(5) and (C(9)), 115.71 (C(6) and 

(C(8))), 73.6 (C(2)), 69.8 (C(10)), 63.7 (C(12)), 70.6 (C(11)), 60.6 (C(1)), 37.9 (C(7)) ppm; Elemental 

analysis: calcd (%) for C12H18O4: C, 63.71; H, 7.96; found: C, 64.06; H, 7.92; MS: m/z [M+1]+ 227.51.  

 

5.  Conclusion 

 In conclusion, we have developed a conveniently efficient and ultrasound-assisted, 

environment-friendly synthesis of metoprolol EP impurity D with an overall yield of 63%; and in high 

purity via HPLC (97.8%). 

Supporting Information  

Supporting information accompanies this paper on http://www.acgpubs.org/journal/organic-

communications 
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