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FIXED-BED AND SIMULATED MOVING BED CHROMATOGRAPHY USING ACHIRAL AND CHIRAL ADSORBENTS FOR THE 

COMPLETE PREPARATIVE SEPARATION OF A QUATERNARY MIXTURE

R. S. Arafah1,2, A. E. Ribeiro1,2 , A. E. Rodrigues3, L. S. Pais1,2*

STRATEGIES FOR THE FB/SMB SEPARATION OF ALL THE FOUR STEREOISOMERS

OBJECTIVE: Separation of all the four stereoisomers of Nadolol

Equipment for P/SMB Separations

Results

Conclusions & Future Work

• Strategies for complete separation of nadolol stereoisomers were well defined and applied.

• Reversed phase mode can be successfully applied for the separation of nadolol racemates.

• Real simulated moving bed separation was carried out using 2 g/L of nadolol, Purities for both extract and

raffinate outlet streams was 100%.

• 35E/65E/0.15DEA mobile phase composition was selected to perform (2+3)/(1+4) enantiomer separation of

nadolol using fixed bed technic.

• The complete separation of nadolol stereoisomers was achieved by applying different separation techniques,

namely, fixed-bed technology and simulated moving bed (SMB) chromatography.

Future Work: Study of pharmacological properties of all the 4 stereoisomers of nadolol.
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Case Study: Nadolol Stereoisomers  | Objective

Racemate A
2R3S2´R-NADOLOL 2S3R2´S-NADOLOL

Racemate B
2R3S2´S-NADOLOL 2S3R2´R-NADOLOL

+

25% 25%

25% 25%

NADOLOL is one representative pharmaceutical b-blocker drug marketed as 

a chiral mixture of  4 stereoisomers or “a mixture of 2 racemates”

BENEFICTS

High Blood Pressure

Angina pectoris

Cardiac arrhythmia

Parkinsonian Tremor

Anxiety (...)

SEVERE RISKS

Abdominal pains

Depression / Insomnia

Cardiovascular failure 

Dizziness

Hallucinacions

FlexSMB-LSRE-FEUP 

(LSRE/LCM)

Azura Pilot Prep HPLC

IPB (Brigantia EcoPark) 

SMB
Ribeiro et al. 2013
Arafah et al 2016
Arafah et al 2018

FB&SMB
Arafah et al 2020
Arafah et al 2022 

(submitted)

Analytical and Preparative Chromatography Competitive Equilibrium Adsorption Isotherm Breakthrough Experiments 

STEP 1

𝒒𝒊
∗ = 𝒎𝑪𝒊 +

𝑸𝒃𝒊𝑪𝒊
𝟏 + σ𝒃𝒋𝑪𝒋

𝐌𝐨𝐝𝐞𝐥 𝐩𝐚𝐫𝐚𝐦𝐞𝐭𝐞𝐫𝐬: 𝐏𝐞 = 𝟓𝟎𝟎𝟎 𝐚𝐧𝐝 𝐤 = 𝟏𝟎 𝐬−𝟏
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Saturation Regeneration  

Racemates Separation using Azura Preparative HPLC System

Optimizing the operation conditions  using 𝑪𝑻
𝑭 𝟏𝟎𝒈/𝑳

Q=15 mL/min Q=25 mL/min
Q=50 mL/min

Sequence of five successive pulses
Recovery = 98.6%; Productivity = 1.70 g/(L.hr); Solvent Consumption =  10 L/g 

Comparison 

C18 

COLUMN
pH

EQUILIBRIUM 

ADSORPTION 

ISOTHERM

PR

[g/(L.hr)]

SC

[L/g]

SMB

(Simulations)

XBRIDGE 12 LLG4 1.5 2.5

XBRIDGE 11 LLG4 1.3 2.5

SHIELD 11 LLG4 0.7 3.5

XSELECT 11 LLG4 1.2 2.5

FIXED-BED
XBRIDGE

OBD
12 -- 1.7 10.4

SPICA 2022

Prep HPLC UV-POL-IPB (CIMO/ESTiG)

Binary Separation of (2/3) and (1/4) using Chiralpak® IA 
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Selection of C18 adsorbent for SMB racemates separation (2+3)/(1+4)

STEP 1

STEP 2

SMB Separation Regions & System 
Productivity 

SMB Separation of racemates using Waters C18 

columns

Racemate B Racemate A

Internal Concentration 
Profiles at CSS

STEP 2

Screening of solvent composition

Screening of solvent composition

𝒒𝒊
∗ = 𝒎𝑪𝒊 +

𝑸𝒃𝒊𝑪𝒊
𝟏 + σ𝒃𝒋𝑪𝒋

Racemate A Separation (1)/(4)

Racemate B Separation (2)/(3)

𝒒𝒊
∗ = 𝒎𝑪𝒊 +

𝑸𝒃𝒊𝑪𝒊
𝟏 + σ𝒃𝒋𝑪𝒋

Breakthrough Experiments 

Breakthrough Experiments 

𝐌𝐨𝐝𝐞𝐥 𝐩𝐚𝐫𝐚𝐦𝐞𝐭𝐞𝐫𝐬: 𝐏𝐞 = 𝟏𝟎𝟎𝟎 𝐚𝐧𝐝 𝐤 = 𝟏 𝐬−𝟏

Saturation Regeneration  

𝐌𝐨𝐝𝐞𝐥 𝐩𝐚𝐫𝐚𝐦𝐞𝐭𝐞𝐫𝐬: 𝐏𝐞 = 𝟏𝟎𝟎𝟎 𝐚𝐧𝐝 𝐤 = 𝟏 𝐬−𝟏

Saturation Regeneration  

SMB Separation of (1)/(4)

SMB Separation of (2)/(3)

MORE DETAILS WILL BE PRESENTED IN OC07

𝑪𝑻
𝑭 = 𝟐 𝒂𝒏𝒅 𝟏𝟎𝒈/𝑳

FB&SMB
Reday for submission

Competitive Equilibrium Adsorption Isotherm 

Competitive Equilibrium Adsorption Isotherm 

𝑪𝑻
𝑭 = 𝟓 𝒈/𝑳

𝑪𝑻
𝑭 = 𝟒 𝒈/𝑳


