
Reactor  
type 

Reactor 
size (mL) 

Overall flow 
(mL/min) 

Capacity 
of 3 (g/h) 

1/16” (ID = 0.75 mm) 8.2 4.4 14.0 

1/8” (ID = 1.5 mm) 20.2 14.6 48.6 

3/16” (ID = 3.2 mm) 111.1 80.3 267.3 
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INTRODUCTION 
With several key advantages over batch such as safety, mixing, reaction kinetics and heat 
transfer, flow processes in the pharmaceutical industry are becoming increasingly 
important in the  development of active pharmaceutical substance synthesis.1 

Although the advantages of organolithium compounds are well known, the same are still 
avoided in industrial world as dangerous and difficult to handle in multi-kg scale. Lithiation 
reactions in a batch mode are typically conducted under cryogenic temperatures (-78 to       
-40 ˚C) to minimize the side reactions arising from the highly reactive organolithium  
intermediates. Challenges of safe handling highly reactive chemicals and a highly energetic  
reactions in scaled-up operations is a major disadvantage of such batch processes. 2 

TRANSFER TO FLOW CHEMISTRY 
Flow chemistry experiments were carried out using the Vapourtec R series equipped with two HPLC and two 
peristaltic pumps. A solution of the compound 1 with DIPA and TMEDA (Solution A) and solution of n-
hexyllithium in n-hexane (Solution B) were passed through a Y-mixer and to first reactor coil at pre-
determined flow rate and temperature. Reaction solution was combined with solution of the compound 2 
(Solution C) through Y-mixer and second reactor coil. The outflow was quenched by 1.5 M H2SO4 (Solution D) 
pumped through Y-mixer, collected and analyzed by HPLC (Figures 1. and 2.). 

CONCLUSION 
Presented lithiation process was successfully 
transferred from batch to flow conditions. Final 
flow result exceeds batch in safety, purity of 
reaction mixture and overall yield.  
Design of experiments (DoE) proved process 
robustness and stability in wide range of 
parameters. 20% deviation in flow as well as 
temperature range from -18°C to +2 °C will not 
cause significant differences in purity or yield. 
 
Future plans include:  
 further scale up of process to pilot plant and  

industrial scale 
 development of in-line analysis reaction 

mixture  
 automatization of process 

ROBUSTNESS OF PROCESS 
In order to test robustness of process for 
preparation of compound 3 different set of 
parameters (temperature, n-hexLi equivalents and 
overall residence time) were tested and analyzed 
by design of experiments (DoE; Figure 3.) 

Figure 1. Schematic representation of flow lithiation reaction 

Figure 2. a) Coil reactors for 
lithiation in 1/16” tubes  

b) Coil reactors for lithiation in 1/8” 
tubes on glass carrier 

c) Special Dewar dish for cooling of 
coil reactors (1/8”) 

LITERATURE 
[1] D. L. Huges, Org. Process Res. Dev. (2020)  
[2] N. G. Anderson, Org. Process Res.Dev. 16 (2012) 852 

Initial experiments performed in 1/16” (ID = 0.75 mm) and in 1/8” (ID = 1.5 
mm) tubes reactors highlighted several important reaction parameters and 
conditions: 
 concentration of 1 has high influence on preparation of 3 with optimum 

at about 0.6 M 
 quantity of n-hexyllithium is directly dependent of quantity of 2 which 

must be present in excess 
 water content in reagent solutions has critical impact due to n-hexLi  

decomposition 
 

Figure 3. DoE charts show prediction of process stability for 
preparation of compound 3. White area represent safety 

ranges of process parameters (temperature, n-hexyllithium 
equivalents and overall residence time); Purity ≥ 95 A%; 

Compound 1 ≤ 5 A%. 

  
  

 
 

 

 SCALE-UP 
The optimized conditions (-3 – -8 °C, 1.10 moleq n-hexLi, 2.5 min overall residence time) were successfully 
applied to larger scale (3/16” tubes; overall flowrate 80.3 mL/min) (Figure 4). 
In this setup, tubes are coiled on stainless steel carrier and placed in 2L glass reactor used as cooling bath. 
Three HPLC pumps and one peristaltic pump with special tube, resistant to n-hexLi, were used (Figure 5).  
Increasing of capacity of process by increasing tube diameters and flowrates is presented in Table 1. Further 
increasing in presented setup was limited by max. flowrate (10 ml/min) of peristaltic pump for n-hexLi 
pumping. Current continuous process capacity are 260 g/h or 6.4 kg/day of compound 3. 

  
 

Figure 4. Scheme of scaled-up lithiation reaction Figure 5.  Setup of  scaled-up lithiation reaction 

a) 

b) c) 

a) b) 

Scheme 1. Lithiation reaction in process for API preparation 

This work represents overcoming these safety and technical issues by implementation of continuous flow process for the lithiation reaction (deprotonation of 
compound 1 and coupling with compound 2) which is the most demanding step in process of production of one active pharmaceutical ingredient (Scheme 1). 

 as  coupling reaction is highly exothermic, efficient cooling of tube reactors (heat transfer) is crucial 
 clogging issues (result of Li salts precipitation) can be reduced with higher flow rate and with increase of 

tube and Y-mixer diameters 

Table 1. Scale-up of lithiation reaction 


