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Synthesis of (±)-Pregabalin by Utilizing a Three-step Sequential-

Flow System with Heterogeneous Catalysts 

Haruro Ishitani,[b] Kan Kanai,[a] Yuki Saito,[a] Tetsu Tsubogo,[b] and Shū Kobayashi*[a,b] 

 

Abstract: (±)-Pregabalin has been synthesized by utilizing flow 

methods. Three-step sequential-flow reactions starting from 

commercial isovaleraldehyde and methyl malonate proceeded 

smoothly with heterogeneous catalysts to afford the desired 

compound. The total yield was 75%–quant, and a space-time yield 

(STY) of 52.2 g/L·d was reached. In addition, a heterogeneous 

catalyst for the Knoevenagel reaction of aldehydes with malonates, 

which is the first step of the synthesis, has been developed. 

Introduction 

Flow synthesis of fine chemicals is superior to batch synthesis in 

terms of environmental compatibility, efficiency, and safety. In 

addition, it has the advantage of on-demand manufacturing of 

required amounts of products.[1] Toward a sustainable society, 

flow synthesis is attracting much attention as a new method of 

synthesis to replace batch synthesis, which is currently a 

mainstream process.[2] Generally, in the manufacturing process 

of fine chemicals, multistep chemical conversion is necessary; 

however, a large amount of waste is generated in the work-up of 

a reaction at each stage. However, in flow synthesis, it is 

possible to exclude the work-up process by connecting multiple 

flow reactions (sequential flow method). In particular, when flow 

reactions with heterogeneous catalysts are used, separation of 

products from catalysts can be easily carried out in addition to 

achieving increased efficiency of the catalytic reactions, and it is 

expected that more efficient production can be realized.[3] 

Pregabalin (1, trade name: Lyrica) is a -amino acid 

derivative that is widely used as a therapeutic agent for nervous 

system disorders such as epilepsy, anxiety disorder, and 

neuropathic pain. In a reported production process,[4] routes are 

known in which the basic skeleton is synthesized by 

Knoevenagel condensation, 1,4-addition reaction of cyanide, 

hydrolysis, decarboxylation, reduction of the CN group, and 

finally optical resolution.[4c] Here toxic CN sources and a large 

amount of Raney nickel in the reduction step are required. As 

another method, asymmetric synthesis utilizing enzymes and 

organic bases, synthesis using D-mannitol as a starting 

material,[4b] and, more recently, synthesis utilizing a flow 

reaction[4f] have also been reported. In this paper, we report 

pregabalin synthesis by using a sequential-flow method utilizing 

heterogeneous catalysts as a next generation synthetic method.  

Results and Discussion 

Scheme 1 shows a synthetic route to pregabalin by using a 

sequential-flow method employing heterogeneous catalysts. 

Alkylidene malonate 4a could be obtained by Knoevenagel 

condensation of commercially available isovaleric aldehyde (2) 

and malonic acid ester 3. Subsequently, nitromethane could add 

to 4a through 1,4-addtion, then the nitro group could be reduced 

to an amino group. Finally, ester hydrolysis and decarboxylation 

could be carried out to obtain pregabalin 1. Effective 

heterogeneous catalysts could be used at each stage. According 

to this synthetic route, the by-products are only H2O, produced 

by Knoevenagel condensation and the reduction, MeOH, by 

hydrolysis of the ester, and CO2, by decarboxylation of the 

carboxylic acid, which could be easily removed or added to 

subsequent flow reactions. The scheme is expected to be a 

synthetic route that is suitable for sequential-flow synthesis. 

  

Scheme 1. Synthetic route to Pregabalin under sequential-flow conditions. 

First, the Knoevenagel reaction, which is the first step of this 

synthesis, was examined. The Knoevenagel reaction is a 

carbon–carbon bond-formation reaction that is catalyzed by 

bases, and amines such as piperidine have been used as 

homogeneous catalysts. Although it has been reported that 

some heterogeneous base catalysts are effective,[5, 6] only one 

example of a combination of an aliphatic aldehyde and a 

malonic acid ester,[5p] such as required here, is known. Moreover, 

the heterogeneous base catalyst used therein does not 

necessarily have sufficient activity. Therefore, we first studied 

heterogeneous base catalysts for the Knoevenagel reaction 

using an aliphatic aldehyde and a malonic acid ester. The 

results of screening a range of solid base catalysts using batch 

reactions are shown in Table 1. Although good results were not 

obtained when general solid strong bases such as CaO and 
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KF/alumina, and Amberlite IRA 900, which is a strong basic 

resin, were used, the desired adduct 4a was obtained in 81% 

yield when primary amine-modified silica (Chromatorex NH) was 

used. On the other hand, when amino group-modified silica 

containing both primary and secondary amines (Chromatorex 

DNH) was used, the yield was only 57%. 

 

Table 1. Heterogeneous base catalyst screening for the Knoevenagel 

condensation. 

 

Entry Catalyst Conditions Yield [%] 
[a]

 

1 CaO Tol, 70 C, 14 h 36 

2 KF/alumina Tol, RT, 14 h Trace 

3 Amberlite IRA900 Tol, RT, 14 h Trace 

4 Chromatorex NH Tol, 70 C, 14 h 81 

5 Chromatorex DNH Tol, 70 C, 14 h 57 

[a] Determined by GC analysis. 

 

Based on the above results, flow reactions were performed 

using Chromatorex NH (Table 2). First, a column with an inner 

diameter of 10 mm and a length of 100 mm was packed with 

catalyst, and a 0.2 M toluene solution of malonate and a 0.25 M 

toluene solution of isovaleraldehyde (2) were fed at 70 °C at a 

flow rate of 0.05 mL/min. As a result, the yield after 24 h from 

the start of the solution feeding was 52% (entry 1). To improve 

the yield, the reaction was carried out by diluting the catalyst 

with various additives. When the catalyst was diluted with silica 

gel or Celite, the yield was not improved; however, it was found 

that molecular sieves were effective. In particular, when MS 4A 

was used, the yield after 24 h was 92%, and a yield of >95% 

could be maintained for >50 h. It was found that high yields 

could be maintained for >100 h (90–100%, 110 h), when a 

column reactor having an inner diameter of 10 mm and a length 

of 300 mm was used. 

 
Table 2. Effect of additives on the flow system with a column packed with 

amino-silica catalyst. 

 

Entry Additive Yield at 24 h [%] 
[a]

 

1 None (100 mm column) 52 

2 MS 4A 92 

3 MS 3A 81 

4 Silica gel 
[b]

 43 

5 Celite 44 

[a] Determined by GC analysis. [b] CARiACT Q-10 was used. 

 

The present catalyst was applicable to the Knoevenagel 

reaction of a malonate with various aldehydes (Scheme 2). In 

the flow reactions, the desired adducts 4 were obtained from 

various aliphatic aldehydes in high yields by using a column 

reactor with an inner diameter of 10 mm and a length of 100 mm. 

When an aromatic aldehyde was used, the reactivity was 

somewhat decreased; however, 4e was obtained in 87% yield 

by increasing the size of the column reactor. It is interesting that 

equal or higher yields were obtained for all substrates under flow 

conditions compared with those under batch conditions. [7] 

 

Scheme 2. Substrate scope of the reaction with respect to aldehyde. [a] 10 x 

200 mm column reactor was used. 

Next, the Michael addition reaction of nitromethane, as the 

second stage of pregabalin synthesis, was investigated. As a 

catalyst for the 1,4-addition reaction of nitromethane to 

alkylidenemalonate, organic bases such as 1,8-

diazabicyclo[5.4.0]undec-7-ene (DBU) and 1,1,3,3-

tetramethylguanidine (TMG) have been reported, and in many 

cases, an excess of nitromethane is used.[8] To our knowledge, 

no examples using a heterogeneous catalyst have been 

reported to date. Therefore, we searched for solid, strong bases 

that were suitable for a flow reaction, and it was found that 

Amberlite IRA 900 OH, which is a strong basic resin, was 

effective. The resin was packed in a column reactor and a two-

step sequential-flow reaction was conducted (Table 3). When a 

toluene solution of nitromethane was mixed with a stream from 
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the first flow (Knoevenagel reaction), the desired adduct (5) was 

obtained in good yield after 22 h, but a problem of persistence 

was found (entry 1). We revealed that alcohols were effective 

keeping high yields for a longer time. When methanol was mixed 

with the solvent system of nitromethane, the yield after 52 h was 

improved (entry 2), and further improvement in yield was 

observed when 1-propanol was used (entry 3). By using this as 

the optimum condition, we moved to the third stage of the flow 

reaction. 

 
Table 3. Two-step flow synthesis of 5. 

 

Entry Solv. of Nitromethane Yield at 22 h [%] 
[a]

 Yield at 52 h [%] 
[a]

 

1 Toluene 98 45 

2 Toluene/MeOH = 1/1 95 81 

3 Toluene/1-PrOH = 1/1 Quant. 91 

[a] Determined by GC analysis. 

 

For the reduction of the nitro group at the third step, 

polysilane-supported bone charcoal palladium catalyst, which 

was developed in our laboratory, was used.[9] In this step, 

intramolecular cyclization would be expected to proceed 

smoothly after reduction of the nitro group to afford γ-lactam 7. 

First, a column reactor packed with a Pd catalyst and Celite, 

connected to a two-step flow, and a three-step sequential-flow 

system consisting of three column reactors was assembled and 

reacted (Table 4, entry 1). The reaction proceeded smoothly, 

and the desired compound 7 was obtained in 59–78% yield (34 

h). However, compared with the yield of intermediate 5, the yield 

of 7 had scope for improvement, and further investigations were 

conducted. It was already known from studies on the batch 

reaction that this reduction gave good results when a polar 

solvent was used. Therefore, 1-propanol was used as a co-

solvent before the third step, and, at the same time, a pre-

column filled with MS 5A and silica gel was connected (entry 2). 

In this case, the reaction proceeded quantitatively from 20 to 40 

h from the start of the third step. On the other hand, when the 

flow rate of the co-solvent was increased, the yield remained 

around 80% (entry 3). Given that the lifetime of the entire flow 

system depended on the catalyst lifetime of the ion exchange 

resin used in the second step reaction, investigations were 

continued using a 30 cm column reactor at the second step 

(entry 4). As expected, improvement was observed in the 

lifetime, and 75–100% yields of the desired compound 7 could 

be maintained for about 45 h. The space-time yield (STY) was 

reached to 52.2 g/L·d. On the other hand, when the precolumn 

was omitted, the yield remained about 75% (entry 5). 

 
Table 4. Three-step sequential-flow synthesis of 7. 

 

Entry Pre-column, 

Co-feeding 

[mL/min] 

Yield [%] 
[b]

 

~12 h ~24 h ~36 h ~ 48 h 

1 w/o, w/o 78 (9 h) 75 (24 h) 59 (34 h) ND (48 h) 

2 w/, 0.05 79 (12 h) 96 (23 h) 96 (32 h) 63 (47 h) 

3 w/, 0.10 71 (12 h) 83 (24 h) 65 (32 h) No Anal. 

4
[a]

 w/, 0.05 76 (8 h) >99 (21 h) 88 (34 h) >99 (45 h) 

5
[a]

 w/o, 0.05 70 (8 h) 72 (23 h) 58 (31 h) 63 (43 h) 

[a] In the second step, 10 x 300 mm column reactor was employed. [b] 

Determined by GC analysis. 

 

After the solvents of the reaction solution obtained by the 

three-step sequential-flow reaction were distilled off, 7 was 

obtained as a white solid by recrystallization. Compound 7 was 

converted into pregabalin (1) by heating in hydrochloric acid and 

then neutralization. [10] The desired compound was obtained in 

67% yield based on methyl malonate (3) (Scheme 2).  

 

Scheme 3. Conversion of 7 into Pregabalin (1) 
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Conclusions 

In summary, we have completed the synthesis of (±)-Pregabalin 

by using a three-step sequential-flow system with 

heterogeneous catalysts. Knoevenagel reaction of commercial 

isovaleraldehyde with methyl malonate, 1,4-addition of 

nitromethane, and reduction of a nitro group proceeded 

smoothly under the sequential-flow conditions. Heterogeneous 

catalysts worked well in each step. We are currently 

investigating an asymmetric synthesis of (S)-Pregabalin. 

Experimental Section 

Experimental procedure of 3-step flow reaction for the synthesis of 

γ-lactam (7): For the Knoevenagel reaction, Chromatorex NH and MS4A 

(2/3, w/w, 14 g) were mixed and packed in a SUS column (10 x 300 mm) 

with column ends equipped with a filter. Toluene was flowed into the 

column by a plunger pump (for HPLC, 0.50 mL/min) to prepare the 

catalyst slurry. The solution of dimethyl malonate (3, 80 mmol), 

isovaleraldehyde (a, 100 mmol), 1,3,5-trimethylbenzene (40 mmol, 

internal standard) and toluene (400 mL) was mixed in a volumetric flask 

and then flowed into the column which was heated at 70 °C. For the 1.4-

addition reaction, an anion exchanged resin catalyst (IRA900 OH) was 

washed with a 1M NaOH aqueous solution and then methanol. After that, 

by using methanol, an anion exchanged resin catalyst (10 g, MeOH wet.) 

was packed in a glass column (10 x 200 mm) with column ends equipped 

with a filter. Toluene and n-propanol (1/1, v/v) were flowed into the 

column by a plunger pump (for HPLC, 0.50 mL/min) to prepare the 

catalyst slurry. After stabilization of the Knoevenagel flow, the solution of 

nitromethane (75 mmol) in toluene and n-propanol (1/1, v/v, 300 mL) was 

mixed with the Knoevenagel product solution via a connector. The 

mixture was then flowed into the 1,4-addition column. For the reduction, 

PDMSi-Pd/BC (Pd: 0.30 mmol/g (dry)) and Celite (5/1, w/w, 6 g) were 

mixed and packed in a SUS column (10 x 100 mm), and MS 5A and 

silica gel (CARiACT Q-6) (1/1, w/w, 5 g) were mixed and packed in a 

glass column (10 x 100 mm) as the pre-column. n-Propnaol was flowed 

into the column by a intelligent pump (0.50 mL/min) to prepare the 

catalyst slurry. After stabilization of the 2-step flow, the stream was 

flowed into the pre-column. The stream after the pre-column was mixed 

with n-propanol (flow rate: 0.05 mL/min), and the resulting diluted 

solution was flowed into the reduction column reactor with hydrogen gas 

generated from water using a hydrogen generator (RHG-200, Round 

science) at 10 mL/min of flow rate. A reduction column oven was set at 

60 °C. At the end of the stream, a reaction solution was collected and 

directly analyzed by GC in appropriate time.  
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