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a b s t r a c t 

In this article, we present the development of a synthetic methodology based on homogeneous catal- 

ysis for the preparation of enantioenriched L-Valine aminoacid. The enantioselective hydrogenation of 

5-methylenhydantoin has been developed through broad screenings of chiral ligands, metal precursors 

and reaction conditions including scale-up experiments and recyclability studies. A palladium catalyzed 

asymmetric hydrogenation of 5-methylenhydantoin afforded the corresponding hydrogenated product in 

a 70% enantiomeric excess using a substrate/catalyst ratio of 500/1. A partial racemization was observed 

upon hydrolysis and recovery of L-Valine. 

© 2020 Elsevier B.V. All rights reserved. 
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. Introduction 

Chiral amino acids are key molecules in the pharmaceutical, 

ood, cosmetic and agricultural industries [1] Due to increasing 

osts and sustainability issues, the feedstuff industry has grad- 

ally developed reduced protein diets for animals. Such strat- 

gy has led to a growing demand of L-Valine which is implied 

n several vital functions in animals [2] . Indeed, the use of L- 

aline in reduced protein diets has been shown to increase the 

eed conversion and therefore the animal body weight while re- 

ucing water consumption and nitrogen waste excretions. Among 

ydantoins, which are saturated heterocycles comprising 2 lac- 

am functions, 5-substituted hydantoins can be found in a wide 

ange of natural and synthetic chemicals of biological and phar- 

aceutical interests. More particularly, the simple and low cost 

-substituted hydantoins have been useful intermediates in the 

ynthesis of aminoacids [3] . Though the asymmetric hydrogena- 

ion of 5-ylidenhydantoins allows a direct access to enantioen- 

iched aminoacids, it has scarcely been studied [4] . In this article 

 we present the development of a synthetic methodology based 
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n homogeneous catalysis for the preparation of enantioenriched 

-Valine 3 based on a catalyzed asymmetric hydrogenation of 5- 

ethylenhydantoin 1 [5] into 2 [6] and a subsequent hydrolysis 

 Scheme 1 ). 

. Results and discussion 

Due to solubility issues (Table S1), the asymmetric hydrogena- 

ion of 5-methylenehydantoin 1 was studied in CH 3 OH, i- PrOH 

nd 1,4-dioxane. At first, we screened various privileged catalysts 

ased on iridium, cobalt and nickel but did not observe any sig- 

ificant conversion and enantioselectivity (Scheme S1). Afterwards, 

e tried rhodium based catalysts combining [Rh(COD) 2 ]BF 4 precur- 

or and specific ligands like BIBOP [7] , UREAphos and METAMOR- 

hos bifunctional phosphoramidites [8] or Zhaophos [9–11] , a fer- 

ocene based diphosphine, bearing appended thiourea groups able 

o interact with one of the lactam function of 1 . Though the hy- 

rogenations proceeded in low to quantitative conversions, there 

as none or low enantioselectivities (0–13% ee) (Scheme S2 and 

able S2). According several reports of Zhang et al. on the asym- 

etric hydrogenation of 3-substituted maleinimides [9] , maleic an- 

ydrides [10] and β-substituted α, β-unsaturated lactams [11] , the 

ailure of such supramolecular bifunctional approach was somehow 

urprising but tetrasubstituted alkenes like hydantoin 1 are known 

o be challenging substrates [ 7 , 12 ]. In addition, substrate 1 is a
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Scheme 1. Enantioselective synthesis of L-Valine 3 through asymmetric hydrogenation of hydantoin 1 and hydrolysis of 2 . 

Scheme 2. Catalyst screening for the asymmetric hydrogenation of 5-methylenhydantoin 1 . 
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lanar molecule and the two methyl substituents are not in- 

roducing great steric effects. By comparison, catalysts based on 

alladium proved to be more active and selective according to 

he screening of a selection of 15 diphosphine ligands L1-L15 

 Scheme 2 ). Whether the racemic L1 confirmed the chirality 

rom the ligand controlled the stereoselectivity of the hydrogena- 

ion, ligands L4-L7 allowed the asymmetric hydrogenation of 5- 

ethylenehydantoin 1 in high conversions and average enantios- 

lectivities at a hydrogen pressure of 100 bar. When the latter 
2 
as decreased to 30 bar, a significant increase of enantiomeric 

xcesses was observed. It was worth to note L4-L7 were all C 2 - 

ymmetric diphosphines and comprised chiral phosphorous atoms 

earing bulky electron donor alkyl substituents. The latter are 

ikely to have a significant contribution to the enantioselective pro- 

ess thanks to weak non-covalent attractive interactions [13] be- 

ween the substrate 1 and catalyst’s chiral ligand while the palla- 

ium center would coordinate the alkene moiety [4b] and activate 

ydrogen. By affording hydrogenated product 2 in high conversion 
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Table 1 

Acid additive screening for the asymmetric hydrogenation of 5-methylenhydantoin 1 . 

Entry Additive (mol%) Conv. (%) a Ee (%) b 

1 p TsOH (2) 97 27 

2 Benzoic acid (2) 3 –

3 ( R )-( −)-O-Acetylmandelic acid (2) 39 0 

4 ( S )-( + )-Mandelic acid (2) 61 0 

5 ( S )-( + )-1,1 ′ -Binaphthyl-2,2 ′ -diyl hydrogenphosphate 4 (2) 49 50 

6 ( R )-( −)-1,1 ′ -Binaphthyl-2,2 ′ -diyl hydrogenphosphate 4 (2) 55 31 

7 ( S )-CSA (2) 100 42 

8 ( R )-CSA (2) 100 44 

9 ( R )-CSA (1) 100 61 (70 c ) 

10 ( R )-CSA (0.5) 100 38 

a Determined by GC 
b Determined by HPLC on a DAICEL CSP CHIRALPAK ID. 
c at 30 bar of H 2 . 

Table 2 

Effect of the substrate/catalyst and additive/catalyst ratios on the asymmetric hydrogenation of 5- 

methylenhydantoin 1 . 

Entry substrate/catalyst additive /catalyst solvent (mL) time (h) conv. (%) a Ee (%) b 

1 500 1 10 48 18 –

2 500 5 6 38 9 –

3 500 10 7 38 2 –

4 500 20 7 38 1 –

5 500 2 6 120 75 70 

6 200 1 6 62 6 –

7 200 2 4 62 100 62 

a Determined by GC 
b Determined by HPLC on a DAICEL CSP CHIRALPAK ID. 
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u

nd good ee, the ligand L6 based on a quinoxaline backbone was 

elected for further developments. 

Among the several acid additives which were subsequently 

creened ( Table 1 , entries 1–8), the ( S )-( + )-1,1 ′ -Binaphthyl-2,2 ′ -diyl

ydrogenphosphate 4 afforded product 2 in a 49% conversion and 

0% ee (entry 5). However, the ( R )-camphor sulfonic acid (CSA) 

roved to be the best acid additive when a single equivalent of ( R )-

SA was used as respect to the Pd(TFA) 2 precursor (entries 8–10). 

ndeed, the hydrogenated product was obtained in a full conver- 

ion and with an enantioselectivity of 70% ee at 30 bar of hydro- 

en (entry 9). It was worth to note the configuration of product 2 

as always ( S ), independently of the additive used. 

The asymmetric hydrogenation of 5-methylenhydantoin 1 im- 

lying the palladium catalyst based on ligand L6 was next opti- 

ized by adjusting the reaction conditions. Regarding the solvent, 
3 
he use of i- PrOH afforded the best conversions and enantioselec- 

ivities by comparison to CH 3 OH, 1,4-dioxane or mixtures of i- PrOH 

nd CH 3 OH or trifluoroethanol (TFE). We noticed strict anhydrous 

onditions were required in order to get a high asymmetric induc- 

ion (Table S3). The preferred reaction temperature was found at 

0 °C and the hydrogen pressure could be set to 30 bar (Tables S4 

nd S5). 

By using these optimized reaction conditions, we studied the 

ffect of the substrate/catalyst and additive/catalyst ratios on the 

symmetric hydrogenation of 5-methylenhydantoin 1 ( Table 2 , en- 

ries 1–7). We demonstrated the asymmetric hydrogenation of 1 

roceeded well on a 1.84 mmol scale with a catalyst loading 

ecreased to 0.2 mol% by reaching a substrate/catalyst ratio of 

00/1 and an additive/catalyst ratio of 2 (entry 5). Indeed, the 

se of higher or lower additive/catalyst ratios was not favorable 
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Scheme 3. Recovery of L-Valine 3 by hydrolysis of hydantoin 2 . 

Table 3 

Catalyst recycling. 

Cycle Conv. (%) a Ee (%) b TON 

c 

1 d 100 70 100 

2 e 82 65 82 

3 e 57 64 57 

4 e 27 64 27 

a Determined by GC 
b Determined by HPLC 
c Turnover number = mol of product/mol of catalyst. 
d 3.68 10 −4 mol of 1 , 1mol% Pd(TFA) 2 , 1 mol% L6 , 1 

mol% ( R )-CSA, 4 mL i- PrOH, 15 h 
e After cooling, degazing and sampling, a solution 

of 1 (3.68 10 −4 mol) and ( R )-CSA (2 mol%) in i -PrOH 

(2 mL) was added in the autoclave under a nitrogen 

flow. The autoclave was then pressurized to 30 bar H 2 

and the reaction was started by heating and stirring. 
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entries 1–4,6) and the enantioselectivity was lower with a sub- 

trate/catalyst ratio of 200 (entry 7). No racemization of hydro- 

enated product 2 was observed while using long reaction times. 

The catalyst recycling was first studied through attempts to sep- 

rate the catalyst from the product by centrifugation but this re- 

ulted in poorly active catalytic species. However, we found that, 

nce a reaction was finished, the cautious and direct addition of 

 new i -PrOH solution of reactant 1 into the autoclave allowed a 

ossible recycling ( Table 3 ). Moreover, the addition of a subsequent 

atalytic amount of ( R )-CSA (1 mol%) was necessary at the begin- 

ing of each cycle in order to allow the catalytic reaction to pro- 

eed more effectively. However, a gradual decrease of the conver- 

ions in 2 and therefore of the catalyst activity (TON) was noticed. 

The hydrolysis of chiral hydantoin 2 was first performed using 

aOH in water at 180 °C ( Scheme 3 , procedure A) [14] . A full con-

ersion of hydantoin 2 in L-Valine 3 was only observed after 144 h 

f reaction. Afterwards, an acidification with HCl followed by a pu- 

ification by distillation under vacuum were required in order to 

eparate the product from NaCl by-product and recover L-Valine 

 in a moderate yield. HPLC analyses showed such hydrolysis re- 

ulted in a partial racemization of the substrate, L-Valine 3 being 

solated with a 33% ee starting from hydantoin 2 with an enan- 

iopurity of 70% ee. Therefore, the hydrolysis of hydantoin 2 was 

erformed following a different procedure using Ba(OH) 2 in water 

t 115 °C ( Scheme 3 , procedure B). Indeed, the hydrolysis of enan-

iopure 5-difluoromethyl-5-methyl-hydantoin [15] and 5-phenyl-5- 
4 
trifluoromethyl)hydantoin [16] were previously performed with- 

ut any racemization. In our case, we noticed 96 h of reaction 

ere required in order to reach a full conversion of hydantoin 2 

n the L-Valine product 3 . The latter was recovered in a fair yield 

fter acidification with H 2 SO 4 , filtration of the BaSO 4 and sub- 

equent flash chromatography on an acidic resin like Amberlyst 

5. However, a partial racemization was again observed by HPLC 

nalyses, L-Valine 3 being isolated with a 25% ee starting from 

ydantoin 2 with an enantiopurity of 59% ee. Furthermore, we 

oticed the purity of reagent 2 , e.g. a material purified by flash 

hromatography or sublimation, had no influence on the observed 

acemization. By comparison to the previous hydrolysis of enan- 

iopure 5-difluoromethyl-5-methyl-hydantoin [15] and 5-phenyl-5- 

trifluoromethyl)hydantoin [16] , such a racemization may be ex- 

lained by the substitution pattern of the asymmetric carbon, hy- 

antoin 2 comprising a tertiary stereocenter and compounds of ref- 

rence [ 15 , 16 ] having quaternary asymmetric carbons. Therefore, 

he NaOH or Ba(OH) 2 base used for the hydrolysis may deprotonate 

he tertiary stereocenter of hydantoin 2 and allow a racemization. 

nterestingly, it was previously noticed that other derivatives like 

etrahydroisoquinoline hydantoins [17] or 3,5-disubstituted thiohy- 

antoins [17] gradually racemize in aqueous solutions at acid, basic 

r neutral pH. Nevertheless, according several reports [18] , a hy- 

rolysis of hydantoin 2 through the use of enzymatic methods like 

he "Hydantoinase Process" is likely to afford L-Valine 3 without 

acemization. 

. Conclusion 

We developed a synthetic methodology for the preparation 

f enantioenriched L-Valine 3 based on a catalyzed asymmetric 

ydrogenation of 5-methylenhydantoin 1 and a subsequent hy- 

rolysis. Selected palladium homogeneous catalysts based on chi- 

al diphosphine ligands were the single effective species allow- 

ng the hydrogenation of 5-methylenhydantoin in high yields and 

ood enantioselectivities. Though L-Valine was obtained through 

ydrolysis of the hydrogenated product, a significant racemization 

as observed upon hydrolysis. Overall, these results are encourag- 

ng considering the asymmetric hydrogenation of tetrasubstituted 

lkenes like 5-methylenhydantoin 1 is challenging. From an indus- 

rial perspective, two main goals remain to fulfill in order to pro- 

uce L-Valine in bulk quantities at a low cost below 10 €/kg. First, a 

ighly active and enantioselective catalytic hydrogenation, i.e. with 

igh turnover numbers and enantiomeric excesses, is desired. Sec- 

nd, the hydrogenated product 2 need to be rapidly hydrolyzed us- 

ng enzymatic methods to avoid racemization of L-Valine 3 . Finally, 

urther applications in flow chemistry [19] may be appreciated. 
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