
 
 
J Inno Sci Eng,2023, 7(2):160-166 

   https://doi.org/ 10.38088/jise.1333127 
 

 

 

 
 

Research Article 

 

160 
 

 

N-Boc-Amino Acid Mediated Morita-Baylis Hillman Reaction of Methylphenyl 

Glyoxylate 

   

Abstract 

The organocatalyzed Morita-Baylis Hillman (MBH) reaction of α-keto esters is a challenging 

carbon-carbon bond-forming reaction. We developed a catalytic system for the MBH reaction of 

methylphenyl glyoxylate with methyl vinyl ketone in a polar aprotic solvent. We used N-Boc-L-

pipecolinic acid as a proton transfer mediator and 4-dimethylaminopyridine as the tertiary amine 

catalyst. We obtained the MBH adduct with a 66% yield in 48h. We proposed a detailed reaction 

mechanism involving a transition state that includes the hydrogen transfer by the acid functional 

group of N-Boc-L-pipecolinic acid. 
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1. Introduction 

The carbon-carbon (C-C) bond-forming reactions are one of the most powerful tools in organic chemistry. Morita-Baylis 

Hillman (MBH) reaction is a practical C-C bond-forming reaction resulting in densely-functionalized products in the 

presence of Lewis bases such as tertiary amines and tri-substituted phosphines. Triphenylphosphine catalyzed traditional 

MBH reaction is between an aromatic aldehyde and methyl vinyl ketone [1] but can be extended to any activated alkene 

attached to a strong electron-withdrawing group and an electrophilic carbon such as an aldehyde or an imine (Scheme 

1) [2-5]. 

 

Scheme 1. The classical MBH reaction catalyzed by amines and phosphines 

MBH reaction has attracted more attention in recent years due to the commercially available starting materials, its atom-

economical nature, multifunctional products and organocatalyzed mild reaction conditions [6,7]. MBH adducts such as 

acetates, bromides and carbonates are important synthons in the synthesis of biologically-active compounds and natural 

products [8]. Despite all these advantages, there are still limitations of MBH reactions of some substrates such as α-keto 

esters. Basavaiah et. al. reported the MBH reaction of α-keto esters with alkyl vinyl ketones and cyclic enones mediated 

by titanium tetrachloride [9, 10]. An organocatalytic version of the MBH reaction between cyclopent-2-enone and α-

keto esters was reported by Shi and Zhang catalyzed by diphenylmethylphosphine and phenol additives [11]. However, 

the organocatalytic MBH reaction of α-keto esters remains unexplored.  

In recent years, computational studies have also been performed to understand the MBH reaction mechanism and 

probable transition states to design more efficient organocatalysts [12-15]. We concentrated on the alcohol-mediated 

MBH mechanism proposed by Aggarwal as outlined in Scheme 2 [16]. According to the experimental and computational 

studies, the rate-limiting step of the reaction is the methanol-aided hydrogen transfer between intermediate 2 (int2) and 

3 through the corresponding transition state (TS). 

 

Scheme 2. Mechanism of the alcohol-mediated MBH reaction [16] 
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Amino acid/NR3 co-catalyst systems are very common in asymmetric MBH reactions and promising results have been 

obtained with L-proline [17-19]. L-Pipecolinic acid has been used as a co-catalyst with N-methylimidazole in the 

asymmetric intramolecular MBH reaction by Aroyan et al. [20].  

We evaluated N-Boc-L-amino acids as a mediator to transfer hydrogen between intermediate 2 and 3 (Scheme 2) in the 

tertiary amine catalyzed MBH reaction of methylphenyl glyoxylate with methyl vinyl ketone in N,N-dimethylformamide 

(DMF).  

2. Materials and Methods 

All chemicals and solvents were used as received from commercial suppliers and used without further purification. Silica 

gel F254 (Merck 5554) precoated plates were used for thin-layer chromatography (TLC). Infrared spectra were recorded 

on a Thermo-Nicolet 6700 FTIR. NMR experiments were performed on a Varian Mercury Plus 400 MHz spectrometer 

at ambient temperature using TMS as an internal standard. The elemental analyses were performed on a Costech ECS 

4010 analyzer. Melting points were determined in open glass capillary tubes with an Electrothermal digital melting point 

apparatus. 

2.1. General Procedure for the MBH Reaction 

A mixture of methyl vinyl ketone (0.6 mmol, 0.05 ml), (0.3 mmol, 0.04 ml), 4-dimethylaminopyridine (DMAP) (0.1 

mmol, 12 mg), N-Boc protected amino acid catalyst (0.1 mmol) in DMF (0.5 ml) was stirred at room temperature The 

reaction progress was monitored with TLC until methylphenyl glyoxylate was consumed. DMF was evaporated under 

vacuum and the crude product was purified with column chromatography.   

2.1.1. Methyl 3-hydroxy-4-methylene-2,5-dioxo-3-phenylhexanoate 

Colorless crystal, 66% yield, m.p. 76-77 °C. FT-IR, ν, cm–1: 3242 (O-H stretching), 2879 (C-H stretching), 1766 (C=O 

stretching), 1638(C=C stretching). 1H-NMR (400 MHz, CDCl3) δ ppm: 2.41 (s, 3H), 3.77 (s, 3H), 4.84 (bs, 1H), 5.54 

(s, 1H), 6.22 (s, 1H), 7.33-7.39 (m, 3H), 7.56-7.58 (d, J = 8.0 Hz, 2H). 13C-NMR (101 MHz, CDCl3) δ ppm: 26.40, 

53.18, 77.24, 78.73, 126.63, 128.26, 128.33, 129.68, 137.61, 150.86, 174.01, 200.45. Anal. calcd. for C13H14O4: C 

66.66; H 6.02.  Found: C 66.61; H 6.00. 

3. Results and Discussion 

We used a standard MBH reaction of methylphenyl glyoxylate with methyl vinyl ketone in DMF to determine the 

activities of N-Boc-protected amino acid catalysts (Table 1). Both amino acids and DMAP were inactive when they 

were used alone. 
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Table 1. Standard MBH reaction and structures of the catalysts 

 

 

Catalyst Time (h) Yield (%)a 

 

48 33 

 

96 16 

 

48 66 

 

72 23 

a Isolated yields  

 

The catalytic activities of four different cyclic and N-Boc-protected L-amino acids were investigated. The best results 

were obtained with N-Boc-L-pipecolinic acid (3) with 66% yield in 48 hours at room temperature. We performed chiral 

HPLC analysis to check the enantioselectivity of the reactions, as the catalysts were chiral. However, all of the products 

were obtained in a racemic form. Then, we performed the reaction in different solvents to optimize the conditions (Table 

2).
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Table 2. Solvent optimization 

 

No Solvent Yielda 

1 DMF 66 

2 MeOH trace 

3 EtOH trace 

4 THF - 

a Isolated yields 

The best results were obtained in DMF and only a trace amount of product formation was observed in alcohols such as 

methanol and ethanol while no product was obtained in tetrahydrofuran (THF).  

According to these results, we also proposed a reaction mechanism mediated by 3 (Scheme 3). 

 

Scheme 3. Proposed reaction mechanism for N-Boc-L-pipecolinic acid (3) mediated MBH reaction of methylphenyl glyoxylate 

The failure of the catalytic system in terms of enantioselectivity was also explained by the role of 3 in the proposed 

reaction mechanism.  

4. Conclusions 

We developed a catalytic system for the MBH reaction of methylphenyl glyoxylate with methyl vinyl ketone. The 

recently-proposed reaction mechanisms revealed the important role of a proton transfer mediator in this reaction. We 



 
Koz and Coskun J Inno Sci Eng 7(2):160-166 

165 
 

designed our catalytic system according to the results of these mechanistic studies. We successfully performed the 

reaction with DMAP and N-Boc-L-pipecolinic acid. We also proposed a proper reaction mechanism. Our ongoing 

studies are related to the expansion of the substrate scope and the asymmetric version of this reaction. 
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