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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment 

of the requirement for the degree of Doctor of Philosophy  

ABSTRACT 

RATIONAL DESIGN OF MIMETIC PEPTIDES BASED ON 

PROMISCUOUS ALDO-KETOREDUCTASE ENZYME AS ASYMMETRIC 

CATALYSTS IN ALDOL AND MICHAEL REACTIONS 

 

By 

 

SAADI BAYAT 

 

March 2014 

 

Chairman: Mohd Basyaruddin Abdul Rahman (PhD) 

Faculty: Sceince 

 

The asymmetric aldol and Michael reactions, as the most prominent carbon-carbon 

bond formation reactions, are the central study issues in the field of asymmetric 

synthesis. In this study, promiscuous aldo-ketoreductase (AKR) used to catalyze 

aldol reaction. between aromatic aldehydes and ketones. Good yield (up to 75%), 

moderate enantioselectivity (60%), and high diastereoselectivity (dr) up to 93/7 

(anti/syn) were obtained. Several mimetic peptides from AKR’s active site were 

designed and synthesized as asymmetric catalysts in the aldol and Michael reactions. 

Mimetic peptides PE16aa (1), PH16aa (2), 16aa (3), 8aa (4), 8aa-z (5), 5aa (6), 3aa 

(7), Fmoc-KLH-R (8), K(z)LH-R (9), PYE (10), PEY (11), PHE (12), PEH (13), 

LFV (14) 4a and 4b were successfully synthesized using manually solid phase 

peptide synthesis protocol. Then, all of these mimetic peptides were employed to 

catalyze aldol reactions and peptides 2, 4, 4a, 4b, 10, 11, 12, and 13 were selected to 

catalyze Michael reactions. In the aldol and Michael reactions, peptide 4 exhibited 

the best results (up to 97% yield, up to 99.9% ee and dr up to 99/1). Peptide 1 

produced a good yield (88%), moderate enantioselectivity (68%), and excellent 

diastereoselectivity (dr = 99/1). Peptide 2 afforded the desired anti aldol product in 

95% yield, 86% ee and 95/5 dr. Peptide 3 exhibited moderate yield (67%) but poor 

enantioselectivity (39% ee). Peptide 5 showed good catalytic activity and produced 

high yield (89%) and enantioselectivity (86%). Pentapeptide 6 catalyzed aldol 

reaction in high diastereo-and enantioselectivity (dr = 99/1 and 90% ee). PHE 

showed the best reactivity and selectivity amongst four tripeptides (PYE, PEY, PEH, 

PHE) up to 94% ee and up to 95/5 dr. Peptide 2 afforded corresponding Michael 

reaction up to 89% yield, 44% ee, and 99/1 dr. Peptide 4 generated desired Michael 

product up to 95% yield, 84% ee and 95/5 dr. Mechanism study demonstrated that 

enamine intermediate and hydrogen-bonding interaction are very important for 

obtaining high enantiomeric excess. The reusability of peptide 4 as the best catalyst 

was also conducted for 10 times. Peptide 4 is able to hydrolysis esters in a good to 

excellent yields of up to 99.7 %. All mimetic peptides exhibited to be active in terms 

of reactivity and selectivity in c-c bond forming reactions. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktor Falsafah 

ABSTRAK 

REKABENTUK RASIONAL PEPTIDA MIMETIK BERDASARKAN ENZIM 

ALDO-KETOREDUCTASE RAMBANG SEBAGAI MANGKIN 

ASYMMETRIC DALAM TINDAKBALAS ALDOL DAN MIHAEL  

 

Oleh 

 

SAADI BAYAT 

 

Mac 2014 

 

Pengerusi    :       Mohd Basyaruddin Abdul Rahman (PhD) 

Fakulti        :       Sains 

Tidakbalas tidak simetri aldol dan Michael adalah isu yang paling menonjol dalam 

kajian tindakbalas sistesis kimia bagi pembentukan ikatan karbon-karbon. Dalam 

kajian ini, aldo-ketonreductase (AKR) digunakan untuk memangkin tindakbalas 

aldol diantara aromatik aldehida dan keton. Keputusan yang diperoleh menunjukkan 

peratusan hasil yang baik (sehingga 75%), enantioselektiviti yang sederhana(60%), 

dan kadar diastereometrik yang tinggi (dr) sehingga 93 /7 (anti / syn). Peptida yang 

meniru hormon AKR telah direka dan disintesis sebagai pemangkin tidak simetri 

dalam tindak balas Michael dan aldol.  Peptida PE16aa (1), PH16aa (2), 16AA (3), 

8aa (4), 8aa-z (5), 5aa (6), 3aa (7), Fmoc-HKL-R (8), K(z) LH-R (9), PYE (10), PEY 

(11), PHE (12), PEH (13), LFV (14), 4a dan 4b telah berjaya disintesis secara 

manual mengikut kaedah sintesis pepejal peptida. Kemudian, kesemua peptida yang 

meniru hormon tersebut digunakan sebagai pemangkin tindakbalas aldol dan hanya 

peptida 2, 4, 4a, 4b , 10, 11, 12, dan 13 dipilih sebagai pemangkin untuk tindakbalas 

Michael. Melalui tindakbalas aldol dan Michael, peptida 4 memberikan hasil yang 

terbaik (peratusan hasil sehingga 97 %, sehingga 99.9% ee dan dr sehingga 99 /1). 

Peptida 1 pula memberikan hasil yang bagus (88 %), enantioselectiviti sederhana (68 

%), dan diastereoselectiviti baik (dr = 99 /1). Hasil produk Peptida 2 adalah sebanyak 

95%, 86% ee dan 95/5 dr. Peptida 3 memberikan hasil yang sederhana (67 %) dan 

peratusan enantioselectiviti yang rendah (39% ee) . Peptida 5 menunjukkan aktiviti 

pemangkinan yang baik dan menghasilkan produk hasil yang tinggi (89%) dan 

enantioselectiviti (86 % ee). Manakala pentapeptida 6 menjadi mangkin untuk 

tindakbalas aldol dengan diastereo - dan enantioselectiviti yang tinggi (dr = 99 /1 dan 

ee 90%). PHE menunjukkan kadar kereaktifan yang terbaik di kalangan empat 

tripeptida yang lain (PYE, PEY, PEH, PHE) dengan kadar peratusan 94 % ee dan 

95/5 dr. Dalam kajian ini, peptida 2 memberikan hasil tindakbalas Michael sehingga 

89% , 44% ee, dan 99/1 dr. Peptida 4 memberikan hasil produk sebanyak 95% , 84% 

ee dan 95/5 dr. Kajian terhadap mekanisma tindakbalas menunjukkan bahawa 

enamine yang bertindak sebagai pengantara dan juga ikatan hidrogen adalah sangat 

penting untuk mendapatkan peratusan enantioselectiviti yang tinggi. Kebolehgunaan 

peptida 4 sebagai pemangkin yang paling bagus dapat diguna semula sebanyak 10 

kali. Peptida 4 ini juga mampu menghidrolisis ester kepada hasil produk yang lebih 

baik sehingga 99.7 %. Semua peptida yg meniru-niru dipamerkan untuk aktif dari 

segi kereaktifan dan pemilihan dalam bon cc membentuk tindak balas. 
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CHAPTER 1 

 

1 INTRODUCTION 

Life is impossible without the miraculous role of catalytic reactions in plants, 

animals, and human beings. Billions of vital reactions in living organisms are carried 

out by biocatalysts (enzymes), and they take place within seconds. Without enzymes 

these reaction would possibly take centuries. Not only nature applies catalysts, it is 

also keystone of the chemical industry. Approximately 90% of all manmade 

chemicals and materials are produced using catalysis at one stage or another. Human 

application of catalysis began in prehistory (Ojima, 2004). For example, the ancient 

Sumerians unknowingly applied catalysis many millennia ago to produce their beer. 

Even today, many catalytic processes are found using a hit-and-miss approach. 

Rational design of desired catalysts followed by synthesis seems to be difficult yet. 

As demand for optically active pharmaceutical compounds has grown in recent 

years, much research progress has been made towards the development of 

asymmetric catalysts.  

 

Until recently, the asymmetric catalysts utilized for enantioselective synthesis of 

organic compounds, fall into two general categories – transition metal complexes and 

enzymes (Dalko et al., 2004). In 2001 the Nobel Prize in chemistry was awarded to 

William R. Knowles and Ryoji Noyori for their work on the chiral hydrogenation 

catalyzed reactions, and K. Barry Sharpless for his work on chirally catalyzed 

oxidation reactions. For all three winners the development of chiral transition metal 

catalysts was the key to success. It has been a long-standing belief that only man-

made transition metal catalysts can be tailored to produce either two product 

enantiomers whereas the enzymes cannot. This dogma has been challenged in recent 

years by the immense advances in the field of biocatalysis, for example, the 

discovery of preliminarily useful enzymes of novel microorganisms, and the 

optimization of enzyme performance by selective mutation or evolutionary methods 

(Berkessel et al., 2006).  

 

Recently, researchers vividly demonstrated the highly competitive head to head race 

between transition metal catalysis and enzymatic catalysis in contemporary industrial 

production of enantiomerically pure fine chemicals. Therefore, biocatalysis is 

considered to be one of the available approaches to achieve green chemistry owing to 

its high selectivity, mild condition, low energy requirements, and few by-products 

(Wu et al., 2006).  

 

Enzymes are usually very selective with regard to chemo-, diastereo-, and 

enantioselectivity, due to their complex three-dimensional structure allowing only 

specific target molecules to interact with the active site of the enzyme. Problems may 

arise with the low tolerance of changes in operational parameters, such as pH values 

or temperature, preference for water as a reaction medium, and their well recognized 

severe dependence on their natural cofactor, often making them too costly for 

stoichiometric use. Another drawback of enzymes is that they are produced by nature 

in only one enantiomeric form, and their antipodes cannot simply be made from all 

D-amino acids to yield the opposite stereoisomer in a given, chemical 

transformation. In other words, enzymes are generally a specific catalyst (Aleu et al., 

2006).  
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In recent years, some hydrolytic enzymes have demonstrated high activity for 

unnatural substrates and alternative chemical transformation, namely, biocatalytic 

promiscuity, which provides a new tool for organic synthesis and largely extends the 

application of enzymes. To overcome the specificity properties of enzymes, the 

chemists and biochemists involved in the asymmetric catalyst field have given a lot 

of attention to promiscuous enzyme (Svedendahl et al., 2005). Catalytic promiscuity 

refers to the ability of a single active site to catalyze more than one chemical 

transformation (Li et al., 2010). These transformations may differ in terms of the 

functional group involved; that is, the type of bond formed or cleaved during the 

reaction (Kazlauskas, 2005).  

 

Though this field of study is new, the obtained results have exhibited that both yield 

and stereoselectivity are moderate. Although today the vast majority of asymmetric 

reactions catalysis continue to rely on organometallic complexes, this picture is 

changing, and between the extremes of transition metal catalysis and enzymatic 

transformations, a third approach to the catalytic production of enantiomerically pure 

organic compounds has emerged –namely, organocatalysis. Since 1970, 

organocatalysts have become popular for the synthesis of chiral compounds. 

organocatalysis is becoming an increasingly important segment of organic chemistry, 

offering a number of advantages over metal-based and biocatalyst methods. In 

general, organocatalysis can be used in wider range of solvents and for a broader 

scope of  substrates compared to enzymes (Revelou et al., 2012). In addition, they 

are typically less toxic and less sensitive to oxidation and moisture than most 

organometallic based reagents. Given the sheer number of amino acids in a given 

enzyme, it is possible to achieve a near infinite amount of structural diversity. 

  

However, for a given enzyme, the active site is usually extremely specific allowing 

for a limited substrate scope. One rapidly-growing subtopic of organocatalysis, 

peptide-based catalysis, is providing an interesting perspective into the nature of both 

low molecular weight and enzymatic catalysis (Jarvo et al., 2002). By examining the 

nature of small peptide based catalysis, it is possible to study amino acid-mediated 

binding events while “tuning out” some of the more complex interactions that are 

inherent to enzymatic interactions. In addition, it allows for an interesting entry into 

peptide engineering. With careful selection of each residue within a peptide catalyst, 

one may create a system which affects a catalytic transformation with a high level of 

selectivity while employing a bare minimum of amino acids. One of the most 

significant applications of asymmetric organocatalysis is the construction of carbon-

carbon and carbon-heteroatom bond (Pedrosa et al., 2010).  

 

Therefore, asymmetric aldol and Michael reactions are known as the fundamental 

methods for producing one or two stereocenter organic compounds, which are quite 

applicable for pharmaceutical purposes (Milhazes et al., 2006). Peptide-based 

oraganocatalysis can catalyze these reactions asymmetrically to afford 

functionalized, optically active compounds bearing quaternary stereocenter with the 

benefits of high enantioselectivities, excellent yields, and high atom economy. Due 

to the increasing number of chiral drugs in the pharmaceutical industries, 

organocatalysis and particularly, peptide-based biocatalysts, can play significant 

roles as asymmetric catalysts in organic reactions to produce highly efficient 

stereogenically useful compounds (Simon et al., 2012). However, a major drawback 

of organocatalysis is low activity compared to organometallic catalysts, therefore, 
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requiring a larger quantity of catalyst, at least 10 mol % for the reaction. 

Organocatalysts are basically categorized as either Lewis base, Lewis acid, Brønsted 

base or Brønsted acid mediated. An important class of Lewis base catalysis is 

asymmetric enamine catalysis which is regarded as the catalysis of electrophilic 

substitution reactions in the α-position of carbonyl compounds by primary and 

secondary amines occurring via enamine intermediates. The versatility of enamines 

in stochiometric reactions has been confirmed for α-functionalisation of carbonyl 

compounds (Stork et al., 1963). However, many scientists have reported employing 

amino acids and short peptides, especially, proline as an asymmetric organocatalyst. 

This area of study is still challenging. A few studies have been disclosed usage of 

emulated peptides of enzymes, particularly, promiscuous enzymes, as 

organocatalysts in organic reactions. 

 

Peptide can be used as a multipurpose catalyst. Thus, it might catalyze different types 

of organic reactions. For a long time, hydrolysis of esters has been dominated by acid 

and base. However, for the last decade, peptides have emerged as important 

organocatalysts for hydrolysis of esters. . Due to their structural diversity peptides 

are becoming known as a versatile catalyst with a remarkable ability to catalyze 

hydrolysis of esters (Tsutsumi et al., 2004).  

 

 

1.1 Problem Statements 

Promiscuous enzymes can only generate stereospecific products with moderate yield 

and stereoselectivity of carbon-carbon bond forming reaction. Therefore, design and 

synthesis of mimetic peptides derived from active site of promiscuous enzymes in 

this research have been considered to enhance stereoselectivity. One of the problems 

of current organocatalytic methods is the use of high catalyst loading (up to 30 

mol%). A large excess of aldehydes or ketones (normally 10-20 equiv) are also 

required to achieve good catalytic activity and selectivities. Therefore, reaction 

optimization, design and development of highly active organocatalysts are needed in 

order to overcome these limitations.  

 

Current study strongly investigated the rational design of several peptides with 

different length as asymmetric catalyst in aldol and Michael reactions. The role of 

hydrophilic and hydrophobic amino acids residues and also position of residues have 

been investigated. Hydrolysis of esters by acids and bases is caused to change 

configurations of chiral compounds to racemic in the organic synthesis and truble for 

industry. Therefore, peptides are excellent alternative to replace of acid and base due 

to their multifunctionality and mild reaction which is similar to enzymes. 
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1.2 Goal and objectives of the study 

The main goal of this study is to investigate the catalytic activity of mimetic 

oligopeptides based on a promiscuous enzyme in the carbon-carbon bond forming 

reactions and also hydrolysis of esters. The objectives were set as follows: 

 

1- To evaluate the reactivity and selectivity of promiscuous aldo-ketoreductase 

(AKRs) enzyme in aldol reaction. 

2- To design and synthesize mimetic peptides based on AKR active site. 

 

3-  To utilize the mimetic peptides as asymmetric catalysts in aldol and Michael 

reactions. 

 

4- To optimize the reaction conditions with respect to different parameters, such 

as solvents and catalyst loading  

 

5- To investigate the reusablility of the best peptide as asymmetric catalyst in 

the aldol and Michael reaction. 

 

6- To use the best mimetic peptide in hydrolysis of esters.  

 

 



© C
OPYRIG

HT U
PM

123 

 

6 REFERENCES 

Ahrendt, K. A., Borths, C. J.,MacMillan, D. W. (2000). New strategies for organic 

catalysis: the first highly enantioselective organocatalytic Diels-Alder reaction. 

Journal of the American Chemical Society, 122(17), 4243-4244.  

Albertshofer, K., Thayumanavan, R., Utsumi, N., Tanaka, F.,Barbas, C. F. (2007). 

Amine-catalyzed Michael reactions of an aminoaldehyde derivative to nitroolefins. 

Tetrahedron Letters, 48(4), 693-696.  

Alemán, J., Parra, A., Jiang, H.,Jørgensen, K. A. (2011). Squaramides: bridging from 

molecular recognition to bifunctional organocatalysis. Chemistry-A European 

Journal, 17(25), 6890-6899.  

Aleu, J., Bustillo, A., Hernandez-Galan, R.,Collado, I. (2006). Biocatalysis applied to 

the synthesis of agrochemicals. Current Organic Chemistry, 10(16), 2037-2054.  

Almaşi, D., Alonso, D. A.,Nájera, C. (2008). Prolinamides versus prolinethioamides 

as recyclable catalysts in the enantioselective solvent-free Inter-and Intramolecular 

aldol reactions. Advanced Synthesis & Catalysis, 350(16), 2467-2472.  

Andrushko, V.,Andrushko, N. (2013). Stereoselective Synthesis of Drugs and 

Natural Products: John Wiley & Sons. 

Bahmanyar, S., Houk, K., Martin, H. J.,List, B. (2003). Quantum mechanical 

predictions of the stereoselectivities of proline-catalyzed asymmetric intermolecular 

aldol reactions. Journal of the American Chemical Society, 125(9), 2475-2479.  

Bellis, E.,Kokotos, G. (2005). 4-Substituted prolines as organocatalysts for aldol 

reactions. Tetrahedron, 61(36), 8669-8676.  

Berkessel, A.,Gröger, H. (2006). Asymmetric organocatalysis: from biomimetic 

concepts to applications in asymmetric synthesis: Wiley. com. 

Betancort, J. M.,Barbas, C. F. (2001). Catalytic direct asymmetric Michael reactions: 

taming naked aldehyde donors. Organic letters, 3(23), 3737-3740.  

Branneby, C., Carlqvist, P., Hult, K., Brinck, T.,Berglund, P. (2004). Aldol additions 

with mutant lipase: analysis by experiments and theoretical calculations. Journal of 

Molecular Catalysis B: Enzymatic, 31(4), 123-128.  

Bugaut, X.,Glorius, F. (2012). Organocatalytic umpolung: N-heterocyclic carbenes 

and beyond. Chemical Society Reviews, 41(9), 3511-3522.  

Busto, E., Gotor-Fernández, V.,Gotor, V. (2010). Hydrolases: catalytically 

promiscuous enzymes for non-conventional reactions in organic synthesis. Chemical 

Society Reviews, 39(11), 4504-4523.  

Cai, S.,Singh, B. R. (1999). Identification of β-turn and random coil amide III 

infrared bands for secondary structure estimation of proteins. Biophys Chem, 80(1), 

7-20.  

Cao, C.-L., Ye, M.-C., Sun, X.-L.,Tang, Y. (2006). Pyrrolidine-thiourea as a 

bifunctional organocatalyst: highly enantioselective Michael addition of 

cyclohexanone to nitroolefins. Organic letters, 8(14), 2901-2904.  



© C
OPYRIG

HT U
PM

124 

 

Chauhan, P.,Enders, D. (2014). N-Heterocyclic carbene catalyzed activation of 

esters: A new option for asymmetric domino reactions. Angewandte Chemie 

International Edition.  

Chen, Y.-L., Li, W., Liu, Y., Guan, Z.,He, Y.-H. (2013). Trypsin-catalyzed direct 

asymmetric aldol reaction. Journal of Molecular Catalysis B: Enzymatic, 87, 83-87.  

Clemente, F. R.,Houk, K. (2004). Computational evidence for the enamine 

mechanism of intramolecular aldol reactions catalyzed by proline. Angewandte 

Chemie, 116(43), 5890-5892.  

Córdova, A., Zou, W., Dziedzic, P., Ibrahem, I., Reyes, E.,Xu, Y. (2006). Direct 

asymmetric intermolecular aldol reactions catalyzed by amino acids and small 

peptides. Chemistry-A European Journal, 12(20), 5383-5397.  

Dalko, P. I.,Moisan, L. (2004). In the golden age of organocatalysis. Angewandte 

Chemie 43(39), 5138-5175.  

Delort, E., Darbre, T.,Reymond, J.-L. (2004). A strong positive dendritic effect in a 

peptide dendrimer-catalyzed ester hydrolysis reaction. Journal of the American 

Chemical Society, 126(48), 15642-15643.  

Deng, F.,Liu, H.-Y. (2012). Novel bifunctional organocatalyst using sulfamide as 

hydrogen bonding donor: application in asymmetric Michael addition of cyclic 

ketones to nitroolefins. Synthetic Communications, 42(5), 767-774.  

Dinér, P., Nielsen, M., Marigo, M.,Jørgensen, K. A. (2007). Enantioselective 

Organocatalytic Conjugate Addition of N Heterocycles to α, β-Unsaturated 

Aldehydes. Angewandte Chemie International Edition, 46(12), 1983-1987.  

Dodda, R.,Zhao, C.-G. (2007). Organocatalytic enantioselective synthesis of 

secondary α-hydroxycarboxylates. Synlett, 2007(10), 1605-1609.  

Dong, A., Matsuura, J., Allison, S. D., Chrisman, E., Manning, M. C.,Carpenter, J. F. 

(1996). Infrared and circular dichroism spectroscopic characterization of structural 

differences between β-lactoglobulin A and B. Biochemistry, 35(5), 1450-1457.  

El-Hamdouni, N., Companyó, X., Rios, R.,Moyano, A. (2010). Substrate-dependent 

nonlinear effects in proline–thiourea-catalyzed aldol reactions: unraveling the role of 

the thiourea co-catalyst. Chemistry-A European Journal, 16(4), 1142-1148.  

Enders, D., Niemeier, O.,Henseler, A. (2007). Organocatalysis by N-heterocyclic 

carbenes. Chemical reviews, 107(12), 5606-5655.  

Enders, D., Wortmann, L.,Peters, R. (2000). Recovery of Carbonyl Compounds from 

N, N-dialkylhydrazones. Accounts of chemical research, 33(3), 157-169.  

Fan, J. F., He, L. J.,Sun, Y. P. (2008). Theoretical insight into the influences of 

α-substituents in aliphatic aldehydes on the enantioselectivities of aldol reactions. 

Chirality, 20(1), 54-61.  

Fliedel, C.,Braunstein, P. (2013). Recent advances in S-functionalized N-heterocyclic 

carbene ligands: From the synthesis of azolium salts and metal complexes to 

applications. Journal of Organometallic Chemistry.  

Fotaras, S., Kokotos, C. G., Tsandi, E.,Kokotos, G. (2011). Prolinamides bearing 

thiourea groups as catalysts for asymmetric aldol reactions. European Journal of 

Organic Chemistry, 2011(7), 1310-1317.  



© C
OPYRIG

HT U
PM

125 

 

Freund, M., Schenker, S.,Tsogoeva, S. B. (2009). Enantioselective nitro-Michael 

reactions catalyzed by short peptides on water. Organic & Biomolecular Chemistry, 

7(20), 4279-4284.  

Gong, L. Z., Chen, X. H.,Yu, J. (2010). The role of double hydrogen bonds in 

asymmetric direct aldol reactions catalyzed by amino amide derivatives. Chemical 

Communications, 46(35), 6437-6448.  

Gong, L. Z., Luo, S. W., Tang, Z., Cun, L. F., Mi, A. Q., Jiang, Y. Z.,Chen, X. H. 

(2007). Organocatalyzed highly enantioselective direct aldol reactions of aldehydes 

with hydroxyacetone and fluoroacetone in aqueous media: the use of water to control 

regioselectivity. Chemistry, 13(2), 689-701.  

Goormaghtigh, E., Ruysschaert, J. M.,Raussens, V. (2006). Evaluation of the 

information content in infrared spectra for protein secondary structure determination. 

Biophysical Journal 90(8), 2946-2957.  

Graaff, d. C., Ruijter, E.,Orru, R. V. (2012). Recent developments in asymmetric 

multicomponent reactions. Chemical Society Reviews.  

Greenfield, N. J. (2007). Using circular dichroism spectra to estimate protein 

secondary structure. Nature protocols, 1(6), 2876-2890.  

Grossmann, A.,Enders, D. (2012). N-Heterocyclic carbene catalyzed domino 

reactions. Angewandte Chemie International Edition, 51(2), 314-325.  

Gryko, D., Chromiński, M.,Pielacińska, D. J. (2011). Prolinethioamides versus 

prolinamides in organocatalyzed aldol reactions—A aomparative study. Symmetry, 

3(2), 265-282.  

Guan, Z., Fu, J.-P.,He, Y.-H. (2012). Biocatalytic promiscuity: lipase-catalyzed 

asymmetric aldol reaction of heterocyclic ketones with aldehydes. Tetrahedron 

Letters, 53(37), 4959-4961.  

Hajos, Z. G.,Parrish, D. R. (1974). Asymmetric synthesis of bicyclic intermediates of 

natural product chemistry. The Journal of Organic Chemistry, 39(12), 1615-1621.  

Hartikka, A.,Arvidsson, P. I. (2004). Rational design of asymmetric organocatalysts–

increased reactivity and solvent scope with a tetrazolic acid. Tetrahedron: 

Asymmetry, 15(12), 1831-1834.  

He, Y. H., Li, H. H., Chen, Y. L., Xue, Y., Yuan, Y.,Guan, Z. (2012). Chymopapain-

catalyzed direct asymmetric aldol reaction. Advanced Synthesis & Catalysis, 354(4), 

712-719.  

Hedstrom, L. (2002). Serine protease mechanism and specificity. Chemical Reviews, 

102(12), 4501-4524.  

Hoffmann, T., Zhong, G., List, B., Shabat, D., Anderson, J., Gramatikova, S., Lerner, 

R. A.,Barbas, C. F. (1998). Aldolase antibodies of remarkable scope. Journal of the 

American Chemical Society, 120(12), 2768-2779.  

Horstmann, T. E., Guerin, D. J.,Miller, S. J. (2000). Asymmetric Conjugate Addition 

of Azide to α, β-Unsaturated Carbonyl Compounds Catalyzed by Simple Peptides. 

Angewandte Chemie, 112(20), 3781-3784.  

Huang, W.-B., Liu, Q.-W., Zheng, L.-Y.,Zhang, S.-Q. (2010). Novel Primary Amine 

Organocatalysts Derived from Cinchona Alkaloids for Asymmetric Direct Aldol 

Reactions in Brine. Catalysis Letters, 141(1), 191-197.  



© C
OPYRIG

HT U
PM

126 

 

Hurtado, G. E., Barrera, F. N.,Neira, J. L. (2005). Structure and conformational 

stability of the enzyme I of Streptomyces coelicolor explored by FTIR and circular 

dichroism. Biophysical chemistry, 115(2-3), 229-233.  

Ishikawa, H., Suzuki, T., Orita, H., Uchimaru, T.,Hayashi, Y. (2010). High yielding 

Synthesis of the anti-influenza neuraminidase inhibitor (−)-oseltamivir by two “one-

pot” sequences. Chemistry – A European Journal, 16(42), 12616-12626.  

Izquierdo, J., Orue, A.,Scheidt, K. A. (2013). A dual Lewis base activation strategy 

for enantioselective carbene-catalyzed annulations. Journal of the American 

Chemical Society, 135(29), 10634-10637.  

Jang, H.-Y., Hong, J.-B.,MacMillan, D. W. (2007). Enantioselective organocatalytic 

singly occupied molecular orbital activation: The enantioselective α-enolation of 

aldehydes. Journal of the American Chemical Society, 129(22), 7004-7005.  

Jarvo, E. R.,Miller, S. J. (2002). Amino acids and peptides as asymmetric 

organocatalysts. Tetrahedron, 58(13), 2481-2495.  

Jiang, Z., Yang, H., Han, X., Luo, J., Wong, M. W.,Lu, Y. (2010). Direct asymmetric 

aldol reactions between aldehydes and ketones catalyzed by L-tryptophan in the 

presence of water. Organic & biomolecular chemistry, 8(6), 1368-1377.  

Juliá, S., Masana, J.,Vega, J. C. (1980). “Synthetic Enzymes”. Highly Stereoselective 

Epoxidation of Chalcone in a Triphasic Toluene-Water-Poly [(S)-alanine] System. 

Angewandte Chemie International Edition in English, 19(11), 929-931.  

Kano, T., Takai, J., Tokuda, O.,Maruoka, K. (2005). Design of an axially chiral 

amino acid with a binaphthyl backbone as an organocatalyst for a direct asymmetric 

aldol reaction. Angewandte Chemie International Edition, 44(20), 3055-3057.  

Kanzian, T., Lakhdar, S.,Mayr, H. (2010). Kinetic evidence for the formation of 

oxazolidinones in the stereogenic step of proline-catalyzed reactions. Angewandte 

Chemie International Edition, 49(49), 9526-9529.  

Kazlauskas, R. J. (2005). Enhancing catalytic promiscuity for biocatalysis. Current 

opinion in chemical biology, 9(2), 195-201.  

Khurana, J. M., Chauhan, S.,Bansal, G. (2004). Facile hydrolysis of esters with 

KOH-methanol at ambient temperature. Chemical Monthly, 135(1), 83-87.  

Kofoed, J., Nielsen, J.,Reymond, J.-L. (2003). Discovery of new peptide-Based 

catalysts for the direct asymmetric aldol reaction. Bioorganic & Medicinal Chemistry 

Letters, 13(15), 2445-2447.  

Krattiger, P., Kovasy, R., Revell, J. D., Ivan, S.,Wennemers, H. (2005). Increased 

structural complexity leads to higher activity: peptides as efficient and versatile 

catalysts for asymmetric aldol reactions. Organic letters, 7(6), 1101-1103.  

Kwaambwa, H. M.,Maikokera, R. (2008). Infrared and circular dichroism 

spectroscopic characterisation of secondary structure components of a water 

treatment coagulant protein extracted from Moringa oleifera seeds. Colloids and 

Surfaces B: Biointerfaces, 64(1), 118-125.  

Lam, Y.-h., Houk, K. N., Scheffler, U.,Mahrwald, R. (2012). Stereoselectivities of 

histidine-catalyzed asymmetric aldol additions and contrasts with proline catalysis: a 

quantum mechanical analysis. Journal of the American Chemical Society, 134(14), 

6286-6295.  



© C
OPYRIG

HT U
PM

127 

 

Lei, M., Shi, L., Li, G., Chen, S., Fang, W., Ge, Z.,Li, R. (2007). Dipeptide-catalyzed 

direct asymmetric aldol reactions in the presence of water. Tetrahedron, 63(33), 

7892-7898.  

Lewis, C. A., Longcore, K. E., Miller, S. J.,Wender, P. A. (2009). An approach to the 

site-selective diversification of apoptolidin A with peptide-based catalysts. Journal 

of natural products, 72(10), 1864-1869.  

Lewis, C. A., Sculimbrene, B. R., Xu, Y.,Miller, S. J. (2005). Desymmetrization of 

glycerol derivatives with peptide-based acylation catalysts. Organic letters, 7(14), 

3021-3023.  

Li, C., Zhou, Y. J., Wang, N., Feng, X. W., Li, K.,Yu, X. Q. (2010). Promiscuous 

protease-catalyzed aldol reactions: a facile biocatalytic protocol for carbon-carbon 

bond formation in aqueous media. J Biotechnol, 150(4), 539-545.  

Linton, B. R., Goodman, M. S.,Hamilton, A. D. (2000). Nitronate Anion Recognition 

and Modulation of Ambident Reactivity by Hydrogen-Bonding Receptors. 

Chemistry-A European Journal, 6(13), 2449-2455.  

Linton, B. R., Reutershan, M. H., Aderman, C. M., Richardson, E. A., Brownell, K. 

R., Ashley, C. W., Evans, C. A.,Miller, S. J. (2007). Asymmetric Michael addition of 

α-nitro-ketones using catalytic peptides. Tetrahedron Letters, 48(11), 1993-1997.  

List, B. (2002). Proline-catalyzed asymmetric reactions. Tetrahedron, 58(28), 5573-

5590.  

List, B. (2004). Enamine catalysis is a powerful strategy for the catalytic generation 

and use of carbanion equivalents. Accounts of chemical research, 37(8), 548-557.  

List, B., Lerner, R. A.,Barbas, C. F. (2000). Proline-catalyzed direct asymmetric 

aldol reactions. Journal of the American Chemical Society, 122(10), 2395-2396.  

MacMillan, D. W. (2008). The advent and development of organocatalysis. Nature, 

455(7211), 304-308.  

Marcelli, T.,Hiemstra, H. (2010). Cinchona alkaloids in asymmetric organocatalysis. 

Synthesis, 2010(08), 1229-1279.  

Maruoka, K. (2008). Asymmetric Phase Transfer Catalysis: John Wiley & Sons. 

Mase, N., Thayumanavan, R., Tanaka, F.,Barbas, C. F. (2004). Direct asymmetric 

organocatalytic Michael reactions of α, α-disubstituted aldehydes with β-

nitrostyrenes for the synthesis of quaternary carbon-containing products. Organic 

letters, 6(15), 2527-2530.  

Mayr, H., Kempf, B.,Ofial, A. R. (2003). π-Nucleophilicity in carbon-carbon bond-

forming reactions. Accounts of chemical research, 36(1), 66-77.  

Mennen, S. M., Gipson, J. D., Kim, Y. R.,Miller, S. J. (2005). Thiazolylalanine-

derived catalysts for enantioselective intermolecular aldehyde-imine cross-couplings. 

Journal of the American Chemical Society, 127(6), 1654-1655.  

Merrifield, R. B. (1963). Solid phase peptide synthesis. I. The synthesis of a 

tetrapeptide. Journal of the American Chemical Society, 85(14), 2149-2154.  

Milhazes, N., Calheiros, R., Marques, M. P., Garrido, J., Cordeiro, M. N., Rodrigues, 

C., Quinteira, S., Novais, C., Peixe, L.,Borges, F. (2006). Beta-nitrostyrene 



© C
OPYRIG

HT U
PM

128 

 

derivatives as potential antibacterial agents: a structure-property-activity relationship 

study. Bioorganic & medicinal chemistry, 14(12), 4078-4088.  

Miura, T., Ina, M., Imai, K., Nakashima, K., Yasaku, Y., Koyata, N., Murakami, Y., 

Imai, N., Tada, N.,Itoh, A. (2011). Direct asymmetric aldol reactions in water with a 

β-aminosulfonamide organocatalyst. Tetrahedron: Asymmetry, 22(9), 1028-1034.  

Mukherjee, S., Yang, J. W., Hoffmann, S.,List, B. (2007). Asymmetric enamine 

catalysis. Chemical Reviews, 107(12), 5471-5569.  

Naziroglu, H. N., Durmaz, M., Bozkurt, S., Demir, A. S.,Sirit, A. (2012). Application 

of l-prolinamides as highly efficient organocatalysts for the asymmetric Michael 

addition of unmodified aldehydes to nitroalkenes. Tetrahedron: Asymmetry, 23(2), 

164-169.  

Nelson, S. G. (1998). Catalyzed enantioselective aldol additions of latent enolate 

equivalents. Tetrahedron: Asymmetry, 9(3), 357-389.  

Ni, B., Zhang, Q.,Headley, A. D. (2008). Pyrrolidine-based chiral pyridinium ionic 

liquids (ILs) as recyclable and highly efficient organocatalysts for the asymmetric 

Michael addition reactions. Tetrahedron Letters, 49(7), 1249-1252.  

Nicolaou, K. C., Sarlah, D.,Shaw, D. M. (2007). Total Synthesis and Revised 

Structure of Biyouyanagin A. Angewandte Chemie, 119(25), 4792-4795.  

Nielsen, M., Worgull, D., Zweifel, T., Gschwend, B., Bertelsen, S.,Jørgensen, K. A. 

(2011). Mechanisms in aminocatalysis. Chemical Communications, 47(2), 632-649.  

Nishi, N., Morishige, M., Tsutsumi, A.,Nakajima, B.-i. (1983). Catalytic activity of 

linear-, cyclic- and polypeptides having a sequence of -Asp-β-Ala-Gly-ser-β-Ala-

Gly-His-β-Ala-Gly in the hydrolysis of p-nitrophenyl acetate. International Journal 

of Biological Macromolecules, 5(1), 42-48.  

Ohkubo, K., Matsumoto, N.,Ohta, H. (1982). High stereoselectivity in the 

deacylation of p-nitrophenyl N-acylphenylalanates by bilayer vesicular systems 

which include dipeptide-type nucleophiles. Journal of the Chemical Society, 

Chemical Communications(13), 738-740.  

Ojima, I. (2004). Catalytic Asymmetric Synthesis: John Wiley & Sons. 

Oku, J.-i.,Inoue, S. (1981). Asymmetric cyanohydrin synthesis catalysed by a 

synthetic cyclic dipeptide. Journal of the Chemical Society(5), 229-230.  

Palczewski, K., Hargrave, P.,Kochman, M. (1983). o-Phthalaldehyde, a fluorescence 

probe of aldolase active site. European Journal of Biochemistry/FEBS, 137(3), 429.  

Pedrosa, R., Andrés, J. M., Manzano, R.,Rodríguez, P. (2010). L-Prolinamides 

Derived from Chiral and Achiral 1,2-Diamines as Useful Bifunctional 

Organocatalysts for Direct Diastereo- and Enantioselective Aldol Reaction. 

European Journal of Organic Chemistry, 2010(27), 5310-5319.  

Pihko, P. M., Majander, I.,Erkkilä, A. (2009). Enamine catalysis Asymmetric 

Organocatalysis (pp. 145-200): Springer. 

Rana, N. K., Unhale, R.,Singh, V. K. (2012). Enantioselective sulfa-Michael addition 

of thioacids to α,β-unsaturated ketones with bifunctional organocatalyst. Tetrahedron 

Letters, 53(16), 2121-2124.  



© C
OPYRIG

HT U
PM

129 

 

Reis, Ö., Eymur, S., Reis, B.,Demir, A. S. (2009). Direct enantioselective aldol 

reactions catalyzed by a proline–thiourea host–guest complex. Chemical 

Communications(9), 1088-1090.  

Reisman, S. E., Doyle, A. G.,Jacobsen, E. N. (2008). Enantioselective thiourea-

catalyzed additions to oxocarbenium ions. Journal of the American Chemical 

Society, 130(23), 7198-7199.  

Revell, J. D., Gantenbein, D., Krattiger, P.,Wennemers, H. (2005). Solid-supported 

and pegylated H–Pro–Pro–Asp–NHR as catalysts for asymmetric aldol reactions. 

Peptide Science, 84(1), 105-113.  

Revell, J. D.,Wennemers, H. (2007). Functional group requirements within the 

peptide H-Pro-Pro-Asp-NH2 as a catalyst for aldol reactions. Tetrahedron, 63(35), 

8420-8424.  

Revelou, P., Kokotos, C. G.,Moutevelis-Minakakis, P. (2012). Novel prolinamide–

ureas as organocatalysts for the asymmetric aldol reaction. Tetrahedron, 68(42), 

8732-8738.  

Saguer, E., Alvarez, P.,Ismail, A. A. (2012). Heat-induced denaturation/aggregation 

of porcine plasma and its fractions studied by FTIR spectroscopy. Food 

Hydrocolloids, 27(1), 208-219.  

Sahin, O., Erdemir, S., Uyanik, A.,Yilmaz, M. (2009). Enantioselective hydrolysis of 

(R/S)-Naproxen methyl ester with sol–gel encapculated lipase in presence of 

calix[n]arene derivatives. Applied Catalysis A: General, 369(1-2), 36-41.  

Sakthivel, K., Notz, W., Bui, T.,Barbas, C. F. (2001). Amino acid catalyzed direct 

asymmetric aldol reactions: a bioorganic approach to catalytic asymmetric carbon-

carbon bond-forming reactions. Journal of the American Chemical Society, 123(22), 

5260-5267.  

Schmidt, A., Wiechmann, S.,Freese, T. (2013). Recent advances in neutral and 

anionic N-heterocyclic carbene–betaine interconversions. Synthesis, characterization, 

and applications. ARKIVOC, 1, 424-469.  

Schreiner, P. R. (2003). Metal-free organocatalysis through explicit hydrogen 

bonding interactions. Chemical Society Reviews, 32(5), 289-296.  

Scott, E.,Stavenger, R. A. (2000). Asymmetric catalysis of aldol reactions with chiral 

lewis bases. Accounts of chemical research, 33(6), 432-440.  

Sculimbrene, B. R., Morgan, A. J.,Miller, S. J. (2002). Enantiodivergence in Small-

Molecule Catalysis of Asymmetric Phosphorylation: Concise Total Syntheses of the 

Enantiomeric d-m yo-Inositol-1-phosphate and d-m yo-Inositol-3-phosphate. Journal 

of the American Chemical Society, 124(39), 11653-11656.  

Sculimbrene, B. R., Morgan, A. J.,Miller, S. J. (2003). Nonenzymatic peptide-based 

catalytic asymmetric phosphorylation of inositol derivatives. Chem. Commun.(15), 

1781-1785.  

Seayad, J.,List, B. (2005). Asymmetric organocatalysis. Organic & biomolecular 

chemistry, 3(5), 719-724.  

Seebach, D., Beck, A. K., Badine, D. M., Limbach, M., Eschenmoser, A., 

Treasurywala, A. M., Hobi, R., Prikoszovich, W.,Linder, B. (2007). Are 

oxazolidinones really unproductive, parasitic species in proline catalysis?–Thoughts 



© C
OPYRIG

HT U
PM

130 

 

and experiments pointing to an alternative view. Helvetica chimica acta, 90(3), 425-

471.  

Sharma, A. K.,Sunoj, R. B. (2012). Refined Transition-State Models for Proline-

Catalyzed Asymmetric Michael Reactions under Basic and Base-Free Conditions. 

The Journal of Organic Chemistry, 77(23), 10516-10524.  

Shen, C., Liao, H., Shen, F.,Zhang, P. (2013). Novel synthesis of carbohydrate-

derived organocatalysts and their application in asymmetric aldol reactions. Catalysis 

Communications, 41(0), 106-109.  

Simon, R. C., Mutti, F. G.,Kroutil, W. (2012). Biocatalytic synthesis of enantiopure 

building blocks for pharmaceuticals. Drug Discovery Today: Technologies.  

Stork, G., Brizzolara, A., Landesman, H., Szmuszkovicz, J.,Terrell, R. (1963). The 

enamine alkylation and acylation of carbonyl compounds. Journal of the American 

Chemical Society, 85(2), 207-222.  

Strohmeier, G. A., Sović, T., Steinkellner, G., Hartner, F. S., Andryushkova, A., 

Purkarthofer, T., Glieder, A., Gruber, K.,Griengl, H. (2009). Investigation of lipase-

catalyzed Michael-type carbon–carbon bond formations. Tetrahedron, 65(29), 5663-

5668.  

Svedendahl, M., Hult, K.,Berglund, P. (2005). Fast carbon-carbon bond formation by 

a promiscuous lipase. Journal of the American Chemical Society, 127(51), 17988-

17989.  

Syu, S. E., Huang, C. H., Chen, K. W., Lee, C. J., Das, U., Jang, Y. J.,Lin, W. 

(2012). Enantioselective organocatalytic Michael addition of ketones to alkylidene 

malonates. Chirality, 24(8), 600-605.  

Tanaka, K., Mori, A.,Inoue, S. (1990). The cyclic dipeptide cyclo [(S)-phenylalanyl-

(S)-histidyl] as a catalyst for asymmetric addition of hydrogen cyanide to aldehydes. 

The Journal of Organic Chemistry, 55(1), 181-185.  

Tang, Z., Yang, Z.-H., Cun, L.-F., Gong, L.-Z., Mi, A.-Q.,Jiang, Y.-Z. (2004). Small 

peptides catalyze highly enantioselective direct aldol reactions of aldehydes with 

hydroxyacetone: unprecedented regiocontrol in aqueous media. Organic Letters, 

6(13), 2285-2287.  

Taylor, M. S.,Jacobsen, E. N. (2004). Highly enantioselective catalytic acyl-Pictet-

Spengler reactions. Journal of the American Chemical Society, 126(34), 10558-

10559.  

Taylor, M. S.,Jacobsen, E. N. (2006). Asymmetric catalysis by chiral hydrogen-bond 

donors. Angewandte Chemie International Edition, 45(10), 1520-1543.  

Terada, M. (2011). Enantioselective carbon-carbon bond forming reactions catalyzed 

by chiral phosphoric acid catalysts. Current Organic Chemistry, 15(13), 2227-2256.  

Thorat, P. B., Goswami, S. V., Khade, B. C.,Bhusare, S. R. (2012). Synthesis and 

application of proline based organocatalyst for highly enantioselective aldol reaction 

by hydrogen bonding. Tetrahedron Letters, 53(45), 6083-6086.  

Torii, H., Nakadai, M., Ishihara, K., Saito, S.,Yamamoto, H. (2004). Asymmetric 

direct aldol reaction assisted by water and a proline-derived tetrazole catalyst. 

Angewandte Chemie International Edition, 43(15), 1983-1986.  



© C
OPYRIG

HT U
PM

131 

 

Tsogoeva, S. B., Jagtap, S. B.,Ardemasova, Z. A. (2006). 4-trans-Amino-proline 

based di-and tetrapeptides as organic catalysts for asymmetric C–C bond formation 

reactions. Tetrahedron: Asymmetry, 17(6), 989-992.  

Tsogoeva, S. B., Yalalov, D. A., Hateley, M. J., Weckbecker, C.,Huthmacher, K. 

(2005). Asymmetric organocatalysis with novel chiral thiourea derivatives: 

bifunctional catalysts for the strecker and nitro-Michael reactions. European Journal 

of Organic Chemistry, 2005(23), 4995-5000.  

Tsutsumi, H., Hamasaki, K., Mihara, H.,Ueno, A. (2000). Cyclodextrin–peptide 

hybrid as a hydrolytic catalyst having multiple functional groups. Bioorganic & 

Medicinal Chemistry Letters, 10(8), 741-743.  

Tsutsumi, H., Ikeda, H., Mihara, H.,Ueno, A. (2004). Enantioselective ester 

hydrolysis catalyzed by β-cyclodextrin conjugated with β-hairpin peptides. 

Bioorganic & Medicinal Chemistry Letters, 14(3), 723-726.  

Vachal, P.,Jacobsen, E. N. (2002). Structure-based analysis and optimization of a 

highly enantioselective catalyst for the Strecker reaction. Journal of the American 

Chemical Society, 124(34), 10012-10014.  

Wang, B., Chen, G. h., Liu, L. y., Chang, W. x.,Li, J. (2009). A novel proline-valinol 

thioamide small organic molecule for a highly enantioselective direct aldol reaction. 

Advanced Synthesis & Catalysis, 351(14-15), 2441-2448.  

Wang, W., Wang, J.,Li, H. (2005). Direct, highly enantioselective pyrrolidine 

sulfonamide catalyzed Michael addition of aldehydes to nitrostyrenes. Angewandte 

Chemie International Edition, 44(9), 1369-1371.  

Waser, M. (2012). Asymmetric organocatalysis in natural product syntheses (Vol. 

96): Springer. 

Wennemers, H. (2012). Peptides as asymmetric catalysts and templates for the 

controlled formation of Ag nanoparticles. Journal of Peptide Science, 18(7), 437-

441.  

White, N. A., DiRocco, D. A.,Rovis, T. (2013). Asymmetric N-heterocyclic carbene 

catalyzed addition of enals to nitroalkenes: controlling stereochemistry via the 

homoenolate reactivity pathway to access δ-Lactams. Journal of the American 

Chemical Society, 135(23), 8504-8507.  

Whitesides, G. M.,Wong, C. H. (1985). Enzymes as catalysts in synthetic organic 

chemistry. Angewandte Chemie International Edition in English, 24(8), 617-638.  

Wiesner, M., Revell, J. D.,Wennemers, H. (2008). Tripeptides as efficient 

asymmetric catalysts for 1,4-addition reactions of aldehydes to nitroolefins--a 

rational approach. Angewandte Chemie International Edition, 47(10), 1871-1874.  

Wong, C.-H.,Whitesides, G. M. (1994). Enzymes in synthetic organic chemistry 

(Vol. 12): Academic Press. 

Wu, W. B., Xu, J. M., Wu, Q., Lv, D. S.,Lin, X. F. (2006). Promiscuous 

Acylases-Catalyzed Markovnikov Addition of N-Heterocycles to Vinyl Esters in 

Organic Media. Advanced Synthesis & Catalysis, 348(4-5), 487-492.  

Xie, B.-H., Guan, Z.,He, Y.-H. (2012). Biocatalytic Knoevenagel reaction using 

alkaline protease from Bacillus licheniformis. Biocatalysis and Biotransformation, 

30(2), 238-244.  



© C
OPYRIG

HT U
PM

132 

 

Xie, B.-H., Li, W., Liu, Y., Li, H.-H., Guan, Z.,He, Y.-H. (2012). The enzymatic 

asymmetric aldol reaction using acidic protease from Aspergillus usamii. 

Tetrahedron, 68(15), 3160-3164.  

Yamada, K., Shosenji, H., Ihara, H.,Otsubo, Y. (1979). Enantioselectively catalyzed 

hydrolysis of p-nitrophenyl esters of N-protected L-amino acids by N-lauroyl L or D-

histidine in CTABr micelles. Tetrahedron Letters, 20(27), 2529-2532.  

Yu, X. Q., Xie, Z. B., Wang, N.,Jiang, G. F. (2013). Biocatalytic asymmetric aldol 

reaction in buffer solution. Tetrahedron Letters, 54(8), 945-948.  

Zhang, L., Ding, W. B., Yu, Y. P.,Zou, H. B. (2009). Direct asymmetric aldol 

reaction using MBHA resin-supported peptide containing l-proline unit. Chinese 

Chemical Letters, 20(9), 1065-1067.  

Zhang, Q., Ni, B.,Headley, A. D. (2008). Asymmetric Michael addition reactions of 

aldehydes with nitrostyrenes catalyzed by functionalized chiral ionic liquids. 

Tetrahedron, 64(22), 5091-5097.  

Zhao, Y., Rodrigo, J., Hoveyda, A. H.,Snapper, M. L. (2006). Enantioselective silyl 

protection of alcohols catalysed by an amino-acid-based small molecule. Nature, 

443(7107), 67-70.  

Zou, W., Ibrahem, I., Dziedzic, P., Sunden, H.,Cordova, A. (2005). Small peptides as 

modular catalysts for the direct asymmetric aldol reaction: ancient peptides with 

aldolase enzyme activity. Chemical Communications(39), 4946-4948.  

Zou, W., Ibrahem, I., Dziedzic, P., Sundén, H.,Córdova, A. (2005). Small peptides as 

modular catalysts for the direct asymmetric aldol reaction: ancient peptides with 

aldolase enzyme activity. Chemical Communications(39), 4946-4948.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	RATIONAL DESIGN OF MIMETIC PEPTIDES BASED ON PROMISCUOUS ALDO-KETOREDUCTASE ENZYME AS ASYMMETRICCATALYSTS IN ALDOL AND MICHAEL REACTIONS
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



