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5.1 Introduction 

Kynurenic acid (KYNA) is one of the major products of the kynurenine pathway, 

the major route of tryptophan metabolism. The compound is an endogenous 

antagonist at the strychnine insensitive glycine coagonist site of NMDA receptors 

and a non-competitive antagonist at !7* nicotinic acetylcholine receptors. At 

higher concentrations, KYNA is an antagonist at all ionotropic glutamate 

receptors. In general, KYNA is neuroprotective by reducing excitotoxicity. 

However, elevated levels of KYNA have been found in patients suffering from 

schizophrenia and can cause cognitive impairment.1-5 

KYNA is synthesized by kynurenine aminotransferase (KAT) from kynurenine 

(KYN, 5.1, Scheme 1). At least four different isoforms of KAT, KAT I-IV, are 

known. KAT II is the isoform that is responsible for most of the KYNA production 

in the human brain.6-8 
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Key intermediate KYN is metabolized by two other enzymes, kynureninase 

(KYNase) and kynurenine 3-hydroxylase (kynurenine mono-oxygenase, KMO), 

resulting in production of anthranilic acid (AA) and neurotoxic 3-

hydroxykynurenine (3-OH-KYN) and quinolinic acid (QUIN). QUIN is an 

endogenous NMDA receptor agonist and direct precursor of NAD. A delicate, site 

specific, balance exists between the routes of kynurenine metabolism in the 

human and rodent brain. 

 

To study effects of elevated or decreased KYNA levels, the ability of 

pharmacological interference in the KYN metabolism is useful. The most 

straightforward way of influencing the balance between KYNA and QUIN 

production is inhibition of the metabolic enzymes KAT, KYNase and KMO. Several 

close KYN analogs have been published that are able to inhibit one or more of 

these enzymes, eg. ref9-16. It has been proven that inhibition of either KYNase or 

KMO causes elevated KYN levels and enhanced KYNA production.10, 12 Recently, 
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the first compound was published that is able to decrease KYNA levels.16 This 

compound, S-4-(ethylsulfonyl)-benzoylalanine (S-ESBA, 5.2, Scheme 1) is an 

inhibitor that is selective for KAT over KYNase and KMO. This study aims for the 

further elucidation of structural requirements of selective KAT inhibitors. 

Compounds 5.3 – 5.6 (Scheme 2) were synthesized and tested for KAT 

inhibition and selectivity towards KAT over KYNase and KMO inhibition. 
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5.2 Chemistry 

Compound 5.3 was synthesized as published previously, with minor 

modifications (Scheme 3).17 

 

Scheme 3 
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Reagents and conditions: a. glyoxylic acid, 110 oC; b. 1. H2, Pd/C, EtOH/EtOAc, 2. 
MeOH, H2SO4, reflux; c. 4N NaOH, MeOH. 

 

Briefly, 2’-nitroacetophenone was reacted with neat glyoxylic acid to obtain the 

unsaturated acid 5.8. This compound was reduced with H2 and esterified to 

obtain the methyl ester 5.9. In literature17, the final product was directly 

isolated after reduction of the double bond by purification on HPLC. By 

introduction of the esterification step, purification can occur by simple acid/base 
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extraction and silica column chromatography. Finally, hydrolysis yielded pure 

5.3 after quick purification on column. 

 

Synthesis of tetrazole derivative 5.4 proved to be more challenging. The 

commonly used method for the synthesis of tetrazoles is from nitrile functions 

by reaction with sodium azide. A nitrile function spaced two carbon atoms from a 

carbonyl function can be obtained from Mannich bases. The corresponding 

retrosynthetic approach for the synthesis of 5.4 is shown in Scheme 4. 
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Although published previously18, 19, in our hands, the Mannich reaction resulted 

in unidentified side-products only. Neither the Mannich base 5.13 nor the 

alkylated derivative 5.12 could be isolated. Although after alkylation of the 

crude Mannich base with iodomethane a principal product could be isolated, NMR 

and MS analysis could not confirm that this product was the desired 5.12. 

Therefore, alternative ways to synthesize nitrile 5.11 were investigated.  

 

The first alternative approach was formation of 5.11 via 1-(2-nitrophenyl)-

propenone 5.14, synthesized in a Stille type coupling (Scheme 5). 
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Scheme 5 

Sn(n-Butyl)3

NO2

+ Cl

O

METHOD A

METHOD B

O

NO2

N

Cl

O

NO2

+ (n-Butyl)3Sn

O

NO2

5.11 5.14

5.15
5.16

5.17

5.18

 
 

Two methods were tested. In method A, the aromatic core was used as the 

organotin-containing compound. Coupling20-22 with either acryloylchloride or 3-

bromopropionylchloride was not successful. In method B, tributylvinyltin23 was 

used as the organotin moiety, and 2-nitrobenzoylchloride as the halide.24 Using 

this method25, intermediate 5.14 could be isolated. As the major by-product, 

decarboxylated 5.19 (Scheme 6) was isolated in equal quantities.  
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Reagents and conditions: a. PhCH2Pd(PPh3)2Cl, HMPA; b. HBr/AcOH, THF. 

 

Although in minor amounts, similar elimination of the carbonyl function has been 

found in literature for the reaction of benzoyl chloride with tetramethyltin, 

yielding acetophenone and toluene. The proposed mechanism is shown in 
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Scheme 6 (box).24 During the reductive elimination step, the coupled product 

5.14 is formed after elimination of one ligand moiety L. Alternatively, aryl 

migration can occur, resulting in formation of complex III. From this complex, 

decarbonylated product 5.19 is formed. Interestingly, undesired 1-nitro-2-

vinylbenzene was the major product of the Stille coupling when chloroform was 

used as solvent and PhCH2Pd(PPh3)2Cl as the catalyst.25 In a more classical 

approach, HMPA was used as the solvent. Using the latter solvent, at a small (1 

g of 5.17) scale, product 5.14 and decarbonylated 5.19 were obtained in a 2:1 

ratio. At a slightly larger scale, the ratio was decreased to 1:1, but product was 

obtained in sufficiently high quantity for further experiments. Apparently, ratios 

of carbonylated/decarbonylated products can be influenced by the choice of 

solvent. 

From the crude reaction mixture, tin residues could be removed efficiently by 

column chromatography, using a mixture of KF and silica.26 Unfortunately, 

attempted introduction of the nitrile function in compound 5.14, either directly 

or via brominated 5.20, was unsuccessful.  

 

Therefore, in the third attempt, LHMDS promoted enolization of 2’-

nitroacetophenone and subsequent coupling with bromoacetonitrile was 

applied.27 In earlier studies, similar methods were applied using tetralone-based 

structures (see Chapters 2 and 4). Using this method, compound 5.11 could be 

synthesized in one step (Scheme 7). 
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Reagents and conditions: a. 1. LHMDS, THF, -80 oC 2. BrCH2CN, -80 oC; b. AlCl3, NaN3, 

THF; c. H2, Pd/C, MeOH.   
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A commonly known method for the formation of tetrazoles from nitriles is the 

reaction with sodium azide and ammonium chloride in DMF. This method was 

unsuccessful for reaction of 5.11. Only minor amounts of product 5.10 were 

obtained. In an alternative method, reaction with aluminum chloride and sodium 

azide in THF over 3 days28 gave the nitrated tetrazole 5.10. Reduction of the 

nitro group by mild hydrogenation at atmospheric pressure yielded desired 

compound 5.4. 

 

The third compound in this series, 5.5, was synthesized by straightforward 

methods as shown in Scheme 8. 
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Reagents and conditions: a. 1. Na2SO3, NaHCO3, H2O, 2. EtBr, (n-Bu)4NBr; b. glyoxylic 

acid, AcOH, HCl; c. Zn, AcOH. 

 

In the first step, coupling of ethylbromide to sulfonyl chloride 5.21 yielded the 

ethylsulfonyl-substituted acetophenone 5.22.29 The carboxylic acid function was 

introduced in a condensation reaction with glyoxylic acid.30 Zn-promoted 

reduction of the double bond yielded final product 5.5. 

 

The first strategy for the synthesis of !-methylkynurenine 5.6 employed 

alkylation of ethyl nitropropionate with brominated 2’-nitroacetophenone 5.24 

and subsequent reduction and hydrolysis. Since this coupling reaction proved to 

be challenging, synthetic methods were tested on alkylation of less costly ethyl 

nitroacetate to obtain 5.25 (Scheme 9). 
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Reagents and conditions: a. Br2, CH3Cl. 

 

The alkylation reaction in this strategy employs base-catalyzed deprotonation of 

ethyl nitroacetate or ethyl nitropropionate. Although similar reactions are known 

from literature, coupling attempts with either ethyl nitroacetate or ethyl 

nitropropionate using NaH31-33, t-butylammoniumbromide34, K2CO3 (ref35) or 

sodium methoxide33, 36 as the base were unsuccessful. If any, the only products 

that could be isolated were compounds 5.27 and 5.28 as shown in Scheme 10 

(experimental data not shown). 
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Therefore, an alternative precursor of the amino acid moiety was chosen. A 

conventionally applied protection method for amino acid moieties is the 

oxazolidinone group. For the synthesis of KYN and KYN analogs, methods using 

oxazolidinone-containing substructures can be found in literature.16, 37, 38 In 

these procedures, oxazolidinones are readily obtained from aspartate. The 

protected aspartyl chloride derivatives are coupled in a Stille coupling reaction to 

an aromatic stannane derivative. The use of oxazolidinone and related 

imidazolidinones for synthesis of amino acids was also discussed in Chapter 3.  
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For the synthesis of 5.6 however, no !,!-disubstituted amino acid was available. 

Therefore, the oxazolidinone derivative of alanine was chosen as the starting 

point. Formation of the Schiff base with benzaldehyde and subsequent 

cyclization with benzoylchloride yielded key intermediate 5.29.39, 40 As shown in 

Scheme 11, after enolization with LHMDS, this compound could successfully be 

coupled to 2-bromo-1-(2-nitrophenyl)-ethanone (5.24).41, 42 
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Reagents and conditions: a. Br2, CH3Cl; b. LHMDS, THF, -80 oC; c. NaOH, H2O/MeOH, 
reflux; d. Fe, H2O, AcOH, 95 oC; e. LiOH, H2O/EtOH. 

 

In the subsequent step, the oxazolidinone ring was opened in a reaction with 

NaOH in H2O and MeOH. Surprisingly, during this reaction, the methyl ester was 

formed rather than the free acid. This was published before to occur under 

either alkaline41 or acidic43 conditions. In our experience, careful inspection of 

the course of the reaction was crucial. Once the mixture became a clear solution, 

all starting material had been converted into the methylated product. Quenching 

at this point was necessary to prevent ester hydrolysis into the free acid, which 

obviously is less convenient to handle at purification.  

In the next deprotection step, the nitro group was reduced in a reaction with Fe 

in acetic acid.15 During this reaction, concomitant hydrolysis of the methyl ester 

occurred. Finally, the benzamide was hydrolyzed with NaOH to obtain !-methyl-

kynurenine 5.6. 
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5.3 Enzyme inhibition 

Compounds 5.3-5.6 were tested for their ability to inhibit KAT, KYNase and 

KMO. Rat brain homogenate was used as the enzyme source for the KAT assay. 

Liver homogenates were used to assay activities of KYNase and KMO. As a 

reference compound, racemic (S,R)-5.2 (ESBA) was tested. Data are shown in 

Table 1. 

 

Table 1 Enzyme inhibition 

Compound % KAT activity 

(inhibitor 

concentration) 

% KYNase activity 

(inhibitor 

concentration) 

% KMO activity 

(inhibitor 

concentration) 

O

O

OH
NH2  
5.3 

70.3±1.7 (3 mM) 14.6±0.2 (1 mM) 24.7±0.1 (1 mM) 

O

NH2

N N

NH

N

 
5.4 

51.0±0.8 (3 mM) 32.9±0.5 (1 mM) 32.0± (1 mM) 

O

O

OH
S

O O  
5.5 

76.5±1.2 (3 mM) 95.0±1.2 (1 mM) 79.2±1.8 (1 mM) 

O

O

OH

NH2

NH2  
5.6 

77.5±2.1 (3 mM) 100.3±1.6 (1 mM) 94.0±1.1 (1 mM) 

O

O

OH

NH2

S

O O  
(S,R)-5.2 

57.7±1.9 (1 mM) 

44.7±1.6 (3 mM) 

94.2±3.3 (1 mM) 

74.5±2.8 (3 mM) 

87.6±2.5 (1 mM) 

85.6±1.3 (3 mM) 

5.4 Discussion 

This study aimed for pharmacological tools to selectively reduce KYNA levels in 

vivo. For this purpose, compounds were desired that inhibit KYNA producing 

enzyme KAT. Moreover, selectivity towards KAT inhibition over KYNase and KMO 

inhibition is necessary. If KYNase and KMO are inhibited, this leads to an 

increase in levels of key intermediate KYN. Increased availability of KYN and 
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concomitant inhibition of KYNase and KMO leads to increased KYN turnover by 

KAT into KYNA. Therefore, if KAT inhibition is not selective over KYNase and 

KMO inhibition, the compounds are expected to increase, rather than decrease 

KYNA levels in vivo. 

 

As is common for many PLP dependent aminotransferases44, the key interaction 

in binding of KYN to the active site of KAT is an interaction between a conserved 

arginine residue and the carboxylic acid moiety in the substrate. The aromatic 

moiety interacts in a relatively hydrophobic pocket, which is more closely 

defined in KAT I than in KAT II.45, 46 In the catalytic cycle, the !-amino group is 

transaminated to obtain the !-keto acid. From this intermediate, KYNA is formed 

by spontaneous ring closure. The role of the !-amino group in substrate binding 

seems to be less critical. In the crystal structure of KAT II in complex with KYN, 

no covalent interaction is found between the substrate and co-enzyme PLP.46 

This suggests, that in the first phase of interaction between enzyme and 

substrate, the carboxylic acid moiety rather than the !-amino group plays a 

prominent role.  

In the work presented here, a set of close KYN analogs is studied. The structures 

vary in the substitution around the C! atom. The compounds were synthesized 

and tested for their KAT inhibitory activity and selectivity over KYNase and KMO. 

 

The first three compounds (5.3-5.5) are KYN analogs that lack the !-amino 

group. Compound 5.3 was synthesized to directly investigate the effect of the 

lack of this group. This compound had already been known from literature. It 

was found in significant quantities in normal and cataractous lenses and is 

thought to be formed in situ by spontaneous deamination of KYN and 

subsequent NAD(P)H-aided reduction. Compound 5.3 and its glutathione-adduct 

play a role in UV filtering in lenses. No published data could be found regarding 

the effects of this compound on kynurenine pathway enzymes.17, 47  

The second compound, 5.4, is the bioisosteric equivalent of 5.3. In this 

molecule, the tetrazole ring replaces the carboxylic acid function. Bioisosteric 

replacement of carboxylic acid moieties by a tetrazole moiety is widely applied 

and can have different advantages. Although the tetrazole is charged at 

physiological pH, the moiety is far more lipophilic than the carboxylate 

counterpart. This might increase biological availability. In addition, the moiety 

can form 2 hydrogen bonds. This can be favorable for interaction in the active 

site. Furthermore, chemical and metabolic stability can be enhanced.48  
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As the third analog in the series of !-amine lacking KYN derivatives, 4-(4-

ethanesulfonylphenyl)-4-oxobutyric acid (5.5), the !-amine lacking analog of S-

ESBA (5.2), was synthesized. In preliminary docking studies with 5.2, hydrogen 

bond formation between the sulfonyl oxygen atom and a serine side chain was 

found for rat KAT II. This interaction was stated to optimize the interaction 

between the ligand in the rat KAT II binding site.49 Analogously to 5.2, the 

aromatic sulfonyl side chain in 5.5 should have a positive effect on selectivity if 

compared to 5.3.  

Inhibitory profile on KYN metabolizing enzymes was examined for compounds 

5.3-5.5 and compared to racemic ESBA (Table 1). If compared to ESBA, 

compound 5.3 inhibits KAT less potently. In contrast, the compound shows 

pronounced KYNase and KMO inhibitory activity. Apparently, the des-amino 

analog of KYN fits very well into the binding site of KYNase and also has good 

affinity to the KMO binding site. If compared to compound 5.3, KAT inhibitory 

activity is improved by bioisosteric replacement of the carboxylic acid function 

by a tetrazole in compound 5.4. In fact, potency of 5.4 is comparable to the 

potency of ESBA. The reason for this could be indeed the double charge on the 

tetrazole moiety interacting with the conserved Arg in the KAT binding site. 

KYNase and KMO inhibitory activity are less potent than for 5.3, but still rather 

pronounced. In ethylsulfonyl analog 5.5, some of the KAT inhibitory potency is 

lost compared to amino acid analog ESBA. As in ESBA and compared to 5.3 and 

5.4, inhibitory potency for rat liver KYNase and KMO is strongly reduced. This 

confirms that the ethylsulfonyl substituent on the aromatic ring is detrimental 

for KYNase and KMO inhibition.  

In summary, if compared to reference compound ESBA, the inhibitory profiles of 

compounds 5.3-5.5 are not optimal for decreasing KYNA levels in vivo. Due to 

the KYNase and KMO inhibitory potency of 5.3 and 5.4, the compounds will 

increase rather than decrease KYNA levels in vivo. The major drawback of 

compound 5.5 if compared to ESBA is, that it inhibits KAT less potently. What 

can be learned from this set of compounds is that omittance of the !-amino 

group in KYN analogs is not detrimental for binding to the enzymes. This is 

important, since omittance of the !-amino group has certain advantages for 

potential pharmaceutical candidates. In the first place, it results in simplification 

of the chemical structure of the compounds. Synthetic methods for carboxylic 

acid analogs are straightforward if compared to methods to synthesize the !-

amino acids. Whereas !-amino acids are chiral, the chiral center is lost in the 

desamino compounds. A second advantage is, that covalent interaction between 

the inhibitor and the enzymes is unlikely in the absence of the !-amino group. If 
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an amino acid analog is used to inhibit KAT, the possibility exists, that instead of 

the substrate, the inhibitor is transaminated. Apart from the fact that this results 

in loss of the compound, transamination of the inhibitor might result in 

production of biologically active metabolites. No such metabolites can be formed 

by transamination from the desamino analogs.  

 

Once the substrate is bound in the catalytic site of KAT, the key step in the 

catalytic cycle is transfer of the !-amino group of the substrate to the co-

enzyme. During this transfer, the !-keto acid of KYN is formed (Scheme 12).50 
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Formation of KYNA by KAT 

 

In the transamination reaction, the presence of a proton in the !-position of KYN 

is essential. This proton is extracted from the complex by a catalytic base in 

order to allow migration of the aldimine double bond (Scheme 12).51, 52 KYN 

analog 5.6 was designed as a potential inhibitor based on the essential role of 

the !-proton in the transamination reaction. In this structure, the !-proton was 

substituted by a methyl group. In the ideal situation, the methyl group should 

not interfere with binding of the compound to the enzyme. Once the compound 

is bound however, the base cannot extract the methyl group from the !-

position. This should inhibit the transamination reaction and subsequent release 

of product. Concomitantly, the inhibitor occupies the active site and prevents 

KYN transamination into KYNA. 
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The idea of methyl substitution in the !-position of aminoacids to create 

pharmacologically functional derivatives is known from literature. Extensive 

research has been done on the synthesis of such compounds. In many cases, 

oxazolidinone building blocks have been applied. For example, !-methyl-DOPA is 

a clinically used antihypertensive drug. The compound is in vivo converted to its 

active metabolite !-methyl-noradrenaline and in this form stimulates the !2-

adrenoceptor.53 Concomitantly, !-methyl-DOPA is an inhibitor of aromatic amino 

acid decarboxylase, which converts DOPA to dopamine. !-Methyl-DOPA can be 

synthesized using imidazolidinones. Imidazolidinones are close analogs of 

oxazolidinones.54 A second example of !-substituted amino acids is found in the 

group of metabotropic glutamate antagonists.55 Examples are 2-ethyl-2-

(carboxycyclopropyl)glycine (MCCG) and 2-amino-2-methyl-4-phosphonobutyric 

acid (MAP4). These compounds have been synthesized by alkylation of 

oxazolidinones of alanine.56 !-Methyl-substituted derivatives of naturally 

occurring amino acids are used because they are conformationally more 

restricted than their unsubstituted counterparts. The !-methyl amino acids are 

useful in protein synthesis for their helix-inducing properties.41  

Most interestingly, already in 1959, a study of !-methyl-aspartate in aspartate 

aminotransferase was published. Like KAT, aspartate aminotransferase is a PLP-

dependent enzyme and the transamination reaction is similar to that in KAT. !-

Methyl-aspartate was found to inhibit the enzyme.57 The mechanism of catalysis 

was studied based on interactions of asparate, !-methyl-aspartate and 2-

hydroxymethylaspartate. The !-substituted aspartate derivatives appeared to 

undergo the initial Schiff base formation with coenzyme PLP, but could not be 

transaminated.58, 59 This corresponds to the mechanism of inhibition as aimed for 

in compound 5.6. 

To our knowledge, only one !-methyl-substituted direct KYN analog has been 

published. In search of selective inhibitors of KMO, compound 5.33 (Scheme 13) 

was synthesized. KMO inhibitory potency was limited for the compound. KAT 

inhibitory activity was not tested.60 
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After synthesis of 5.6, the compound was tested for KAT, KYNase and KMO 

inhibitory activity (Table 1). In comparison to reference compound ESBA, the 

potency of 5.6 for inhibition of rat brain KAT is less pronounced. Interestingly 

however, the compound has virtually no potency for inhibition of rat liver 

KYNase or KMO at an inhibitor concentration of 1 mM. This is most surprising if 

results of inhibitory profile of compound 5.3 are taken into account. Whereas 

compound 5.3 primarily inhibits KYNase and KMO, analog 5.6 has lost all of its 

inhibitory potency for these enzymes.  

The limited KAT inhibitory activity can most probably be ascribed to the steric 

bulk that is introduced into the compound by the methyl group. The 

corresponding proton in KYN is supposed to be beneath the plane of the external 

aldimine bond that is formed by the KYN !-amino group and the co-enzyme. In 

this position, the proton is in close vicinity to the catalytic base that extracts the 

proton from the complex. To assure exact positioning for efficient interaction 

with the base, the proton is most probably accommodated in a relatively tight 

pocket. Obviously, accommodation of the much larger methyl group in the same 

position would suffer from significant steric hindrance. Therefore, optimization of 

the structure should include !-substitution with a smaller group or atom. In our 

laboratory, attempts have been made to synthesize the !-fluor analog of 5.6. 

The fluor substituent has been used frequently for modifications of natural 

occurring compounds. As for 5.6, double bond migration should be prevented by 

substitution of the !-proton by a fluor atom. Since a fluor atom equals a proton 

in size, steric effects are of less influence on binding of the ligand if compared to 

the !-methyl analog. Unfortunately however, synthesis of the compound could 

not be achieved. Nevertheless, in view of the present results, this derivative is 

interesting for future studies.  

 

In summary, studies on the optimal substitution pattern at the C! atom for 

selective inhibition of KAT over KYNase and KMO resulted in 4 compounds. In 

three of the compounds, the amino acid in KYN was reduced to a carboxylic acid 

group or an equivalent of this group. This substitution was tested as modification 

of both KYN (compounds 5.3 and 5.4) and published selective KAT II inhibitor 

5.2 (compound 5.5). As could be concluded from in vitro results, compounds 

5.3 and 5.4 inhibit KYNase and KMO more potently than KAT. Interestingly, 

substitution of the carboxlate group in 5.3 by the tetrazole moiety improved KAT 

inhibition. Compound 5.5 inhibited KAT less effectively than its counterpart 

ESBA. However, selectivity over KYNase and KMO inhibition was preserved.  
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On the other hand, addition of a substituent at C! resulted in structure 5.6. The 

compound weakly inhibited KAT, but showed no KYNase and KMO inhibitory 

activity. The weak potency of KAT inhibition is most probably explained by the 

steric bulk of the methyl group.  

 

Although in this study only compounds of limited interest in terms of inhibitory 

potencies could be presented, suggestions can be made for further studies based 

on the present results.  

In the first place, the synthesis and pharmacological profile of the !-fluor analog 

of compound 5.6 was already suggested for further study of effects of !-

substituted KYN analogs as selective KAT inhibitors. Furthermore, combination of 

the modifications in compounds 5.3-5.5 in a compound that lacks the !-amino 

group but contains the bioisosteric tetrazole moiety and the ethylsulfonyl 

substituent could be interesting. In such a compound, the tetrazole moiety 

would enhance biological availability and inhibition of KAT. The ethylsulfonyl 

substituent would assure selectivity over KYNase and KMO. 

Concerning enzyme activities, the compounds should be characterized using KAT 

enzymes from alternative sources. It was shown for S-ESBA, that inhibitory 

potency varies for different sources of the enzyme. KAT II in rat liver 

homogenate was inhibited with an IC50 of 71 "M, and partially purified rat liver 

KAT II was inhibited with an IC50 of 6.1 "M.16 Potency of inhibition for 

recombinant human KAT II was much less pronounced. At a concentration of 1 

mM, KAT II activity was reduced to 36% of its original activity.49 In the assay 

performed in this study, both KAT I and KAT II isoforms were taken into account 

by adjustment of the pH to 8, which is in between pH optima for KAT I and KAT 

II.6 Furthermore, racemic ESBA was tested. Inhibition under these 

circumstances is less effective, with 58% of KAT activity remaining at an 

inhibitor concentration of 1 mM. This illustrates that species differences should 

be taken into account, and that indeed, compounds can show different potencies 

for different enzyme isoforms in different types of enzyme assays.   

5.5 Experimental section 

General NMR spectra were taken on a Varian spectrometer, at the frequency as stated in 
the text. Chemical shifts are given in ppm. The splitting patterns are designated as 

follows: s = singlet, d = doublet, t = triplet, m = multiplet, bs = broad singlet. Coupling 
constants are given in hertz (Hz). IR spectra are taken on an ATI-Mattson 

spectrophotometer. GCMS analysis were performed on a Shimadzu GCMS-QP500 system 
equipped an AOC-20i auto injector and a CP-Sil 5 CB column (15m x 0.25mm; 0.10µm 

film thickness). Mass spectra (ESI) were taken on an API 3000 MS/MS system. Accurate 
mass measurements (HRMS) were performed using a flow injection method on a LTQ-
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Orbitrap XL mass spectrometer (Thermo Electron, Bremen, Germany) with a resolution of 
60000 at m/z 400. All final compounds had at least 95% purity, as determined by HPLC. 
Solvents and reagents were obtained from general sources and used as such. THF was 
dried by distillation over Na. 
 

4-(2-Nitrophenyl)-4-oxo-but-2-enoic acid (5.8) 

Glyoxylic acid (11.15 g, 0.121 mol) was heated to 60 oC. To the molten substance, 2’-
nitroacetophenone (5.7, 2.54 g, 2.00 mL, 15.4 mmol) was added. The mixture was set 
under vacuum and heated at 110 oC overnight. The mixture was coated on silica directly, 
and purified by column chromatography (silica, CH2Cl2/MeOH). 1.26g (37%) of an off- 
white solid was yielded.  
1H NMR (200 MHz, CD3OD) ! 6.28-6.36 (d, J = 16.16 Hz, 1H, CH=CH), 7.16-7.24 (d, 
J=15.86Hz, 1H, CH=CH), 7.51-7.56 (dd, J = 1.76, 7.35 Hz, 1H, ArH), 7.69-7.87 (m, 2H, 
ArH), 8.15-8.19 (dd, J=1.18, 7.94Hz, 1H, ArH) ppm; 13C NMR (50 MHz, CD3OD) ! 193.8, 
167.9, 140.4, 136.1, 135.7, 134.7, 132.8, 130.0, 125.7 ppm; IR (KBr) 1705, 1679, 1520, 
1341, 1295, 986, 739 cm-1; MS m/z 220 (M-H)-, 266 (M+HCOOH-H)-, 441 (2M-H)-, 662 
(3M-H)-. 
 

4-(2-Aminophenyl)-4-oxobutyric acid methyl ester (5.9)  

A mixture of 4-(2-nitrophenyl)-4-oxo-but-2-enoic acid (5.8, 1.24 g, 5.61 mmol), and 10 
% Pd/C (0.201 g) in 12.5 mL EtOH and 50 mL EtOAc was stirred under an atmosphere of 
H2 overnight. The mixture was filtered over Celite®, and the solvent was evaporated. The 
crude mixture was heated in 50 mL MeOH and 1 mL concentrated H2SO4 at reflux for 5 
hours. The mixture was left to cool to room temperature. Saturated NaHCO3 was added, 
and the MeOH was evaporated. The aqueous layer was extracted with EtOAc (5x). The 
combined organic layers were washed with brine, dried (MgSO4), filtered, and the solvent 
was evaporated. The product was isolated by column chromatography (silica, Hex/EtOAc) 
as a brown oil (0.351 g, 30%). 
1H NMR (200 MHz, CDCl3) ! 2.68-2.74 (t, J=6.76Hz, 2H, CH2), 3.27-3.34 (d, J=6.76, 
6.46Hz, 2H, CH2), 3.70 (s, 3H, CH3), 6.03 (bs, 2H, NH2), 6.61-6.69 (m, 2H, ArH), 7.21-
7.30 (t, 3H, ArH), 7.74-7.79 (d, J=8.23Hz, 1H, ArH) ppm; 13C NMR (50 MHz, CDCl3) ! 
200.2, 173.8, 150.3, 134.6, 131.1, 118.0, 117.7, 116.2, 52.0, 34.1, 28.5 ppm; IR (NaCl) 
3468, 3350, 1730, 1647, 1615, 1219, 1160, 752 cm-1; GCMS m/z 207 (M). 
 
4-(2-Aminophenyl)-4-oxobutyric acid (5.3) 

4-(2-Aminophenyl)-4-oxobutyric acid methyl ester (5.9, 0.202 g, 0.974 mmol) was stirred 
in 5 mL MeOH and 0.5 mL 4 N NaOH at room temperature overnight. The solution was 
then neutralized with sat. NH4Cl, and the MeOH was evaporated. The product was isolated 
by column chromatography (silica, CH2Cl2/MeOH), yielding 0.134 g (71%) of a yellow 
solid. 
1H NMR (200 MHz, CD3OD) ! 2.62-2.68 (t, J = 6.46 Hz, 2H, CH2), 3.22-3.29 (t, J = 6.46 
Hz), 2H, CH2), 6.55-6.63 (ddd, J = 1.18, [6.76, 7.05], 8.08 Hz, 1H, ArH, 6.69-6.74 (dd, J 
= 0.88, 8.52 Hz, 1H, ArH), 7.18-7.26 (ddd, J = 1.47, 7.06, 8.52 Hz, 1H, ArH), 7.77-7.82 
(dd, J = 1.47, 8.23 Hz, 1H, ArH) ppm; 13C NMR (50 MHz, CD3OD) ! 201.7, 177.0, 135.3, 
132.0, 118.5, 118.3, 116.2, 34.8, 29.2 ppm; MS m/z 193 (M-H)-, 385 (2M-H)-; HRMS 
(M+H)+ m/z obs. 194.08110 calc. 194.08117 (C10H12O3N1). 
 
1-(2-Nitrophenyl)-propenone (5.14) 

2-Nitrobenzoylchloride (5.17, 3.89 g, 21.0 mmol) was dissolved in HMPA (7 mL, dried on 
4 Å molsieves) in a dry flask under N2, and PhCH2Pd(PPh3)2Cl was added. The mixture was 
placed in an ultrasone bath and degassed. Then, tributylvinyltin24 (6.71 g, 21.2 mmol) in 3 
mL HMPA was added, and the mixture was degassed again. The flask was placed in an oil 
bath preheated to 65-70 oC. After several minutes, evolution of gas occurred and the 
catalyst precipitated as a black solid, marking the end of the reaction. The mixture was left 
to cool to r.t. and poured over 1 N HCl. The aqueous layer was extracted with EtOAc (3x). 
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The combined organic layers were washed with brine (1x) and subsequently treated with 5 

N KF aq.. The white precipitate was filtered off over Celite®. The mixture was treated once 
more with 5 N KF solution and filtered. The layers were separated and the organic layer 

was dried (MgSO4), filtered, and the solvent was evaporated. The crude mixture was 
purified by column chromatography (silica + 10% KF w/w, Hex/EtOAc). Two products were 

obtained: the desired 5.18 (1.00 g, 27 %) , and decarbonylated 5.19 (0.97 g, 31 %). 
1H NMR (300 MHz, CDCl3) ! 5.81-5.87 (d, J = 17.94 Hz, 1H, CH=CH2), 6.02-6.06 (d, J = 

10.62 Hz, 1H, CH=CH2), 6.60-6.69 (q, J = 10.62, 17.57 Hz, 1H, COCH), 7.43-7.46 (d, J = 

7.32 Hz, 1H, ArH), 7.62-7.67 (t, J = 7.69 Hz, 1H, ArH), 7.73-7.75 (t, J = 7.32 Hz, 1H, 
ArH), 8.14-8.17 (d, J = 8.06 Hz, 1H, ArH) ppm; 13C NMR (50 MHz, CDCl3) ! 136.8, 135.6, 

131.6, 131.0, 129.1, 124.7 ppm; GCMS m/z 150 (M-CHCH2); IR (NaCl) 1670, 1528, 1347 
cm-1. 

Spectral data of 5.19: 
1H NMR (300 MHz, CDCl3) ! 5.47-5.51 (d, J = 10.99 Hz, CH=CH2), 5.72-5.78 (d, J = 17.21 

Hz, 1H, CH=CH2), 7.13-7.17 (q, J = 10.98, 17.21 Hz, 1H, CH=CH2), 7.39-7.41 (t, 1H, 
ArH), 7.56-7.64 (m, 2H, ArH), 7.92-7.95 (d, J = 8.05 Hz, 1H, ArH); 13C NMR (50 MHz, 

CDCl3) ! 133.6, 133.4, 132.7, 128.7, 128.6, 124.7, 119.2 ppm; IR (NaCl) 1522, 1348 cm-

1; GCMS m/z 149 (M). 

 

4-(2-Nitrophenyl)-4-oxo-butyronitrile (5.11) 

A solution of 2’-nitroacetophenone (5.7, 2.00 g, 12.1 mmol) in 50 mL dry THF was cooled 
to -80 oC under N2. LHMDS (2.46 g, 14.7 mmol) in 24 mL THF was added dropwise. The 

mixture was left to warm up slowly to -25 oC over 1.5 h. Then, the solution was cooled to -
80 oC and bromoacetonitrile (1.0 mL, 14.4 mmol) was added at once. The reaction was left 

to warm up slowly. After 2 h (temperature -4 oC), water and saturated NH4Cl were added 
to quench the reaction, and EtOAc. The layers were separated. The aqueous layer was 

extracted with EtOAc. The combined organic layers were washed with brine, dried 
(MgSO4), filtered and the solvent was evaporated. The product was purified by column 

chromatography (silica, Hex/EtOAc). 0.528 g (21%) of the product was yielded as a brown 
solid.  
1H NMR (200 MHz, CDCl3) ! 2.81-2.885 (t, 2H, CH2), 3.12-3.19 (t, 2H, CH2), 7.39-7.44 
(dd, J = 1.47, 7.64 Hz, 1H, ArH), 7.62-7.82 (m, 2H, ArH), 8.16-8.21 (dd, 1H, ArH) ppm; 
13C NMR (50 MHz, CDCl3) ! 176.45, 135.0, 131.4, 131.4, 127.4, 125.0, 118.8, 38.6, 12.3 
ppm; MS m/z 205 (M+1)+, 222 (M+NH4)

+, 426 (M+Na)+, 426 (2M+NH4)
+, 431 (2M+Na)+; 

IR (NaCl) 2251, 1712, 1536, 1346 cm-1. 
 

1-(2-Nitrophenyl)-3-2H-tetrazol-5-yl)-propan-1-one (5.10)  

AlCl3 (0.294 g, 2.20 mmol) was added to dry THF (10 mL), cooled on ice under N2. After 

30 minutes, the ice bath was removed. NaN3 (0.584 g, 8.96 mmol) was added. After 25 
minutes, a solution of 4-(2-nitrophenyl)-4-oxo-butyronitrile (5.11, 0.407 g, 1.99 mmol) in 

6 mL THF was added. The mixture was heated at reflux for 3 days. The mixture was left to 
cool to room temperature. 1 N HCl was added, followed by water and EtOAc. The layers 

were separated. The aqueous layer was extracted with EtOAc. The combined organic 
layers were washed with brine, dried (MgSO4), filtered, and the solvent was evaporated. 

The crude mixture was purified by trituration with Et2O/CH2Cl2 and column 
chromatography (silica, CH2Cl2/MeOH), yielding 0.363 g (74 %) of an off-white solid. 
1H NMR (300 MHz, CD3OD) ! 3.35-3.39 (m, 2H, CH2), 3.42-3.47 (m, 2H, CH2), 7.61-7.63 
(d, J = 7.69 Hz, 1H, ArH), 7.68-7.73 (t, 1H, ArH), 7.79-7.84 (t, 1H, ArH), 8.11-8.14 (d, J 

= 8.42 Hz, 1H, ArH) ppm; 13C NMR (75 MHz, CD3OD) ! 200.7, 155.8, 136.8, 134.3, 131.2, 
127.6, 124.4, 80.5, 39.4, 17.6 ppm; IR (KBr) 3026-2620, 1711, 1523, 1349 cm-1; MS m/z 

248 (M+H)+, 265 (M+NH4)
+, 270 (M+Na)+. 

 

1-(2-Aminopheynyl)-3-(2H-tetrazol-5-yl)-propan-1-one (5.4) 

A mixture of 1-(2-nitrophenyl)-3-2H-tetrazol-5-yl)-propan-1-one (5.10, 0.307 g, 1.24 
mmol) 30 mL MeOH and 10% Pd/C (19 mg) was stirred under an atmosphere of H2 for 3h. 
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The mixture was then filtered over Celite® and the solvent was evaporated. The crude 

product was purified by column chromatography (silica, CH2Cl2: MeOH 1:1 ! MeOH), 
yielding 0.246 g of a yellowsolid (94% purity). The product was recrystallized from 

EtOAc/Hex, yielding 0.164 g (61%) of an off-white solid.  
1H NMR (200 MHz, CD3OD) ! 3.24–3.31 ((m, 2H), overlapped by solvent residual peak, 

CH2), 3.51-3.58 (t, J = 6.76 Hz, 2H, CH2), 6.55-6.62 (t, 1H, ArH), 6.70-6.74 (d, J = 8.22 

Hz, 1H, ArH), 7.19-7.26 (t, 1H, ArH), 7.76-7.80 (d, J = 8.23 Hz, 1H, ArH) ppm; 13C NMR 
(50 MHz, CD3OD) ! 199.4, 156.6, 151.5, 134.4, 130.8, 117.1, 116.9, 115.0, 35.7, 17.8 

ppm; IR (KBr) 3445, 3339, 1648, 1613, 1548n 1197, 972, 751 cm-1; HRMS (M+H)+ obs. 
218.10381 calc. 218.10364 (C10H12O1N5). 

 
1-(4-Ethanesulfonyl-phenyl)-ethanone (5.22) 

A mixture of 4-acetylbenzenesulfonyl chloride (5.21, 2.51 g, 0.0115 mol), Na2SO3 (2.68 g, 
0.0213 mol) and NaHCO3 (1.76 g, 0.0210 mol) in 13 mL H2O was heated to 100 oC. After 

1.75 h, the mixture was left to cool to 30 oC. Then, ethyl bromide (15 mL, 21.8 g, 0.200 
mol) and tetra-N-butyl ammonium bromide (0.331 g, 1.03 mmol) were added, and the 

mixture was stirred at 50 oC under reflux conditions for 22 h. Water was added, and the 
aqueous layer was extracted with EtOAc (4x). The combined organic layers were washed 

with brine, dried (MgSO4), filtered, and the solvent was evaporated. The crude product 
was purified by column chromatography (silica, Hex:EtOAc 1:1/1:2). A white solid (1.47 g, 

60 %) was yielded. 
1H NMR (200 MHz, CDCl3) ! 1.25-1.32 (t, J = 7.35 Hz, 3H, CH2CH3), 2.67 (s, 3H, COCH3), 

3.09-3.20 (q, J = 7.64, 7.35 Hz, 2H, CH2CH3), 7.98-8.03 (d, J = 8.52 Hz, 2H, ArH), 8.10-
8.15 (d, J = 8.52 Hz, 2H, ArH) ppm; 13C NMR (50 MHz, CDCl3) ! 142.5, 141.1, 129.3, 

128.9, 50.7, 27.2, 7.6 ppm; IR (KBr) 3089, 2929, 1689, 1277, 1144, 793, 730, 616 cm-1; 
GCMS m/z 212 (M). 

 
4-(Ethanesulfonylphenyl)-4-oxobut-2-enoic acid (5.23) 

A mixture of 1-(4-ethanesulfonyl-phenyl)-ethanone (5.22, 1.10 g, 5.17 mmol) and 
glyoxylic acid.H2O (0.568 g, 6.17 mmol) in acetic acid (20 mL) and 37% HCl (2 mL) was 

heated at reflux overnight. The mixture was left to cool to room temperature and water 
was added. The mixture was brought to pH 8 with NaHCO3 (s), and washed with EtOAc. 

The aqeous layer was the acidified with 25% HCl and extracted with EtOAc. The organic 
extract was washed with brine, dried (MgSO4), filtered, and the solvent was evaporated. 

The crude product (0.863 g of a yellow solid) was sufficiently pure to use in the next 
reaction step. A sample was further purified for analysis. 
1H NMR (400 MHz, CD3OD) ! 1.22-1.25 (t, J = 7.33 Hz, 3H, CH3), 3.25-3.3 (q, 2H, CH2), 
6.81-6.85 (d, J = 15.4 Hz, CH=CH), 7.90-7.93 (d, J = 15.4 Hz, CH=CH), 8.08-8.10 (dd, J 

= 1.84, 6.60 Hz, 2H, ArH), 8.23-8.25 (dd, 2H, ArH) ppm; 13C NMR (50 MHz, CDCl3) ! 
188.5, 169.7, 143.2, 140.5, 137.5, 133.1, 129.8, 129.2, 129.1, 50.8, 7.5 ppm; IR KBr 

3431, 2980, 1698, 1671, 1399, 1298, 1144, 742 ppm; MS m/z 267 (M-H)-, 313 (M+formic 
acid)-. 

 
4-(4-Ethanesulfonylphenyl)-4-oxobutyric acid (5.5) 

4-(Ethanesulfonylphenyl)-4-oxobut-2-enoic acid (5.23, 0.517 g, 1.929 mmol) and zinc 
dust (0.211 g, 3.23 mmol) in acetic acid (10 mL) were heated at 100 oC for 1 h. The 

mixture was left to cool to room temperature. Water and EtOAc were added and the 
mixture was brought to pH 8 with solid NaHCO3. The layers were separated and the 

organic layer was extracted with saturated NaHCO3. The combined aqueous layers were 
acidified with 5 N HCl and extracted with EtOAc. The combined extracts were washed with 

brine, dried (MgSO4), filtered, and the solvent was evaporated. The product was purified 

by column chromatography (silica, CH2Cl2:MeOH 20:1). The product was obtained as an 
off-white solid (0.368 g, 70%). 
1H NMR (400 MHz, CD3OD) ! 1.20-1.24 (t, 3H, J = 7.33, 7.70 Hz, CH3), 2.72-2.75 (m, 2H, 
2H, CH2CH2), 3.23-3.29 (q, 2H, J = 7.33, 7.70 Hz, CH2CH3), 3.35-3.38 (m, 2H, CH2CH2), 
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8.03-8.06 (dt (2H, ArH), 8.21-8.24 (dt, 2H, ArH) ppm; 13C NMR (50 MHz, CD3OD) ! 198.2, 

175.2, 142.5, 141.0, 128.8, 128.5, 49.9, 33.7, 27.6, 6.3 ppm; IR (KBr) 3389-2573, 1713, 
1699, 1392, 1233, 1147, 785, 733 ppm; HRMS m/z (M+H)+ obs. 271.06345 calc. 

271.06345 (C12H15O5S1). 
 

2-Bromo-1-(2-nitrophenyl)-ethanone (5.24) 

To a solution of 2’-nitroacetophenone (5.7, 50 g, 15.1 mmol) in 20 mL dry CH3Cl, Br2 

(2.42g, 15.1mmol) in 19 mL CH3Cl was added dropwise. The solution was stirred at r.t. 

overnight. The solvent was evaporated. The crude product was purified by column 
chromatography (silica, Hex/EtOAc). The product was obtained as 2.63 g (71 %) of an off-

white solid. 
1H NMR (300 MHz, CDCl3) ! 4.30 (s, 2H, CH2), 7.49-7.52 (dd, J = 1.47, 7.33 Hz, 1H, ArH), 

7.45-7.70 (dt, 1H, ArH), 7.77-7.82 (dt, 1H, ArH), 8.21-8.24 (d, J = 8.06 Hz, 1H, ArH) 
ppm; 13C NMR (50 MHz, CDCl3) ! 194.6, 135.2, 135.0, 131.5, 129.4, 124.7, 34.1 ppm; IR 

(KBr) 1721, 1530, 1345, 1190 cm-1; GCMS m/z 150 (M-CH2Br); MS m/z 261/263 
(M+NH4)

+. 

 
3-Benzoyl-4-methyl-2-phenyl-oxazolidin-5-one (5.29)  

D,L-Alanine (1.00 g, 11.2 mmol) was added to a solution of 0.448 g (11.2 mmol) NaOH in 
1.5 mL water. Methanol (7.5mL) was added to dissolve the D,L-alanine. The mixture was 

concentrated in vacuo. Benzaldehyde (1.79 g, 16.9 mmol) and 7.5 mL ethanol were 
added. The mixture was stirred at r.t. for 3 h. The solvent was evaporated, and the 

residue was dried by azeotropic distillation with ethanol (3x). An off-white solid was 
obtained which was dried at high vacuum overnight. To this intermediate product, 15 mL 

dry CH2Cl2 was added. This suspension was cooled on ice. Benzoylchloride (1.30 mL, 11.2 
mmol) in 3 mL dry CH2Cl2 was added dropwise. The mixture was slowly left to warm up to 

r.t. and stirred at r.t. overnight. The solvent was evaporated. The residue was taken up 
into water and EtOAc. The layers were separated, and the aqueous layer was extracted 

with EtOAc. The combined organic layers were washed with saturated NaHCO3, brine, 
saturated NH4Cl and brine, dried (MgSO4), filtered, and the solvent was evaporated. The 

residue was triturated with Et2O/CH2Cl2 to obtain a total of 1.46 g (46%) of the product as 
a white solid. Column chromatography of the remaining mother liquor afforded an 

additional 0.48 g (15 %) of the product (total yield: 61%).  
1H NMR (200 MHz, CDCl3) ! 1.51 (bs, 3H, CH3), 4.78-4.88 (q, 1H, CHCH3), 6.78 (s, 1H, 

NCHO), 7.30-7.43 (m, 10H, ArH) ppm; 13C NMR (50 MHz, CDCl3) ! 172.6, 136.6, 135.4, 
131.6, 130.2, 129.0. 127.2, 126.8, 90.6, 53.1, 18.0 ppm; IR (KBr) 1789, 1632, 1405, 

1243, 1021, 726, 698 cm-1; GCMS m/z 176, 207, 281 (M); MS m/z 282 (M+1)+, 299 
(M+NH4)

+, 304 (M+Na)+, 580 (2M+NH4)
+. 

 
3-Benzoyl-4-methyl-4-[2-(2-nitrophenyl)-2-oxo-ethyl]-2-phenyl-oxazolidin-5-

one (5.30) 

A solution of 3-benzoyl-4-methyl-2-phenyl-oxazolidin-5-one (5.29, 0.875 g, 3.11 mmol) 

in 20 mL dry THF was cooled to -80 oC under N2. LHMDS (0.717 g, 4.29 mmol) in 5 mL 
THF was added dropwise. After 30 minutes, 2-bromo-1-(2-nitrophenyl)-ethanone (5.24, 

0.802 g, 3.29 mmol) in 5 mL THF was added dropwise. The mixture was stirred at -80 oC 
for  3 h. Then, the reaction was quenched by the addition of saturated NH4Cl solution. The 

mixture was left to warm up to room temperature. The layers were separated, and the 
aqueous layer was extracted with EtOAc. The combined organic layers were washed with 

brine, dried (MgSO4), filtered, and the solvent was evaporated. The crude mixture was 
treated with Et2O/CH2Cl, obtaining the first crop of product as an off-white precipitate 

(0.393 g, 28 %). A second crop was isolated from the remaining mixture by column 
chromatography (silica, Hex/EtOAc), yielding 0.304 g (22 %) of product as a red solid 

(total yield 50 %). 0.431 g of a mixture of both starting materials was isolated (app. 50 % 

each by GC). 
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1H NMR (200 MHz, CDCl3) ! 2.13 (bs, 3H, CH3), 3.10 (bs, 1H, CH2), 3.85-3.87 (d, J = 

3.82Hz, 1H, CH2), 6.70 (s, 1H, NCHO), 6.91-6.95 (d, 2H, J = 7.05 Hz, 2H, ArH), 7.03-7.24 
(m, 8H, ArH), 7.46-7.54 (dt, J = 1.47 Hz, 1H, ArH), 7.58-7.66 (dt, J = 1.47 Hz, 1H, ArH), 

7.85-7.89 (dd, J = 1.47 Hz, 1H, ArH), 8.09 (bs, 1H, ArH) ppm; 13C NMR (50 MHz, CDCl3) ! 
170.7, 137.0, 136.3, 136.0, 133.7, 132.2, 132.1, 130.5, 130.3, 130.0, 128.8, 128.4, 

127.3, 126.7, 125.0, 91.5, 67.0, 54.7, 22.6 ppm; IR (KBr) 1791, 1670, 1519, 1346, 1221, 
1181, 692 cm-1; GCMS m/z 281 (M-[2’-NO2PhCOCH2]), 340 (M-PhCO); MS m/z 445 

(M+1)+, 462 (M+NH4)
+, 467 (M+Na)+. 

 
2-Benzoylamino-2-methyl-(2-nitrophenyl)-4-oxo-butyric acid methyl ester (5.31) 

A mixture of 3-benzoyl-4-methyl-4-[2-(2-nitrophenyl)-2-oxo-ethyl]-2-phenyl-oxazolidin-5-
one (5.30, 0.511 g, 1.15 mmol) and NaOH (0.0926 g, 2.32 mmol) in H2O (2 mL) and 

MeOH (15 mL) was heated at reflux. After 45 minutes, the mixture was cooled on ice and 
acidified with 1 N HCl. The MeOH was evaporated, and the residue was taken up into 

H2O/EtOAc. The layers were separated and the aqueous layer was extracted with EtOAc. 
The combined organic layers were washed with brine, dried (MgSO4), filtered, and the 

solvent was evaporated. The product was purified by column chromatography (silica, 
Hex:EtOAc 1:1), yielding 0.250 g (59 %) of a colorless oil. 
1H NMR (200 MHz, CDCl3) ! 1.59 (bs, 3H, CH3), 3.14 (bs, 1H, CH2), 3.77 (s, 4H, CH2 and 
OCH3), 7.17 (bs, 1H, ArH), 7.39-7.58 (m, 4H, ArH), 7.64-7.663 (bd, 2H, ArH), 7.74-7378 

(dd, 2H, ArH), 8.00 (bs, 1H, NH) ppm; 13C NMR (50 MHz, CDCl3) ! 166.7, 134.1, 133.2, 
132.1, 130.1, 128.9, 127.3, 125.1, 61.3, 60.9, 53.3, 52.8, 20.7 ppm; IR (KBr) 3409, 

1737, 1666, 1536, 1479, 1351, 1294, 1259, 1130, 1033, 954, 713 cm-1; MS m/z 371 
(M+1)+, 388 (M+NH4)

+, 393 (M+Na)+, 409 (M+K)+. 

 

4-(2-Aminophenyl)-2-benzoylamino-2-methyl-4-oxo-butyric acid (5.32) 

To a mixture of 2-benzoylamino-2-methyl-(2-nitrophenyl)-4-oxo-butyric acid methyl ester 
(5.31, 0.446 g, 1.20 mmol) in acetic acid, heated at 95 oC, H2O was added at time points 

0, 20, 40, and 60 minutes (4 x 1.25 mL). At the same time points, a portion of Fe powder 
(total 0.335 g, 6.00 mmol) was added. After addition, the mixture was stirred at 95 oC for 

another 30 minutes. The mixture was then left to cool to room temperature. Water was 
added, and the aqueous layer was washed with EtOAc. The aqueous layer was then 

brought to pH 8-9 by addition of solid NaHCO3, and extracted with EtOAc. The combined 
organic extracts were washed with brine, dried (MgSO4), filtered and the solvent was 

evaporated, yielding 0.218 g (56 %) of the pure product as a white solid.  
1H NMR (400 MHz, CD3OD) ! 1.36 (s, 3H, CH3), 4.57-4.66 (q, 2H, CH2), 6.88-6.90 (d, J = 

8.07 Hz, 1H, ArH), 7.04-7.08 (t, J = 7.33, 7.10 Hz, 1H, ArH), 7.24-7.27 (t, J = 7.70 Hz, 
1H, ArH), 7.42-7.45 (t, J = 6.97, 7.33 Hz, 2H, ArH), 7.56-7.59 (d, J = 7.70 Hz, and t, 2H, 

ArH), 7.90-7.92 (d, J = 7.69 Hz, 2H, ArH) ppm; 13C NMR (50 MHz, CDCl3) ! 174.0, 166.4, 
135.1, 133.5, 129.9, 129.8, 129.6, 128.7, 128.0, 125.6, 124.0, 115.6, 74.2, 67.0, 58.5, 

18.9 ppm; IR (KBr) 3276, 2920, 1721, 1685, 1596, 1488, 1375, 1269, 1114, 711 cm-1; 
MS m/z 327 (M+1)+. 

 
2-Amino-4-(2-aminophenyl)-2-methyl-4-oxobutyric acid (5.6) 

A mixture of 4-(2-aminophenyl)-2-benzoylamino-2-methyl-4-oxo-butyric acid (5.32, 
0.339 g, 1.04 mmol) and LiOH (0.0505 g, 2.11 mmol) in H2O (5 mL) and EtOH (5 mL) was 

placed in an oil bath preheated to 95 oC.  The mixture was stirred at that temperature 
under reflux conditions for 1 h. The EtOH was evaporated and water was added. The 

aqueous layer was washed with CH2Cl2, acidified with 1 N HCl and again washed with 
CH2Cl2. The combined organic layers were back-extracted with H2O. The combined 

aqueous layers were concentrated in vacuo. The residue was taken up into methanol and 
coated on silica. The product was purified by column chromatography (silica, CH2Cl2:MeOH 

1:1) and was obtained in quantitative yields. 
1H NMR (200 MHz, CD3OD) ! 1.45 (s, 3H, CH3), 4.22-4.28 (d, J = 11.75 Hz, 1H, CH2), 
4.40-4.56 (d, J = 11.75 Hz, 1H, CH2), 6.96-7.00 (d, J = 7.93 Hz, 1H, ArH), 7.07-7.15 (t, J 
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= 7.64 Hz, 1H, ArH), 7.30-7.43 (d (J = 7.93 Hz) + t (J = 8.52 Hz), 2H, ArH) ppm; IR 

(KBr) 3650-2850, 1696, 1614, 1594, 1464, 1372, 1106, 768 cm-1; HRMS m/z (M+H)+ obs. 
223.10791 calc. 223.10772 (C11H15O3N2). 
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