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Abstract 

Treatment of α-bromoacyl amides of esters of N-protected α-amino acids with lithium telluride 

yields an amide enolate which cyclizes to unstable tetramic acids (2, 4-pyrrolidinediones) which 

can be converted to stable derivatives (e.g. enol esters, silyl enol ethers, enol tosylates). Reaction 

conditions are modified to reduce unwanted side reactions: protonation of the enolate, self-

catalyzed intermolecular aldol rections of the tetramic acids, and potential racemization at the α-

carbon atom of the amino acid. 
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Introduction 

 

Tetramic acids (2, 4-pyrrolidinediones) are structural components of a number of natural 

products that show antibiotic, anticancer (cytotoxicity), fungicidal, and antiviral activity.2 N-

Acylhomoserine lactones are used by some bacteria to exchange information (“quorum 

sensing”); one lactone degrades to a tetramic acid derivative that is a potent poison for certain 

encroaching microorganisms.3 

 Various methods have been used to prepare tetramic acids.2 The Dieckmann cyclization4a of 

N-acyl-α-amino esters and related methods (e.g. the Reformatsky reaction)4b are among the most 

useful. Enzyme-catalyzed formation of tetramic acids found in certain fungi proceeds by a 

Dieckmann cyclization.4c,4d Racemization at the chiral α-carbon atom of the starting amino acid 

ester caused by the base used in the Dieckmann reaction is an undesirable side reaction.5 Shorter 

reaction times (5-90 min), lower temperatures (i.e. to room temperature), and the use of 
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Dieckmann substrates (1,3-dicarbonyl and related compounds) that provide a more acidic proton 

than the α-amino acid proton reduce or eliminate the amount of racemization.6-11 Bases such as 

fluoride ion (tetra-n-butylammonium fluoride, THF) and potassium t-butoxide are favorable,7 

and the use of triethylamine in CH2Cl2-DMF has been successful in avoiding racemization.9 Neat 

benzene (reflux, 10 h) is superior to alcoholic solvents in suppressing racemization by the 

methoxide ion.12 Solid phase syntheses of tetramic acids also show reduced racemization.10,13 

Tetramic acids are not very stable and undergo self-catalyzed aldol condensations; they slowly 

undergo racemization both neat and in solution apparently involving acid catalysis by the C-3 

protons.12a,13c,14-16  

 The formation of a free enolate which undergoes the Dieckmann reaction by the action of a 

telluride dianion with α-halocarbonyl compounds is advantageous because no strong base is 

involved; and the enolate anion is formed rapidly, irreversibly, and in high concentration that 

facilitates both inter- and intramolecular reactions. Analogy is made with the Reformatsky 

reaction, but with a telluride ion a carbon-tellurium intermediate is usually not involved. 

Elemental tellurium is produced and can be recovered and reused by reduction to a telluride ion 

unlike the usual Reformatsky reactions (e.g. with metals), which yield metal salts as waste. The 

telluride-induced synthesis of enolates from α-halocarbonyl compounds can be termed a 

“nucleophilic reduction” since the halocarbonyl compound is reduced via the strongly 

nucleophilic telluride ion which is oxidized to elemental tellurium during the course of the 

reaction. The first example with a telluride ion was observed in 1957 during an attempt to 

prepare a telluride or ditelluride from sodium chloroacetate.17 The observed formation of acetic 

acid (from sodium acetate) may be interpreted as in Scheme 1. 

 

ClCH2CO2Na  +  Na2Ten (n=1,2)
H2O

_Te,  _ NaCl
H

H ONa

ONa

CH3CO2Na  +  NaOH

(no NaO2CCH2TenCH2CO2Na)  
 

Scheme 1. “Nucleophilic reduction” of sodium chloroacetate.17 

 

 Investigators of telluride-induced enolate formation have reported protonations, ketene 

eliminations, intermolecular reactions with aldehydes and ketones, and intramolecular 

cyclizations involving esters and one aldehyde.18-22  

 

 

Results and Discussion 

 

Treatment of α-amino acid derivatives 1 with an α-bromoacyl bromide gives α-bromoamides 2 

(Table 1) (the NMR spectra show the presence of amide rotamers previously demonstrated21) 

which are treated with a slurry of lithium or sodium telluride in THF at room temperature. 

Preliminary results indicate that α-chloroamides also can be used. A rapid precipitation of black, 
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elemental tellurium heralds the irreversible formation of the amide enolate confirmed by 

deuteration of enolate 3 to give 4b (Scheme 2), confirmed by NMR of the crude reaction 

mixture. Cyclization of the enolate via the usual tetrahedral intermediate 5 yields tetramic acids 6 

(Scheme 2) (Table 2).  
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_ Te, _ LiBr
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N(R2)C=CHR3

protonation
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Scheme 2. Tetramic acids 6 and derivatives 7 of their enolates from N-α-bromoacyl derivatives 2 

of α-amino acid esters or a Weinreb amide 2h and telluride ion. 

 

Table 1. Bromoamides of α-amino acid derivatives 

2 R1 R2 R3 R4 X Yield, % 

a Bn Bn H H OMe 97 

b i-Bu Bn H H OMe 97 

c Bn PMB H H OMe 94 

d i-Bu PMB H H OMe 97 

e s-Bu PMB H H OMe 91 

f s-Bu DMB H H OMe 96 

g s-Bu Bn H H OMe 100 

ha -(CH2)3- H H N(Me)(OMe) 71 

i Bn Bn CH3 H OMe 97 

j i-Bu Bn CH3 H OMe 97 

k i-Bu Bn CH3 CH3 OMe 99 

aProline derivative 1 (racemic) was converted to its N-Boc derivative and Weinreb amide 

followed by removal of the Boc group by treatment with trifluoroacetic acid before conversion to 

2h. 
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Table 2. Tetramic acids 6a 

6 R1 R2 R3 R4 Yield, % 

c Bn PMB H H 62 (crude) 

e s-Bu PMB H H 65 

h -(CH2)3- H H 80 

k i-Bu Bn Me Me 79 

aMost of the other tetramic acids were unstable and were converted to derivatives. 

 

Table 3. Derivatives 7 of enolates of tetramic acids 

7 R1 R2 R3 R5 Yield, % 

a Bn Bn H TBDPS 55a 

b i-Bu Bn H TBDPS 82a 

e s-Bu PMB H Ts 85 

f s-Bu DMB H PhCH2CO 73 

g s-Bu Bn H PhCO 73 

i Bn Bn CH3 TBDPS 77 

j i-Bu Bn CH3 TBDPS 95 

aYield was 92% for 7a and 100% for 7b when 3.5 equivalents of t-butyldiphenylsilyl chloride 

(TBDPSCl) were used, but the product was racemized. 

 

 Because of the instability of tetramic acids only three 6e, 6h, and 6k were isolated. The rest 

except 6c were converted to stable t-butyldiphenylsilyl ethers (TBDPS), enol esters, or enol 

tosylates 7a-b, 7e-g, 7i-j (Scheme 2) (Table 3). Once the lithium or sodium enolate is formed, it 

is susceptible to protonation to give the amide, 4a, which halts tetramic acid formation. To 

control this undesired protonation, potential proton donors such as the amino-acid-derived NH 

proton and acidic products (tetramic acid, methanol) must be nullified. This can be accomplished 

by the use of an N-protected amino acid and by neutralization of acids with an equivalent of 

base. The protection of the NH group of the amino acid starting materials by benzyl (Bn), p-

methoxybenzyl (PMB), or 3, 4-dimethoxybenzyl (DMB) groups is accomplished by treatment 

with the aryl aldehyde to give the imine which is reduced with sodium borohydride.23 While an 

added base can reduce protonation, it may also cause racemization at the α-carbon of the former 

amino acid. For the telluride process shown in Scheme 2 to be most useful it must proceed 

between the Scylla of “protonation” to 4a and the Charybdis of racemization to racemic 6.24 

 Reduction of the 4-carbonyl group of tetramic acid 6c is accomplished readily with sodium 

borohydride.5b, 25 The resulting diastereomer 8 derived from 6c is obtained with a dr 20:1,25 

which indicates little racemization at C-5 (Scheme 3). The diastereomeric ratio was determined 

using 1H NMR spectroscopy and was based on known literature data.25 
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Scheme 3. Reduction of the 4-carbonyl group of tetramic acids. 

 

 Weinreb amides26 were investigated (Scheme 2, 2h) because they are less acidifying for the 

α-amino acid proton, and the tetrahedral intermediate 5 is more stable than that derived from the 

methyl ester.25c This latter effect delays the formation of the acidifying C-4 carbonyl group 

which is expected to reduce both “back-protonation” and racemization as well as potentially 

limiting self-catalyzed reactions of the tetramic acids. While the bromoacetylation of the proline 

Weinreb amide was successful, that of N-benzyl leucine Weinreb amide was not, starting 

material being recovered. An interaction of bromoacetyl bromide with the Weinreb amide may 

provide an unstable intermediate that transfers the acyl group to the nitrogen atom of the amino 

acid derivative. This is reminiscent of the intermediate derived from DMF in its catalysis of acid 

chloride and formate ester formation in which there is acyl transfer.27 The more rigid proline 

framework lacks the N-benzyl group and may allow more favorable conformations, 10 vs 9, for 

acyl transfer. 
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H

 
 Best yields of the tetramic acid 6h derived from racemic proline were obtained when an 

equivalent of LHMDS or LDA was added. The bases LDA and NaH (heterogeneous in THF) are 

reported to cause racemization of tetramic acids25c,28 and were not investigated further. Other 

conditions involving methyl esters of N-bromoacetyl derivatives of N-benzylamino acids 

produced significant amounts of the protonated enolate 4a: higher temperature (65-70 oC); longer 

reaction time (5 days); different solvents (9:1 ether-THF, DME); additives [TiCl4, LiOTf, 

In(OTf)3, Sc (OTf)3, Yb(OTf)3, ZnBr2, MgBr2, 4A molecular sieves; DBU]; 0.5 equiv. excess of 

LiEt3BH. Only with DME at 65-70 oC and with DBU (base effect) were the amounts of tetramic 

acid 6 greater than 4a (ratios 6/4a = 54/46, 56/44, respectively). Application of the telluride 

procedure to the synthesis of 3,3-disubstituted-tetramic acids is not complicated by “back 

protonation” or a self-catalyzed aldol condensation because the acidic protons are not present. 

No extra base is required. The 3,3-dimethyltetramic acid 6k derived from (L)-leucine is the sole 

product although its formation is slower (Scheme 4). 
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Scheme 4. Synthesis of 3,3-dimethyltetramic acid 6k. 

 

 The addition of one equivalent of crown ether (15-crown-5) to the sodium telluride-triggered 

reaction avoids the need for added base in the conversion of the α-bromoacetamides of L-

phenylalanine, L-leucine, and L-isoleucine methyl esters (Scheme 5) and reduces the reaction 

time from 40-50 min. to 20-30 min. Presumably, the crown ether facilitates the sodium enolate’s 

attack on the carbonyl group of the ester in the Dieckmann reaction by formation of a more 

favorable conformation while shielding the enolate from protonation and/or by increasing the 

rate of deprotonation of the tetramic acid by the crown-complexed sodium methoxide and 

perhaps by hydrogen bonding of the product methanol with the oxygen atoms of the crown ether 

to slow its diffusion to the enolate anion. Figure 1 shows how 15-crown-5 might affect an 

halophilic attack by sodium telluride. 
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Figure 1. Crown Ether Effect

 
 

Figure 1. Crown ether effect. 



Issue in Honor of Prof. Franklin A. Davis  ARKIVOC 2010 (vi) 61-83 

 ISSN 1551-7012 Page 67 ©ARKAT USA, Inc. 

 Crown ethers do not seem to have been used in aldol reactions involving oxazolidinone 

chiral auxiliaries, but catalysis by chiral crown ethers complexed with a Lewis acid (e.g. Pb2+, 

Ce3+) is observed in reactions of silyl enol ethers with aldehydes.29a,b In reactions of other silyl 

enol ethers with aldehydes catalyzed by gallium (III) triflate in water-ethanol, hydrolysis of the 

enol ether was complete and no aldol product was observed. In the presence of chiral semi-crown 

ethers, only traces of hydrolysis product were observed; the aldol product was obtained in yields 

of 49-90% with mainly syn selectivity.29c The chiral gallium-semi-crown ether catalysts are said 

to accelerate the aldol reaction relative to the hydrolysis reaction. 

 

R1 COOCH3

N(R2)COCH2Br N

R2

R1

O

O

2c, d, e 6 c, d,  e

Na2Te, THF

15-crown-5 (1 equiv.)

rt, 20-30 min.
     50-55%

 
 

Scheme 5. Cyclization of α-bromoamides by sodium telluride in the presence of a crown ether. 
 

 Application of the telluride procedure (Li2Te, 1 equiv. LHMDS, THF, rt) for the synthesis of 

tetramic acids indicates that little racemization occurred at the C-5 position as determined by 

NMR studies on tetramic acid derivatives obtained from L-isoleucine [(2S,3S)-2-amino-3-

methylpentanoic acid]. Tetramic acids derived from isoleucine have been used previously to 

determine the amount of racemization.5b,7 Because the formation of 3,3-dimethyltetramic acids 

(Scheme 4) does not require added base to suppress “back protonation”, the danger of 

racemization by the base is avoided. 

 Conversion of tetramic acids to enol ethers, enol esters or enol tosylates (Scheme 2, Table 3) 

could circumvent the self acid-catalyzed aldol condensation and acid-catalyzed racemization and 

provide stable intermediates that could readily be converted back to the parent tetramic acid if 

that is desired. While the t-butyldiphenylsilyl (TBDPS) enol ethers are stable, their preparation 

resulted in some racemization, most likely caused by silylation of the amide carbonyl oxygen30 

to give an intermediate (Scheme 6) in which the CH proton derived from the α-amino acid is 

expected to have greater acidity. Workup removes the silyl group from the amide leaving 

racemized 4-silyl enol ether derivatives. Yields of the silyl enol ether were best (7a, 92%, and 

7b, 100%) when 3.5 equivalents of TBDPSCl were used, but racemization of 7a was nearly 

complete, er = 53:47. It is likely that all the silyl enol ethers were racemized to some extent 

(small rotations for 7a and 7b) when only 1.15 equivalents of TBDPSCl were used but this was 

not investigated further.  

 



Issue in Honor of Prof. Franklin A. Davis  ARKIVOC 2010 (vi) 61-83 

 ISSN 1551-7012 Page 68 ©ARKAT USA, Inc. 

N

R2

R1

TBDPSO

O TBDPSCl (3.5 equiv)

rt, 20 h

N

R2

R1 OTBDPS

TBDPSO

_ HCl N

R2

R1

TBDPSO

OTBDPS

N

R2

TBDPSO

OR1

rac. 7a, b

7a: R1 = Bn, R2 = Bn

7b: R1 = i-Bu, R2 =Bn

Cl

 
 

Scheme 6. Racemization of t-butyldiphenylsilyl enol ethers of tetramic acids. 

 

 The preparation of the enol benzoate 7g and tosylate 7e (Scheme 2, Table 3) derived from L-

isoleucine did not involve racemization at the C-5 of the tetramate derivative because the proton 

NMR spectra did not show the presence of the other diastereomer (which would be derived from 

(2R, 3S)-2-amino-3-methylpentanoic acid).  

The N-protective groups may need to be removed from the tetramic acid derivatives for further 

synthesis operations. The N-benzyl group could not be cleaved under frequently used conditions: 

H2, Pd/C, EtOAc or EtOH; H2, Pd(OH)2/C; ceric ammonium nitrate (CAN); DDQ. Removal of 

an N-3,4-dimethoxybenzyl (3,4-DMB) group is accomplished by CAN but not by DDQ (Scheme 

7).31 

 

N

PhCH2COO

OMe

OMe

OR1

7f

H
NR1

PhCH2COO

O

85%

CAN

acetone-H2O, rt, 40 min

11

 
 

Scheme 7. Removal of an N-3,4-dimethoxybenzyl group. 

 

 

Conclusions 

 

Cyclization of N-protected α-bromoacyl amides of α-amino acid methyl esters or Weinreb 

amides to tetramic acids is initiated by telluride ion, which rapidly and irreversibly forms the 

amide enolate. Proton transfer from an unprotected NH group or from the tetramic acid or 

methanol products to the enolate anion inhibits the Dieckmann cyclization and reduces the yield. 
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This undesirable protonation is avoided by the use of dry solvent, replacement of the NH group 

with an N-benzyl group, by addition of one equivalent of base (LHMDS) or, alternatively, one 

equivalent of a crown ether (15-crown-5) with an equivalent of sodium telluride. No added base 

or crown ether is needed to obtain a good yield of a 3,3-dimethyltetramic acid which has no 

acidic C-3 protons. Racemization is mainly avoided in the telluride process, but conversion of a 

tetramic acid to a stable t-butyldiphenylsilyl enol ether resulted in racemization. Enol benzoate 

and tosylate underwent no detectable epimerization at the α-amino acid proton of the tetramate 

derived from L-isoleucine. 
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Experimental Section 

 

General. NMR spectra were recorded on a Bruker DPX300 or DPX 500 instrument with 

tetramethylsilane as internal standard. Chemical shifts are reported in ppm downfield from 

tetramethylsilane. Optical rotations were measured on a JASCO 1000 or Rudolph Autopol III 

polarimeter. All reactions were conducted in an atmosphere of dry argon or nitrogen according to 

standard vacuum line techniques. Unless otherwise noted, all commercially available reagents 

were used as received without further purification. Tetrahydrofuran was distilled or vacuum-

transferred from sodium or potassium benzophenone ketyl immediately before use; ether, from 

sodium benzophenone ketyl; and dichloromethane, from calcium hydride. Pyridine and 

triethylamine were distilled from sodium hydroxide immediately before use. All other liquid 

reagents were distilled immediately before use. Thin layer chromatography was performed with 

the use of Merck Silica Gel 60 plates impregnated with a fluorescent indicator (254 nm). Thin 

layer chromatography plates were visualized by exposure to ultraviolet light, iodine, 

anisaldehyde, or phosphomolybdic acid. Flash column chromatography was performed with the 

use of Premium Grade Silica Gel. 

 

General procedure for the preparation of lithium telluride21  

A solution of lithium triethylborohydride in THF (7.98 mL, 1 M, 7.98 mmol) was added to a 

suspension of tellurium pieces (509 mg, 3.99 mmol) in THF (7.95 mL) at room temperature. The 

mixture was stirred for 20 h. Hydrogen evolved, and the color of the mixture gradually becomes 

nearly white. This 0.25 M “stock suspension” of finely divided lithium telluride in THF is stable 
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for weeks at room temperature under an argon atmosphere and the slurry can be transferred 

easily with an airtight syringe equipped with a stainless steel needle. 

 

Preparation of N-protected-N-haloacylamino acid esters 2a-k (Procedure A). Bromoacetyl 

bromide (1.36 g, 6.73 mmol) was added dropwise to a mixture of N-benzyl or N-PMB or  

N-3,4-DMB protected amino acid ester (1.32 g, 5.61 mmol) and 2,6-lutidine (0.90 g, 8.42 mmol) 

in CH2Cl2 (21.6 mL) at room temperature. The mixture was stirred for 1 h, poured into saturated 

aqueous NH4Cl (20 mL), and extracted with EtOAc (3x10 mL). The crude mixture was dried 

(Na2SO4) and chromatographed on silica gel (hexanes/EtOAc 3:1) to give halo esters (71-100%). 

Synthesis of tetramic acids 6c, 6d, 6e in the presence of 15-crown-5 ether (Procedure B). A 

mixture of powdered Te (1 equiv.), Na chips (2 equiv.) and naphthalene (0.2 equiv) in anhydrous 

THF is refluxed under nitrogen until the mixture becomes a white suspension which is 

transferred to a stirred solution of 2c, 2d, or 2e (2.38 mmol) in dry THF. 15-Crown-5 ether (1 

equiv.) was added and the reaction mixture was stirred at ambient temperature for 20-30 min., 

quenched with saturated aqueous NH4Cl (5 mL), filtered through a celite pad, extracted with 

ethyl acetate, and dried (Na2SO4). The crude tetramic acid (55-65%) was used for further 

reactions such as the preparation of derivatives or for reduction of the C-4 carbonyl group. 

Freshly prepared Na2Te is recommended. 

 

Preparation of enol derivatives of tetramic acids (O-silyl, O-tosyl, O-acetyl, O-benzoyl, O-

phenylacetyl tetramates) 

O-Silyl tetramates 7a, 7b, 7i, 7j (Procedure C). Lithium telluride (5.38 mL, 1.35 mmol, 0.25 M 

suspension) was added to a solution of haloacylamino acid esters 2a, 2b, 2i, 2j (0.47 g, 1.32 

mmol) in THF (12.7 mL) followed by a THF solution of LHMDS (1.32 mL, 1.32 mmol, 1 M) at 

room temperature. The mixture was stirred for 40 min, and freshly distilled t-BuPh2SiCl (0.42 g, 

1.53 mmol) was added. The mixture was stirred for 20 h, poured into saturated aqueous NH4Cl 

(10 mL), filtered through a celite pad to remove elemental tellurium, and extracted with ethyl 

acetate (3x20 mL). The crude mixture was dried (Na2SO4) and chromatographed on silica gel 

(hexane/EtOAc 3:1) to give O-silyl tetramates (55-95%). 

O-Phenylacetyl (7f, R4 = PhCH2CO), and O-benzoyl (7g, R4 = PhCO) tetramates 

(Procedure D). Lithium telluride (2.55 mL, 0.64 mmol, 0.25 M suspension) was added to a 

solution of haloacylamino acid esters 2i, 2h (0.22 g, 0.63 mmol) in THF (6.3 mL) followed by a 

THF solution of LHMDS (0.64 mL, 0.64 mmol, 1 M) at room temperature. The mixture was 

stirred for 20 h, poured into 3% aq. HCl (5 mL), and extracted with methylene chloride (3 x 5 

mL). The organic layer was dried (Na2SO4), the solvent was evaporated, and the residue was 

dried in a vacuum for 4 h. The residue was dissolved in methylene chloride (9.5 mL); and 

triethylamine (0.095 g, 0.94 mmol) was added, followed by the acid chloride (0.10 g, 0.75 mmol) 

at room temperature. The mixture was stirred (22 h), poured into saturated aqueous NH4Cl (5 

mL), and extracted with EtOAc (3 x 20 mL). The crude mixture was dried (Na2SO4) and 

chromatographed on silica gel (hexanes/EtOAc 3:1) to give 7f or 7g. 
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O-Tosyl tetramate 7e (Procedure E). The procedure reported previously for an N-Boc tetramic 

acid was followed.32 Diisopropyl ethylamine (0.5 mL, 2.9 mmol) and freshly recrystallized p-

toluenesulfonyl chloride (0.27 g, 1.45 mmol) was added to a stirred solution of tetramic acid 6e 

(0.40 g, 1.45 mmol) in dry CH2Cl2 (5 mL). The reaction mixture was stirred at room temperature 

(16 h) and quenched with saturated aqueous ammonium chloride (3 x 5 mL), extracted with 

methylene chloride (3x10 mL), dried (anhydrous Na2SO4), and concentrated to near dryness. The 

crude product was purified by flash column chromatography [ethyl acetate:hexane (1:2)] to give 

7e (85%). 

 

(S)-Methyl 2-(N-benzyl-2-bromoacetamido)-3-phenylpropanoate 2a 

COOCH3

NCOCH2Br

Ph

Bn

2a  
(Procedure A). Methyl (S)-N-Benzyl phenylalanine (1.32 g, 5.61 mmol) gave 2a (1.93 g, 4.94 

mmol, 97%) as a light yellow oil. [α]22
D -142.0 (c 2.12, CDCl3). 

1H NMR (300 MHz, CDCl3) 

(mixture of amide rotamers in solution): δ 3.25 (m, 1 H), 3.38 (m, 1 H), 3.66 (s, 3 H), 3.78 (dd, J 

=14.7 Hz, J =10.8 Hz, 2 H), 3.83 (d, J=16.8 Hz, 1 H), 4.25 (m, 1 H), 4.51 (d, J = 16.8 Hz, 1 H), 

7.05-7.35 (m, 10 H). 13C NMR (75 MHz, CDCl3): δ 26.6, 26.8, 35.3, 52.7, 53.7, 62.0, 62.8, 

127.2, 127.6, 127.7, 128.0, 128.3, 128.8, 129.0, 129.1, 129.6, 129.7, 129.8, 135.6, 137.9, 167.5, 

170.5. IR (thin film): 3030 (w), 2950 (w), 1742 (s), 1652 (s), 1453 (m), 1235 (m), 734 (m), 700 

(m) cm-1. Anal. Calcd for C19H20BrNO3: C, 58.47; H, 5.18; N, 3.59. Found: C, 58.65; H, 5.22; N, 

3.52. 

 

(S)-Methyl 2-(N-benzyl-2-bromoacetamido)-4-methyl pentanoate 2b 

COOCH3

NCOCH2Br
Bn

2b  
(Procedure A). Methyl (S)-N-benzyl leucine (1.32 g, 5.61 mmol) gave 2b (1.93 g, 5.41 mmol, 

97%) as a light yellow oil. [α]22
D -26 (c 1.55, CDCl3). 

1H NMR (300 MHz, CDCl3) (mixture of 

amide rotamers in solution): δ 0.74 (d, J = 6.3 Hz, 0.75 H), 0.81 (d, J = 6.3 Hz, 2.25 H), 0.92 (m, 

3 H), 1.55 (m, 2 H), 1.85 (m, 1 H), 3.55 (s, 0.75 H), 3.60 (s, 2.25 H), 3.81 (dd, J =11.3 Hz, J 

=11.3 Hz, 1.5 H), 3.95, 4.15 (AX, J=11.1 Hz, 0.5 H), 4.70 (m, 3 H), 7.34 (m, 5 H). 13C NMR (75 

MHz, CDCl3) (mixture of amide rotamers in solution): δ 22.6, 23.0, 25.3, 25.4, 27.0, 27.3, 38.6, 

39.0, 47.4, 51.1, 52.5, 52.8, 57.0, 59.6, 126.95, 127.03, 127.5, 128.0, 128.3, 128.7, 128.7, 129.3, 

136.7, 137.9, 168.3, 168.5, 171.3, 171.8. IR (thin film): 2956 (m), 1742 (s), 1656 (s), 1438 (m), 

1412 (m), 1244 (m), 1204 (m), 1171 (m), 731 (m), 699 (m) cm-1. Anal. Calcd for C16H22BrNO3: 

C, 53.94; H, 6.24; N, 3.93. Found: C, 54.09; H, 6.31; N, 3.97. 

 



Issue in Honor of Prof. Franklin A. Davis  ARKIVOC 2010 (vi) 61-83 

 ISSN 1551-7012 Page 72 ©ARKAT USA, Inc. 

(S)-Methyl 2-(Bromo-N-(4-methoxybenzyl)acetamido)-3-phenylpropanoate 2c 

COOCH3

NCOCH2Br

Ph

PMB

2c  
(Procedure A). Methyl (S)-N-4-methoxybenzylphenylalanine (1.5 g, 5.0 mmol) gave 2c (1.98 g, 

4.71 mmol, 94%) as a viscous liquid. [α]22
D -113 (c 2.2, CHCl3). 

1H NMR (CDCl3, 300 MHz): δ 

3.25 (dd, J = 14.05, 9.78 Hz, 1 H), 3.38 (dd, J = 18.64, 9.98 Hz, 1 H), 3.67 (s, 2.7 H), 3.73 (t, J = 

4.2 Hz, 1.3 H), 3.78 (s, 3 H), 3.85 (dd, J = 21.11, 10.32 Hz, 2 H), 4.18 (m, 0.8 H), 4.62 (d, J = 

14.4 Hz, 1.2 H), 6.81, (d, J = 8.72 Hz, 2 H), 7.03 (d, J = 8.71 Hz, 2 H), 7.15 (m, 2 H), 7.28 (m, 3 

H). 13C NMR (CDCl3, 75 MHz): δ 26.3, 34.6, 52.1, 52.9, 55.1, 61.2, 113.9, 126.6, 126.7, 128.5, 

128.6, 129.3, 137.5, 159.2, 167.0, 170.0. IR (Chloroform): 2951 (w), 2360 (s), 1741 (s), 1653 (s), 

1513 (m), 1456 (m), 1249 (m), 1178 (m), 824 (s), 702 (m) cm-1. HRMS (CI+CH4) Calcd for 

[C20H22BrNO4 + H+]: 420.0811; Found. [M+H]+: 420.0815. 

 

(S)-Methyl 2-(2-Bromo-N-(4-methoxybenzyl)acetamido)-4-methylpentanoate 2d 

 

COOCH3

NCOCH2Br
PMB

2d  
 

(Procedure A). Methyl (S)-N-4-methoxybenzyl leucine (4.42 g, 16.65 mmol) gave 2d (6.22 g, 

16.10 mmol, 97%) as a viscous liquid. [α]22
D

 -52 (c 5.2, CHCl3). 
1H NMR (CDCl3, 300 MHz) 

(mixture of amide rotamers in solution): δ 0.78 (d, J = 6.69 Hz, 0.6 H), 0.83 (d, J = 6.32 Hz, 2.4 

H), 0.89 (d, J = 6.36 Hz, 2.7 H), 0.93 (d, J = 6.28 Hz, 0.3 H), 1.58 (m, 2 H), 1.85 (m, 1 H), 3.55 

(s, 0.7 H), 3.62 (s, 2.3 H), 3.77 (s, 0.6 H), 3.80 (s, 2.4 H), 3.82 (d, J = 1.27 Hz, 1 H), 4.03 (dd, J 

= 16.56, 11.25 Hz, 0.4 H), 4.48 (d, J = 17.23 Hz, 0.6 H), 4.54 (s, 1 H), 4.63 (s, 1 H), 4.68 (s, 0.3 

H), 4.76 (t, J = 6.85 Hz, 0.7 H), 6.81 (d, J = 8.60 Hz, 0.5 H), 6.88 (d, J = 8.88 Hz, 1.5 H), 7.15 

(d, J = 8.62 Hz, 0.4 H), 7.20 (d, J = 8.73 Hz, 1.6 H). 13C NMR (CDCl3, 75 MHz) (mixture of 

amide rotamers in solution): δ 22.1, 22.6, 24.9, 26.8, 38.1, 50.3, 52.0, 55.3, 56.5, 114.2, 127.9, 

127.9, 129.0, 159.2, 167.7, 171.4. IR (Chloroform): 2956 (w), 2360 (s), 1734 (s), 1717 (s), 1558 

(m), 1258 (m), 821 (m) cm-1. HRMS (CI+CH4) Calcd for [C17H24BrNO4 + H+]: 386.0968; 

Found. [M+H]+: 386.0963. 
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(2S, 3S)-Methyl 2-(2-bromo-N-(4-methoxybenzyl)acetamido)-3-methylpentanoate 2e 

COOCH3

NCOCH2Br
PMB

2e  
(Procedure A). Methyl (S)-N-4-methoxybenzyl isoleucine (1.4 g, 3.62 mmol) gave 2e (1.86 g, 

4.81 mmol, 91%) as a viscous liquid. [α]22
D -57 (c 2.5, CHCl3). 

1H NMR (CDCl3, 300 MHz): 

(mixture of amide rotamers) δ 0.73 (t, J = 7.28 Hz, 0.7 H), 0.87 (t, J = 8.35 Hz, 2.3 H), 0.93 (d, J 

= 6.58 Hz, 3 H), 1.12 (m, 1 H), 1.55 (m, 1 H), 2.10 (m, 1 H), 3.49 (s, 3 H), 3.74 (d, J = 2.96 Hz, 

1 H), 3.77 (s, 0.5 H), 3.79 (s, 2.5 H), 4.02 (t, J = 7.83 Hz, 0.5 H), 4.15 (d, J = 11.54 Hz, 0.3 H), 

4.47 (d, J = 15.24 Hz, 0.2 H), 4.68 (s, 1.8 H), 4.75 (s, 0.2 H), 4.95 (d, J = 10.48 Hz, 1 H), 6.79 

(d, J = 8.58 Hz, 0.5 H), 6.87 (d, J = 8.58 Hz, 1.5 H), 7.06 (d, J = 8.62 Hz, 1.5 H), 7.18 (d, J = 

8.51 Hz, 0.5 H). 13C NMR (CDCl3, 75 MHz): δ 10.7, 11.0, 15.8, 24.3, 26.7, 34.1, 34.2, 48.1, 

51.7, 55.2, 60.9, 66.0, 113.5, 114.2, 126.7, 128.3, 129.3, 158.9, 168.2, 170.5. IR (Chloroform): 

2964 (w), 2360 (m), 1740 (s), 1655 (s), 1457 (m), 1336 (m), 1249 (m), 1139 (m), 817(m). cm-1. 

HRMS (CI+CH4) Calcd for [C17H24BrNO4 + H+]: 386.0961; Found. [M+H]+: 386.0961. 

 

(2S,3S)-Methyl 2-(2-Bromo-N-(3,4-dimethoxybenzyl) acetamido)-3-methylpentanoate 2f 

COOCH3

NCOCH2Br
DMB

2f  
(Procedure A). Methyl (S)-N-3, 4-dimethoxybenzyl isoleucine (0.83 g, 2.79 mmol) gave 2f (1.11 

g, 2.66 mmol, 96%) as a light yellow oil. [α]22
D

 -47 (c 4.92, CHCl3). 
1H NMR (300 MHz, 

CDCl3): (mixture of amide rotamers in solution): δ 0.71 (t, J = 7.2 Hz, 0.7 H), 0.89 (t, J = 7.42 

Hz, 2.3 H), 0.94 (d, J = 6.6 Hz, 3 H), 1.18 (m, 1 H), 1.52 (m, 1 H), 2.08 (m, 1 H), 3.52 (s, 3 H), 

3.75 (dd, J = 13.5 Hz, 10.5 Hz, 1.3 H), 3.87 (s, 6 H), 4.12 (m, 0.7 H), 4.53 (d, J = 15.3 Hz, 0.3 

H), 4.69 (dd, J = 24.6, 17.4 Hz, 2 H), 4.94 (d, J = 10.2 Hz, 0.7 H), 6.65-6.83 (m, 3 H). 13C NMR 

(300 MHz, CDCl3)(mixture of amide rotamers in solution): 10.4, 10.7, 15.5, 15.6, 24.1, 24.9, 

26.2, 26.4, 30.4, 33.8, 33.9, 45.8, 48.2, 51.3, 51.6, 55.5, 60.8, 65.7, 108.6, 110.3, 110.9, 117.1, 

119.9, 128.6, 129.6, 147.6, 147.9, 148.3, 148.9, 167.8, 169.6, 170.0. IR (CDCl3): 2964 (w), 2361 

(s), 1740 (s), 1655 (s), 1517 (m), 1463 (m), 1311 (m), 1261 (m), 1027 (m), 915 (m), 806 (m), 

732 (m) cm-1. HRMS (CI+CH4) Calcd for C18H26BrNO5: 415.0994; Found. [M]+: 415.0980. 
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(2S, 3S)-Methyl 2-(N-benzyl-2-bromoacetamido)-3-methylpentanoate 2g 

COOCH3

NCOCH2Br
Bn

2g  
(Procedure A). Methyl (S)-N-benzyl isoleucine (3.60 g, 15.3 mmol) gave 2g (5.45 g, 15.3 mmol, 

100%) as a light brown oil. [α]19
D -52 (c 1.2, CHCl3) 

1H NMR (300 MHz, CDCl3)(mixture of 

amide rotamers in solution): δ 0.69 (t, J = 7.8 Hz, 0.5 H), 0.88 (t, J = 7.49 Hz, 2.5 H), 0.93 (d, J 

= 6.58 Hz, 3 H), 1.14 (m, 1 H), 1.52 (m, 1 H), 2.10 (m, 1 H), 3.46 (s, 3 H), 3.73 (s, 1.5 H), 4.06 

(m, 0.5 H), 4.17 (m, 0.3 H), 4.55 (d, J = 15.0 Hz, 0.3 H), 4.75 (s, 1.7 H), 5.02 (d, J=10.5 Hz, 0.7 

H), 7.11-7.38 (m, 5 H). 13C NMR (300 MHz, CDCl3)(mixture of amide rotamers in solution): 

10.7, 15.7, 24.3, 26.5, 34.2, 48.3, 51.6, 60.7, 125.3, 127.5, 128.2, 128.9, 130.3, 136.5, 168.4, 

170.5. IR (CDCl3): 2966 (w), 2360 (s), 1741(s), 1717(s), 1412 (m), 1362 (m), 1199 (m), 735 (m) 

cm-1. HRMS (CI+CH4) Calcd for [C16H22BrNO3 + H+]: 356.0861; Found. [M+H]+: 356.0847. 

 

1-(2-Bromoacetyl)-N-methoxy-N-methylpyrrolidine-2-carboxamide 2h 

N

O
Br

N

O
Me

OMe

2h  
N-Methylmorpholine (0.46 g, 4.57 mmol) was added to a solution of N-Boc racemic proline 

(0.19 g, 0.915 mmol) in CH2Cl2 (5 mL) at -15 oC followed by dropwise addition of iso-

butylchloroformate (0.13 g, 1.37 mmol). The resulting solution was stirred at this temperature for 

15 min. N, O-Dimethylhydroxylamine hydrochloride (0.26 g, 2.74 mmol) was added in one 

portion and the mixture stirred for 1 h at – 15 oC, and 3 h at room temperature. Water was added 

to the reaction mixture, the aqueous layer extracted with CH2Cl2 (3x5 mL), and the combined 

organic extracts were dried (Na2SO4). The solvent was removed under reduced pressure and the 

crude reaction mixture was dissolved in methylene chloride (5 mL). Trifluoroacetic acid (4.82 g, 

42.3 mmol) was added, and the mixture was stirred for 22 h. Procedure A was followed to give 

2h (0.76 g, 2.72 mmol, 71%) as a yellow oil. 1H NMR (300 MHz, CDCl3)(mixture of amide 

rotamers in solution): δ 1.98 (m, 2 H), 2.2 (m, 2 H), 3.21 (s, 2.4 H), 3.23 (s, 0.6 H), 3.71 (m, 2 

H), 3.81 (s, 0.6 H), 3.82 (d, J =10.8 Hz, 1 H), 3.83 (s, 2.4 H), 3.92 (d, J = 10.8 Hz, 1 H), 4.92 (m, 

1 H). 13C NMR (75 MHz, CDCl3) (mixture of amide rotamers in solution): δ 22.3, 24.7, 27.3, 

28.1, 28.5, 28.9, 31.9, 45.0, 47.5, 47.7, 56.9, 57.9, 61.2, 61.6, 69.2, 164.9, 165.1, 171.6. IR (thin 

film): 2974 (m), 2878 (m), 1651 (s), 1446 (s), 1179 (m), 993 (m) cm-1. Anal. Calcd for 

C9H15BrN2O3: C, 38.73; H, 5.42; N, 10.04. Found: C, 38.74; H, 5.47; N, 10.08. 
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(S)-(N-Benzyl-N-(2-bromopropionyl))phenylalanine Methyl Esters 2i  

COOCH3

NCOCH(CH3)Br

Ph

Bn

2i  
(Procedure A). Methyl (S)-N-benzylphenylalanine (0.64 g, 2.38 mmol) gave 2i (0.93 g, 2.3 

mmol, 97%) as a light yellow oil. [α]22
D -126 (c 1.78, CDCl3). 

1H NMR (300 MHz, CDCl3) 

(mixture of amide rotamers in solution): δ 1.34 (d, J = 6.3 Hz, 0.48 H), 1.79 (d, J=6.6 Hz, 2.52 

H), 3.18 (m, 1 H), 3.26 (s, 0.48 H), 3.36 (dd, J =14.0 Hz, J =6.5 Hz, 1 H), 3.54 (s, 2.52 H), 4.19, 

4.53 (AX, J=15.9 Hz, 1.84 H), 4.40 (q, J=6.6 Hz, 1 H), 4.55 (m, 1 H), 4.89 (m, 0.16 H), 7.04-

7.35 (m, 10 H). 13C NMR (75 MHz, CDCl3) (mixture of amide rotamers in solution): δ 21.7, 

22.1, 35.6, 36.3, 38.0, 39.0, 52.1, 52.5, 52.6, 60.7, 62.0, 127.2, 127.5, 127.6, 127.8, 128.1, 128.3, 

128.6, 129.0, 129.2, 129.5, 129.7, 136.0, 137.8, 170.4, 170.7. IR (thin film): 3064 (w), 3029 (m), 

2950 (m), 1745 (s), 1660 (s), 1496 (m), 1454 (s), 1350 (m), 1228 (s), 1168 (m), 1064 (w), 912 

(w), 734 (s), 700 (s) cm-1. Anal. Calcd for C20H22BrNO3: C, 59.41; H, 5.50; N, 3.46. Found: C, 

59.30; H, 5.45; N, 3.45. 

 

(2S)-Methyl 2-(N-benzyl-2-bromopropanamido)-4-methyl pentanoate 2j  

COOCH3

NCOCH(CH3)Br
Bn

2j  
(Procedure A). Methyl (S)-N-benzyl leucine (0.22 g, 1.71 mmol) gave 2j (0.278 g, 0.75 mmol, 

97%) as a colorless oil. [α]24
D -57 (c 1.52, CDCl3). 

1H NMR (300 MHz, CDCl3)(mixture of 

amide rotamers in solution): δ 0.75 (m, 0.6 H), 0.90 (m, 5.4 H), 1.63 (m, 2 H), 1.76 (d, J = 6.6 

Hz, 3 H), 1.86 (m, 1 H), 3.47 (s, 2.7 H), 3.54 (s, 0.3 H), 4.42 (q, J = 6.6 Hz, 1 H), 4.72 (m, 2.1 

H), 5.13 (m, 0.9 H), 7.18-7.35 (m, 5 H). 13C NMR (75 MHz, CDCl3)(mixture of amide rotamers 

in solution): δ 21.8, 22.7, 22.9, 23.2, 25.2, 38.9, 39.5, 49.3, 51.2, 52.3, 52.6, 55.8, 58.0, 126.5, 

128.1, 128.7, 129.3, 129.4, 136.5, 136.9, 171.0, 171.8. IR (thin film): 2956 (m), 2870 (w), 1742 

(s), 1662 (s), 1451 (m), 1234 (m), 1204 (m), 1168 (m), 1132 (w), 733 (m), 698 (m) cm-1. Anal. 

Calcd for C17H24BrNO3: C, 55.14; H, 6.55; N, 3.78. Found: C, 55.20; H, 6.59; N, 3.41. 

 

(S)-Methyl 2-(N-benzyl-2-bromo-2-methylpropanamido)-4-methylpentanoate 2k 

i-Bu COOCH3

N(Bn)COC(Me)2Br

2k  
(Procedure A). Leucine methyl ester (0.77 g, 3.28 mmol) gave the dimethyl bromoacyl 

derivative 2k (1.25 g, 3.25 mmol, 99%) as a colorless oil. [α]23
D -67 (c 1.36, CDCl3). 

1H NMR 

(300 MHz, CDCl3): δ 0.65 (br s, 3 H), 0.83 (br d, J = 6.3 Hz, 3 H), 1.40 (m, 1 H), 1.59 (m, 1 H), 

2.00 (br s, 3 H), 2.03 (s, 3 H), 2.22 (br s, 1 H), 3.54 (br s, 1 H), 3.66 (s, 3 H), 5.07 (m, 2 H), 7.25-
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7.50 (m, 5 H). 13C NMR (75 MHz, CDCl3): δ 22.3, 23.3, 25.9, 32.4, 33.7, 39.2, 52.4, 55.1, 57.3, 

59.8, 128.5, 128.7, 129.0, 136.2, 171.0, 171.8. IR (thin film): 2955 (s), 2869 (m), 1745 (s), 1643 

(s), 1464 (s), 1433 (s), 1240 (s), 1203 (s), 1168 (s), 1110 (m), 999 (w), 731 (m), 699 (m) cm-1. 

Anal. Calcd for C18H26BrNO3: C, 56.25; H, 6.83; N, 3.64. Found: C, 56.33; H, 6.91; N, 3.64. 

 

(S)-Methyl 2-(N-benzyldeuteroacetamido)-4-methylpentanoate 4b 

4b

COOCH3

NCOCH2D
Bn

 
Lithium telluride (0.15 mL, 0.12 mmol, 0.25 M suspension) was added to a solution of 

haloacylamino acid ester 2b (0.22 g, 0.63 mmol) in CD3OD:THF (9:1), stirred at room 

temperature for 20 min., filtered through a celite pad, washed with CD3OD, and concentrated to 

dryness to give a liquid. The crude 1H NMR spectrum indicated deuterated product 4b: 1H NMR 

(CDCl3, 300 MHz): δ 0.75 (d, J = 6.3 Hz, 3 H), 0.85 (d, J = 6.3 Hz, 3 H), 1.58-1.62 (m, 2H), 

2.09-2.11 (m, 2 H, NCOCH2D), 2.24-2.25 (m, 1 H), 3.51 (s, 3 H), 3.70 (d, J = 8.6 Hz, 1 H), 3.95 

(d, J = 12.2 Hz, 1 H), 4.48 (d, J = 8.6 Hz, 1 H), 7.17-7.33 (m, 5 H). 

 

(S)-5-i-Butyl-1-(4-Methoxybenzyl)pyrrolidine-2, 4-dione 6d 

N

PMB

O

O

6d  
(Procedure B). Compound 2d (0.45 g, 1.29 mmol) gave crude 6d (0.26 g, 0.94 mmol, 72%) as an 

unstable colorless liquid. 1H NMR (CDCl3, 300 MHz): δ 0.81 (d, J = 6.8 Hz, 3 H), 0.85 (d, J = 

6.8 Hz, 3 H), 1.54-1.61 (m, 2H), 1.72 (m, 1 H), 2.82 (s, 2 H), 3.73 (s, 3 H), 3.72 (d, J = 12.2 Hz, 

1 H), 3.95 (d, J = 4.2 Hz, 1 H), 5.20 (d, J = 12.2 Hz, 1 H), 6.72 (d, J = 8.50 Hz, 2 H), 7.23 (d, J = 

8.50 Hz, 2H). 

 

(S)-5-sec-Butyl-1-(4-Methoxybenzyl)pyrrolidine-2, 4-dione 6e 

N

PMB

O

O

6e  
(Procedure B). Compound 2e (0.45 g, 1.16 mmol) gave 6e (0.21g, 0.76 mmol, 65%) as an 

unstable colorless liquid. [α]21
D -97 (c 2.5, CHCl3). 

1H NMR (CDCl3, 300 MHz): 0.82-0.89 (m, 6 

H), 1.46 (m, 2 H), 1.89 (m, 1 H), 2.99 (s, 2 H), 3.68 (d, J = 3.02 Hz, 1 H), 3.80 (s, 3 H), 3.89 (d, 

J = 14.64 Hz, 1 H), 5.28 (d, J = 14.77 Hz, 1 H), 6.87 (d, J = 8.63 Hz, 2 H), 7.19 (d, J = 8.60 Hz, 

2 H). 13C NMR (CDCl3, 75 MHz): 12.0, 13.5, 25.1, 35.1, 42.7, 42.9, 55.2, 68.4, 114.2, 127.1, 
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129.7, 159.3, 169.0, 206.5. IR (chloroform): 2962 (w), 2339 (m), 1769 (s), 1697 (s), 1513 (m), 

1457 (m), 1247 (m). 

 

Tetrahydro-1H-pyrrolizine-1,3(2H)-dione 6h33 

N

6h
O

O

 
Lithium telluride (0.24 mL, 0.06 mmol, 0.25 M suspension) was added to a solution of 2h (14 

mg, 0.050 mmol) in THF (0.3 mL) followed by a THF solution of LHMDS (0.05 mL, 0.05 

mmol, 1 M) at room temperature. The mixture was stirred for 2 h, poured into 3% aq. HCl (5 

mL), and extracted with methylene chloride (3x2 mL). The organic layer was dried (Na2SO4) and 

chromatographed on silica gel (CHCl3/EtOH 30:1) to give 6h (5.9 mg, 0.04 mmol, 80%), as an 

unstable solid. 1H NMR (300 MHz, CDCl3): δ 1.62-1.70 (m, 2 H), 2.08-2.16 (m, 2 H), 3.03 (dd, 

J =21.3 Hz, J =1.4 Hz, 1 H), 3.19-3.33 (m, 1 H), 3.36-3.42 (m, 1 H), 3.95 (dt, J =11.7 Hz, J =7.5 

Hz, 1 H), 4.18-4.26 (m, 1 H); 13C NMR (75 MHz, CDCl3): δ 26.3, 27.1, 43.8, 45.1, 70.5, 170.8, 

206.4. IR (CDCl3): 2981 (m), 2899 (m), 1768 (s), 1695 (s), 1404 (m), 1375 (m), 1258 (m)  

cm-1. 

 

(S)-1-Benzyl-5-isobutyl-3,3-dimethylpyrrolidin-2,4-dione 6k 

N

Bn

i-Bu

Me

Me

O

O
6k  

Lithium telluride (2.5 mL, 0.61 mmol, 0.25 M suspension) was added to a solution of 2k (0.23 g, 

0.60 mmol) in THF (8.1 mL) at room temperature. The mixture was stirred (18 h), poured into 

aqueous NH4Cl (5 mL), and extracted with EtOAc (3x30 mL). The organic layer was dried 

(Na2SO4) and chromatographed on silica gel (hexane/EtOAc 3:1) to give 6k (0.13 g, 0.47 mmol, 

79%) as a colorless liquid. [α]24
D -4 (c 0.36, CHCl3). 

1H NMR (300 MHz, CDCl3): δ 0.79 (d, 

J=6.3 Hz, 3 H), 0.88 (d, J=6.6 Hz, 3 H), 1.25 (s, 3 H), 1.29 (s, 3 H), 1.56 (m, 2 H), 1.82 (m, 1 H), 

3.69 (dd, J = 7.8 Hz, J = 4.2 Hz, 1 H), 3.97, 5.37 (AX, J =14.9 Hz, 2 H), 7.30 (m, 5 H). 13C 

NMR (75 MHz, CDCl3): δ 21.4, 21.8, 22.8, 23.6, 25.0, 38.9, 43.9, 46.9, 61.6, 128.4, 128.5, 

129.3, 135.9, 176.2, 214.1. IR (thin film): 2960 (m), 2932 (m), 2871 (w), 1766 (s), 1694 (s), 

1465 (m), 1416 (s), 1297 (m), 701 (m) cm-1. Anal. Calcd for C17H23NO2: C, 74.68; H, 8.50; N, 

5.12. Found: C, 74.69; H, 8.54; N, 5.09. 
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(S)-1,5-Dibenzyl-4-(tert-butyldiphenylsilyloxy)-1H-pyrrol-2(5H)-one 7a  

N

Bn

Bn

TBDPSO

O

7a  
(Procedure C). Compound 2a (0.50 g, 1.27 mmol) gave 7a (0.36 g, 0.69 mmol, 55%) as a 

colorless oil. [α]24
D -6 (c 1.46, CDCl3). 

1H NMR (300 MHz, CDCl3): δ 1.09 (s, 9 H), 3.00 (dd, J 

=14.4 Hz, J =6.0 Hz, 1 H), 3.31 (dd, J =14.4 Hz, J = 4.2 Hz, 1 H), 3.85 (d, J = 15.5 Hz, 1 H), 

4.11 (m, 1 H), 4.63 (s, 1 H), 5.22 (d, J =15.5 Hz, 1 H), 6.96-7.61 (m, 20 H). 13C NMR (75 MHz, 

CDCl3): δ 19.8, 27.0, 36.1, 44.1, 61.7, 102.4, 127.4, 127.8, 128.3, 128.5, 129.0, 129.1, 129.8, 

130.7, 130.9, 131.0, 131.1, 135.8, 136.6, 138.0, 171.5, 172.8. IR (thin film): 2931 (m), 1682 (s), 

1620 (s), 1430 (w), 1336 (w), 1220 (w), 1114 (w), 738 (w), 700 (s) cm-1. Anal. Calcd for 

C34H35NO2Si: C, 78.86; H, 6.83; N, 2.71. Found: C, 78.67; H, 6.79; N, 2.62. 

 

(S)-1-Benzyl-4-(tert-butyldiphenylsilyloxy)-5-isobutyl-1H-pyrrol-2(5H)-one 7b  

N

Bn

TBDPSO

O

7b  
(Procedure C). 2b (0.47 g, 1.32 mmol) gave 7b (0.52 g, 1.07 mmol 82%) as a colorless oil. [α]22

D 

1.5 (c 1.9, CDCl3). 
1H NMR (300 MHz, CDCl3): δ 0.89 (d, J=6.6 Hz, 6 H), 1.07 (s, 9 H), 1.68 

(m, 2 H), 1.85 (m, 1 H), 3.83 (t, J=5.3 Hz, 1 H), 3.97 (d, J=15.5 Hz, 1 H), 4.65 (s, 1 H), 5.13 (d, 

J=15.5 Hz, 1 H), 7.04-7.48 (m, 15 H). 13C NMR (75 MHz, CDCl3): δ 19.2, 23.1, 23.3, 25.5, 26.3, 

38.3, 43.2, 59.5, 100.9, 127.2, 127.6, 127.9, 127.9, 128.5, 130.3, 130.5, 131.5, 135.2, 135.3, 

137.7, 172.0, 172.4. IR (thin film): 2957 (s), 2932 (s), 1686 (s), 1619 (s), 1429 (m), 1405 (m), 

1339 (s), 1220 (s), 1115 (s), 842 (m), 822 (m), 772 (m), 734 (s), 701 (s) cm-1. Anal. Calcd for 

C31H37NO2Si: C, 76.96; H, 7.72; N, 2.90. Found: C, 77.03; H, 7.77; N, 2.99. 

 

(S)-2-sec-Butyl-1-(4-methoxybenzyl)-5-oxo-2,5-dihydro-1H-pyrrol-3-yl 4-methylbenzenesulfonate 7e 

N

PMB

TsO

O

7e  
(Procedure E). Isoleucine crude tetramic acid 6e (0.25 g, 0.91 mmol) gave 7e (0.33 g, 0.76 

mmol, 85%). [α]23
D -40 (c 2.0, CHCl3). 

1H NMR (300 MHz, CDCl3): δ 0.58 (d, J = 6.91 Hz, 3 

H), 0.81 (t, J = 7.32 Hz, 3 H), 1.29 (m, 2 H), 1.81 (m, 1 H), 2.46 (s, 3 H), 3.73 (d, J = 2.68 Hz, 1 

H), 3.78 (s, 3 H), 3.82 (d, J = 14.87 Hz, 1 H), 5.06 (d, J = 15.06 Hz, 1 H), 5.78 (d, J = 3.20 Hz, 1 

H), 6.81 (d, J = 8.69 Hz, 2 H), 7.06 (d, J = 8.64 Hz, 2 H), 7.36 (d, J = 8.66 Hz, 2 H), 7.81 (d, J = 

8.42 Hz, 2 H). 13C NMR (75 MHz, CDCl3): δ 12.4, 12.7, 21.5, 25.4, 34.7, 42.5, 52.5, 62.9, 107.8, 

114.0, 126.4, 128.3, 128.6, 129.6, 130.2, 146.6, 158.9, 163.7, 169.5. IR (chloroform): 2962 (w), 
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2360 (m), 1716 (s), 1635 (s), 1540 (m), 1457 (m), 1196 (m), 1089 (m), 815 (m). HRMS 

(CI+CH4) Calcd for [C23H27NO5S + H+]: 430.1689; Found. [M+H]+: 430.1676. 

 

(S)-2-sec-Butyl-1-(3,4-dimethoxybenzyl)-5-oxo-2,5-dihydro-1H-pyrrol-3-yl phenylacetate 7f 

N

DMB

PhCH2COO

O

7f  
(Procedure D). Compound 2f (0.12 g, 0.12 mmol) gave 7f (75 mg, 0.18 mmol, 73%). [α]19.8

D -22 

(c 0.38, CHCl3). 
1H NMR (300 MHz, CDCl3): δ 0.89 (m, 6 H), 1.48 (m, 2 H), 1.93 (m, 1 H), 3.01 

(s, 2 H), 3.64 (s, 2 H), 3.70 (d, J = 3.04 Hz, 1 H), 3.85 (s, 3 H), 3.87 (s, 3 H), 3.94 (s. 1H), 5.25 

(d, J = 14.64 Hz, 1 H), 6.69-6.83 (m, 3 H), 7.26-7.35 (m, 5 H). 13C NMR (75 MHz, CDCl3): δ 

12.1, 13.5, 25.1, 35.2, 40.9, 42.5, 43.3, 55.9, 68.5, 111.1, 111.5, 120.9, 127.2, 127.6, 128.6, 

129.3, 133.4, 148.9, 149.4, 161.8, 169.3, 206.3. IR (CDCl3): 2962 (w), 2360 (s), 1717 (s), 1698 

(s), 1652 (m), 1540 (m), 1456 (m), 1261 (m), 1027 (m), 810 (m) cm-1. HRMS (CI+CH4) Calcd 

for C17H23NO4 [M+H-PhCH2CO]+: 305.1627; Found. 305.1598. 

 

(S)-1-Benzyl-2-sec-butyl-5-oxo-2,5-dihydro-1H-pyrrol-3-yl benzoate 7g 

N

Bn

PhCOO

O

7g  
(Procedure D). Isoleucine derivative 2g (0.22 g, 0.63 mmol) gave 7g (0.16 g, 0.46 mmol, 73%) 

as a colorless oil. [α]21
D -14 (c 2.2, CHCl3). 

1H NMR (300 MHz, CDCl3): δ 0.81 (d, J = 6.92 Hz, 

3 H), 0.93 (t, J = 7.40 Hz, 3 H), 1.12 (m, 1 H), 1.58 (m, 1 H), 2.01 (m, 1 H), 3.76 (d, J = 15.39 

Hz, 1 H), 4.06 (d, J = 2.60 Hz, 1 H), 5.30 (d, J = 15.37 Hz, 1 H), 6.36 (s, 1 H), 7.65 (m, 10 H). 
13C NMR (75 MHz, CDCl3): δ 12.5, 12.9, 26.0, 34.8, 43.1, 62.9, 108.8, 127.5, 127.9, 128.7, 

128.8, 129.9, 133.2, 134.3, 136.9, 162.0, 164.1, 171.2 cm-1. IR (CDCl3): 2964 (w), 2360 (s), 

1757 (s), 1716 (s), 1653 (m), 1455 (m), 1237 (m), 1173 (m), 1043 (m), 844 (m), 704 (m). HRMS 

(CI+CH4) Calcd for [C22H23NO3 + H+]: 350.1756; Found. [M+H]+: 350.1736. 

 

(S)-1,5-Dibenzyl-4-(tert-butyldiphenylsilyloxy)-3-methyl-1H-pyrrol-2(5H)-one 7i  

N

Bn

Bn

TBDPSO

O

7i  
(Procedure C). Compound 2i (0.34 g, 0.84 mmol) gave 7i (0.35 g, 0.65 mmol, 77%) as a 

colorless oil. [α]23
D -31 (c 1.75, CDCl3) 

1H NMR (300 MHz, CDCl3): δ 1.08 (s, 9 H), 1.30 (s, 3 

H), 2.72 (dd, J = 14.4 Hz, J = 6.6 Hz, 1 H), 3.15 (dd, J =14.4 Hz, J = 3.3 Hz, 1 H), 3.64 (d, 
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J=15.3 Hz, 1 H), 3.74 (m, 1 H), 5.17 (d, J=15.3 Hz, 1 H), 6.80-7.65 (m, 20 H). 13C NMR (75 

MHz, CDCl3): δ 8.3, 20.1, 27.0, 36.8, 44.5, 60.3, 110.3, 127.3, 127.6, 128.2, 128.5, 128.8, 128.9, 

129.8, 131.0, 131.1, 132.3, 132.6, 135.6, 135.8, 136.8, 138.1, 164.5, 173.8. IR (thin film): 3070 

(w), 3030 (w), 2931 (w), 2859 (w), 1677 (s), 1428 (w), 1389 (m), 1339 (m), 1225 (w), 1114 (m), 

734 (m), 700 (s) cm-1. Anal. Calcd for C35H37NO2Si: C, 79.03; H, 7.03; N, 2.63. Found: C, 

78.76; H, 7.18; N, 2.63. 

 

(S)-1-Benzyl-4-(tert-butyldiphenylsilyloxy)-5-isobutyl-3-methyl-1H-pyrrol-2(5H)-one 7j 

N

Bn

TBDPSO

O

7j  
(Procedure C). Compound 2j (0.065 g, 0.176 mmol) gave 7j (0.083 g, 0.16 mmol, 95%) as a 

colorless oil. [α]24.7
D -45 (c 0.44, CHCl3) 

1H NMR (300 MHz, CDCl3): δ 0.76 (d, J = 6.3 Hz, 3 

H), 0.85 (d, J = 6.3 Hz, 3 H), 1.05 (s, 9 H), 1.32 (s, 3 H), 1.59 (m, 3 H), 3.55 (br s, 1 H), 3.94 (d, 

J = 15.6 Hz, 1 H), 5.16 (d, J = 15.6 Hz, 1 H), 7.08 (m, 2 H), 7.20-7.73 (m, 13 H). 13C NMR (75 

MHz, CDCl3): δ 8.3, 20.0, 23.5, 24.2, 24.5, 26.8, 27.0, 38.2, 44.2, 58.9, 109.4, 127.5, 127.9, 

128.03, 128.3, 128.4, 129.0, 129.9, 130.8, 130.9, 132.3, 132.6, 135.3, 135.5, 135.6, 138.3, 165.4, 

173.7. IR (thin film): 2957 (s), 2932 (s), 2861 (m), 1686 (s), 1619 (s), 1429 (m), 1405 (m), 1339 

(s), 1220 (s), 1115 (s), 842 (m), 822 (m), 772 (m), 734 (s), 701 (s) cm-1. Anal. Calcd for 

C32H39NO2Si: C, 77.22; H, 7.91; N, 2.81. Found: C, 76.92; H, 7.88; N, 2.45. 

 

Racemization of t-butyldiphenylsilyl enol ethers of tetramic acids (rac 7a,b) 

N

R2

TBDPSO

OR1

rac. 7a, b

7a: R1 = Bn, R2 = Bn

7b: R1 = i-Bu, R2 =Bn  
Lithium telluride (0.45 mL, 0.11 mmol, 0.25 M suspension in THF) was added to a solution of 

haloacylamino acid esters 2a, 2b (0.11 mmol) in THF (1.0 mL) followed by addition of LHMDS 

(0.11 mL, 0.11 mmol, 1 M) at room temperature. The mixture was stirred for 40 min, and freshly 

distilled t-BuPh2SiCl (3.5 equiv.) was added by syringe. Stirring was continued for 20 h. The 

reaction was quenched by addition of saturated aqueous NH4Cl (1 mL), and the elemental 

tellurium was removed by passing the mixture through a short column of celite. Extraction with 

ethyl acetate (3 x 2 mL), drying (Na2SO4), and chromatography on silica gel (hexane/EtOAc 3:1) 

gave either 7a (52 mg, 0.10 mmol, 92%) or 7b (53 mg, 0.11 mmol, 100%) as a colorless oils. 

The phenylalanine derivative 7a was subjected to HPLC [Chiralcel AS-H column, eluent i-

PrOH/hexane 15:85, 1 mL/min, UV detector at 254 nm] which revealed racemization. 
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Enantiomeric ratio: 53:47, retention times, 26.3 and 40.5 min. The 1H NMR spectrum of the 

TBDPS enol ether of the crude tetramic acid derived from L-isoleucine showed a doublet of 

doublets at δ 3.82 and δ 3.85 ppm in nearly equal intensity for the C-5 proton (the α-proton of the 

amino acid precursor) which indicates complete or nearly complete racemization with 3.5 

equivalents of TBDPSCl as compared to a lone doublet at δ 3.84 ppm with 1.15 equivalents of 

TBDPSCl. 

 

(4S, 5S)-5-Benzyl-4-hydroxy-1-(4-methoxybenzyl)pyrrolidin-2-one 825 

N OH

Bn

PMB

H
HO 8  

To a stirred solution of tetramic acid 6c (prepared according to procedure B) (0.6 g, 1.93 mmol) 

in CH2Cl2:AcOH (10:1) was added NaBH4 (0.15 g, 3.7 mmol) and the reaction mixture was 

stirred at 0 oC for 4 h. The reaction mixture was monitored by TLC and quenched with water. 

Extraction with methylene chloride (3x10 mL), drying (Na2SO4) and concentration gave the 

crude product, which was purified by column chromatography (EtOAc:hexane, 2:1) to afford 8 

(0.52 g, 1.67 mmol, 87%) as a white solid: m.p. 145 oC. [lit.25a, b m.p. 144.5-145.5 oC]. [α]22
D -78 

(c 1, CHCl3). [lit.
25a [α]20

D -75 (c 0.7, CHCl3).]. 
1H NMR (CDCl3, 500 MHz): δ 2.16 (d, J = 5.41 

Hz, 1 H), 2.43 (dd, J = 17.09, 3.28 Hz, 1 H), 2.59 (dd, J = 17.16, 6.35 Hz, 1 H), 3.0 (d, J = 7.52 

Hz, 2 H), 3.67 (m, 1 H), 3.80 (s, 3 H), 3.83 (d, J = 14.96 Hz, 1 H), 4.17 (m, 1 H), 5.02 (d, J = 

14.91 Hz, 1 H), 6.85 (d, J = 8.68 Hz, 2 H), 7.09 (d, J = 8.63 Hz, 2 H), 7.14 (d, J = 7.18 Hz, 2 H), 

7.21 (m, 1 H), 7.27 (d, J = 6.92 Hz, 2 H). 13C NMR (CDCl3, 125 MHz): δ 32.8, 40.3, 43.5, 55.2, 

62.9, 65.9, 114.0, 126.5, 128.3, 128.5, 129.1, 129.2, 137.5, 158.9, 173.5. IR (Chloroform): 3422 

(s), 2957 (s), 2360 (s), 1698 (s), 1558 (m), 820 (m), 700 (m), 668 (m) cm-1. 
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