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Summary: The anodic oxidation of N-protected dipeptide esters using chloride as a redox catalyst can be performed 
regioselectively at the C-terminal amino acid. With methanol as solvent, glycine as the C-terminal, and Lvaline or Gproline as 
N-terminal amino acid methoxylation at the glycine residue takes place. Deprotection of this product leads to the (3&6RT)d- 
methoxy-v-piperaxinedione(3) which can be applied as a chiral cationic glycine equivalent. The exchange of the methoxy group 
by C-nucleophiles tahes place with high brmsdiastereoselectivity under steric control by the substituent in Zposition. With 
branched amino acids at the C-terminus of the dipeptide ester the anodic oxidation in acetonitrile/methanol(95:5) as solvent 
with tetraethylammonium chloride as supporting electrolyte and redox catalyst leads to methyl imidaxolidin4one-2-carboxy- 
lates. The cyclixation takes place via the intermediate formation of the N-acylimmo ester of the C-terminal amino acid. 

1. INTRODUCTION 

Selective oxidation in the a-position of the N- or C-terminal amino acid residue in protected dipeptides is synthetically interesting. 

It leads to compounds which are potential chiral elcctrophilic amino acid equivalents. The introduction of nucleophiles into the 

oxidized a-position with stereochemical control by the second amino acid residue is therefore possible. Generally, the oxidation in 

a-position of the nitrogen of dipeptide derivatives leads to the formation of the synthetically important chiral amidoalkylation 

reagentsI. 

The anodic oxidation of N-protected amino acid esters has proven to be a very efficient way for the synthesis of cationic amino 

acid equivalents. The use of sodium chloride as a redox catalyst in methanol solution results in high yields of the a-methoxylation 

products2. Previously, we have shown that the indirect electrochemical oxidation using sodium chloride as redox catalyst is 

equally effective for the a-methoxylation of dipeptide esters. The regioselectivity can be inlhtenced by the N-protecting group 

and the amino acid side-chains. In this way, total regioselectivity towards the oxidation of the C-terminal amino acid could be 

obtained3. We now report the application of this reaction to the synthesis of chiral heterocyclic compounds and their use as 

synthetic building blocks. 

2. ELECIROCHEMICALLY GENERATED 3SUBSHTUTED (3S,6RS)-6METIIOXY 2,5-PIPERAEINEDIONES - CHIRAL 

CATIONIC GLYCINE EQIJIYALENTS FOR THE SYNTHESIS OF ENANTIOMERICALLY PURE (r-AMINOACIDS 

Presently, the most promising chiral cationic glycine equivalents for the synthesis of enantiomerically pure a-amino acids are the 

Zchloro bislactimether of cyclo(LVal-Gly-)‘, the chiral oxaxinone introduced by Williamg5, and Hardi&lb chiral carbamate 

of an a-hydroxyglycine ester. As an alternative, the achiral immoesters, generated from protected glyciue esters by NBS 

bromination followed by HBr elimination, may be acylated by chiral enamines leading to a-amino acids in high dia- and enautio- 

selectivity’. 
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We would like to propose an effective and simple alternative in which an electrochemicaJ methoxylation is the key step. &b 

&g$ef and ourselves2 have shown that the methoxy group in N-protected a-meth~lated glycine methyl esters may be 

exchanged by nudeophiles like arenas, alkenes, and CH-acidic compounds under catalysis of protons or by enamines, silyl enol 

ethers, or enolacetates under Lewis acid catalysis2. Therefore we anticipated that it should be possiile to ex&mge the methoxy 

group in (3,!+3-iiopropy&methoxy 2,5-piperaxinedione(3), the methmted form of cyclo(LVal-Gly-), in the same way. The 

stereochemical course of this exchange should be directed by the isopropyl side-chain of the Lvaline residue. As illustrated in 

scheme 1, it should be possible to synthesixe enantiomericatly pure new a-ammo acids in a very simple way. Access to 

compound 3 should be possible either by the ancdic o-xidation, &protection, and cyclization sequence (path I) or the reversed 

sequence (path II). 
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In our previous studies3 we had developed a method for the regioselective indirect electrochemical oxidation of dipeptides in a- 

position to the N-terminus using NaCl as redox catalyst. Thus we were able to methoxylate N-BooGVal-GlyOMe(1) at the 

glycine residue with total regioselectivity and in high yield. Electrolysis of 1 (3.5 mmol) in MeOH/LiCIOq(O.l M) containing 
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NaCl at a Pt-anode until the consumption of 3 F/mol resuhed in the formation of 69 % 2 (mixture of diastercoisomers in a ratio 

of 29). We were able to expand the electrolysis to a larger scale (30 mmol 1) using a SigrafkaE carbon foil. Thus 2 was received 

ia 70 % yield. Wti compound 2 in hand, we followed path I in scheme 1. Compound 2 was deprotectcd and cyclized to 3 

(mixture of diaster coisomers) by HCOOH (98 %) in isobutanol/toluene in 90% yield. 

Fist examples of the methoay group exchange by nuclcophiles in 3 were performed. Thus, treatment of 3 as a mixture of 

diastercokomers with diinzoyi methane in trifluoroacetic acid gave 4 in a ratio of diastercoisomers of better than 1O:l. 

Separation by Bash chromatography gave the pure diastereoisomers in 57 % respectively 5.6 % yield The major diastereomer 

may also be separated by simple reaystallisation from EtOH&O (51). The diastereomeric excess was determined by ‘H 

NMB spectroscopy from the product before separation to give 82 + /- 3 % de. The introduction of olefms as nucleophiles was 

studied in the case of styrene and l,l-diphenylethene. Treatment of 3 and styrene with pam-toluene sulfonic acid in 1,1,2- 

trichloroethane gave the styryl substituted compound 5 as a mixture with 6, formed by double bond shift. The formation of 5 

occured with about 85% de. Introduction of l,l-diphenylethene into 3 was obtained using @-naphthalene sulfonic acid in 

benzene to give compound 7 in 47.5% yield with 57% de. In all cases, the tmu.r-cord&ration was favored. 

Better diastereoselectivity was expected with L-proline instead of Lvahne as chiral inductor. Thus, starting from N-Boc-LPro- 

GlyGMe (10) we fust followed the cycktion, oxidation sequence (path E in Scheme 1). However, anodic methoxylation of 

cyclo(LPro-Gly-) in presence of NaCl was not regioselective and resulted in the formation of two mono- and one 

dimethoxylated 2,5-piperarinediones. Following path I, anodic methoxylation of the open-chain dipeptide ester 10 (3.5 mmol) in 

methanol/LiC104 (0.1 M) in presence of NaU at a platinum anode until the consumption of 3 F/mol resulted in the formation 

of 32% of the desircd product 11, monomethoxylated at the glycine residue. As a side-reaction, dimethoxylation at tbe glycine 

residue was observed. Larger scale electrolysis of 28 mmol of 10 at a SigraBerB carbon foil anode gave 38% 11 together with the 

dimethoaylated product (Scheme 2). Currently, we are investigating an improved access to 11 starting from the N-Boc protected 

dipeptide of L-proline and dimethyl aminomalonate. Alter the formation of the halfester anodic decarboxylation (Hofer-Mocst 

reaction) should selectively lead to 11. 

Scheme 2 
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As illustrated in Scheme 2, the separated 11 was deprotected and cyclized to 12 by HCOOH (98%) in isobutanol/toluene in 85% 
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yield. To compare the diastereoselectivity of the methoxy group exchange in 3 and l2, I2 was refluxed with l,l-diphenylethene 

and p-naphtbalene sulfonic acid in benxene to give I3 in 48% yield with 98% de. 

The predominant formation of the trans-configuration was confirmed by a 200 MI-Ix ‘H NOE experiment. The 

diastereoselectivity was determined by integration of the ‘H NMR signals of the methine ring protons. Thus, the proline residue 

in I2 leads to an unexpected high diastereoselectivity in the nucleopbilic metboxy group exchange by 1,ldiphenylethene as 

compared with 3 (98% vs. 57% de = 99% vs. 785% ds). 12 is also more promising as a chiral cationic glycine equivalent because 

the proline residue results in a much better solubii in organic solvents making the methoxy group exchange under Lewis acid 

catalysis possible7. Further applications of 12 for amidoalkylation reactions are under way. 

As an example, the cleavage of a 6-substituted 2,5-pipersxinedione was performed in the case of 4 after separating the two 

diitereoisomers. Treatment of 4 with 6 N HCl for 20 h at 90°C resulted in the formation of Lvaline with correct specific 

rotation together with D-2-amino-Coxo-Cphenylbutanoic acid (9) and benxoic acid. The formation of benroic acid and 9 is due 

to the acidic ketone cleavage of the 1,3dicarbonyl compound. The Gform of 9 is known. It was synthesii via the achiral N- 

acetyl immoester and the trimethylsilyl enol ether of acetophenone followed by enzymatic deprotection with hog renal acylase6. 

By comparison of the specilic rotation of compound 9 being [a]D23 = - 41.5’ (c = 0.105 in 6 N HCl) with the L-derivative 

([c~]~~ = + 4290)6 we could prove that 9 is enantiomerically pure and that the predominating diastereoisomer of 4 has the 

tmns-contiguration. 

3. ELECTROCHEMICAL GENERATION OF METIIYL IMIDAEOLIDIN4-ONE2-CARBOEYLATES BY INDIRECT 

ELECTROCHEMICAL DIPEPITDE CYCLIZATION 

Starting from dipeptides, imidazolidin-4-ones without a 2-carboxy group may either be obtained by diastereoselective cyclixation 

of a dipeptide azomethine8, by cylixation of an a-amino acid amide with an aldehyde’, or by anodic decarboxylation of an 

unprotected dipeptide followed by intramolecular trapping of the intermediate N-acyliminium ion lo. To our knowledge, the 

formation of imidaxolidm4ones with a carboxy group at the C-2 has only been reported reacting 2-benxylidene-4-methyl-5(2H) 

oxaxolone with a-amino acid derivatives which are cyclixed under alkaline conditions 11 . 

Previously, we had shown3, that during the anodic oxidation of N-protected dipeptide esters 14 in methanol using NaCl as redox 

catalyst not only the expected methoxylated dipeptide derivatives were formed but in some cases also methyl imidaxolidi&-on-Z- 

carboxylates 15 could be isolated as side-products. These products, obviously, were generated by intramolecular attack of the 

nitrogen of the N-terminal amino acid onto the intermediate N-acylimino ester of the C-terminal amino acid. We were now able 

to form 15 selectively in one step and mostly good yields. Thus, 14 is electrochemically oxidized in an undivided cell using 

acetonitrile/methano1(95:5) as solvent mixture and tetraethylammonium chloride as redox catalyst as illustrated in Scheme 3. For 

good results, the C-terminal amino acid has to carry a side-chain (see Table). 

In most cases satisfying yields could be obtained. Only, if carbamate protecting groups are combined with dipeptides containing 

alkyl side-chains also in the N-terminal amino acid, the yields are low or the cyclixation does not occur at all. The diastereoselec- 

tivity of the cyclixation is relatively low (between 2.6:1 and 1.51). For the two regioisomeric compounds 15~ and 15d the relative 

configuration was determined by x-ray crystallography. While in compound MC the cis-contiguration of methyl and phenyl group is 
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favored (fmns-UC), in compound 14d their prefered -con&ration is observed (cir-14d). Further electrochemical and 

chemical transformations of the methyl imidaxolidin4onc-2carbo+atcs and their application as synthetic building blocks are 

currently under wa $O. 

Scheme 3 
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Table: Results of the chloride mediated electrooxidative cyclixation of N-protected dipeptide methyl esters 14a-n 
acetonitrile/methanol(95:5) using tetraethylammonium chloride as redox catalysta 

R3 
Starting M 

Rf 
terial14 Product 5 Ratio of 

R2 [% yield] Diastereo- b 

lsom 
a: Ph H 
b: Ph 

CH3 79 --- 

c: Ph 
CH3 
Ph 

CH3 84 1.51 
CH3 67 1.6:1c 

d: Ph CH3 Ph 70 20:1c 
e: PhCH2 H 
fr PhCH2 CH3 E3 4g --- 42 1.51 
g: (CH3)3C-0 CH3 Ph 

3 
70 1.75 

h: (CH3)3C-0 H 45 --- 
i: (CH3)3C-0 CH(CH3)2 :? 13 2.61 
to (CH3)3C-0 ;H3 :I-& ; --- 
I: Me0 ___ 

m: Me0 CH3 
CHi -- ___ 

n: Me0 CH3 Ph 61 1.5:1 

a Undivided cell; anode material: P&foil; catode material: Pt-wire; electrolyte: 50 mL CH3CN/MeOH (955) containing 0.5 to 
1.5g TEACI; yields determined after 3-4 F mol by liquid chromatography on tlash silica gel with ethyl acetate, n-heptane, or 
cyclohexane, methanol mixtures as elueuts. 6 Material yield. ’ In the case of compounds 14c and 14d the diastereoisomers could 
be separated and the coutiiation be determined by x-ray crystallography indicating that tmns-14c and cir-14d are favored. 

In a similar way, we tried to perform the electrochemical cyclixation of a N-phenylacetyl amino acid ester via its intermediate 

imino ester. Under nucleophilic attach of the phenylring of the protecting group we anticipated the formation of a tetrahydro 

isoquinoliie derivative. The indirect electrolysis of iV-phenylacetyl alanine methyl ester (16) with tetraethyl-onium chloride 
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as redox catalyst in acetonitrilc/methanol(95:5), however, did not yield the desired cyclization product. fnstead, small amounts 

of N-pheaylacetyl o-methoayalanine methyl ester (17) could be obtained. If the electrolysis was performed in methanol at a 

platinum anode, 17 could be obtained in 62% yield. Cyclizatioa to the desired compound 18 was possible with sulfuric acid in 

49% yield in a separate step (Scheme 4). Compared with results of Bea-Isha$f , the yield of the cyclization is relatively good. 

Scheme 4 
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EKPERIMKNTAL 
All compound are identified by microanalysis or high resolution mass spectrometry. lH NMR-, DC NMR-, JR-, and mass 
suectrometrv. H NMR soectra: Bruker WH 90 and AC 200 (d values, TMS internal standard). - JR spectra: Pye U&am SP 
l&O. - Ma& spectra: A.EI. MS-g, MS-30, and MS-50. - Melting points (uncorrected): Kofler micro heating plate (Reichert). - 
Microanalyses: Perkin-Elmer CH-Analyzer 240 and Haraeus CHNO-Rapid. - TLC Analyses: TLC alumina sheets, silica gel 60 
F254 (Merck, Riedl-de Haea) and Chiralplate (Macherey-Nagel). Preparative LC separations: Silica gel for flash chromatography 
30-60 um (Baker) or 36-62 mesh (Woebn). 

Ethyl acetate (Merck) was dried over K2C03 and N and subsequently distilled from P 05 Cyclohexane (Merck), 
triethylamine (Merck), a-heptane (BASF), and THF (B 2 

SO4 
er, p.a.) were puritied by distillation. Me b an01 (Merck, Aldrich, p.a., 

stored over 4 A molecular sieve), acetonitrile (Merck, Aldrich, p.a., stored over 4 A molecular sieve), glycine (Janssea), glycyl 
glycine (Jar&sea), L-alanine (Janssea, DEGUSSA), Cvaline (DEGUSSA), Lproline (DEGUSSA), L-(+)-a-pheaylglycine 
(Fluka), glycine methylester hydrochloride (Merck), Gvahne methylester hydrochloride (Merck), Z(rert-butyl- 
oxycarboayloxhnmo)-2-pheaylacetonitrile (BOC-ON, Janssca), 1-Hydroxybenzotriazol (l-HOBT, Janssea), N,N’- 
dicyclohexy1carbodiimid @CC, Janssea), benroyJ chloride (Janssea), pheaylacetyl chloride (Aldrich), diazald (Janssea), carbitol 
(Janssea), dibcnzoyl methane (Merck), l,l-dipheayletheae (Merck), styreae (Aldrich), p-tolueae sulfonic acid (Janssea), b- 
naphthaleae sulfonic acid (Janssea), methyl chloroformate (Aldrich), hydrasine hydrate (99%, Janssea) were used as obtained. 

N-Acyl- d N-alkoxycarboayl protected dipeptide e ers were prepared by standard procedures using the the DCC/l-HOBT 
method 1Y starting from the N-protected amino acids B and the ammo acid methyl ester hydrochlorides (1, 10,14a-a). 

Preoarative Electr&& A FuG (Rosenheim) stabilized current source, modified as galvanostat/poteatiostat, NTN 7OO-24M M, 
was used as galvanostat in combination with a digital coulombmeter based on voltage to freuqeaey conversion. 

&I& Undivided beaker-type cell with cooling mantle (50 mL, cell 1), equipped with a cyclindrical Pt-foil (25 cm2 or 44 cm2) 

cell 2), equipped with a cylindrical graphite foil (Sigrafles, 57 cm ) anode, a coaxial Pt-wire cathode, and a magnetic stirrer. 
anode, a coaxial P&wire cathode, and a magnetic stirrer Or uad$ided beaker-type glass cell without cooling mantle (350 mL, 

Procedure for the Methoxvlatioa of N-Boc Dio&de esters 1 and 10 in Methanol in the Presence of NaCI; 
a) Small scale electrolvsis; 3.4 (l), respectively 3.5 mmol (10) of the starting materials were dissolved in 35 mL MeOH (0.1 M 
LiC104) containing 250 mg NaCl and electrolized in cell 1 at constant current (209 mA) until c~a~umptioa of 3 F/mol. For 
workup, the solvent was evaporated at 40°C. After addition of 40 mL of water to the residual oil, the organic phase was 
extracted with 4xgO mL of chloroform, dried with MgS04, fdtered, and the solvent evaporated. The products were separated by 
flash chromatography on silica gel with ethyl acetate/cycloheuane mixtures as elueats. 2 and 11 were obtained in 69.1% (2.38 
mmol), respectively 32% (1.1 mmol) yield. 
b) Large scale elect* 27.7 (l), respectively 28 mmol(l0) of the starting materials were dissolved in 350 mL MeOH (0.1 M 
LiC104) containing 1750 mg NaCl and electrolyred in cell 2 at constant current (403 mA) until consumption of 4.5, respectively 
4.0 F/mol. After the usual workup, 2 and 11 were obtained in 70% (19.4 mmol), respectively 38% (10.6 mmol) yield. 

Procedure for the Svnthesis of the 6-Metho+!.5-uiucrarinediones 3 and 12; 
Compounds 2 (2.4 mmol) or ll(0.5 mmol) were dissolved in 65 mL, respectivelg 40 mL of formic acid (95%). After standing for 
2 h at room temperature, the formic acid was evaporated in vacua at 30 C. The residual formate was dissolved in an 
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isobutanol/toluene miuture (3:l, respeckly 4~1) and rethued for 3 h The formic acid was removed by azeotropic distihation. 
After evaporation of the remaining isobutanol and tohrene, the cyclic dipeptidea crystalked. Separation of the diastereomers 
was possible by flash chromatography on silica gel 3 and 12 mwe obtained in 87% (tmus-3S,6ik&cis_ = 2:1), respectively 
p% (tmns-35.,~~-3S,ti9 = kl). The relative con8guration was determined by NOE experiments. For the cf.s-diastereoisomer 

H NMR signals for H-3, reapectivcIy H-6 were enhanced, if the signals for H-6, respectively H-3 were saturated The same 
experiment did not show any enhancement for the corresponding signals of the fmes-diastereoisomer. 

* . on of the m GNucle&&g, 
p loo0 mg (5.4 mmol) of 3 and l500 mg (6.4 mmol) of diberuoyl methane were dissolved in 
mL of trifbmroacetic acid and stirred for 3 h at O°C and 48 h at room temperature. The trifluoroacetic acid was evaporated and t 

H rcsiaual~sepQntedbyflash~~atography~~~~ (250:1,16o:l, 80~1) as ebmnts. l280 mg (3.4 mmol; 64 
of 4 was obtained m an tnmr/cis ratro of better 919 (determm by H NMR measurement before separation). 
m 50 mg (0.27 mmol) of 3, 0.5 mL (4.0 mmol) of styrene, and 20 mg of p-toluene sulfonic acid were 
dissolved in 5 mL of l.l,2&ichloroethane. The mixture was rethrxed for 18 h, the solvent evaporated, and the mixture separated 
by fiash chromatography with ethyl acetate/~h exane (6~4) as eluent. 22 mg (0.085 mmol; 32%) of 5 was obtained in an 
buns/& ratio of better 92.5~75 (determined by H NMR measurement before separation). 

ne as rut&&& 811 mg (4.0 mmol) of 3, 3300 mg (18 mmol) of l,l-diphenylethene, and 120 mg (0.5 
mmol) bnaphtbalene sulfonic acid were dissolved in 30 mL benzene and refluxed for 18 h. The solvent was evaporated, the 
residue dissolved in 30 mL dichloromethane, the organic phase washed with Xl mL aqueous sodium carbonate (200 mg) 
solution, and dried with MgS04. After filtration and evaporation of the solvent, purification was performed by chromatography 
on silica gel with ethyl a 

“f 
tate/cyclohexane (91) as eluent. 640 mg (1.9 mmol; 475%) of 7 was obtained in an tmns/cis ratio of 

78A21.5 (determined by H NMR measurements before separation). 
Using the same procedure, 120 mg (0.66 mmol) of l&300 mg (1.7 mmol) of l,l-diphenyletbene, and 10 mg (0.04 mmol) of b- 
naphthalene sulfonic acid were refhmed ‘in 30 mL of benzene. After flash chromatography on silica gel with ethyl 
acetate/fyclohexane (6~4) as eluent 88 mg (0.27 mmol; 41%) of l3 was obtained in an tnms/cis ratio of 98.5:l.X 
The configuration of the products was determined by NOE experiments as dcscriid for 3 and 12, and by hydrolysis of 4 (40 mL 
6h’ HCl, 20 h, 90’C, sovirel glass re$or under elevated pressure) to give the amino acid (2R)-2-amino+oxo4phenylbutyric 

;$$~t;;,ct;;~ yi;]p 6 = 
-4lZ? (c = 1 in 6N HCI) compared well with the reported one for the corresponding 

. Besides 9, enantiomerically pure Lvaline was obtained. 

Cvclization; 
Between 3 and 7 mm01 of the N-protected dipeptide esters 14a-n and 500 to l5LXl mg tetraethylammonium chloride were 
dissolved in acetonitrile/methanol(95:5) and electrolyzed in cell 1 at a constant current (120 mA) until the consumption of 3 to 
4 F/mol. Workup was identical with that for compounds 2 and 11. The products were separated by flash chromatography on 
silica gel with ethyl acetate/n-heptane or cyclohexane/EtOH mixtures as elueats. 

Spectroscopic data of 2 and 3 are descrii elsewhere’. 

/DMSO, 200 MHz): 16.65, 18.3 (2 CH ), 
31.5 (CH), 58.2 (CH), 59.4 (CT-I), 128.3 (2 arom. CH), l33a 
194.3,194.9 (2 CO) ppm; m/z = 378 (M+, OX’%), 274 (8), 

133.4 (2 arom. CH), .l, 136.29 (2 arom. C), 1663,167.2 (2 Cd), 
273 (45), 225 (29), 224 (36), 223 (38), 154 (ll), 147 (22), 105 (100), 

77 (50), 72 (13). f’J,SAR)-Fnaatiomer 0nm.r-4~ Rf = 0.2 [CHC13/MeOH (16&l)]; m.p. 229’C ptOH/H20 (5:1)] (Found: C, 
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(m, l2H, 10 arom. CH, 2NT-I) ppm. 

W.6R)-3 _ * -* VI) 2.5-y-51; Rf = 0.25 [elthyl acetate/cyclohexane (3:2)]; m.p. llO- 
~&i8.l377. C H N 0 requires hf, 258.1372); H NMR (CDCt3/CF3COOH, 200 MHz): 

:g;??6%& 3H, CH3), 1.16 (d,J = 7.6 $3@ &I$ ,24-265 (m, lH, CH), 4.20-4.28 (m, lH, CH), 5.0 (d, broad, J = 8 
Hz, lH, CH), 6.2 (dd, J = 8 HZ, 15.6 Hz, Hi, CH), 6.78 (d, J = 15.6 Hz, lH, CH), 7.3-7.45 (m, 5H, arom. H), ppm; m/z = 259 
@f+ +l,l6%), 258 (M+, 44), 215 (36), 187 (U), 177 (43), 163 (19), I56 (83), W (l9), 130 (ll), I28 (20), I27 (15), 121(70), 113 

NMR (CDCl3/DMSO, 200 MHz): 0.78 (d, J = 6.3 Hz, 
3H, CH ,0.9 (d, J = 6.3 Hz, 3H, CH ,2.1 (m, broad, lH, CH), 3.64 (broad, H-f, CH), 4.39 (d, J = 9.6 Hz, lH, CH, H6), 5.9 (d, 
J = 9.6 z, lH, olefin-CH), 7.08-7.4 (m, lOH, arom. H), 8.25 (d, broad, lH, NH) ppm; for the ck-enantiomer (cak-7) the signal 3 
for H6 is observed at 4.45 and that for the olefinic H at 5.8 ppm. 

191(78), 165 (ll), I.52 (28), 124 (ll), 77 (14), 70 (100). 

Spectroscopic data of compounds Ha-i and 151,n are a8 very similar. Therefore, the data of compunds 15~ and 15d arc given as 
typical examples. 
Mcthvl 1-B - - ~lidin-4-one-r-2-carbox&te (buns-15c): 
0.41 g (42%) after separation 
eluent; m.p. 232~234’C (Found C, 67.35; H, 5.34; N, 8.24. C 
90 MHz): 2.11 (s, 3H, CH 

,64.37 (CH), 75.67 (C), 125.5, l26.4~128.7,127.6,129.1(10 arom. 
+ 1,0.16%), 279 (0.4%), 106 

(9), 105 (lOO), 77 (30), 42 (5). X-ray crystallographic structure determinatibn of tmns-15~: Colorlcss single crystals suitable for 
the collection of X-ray diffraction data were obtained by recrystallization from ethanol/n-heptane. A crystal (dimension 
0.4OxO.2&0.10 mm) was selected for data collection and mounted on a Nicolet R3m/V automated fourcircle diffractometer. The 
crystal was found to be monoclinic, and unit cell parameters and the orientation matrix wcrc obtained. Data collection was 
carried out using o-scan tcchn~que T ‘th 3.0-15°/min.: spay group P21/c; a= 1254.2(B) pm; b = 1109.3(10) pm; c= 1341.4(5) pm; 
@=l10.86°$4); F=l744(2)xlO pm ; d 

5&l% 
-1.29 g/cm (2=4); radiion Mo-K,; graphite monochromator; 2 8 limits 

4’<28<54 ; total reflections scanned 930 unique structure factors, 2354 “observed” reflections with Fxkr (F); R=0.087; 
Rw=O.OsS; 269 retined parameters. The structure was solved by SHELXTL-PLUS, a direct-methods program. The non- 
hydrogen atoms were refined anisotropically. The position of the phenyl hydrogens were calculated for ideal geometry and fired 
during refinement. The hydrogens of the methyl groups were calculated for an ideal tetraeder and rotated around the central C- 
atom during refinement. Hydrogen atoms with common isotropic temperature factor. Further details of the crystal structure 
analysis are available from Fachinformationszentrum Karlsruhe, Gesellschaft ftir wissenschaftlich-techniiche Information mbH, 
D-7514 Eggenstein-Leopoldshafen, on quoting the depository number CSD-320141, the name of the authors, and the literature 
citation. 
Methvl I-Benzovl-2-methvl-c-5-ohenvl-imidazolide (CIS ‘-1 . 

0.26 g (26%) after separation of the diastercomers by tlash chromatography on silica gel with n-heptane/ethyl acetate (43) as 
eluent; m.p. W°C (Found C, 67.30; H, 5.n N, 8.05. C19H1 N O4 requires C, 67.@, H, 5.36; N, 8.27); ‘H NMR (CDCI ,!30 
MHz): 1.89 (s, 3H, CH , 3.77 (s, 3H, CH 0), 5.17 (s, lH, @), 8.0 (s, lH, NH), 7.06 (m, lOH, arom. H) ppm. UC I&R 
(CDCl /DMSO, 90 

3 
53.21 (OCH3), 64.51 (CH), 75.74 (C), 126.23 128.1, 128.56, 128.64, l3O.i (10 arom. 

CH), 1 5.52 (arom. C), 135.94 (arom. 169.2 (CO), 169.7 (CO), 170.93 (CO) ppm; m/z: 339 (M+ + 1, 0.24%), 279 (0.4), 106 
(16), 105 (WI), 77 (53), 42 (6). 
Methvl l-Benzovl-c-5-methvl-2-uhenvl-imidazolidia-~one-r-2-~bo~late tcis-15dh 
0.73 g (71%) of the mixture of diitereomers could be obtained by flash chromatography on silica gel with n-heptane/ethanol (81 
and 61) as eluent (cktrans = 2:l). The diastereomers could bc separated by HPLC (ethyl acetate/n-heptane = 5~8). m.p. 220°C 
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(Found: C, 67.33; I-I, 532; N, 8.18. Cl requires C, 67.44; H, 536; N, 8.24); ‘H NMR 90 MHz): 1.2 (4 J = 7 
= 7 Hz, lH, U-I), 75 (broad, lH, NH), UC 

56.16 (CH), 78.85 (C), 1265, l273, 127.7, 128.4, l30.7 (10 arom. CH), 
172.34 (Co) ppm; m/z: 279 (03%), 106 (8), 105 (lOO), 77 (34), 42 

(1). 
Methyi l_Benzovl_t_5_methvl_20ne_r_~ . * la 

0.73 g (71%) of the mixture of diastercomers could be obtained by flash chromatography on siiica geI with n-heptane/ethanol 
be separated by HPLC (ethyl ay/n-heptane = 5:B). m.p. 

requires C, 67.44; H, 536; N, 824); H NMR (CDU3, 90 MHz): 
7 Hz, H-I, CH), 7.8 (s, lH, NH), 733 (m, lOH, arom. H) ppm; 

55.96 (U-I), 79.25 (C), 126.9, 127.5, l28.0, 128.7, 128.9, 130.1 (10 
‘), 169.8 (Co), 173.17 (CO) ppm; m/z: 339 (M+ +l, 0.23%), 279 

(0.3%). 106 (8), 105 (loo), 77 (30), 51(4). X-ray aystaiiographic structure determination of bmcs-1Sdz Colorless single crystals 
suitable for the cokction of X-ray diffraction data were obtained by recrystaltization from ethanol/n-heptane. A crystal 
(dimension 03xO.6xO.6 mm) was selected for data coktion and mounted on a Nicokt R3m/V automated fourcirde 
diffractometer. The crystal was found to be monoclinic, and unit cell parameters and the 
24 reflections in the range 20°<28<2p. Data cogection was carried out using o-scan te 
group P21/~; u = l284.6(4) pm; b =970.3(3) pm; c = 1405.90 pm;B =98.&t’(3); V= 1735(1)xlO 
radiation Mo-K,; graphite monochromator; 2 8 limits 3’<28<50’; total reflections scanned 3301; 30 unique reflections, 2208 
“observed” reflections with F>4u (F); R=0.055; Rw=O.OsS, 230 refmed parameters. The structure was solved by direct methods 
(SHELXTL). The non-hydrogen atoms were refined anisotropically. The hydrogen atoms were locaiized by difference electron 
density determination and refined using a riding model [u(H) = 1.2U (C)l. The nitrogen H was retined freely. List of positional 
and anisotropic thermal parameters of non-hydrogen atoms, pouti *“;8 MI and thermal parameters of hydrogen atoms, bond 
distances, and bond angles are available from Fachinformationszc.ntrum Karlsruhe, Gesegschaft ftir wissenschaftlich-technische 
Information mbH, D-7514 Eggenstein-Leopoldshafen, on quoting the depository number CSD-54788, the name of the authors, 
and the literature citation. 
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Figure : Molecular structure of tmns-lbd 
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