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Abstractz The boron enolates of three new bomoddi C2 symmetric l,3-diiylimidazolidinin-2-oae-s prepared from 
natural tartaric acid undergo highly diitereoselective aldol and alkylation reactions. Cleavage of these 
diastereomexically pure. adducts gives homochii (IR,2~)-1-phenyl-2-methylpropanel,3-diol and (2R,3R)-3-hydroxy- 
3-phenyl-2-methylpropanoic acid and (2s)-3-phenyl-2-methylpropaa-l-ol (>92% ee). One of these auxihries, 4.1 
dimethylimidazolidin-2xme, has the lowest effective molecular weight of any previously repotted cbiral auxilii. 

Recently we described 1,3-diacylimidazolidin-2-ones 1 derived from diamines 2 as stoicheiometric 

chiral auxiliaries which combine a C2 axis of symmetry and difunctionality and thus effectively reduce the 

molecular massl. The rationale behind the design of 1,3-diacylimidazolidin-2-ones represents a natural 

extension of previous applications of a C2 axis of symmetry in asymmetric synthesis2 whereby those control 

elements necessary for high diastereoselection and mild cleavage of the elucidated acyclic component, 

embodied by Evans’ oxazolidinone range of chiral auxiliaried, am duplicated within a single five membered 

ring. The obvious requirement that neither stemodiiting group impinges on the diastereofacial bias induced 

by the other has been previously demonstrated4. 
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Depending on the nature of R we might expect to see some influence on the absolute or relative 

stereochemistry of the aldol or alkylation adduct and/or in the cleavage of the adduct and to reduce further 

the effective molecular mass of this type of chiral auxiliary. Beginning from readily available natural tartaric 

acid, and thus precluding the need for a resolution step, three previously prepared diamines 36,47. and 58 were 

synthesised and converted to their respective 1.3-dipropionylimidaolidinones 6.7, and 84. 
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When the acylated stoicheiometric chiral auxiliaries 6.7. and 8 were used in tandem with the highly 

stereoselective Evans aldolo and alkylationlo methodology they provided a potent and effective method of 

achieving acyclic stereocontrol with high molecular efficiency. 

Reaction of diamines 3.4. or 5 with carbon disulphide gave their respective imidaxolidine-2-thiones 

10.11, and 12. Diacylations of imidaxolidine-2-thiones occur under mild conditions. Thus acylation with 

propionyl chloride gave the diacylated derivatives 13, 14 , and 15 in good yields after refluxing for two hours 

followed by a standard work-up and chromatographic purification. Following the procedure previously 

rep~rted.~~ dichloromethane solutions of diacylated imidaxolidine-2-thiones 13.14, and 15 were stirred with 

mercury (II) acetate (1.5 eq) for 15 h at ambient temperature. The mercury salts were removed by filtration 

through celite and purified by chromatography on silica to give 1,3-dipropionyl-4,5- 

di(methoxymethyl)imidaxolidin-2-one 6, 1,3-dipropionyl-4.5-di(benzyloxymethyl)imid~oli~n-2-one 7 and 

1,3-dipropionyl-4,5-dimethylimidaxolidin-2-one 8 in good yields (scheme 1). 
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Scheme 1 

So as to illustrate the utility of these diacylated bifunctional chiral auxiliaries in the enantioselective 

formation of carbon-carbon bonds a series of representative asymmetric aldol and alkylation experiments were 

carried out. 1,3-Dipropionyl-4,5-di(methoxymethyl)imidazo~din-2-one 6 was treated with dibutylboron 

triflate (2.2 eq) and N-ethylpiperidine (2.4 eq) at OoC before being cooled to -78 oC. Benzaldehyde (3.0 eq) 

was added and the reaction stirred at -78 oC for 1 h before being warmed to 0 oC and stirxzd for a further 2h 

and then quenched. Standard work-up followed by chromatography yielded the dialdol adduct 16 as a single 

i) BuzBOTf 
ii) 1-Ethylpiperidine 
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diastereoisomer. The aldol reaction for 1,3-dipropionyl-4,5-di(methoxymethyl)imidazolidin-2-one 6 was 

repeated under the same conditions with pivalaldehyde, propionaldehyde and acetaldehyde. 1,3-Dipropionyl- 

4.5di(benzyloxymethyl)imidazolidin-2-one 7 and 1,3-dipropionyl-4.5dimethylimidazolidin-2-one 8 were 

also treated with dibutylboron triflate, N-ethylpipericime and a range of aldehydes to give the dialdol products 

20 - 25. Once again the reactions were completely diastemoselective and gave purely dialdol products (scheme 

2). 

The expected syn selectivity of the aldol reactions was confirmed through consideration of the lH12 

and 13C n.m.r.13 spectroscopy data for these compounds. The mechanism is proposed to proceed via 

sequential monoenolates rather than through a bisenolatet. Clean dialdol reactions were achieved with good 

dibutyl boron triflate however where the dibutyl boron triflate was not freshly opened monoaldol products 

were isolated. In this way 26 and 27 were formed as single diastereomers and partially characterised. 
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So as to determine the relative configuration of the side chain to the auxiliary, diastereomerically pure 

homochiral adducts 16 and 20 were cleaved using lithium aluminium hydride to give (lR,Zs)-1-phenyl-2- 

methylpropane- l.f-diol 28 and with lithium hydroxide/hydrogen peroxide to give (2R,3R)-3-hydroxy-3- 

phenyl-2-methylpropanoic acid 29 (Scheme 3). 
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[cX]220= +58.0 (C 0.7,CH,C12) 

Compounds 28 and 29 were assessed as homochiral by lH n.m.r. spectroscopy using the chit-al shift 

reagent (St2,2,2-trifluoro-1-(9-anthryl)ethanol (e.e >97%). The specific rotations for 28 and 29 were 

consistent with the literature valueslJ4J5Je and all owed assignment of the absolute configurations. Given the 

absolute configurations of the starting amines the relative configurations within all the adducts are thus 

unambiguously assigned. 

A more elementary but no less powerful method used in asymmetric carbon-carbon bond formation is 

the alkylation of enolateslo. Such a reaction normally proceeds via an open transition state unlike the aldol 

reaction which requires the enolate counter ion to act as a Lewis acid to activate the electrophile. 
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Attempts to alkylate 1,3-dipropionyl-4,5-di(methoxymethyl)imid~olidin-2-one 6 and the 1,3- 

dipropionyl-4,5-di(benzyloxymethyl)imidazolidin-2-one 7 by consecutive treatment with either sodium 

bis(trimethylsilyl)amide or lithium bis(trimethylsilyl)amide and benzyl bromide appeared to lead to ketene 

elimination. Therefore diastereoselective alkylation reactions were performed on 1,3-dipropionyl-4,5- 

di(methoxymethyl)imidazolidin-2-one 6 and 1,3-dipropionyl-4,5-di(benzyloxymethyl)i 7 at 

-78 Oc in tetrahydrofuran where the electrophile (benzyl bromide or ethyl iodide) was added first followed by 

lithium bis(trimethylsilyl)amide. The resulting solution was left to warm to room temperature overnight 

followed by standard work-up and chromatography or recrystallisation to give diaatereomerically pure 

products 30,31,32, and 33 (scheme 4). 
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Scheme 4 

The reductive cleavage of the acyl side-chain of the product from the alkylation with benzyl bromide 

was achieved by treatment of a tetrahydrofuran solution of diastereomerically pure 30 with excess lithium 

aluminium hydride at -2OeC to give (2S)-2-methyl-3-phenylpropan-l-01 34. The specific rotation of the 

alcohol from the reaction was found to be [oC]D 20, - 10.1 (c =l.l, benzene) (scheme 5) [(2R)-34 lit16 [r&& 

+ 11.0 (c 1.13, benzene)]. The optical purity of 34 is thus >92% although it should be noted that given the 

method of analysis this would be consistent with the material being, as expected, homochiral. Thus as 

expected stereoselective alkylation had occurred by addition to the less hindered face of the Z enolate.17 with 

the enolate oxygen and the imidazolidinone oxygen chelating Li +. The side chain ether oxygens on the 

imidazolidinone auxiliaries do not perturb the reaction or selectivity. 
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In summary we have demonstrated an efficient route to homochiral 1,3-diacylimidazolidin-2-ones 

from the chiral pool which in concert with existing aldol and alkylation methodology provides an effective 

route to homochiral alcohols. 
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Experimental 

General - M.p.s were obtained on a Gallenkamp hot-stage melting point apparatus and are uncorrected. 

EYemental analyses wete obtained by the Dyson Pert-ins analytical department. JR spectra were obtained as 

chloroform solutions in l.Omm cells on a Perk&Elmer 78 1 instrument calibrated against polystyrene (1601 

cm-l) and for clarity only salient, characteristic peaks are noted. lH n.m.r. spectra were recorded in 

deuteriochloroform on a Bruker WH 300 instrument at 300.13 MHz. t3C n.m.r. spectra wete recorded in 

deuteriochloroform on a Varian Gemini 200 instrument at 50.32 MHz. Mass spectra were obtained on a V.G. 

Micromass ZAB 1F instrument using chemical ionisation techniques. Specific rotations were obtained for 

chloroform solutions at the sodium D line using a Perkin-Elmer 241 polarimeter with values quoted in 10-l 

deg cm* g-1. 

All reactions were performed under an inert arnnosphere of dry argon. Tetrahydrofuran was distilled 

from sodium benzophenone ketyl under nitrogen and dichloromethane distilled from calcium hydride under 

nitrogen. Dibutylboron nitlate was used as a 1.0 mol dm-3 solution in dichloromethane (as purchased) or was 

redistilled and used as a 0.8 - 1.2 mol dm-3 solution in dichloromethane. Reagents were used as received or 

were purified by standard methodsl8. Flash chromatography was performed on silica gel (43-60 pm) under 

positive pressure. 

(4S,SS)-4,5-Di(methoxymethyl)imidozoline-2-thione 10 - Crude 1.4-di(methoxymethyl)butane-2,3-diamine 

36 (2.3 g, 15.5 mmol) was dissolved in an ethanol: water mixture (20 cm3, 1:l) and refluxed with carbon 

disulphide (1.1 cm3, 18.6 mmol) for 1 h. Hydrochloric acid (1.2 cm3,36%) was added, hydrogen sulphide 

evolved and the resulting solution left at reflux overnight. The volatiles were removed under reduced 

pressure and the residue was purified by flash chromatography on silica gel. elution with diethyl ether gave 

10 as a waxy solid, (2.lg, 92%), m.p. 74 Oc, (Found; C, 44.4; H, 7.4; N, 14.5. C7HlzNzOzS requires C, 44.2; 

H, 7.4; N, 14.7%); u,(CHC13)/ cm-t 3446 (NH), 1349 (NCSN); [aj$* + 111.7 (c = 0.73, CH2C12); &t 

(300 MHz, CDC13) 3.38 (6H, s, GC&). HA 3.43, Hn 3.41 (4H. JAB 3.8 Hz, C&O), 3.83 (2H, br quintet, J 

4.5 Hz, NCB), 6.29 (2H, brs, m); k, 59.3 (q), 59.5 (d), 73.8 (t), 181.4 (s); ml z 191 (MH+, 100%). 

(4S,SS)-4,5-Di(benzyloxymethyl)imidazoline-2-thione 11 - 1.4-Di(benzyloxymethyl)butane-2,3-diamine 4 

7(12.17 g, 38 mmol) was dissolved in an ethanol: water mixture (20 cm3, 1:l) and refluxed with carbon 

disulphide (2.71 cm3.46 mmol) for 1 h. Hydrochloric acid (3.3 cm3,36%) was added, hydrogen sulphide 

evolved and the resulting solution left at reflux overnight. The volatiles were removed under reduced 

pressure and the residue was purified by flash chromatography on silica gel using ether as the eluent to give 

11 as a yellow oil (12.0 g. 86%). (Found; C, 66.8; H, 6.8; N. 7.7; S, 9.13. C19H22N202S requires C, 66.6; H. 

6.5; N, 8.2; S, 9.4%); uraax(CHC13)/ cm-l 3445 (NH), 2970 (CH). 1345 (NCSN); [a]$* +92.1 (c = 0.39, 

CH2Cl2); 8~ (300 MHz, CDC13) 3.49 (4H. d, J 5.6 HZ, C&O). 3.87 (2H. q. J 5.6 Hz, CHN). HA 4.53, HJ.J 

4.52 (4H, JAB 21 Hz, C&O). 6.73 (2H, brs, NI& 7.40-7.26 (lOH, m, Ph); 8~ 59.5 (d), 71.5 (t), 73.6 (t). 

128.0 (d), 128.2 (d), 128.7 (d). 137.6 (s). 183.2 (s); m/ z 343 (MH+. 100%). 

(4R,SR)-4,5-Dimethylimidatolidine-2-thione 12 - A solution of butane-2.3-diamine bishydrochloride S3 (4.0 

g, 24.7 mmol) in ethanol (20 cm3) and 3.1M sodium hydroxide (20 cm3) was stirred at 60 Oc for 20 min. 

Carbon disulphide (2.23 cm3,37.1 mmol) was added dropwise, the solution was stirred for 1 h at 60 Oc and 
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then neutralised (pH 7) by dropwise addition of 12M hydrochloric acid. The reaction mixture was heated 

under teflux for a further 12 h. The solvent was removed, the residue dissolved in CHgCl2 (100 cm3) and 

washed with water (100 cm3). Drying of the CHzClz solution and removal of the solvent under reduced 

pressure afforded 12 as a cream solid (2.19 g. 68%). m.p. 119-12OT, (Found: C, 46.2; H, 7.8; N. 21.3. 

CsHl&S requires C. 46.1; H, 7.7; N, 21.5%); [fX]D22 +72.2 (c 1.03. CHC13); vmax (CHCl&m-1 3451 

(NH). 2976 (CH), 1504 (NCSN), 1316 (NCSN); SH(200 MHz) 1.29 (6H. d, J6 Hz, CHC&). 3.61-3.68 (ZH, 

m, CIECH3). 6.60 (ZH, br, NW; k(50.3 MHz) 19.6 (q), 60.4 (t), 181.8 (s); m/z [Probe EJI 130 (M+. 100%). 

(4S,5S)-l.3-Dipropionyl-4,5-di(methyl)i~’~li~e-2-~ione 13 - Propionyl chloride (3.8 ml, 43.2 

mmol) was added to a solution of 4.5di(methoxymethyl)imidazoline-2-thione 10 (3.4 g, 18 mmol). pyridine 

(4.4 cm3), and DMAP (10 mg. cat) in dichloromethane (50 cm3) and refluxed for 2 h. The organic layer was 

washed with water (2 x 20 ems), dried (magnesium sulphate) and the solvent removed under reduced 

pressure. The residue was purified by flash chromatography on silica gel, eluting with 50% ether in hexane 

gave 13 as yellow crystals (5.0 g. 93%), m.p. 62 Oc, (Found; C, 51.6; H, 7.4; N, 9.3. C13HaN204S requires 

C, 51.6; H, 7.3; N. 9.3%); ~nu&HC13)/ cm-t 2978 (CH), 1696 (CO), 1353 (NCSN); [a]$ -75.9 (c = 0.64, 

CH2C12); SH (300 MHZ. CDC13) 1.19 (6H, t, J 7.2 Hz, CI13CH2). HA 3.38, Hg 3.25 (4H, J,Q 17.9 Hz, J 7.2 

Hz, C&CH3), 3.32 (6H, s. GC&). HA 3.52, Hg 3.51 (4H. JAB 27.3 Hz, C&O), 4.61 (ZH, t, J 4.0 Hz. 

CHN); SC 8.7 (q), 32.5 (t). 58.3 (d), 59.3 (9). 71.6 (t), 176.6 (s), 178.5 (s); m/z 303 (MH+. 100%). 

(4S,SS)-1,3-Dipropionyl-4,5-di(benzyloxe 14 - Propionyl chloride (3.0 cm3.35 

mmol) was added to a solution of 4.5-di(benzyloxymethyl)imidazoline-2-thione 11 (4.95 g, 14 mmol), 

pyridine (2.6 cm3, 43 mmol). and DMAP ( 10 mg) in dichloromethane (50 cm3) and refluxed for 2 h. The 

organic layer wash washed with water (2 x 10 ems), dried (magnesium sulphate) and evaporated under 

reduced pressure. The resultant residue was purified by flash chromatography on silica gel, with 50% ether 

in hexane as the eluent gave 14 as a yellow oil (7.4 g, 94 %). (Found; C, 66.3; H, 6.8; N, 6.2 CzH3t-jN204S 

requires C, 66.1; H, 6.7; N, 6.2%); u,(CHC~~)/ cm-l 2986 (CH), 1693 (CO), 1353 (NUN); [ah>= -94.7 

(C = 0.93, CH$&); &J (300 MHZ, CDC13) 1.10 (6H, t, J 9.3 HZ, C&CH2). HA 3.20, HB 3.08 (4H. JAB 18.0 

Hz, J 7.3 Hz, C&CH3), HA 3.66, HB 3.61 (4H, JAB 9.9 HZ. Jm 4.7 Hz, JBX 2.8 HZ C&O), 4.46 ( 4H, s, 

PhC&O). 4.67 (ZH, brt, J 3.5 Hz, CHN), 7.36-7.20 (lOH, m, Ph); SC 8.7 (9). 32.5 (t). 58.7 (d), 69.5 (t), 73.3 

(t), 127.7 (d), 128.0 (d). 128.6 (d), 137.9 (s), 176.7 (s), 178.5 (s); m/ z 455 @AH+. 100%). 

(4R,SR)-l,3-Dipropionyl-4,5-dimethylimia&olidine-2-thione 15 - Propionyl chloride (2.36 cm3.27.2 mmol) 

was added to a solution of 4,5-dimethylimidazolidine-2-thione 12 (1.3 g. 10.1 mmol), pyridine (2.0 cm3, 

25.1 mmol), and DMAP (10 mg. cat.) in dichloromethane (30 cm3). The solution was heated under reflux 

for 30 min and then stirred for a further 12 h.The reaction mixture. was then diluted with CH2Cl2 (50 cm3) 

washed with water (25 cm3), saturated sodium bicarbonate (2 x 25 cm3) and brine (20 cm3). After drying 

(magnesium sulphate) the solvent was removed under reduced pressure. The residue was purified by flash 

chromatography on silica gel, with 50% ether in hexane as the eluent to give 15 as cream coloured crystals 

(2.16 g, 89%), m.p. 70-71T, (Found: C, 54.6; H. 7.9 N, 11.4. CttH1802N2S requires C. 54.5; H. 7.5; N 

11.6%); [a]D23 -80.4 (c 3.0, CHCl3); urnax (CHCl#m- 1 2985 (CH), 1694 (CO), 1351 (NCSN); &(200 

MHz) 1.20 (6H, f J 7 Hz, CH$X3), 1.28 (6H. d, J 6 Hz, CHC&), 3.13-3.45 (4H, m, C&CH3), 4.26 (2H. q, 
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J 6 Hz, GKH3); sc(50.3 MHz) 8.7 (9). 18.4 (q), 32.7 (t). 58.7 (d), 176.3 (s), 176.5 (s); m/z 243 (MH+, 

100%). 

(4S.5S)-l,3-Dipropionyl-4,5-di(methoxymethyl)imidazolidin-2-onc 6 - Mercury (II) acetate (5.Og. 16 mmol) 

was added to a solution of 1,3-dipropionyl-4,5-di(methoxymethyl)imid~~~~-2-~one 13 (3.94 g, 13 

mmol) in dichloromethane (50 cm3) and allowed to stir overnight at ambient temperature. The reaction 

mixture was filtered through celite and the solvent removed to give a solid residue which was purifiid by 

flash chromatography on silica gel eluting with 50% ether in hexane gave 6 as white crystals (4.15 g, 76 %), 

m.p. 100 Oc, (Found; C, 54.7; H.8.2; N, 9.3. C13HzN205 requires C. 54.5; H, 7.8; N, 9.7%); u,ax(CHClg)l 

cm-l 2941 (CH), 1695 (CO, NCON); [a]D 22 -83.9 (c = 1.15, CHC13); 8H (300 MHz, CDC13) 1.18 (6H, t, J 

7.3 Hz, C&CH& HA 2.97, Hg 2.90 (4H, JAB 16.0 Hz, J 7.8 HZ. C&CH3), 3.32 (6H. S, CC&), HA 3.57, 

Hg 3.47 (4H, JAB 9.6 Hz, Jm 5.0 Hz, JBX 2.6 Hz, C&O). 4.37 (2H. m, CfIN); 8~ 8.2 (q), 29.6 (t), 53.8 (d), 

59.2 (q), 71.4 (t), 152.4 (s), 174.8 (s); m/ z 287 (MH+, 100%). 

(4S,SS)-I,3-Dipropionyl-4,5-di(benzyloxye 7 - Mercury (II) acetate (10.2 g, 32 

mmol) was added to a solution of 1.3-dipropionyl-4.5-di(benzyloxymethyl)i 14 (5.8 g, 

13 mmol) in dichloromethane (50 cm3) and allowed to stir overnight at ambient temperature. The reaction 

mixture was filtered through celite and the solvent removed to give a solid residue which was purified by 

tecrystallisation from ethanol to give 7 as a white crystalline solid ( 4.15 g, 76 96). m.p. 103 Oc, (Pound; C. 

68.3; H, 7.2; N, 6.5. C25H30N205 requires C. 68.5; H, 6.9; N. 6.4%); uniax(CHC13)/ cm-t 3055 (CI-I), 1696 

(NCON), 1604 (CO); [a]D22 -68.6 (c = 0.64, CH2C12); 8H (300 MHz. CDC13) 1.12 (6H, t, J 7.4 Hz, 

CB3CH2). HA 2.91, Hg 2.82 (4H. JAB 17.6 HZ, J 7.4 HZ. C&CH3), HA 3.68. Hg 3.56 (4H, JAB 9.7 Hz, JM 

4.5 Hz, JBX 2.3 Hz CHCyZO), 4.44 (2H. brt, J 3.3 Hz, CBN). 4.47 ( 4H, s, PhC&O), 7.36-7.19 (1OH. m, 

Ph); 8~ 8.2 (q), 29.6 (t), 54.1 (d). 69.2 (t), 73.3 (t). 127.6 (d), 128.0 (d), 128.6 (d). 137.9 (s), 152.6 (s). 174.8 

(s); m/z 439 (MI-I+9 100%) 

(4R,5R)-1,3-Dipropionyl-4,S-dimethylimidazolidin-2-one 8 - Mercury (II) acetate (6.8 g, 21.4 mmol) was 

added to a solution of 1,3-dipropionyl-4,5-dimethylimidazolidine-2-thione 15 (2.16 g, 8.9 mmol) in CHfl12 

(25 cm3) and allowed to stir overnight at ambient temperature. The reaction mixture was filtered through 

celite and the solvent removed to give a solid residue which was purified by flash chromatography on silica 

gel, with 50% ether in hexane as the eluent to give 8 as a white crystalline solid (1.66 g. 82%). m.p. 71- 

72T, (Pound: C, 57.9; H, 8.3; N, 12.3. CtlHt803N2 requites C, 58.4 H. 8.0; N. 12.4%); [U]D21 -77.51 (c = 

1.09, CHC13); b (CHClg)/cm-13020 (CH). 1750 (NCON), 1699 (NCOC); 6H(200 MHz) 1.09 (6H, t, J 7 

Hz. CH$Z&). 1.21 (6H. d, J 6 Hz, CHC&). 2.80-2.95 (4H. m, C&CH3). 3.94 (2H. q. J 6 Hz, CHCH3); 

sc(50.3 MHz) 8.1 (q), 19.0 (4). 29.8 (t) 54.2 (d). 151.2 (s), 174.8 (s); m/z 227 (MH+, 100%). 

(4S,5S)-1.3-Di(3-phenyl-3-hydroxy-2-methylpropionyl)~,5-di(methoxymethyl)imidazolidin-2-one 16 - 

Dibutylboron triflate (1.40 cm3, 1.40 mmol of a 1M solution in CH2C12) was added dropwise to a solution 

of 1,3-dipropionyl-4,5-di(methoxymethyl)imida~lidin-2-one 6 (170 mg, 0.56 mmol) in CH2C12 (5 cm3) at 

OoC, under argon to form a brick red solution. Nethylpiperidine (0.23 cm3, 1.68 mmol) was added 

dropwise, causing a colour change to yellow followed by the reaction being cooled to -780C. Freshly 
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distilled benzaldehyde (178 mg, 1.7 mmol) in CH2C12 (2 cm3) was added the reaction stirred at -78oC for 1 

h and then at OoC for 2 h before being quenched by the addition of an aqueous phosphate buffer (4 cm3). A 

solution of hydrogen peroxide (3 cm3) in methanol (3 cm3) was added cautiously and the reaction mixture 

allowed to warm to ambient temperature. Trituration of the resulting residue with CH2Cl2 (50 ems), washing 

of the resultant solution with water (2x 20 cm3), drying (magnesium sulphate) of the CH2C12 layer and 

removal of the solvent under reduced pressure. The resultant residue was purified by flash chromatography 

on silica gel using 70% ether in hexane as the eluent gave 16 as a viscous oil (259 mg, 90%). (Pound; C, 

65.0; H, 7.1; N, 5.4. C27H&l207 requires C, 65.0; H. 6.9; N, 5.6%); Q,&CHC&)/ cm-l 3469 (OH), 1752 

(NCGN). 1692 (CO); [a@ -46.0 (c = 1.0, CH2Cl2); &j (300 MHz, CDC13) 1.17 (6H. d, J 7.2Hz. C&CH), 

1.64 (2H. brs, OH), 3.31 (6H, s, GC&), 3.44 (4H. d. J 3.6 Hz, C&O), 4.10 (2H, dq, J 7.2 Hz, J 3.4 Hz, 

CH$H), 4.34 (2H, brt, J 3.4 Hz, CHN). 5.12 (2H, d, J 3.4 Hz, CHOH). 7.43-7.24 (10 H, m, Ph); &! (200 

MHz, CDC13) 151.6 (s), 178.3 (s), 10.4 (q), 45.2 (d), 53.9 (d), 59.4 (q), 71.3 (t), 73.3 (d), 126.2 (d), 127.5 

(d), 128.4 (d), 141.7 (s); m/ z 499 (MH+, 100%). 

(4S,5S)-1,3-Di(4,4-~~thyl-3-hydroxy-2-~thylpent~y~)-4,S-~(~t~~~~yl)i~~~lidin-2-one 17 - In 

a manner analogous to that described for the synthesis of 16 1.3-dipropionyl-4,5- 

di(methoxymethyl)imidazolidin-2-one 6 (120 mg. 0.41 mmol) was enolised with dibutylboron triflate (1.05 

cm3, 1.05 mmol of a 1M solution in dichloromethane) and N-ethylpiperidine (0.13 cm3, 1.3 mmol). Freshly 

distilled pivalaldehyde (0.14 mg, 1.6 mmol) was added after a standard reaction period followed by a 

standard workup. The resulting residue was purified by flash chromatography on silica gel using 50% ether 

in hexane as eluent gave 17 as a white crystalline solid (109 mg, 57%), m.p. 111 Oc, (Pound; C, 60.3; H. 9.4; 

N, 6.0. C23H&2G7 requires C, 60.2; H. 9.2; N. 6.1%); ~n&CHc13)/ cm-l 3400 (OH), 2960 (CH), 1755 

@ICON), 1688 (Co); [tz]$ -44.9 (c = 0.29, CH2C12); 8H (300 MHz, CDCl3) 0.97 (18H, s, (C&)3C), 1.25 

(6H. d, J 6.9 Hz, C&,CH), 2.32 (2H. brd, J 4.1 Hz, CHOH). 3.31 (6H. s, CC&). HA 3.57, Hg 3.47 (4H, JAB 

9.7 HZ, Jm 4.2 Hz, JBX 2.3 Hz, GC&CH), 3.67 (2H. brt, J 3.8 Hz, CI;IcH3). 4.08 (2H, m, CfIoH). Hx 4.34 

(2H, brt. J 2.9 Hz, CHN); k (200 MHz, CDCl3) 12.9 (q). 26.6 (q), 39.5 (d). 54.2 (d). 59.3 (q), 71.7 (t). 77.8 

(d), 151.6 (s), 178.9 (s); ml z 459 (MI-I+9 100%). 

(4S,5S)-1,3-Di(3-hydroxy-2-methylpentanoyl)-4,5-di(methoxymethyl)im~oli~n-2-one 18 - In a manner 

analogous to that described for the synthesis of 16 1.3-dipropionyl-4,5-di(methoxymethyl)imidazolidin-2- 

one 6 (104 mg, 0.36 mmol) was enolised with dibutylboron triflate (0.95 cm3.0.95 mmol of a 1M solution in 

dichloromethane) and N-ethylpiperidine (0.15 cm3, 1.1 mmol). Freshly distilled propanal (87 mg. 1.5 mmol) 

was added after a standard reaction period followed by a standard workup. The resulting residue was purified 

by flash chromatography on silica gel using 60% ether in hexane as eluent gave 18 as a colourless oil ( 94 

mg, 65 96). (Pound; C, 55.5; H. 8.6, N, 7.8. ClgH34N207 requires C, 55.8; H, 8.2; N, 7.8%); ~(CHC13Y 

cm-l 3493 (OH), 2934 (CH), 1752 (CO), 1692 (NCON); [U]D~~ -24.5 (c = 0.44, CH2C12); &I (300 MHz. 

CDC13) 0.99 (6H, t, J 7.4 Hz, CH2CH3), 1.22 (6H. d, J 6.9 Hz, C&CH). 1.50 (4H. m, C&CH3), 3.53 (6H, s, 

GCHS), HA 3.60, HB 3.48 (4H, Jm9.9 Hz, J~x3.4 Hz, Jnx2.3 Hz, GCEIZCH), 3.82 (4H, m, Cl;IcH3. 

CHOW, Hx 3.48 (2H. brt. J 3.0 Hz, CHN); & 10.2 (q), 10.4 (q). 26.7 (t). 42.6 (d), 54.0 (d), 59.4 (q), 

71.7(t), 73.1 (t). 151.8 (s), 178.3 (s); m/ z 403 (MH+v 100%). 
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(4S,SS)-1,3-Di(3-hydroxy-2-methylbutanoyl)~,S-~~~~~~~yl)i~.~wli~-2-one 19 - In a manner 

analogous to that described for the synthesis of 16 l.3-dipropionyl-4,5-di(methoxymethyl)imidazolidin-2- 

one 6 (104 mg, 0.36 mmol) was enolised with dibutylboron triflate (0.95 cm3.0.95 mmol of a 1M solution in 

dichloromethane) and N-ethylpiperidme (0.15 cm 3, 1.1 mmol). Freshly distilled acetaldehyde (0.1 cm3, 

excess) was added after a standard reaction period followed by a standard workup. The resulting residue was 

purified by flash chromatography on silica gel using 70% ether in hexane as eluent gave 19 as a colourless 

oil (48 mg. 35.0 %I; %&CHClgY cm-l 3490 (OH), 1753 (NCON), 1693 (CO); &(300 MHz, CDC13) 1.20 

(6H, d, J 6.3 Hz, CHC&), 1.24 (6H. d, J 7.0 Hz, C&CH). 3.33 (6H, s, CC&), H~3.60,8~3.48 (4H, Jm9.9 

Hz, JAX 4.3 Hz, JBX 2.6 Hz, OC&CH), 3.75 (2H. dq. J 7.0 Hz, J 3.2 Hz, QICH3), 4.39 (2H, brt, J 2.9 Hz, 

CYN); 8~ 19.6 (q). 43.8 (d). 53.9 (d), 59.4 (9). 67.6 (d), 71.6 (t). 151.6 (s). 178.0 (s); m/ z 375 (MI-I+9 

100%). 

{4S.5S)-I,3-Di(3-phenyl-3-hydroxy-2-methylpropionyl)-4,5-di(benzylo~~thyl)i~~lidin-2-one 20 - In a 

manner analogous to that described for the synthesis of 16 1.3-dipropionyl-4.5- 

di(benzyloxymethyl)imidazolidin-2-one 7 (432 mg, 0.99 mmol) was enolised with dibutylboron triflate (2.5 

cm3, 2.5 mmol of a 1M solution in dichloromethane) and N-ethylpiperidine (0.41 cm3, 3.0 mmol). Freshly 

distilled benzaldehyde (314 mg, 3.0 mmol) was added after a standard reaction period and workup. The 

resulting residue was purified by flash chromatography on silica gel using 60% ether in hexane as the eluent 

gave 20 as a viscous oil (444 mg, 70.6 %), (Found; C, 71.3; H, 6.9; N, 4.1. C38H42N207 requires C. 71.4; 

H, 6.6; N. 4.4%); D~(CHC~~)/ cm-l 3583 (OH), 3055 (CH). 1752 (NCON), 1695 (CO), 1605, 1551 (Ph); 

[a]$ -42.5 (C = 1.10. CHzQ); 8~ (300 MHz. CDCl3) 1.10 (6H, d, J 7.0 HZ. C&CH), 2.69 (2H. d, J 2.8 

Hz, CHOH), H~3.68,8~3.56 (4H, J,Q 9.8 Hz, Jm 4.1 Hz. Jnx 2.2 Hz, OC&CH), 3.99 (2H, dq, J 7.0 Hz, J 

2.8 Hz, CHCH3). 4.93 (2H. brt. J 2.4 Hz, CEN). 4.44 (4H, s, CJ&Ph), 7.30-7.16 (20H, m, Ph); 8~ (200 

MHz, CDCl3) 9.6 (9). 45.0 (d). 54.4 (d), 69.3 (t), 72.9 (d), 73.6 (t), 127.6 (d), 126.1 (d), 128.5 (d), 127.9 (d). 

128.7 (d), 137.5 (s), 141.6 (s), 152.6 (s), 177.3 (s); m/ z 639 (MH+, 100%). 

~4S,SS)-1,3-Di(3-hydroxy-2-methylpent~oyl)-4,Edibenzyloxyimidazolidin-2-one 21 - In a manner 

analogous to that described for the synthesis of 16 l,3-dipropionyl-4,5-dibenzyloxymethylimidazolidin-2- 

one 7 (161 mg, 0.37 mmol) was enolised with dibutylboron triflate (0.81 cm3.0.81 mmol of a 1M solution in 

dichloromethane) and N-ethylpiperidine (0.12 cm3, 0.88 mmol). Freshly distilled propanal (64 mg, 1.1 

mmol) was added after a standard reaction period followed by a standard workup. The resulting residue was 

purified by flash chromatography on silica gel using 60% ether in hexane as the eluent gave 21 as a clear oil 

(135 mg, 66%). (Found; C, 66.9; H. 7.9; N,, 4.6. QlH42N207 requires C, 67.1; H, 7.6; N, 5.0%); 

uaiax(CHC13Y cm-l 3511 (OH), 2966 (CH), 1758 (CO). 1680 (NCON); [C%]D” -52.3 (c = 0.12, CH2C12); b 

(300 MHz, CDC13) 0.92 (18H. t, J 7.3 Hz, CH2CH3). 1.19 (6H, d, J 6.9 Hz, CHC&), 2.74 (2H. brs, CH- 

CH3). HB 3.54 (2H. JAB 9.8 Hz, JBX 2.1 Hz, OC&CH). 3.70 (4H, m. C&CH, CHOH), 4.44 (2H, brs, 

CHNL 4.46 (4H s, PhCH2). 7.26-7.13 (lOH, m. Ph); 8~ (200 MHz. CDC13) 10.0 (9). 10.3 (q), 26.7 (q), 42.3 

(d), 54.1 (d), 69.3 (t). 72.7 (d), 73.5 (t). 127.8 (d), 128.2(d), 137.6 (s), 152.6 (s). 178.3 (s); 555 m/ z (MI-I+. 

100%) 
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(4S,5S)-1,3-Di(3-hydroxy-2-methylbrttonoyl)~,S-di(be~yloxymethyl)i~~~l~in-2-one 22 - In a manner 

analogous to that described for the synthesis of 16 l,3-dipropionyl-4,5-di(benzyloxymethyl)imidaxolidin-2- 

one 7 (104 mg. 0.36 mmol) was enoliid with dibutylboron triflate (0.95 cm3,0.95 mmol of a 1M solution 

in dichloromethane) and N-ethylpiperidine (0.15 cm 3, 1.1 mmol). Freshly distilled acetaldehyde (0.1 ml, 

excess) was added after a standard reaction period followed by a standard workup. The resulting residue was 

puritied by flash chromatography on silica gel using 70% ether in hexane as eluent gave 22 as a colourless 

oil (48 mg, 35 96). (Found; C. 66.4; H, 7.8; N, 5.0. C29H3&@ requires C, 66.1; H, 7.3; N, 5.3%); 

~ur&HC13)/ cm-l 2970 (CH), 1758 (CO), 1700 (NCON); [a]~= -36.1 (c = 0.19, CH2Cld; gH(300 MHz, 

CDC13) 1.11 (6H. d, J 6.5 Hz, CH-C&). 1.21 (6H. d. J 7.0 Hz, C&-CH), 3.61 (2H. dq, J 7.0 Hz, J 2.8 Hz, 

CH-CH3). HA 3.71, Hu 3.54 (4H, JAB 9.8 Hz, Ja 3.9 Hz, JBX 2.1 Hz, CC&-CH), 3.97 (2H, brd, J 6.4 Hz, 

CHOH). 4.45 (6H. m, C&N, PhC&O); 8~ 10.1 (q). 19.7 (q). 43.7 (d), 54.2 (d), 67.4 (d), 69.3 (t), 73.6 (t). 

127.9 (d). 128.2 (d), 128.7 (d), 137.6 (s). 151.6 (s), 178.3(s): m/z 523 (MH+, 100%). 

(4R,~)-1,3-Di(3-phenyl-3-hydroxy-2-methylpropionyl)-4,S-di~th~i~‘~ol~in-2-one 23 - In a mammer 

analogous to that described for the synthesis of 16 1,3-dipropionyl-4,5-dimethylimidazolidin-2-one 8 (366 

mg, 1.48 mmol) was enolised with dibutylboron triflate (3.26 cm3, 3.26 mmol of a 1M solution in 

dichloromethane) and N-ethylpipetidine (0.61 cm3, 4.44 mmol). Freshly distilled benxaldehyde (0.45 cm3, 

4.4 mmol) was added after a standard reaction period and workup. The resulting residue was purified by 

flash chromatography on silica gel using 50% ether in hexane as eluent gave 23 (361 mg, 51%); [ah>20 

-38.6 (c = 1.86, CHC13); &a,(CHC1$km-* 3516 (OH), 2984 (CH). 1751 (NCON), 1698 (NCOC); &-I(200 

MHz) 1.07-1.28 (12H, m, C&), 2.87-2.94 (2H, m, C&CH3), 3.31 (lH, d, J 2.5 Hz, OH), 3.87-3.95 (2H. m. 

NCHCHs), 4.06-4.12 (lH, m, COCHCH3). 5.01-5.04 (lH, dd, J 2.5 Hz and J 4.5 Hz CHOH), 7.24-7.39 (5H, 

m, Ph); k(50.3 MHz) 8.2 (q), 11.3 (q), 18.7 (q), 18.8 (q). 30.0 (t). 45.1 (d). 54.0 (d), 54.4 (d), 74.2 (d), 

126.4 (d), 128.4 (d). 127.7 (d), 141.8 (s) 150.8 (s), 174.9 (s), 177.6 (s); m/z 333 (MH+, 100%). 

(4R,SR)-l,3-Di(3-ethyl-3-hydroxy-2-methylpropionyl)-4,5-di~thylimidazolidin-2-one 24 - In a manner 

analogous to that described for the synthesis of 16 1,3-dipropionyl-4,5-dimethylimidaxolidin-2-one 8 (71 

mg. 0.313 mmol) was enolised with dibutylboron triflate (0.70 cm3, 0.70 mmol of a 1M solution in 

dichloromethane) and N-ethylpiperidine (0.130 cm3.0.94 mmol). Freshly distilled propaual(O.07 cmqO.94 

mmol) was added after a standard reaction period and workup. The resulting residue was purified by flash 

chromatography on silica gel using 50% ether in hexane as eluent gave 24 a cream colouted solid (26 mg, 

24%); [aID -34.2 (c 1.09 in CHC13); umax (CHClg)/cm-t 3566 (OH ). 3068 (CH), 1752 (NCON), 1678 

(NC(X); &(300 MHz) 0.98 (6H, f J 7.4 Hz, CH2CY3). 1.21 (6H, d. J 7.0 Hz, COCHC&), 1.28 (6H, d, J 

6.3 Hz, NCHC!H$. 1.41-1.58 (4H, m, CH2CH3), 2.85 (2H. br OH). 3.72 (2H. dq. J 7.0 Hz, J 2.6 Hz, 

NCHCH3). 3.82-3.87 (2H, m. CH(OH)CH2). 4.05 (2H, q. J 6.3 Hz, NCHCH3); k(50.3 MHz) 10.2 (q), 10.3 

(q), 18.9 (q) 26.7 (t), 42.5 (d). 54.1 (d), 73.1 (d), 150.5 (s), 178.6 (s). 

(4R~)-1,3-Di(3-me~yl-3-hydroxy-2-methye 25 - In a mannner 

analogous to that described for the synthesis of 16 1,3-dipropionyl-4.5-dimethylimidaxolidin-2-one 8 (80 

mg, 0.35 mmol) was enolised with dibutylboron triflate (0.78 cm3, 0.78 mmol of a 1M solution in 

dichloromethane) and N-ethylpiperidine (0.145 cm3, 1.06 mmol). Freshly distilled acetaldehyde (0.06 cm3, 
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1.06 mmol) was added after a standard reaction period and workup. The resulting residue was purifted by 

flash c~oma~~aphy on silica gel using 50% ether in hexane as eluent gave 25 a cream coloured solid (60 

mg, 54%); E@ID~~ -60.9 (c = 1.04, CHC13); umax (CHClg)/cm-* 3550 (OH, ), 3033 (CH), 1751 WON), 

1699 (NCCC); 8~(3#~2) 1.07-1.31 (15H. m, C&), 2.81-2.99 (3H, m, C&, OE), 3.67 (lH, dq, J7.0 Hz, 

J 2.8 Hz , CH3CXCH), 3.98-4.06 (3H, m, NCWH3). 4.16 (lH, dq, J 7.0 Hz, J 2.8 Hz, CH$Z&K#J); &-$X).3 

MHx) 8.2 (q), 10.2 tq). 18.9 (q), 19.1 (q), 19.6 (q), 30.0 (d), 43.7 (d), 54.1 (d), 54.3 (d), 67.7 (d), 150.6 (s), 

174.9 (s), 178.5 (s). 

f4S,5S)-l-~3-Hydroxy-2-methy~e~y~)~pentanoyl~,~-di~~t~~~thy~)~~~~~-2-o~ 26 - 

Mono~dol product 26 obtained as a by product in the synthesis of 18, was partially characterise& Good C, 

55.5; H, 8.7; N 7.7. Cl$QgN206 requires C, 55.8; H, 8.2; N, 8.1%); 0.98 (3H, t, J 7.4Hz. CJ&CH2), 1.17 

(3H, t, J 7.4 Hz. CX3CH$, 1.22 (3H, d, J 6.9 Hz, C&CH), 1.53 (2H, m, C&CH3), 2.94 (2H, m, Cltf2CH3). 

3.32 (6H, S, OCH$, HA 3.62, H~3.54, HB 3.47 (413, Jfta 9.7 HZ, JAB 9.7 Hz, J&4.4 Hz, JAx4.8 Hz, JBX 

4.3 Hz, tX&K!H3), 3.81(2H. m, CHOH, CHCO). HX 4.37 (2H, m, CHN); M/z 345 ( MH+. 100%). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 27 - 

Monoaldol product 27, obtained as a by product in the synthesis of 17, was partially characterized, (Found C, 

54.6; H, 8.2; N, 8.3. CtsH2&06 requires C, 54.5; H, 7.9; N, 8.5); 1.18 (3H, t, J 7.4 Hz, CH3CH& 1.19 

(3H, d, J 6.5 HZ, C&CH), 1.24 (3H. d, J 7.0 Hz, C&CH), 2.92 (2H, m, C!&CHg), 3.32 (6H, s, CC&), HA 

3.62, HA* 3.54, Hg 3.47 (4H, JAB 9.7 HZ, JA+u 9.7 HZ, JAx 2.5 Hz, JA*x 4.8 Hz, JBX 4.3 Hz, C&OCH3), 

3.75(1H,dq,J7.OH~,J2.9Hz,CE[OK),4.l4(1H,m,C~CO),H~4.37(2H,m,CflN);MH+331(10046). 

/1R,2S)-(~)-Z-Phe~y~-Z-~thy~p~opane-l~ 28 - AIdof product 16 (200 mg, 0.4 mmol) in THF (10 cm4 

was added dropwise to a stirred suspension of ~thium furnish hydride (32 mg, 0.84 mmol) in THF (10 

cm3) at OOC. After sting for lh at OOC the reaction was allowed to warm to ambient temperature before 

being quenched with 15% sodium hydroxide filtered and the volatiles removed in vucuo. The resulting 

residue was purified by flash ch~matogmphy using ether as the eluent gave 28 as a colourless oil (36 mg, 

54961, [alDrz +57.4 (c 0.7, CHg423. 

(IR,2S)-(+)-I-Phenyl-2-methylprop~e-1,3-diot 28 - Aldol product 20 (32Omg, 0.5 mmol) in THF (10 cm3) 

was added dropwise to a stirred suspension of lithium aluminium hydride (38 mg, 1.0 mmol) in THF (IO 

cm3) at Ooc. After stirring for lh at 0 DC the reaction was allowed to warm to ambient temperature before 

being quenched with 15% sodium hydroxide filtered and the volatiles removed in vacua . The resulting 

residue was purified by flash ~h~m~graphy using ether as the eluent gave 28 as a coiou&ss oil (56 mg, 

67%), [a]Dz +58.0 (c 0.7, CH$I12)_ 

f2R,3R)-3-Pheny$-3-hydro~-2-~thyZprop~o~c acid 29- Aidol product 16 (100 mg, 0.2 mmol) was 

dissolved in THF (4 cm3) and water (0.5 cm3) and the resulting solution cooled to 0 aC. Hydrogen petoxide 

(0.3 crn3” 2.9 mmol, 30% ) was added followed by a solution of lithium hydroxide (30 mg, 1.13 mmol) in 

water (0.5 cm3). After 1.5 h at 0 Oc the reaction was treated with aqueous sodium ~i~ulp~~ solution (10 

cm3), the volatiles were removed in vacua and the resulting residue h&rated with dichloromethane (3 x 10 
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cm3). The combined organic layers were dried (magnesium sulphate) and evaporated to yield 29 as a solid 

(17 mg, 47%); [ap +29.2 (c 0.30, CHQ2). 

(2R,3R)-3-Phenyl-3-hydroxy-2-methylproponoic acid 29- Aldol product 20 (181 mg, 0.28 mmol) was 

diiolved in ‘IT-W (4 cm3) and water (0.5 cm3) and the resulting solution cooled to 0 Oc. Hydrogen peroxide 

(0.3 cm3, 2.9 mmol, 30%) was added followed by a solution of lithium hydroxide (30 mg, 1.13 mmol) in 

water (0.5 cm3). After 1.5 h at 0 Oc the reaction was treated with aqueous sodium thiosulphate solution (10 

cmq, the volatiles were removed in vacua and the resulting residue triturated with dichloromethane (3 x 10 

cm3). The combined organic layers were dried (magnesium sulphate) and evaporated to yield 29 as a solid 

(22 mg, 47%); [a@ +28.8 (&X32, CHzCl2). 

(4S,5S)-1.2-Di(3-phenyl-2-methylpropionyl)-4,S-di(~tho~~~yl)im~~oiidin-2-one 30 - A solution of 

1,3-dipropionyl-4,5-di(methoxymethyl)imidazolidin-2-one 6 (49 mg, 0.17 mmol) in TEW (2 cm3) was cooled 

to -78 T and stirred for 15 min. Benzyl bromide (0.053 cm3, 0.44 mmol). was added dropwise and 

immediately after this LHMDS (0.41 cm 3, 0.41 mmol, 1M solution in THF) was added and the resulting 

solution allowed to warm to ambient temperature overnight. Dilution with water (x 10). subsequent 

extraction with CHzCl2, drying of the organic layer (magnesium sulphate) and removal under reduced 

pressure gave a crude crystalline residue. The residue was purified by flash chromatography on silica gel 

using 5% ether in CH2Cl2 (3 x 25 cm3) as the eluent and gave 30 as white crystals (47 mg. 80 %), mp. 71 

W (Found; C. 69.5; H. 7.4; N, 6.0. C3gH.@I205 requires C, 69.5; H 7.4, N 6.0%); h(CHCl3)/ cm-l 2978 

(CH), 1752 (NCON). 1696 (CO); [t%]JjZ -50.2 (c = 0.56, CHg12); &j (300 MHz, CDCl3) 1.13 (6H, d, J 6.8 

HZ, CHC&), HA 3.16, HB 2.64 (4H, JAM 13.4 HZ, JAX 6.3 Hz, JMX 8.2 HZ, CHC&CH3), 3.22 (6H, S, 

OC&), 3.37 (4H, d, J 3.4 Hz, C&O), 4.11 (2H. br sextet, J 5.5 Hz, CHCH$, 4.33 (2H, brt, J 3.3 Hz, 

CHN), 7.30-7.18 (lOH, m, Ph); e 16.2 (q), 39.4 (d), 39.9 (t), 53.8 (q). 59.2 (d), 71.6 (t), 126.4 (d), 128.4 

(d), 129.5 (d). 139.7 (s), 151.2 (s), 177.3 (s); m/z 467 (MH+, 100%). 

(4S,5S)-l,2-Di(3-phenyl-2-methylpropionyl)-4,5-di(be~~~~thyl)i~’~li~n-2-one 31 - A solution of 

1,3-Dipropionyl-4,5-di(benzyloxymethyl)imid~lidin-2-one 7 (329 mg, 0.75 mmol) in THP (4 cm3) was 

cooled to -78 Oc and stirred for 15 min. Benzyl bromide (0.22 cm3, 1.9 mmol), was added dropwise and 

immediately after thii LHMDS (1.65 ml, 1.65 mmol 1M solution in THF) was added and the resulting 

solution allowed to warm to ambient temperature overnight. Dilution with water (x lo), subsequent 

extraction with CH2Cl2 (3 x 25 ems), drying of the organic layer (magnesium sulphate) and removal under 

reduced pressure gave a crude crystalline residue. This was recrystallised from ethanol and gave 31 as white 

crystals (464 mg, 75 %) m.p. 110 Oc, (Found; C, 75.2; H, 6.5; N, 4.3. QgHq2N205 requirea C, 75.7; H 6.5, 

N 4.3%); umsx(CHC13)/ cm-l 3055 (CH), 1753 (NCON), 1693 (CO); [ol]$ -34.1 (c 1.2. CHZCIZ); &.I (300 

MHZ, CDC13) 1.02 (6H, d, J 6.9 HZ, CHC&$, HA 3.13, HM 2.60 (4H, JAM 13.4 Hz, J- 6.5 Hz, Jm 8.2 

HZ, CHC&CH3), HA 3.48, HB 3.47 (4H, JAB 9.8 Hz, Jm 4.1 Hz, JBX 2.5 Hz, CfiOCH3), 4.07 (2H, sextet, 

J 6.6 Hz, CHCH$, 4.34 (4H, s. GC&Ph), 4.41 (2H. brt, J 3.0 Hz, CHN), 7.31-7.18 (1OH. m. Ph); @ 16.2 

(q), 39.4 (d), 39.9 (t), 54.0 (d), 69.4 (t), 73.4 (t), 126.4 (d), 127.2 (d), 128.0 (d), 128.4 (d), 129.5 (d), 137.9 

(s), 139.8 (s), 151.9 (s), 177.2 (s); m/ z 619 (MH+. 100%). 



Bifunctional chiral auxiliaries-VIII 1533 

(4S,5S)-I,2-Di(2-methylbutMoyl)-4,5-di(methoxymethyl)imidntolidin-2-one 32 - A solution of 1,3- 

dipropionyl-4.5-di(methoxymethyl)imidazolidin-2-one 6 (57 mg, 0.2 mmol) in THF (2 cm3) was cooled to 

-78 Oc and stirred for 15 min. Ethyl iodide (0.041 cm3.0.52 mmol). was added dropwise and immediately 

after this LHMDS (0.48 cm3, 0.48 mmol, 1M solution in THF) was added and the resulting solution allowed 

to warm to ambient temperature overnight. Dilution with water (x lo), subsequent extraction with CH2C12 (3 

x 25 cm3), drying of the organic layer (magnesium sulphate) and removal under reduced pressure gave a 

crude crystalline residue. The residue was purified by flash chromatography on silica gel using 4% ether in 

CH2CI2 as the eluent and gave 32 as white crystals (49 mg. 72 8) m.p. 75 Oc (Found; C, 59.3; H. 9.0; N, 

7.9%). C39H&N205 requires C, 59.6; H 8.8; N 8.2%); u n,ax(CHC13)/ cm-t 2989 (CH), 1751 (CO), 1691 

(NCON); [a]D22 -45.8 (c = 0.17, CH2C12); &I (300 MHZ, CDC13) 0.93 (6H. d, J 7.4 HZ, CH#&). 1.13 

(6H. d, J 6.8 HZ, C&Q-I), HA 1.76, HR 1.48 (4H, JAB 28.3 HZ, JAx 7.4 Hz, JBX 7.4 HZ, C&CH3), HA 

3.53, HB 3.46 (4H, JAB 9.6 Hz, Jm 4.7 Hz, JBX 2.5 Hz, C&O), 3.30 (6H. s, GC&), 3.70 (ZH, q, J 6.8 Hz, 

CH$XCH2). 4.36 (2H. brt, J 3.1 Hz, CHN), 8~ 11.3 (q), 16.1 (q). 26.5 (t). 39.4 (d), 53.9 (q), 71.8 (t), 150.4 

(s), 178.2 (s); m/ z 343 (MH+* 100%). 

(4R,5R)-1,2-Di(2-methylbutanoyl)-4,5-di(benzyloxymethyl)imi~o~idin-2-one 33 - A solution of 1,3- 

dipropionyl-4,5-di(benzyloxymethyl)imidazolidin-2-one 7 (220 mg. 0.5 mmol) in THF (2 cm3) was cooled 

to -78 Oc and stirred for 15 min. Ethyl iodide (0.12 cm3, 2.0 mmol), was added dropwise and immediitely 

after this LHMDS (1.2 cm3, 1.2 mmol, 1M solution in THF) was added and the msulting solution allowed to 

warm to ambient temperature overnight. Dilution with water (x lo), subsequent extraction with CH2C12 (3 x 

25 cm3). drying of the organic layer (magnesium sulphate) and removal under reduced pressure gave a crude 

crystalline residue. The residue was purified by flash chromatography on silica gel using 4% ether in CHgl2 

as the eluent and gave 33 as white crystals (140 mg, 57 %). m.p. 42 Oc, (Found; C. 70.2; H, 8.0; N, 5.8%. 

C3oH42N205 requires C, 70.1; H 8.1; N 5.6%); u,(CHC13)/ cm-t 2996 (CH), 1752 (CO), 1692 @ICON); 

[a]D22 -41.7 (c = 0.18. CHzC12); SB (300 MHz, CDCl3) 0.92 (6H, d, J 7.4 Hz, CH$&), 1.04 (6H, d. J 6.9 

Hz, C&CH), 1.61 (4H, m, C&CH3), HA 3.70, HR 3.53 (4H. J,Q 9.5 Hz, Jm 6.4 Hz, JBX 2.5 Hz, C&O), 

4.45 (6H, s. GCH$h, CHN); fjc’ 11.3 (q). 16.1 (q), 26.5 (t), 39.4 (d), 54.1 (d), 69.5 (t). 73.4 (t), 127.7 (d), 

128.0 (d), 128.6 (d), 137.9 (s), 152.0 (s), 178.0 (s); 495 n-r/ z (MH+, 100%). 

(2S)-2-methyl-3-phenylpropan-l-ol 34 - Alkylation product 30 (80 mg. 0.17 mmol) in THF (5 cm3) was 

added dropwise to a stirred suspension of lithium aluminium hydride (19 mg, 0.5 mmol) in THF (5 cm3) at 

OoC. After stirring for lh at OoC the reaction was allowed to warm to ambient temperature before being 

quenched with 15% sodium hydroxide filtered and the volatiles removed in vacua . The resulting residue was 

purified by flash chromatography using ether as the eluent gave 34 as a colourless oil (20 mg. 95%). [a& - 

10.1 (c=l.O, CH2C12). 
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