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Enantiospecific Synthesis of (3R, 4R)-3-Amino-l-Hydroxy-4-Methyl Pyrrolidin- 
a-one (L-687,414), an NMDA Receptor Antagonist 

Jack E. Baldwin, Robert M. Adlington, .4lmut S. Elend and Marie L. Smith 

The Dyson Pen-ins Laboratory and the Oxford Centre for Molecular Sciences, South Parks Rd., 

Oxford, OX1 3QY, l’.K. 

Abstracl: An enantiospecitic synthesis of the NMIIA receptor antagonist (3R, 4R)-3-amino-l- 
hydmxy4methylpyrrolidin-?-one via ring opening of the chiral ~lactam (9) is reported. 

INTRODUCTION 

Intensive efforts to identify antagonists of the N-methyl-D-aspartate (NMDA) subtype of excitatory 

amino acid receptors for the treatment of pathological conditions such as cerebral ischaemia and epilepsy have 

led to the discovery of functionalised pyrrolidin-2-ones as active leads. In particular (3R, 4R)-3-amino-l- 

hydroxy-4-methyl pyrrolidin-2-one (1) (L-687,414) has been claimed by groups at both Merck, Sharp and 

Dohme and Pfizer pharmaceutical companies to be one of the most potent antagonists of its class with its 

significant in vim activity suggesting good pcnetratmn of the hlood-brain barrier.lW4 Moreover, it has been 

demonstrated that (l), which displays both anticonvulsant and neuroprotcctive properties, acts upon the glycine 

modulatory site of the NMDA receptor and that activity is confined only to the (3R, 4R) isomer. Although both 

Merck, Sharp and Dohmc and PfiLcr have described synthc.ses of (1) their routes lacked efficient stereochemical 

control and also they report inconsistent optical data for (1). 1.1.4 As such an independent, high yielding 

synthesis with controllable stereoselectivity and flexibility with rcspec! to potentially useful analogues was 

desirable. Herein we descrihc such a syntheses. 
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RESULTS AND DISCUSSION 

Retrosynthetic Analysis 

Our group has previously made a number of significant contributions into the use of simple p-lactams as 

precursors of amino acids and heterocycles. 5 I0 As a continuation of this program it was envisaged that (1) and 
related analogues could be derived in a stereoselective manner from p-lactam (6)6,7 (available from D-aspartic 

acid6*“.12) via one of two possible pathways, Scheme 1. Key to the overall approach would be the 
stereospecific trans alkylation of p-lactam (6) which would confer the correct 4R absolute configuration of (1). 

Subsequent cleavage of the lactam bond and the incorporation of a suitable leaving group at C-4, generating (4), 

could be followed by either conversion to the hydroxamic acid (3) (Strategy A) or to hydroxylamine (2) 

(Strategy B) from which (1) could be derived via suitable ring closure protocols. 

Strategy B 
“’ NH? => “‘\N+ NHP 

II 3 Key: 
%- I,=leaving group 

\I) (2) 
P=protecting group D-aspartic acid 

13) 14) 

Scheme 1 

(5) (6) 

Preparation of a Suitably Protected form of Key Intermediate (4) 

P-Lactam (8), prepared as previously described in four steps from the readily available D-aspartic acid, 

was subject to stereospecific trans methylation, Scheme 2. This was achieved by treatment of (8) with 2.2 

equivalents of LDA and quenching of the resulting dianion with methyl iodide to afford, after work-up, (9).9 

The ‘H n.m.r. of the crude reaction mixture showed only one set of resonances attributable to the p-lactam and 

the stereochemistry of (9) was assigned as frun.s based upon the observed coupling constant for 3H-4H of 
2SHz. In previous reports 13*14 JjH-4H for tranJ p-lactams systems was found to be in the range l-~Hz, 

whereas for the cis orientation a coupling of 5-8H7 was observed. 

&’ CO+ \“’ 

BnObC -l 

,,,, CO>Bn ret6.11.12 
Kl-BDMS 

NH2 -- 6 4 
C&H 

NTBDMS 
0 0 

(7) (8) (9) 

Scheme 2 



With the carbon skeleton in place cleavage of the amide bond of (9) would be required to generate key 

intermediate (4), Scheme 1. Previous experience with the nucleophilic ring opening of p-lactams has indicated 

the need for a sterically demanding ester function to inhibit products arising from attack at the ester carbonyL6,’ 

In addition the efficiency of the amide bond cleavage has been shown to be enhanced by activation of the 

nitrogen with an electron withdrawing group such as a carbamate. Thus treatment of (9) with O-(f- 

butyl)trichloroacetimidate and catalytic BF3.Et20 gave the I-butyl es@ and exposure of the resultant mixture of 

N-silylated and free amino r-butyl esters to CsF afforded (10) in 80% yield. Amide (10) was then activated 

towards nucleophilic attack by formation of the corresponding N-benzyloxycarbamate using dibenzyldicarbonate 

and catalytic DMAp8 yielding (11) (86%). Reductive ring opening of (11) was smoothly accomplished using 

sodium borohydride in MeOH to afford alcohol (12) as a colourless oil in 93% yield which was converted into 

the corresponding bromide using a carbon tetrabromide/triphenylphosphine protocolt6-t8 in near quantitalive 

yield, Scheme 3. 

(i) Cl~CC(NH)O’Bu (2eq.), BF3.tt$) (LX.), !XM:cyclohexane (1:2), RT. 
Ih.thenCsF(1.Sy.),MeOl~, RT, Ih.:(ii)Z20(2.ly.),DMAP(cat.), 
MeCN, RT, lOOmin.; (iii) NaBH4 Ckq.), MeOH, 0°C. 40min.: 
(IV) CBr4 (1.2Seq.j. PPhj (1.5eq.j. WM. OV. 9Omin. 

Scheme 3 

Strategy A 

With a high yielding route to bromide (13) m hand its conversion into the target material (1) was 

investigated. Strategy A was studied initially. Deprotection of the ester functionality of (13) was achieved using 

TFA in high yield to afford the corresponding carboxylic acid, Scheme 4, which under basic conditions 

spontaneously lactonised to (18). 

(I) ‘II’A. RT, 45min. 

Scheme 4 
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Attempts to couple acid (14) with the 0henzyl hydroxylamine proved problematic. A number of 

coupling reagents were investigated with DCC’” in the presence of HOBt proving to be superior. Formation of 
the hydroxamate (15). obtained in highest yield using DCC (1.3y.) and HOBt (1.3 eq.) in DCM (I.5 hours, 

RT), was, however, accompanied by imidatc (17) presumably arising from cyclisation of (15) via the 

hydroxamic acid oxygen and lactone (18) arising from intramolecular cyclisation of acid (14). Scheme 5. 

Somewhat unexpectedly an increase in the quantity of both DCC and HOBt to 3 equivalents led to the 
generation, in 22% yield, of the protected target matcrial (16). accompanied by (15) in 21% yield as well as 

lactone (18) and imidate (17). 

(‘ONHOBn 

OBll 

116) (17) (18) 
- 14% 64 
7X 1 I %> 3% 

(I) NHlt)Bo (l.?q.). I)(‘(‘ (I 3eq 1, HOBt (I h.). WM. RT. 9Omin.: 
fi:) NllzOBn (3~x4.). IX’C‘ (%x.). WM. RT, 12Omin. 

Schcmc 5 

The ambidont beha~mur of hydroxamates towards elcctrophiles is well established but the tendency of 

hydroxamate (151 to cyclibe via oxygen as shown hy the above results was unexpected. Indeed the alkylation of 
hydroxamatcs under neutral conditions has hcen littlc studied and the preferred mode of attack is unclear. 

However. under basic conditions it has been demonstrated that from the reaction of simple hydroxamates with 

alkyl halides the N-substituted product generally predominates, the exact ratio of the N and O-substituted 

products being largely dependent on the stcric hulk of the halide, the solvent and the base employed.20s2’ Thus it 

was hoped that by the judicious choice of’ conditions that cyclisation of (15) to via nitrogen could be favoured. 

However, we were unable to el’fcct rmg cloaurc ot t 151 to (16) via the hydroxamate nitrogen anion, despite 

having obtained (16) in low yield from the couplmp rcactmn discussed above. Under conditions described by 

Johnson for N-alkylation of hydoxamic acids (li$X)~. MeOIl. Hz()). for example, only (17) was isolated in a 

42% yield from (15) Thus, Srr<~frg? .4 was aband~;n~~d 

An ahematlve approach to ( I). Srrarr~~ B-Scheme I, mx&& the sN2 displacement of the bromide of 

(13) with BocHNOBn ir! the prtscncc of potassium carhi)natc to alTord hydroxylamine (19). This reaction was 
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found to be highly solvent dependent with good yields of the desired product being obtained only when DMF 

was employed, Scheme 6. The use of acetonitrile (as utikd by Pfizer in a similar procedure at reflux in their 
synthesis of (1),4) for example led at 70°C to substantial quantities of a by-product consistent with oxazine 

(20) derived from cyclisation via tbe benzyloxycarbamate group, Scheme 7. 

(0 B(K.NIIOB~ (4eq.1, Kz(‘O~ Lkq.,. KI (oleq.). DMF, KT, S5h 

Scheme 6 

Br N’II Ba\e 
N 

B 0 
(! - OBn 4 

OBn 
(13) 

Scheme 7 

(20) 

Removal of the ‘-butyl ester and Boc protecting groups of (19) was accomplished by treatment with ‘WA 

for 45 minutes at room temperature. Acid (21) was not routinely isolated as further exposure to TFA (up to 3 

hours) brought about the desired acid catalyzed cyclodchydration to generatc the protected heterocycle (16) as a 
crystalline solid, Scheme 8. 

(19) (21) (16) 

(I) WA. KT. 3h 

Scheme X 

Preparation of (.3R, 4R)-3-amino-l-hydroxy-4-methylpyrrolidin-2-one (I) 

Deprotection of (16) was readily accomplished by hydrogenolysis to afford the target material (1) in 

quantitative yield, Scheme 9. Appropriate n.0.e. studies were in agreement with those previously reported for 
(l)** and confirm the relative cis stereochemistry of the amine and methyl groups, Figure 2. 
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(0 PdWH)? (cat.), HL, M&H, K’I’, 105min. 

Scheme Y 

In summary an independent synthesis of (3K. 4R)-3-amino- I-hydroxy-4-methyl pyrrolidin-2-one (1) 

was accomplished in a stereospecific fashion from a readily available optically active starting material via strategy 

B, Scheme 1. The specific rotation of (1) was found to he +14.3 (c 0.49. MeGH) (literature values of 16.5 (c 

0.48, MeGH)2 and 10.4 (c 0.47, MeGH)4 were rcportcd by Merck, Sharp and Dohme and Pfizer respectively). 

EXI’ERIMENTAL 

Experinwntal Techniques 

Melting points (m.p.) were obtained using a Thermogalen .rM III melting point apparatus and are 

uncorrected. 

Optical rotations were measured with a Perkin-Elmer 241 polarimeter at approximately 20°C with a 

pathlength of ldm. Concentrations (c) are given in g/I OOml. 

Infrared (IR) spectra were recorded as thin films hctween NaCl plates, as KBr discs or in CHC13 

solution on a Perkin-Elmer 1750 Fourier Transform spectrometer. Absorptions are reported in wavenumbers 

(cm-t). The following abhmviations a~ used: w. weak; m. medium; s. strong and br, broad. 

Proton magnetic resonance spectra (tH N.M.R.) were recorded at 2OOMHz on a Varian Gemini 200 or a 

Bruker AC200 spectrometer and at WOMHz on a Bruker AM500 spectrometer. The nGes determined for 

(3R,4R)-3-amino- 1 -hydroxy-4-methylpyrrolidin-2-one (1) were recorded at SOOMHz on a Bruker AMXSOO 
spectromctcr. For *H N.M.R. recorded in CDCI? and D20 chemical shifts (6~) are quoted in parts per million 

(p.p.m.) and are rcfcrenccd to the residual solvent peak. The following abbreviations were used: s, singlet; d, 

doublet; t, triplet; q. quarter: m. multiplet and hr. broad. Coupling constants (J) were nxorded in Hertz to the 

nearest O.SHz. 
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Carbon magnetic resonance spectra (t3C N.M.R.) were recorded at 50.31MHz on a Varian Gemini 200 

or Bruker AC200 spectrometer and at 12577MHz on a Bruker AMXSOO spectrometer using DEPT editing. 
Chemical shifts (k) are quoted in p.p.m. and referenced to CDC13 unless othetwise stated. Spectra recorded in 

D&l are referenced to internal 1,4-dioxane. 

Low resolution mass spectra (m/z) were recorded on a V.G. Micromass ZAB 1F (CI/DCI/FAB), a V.G. 

Masslab 20-250 (CYDCI) or a V.G. BIO Q (electrospray) spectrometer, with only molecular ions (M+), 

fragments from molecular ions and major peaks being reported. 

Accurate mass analyses were performed as accurate mass CI peak match on (M+H)+ or (M+NH4)+ by 
EPSRC Mass Spectrometry Service Centre, Chemistry Department, University of Wales, Swansea. 

Microanalyses were performed by Mrs. V. Lambum, Dyson Perrins Laboratory, University of Oxford. 

Flash chromatography was accomplished on silica gel using Sorbsil m C60. Thin layer chromatography 

was performed on glass plates pre-coated with Merck silica gel 60 F254 which were visualised by the quenching 
of UV fluorescence (&,= 254nm), by staining with lO%w/v ammonium molybdate in 2M sulphuric acid, 

5%w/v phosphomolybdic acid in 95% ethanol or ninhydrin, followed by heat. 

All solvents were distilled before use. Anhydrous DCM was obtained by stirring over calcium hydride 

for 24 hours followed by distillation under argon. Anhydrous Et20 and anhydrous THF were obtained by 

distillation from sodium/benzophenone ketyl under nitrogen. Anhydrous cyclohexane and anhydrous ‘BuOH 

were obtained by distillation from calcium hydride at atmospheric pressure and stored over 4A molecular sieves. 

Anhydrous DMF and anhydrous n-octanol were obtained by distillation from calcium hydride under reduced 

pressure and stored over 4A molecular sieves. P.E. 30-40 refers to the fraction of light petroleum ether boiling 
between 30-40°C. Solvents were evaporated at 30°C or below on a Btichi R Rotavapor; high boiling solvents 

were evaporated on a Biichi REl 11 Rotavapor fitted with a dry ice condenser at <2mmHg. EtjN, iPr$IEt and 

‘Pr2NH were distilled from calcium hydride and stored over 4A molecular sieves. All other reagents were 

purified in accordance with the instructions in D.D. Perrin and W.L.F. Armarego, “Purification of Laboratory 

Chemicals”, 3rd edition, Pergamon Press, London, 1988 or used as obtained from commercial sources. All 

chemicals were handled in accordance with the safety instructions identified in “Good Laboratory Practice” 

Dyson Perrins Laboratory. 1993-94. 

Experimental Procedures 

(3S,4R)-N-(f~Butyldimethylsilyl)~tidine-3-methyl-2-one-4-carboxylic acid (9) 

To a stirred solution of ;PrzNH (12.lcm3, 0.086mol) in anhydrous THF ( 100cm3) at 0°C under an inert 

atmosphere of argon was added nBuLi (40.9cm3,0.086mol) and the solution was stirred for 10 minutes. This 

solution was then added dropwise to a solution of (4R)-~-(‘-butyldimethylsilyl)azetidin-2-one-4-c~boxy~c acid 

(8) (8.96g. 0.039mol) in anhydrous THF (1OOcmJ) at 0°C under an inert atmosphere of argon and the solution 

was stirred for a further 10 minutes. To this solution was added Me1 (7.3cm3, 0.117mol) and the solution 

stirred for a further 1 hour. The reaction was quenched by the addition of a 1: 1 mixture of 1N aqueous KHSO4: 

EtOAc (6OOcm3). The phases were separated and the aqueous layer extracted with further EtOAc (2 x 250cm3). 

The combined EtOAc layers were washed with distilled water (2.50cm3), saturated brine (250cm3), dried 

(Na2SO& filtered and concentrated in vacua to yield a yellow solid which was mcrystallised (Et20, P.E. 30-40) 

to yield (3S,4R)-N-(~~butyldimethylsilyl)~etidin-3-mcthy1-2-one-4-carboxylic acid (9) as colourless needles, 



(7.698, 81%); Rt 0.2 (Et20 P.E. 30-40; 50: 50); m.p. I 15-I 17°C; [a]22~ +39.8 (c 1.0 in CHC13); vmax (FT 

IR, KBr disc) 3439br w (OHj. 295lm. 2930m and 2856m (CH), 1746s (P-lactam C=O), 1689m (acid C=O), 

1295m, 120lm and 844m cm-t; 6~ (2OoMHz; CDCIJ) 0.14 and 0.3 I (2 x 3H, 2 x s, 2 x Sic&), 0.97 (9H, s, 

SiC(CW3). 1.42 (3H. d. J 7.5Hz. CHC&) 3.34 (1H. dq, J 2.5Hz. J7.5Hz. 3-H) and 3.71 (IH, d, J 2.5Hz, 
4-H); 6~ (50.3MHz; CDCl3) -6.56 and -6.07 (2 x Si&H3), 13.86 (CHcHj), 18.46 (Si&(CH3)3), 26.07 

(SiC(cH3)3), 52.74 (CHCHj), 56.72 (cHCO2), 175.66 and 177.23 (2 x C=O); m/z (desorption chemical 
ionisation, NH3) 358 [(M+SiMe2tBu)+, 29%], 261 [(M+NH4)+, 151, 244 [(M+H)+, 741, 216 1521, 143 [62] 

and 130 [ 1001; act. mass found 244.1369; act. mass required for [Cl t H2tN03Si + H] 244.1369; anal. found C 

54.39, H 8.91, N 5.48; anal. required for CttHztN03Si C 54.29. H 8.70. N 5.76%. 

(3S,4R)-t-Butyl azetidin-3methyl-2-one+carboxylate (10) 

TO a stirred solution of (3S.4R)-N-(~-butyldimethylsilyl)azetidin-3-methyl-2-one-4-carboxylic acid (9) 

(7.69g, 0.032mol) in a 1: I mixture of anhydrous DCM: anhydrous cyclohexane (16@cm3) was added BF3.Et20 

(200cm3) followed rapidly by a solution of r-butyl trichloroacetimidate (13.8 lg. 0.063mol) in anhydrous 

cyclohexane (8Ocm3). The reaction mixture was stirred for I hour, quenched by the addition of solid NaHC03 

(log), and concentrated in vucuo. The resulting solid material was triturated repeatedly with P.E. 30-40 (5 x 

100cm3j. The P.E. 30-40 portions were filtered through a plug of Celite@ and then concentrated in vucuo to 

yield a yellow oil. To a stirred solution of this crude material in methanol (25Ocm3) was added CsF (7.29g, 

0.048mol). The solution was stirred for 1 hour and then concentrated in vacua. The residue was taken into DCM 

(25Ocm3) and the DCM solution was washed with distilled water (2 x 25Ocm3), saturated brine (25(km3), dried 

(MgS04), filtered and concentrated in vacua. This crude product was purified by flash column chromatography 

(SiO2; Et20 P.E. 30-40; 70: 30) to yield (3S,4R)-*-butyl azetidin-3-methyl-2-one-4-carhoxylate (10) as white 
crystalline solid, (4.7lg. 80%); Rt 0.45 (Et20 P.E. 30-40; 80: 20); m.p. 89-91-C; [a]22~ -18.7 (c 1.0 in 

CHC13); Vma (FT IR, KBr disc) 3213hr m (NH). 3006m. 2986m, 2936m and 2874m (CH), 1751s and 1725s 

(2 x C=O), 137Om, 1305m and 1 l60m cm-l; &t (2OOMHz; CDCI3) 1.44 (3H, d, J7.5Hz, CHC&). 1.50 (9H, 

s. OC(C&)3). 3.26 (lH, dq, J 2.5Hz. .I 7.5Hz. 3-H), 3.74 (IH, d, J 2.5Hz. 4-H) and 5.96 (IH, hr s, NH); 
6~ (50.3MHz; CDCI?) 13.1X (CHcHj), 27.85 (OC(~H3)3). 52.22 CHCHj), 55.88 (CHCOz), 82.48 

(OIS(CHy)3j, 170.49 and 170.89 (2 x C=(I); m/z (chemical ionisation, NH3) 203 [(M+NH4)+, lOO%], 186 

](M+H)+, 751, 158 ]88]. 147 [78], 102 1401 and 5X [4X]; anal. found C 58.40, H 8.05, N 7.46; anal. required 

for QHtgNO3 C 58.36, H X.16, N 7.56%. 

(3S,4R)-r-Butyl N-(benzyloxycarbonyl)~~tidin-3-methyl-2-~)ne-4-carb~)xyla~ (11) 

To a stirred solution of (3S,4R)Jbutyl azetidin-3-methyl-2-one-4carhoxylate (10) (171mg, 0.92mmol) 

in anhydrous acetonitrile (lOcm3) under an inert atmosphere of argon was added dibenzyl dicarbonate (556mg. 

1.94mmol) followed by DMAP (29mg. 0.24mmol). The reaction mixture was stirred for 1 hour 40 minutes, 

then diluted with DCM (220km3), washed with IM KHSO4 (2 x 75cm3), saturated NaHC03 (44Ocm3), 

saturated brine (44Ocm3), dried (MgSO4), filtered and concentrated in vacua to yield a yellow oil which was 

puritied by flash column chromatography (Siti: E120: P.E. 30-40; 25: 75) and extrusion of benzyl alcohol by 

heating on a vacuum line to 50°C for 7 hours to yield (3SAR)-r-butyl N-(benzyloxycarbonyl)azetidin-3methyl- 
2-one-4carboxylate (11) as a pale yellow oil, (254mg. 86%); Rf0.3 (Et20: P.E. 30-40; 30: 70); (a]22~ +36.3 

(c 1.0 in CHC13); Vmax (Ff IR, NaCl plates) 2Y7Yw and 2937w (CH). 1825s (p-lactam C=O), 1733s (ester and 



carbamatc C=O), 139 I m, I327m. 1306m and I I54m cm-t; 6~1 (?OOMHZ; CDCI3) 1.42 (9H, S. OC(C&)3), 

1.44 (3H. d, J 7Hz. CHCH?). 3.23 (IH, dq, J3H7. J7t11, 3-H). 3.97 (1H. d, J3Hz, 4-H), 5.23 and 5.32 
(2H. ABq. J 12Hz. C&(C#5)) and 7.26-7.40 (.5H, m, CHz(C&)); 6~ (50.3MHz; CDC13) 12.83 

(CKH3h 27.71 ((XCHh). 5().3X (!ZHCH3), 58.04 (CHCO?). 68.29 (cH2(CeHg)), 83.08 (Oc(CH3)3), 
128.56 and 128.78 (aromatic CH). 135.04 (aromatic ipso C), 148.64, 166.41 and 168.12 (3 x GO); m/z 

(dunid ionisation, NH$ 337 [(M+NQ)+, 2l%], 281 1481, 192 (291, 108 [53] and 91 [(c7H7)+. 1001; act. 
m.sS found 337.1763; act. mass required for [C17H?IN05 + HI+ 337.1763. 

(2R..?S)-‘-Butyl 2-N-(benzyloxycarhonyl)-4-hydroxy-l-mcthylhutan~~atc (12) 

To a stirred solution of (3$4R)-‘-butyl N-(henrylcarbonyl)-al.etidin-3-methyl-2-one-4-carboxylate (II) 

(3(X)mg, 0.94mmol) in methanol (7cm3) at O’C was added NaBQ (lO7mg, 2.82mmol) in small portions. The 
solution was stirred for 40 minutes at 0°C before the reaction was quenched by the addition of flash silica (7cm3) 

and methanol (18cm3). The methanol was evaporated in VUCUI) and the silica triturated repeatedly with EtOAc 

(90cm3). The EtOAc portions were liltered through a plug of Celite@ and concentrated in vucuo to yield a pale 

ycftow oil which was purified by flash column chromatography (SiOz: Et20: P.E. 30-40; 40: 60) to yield 

(2R.3Wbutyt 2-~-(benzyloxycarhonyl)-4-hydroxy-.?-mcthylbutanoatc (12) as a colourless, thick oil, (283mg. 
93%); Rt 0.15 (EtzO: P.E. 30-40; SO: 50); [a]25t, -8.6 (c 1.0 in CHCI3); vmax (FT IR, NaCl plates) 3374br m 

(OH). 2977m and 2936m (CH). I7 18br s (2 x C=O). 15 15m and 1157s cm-t; 6~ (200MH~; CDC13) I .02 (3H. 

d. J 7Hz. CHCH3). I.48 (9H, s. OC(C&)3), 2.03-2. I4 (1H. m, 3-H). 2.58 (IH, br s. Om, 3.50-3.71 (2H, 

m. CH2OW, 4.27 (IH, dd. J 6Hz. J XHz. 2-H). 5.12 (2H, s. C&(C6H5)). 5.73 (IH, d, J 8Hz, NH) and 

7.31-7.36 (5H. m. Cb(C&Is)); 6~ (50.3MHz; CDCI3) 13.58 (CHGHj), 27.82 (OC(cHj)3), 38.33 

(GHCHj), 56.97 GZHCO2). 64.18 gH2OH), 66.96 (cHz(CbH5)). 82.26 (K(CH3)3), 128.25 and 128.63 
(aromatic CH). 136.42 (aromatic ipso C), 156.87 and I7 I .47 (2 x C=(I); m/z (chemical ionisation, NH3) 341 

I(M+NHd)+. 4%1. 324 I(M+H)+. 321. 268 1831, 224 [l(M)], 178 1771, I08 [30] and 91 [(QH7)+, 971; act. 

mass found 324.18 I 1; act. mars required for [C ~7H~~NO5 + HI+ 324. I 8 1 I 

(2R.W’-Butyl 2-N-(henzyloxyc~bonyl)-4-t)r~)m~)-3-mcthylbu~noatc (13) 

To a stirred solution of (2R,3S)-t-butyl ?-N-(hcn~yloxycarbonyl)-4-hydroxy-3-methylbutanoate (12) 

(5Omg. 0.15mmol) and CBr4 (64mg. 0.19mmol) m anhydrous DCM (2cm3) under an inert atmosphere of argon 
wits added dropwise at (1°C a solution of PPh3 (Slmg, 0.23mmol) in anhydrous DCM (fcm3). This mixture was 

stirred for I hour 30 minutes at O’C and then concentrated in WKUO to yield a yellow oil which wds purified by 

flash column chromatography (SiO?: Et20: P.E. 30-40; 20: 80) to yield (2R,3S)-l-butyl 2-W 

(bcnzyoxytcarbonyl)-4-bromo-3methylbut (13) as colourless oil, (59mg, 99%); Rt 0.25 (Et20 P.E. 30- 
40; 20: 80); [alz4u - 18. I (c 1 .(I in CHCl$; v  max (Ff IR. NaCl plates) 334Ohr m (NH), 2977m (CH), 1723br s 

(2 x C=Q. 152Obr m. l369m. 1234br m and I 154s cm-f; 611 (2oOMHz; CDCl3) I.09 (3H, d, J 7Hz. CHC&), 

I.49 (9H. s, (x(cki3)3), 2.34-2.37 (IH, m, 3-H). 3.31 (1H. dd. J XHz, J IOHz, C&HBBr), 3.49 (lH, dd, J 

5.5& J 1OHz. CH,&$r). 4.41 (1H. dd. J 5Hz. J XHz, 2-H), 5.13 (2H. s, C&(C6H5)), 5.52 (IH, d. J 
8H& NM and 7.33-7.41 (5H. m. CHz(C&)); % (50.3MHz; CDCI3) 14 87 (CHGH3), 27.93 (OC(~H3)3). 

35.60 (CHzBr), 39.27 GZHCH3). 57.37 K.HCO2). 67.1 I (cH$ChHs)). 82.99 (K(CH3)3), 128.38 and 
128.74 (aromatic CH), 136.38 (aromatic iJ)sn Cj. 156.09 and 170.22 (2 x CEO); m/z (chemical ionisation, 



NH3) 40315 IW+M4)+. 7/8%], 386/8 [(M+H)+. 7/6], 108 130) and 91 [(C7H7)+, 1001; act. mass found 
386.0967; act. mass required for [Ct7H2479BrN04 + H]+ 386.0967. 

(2R,35) 2-N-(Benzy1oxycarbonyl)-4-bromo-3-methy1lnnanoate (14) 

(2R,3~)-f~Butyl-2-N-(benzyoxylcarbonyl)-4-bromo-3-methy1bu~noa~ (13) (53mg. 0.14mmol) was 
dissolved in TFA (3cm3). This solution was stirred for 45 minutes and then concentrated in vacua. The residual 

TFA was removed azeotropically with toluene to yield (2R.35))2-N-(benzyloxycarbonyl)-4-bromo-3- 
methylbutanoate (14) as pale yellow semi-solid, (45mg. ca. yuant.); [a125, -16.0 (c 0.8 in CHCl3); vmax (FT 

IB. NaCl plates) 3318br m (NH), 3067m. 3034m and 2972m (CH), 1720br s (2 x C=O), 1524br s, 1455m, 
123th s and 697s cm-t; 6tt (2OOMHz; CDC13) 1.13 (3H, d, J6H2, CHC&), 2.41-2.49 (lH, m, 3-H), 3.34. 

3.42 CM m. CH.ACHBB~), 3.48-3.57 (lH, m, CHAC&Br), 4.50-4.59 (lH, m, 2-H). 5.15 (2H, s, 
Cb(C6H5)). 5.50 (lH, br d, J 6Hz. NH) and 7.37-7.39 (5H. m, CHz(C&)); ijc (50.3MHz; CDC13) 15.22 

(CHcHj), 35.24 (cH2Br). 38.46 cHCH$, 56.84 (&HC@), 67.53 cHz(CeHs)), 128.42, 128.62 and 
128.82 (aromatic CH), 136.01 (aromatic ipso C), 156.45 and 175.82 (2 x GO); m/z (FAB+) 332/330 

L(M+H)+, l/2%1, 250 [(M-Br)+, 81, 188 1111, 160 [7], 152 [9] and 91 [(C7H7)+, 1001. 

(3R,4S)-3-N-Benzyloxycarbony1-4-methyltetrahydrofuran-2-one (18) 

To a stirred solution of (2R,3S) 2-N-(benzyIoxycarbonyI)-4-bromo-3-methylbutanoatc (14) (43mg, 

0.13mmol) in anhydrous MeCN (l(km3) was added anhydrous KzC03 (9Omg, 0.65mmol) and this solution 

was stirred for 20 minutes. The solution was then conccntratcd in vacua and the residue taken up in DCM 

(30cm3) and distilled water (3Ocm3) and the aqueous layer was washed with more DCM (2 x 30cm3). The 

combined DCM layers were dried (MgSOd), f&red and conccntratcd in WZCUO. This crude product was purified 

by flash column chromatography (SiO2; EtlO: P.E. 30-40; 40: 60) to yield (3R,4S)-3-iV-benzyloxycarbonyl-4- 

melhyltetrahydrofuran-2-one (18) as white crystalline solid. (33mg, quant.); Rt 0.2 (Et20: P.E. 30-40; 50: 50); 
m.p. 98102°C; [a]24[j -53.2 (c 0.7 in CHC13); v  max (Ff IR. KBr disc) 3317m (NH), 2981~ and 2913~ 

(CH), 1770m (lactone C=(j), 1690s (carbamatc C=O), 154Om and l266m cm-l; 8B (2OOMHz; CDC13) 1.00 

(3H, d, J ~Hz, CHCH3), 2.91-3.08 (lH, m, CHCHJ), 4.11 (lH, d, / 9Hz, CEAHBO), 4.41 (lH, dd, / 5Hz, 

J 9Hz, CHAUBO), 4.57 (lH, t, J 6Hz, CJJNHZ). 5.15 (2H. s, C&(C6H5)), 5.25 (lH, br, NH) and 7.30. 
7.44 (5H. m, CH2GH.5)); 6c (50.3MHz; CDCl3) 12.6X (CHGH3). 34.05 GHCH3). 54.49 (CHNHZ), 67.35 

(cH20), 72.43 (cH2(C&ls)), 128.08, 128.31 and 128.56 (aromatic CH), 135.85 (aromatic ipso C), 156.09 

and 174.58 (2 x C=O); m/z (chemical ionisation, NH3) 267 [(M+NH4)+, lOO%], 250 [(M+H)+, 781, 159 [58]. 

116 1421, 108 [85] and 91 [(C7H7)+, 841; act. mass found 250.1079: act mass required for [Cl3Hl5N04 + H]+ 

250.1079; anal. found C 62.81, H 6.31, N 5.30; anal. required for ClgHl5N04C 62.64, H 6.07, N 5.62%. 

(2R,3S)-N-U-Benzyl-2-N-(benzyloxycarbonyl)-4-brt)mo-3-me~ylbut~~ide (15) 

To a stirred solution of (2R,3S) 2-N-(benryloxycarbonyl)-4-bromo-3-methylbutanoate (14) (492mg. 

1.49mmol), DCCI (396mg. 1.94mmol) and HOBt (26Omg, 1.94mmol) in anhydrous DCM (20cm3) under an 

inert atmosphere of argon was added a solution of H2NOBn (22Omg. 1.79mmol) in anhydrous DCM ( 10cm3). 

The reaction mixture was stimd for 1 hour 30 minutes, then diluted with DCM (lOOcm3), washed with 1M HCl 

( 100cm3), saturated NaHC03 (100cm3). saturated brine (100km3), dried (MgS04), filtered and concentrated in 

vacua. The residue was twice dissolved in as little EtOAc as possible, filtered and concentrated in vacua. This 
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crude product was purified by flash column chromatography (Sic; Et20: P.E. 30-40, gradient elution 10: 90 to 

50: 50) to yield (2R,3S)-N-O-benzyl-2-N-(benzyloxycarbonyl)-4-bromo-3-me~ylbu~amide (15) as a white 
crystalline solid, (285mg. 44%); Rf 0.15 (Et20: P.E. 30-40; 50: 50); m.p. 147-149°C; &t (2OOMHz; CDCl3) 

1.02 (3H, d, J 6.5Hz, CHC&), 2.26-2.29 (lH, m, 3-H), 3.42 (2H, d, J 4.5Hz, CI-&Br), 4.05 (lH, t, J 9Hz, 

2-H), 4.90 and 5.05 (2 x 2H, 2 x s, 2 x C&(QH5)). 5.65 (lH, d, J 9Hz, NHJ, 7.33-7.37 (2 x 5H, m, 2 x 
CHz(Ctj&)) and 9.37 (lH, s. NHOBn); m/z (desorption chemical ionisation, NH3) 435/437 [(M+H)+, 
67/69%], 141 [45], 108 [41] and 91 [(C7H7)+, 1001; act. mass found 435.0920; act. mass required for 

[C2$123N20479Br + H]+ 435.0920. 

(3R,4S)-2-N-Benzyloxyimino-3-N-benzyloxycarbonyl-4-methylfuran (17) 

To a stirred solution of (2R,3S)-N-0-benzyl-2-N-(benzyloxycarbonyl)-4-bromo-3-methylbu~n~ide 

(15) (153mg. 0.35mmol) in a 1.5: 1 mixture of MeOH: distilled water (lOcm3) was added K2CO3 (73mg, 

0.53mmol). This reaction mixture was stirred at 38°C for 15 hours and then concentrated in vucuo. The residue 
was taken up in DCM (5Ocm3) and distilled water (5Ocm3). The aqueous layer was washed with more DCM (3 x 

50cm3). The combined DCM layers were dried (MgSOd), filtered and concentrated in VIICUO. This crude product 

was purified by flash column chromatography (SiOz; Et20: P.E. 30-40; 50: 50) to yield (3R,4S)-2-N- 

benzyloxyimino-3-iV-benzyloxycarbonyl-4-methylfuran (17) as very fine white needles, (52mg, 42%); Rf 0.25 
(Et@: P.E. 30-40; 50: 50); m.p. 125-127-C; [01]2‘$) -33.1 (c 1.1 in CHC13); vmax (FT IR, KBr disc) 3321br m 

(NH), 2967w and 2931w (CH), 172lm (C=O), 1672s (C=N), 153Os, 1261m, 1226m and 1023m cm-t; 8~ 

(2OOMHz; CDC13) 0.95 (3H, d, J 7Hz, CHCH3), 2.86-2.92 (lH, m, CI-JCH3). 4.11 (IH, d, J 9Hz, 

CHACHBQ, 4.36 (lH, dd, J 5Hz, J 9Hz, CHAC~O), 4.74 (lH, t, J 6Hz, CHNHZ), 5.00 and 5.13 (2 x 2H, 
2 x s, 2 x Ck(CeH5)) and 7.31-7.79 (2 x 5H, m, 2 x CHz(C&)); 6~ (125.77MHz; CDCl3) 11.68 

(CHCH3). 35.17 (CHCH3). 54.28 CHNHZ), 67.09 (CHzO), 75.20 and 76.66 (2 x cHz(ChHg)), 127.85, 

127.95, 128.04, 128.23, 128.33 and 128.52 (aromatic CH), 137.02 and 138.70 (2 x aromatic ipso C), 155.86 

and 156.04 GO and C=N); m/z (desorption chemical ionisation, NH3) 355 [(M+H)+, 18%], 247 [lOLlI, 91 
[(C7H7)+, 541 and 70 [20]; act. mass found 355.1658; act. mass required for [C20H22N204 + H]+ 355.1658; 

anal. found C 67.59, H 5.99, N 7.64; anal. required for C2#22N2O4 C 67.78, H 6.26, N 7.90%. 

(2R3W-Butyl 2-N-(benzyloxycarbonyl)-3-methyl-4-(N-’-butoxycarbonyl-N-O-benzyl) butanoate (19) 

To a stirred solution of (ZR,3S)Jbutyl 2-N-(benzyloxycarbonyl)-4-bromo-3-methylbutanoate (13) 

(69mg, 0.18mmol) and BocHNOBn (159mg, 0.7 lmmol) in anhydrous DMF (2cm3) under an inert atmosphere 

of argon was added anhydrous K;?CO3 (49mg, 0.36mmol) and KI (3mg, O.Ollmmol). The reaction mixture 
was stirred for 55 hours and then concentrated in vucuo. The residue was taken up in Et20 (4Ocm3) and distilled 

water (40cm3). The aqueous layer was washed with more Et20 (4 x 4Ocm3). The combined Et20 layers were 

dried (MgSW, filtered and concentrated in vacua. This crude product was purified by flash column 

chromatography (SiOz; DCM) to yield (2R,3S) l-butyl 2-N-(benzyloxycarbonyl)-3-methyl-4-(N-’- 
butoxycarbonyl-N-0-benzyl)butanoate (19) as colourless oil, (74mg, 78%); Rf 0.15 @CM); [~1]24~ -10.7 (c 

0.7 in CHCl3); Vmax (m IR, NaCl plates) 3340br w (NH), 3066w, 3033w, 2977m and 2934w (CH), 1723br s 

(3 x C=O), 1456m. 1494m. 1369m, 1269br m and 1157s cm-l; 8~ (2OOMHz; CDCl3) 0.96 (3H, d, J 7Hz, 

CHCW. 1.43 and 1.52 (2 x 9H, 2 x s, 2 x OC(C&)3), 2.46-2.59 (lH, m, 3-H). 3.37 (lH, dd, J7.5Hz, J 

14.5Hz, CHAHEN, 3.50 (1I-h dd, J 6.5Hz, J 14.5Hz, CH,&N), 4.29 (lH, dd, J 3.5Hz, J9Hz, 2-H), 4.82 
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and 4.88 (2 x lH, 2 x d, 2 x J lOHz, C&(QH5)), 5.12 (2H, s, Cj&(CgHg)), 5.61 (lH, d, /9Hz, Na and 
7.36-7.50 (2 x 5H, m, 2 x CHz(C&)); 6~ (50.3MHz; CDC13) 14.54 (CHcHx), 27.89 and 28.25 (2 x 

OC(SZH3)3). 34.63 (cHCH3), 51.04 cH2N). 57.04 cHC02), 67.87 and 76.48 (2 x cH&&)). 81.65 and 

82.37 (2 x x(CH3)3). 128.25, 128.66 and 129.60 (aromatic CH), 135.55 and 136.68 (2 x aromatic ipso C), 
156.31, 156.62 and 170.60 (3 x GO); m/z (desorption chemical ionisation, NH3) 546 [(M+NH4)+, 73%], 529 

[(M+H)+. 121, 429 [X2], 373 [98], 108 [32] and 91 [(C7H7)+, IO]; act. mass found 529.2914; act. mass 

required for [C29H4@#7 + H]+ 529.2914. 

2-Benzyloxy-4-f-butoxycarbonyl-5-methyl-5,6-dihydro- 1,3,4H-oxazine (20) 

To a stirred solution of (2R,3S)-t-butyl 2-N-(benzyloxycarbonyl)-4-bromo-3-methylbutanoate 

(13) (40mg, O.lOmmol) and BocHNOBn (93mg, 0.42mmol) in anhydrous MeCN (2cm3) under an inert 

atmosphere of argon was added anhydrous K2CO3 (29mg, 0.2lmmol) and Kl(2mg, O.Olmmol). The reaction 

mixture was stirred at 70°C for 28 hours and then concentrated in vacua. The residue was taken up in Et20 

(40cm3) and distilled water (4Ocm3). the aqueous layer separated and washed with more Et20 (4 x 40cm3). The 

combined Et20 layers were dried (MgSOa), filtered and concentrated in WCUO. This crude product was purified 

by flash column chromatography (SiO2; EtZO: P.E. 30-40; 20: 80) to yield 2-benzyloxy-4-r-butoxycarbonyl-5- 

methyl-5.6-dihydro-1,3,4H-oxazine (20) as a white crystalline solid, (22mg, 69%); Rf 0.25 (Et20: P.E. 30-40; 

20: 80); m.p. 85-88°C; [al2% -26.4 (c 0.3 in CHC13); v  max (FT IR, CHC13 solution) 1732br m (C=O), 1674br 

m (C=N), 1283m and 1154m cm-l; &B (2OOMHz; CDC13) 1.06 (3H, d, J 7Hz, CHC&), 1.50 (9H, s, 

OC(C&)3). 2.07-2.20 (lH, m, CYCH3), 3.73 (lH, d. J 7H2, CjJCO2), 3.86 (lH, dd, J 8.5Hz, J 10.5Hz, 

C&HuO), 4.26 (lH, dd, J 4H2, J 10.5H2, CHAC&O), 5.11 and 5.21 (2 x lH, 2 x d, 2 x J 12Hz, 
C&(C6H5)) and 7.29-7.42 (5H, m, CHz(C&,)); 6~ (125.77MHz; CDC13) 14.62 (CHcH3), 28.06 

(OCKH3)3), 28.75 KHCH$, 62.29 (CHCOz), 69.12 (CHzO), 70.12 ~H~(C~HS)), 81.19 (x(CH3)3), 

127.94, 128.08 and 128.34 (aromatic CH), 136.30 (aromatic ipso C), 152.98 and 171.82 (C=O and C=N); m/z 

(chemical ionisation, NH3) 306 [(M+H)+, lOO%], 250 [17], 216 [22] and 91 [(C7H7)+, 241; act. mass found 

306.1705; act. mass required for [C17H23N04 + HJ+ 306.1705. Two by-products were obtained: (3R,4S)-3- 

N-benzyloxycarbonyl-4-methyltetrahydrofumn-2-one (18) as white crystalline solid, (4mg, 15%), and (2R,3S)- 

r-butyl2-N-(benzyloxycarbonyl)-3-methyl-4-(N-’-l) butanoate (19) as colourless oil, 

(3mg, 5%). 

(3R,4R)-3-Amino-3-N-(benzyloxycarbonyl)- I-benzyloxy-4-methylpyrrolidin-2-one (16) 

(2R,3S)JButyl 2-N-(benzyloxycarbonyl)-3-methyl-4-(N-’-butoxycarbonyl-N-O-benzyl)butanoate (19) 

(108mg, 0.2Ommol) was dissolved in TFA (3cm3) and stirred for 3 hours. The solution was then concentrated 

in vacua and the residual TFA was removed azeotropically with toluene. This crude product was purified by 

flash column chromatography (SiO2; acetone: P.E. 30-40; 25: 75) to yield (3R,4R)-3-amino-3-N- 

(benzyloxycarbonyl)- 1 benzyloxy-4-methylpyrrolidin-2-one (16) as a white crystalline solid, (46mg, 64%); Rf 
0.35 (acetone: P.E. 30-40; 25: 75); m.p. 94-97°C; [a]24D +l.l (c 0.7 in CHC13); vmax (FT IR, KBr disc) 

3338m (NH), 3033w, 3019w, 2954~ and 2881~ (CH), 1730s and 1713s (2 x C=O), 1526m, 1275w, 1250m, 
1013m, 753m and 701~ cm-l; SB (2(lOMHz; CDQ) 0.83 (3H, d, /7Hz, CHC&), 2.63-2.79 (lH, m, 4-H), 

2.89 (lH, d, J9Hz. C~HBN), 3.43 (lH, dd, J6Hz, J9Hz, CHAYnN), 4.30 (lH, dd, J SHz, J 7.5Hz, 3- 

H), 4.98 and 5.04 (2 x lH, 2 x d, 2 x / llHz, C&(C6H5)), 5.12 (2H, s, C&(C6H5)), 5.25 (lH, d, JSHz, 
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NH) and 7.30-7.48 (2 x SH, m, 2 x CHz(C&)); 8~ (50.3MHz; CDC13) 13.88 (CHcH3), 29.73 (cHCH3). 

52.18 (CHzN), 53.62 (CHNHZ), 67.06 and 76.77 (2 x cHz(C6Hg)), 128.01, 128.15, 128.50, 128.57, 

129.06 and 129.58 (aromatic CH), 134.77 and 136.10 (2 x ipso C), 156.37 and 166.67 (2 x C=O); m/z 

(chemical ionisation, NH3) 355 [(M+H)+, 22%], 247 [35], 158 [lOOJ, 141 [57], 108 [32] and 91 [(C7H7)+. 

281; act. mass found 355.1658; act. mass required for [C2oH22N204 + HI+ 355.1658. 

(3R,4R)-3-Amino-l-hydroxy-4-methylpyrrolidin-2-one (1) 

OH 

To a stirred solution of (3R,4R)-3-amino-3-N-(benzyloxycarbonyl)-l-benzyloxy-4-methylpyrrolidin-2- 

one (16) (76mg, 0.2lmmol) in MeOH (4cm3) under an inert atmosphere of argon was added Pd(OH)z (20mg). 

This suspension was placed under a balloon of hydrogen and stirred for 1 hours 45 minutes. The suspension 

was then filtered through a plug of Celite@’ and concentrated in V~CUO to yield (3R,4R)-3-amino-I-hydroxy-4- 
methylpyrrolidin-2-one (1) as a light brown solid, (28mg, ca. quant.); [a]2% +14.3 (c 0.49 in MeOH); vrnax 

(FT IR, KBr disc) 3438br m (OH), 2968m and 2929m (CH). 1693s (C=O), 1550~ and 999~ cm-l; 8~ 

(2OOMHz; D20, HOD 4.60) 0.84 (3H, d, J 7H2, CHCH$, 2.38-2.60 (lH, m, C&,CH$, 2.97 (lH, A of 

ABX, JAB lOHz, JAX 3Hz, C-N), 3.52 (IH, B of ABX, JAB lOHz, Jsx 7Hz, C&H& 3.63 (IH, d, J 
8Hz, CLNH2); 6~ (50.3MHz; CDC13) 13.02 (CHcH3). 28.25 (GHCH$, 53.21 and 55.80 cH2N and 

CHNH2) and 164.44 (C=O), m/z (chemical ionisation, NH$ 148 [(M+NHd)+, 81, 131 [(M+H)+, 951, 115 

[ 1001, 113 [(M-OH)+, 401 and 57 [23]. 

proton irratiated 

Ha 

Hb 
Me 

Hd 

nOc shown (>I %) 

Hb (6%) 
Ha (2.7%), Hc (2.9%) 

Hd (3%) 
Me (1.8%), Hc (2.5%) 
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