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Abstract: The preparation of enantiomerically pure /3,~epoxyesters was achieved by chemoselective opening of 

&hydroxybutanoli&s with trimethylsilyliodide followed by cyclisation of the resulting iodohydrins with silver oxide. The 

reaction of these epoxyesters with lithio or magnesiocuprates ajorded stereochemically pure a-substituted /3-hydroxyesters. 

Alternatively, (-)-GABOB was synthesized in optically pure form from the iodohydrin 2’0. 

Optically active epoxydes are very valuable synthetic intennediis due to their great facility to give both electrophilic 

and nucleophilic opening and to allow the access to chiral building-blocks possessing several chiral centers. They may be 

obtained by asymmetric epoxydation, by moditication of natural products from the “chiral pool” t or by microbial reactions.2 

All these methods were applied with success to the preparation of a-functionalixed epoxydes but frequently failed when applied 

to f%-functionalixed substrates. For example, the asymmetric epoxydation of homoallylic alcohols gives low enantiomeric 

excesses3, and the resolution of racemic ~,-y-epoxyesters by lipases or esterases is not general enough.4 

We want to report here an efftcient chemical method to prepare p,y-epoxyesters based on the chemoselective opening of 

P-hydmxylactones followed by a basic cychsation of the intermediate iodohydrines.5 

P-hydroxybutanolides la are easily obtained in R or S form from malic, aspartic and ascorbic acid.6 or by microbial 

reduction of P-ketoesters.7 They may be stereoseIectively alkylated into the trans lactones lb or l’b.8 Moreover, the cis 

isomer lc is available from the microbial reduction of a-methyl p-ketoester.9 
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These lactones am very valuable precursors for the synthesis of epoxyester 3. Indeed. it is well-known that in the 

reaction of lactones with trimethylsilyl iodide. the former undergoes mild cleavage of dte carbcmeoxygen bond to provide the 

anmsponding iodoaIkyknrboxyBc acids after hydrolytic work-up. JO This reaction is catalyzd by hydmiodic acid and it was 

shown that in some cases. by opar&tg in the pmsence of akohol. it was possible to isolate &&ocarhoxylic ester.1 J 

Uponrcactingthclactoneslinthe~ofanexcessof~wesucceadtdinobtainingiodohydri~t~ 

anv.ofthefnthvmoxvhmction.AWloughalcoholsanpronctohnchatransformationintoiodideswithTMSI,we 

never observed the presence of diio&compounds and the iodohydtinw were &o&ted in about 80 % yield.Jg With trimethylsilyl 

txomide, however, yields decrea& slightly (65 %). 

Thecyclisatrmoftheseiodohydrincswesrathcrdifficulttoan~Indced.Iheepoxycsren3anverysensitiveto~c 

medium due to theii great ability to isomaixe into u,B-unsammkd y-hydroxy ester. For example, the reaction with sodium 

carlxmateaffordstotalisom&satimtinkssthanfiveminute8.Inaccordancc with pmvious msultsJ3. the most effective reagent 

was silver oxide (cf. Table 1). By operating in glyme at 80°C for four hour& we suazded inobtainingtheepoxyde3in77% 

yield. By comparison. the cyclisation of the silyl protected itxbhydrine 4a using anhydrous tetrabutylammonium fluwide in 

THF gives only a 55 % yield 

Tabk I: Cyclisation of iodohydrimz 2a 

Reesent solvent X Yield% 

LigCCj BtOH 50 Iy) reaction 

ClQO dislyme 130 10 

CH$COAg THF 50 65 

ABC glymc 85 II 

I 

4a 

The enantiomeric purity of the epoxyesters was checked by NMB with chii shift reagents. However the me&cd is not 

accurate enough and we prefered to measure the enantiomeric excesses by chiral VFC on the B-hydmxyestets obtained after 

openingwithcupratcs(vide~).lheacxcesscswcreinallcasesbarcrthan99%. 

Indeed. the B-hydroxycsteas are important synthetic intermediates and enantianerically pure &hydroxybmanoates have 

been used as building-blocks for the synthesis of a wide variety of compounds.t4 However, the obtention of a stereo- 

chemically well-defined form of a-substituted B-hydroxywters is not very easy. Besides the asymmeuic aldol condensation, 

they may be obtained by the enantio.selective ruthenium catalyzed reduction of g-keto esters (a reaction which has to be 

conducted under high pressure)15 or by microbii reactions such as the resolution of racemic p-hydroxye-sters (as &Butyl 

esters)le or the microbiological reduction of a-methyl j3-ketcesmrat7 

Alternatively, the reaction of homocuprates with the g,y-epoxy esters previously described would furnish a very 

attractive method to prepare these B-hydroxy esters. Since the pioneering work of Johnson, cunrates are well-known to be the 

best carbon nt&.ophiks to achieve the opening of epoxides. 18 Despite their great sensitivity to basic medii B,y-epoxyesters 

react very readily with lithiocuprates in ether or even with magnesiccupmtes in THF to afford B-hydroxyesters in good yields 

(cf. Table 2). 
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Table 2 

Solvent 5 [alD20, c 
yield% MeoH 

THF 73 -6.W(3.1) 3R 

e&er 81 -7.1” (3.3) 3R 

eiher 80 2.5” (1.9) 3s 

THF 82 15.3’ (2.8) 2S,3R 

e.theX 92 -28.8” (3.3) 2R,3s 

AS expected from previous resuks with glycidic ester@, cuprates afford exclusive attack on the less substituted carbon 

atom to give the p-hydroxyesters only. The enantiomeric purity was retained during the course of the reaction as indicated by 

VFC analysis of the derived isopropyl catbamates (XE60, S-Wine-a-phenyl&yhunide).t9 

A direct application of the hydroxylactones opening was found in the synthesis of (R)-r-amino-p-hydroxy butanoic acid 

(GABOB). (R)-GABOB 7 is a compound of great pharmacological importance because of its biological function as a neuro 

mediator in the mammalian central nervous system and it has been shown to have a greater biological activity than its (S)- 

isomer.20 The R isomer has teen obtained by resolution of racemates or by chemical modification of substances from the 

“chiral pool” such as ascorbic acid208.22, malic acid23, hydroxyproline 24 and j3-pinene25. It was also synthesized by 

chemnenzymatic methods by using a microbial hydrolysis26 or a yeast reduction 27 as the enantioselective step.. Most of these 

previous synthesis were rather long and tedious and optical purities were not always satisfactory. 
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The opening of the hydroxylactone l’a furnishes a very direct access to (R)-GABOB. Indeed, 4-halogeno-3-hydroxyestefs 

anz the direct precursors of GABOB and camitine (the quaternary ammonium salt derived from GABOB).3*% 

By substitution of iodine with sodium azide in water, we obtained the aaidoester 6 in nearly quantitative yield. Catalytic 

hydrogenation of this ester did not furnish the required aminoester but afforded the corresponding cyclic lactame. However, 

GABOB 7 may be obtained in very good yield by saponification of the ester function followed by catalytic hydrogenation of 

the resulting azidoacid. In this manner, (-)-GABOB was obtained from the hydroxylactone em-la in a total yield of 56 46. The 

enantiomaric excess of the azide 6 was measured as >99% by HPLC of the Mosher derivatives29 and we can assume that 

GABOB thus obtained is enantiomtically pure. 

In conclusion, the above sequence is a practical alternative to the existing methods. 
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EXPERIMENTAL 

F9oduct.s were purified by distillation or by medium ptcssure liquid chromatography on a Jobin-Yvon Modtdprep 
(Kieselgel 60H Merck) or by flash chromatography (Kieaelgel60 Merck: 230400 Mesh; solvent : cyclohexanel ethyl 

acetate) and analyxcd by gas chromatography (10% SE30. 3m column or 10% SE52. 3m column) or by thin layer 
chromatography (silicagel 60F 254). Optical totalions were measured on n P&in-Elmer 141 polarimeter. 1H-NMR spectra 
were mcorded on a Bruker WP 80 or on a B~u~K AM at 250 MHz for *H and 100.56 MHz for 13C. Deuterochloroform 
was used as solvent with tctramethylsilane as intcmal standard. Inframd spectra were recorded on a Perkin-Elmer 599. Mass 
spectrawcremcordcd onaNermagR10_10(fittal with a WC-mass coupling; column: CP Sil S-l&n). 

- (2S~S)-2-metbyl-3-hydroxy-4-butanolide lb 
To diiaoptopyhtmine (1.23 g. 0.122 mol) at 0°C in THF (280 ml) under argon was added n-BuLi (2.2 M in hexane, 55 

ml). Tbe solution was stirred at room tempemture for 30 minutes, cc&d at -1OOV and a solution of (S)-3-hydroxy4 
butanohde6 (5 g, 49 mmol) in THF (120 ml) was added. ABer 45 minutes mc&yliodi& (9.2 ml. 0.147 mol) in THF (lOOmI) 
~addedandthesdutionwasstimdat-1000Cforhvodaysandquenchedwithasa~emmoniumchloridesdutian.THF 
was evaporated in vaaw and the products wue exwcLed with ether. lhe combined organic phases wee dried (MgSO4) and the 
solvent evaporated. The testthing oil was subjected to flash chromatograph (cyclohexanc/AcOEt : 2/8) to give lb (3.7 g. yield 
: 65 %). Bp 163-165“C/15 mm. IR (neat) v = 3450 (OH) ; 1765 (GO). r H NMR: 1.52 (d, 3H. J=7.5 Hz. C&$X)) ; 2.58 
(dq, IH. J=7.5 and 5.5 Hz. C&CH3) ; 3.12 (s.lH. CHOB ; 4.10 (dd. 1H. J=lO.O and 5.0 Hz. CH2-0) ; 4.38 (m. IH. CHOH) 
; 4.50 (dd. 1H. J=lO.O and 6.0 Hz. CHp0). W NMR: 12.85 ; 43.15 ; 73.47 ; 75.02 ; 179.38 ; h4S : m/z 116 (3) ; 98 (4) : 
58 (64) ; 57 (100) ; 55 (14). AnaL talc for C5Hg03 : C, 51.72 H. 6.94 ; found : C, 51.90 H. 6.85. [a]D20 - 58’ (c=2.87 
McOH)ee>97%@yHPLContheMc&er’sesters). 

- (2RJR)-2-mctbyl-3-hydroxy-4-butanolide l’b 
7bo method was as described for lb using (R)-3-hydroxybutatmhde. [a]9 58.2” (c=2.93. MeOH). 
- (2S,3R)-2-metbyl-3-hydroxy-4-butanoRde l’c 
Methyl 4-0-benxyl-2-methyl-3-hydroxybutanoatc9 (1.78 g. 7.5 mmol) in absolute ethanol (20 ml) was stirred under 

hydrogen with palladium on chatcoal (10 %) for 12 hours. After filtration. solvent was evaporated in wcuo and the crude 
product diluted in CH2Cl2 (10 ml) was heated at 50°C for 3 houra with a small amount (3 drops) of uifhtoroacetic acid. The 
solution was stirred with NyC03 and the solvent evaporated in vucuo. The resulting oil was subjected to flash 
chromatography (cyclohexane/AcOEt 3/7) to give the lactone l’c (680 mg. yield 83 %). Bp 1 IS”CKL 1 mm IR (neat) v=3430 
(OH) ; 1765 (CO). 1H NMR: d 1.28 (d, 3H. J=7 Hz, C&+X) ; 2.6-2.8 (m. 2H, OH and CH-CH3) : 4.36 (2H, m, CH20) ; 
4.6 (m, lH, CHOH). 13C NMR 7.71 ; 40.09 ; 69.68 ; 74.54 ; 179.85. AnaL cak for C5H803 : C. 51.72 H. 6.94 ; found : 
C. 51.59 H. 6.98. [a]# 77.8 (c=3.35, MeOH) ; ee 96 % (by HPLC on the Moshds esters). 

- Ethyl (S)-3-hydroxy-4-iodobutanoate 2a 
To (S)-3-hydmxy4butanohde (2.5 g, 24 mmol) and absolute ethanol (3.4 g, 73 mmol) in methylene chlaide (100 ml) 

unhr argon was slowly added freshly distilled trimethylsilyliodide (5.25 ml. 37 mmol). After stirring for a night, solvent was 
evaporated in vocuo and the residue was dissolved in ether. The solution was washed with sodium thiosulfate and evaporated. 
The resulting oil was subjected to flash chromatography (cyclobexane/AcOEt 75n5) to give 2a as a colourless oil (5.4 g; yield 
80 %). IR (neat) v = 3500 (OH) ; 1725 (CO). 1H NMRz d 1.3 (t. 3H. J=7 Hz, -CH2C&3) : 2.6 (d, 2H. CH2CO) ; 3.0 (hr. lH, 
OH) ; 3.35 (d. 3H. J=7Hz. CH2I) ; 4.0 (m, lH, CHO) ; 4.17 (q, 2H, J=7 Hz. OCH2) Anal. talc. for CeH11103 : C. 27.93 H. 
4.18 ; found : C, 28.00 H. 4.22. [a]D20 -10.7” (c=3.0, EtOH). 

- Ethyl (R)-3-hydroxy-4-iodobutanoate 2’s 
The. method was as described for 2a using (R)-hydroxy4Lunanolide. [a]$o10.2” (c = 3.3, &OH). 
- Ethyl (2S,3S)-3-bydroxy-4-iodo-2-metbylbutanoate 2b 
The method was as described for 2a using lactone lb (1.14 g. 10 mmol). Flash chromatography gave 2.1 g (yield: 

78 W). IR (neat) v = 3480 (OH) ; 1725 (CO). 1H NMR: 1.2 (d, 3H, J=7 Hz, CH3) ; 1.3 (t, 3H, CH2CHS) ; 2.7 (m, 1H. 
CHCHS) ; 2.8 (br, lH, OH) ; 3.2 (d. 3H. CH21) ; 3.95 (m, lH, CHO) ; 4.1 (q: 2H. 0-CH2). Anal talc. for C7H13103 : C. 
u).W H, 4.82 ; found : C. 31.00 H. 4.82. [a]B20 22.8” (~3.3, MeOH). 

- Ethyl (2R,3R)-3-hydroxy-4-iodo-2-metbylbutanoate 2’b 
‘flu. method was as described for 2a using (2R,3R)-lactone l’b. [o]Dzo -21.80 (c = 2.9, MeOH). 
- Ethyl (2S,3R)-3-bydroxy-4-iodo-2-methylbutanoate 2’c 
The method was as described for 2a using (2S,3R)-lactone l’c. Anal. cab. for C7Ht31@ : C. 30.90 H, 4.82 found : 

C. 30.82 H, 4.76. [a]$’ 16.3” (c = 4.4. M&H)- 

Preparation of ethyl epoxybutanoates 3 and 3’ 

Iodohydrincs 2 (33 mmol) and Ag20 (34 mmol) were rcfhtxcd in monoglyme (100 ml) for 8 hours. After Wration, the 
solvent was distillatcd to give pure epoxydcs after chromatography on silicageL 

- Ethyl (S)-3,4-+poxybutanonte 3s 
From 2a (8.5 g. 33 mmol), 3.26 g (yield 77 %) were isolated. IR (neat) v = 1730 (CO) ; 12.65 and 1180 (C-O-C) ; 1H 

NMR (250 MHz): 1.3 (t,3H, J=7.0 Hz. OCH2CW ; 2.58 (d, 2H, J=5 Hz. CH2CO) : 2.62 (d. lH, J=S.O Hz, CHHO) ,290 
(dd. IH. J15.0 and 5.2 Hz. CHHO) ; 3.32 (m, 1H. OCH) ; 4.22 (q. 2H, Jc7.0 HZ, OC&CH,). MS : mh 130 (3) : 99 (100) ; 
86 (60) : 71 (80); 57 (51). [o]$o -25.3” (c=3.7, M&XI). talc. f& CeHt003 : C, 55.37 ; H,-7.75 ; found C, 55.20 : H, 7.83. 

- Ethyl (R)-3,4-epoxybutanoate 3’s 
From 2’a (8.5 g. 33 mmol). 3.2 g (yield 76 %) were isolated [a]D20 24.7O (r~3.93, MeOH). 
- Ethyl (2S,3S)-3,4-epoxy-2-methylbutanoate 3b 
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From 2b (8.16 g. 30 mmol) 3.45 g (yield 80 %) were isolated. JR (neat) v = 1735 (CC) ; 1265 and 1175 (C-O-C) ; tH 
NMR (250 MHz): 1.32 (t+d, 6H, k7.0 and 7.0 Hz, OCH2C& + CH3) ; 2.32 (m, lH, CHCO) ; 2.70 (dd, lH, J=2.5 and 5.0 
Hz, CHHO) ; 2.88 (dd, 1H. J=5.0 and 5.0 Hz. CHHO) ; 3.12 (m. lH, CCH) ; 4.22 (q. W, J=7.0 Hz. OCH2CH3). IalB2e 
24.9“ (c=3.3. MeOH). Anal. talc. for C7H12O3 : C, 58.31 H, 8.39; found : C, 58.72 H, 8.68. 

Ethyl (2R,3R)-3,4-epoxy-2-metbylbntPnoate 3’b 
From 2’b (8.16 g, 30 mmol) 3.35 g (yield 78 %) wae isolated. [a]f$o -22’ (c=3.9, MeOH). 

Ethyl (2S,3R)-3,4-epoxy-2-metbylbutanoate 3’c 
From 2’c (6.8 g, 25 mmol) 2.56 g (yield 71 96) were isolated. JR (neat) v = 1730 (CO) ; 1270 and 1170 (C-O-C) ; 1H 

NMRz 1.23 (d, 3H, J=7.0 Hz, C&CH20) ; 1.30 (t, 2H. J=7.0 Hz, CH3) ; 2.38 (m. H-J, CHCO) ; 2.58 (dd, 1H. J=3.0 and 5.0 
Hx, CH,HO) ; 2.83 (dd, lH, J34.0 and 5.0 Hz, CHHO) ; 3.02 (m. 1H. CCH) ; 4.24 (q, 2H, J=7.0 Hz, OC&CH3). 13C NMR 
12.88 ; 14.15 ; 42.50 ; 45.48 ; 52.93 ; 60.80 ; 173.84. Anal. talc. for C7H1203 : C. 58.31 H, 8.39 ; found : C, 58.42 H 
8.31. [a]$0 27.0” (~4.25, MeOH). 

Preparation of 8-bydroxyesters 5 

-Ethyl (R)-3-hydroxyhexanoate 
To a suspension of CuI (418 mg, 2.2 mmol) in a mixture of THF (6 ml) and ether (12 ml) is added at -6O‘C a 0.8M 

THF solution of EtMgBr (5.5 ml, 4.4 mmol). After lh at -3O“C epoxyde 3a (260 mg, 2 mmol) dissolved in a l/l (v/v) 
mixture of H-IF and ether (8 ml) is added at 45°C and reacted for 1 b at -3OT. The mixture was then hydrolyzed with aqueous 

ammoniacal ammonium chloride (cont. NIQOH/sat NIL@ : l/l v/v) until a clear ethereal layer and a deep blue aqueous layer 
formed (30 min). After extraction, the ethereal layer was washed with saturated NH4Cl, dried (MgSO4) and concentrated to 
afford after flash chromatography (cyclohexane/AcOEt 85/15) 233 mg of pure product (yield 73 %). Bp 101-104°c/14 mm. IR 
(neat) v = 2970 (OH) and 1735 (CO) ; 1H NMRz (250 MHZ) 0.94 (t. 3H. J=7.0 I-Ix. C&-CH2) ; 1.3 (s 3H, J=7.5 Hz, CHY 
CH2-0) ; 1.46 (m. 4H, CH2CH2) ; 2.42 (dd. lH, J=9.0 and 16.5 Hx, CHH) ; 2.54 (dd. lH, J=3.5 and 16.5 Hz. CHIH) ; 2.95 
(br. lH, OH) ; 4.06 (m, lH, CHOH) ; 4.2 (q, 2H, J=7.0 Hz, CC&-CH3). 13C NMR: 13.74 ; 13.94 ; 18.47 ; 38.50 ; 41.29 ; 
60.40 ; 67.52 ; 172.83. MS : m/z 161 (M+l). [a]B2o -6.0” (c=3.1, MeOH).Anal. c&c. for C8H16.03 : C, 59.97 H, 10.06 ; 
found : C. 59.67 H, 10.74. 

- Ethyl (2S,3R)-3-bydroxy-2-methylpentsnoate 
Similarly, 262 mg of ethyl (2S.3R)-3-hydroxy-2-methylpe.manoate were obtahred from the reaction of the epoxyde 3b 

(288 mg, 2 mmol) with magnesium dimethylcuprate (yield 82 46). Bp 91-94”C/9 mm ; IR (neat) v = 2980 (OH) ; 1735 (CO) : 
tH NMR (250 MI-Ix): 0.98 (t, 3H. J=7.0 Hz, Cl&-CH2-C) ; 1.20 (d, 2H, J=7.0 Hz, Ck&$H) ; 1.29 (t. 3H, J=7.0 Hz, C&j- 
CH20) ; 1.48 (m, 2H, CC&-CH-) ; 2.56 (qd, IH, J=3.5 and 7.0 Ha, CH-CH3) ; 2.6 (hr. IH, OH) ; 3.84 (m, IH. CHOH) ; 
4.2 (q, 2H, J=7.0 Hz, CH3-CH20). 13C NMR: 10.20 ; 10.57 ; 14.09 ; 26.68 ; 43.88 ; 60.42 ; 75.09 ; 178.00. MS : m/z 161 
(M+l) ; 102 ; 74 ; 57 ; 56. [U]Bzo 15.3O (c=2.8, MeOH). Anal. talc. for CsHt& : C. 59.97 H, 10.06 ; found : C, 59.28 H, 
9.74. 

-Ethyl (R)-3-hydroxy-6-methylhept-S-enoate 
To a suspension of Cul(418 mg, 2.2 mmol) in anhydrous ether (12 ml) under argon at -50°C is added an ether solution 

of 2-methyl propenyllithium 0.5 M (8.8 ml, 4.4 mmol). After 1 hour at -35°C. the epoxyde 3a (260 mg, 2 mmol) dissolved 
in ether (5 ml) is added and the mixture is stirred for 1 hour at -3OT. It was hydrolyzed with aqueous ammoniacal ammonium 
chloride (cone NIQOH/sat. IQ&$1 : l/l v/v) for 30 min. After extraction, the ethereal layer is concentrated to afford after Bash- 
chromatography (cyclohexane/AcOEt S/Z) 301 mg of a clear oil (yield 8 1%). Bp 117-119“C/9 mm ; IR (neat) v = 2980 (OH): 
1735 (GO) ; 980 (C=C) ; 1H NMR: (250 MHZ) 1.3 (t, 3H. J=7.0 Hz, C&CHO) ; 1.65 (s, 3H, CH3) ; 1.76 (d, 3H, J=l.O 
Hz, CH3) ; 2.26 (m, W, CH2) ; 2.42 (dd, lH, J=9.0 and 16.5 I-Ix, CEIH) ; 2.56 (dd, IH, J=3.0 and 16.5 I-Ix, CHID ; 2.90 (br, 
lH, OH) ; 4.07 (m. lH, CHOH) ; 4.20 (q, 2H, J=7.0 I-Ix, CH3C&O) ; 5.2 (m. lH, CH). 13C NMRz 13.92 ; 17.67 ; 25.61 ; 
35.09 ; 40.56 ; 60.37 ; 68.01 ; 119.25 ; 134.60 ; 172.68. MS : m/z 186. [o]B 20 -7.1° (c=3.3, MeOH). Anal. c&c. for 
CleHlg03 : C. 64.49 H, 9.74; found : C, 64.29 H, 9.89. 

-Ethyl (S)-3-hydroxyoctanoate 
Similarly, from the reaction of the epoxyde 3’a (260 mg, 2 mmol) and lithium dibutylcupmte 308 mg of a clear oil 

were isolated (yield 82 %). Bp : 117-l 19oC/9 mm ; IR (neat) v = 2985 (OH), 1735 (CO) ; 1H NMR: (250 MHz): 0.9 (m, 3H, 
C113CH2C), 1.3 (t, 3H, J=7.0 Hz. C&+CH20), 1.40 (m. 8H, (C&)4CH3). 2.41 (dd, lH, J=9.0 and 16.5 Hz, C,HH), 2.54 (dd, 
lH, J=3.0 and 16.5 I-Ix CHK). 3.0 (br, IH, OH), 4.04 (m. lH, CHOH), 4.2 (q, 2H, J=7.0 Hz, CH3-CH20). 13C NMR 
13.88, 14.03, 22.46, 25.03, 31.59, 36.38, 41.26, 60.51, 67.90, 172.98 ; MS : m/x 189 (M+l). [U]Bzo 2.5” (c=1.9, MeOH) ; 

Ad dc. for CleH2eO3 : C, 63.79 H, 10.70 ; found : C, 63.36 H, 10.33. 
-Ethyl (2R,3S)-3-hydroxy-2-methyldec-S-enoate 
From the reaction of the cpoxyde 3’b (195 mg, 1.5 mmol) and lithium Q-hex-1-enyl cuprat@, 300 mg of an oil were 

isolated (yield92%). Bp 140-142°C/10 mm : IR (neat) v = 2970 (OH), 1730 (CO) ; 980 (GC) ; 1H NMR (250 MHZ): 0.96 
(m. 3H, C&(CH2)3) ; 1.28 (d, 2H, J=7.0 Hz, CH$H) ; 1.34 (t. 3H, J=7.0 Hz, C&CH20) ; 1.40 (m, 4H, (Q&)2CH3) ; 
2.02 (m, 2H, C&CH) ; 2.22 (m. 2H, CHf&) ; 2.62 (qd, lH, J&O and 7.0 I-Ix, CHCH3) ; 2.7 (br, 1H. OH) ; 4.0 (m. HI, 
CHOH) ; 4.24 (q, 2H, J=7.0 Hx, CH3CH20) ; 5.46 (m, lH, CH) ; 5.62 (m, 1H. CH). t5C NMR (CDC13) : 10.78 ; 13.80 ; 
14.09 ; 22.19 ; 26.99 ; 31.79 ; 31.83 ; 43.66 ; 60.43 ; 71.48 ; 124.55 ; 133.04 ; 175.89. MS: m/z 229 (M+l). [o]Bzo -28.8O 
(c=3.29, MeOH). Anal. cak. for Ct3H2403 : C, 68.38 H. 10.59 ; found : C, 68.23 H. 10.67. 

Ethyl (R)-4-azido-3-hydroxybutanoate 6 
To iodhydrine 2’a (lg. 3.8 mmol) in acetonitrile (10 ml) and water (2 ml) was added sodium axide (1.0 g. 15.5 mmol). 

The solution was stirred at 8OT for six hours. Solvent was evapomted in v(~caw and the residue was extrzted with ether. After 
flash chromatography (cyclohexane/AcOEt 7/3) a pale yellow oil was isolated (670 mg, yield 100 W). IR (neat) v = 3450 
(OH) ; 2090 (N3) ; 1730 (CO). 1H NMR 1.35 (t, 3H. J=7.0 Hz, CH3) ; 2.58 (d, 2H, J=6.0 Hz, COCH2) ; 3.38 (d, 2H, J=5.0 
Hz, CH2N3) ; 3.45 (s, lH, OH) ; 4.2 (m, 3H, CH20 and CHO). [u]B 20 7.4” (c=4.05, MeOH). ee > 99 % (measured by 
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HPLC after es@ritIcation of the hydroxyi function whh (R)-Masher’s acid chloride). Anai. caic. for CeHllN303: C, 41.61 H, 
6.40 N. 24.27 ; fwnd: C. 41.81 H. 6.27 N, 24.40. 

(RL4.nzida-3-hvdroxvbutmoic acid 
To azide 6 (580 mg. 3.35 mmol) in water (5 ml) and e&an01 (10 ml) was added solid potash (0.56 g, 10 mmol). Afcu 

stining for a night, ethanol was evaporated in wxrw and the residue was exuacted with aha. After acidifkxdon with 3N HCI, 
water-k.? evaporated in vvxe an&he residue was dissolved in AcGEt The soiudon was dried and evaporated to give an oil 

(490 mg, quantitative yield). JR (neat) v = 3500 (OH) : 2100 (N3) ; 1730 (CO). 1H NMR: 2.58 (d. 2H, Ju6.0 Ha, CH$ZO) ; 
3.35 (d. 2H. J&O Hz. CH2N7) : 4.18 (m, 1H. CHO) ; 66 &. W, OH and CGOH). [a]Dm 3.02O (c=2.55, MeOH). 

iR)1-nmino-3-hydroxybutPsoic acid ((-)-GAB~R) 
To the acid (435 mn. 8 nun00 in me&anoi (9 ml) and water (1 ml) was added palladium on charccoi (10 %. 60 mg). 

Tbe susoarsion w&stirred-&r hvd&nen for 5 h&s. Afta fiitmtia~ and evaccmuion under mduced m. the ddck veiiow 
oil washissolved in a snaii am&t orwater. Dilution with absolute aicooi provided 270 mg of white cry&is (yield-75 %) 
which were !ecys~aliized from water-emanoi. m.p. 212’C. 1H NMR (D20): d 2.7 (d, 2H. J=6.0 Hz, CH2CO) ; 3.0-3.2 (m. 
2H, NC&) : 4.6-4.4 (m, 1H. CHO). [o]D 20 -2O<c=2.37, H20). (Lit23 213-214oC ; [a]D” -20.5” (&.75, HgG)). 
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