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A Short Synthesis of 125,4S,SR)-4,5,6-~ihydroxyn~rleucine. 

Aliphatic aad cyclic hydmxy-a-amino acids am of ink%% as antimetabolites and enzyme inhibitors. 

They occur Nmally in flee form like in seeds, frub, mkmorganisms, seaweed, etc., or combined, taking 

part of large mole&es, such as peptkks rmd ~ti~~s.1 l%eefoq the synthesis of optically pure, modified 

amino a&Ads coftstitutes an ama of current intensive inveSigati~,2 several synthetic suategies have employed 

carbohydmtes as convenient starting rnatekl~.~ Pakularly, for the synthesis of hydroxyamino acids, aidono- 

lactones and their derivatives have been widely used as a source of chiral cacbons.~ Thus, Vekemans er a1.5 

qorted a squenoe which leads to enantiome~caliy pure trihydmxylated no&u&es fmm L-gulono, ~-man- 

nono, and ~~~~1,~~~~ In this mute the amino timctii.m is introduced by Nordic ~hs~~ti~ 

of the sulfonylakd hydmxyl group at C-2 of the sugar lactone by azide, followed by reduction. We bavc 

recently described6 a cliu~~tive syntheaii of crk4hydmxypipeculic acid, ti a diunsatumted aldonolac- 

tone precursor, which was obtained by high temperatme acetyiation of Zamino-Z-deoxy-Dgluconic acid (2). 

Also an unsaturated lactone (Scheme 1) could be the key inm&te for the synthesis of enantimmically pure 

{2SAS$R)-4,5,6_trihy~x~or~e~~ (1). Such an Indian could be obtained from ~~~ inic acid 

{Z), which can be readily prepared and in multigram scale, by tne~ury{IE) oxide oxidation of ~glucmamine.7 

Scheme I 



The advantage of our strategy is that the amino group is pnqerly located in the starting sugar, avoiding 

the HO-2 derivatization, substitution and reduction steps. Furthe~ore. the sequence depicted in Scheme 1 

would iuvolve a hydrogemation which is expected to occur with inversion of the C-2 conftguration,6~8*9 lead- 

ing to an amino acid of the L-series, generally fctund in natuw. -fore, we have explo=d the selectivity for 

the hydrogenation of the enono-1,4- and I,Slactones 3-6, 11, as the key step for the synthesis of 1 _ 

The furanones 3 and 4, and the pyranones 5 and 6 were obtained on acylation of 2, as previously 

reported,8 with the folloyring yields: 3, 21%; 4, 33%; 5, 40% and 6, 52%. The enamine system of the 

enonolactones 3-6 was wdrogenated at 15-30 psi, using 10% Pd/C as catalyst. For example, compound 3 

(0.10 g. 0.35 mmol) diss+lved in ethyl acetate (7 mL) was hydrogenated at I5 psi and room tempemture, in 

the presence of 10% PdKT (20 mg). After 4 h, the catalyst was filtered and the fdtrate concentrated, to afford 

analytically pure,fO syrupy 7 (98 mg, 98 % yield), having ial, +829 Similarly, hydrogenation of 4 led to cry- 

stalline 8 (97% yield}, mp 205°C lab -5.39 As observed for analogous 2-O-substituted 3-deoxy-1.6lac- 

tones.9 and in agmemetit with the earlier described elucidation of the geometry of 3-deoxy-2,4-disubsti- 

tuted-1,4-bones,* the ltarge values for the coupling constants (table I) between H-3.3’ with H-2 and H-4, 

indicate a Dar-u&~ confisguration for 7 and 8. A 2-azido analog of these compounds having opposite con- 

figuration at C-2 @liao>~sbow& 33,~ 8.5 Hz and .I ~,4 3.5 Hz. The excellent diastereosekctivity found for 

the hydrogenation of 3 id 4 may be attributed to the steric hindrance of the lateral chain at C-4, which will 

induce the approach of h&ogen from the opposite face of the molecule, regenerating the chiml center at C-Z 

with the desired S-config&ation (L-amino acid). 

Hydrogenation of IQZ enono- 1,Mactomx 5 and 6 wan also performed under the conditions described for 

the fi~anones. The 3-deo$ylactones 9 and 10 were respectively obtained from 5 and 6 with almost quantita- 

tive yields. Syrupy 9 gav& lab +132”, whereas 10 crystallized from ethanol, mp 158-160 “C, lab +439 Also 

in these cases, the hydro&nation took place with remarkable diastereofkal selectivity. The rH-Nh4R spectxa 
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lsble 1. 1H-NhJRDataforCompoun~1.7-10and1214. 

Compound H-2 H-3 H-3’ H-4 H-5 H-6 H-4’ NH 
t&,3) (32.3’) CJ3,3*) (53.4) (J3*.3 (J4.5) (J5.6) (J5_6’)(Jg_fl) 

7 4.65 2.90 -2 4.60 5.26 4.45 4.20 6.45 
(8.7) (10.7) (12.5) (5.7) (10.8) (6.6) (3.5) (5.4) (12.3) 

8 49g-485 3.12 2.35 49W.85 5.69 4.83 4.63 6.92 
(8.7) (-11) (12.7) (5.7) (-10) (-6) (3.6) (5-5) (12.3) 

9 p;?) (k?) (li.5) 5.10 4.64 c4_41424+ 6.52 
(2.8) (7.6) (7.6) (3.3) (5.2) (12.5) 

10 5.22 2.93 2.37 5.53 5.03 4.77 4-65 7.03 
(7.0) (12.6) (14.6) (2.8) (7.4) (7.7) (3.4) (5.4) (12.4) 

12 4.99 2.89 a 3.96 4.52 4.42 3-85 628 
(10.7) (9.2) (13.8) (77.7) (9.4) (9.6) (5.1) (10.2) (9.8) 

13 5.47 2.89 2.79 5.05 4.48 4.11 4.03 9.53 
(9.2) (11.4) 12.0 (6.0) (9.7) (4.0) (5.6) (5.8) (12.3) 

14 4.69 i-3.25-2.97+ 5.13 4.47 4.09 4.10 
(9.0) (10.8) (6.0) (9.6) (3.8) (5.8) (-6.0) (11.2) 

lb 4.06 +232-2.06 + c 3.92-3.63 + 
(6.9) (4.1) 

For~pwda7-10.13-14H-3referstocheHtrmu,H-3’totbeHcisw~respecttotbeNHRgroup~C-2. 

wv&qped with CH3CO. bAmmoniu!n salt. 

9 and 10 indicated that they posses an ambin configuration, as their coupling constants were wry similar11 to 

those of the analogous 2.4,~tri-CLbenzoyl-D-d-hexono-1,5-&one. Furthennone, O- and N-deheuzoy- 

lation of 10 (5N aqueous HCI, ~&IX, 2Oh) followed by aeetylation. afforded the previously synthesized lac- 

tone 7. The dit~~~~icctivity may be explained if the enonolactones 5 and 6 arc hydrogenated in their pm- 

ferred W. confonnation.3~t’~~2 III th* f Is olln. the acyloxymethyl group al c-5 is qrrasi-axially orietl@ pre 

venting the addition of hydrogen from the u-face. Compounds 7-10 are acylated derivatives of the 

(2S,4S,SR)-4,5&rihydroxynorleucine in the 1,4- and 1,5-lactone forms. 

Akunatively, a 3deoxylactone pmeurso r (12) of the txihydroxynorleucine 1 was prepared from 2 in a 

higher yield (67%). compared to that obtained for the synthesis of 7-10, via the unsamrated laotoWs 3-6. 

Hydrogenation of the previously described* compound 11 afforded dktemoselectively the 3-deoxylactone 12 

(94% yield}, mp 235-237 OC, lal, +lOV (c 1, DMSO). The con&ration for the C-2 of 12 was established 

by means of chemical transformations. ‘fIrus, hydrolysis of the benzylidene group of 12 (0.25% eonc. HCL in 

acetone, rcflux, 1.5 h) afforded 13 (95.5% yield), mp 160-161 T, lab -lO’(c 1, H@). Conventional 

a~tylation of 13 led m a product (90% yield), which showed the same physical and spectroscopic propettics 

as 7, previously o%imd from 3. The reason for the high d&tereoMv~ in the hydrogemtion of 11 is not 

obvious. However, it seems that the viny& acetamide group is involved, as for tk 2-acetoxy analogous of 11 
no selective hydrogenation, under the same conditions, was observed. 
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Table 2. I*-NMRDataforCompounds7-lOand 12-14. 

Compound C-l C-2 C-3 C-4 C-5 C-6 

7 

t3 

9 

10 

12b 

13 

14 

1= 

173.9s 49.7 32.0 75.1 70.9 61.7 

174.1 50.3 32.8 75.6 71.8 62.5 

170.9 45.7 32.0 65.1 76.6 62.4 

170.8 46.3 32.2 66.2 77.2 63.2 

169.8a 44.6 29.9 68.0 72.5 67.1 

175.w 51.0 29.8 79.3 72.5 62.7 

174.1 50.3 28.4 79.9 71.6 62.5 

175.2 53.6 32.9 75.3d 69.9 63.1 

0 T 6tlls may be intercbwged with CH3co. %tlcH li 100,0. =Ammonhm 
salt. mssigrmesmamaybe~evased. 

Hydrolysis of 12 (bN aqueous HCl. Flux. 1.5 h) led to the lA-lactonic form of (2S,4S,SR)-4,5,6-t& 

hydroxynorleuck as 4 crystalline hydrochloride (14, 85% yield, overall yield from 3 57%). mp 185 ’ C, 

lab -lOQ (c 0.8, H20). kompound 14 was applied to a Dowex 50 W (H+) column. and eluted with 1M aq. 

ammonia On e.vaporatio& the ammonium salt of 1 [rnp 173-174 T, lab -17P(c 0.6, H2O)l was obtained. 
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