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Abstrace: A direct synthesis of enantiomericaily pure (28,48,5R)}-4,5,6-trihydroxynorieucine (1)
from a carbohydrate precursor (D-glscosamine), is described. D-glucosamine was oxidized to 2-amino-
2-deoxy-D-gluconic acid (2), which was converted into the 2-acylamido-hex-2-enomo-1,4-(3, 4) and
1,5-lactone (5, 6, 11) derivatives, The hydrogenation of the enamine system of these compouds took
place with excellent diastereofacial selectivity leading to the comresponding 3-deoxy-D-arabino-lactone
derivatives (7-1 6, 12, 13}, On N-deacetylation with HCI the hydrochloride derivative of 1, in its 1,4~
Iactone form, was obtained with 57% overall yield, from 2. The ammonium salt of 1 was also pre-
pared.

Aliphatic and cyclic hydroxy-oc-amino acids are of interest as antimetabolites and enzyme inhibitors.
They occur naturally in free form like in seeds, fruits, microorganisms, seaweed, etc., or combined, taking
part of large molecules, such as peptides and antibiotics.! Therefore, the synthesis of optically pure, modified
amino acids constitutes an area of current intensive investigation,? Several synthetic strategies have employed
carbohydrates as convenient starting maierials.3 Particulariy, for the synthesis of hydroxyamino acids, aldono-
lactones and their derivatives have been widely used as a source of chiral carbons.4 Thus, Vekemans ef al.5
reported a sequence which leads to enantiomerically pure trihydroxylated norleucines from L-gulono, D-man-
nono, and D-galactono-1,4-lactones. In this route the amino function is introduced by nucleophilic substitution
of the sulfonylated hydroxyl group at C-2 of the sugar lactone by azide, followed by reduction. We have
recently describedS a diastereoselective synthesis of cis-4-hydroxypipecolic acid, vie a diunsaturated aldonolac-
tone precursor, which was obtained by high temperature acetylation of 2-amino-2-deoxy-D-gluconic acid (2).
Also an unsaturated lactone (Scheme 1) could be the key intermediate for the synthesis of enantiomerically pure
{25.48,5R)-4,5,6-tihydroxynorleucine (1). Such an intermediate conld be obtained from D-glucosaminic acid
{2), which can be readily prepared and in multigram scale, by mercury(Il) oxide oxidation of D-glucosamine.’
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The advantage of our strategy is that the amino group is properly located in the starting sugar, avoiding
the HO-2 derivatization, substitution and reduction steps. Furthermore, the sequence depicted in Scheme 1
would involve a hydrogenation which is expected to occur with inversion of the C-2 configuration,559 lead-
ing to an amino acid of the L-series, generally found in nature. Therefore, we have explored the selectivity for
the hydrogenation of the enono-1,4- and 1,5-lactones 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,? with the following yields: 3, 21%; 4, 33%; 5, 40% and 6, 52%. The enamine system of the
enonolactones 3-6 was hydrogenated 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 15 psi and room temperature, in
the presence of 10% Pd/C (20 mg). After 4 h, the catalyst was filtered and the filtrate concentrated, to afford
analytically pure,¥0 syrupy 7 (98 mg, 98 % yield), having louly, +82° Similarly, hydrogenation of 4 led to cry-
stalline 8 (97% yield), mp 205°C, lok, -5.3° As observed for analogous 2-(substituted 3-deoxy-1,4-lac-
tones,? and in agreement with the earlier described elucidation of the geometry of 3-deoxy-2,4-disubsti-
tuted- 1,4-lactones,™ the large values for the coupling constants (table 1) between H-3,3' with H-2 and H-4,
indicate a D-arabino configuration for 7 and 8. A 2-azido analog of these compounds having opposite con-
figuration at C-2 (D-ﬁbo)l showed’ J3 4 8.5 Hz and J3- 4 3.5 Hz. The excellent diasiereoselectivity found for
the hydrogenation of 3 and 4 may be atributed to the steric hindrance of the lateral chain at C-4, which will
induce the approach of h)}drogen from the opposite face of the molecule, regenerating the chiral center at C-2
with the desired § -oonfigﬂration (L-amino acid).

Hydrogenation of the enono-1,5-lactones § and 6 was also performed under the conditions described for
the furanones. The 3-deoxylactones 9 and 10 were respectively obtained from § and 6 with almost quantita-
tive yields. Syrupy 9 gave loiip +132° whereas 10 crystallized from ethanol, mp 158-160 °C, iotlp +43° Also
in these cases, the hydrogenation took place with remarkable diastéreofacial selectivity. The 'H-NMR spectra
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Table 1. IH-NMR Data for Compounds 1, 7-10and 12-14.

Compound H-2 H-3 H3¥ H4 HS H6 H4 NH

(23 (h3)(33) (3 (U39 Ugs) Usg (U566 e)
7 465 290 ~2 460 526 445 420 645

B.7) (10.7) (12.5) (5.7) (10.8) (6.6) (3.5) (5.4) (12.3)
8 498485 3.12 235 498485 5.69 4.83 4.63 692

@B (~11) (127) (5.7) (~10) (~6) (3.6) (5.5) (12.3)
9 490 252 a4 510 464 <441424> 6.52

(.00 (13.0) (14.5) (28) (1.6) (1.6) (3.3) (5.2) (12.5)
10 522 293 237 553 503 477 465 7.03

(7.0) (12.6) (146) 28 (74 (O G4 (5.4) (12.4)
12 499 289 4 306 452 442 385 628

(10.7) (9.2) (13.8) (1.7) (9.4) (9.6) (5.1) (10.2) (9.8)
13 547 289 279 505 448 411 403 953

©.2) (1.4 120 (60) 9.7 (40) (5.6) (5.8) (12.3)
14 4.69 325297 5.13 447 409 4.10

(9.0) (10.8) 60) (9.6) (3.8) (5.8) (~6.0)(11.2)
1% 406 232206 « 392-363 —

6.9) (.1)

For compounds 7-1 0, 1 3-14 H-3 refers to the H rrans, H-3' to the H cis with respect to the NHR group at C-2.
0verlapped with CH;CO. bAmmonium sali,

9 and 10 indicated that they posses an arabino configuration, as their coupling constants were very similarll to
those of the analogous 2,4,6-tri-O-benzoyl-D-arabino-hexono-1,5-tactone. Furthermore, O- and N-debenzoy-
lation of 10 (SN aqueous HCI, reflux, 20h) followed by acetylation, afforded the previously synthesized lac-
tone 7. The diastereoselectivity may be explained if the enonolactones S and 6 are hydrogenated in their pre-
ferred SH( conformation.8.112,12 In this form, the acyloxymethyl group al C-5 is guasi-axially oriented, pre-
venting the addition of hydrogen frem the a-face. Compounds 7-10 are acylated derivatives of the
(25,48,5R)-4,5,6-trihydroxynorleucine in the 1,4- and 1,5-lactone forms.

Alternatively, a 3-deoxylactone precursor (12) of the trihydroxynorleucine 1 was prepared from 2 ina
higher yield (67%), compared to that obtained for the synthesis of 7-10, via the unsaturated lactones 3-6.
Hydrogenation of the previously described® compound 11 afforded diastereoselectively the 3-deoxylactone 12
(94% yield), mp 235-237 °C, laky +108°(c 1, DMSO). The configuration for the C-2 of 12 was established
by means of chemical transformations. Thus, hydrolysis of the benzylidene group of 12 (0.25% conc. HCl in
acetone, reflux, 1.5 h) afforded 13 (95.5% yield), mp 160-161 C, lalp -10°(c 1, HyO). Conventional
acetylation of 13 led to a product (90% yield), which showed the same physical and spectroscopic properties
as 7, previously obtained from 3. The reason for the high diastercoselectivity in the hydrogenation of 11 is not
obvious. However, it seems that the vinylic acetamide group is involved, as for the 2-acetoxy analogous of 11
no selective hydrogenation, under the same conditions, was observed,
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Table 2. 13C-NMR Data for Compounds 7-10 and 12-14.
Compound Cl €2 C3 C4 C35 C6

7 173.9¢ 497 320 751 709 61.7
8 174.1 503 328 756 718 625
9 170.9e 457 320 651 766 624
10 170.8 463 322 662 772 632
126 169.8¢ 446 209 680 725 67.1
13 175.02 510 298 793 725 627
14 1741 50.3 284 799 716 625

1¢ 175.2 53.6 329 7539 6999 63.1

am{?mm may be interchanged with CH3CO. *PhCH § 100,0. ‘Ammonium
salt. FAssignment may be reversed.

Hydrolysis of 12 (§N agueous HCI, reflux, 1.5 h) led to the 1.4-lactonic form of (28,4S,5R)-4,5.6-tri-

hydroxynorleucine as the erystalline hydrochloride (14, 85% yicld, overall yield from 2 57%), mp 185°C,
lalp -10°(c 0.8, Hy0). Compound 14 was applied to a Dowex 50 W (H*) column, and eluted with 1M ag.
ammonia. On evaporation, the ammonium salt of 1 [mp 173-174 °C, loip, -17.8%(c 0.6, H,0)] was obtained.
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