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A Concise Diastereospecific Synthesis of 3-Amino-2-hydroxy Acids

Charles W. Jefford*, Jian Bo Wang and Zhi-Hui Lu

Department of Organic Chemistry, University of Geneva
1211 Geneva 4, Switzerland

Key words: Aspartic acid, diastereoselective hydroxylation

Abstract. L-Aspartic acid by N-tosylation, anhydride formation, reduction, o-hydroxylation, iodo esterification and
alkylation followed by saponification and deprotection afforded a series of 4-alkyl-3-amino-2-hydroxybutyric acids
having the 28 3R configuration (de>95%).

Homochiral 3-amino-2-hydroxy acids are of considerable importance because they are the crucial com-
ponents of medicinally useful molecules such as taxol,! an anti-tumor agent, bestatin, an immunological re-
sponse modifier? and certain small peptides possessing antihypertensive activity.34 Consequently, much at-
tention has been devoted to the synthesis of the C13 side-chain of taxol (1),3-6 the non-leucine part of bestatin
(2)7-12 and cyclohexylnorstatine (3)413-16 (Scheme 1). The essential problem has been the construction of the
desired diastereomeric C2,C3 portion. A remarkable variety of solutions has been devised, among which may
be noted the hydroxamination of cinnamic ester,5 the Curtius rearrangement of an azide derivative of L-malic
acid,? the formation of cyanohydrins from c-amino aldehydes,39 the condensation of a 1,3-dioxolan-4-one
with phenylacetaldehyde followed by azidation,10 the cyclo-addition of an imine and benzoylketene, 11:15 the
iodocyclocarbamation of an allylamine,!2 the azidation of a D-glucose derivative!4 and the aldol conden-
sation of an a-amido aldehyde. 16
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Notwithstanding this plethora of methods, we thought that homochiral 3-amino-2-hydroxy acids might
be generally accessible by a modification of our procedure for preparing B-amino acids from aspartic acid. 17
We now describe a new, practical synthesis of some representative examples which relies on the diastereose-
lective hydroxylation of 3S-(N-tosylamino)butyrolactone (6) as the key step.

L-Aspartic acid (4) was first converted into N-tosylaspartic anhydride (5) and then selectively reduced
to 6 (Scheme 2). Next, several conventional reagents for hydroxylation were tried out on 6. Disappointingly,
submission of the enol ether 7 in THF to m-chloroperbenzoic acid (MCPBA)!8 or lead tetraacetate ! gave no
reaction or led to complex mixtures, respectively.20 Similarly, treatment of 6 in THF at -78°C with sodium
hexamethyldisilazide (NaHMDS) and bis-(trimethylsilyl)peroxide2! was equally without effect. Fortunately,
replacement of the peroxide by racemic 2-phenylsulfonyl-3-phenyloxaziridine22 resulted in the formation of a
single product, the trans-hydroxy-N-tosylamino lactone 8, in 64% yield.23 Opening of 8 by exposure to
trimethylsilyl iodide and ethanol in methylene chloride under nitrogen at 0°C proceeded smoothly to form the
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pivotal chiral intermediate, the hydroxyiodo-homoserine ester 9 in 88% yield.24 Nucleophilic substitution on
9 with the usual lithium organocuprates in THF at -30°C worked well and permitted the introduction of the
methyl, ethyl, #-butyl and benzyl groups so giving the corresponding 2-hydroxy-3-(N-tosylamino) ethyl esters
(10-13) in 71 to 85% yield.25 Saponification with potassium carbonate in aqueous methanol delivered the re-
spective 2-hydroxy-3-(N-tosylamino) acids (14-17)26 which were subsequently deprotected by the action of
sodium naphthalide in dimethoxyethane (DME). The 4-alkyl-3-amino-2-hydroxybutyric acids (18-21) were
obtained in yields of 21 to 25% from L-aspartic acid.2’
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10 71% R = Me 14 89% 18 87%
11 81% R = Et 15 86% 19 72%
12 85% R =n-Bu 16 81% 20 77%
13 85% R = CHyPh 17 89% 21 79%
22 43% R = t-Bu
23 42% R = cyciohexy!

As far as we can judge by careful scrutiny of the NMR spectra of the products, hydroxylation had oc-
curred in a diastereospecific manner. No signal corresponding to the other diastereomer was seen. In other
words, not only is the original chiral center wholly conserved, but it has effectively controlled the creation of
the new chiral center at the C2 position. Clearly, the N-tosylamino grouping is sufficiently large to prevent
any cis attack by the oxaziridine on the carbanion derived from 6.

Attempts to prepare the bestatin component 2 proved fruitless. The reaction of lithium diphenylcuprate
with 9 invariably led to f-elimination. However, the action of the bulkier reagents, lithium di--butyl- and di-
cyclohexylcuprates, on 9 was moderately successful in that the 4-r-butyl- and 4-cyclohexylbutyric esters 22
and 23 were produced in 43 and 42% yield. Therefore, repetition of the sequence with D-aspartic acid as the
starting material would afford cyclohexylnorstatine 3 via the enantiomer of 23.
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These examples amply demonstrate that L-aspartic acid can be efficiently transformed into 25,3R-4-
alkyl-3-amino-2-hydroxybutyric acids. Although some chromatography is necessary, the procedure is opera-
tionally simple and requires only five steps from the intermediate lactone 6. The preparation of other acids
should be feasible, especially those of the 2R,38 series if D-aspartic acid were used as the homochiral educt.
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(2S,3R)-2-Hydroxy-3-(N-tosylamino)-4-butanolide (8) was obtained pure as a colorless oil by column
chromatography over silica (CH,Cl,: hexane:EtOAc; 2:1:1); [a]p2 = -23.4° (¢ 3.7, EtOAc). IH-NMR
(400 MHz, CDCly): 7.67 (d, J = 8, 2H), 7.20 (d, J = 8, 2H), 6.41 (d, J = 4, 1H), 4.50 (d, J = 8.8, 1H),
4.15 (s, 1H), 3.85 (m, J = 3.3, 2H), 2.31 (s, 3H); MS: 271 (M*, 2.8), 214 (3.7), 197 (7.0), 155 (19.8),
116 (8.4), 91 (100); HRMS: calcd for C{1H3NSO5 271.0514, found 271.0501.

(25,38)-Ethyl  2-hydroxy-3-(N-tosylamino)-4-iodobutyrate (9), after chromatography over silica
(EtOAc: hexane, 5:3), was obtained as colorless crystals, m.p. 88.5-90°C; [a]p25 = +43.2° (c 1.9,
EtOAc). 'H-NMR (400 MHz, CDCl;: 7.66 (d, J = 8, 2H), 7.25 (d, / = 8, 2H), 5.14 (d, J = 12, 1H), 4.57
(s, 1H), 4.06 (qd, J = 4, 1H), 3.84 (m, 1H), 3.74 (qd, J = 8, 1H), 3.23 (m, 1H), 3.19 (m, 2H), 2.36 (s,
3H), 1.11 (t, J = 8, 3H); MS: 428 (M*+1, 3.3), 354 (0.60), 3.24 (23), 155(59), 91 (100); HRMS; calcd
for C3HgNSOsI 426.9950, found: 426.9903.

The 2-hydroxy-3-(N-tosylamino) esters 10-13 were obtained pure as colorless solids by column
chromatography over silica (EtOAc: hexane, 2:3), except 12, which was an oil; m.p, 10, 75-76.5%; 11,
113-1149; 13, 110-111°C. Optical rotations ([a]p2%) were determined in EtOAc and had the following
values: 10, +35.20 (c 8.25); 11, +32.00 (¢ 0.7); 12, 25.90 (c 1.86); 13, +18.5° (c 7.5). 1H-NMR (400
MHz, CDCl3): 10, § 7.67 (d, J = 8, 2H), 7.21 (d, J = 8, 2H), 5.13 (d, J = 9.6, 1H), 4.10 (m, 1H), 4.07 (d,
J =12, 1H), 3.94 (qd, J = 7.2, 1H), 3.50 (q, J = 7.6, 1H), 3.37 (d, J = 5.2, 1H), 2.34 (s, 3H), 1.55 (qd,
J=17,1H), 1.33 (qd, J = 7, 1H), 1.19 (t, J = 7.2, 3H), 0.71 (¢, J = 7.4, 3H). 11 (not reported). 12, § 7.67
(d, J = 8.4, 2H), 7.20 (d. J = 8.4, 2H), 5.23 (br, 1H), 4.14 (m, 1H), 4.05 (m, 1H), 4.01 (m, 1H), 3.54 (m,
J =17.6, 1H), 3.44 (br, 1H), 2.34 (s, 3H), 1.47 (m, 1H), 0.7-1.2 (br, 13H). 13,8 7.69 (d, J = 8.4, 2H), 7.25
(m, SH), 7.03 (d, J = 8.4, 2H), 4.95 (d, J = 10, 1H), 4.20 (m, 2H), 4.03 (m, 1H), 3.72 (m, J = §, 1H),
3.22(d,J =44, 1H), 2.54 (t,J = 6.8, 2H), 2.43 (s, 3H), 1.93 (m, 1H), 1.62 (m, 1H), 1.27 (t,J = 6.8, 3H).

The 2-hydroxy-3-(N-tosylamino) acids 14-17 were obtained as colorless solids; m.p. 14, 179-1809; 15,
115-1179; 16, 107-1099; 17, 166-168°C. Optical rotations [[a]D25) were determined in acetone and had
the following values: 14, +32.9° (¢ 4.3); 15, +27.5° (c 2.0); 16, +22.0° (c 6.5); 17, +19.1° (c 3.8).
IH-NMR (400 MHz, CD;COCD5): 14,8 7.75 (d, J = 8.4, 2H), 7.34 (d, J = 8.4, 2H), 6.18 (d, / =7, 1H),
4.16 (d, J = 2.4, 2H), 3.53 (in, 1H), 2.40 (s, 3H), 1.61 (m, 1H), 1.34 (m, 1H), 0.75 (t, / = 7.2, 3H). 15
(not reported). 16, 8 7.75 (d, J = 8.4, 2H), 7.35 (d, J = 8.4, 2H), 6.17 (d, J = 9.2, 1H), 4.15(br, 2H),3.59
(q, J = 7.2, 1H), 2.40 (s, 3H), 1.60 (m, 1H), 1.28 (m, 6H), 1.10 (m, 1H), 0.78 (1, / =7.2, 3H). 17, 8 7.73
(d,J = 6.6,2H),7.35 (d, J = 8, 2H), 7.23 (m, 2H), 7.13 (m, 1H), 7.02 (d, / = 8, 2H), 6.33 (d, / = 12, 1H),
4.25 (s, 1H), 3.70 (m, 1H), 2.45 (m, 2H), 2.40 (s, 3H), 1.94 (m, 1H), 1.55 (m, 1H).

The 3-amino-2-hydroxy acids 18-21 were solids and had the following [o]p25 values (determined in
H,0:MeOH, 1:1, except where noted): 18, -13.4° (c 1.2, Hy0); 19, -9.80 (¢ 1.1); 20, -5.0° (c 0.85); 21,
-3.59 (¢ 0.66, H,0:MeOH, 2:1). IH-NMR (400 MHz, D,0, dioxane as internal standard): 18, § 3.93 (d,
J =4, 1H), 3.20 (m, 1H), 1.59 (m, 1H), 1.48 (in, 1H), 0.83 (1, / = 7.2, 3H). 19 (not reported). 20, 5 3.92
d, J = 3.6, 1H), 3.25 (m, 1H), 1.55 (m, 1H), 1.43 (m, 1H), 1.26 (in, 2H), 1.15 (m, 4H), 0.71 (1, J = 7.2,
3H). 21, § 7.18 (br, 5H), 3.83 (s, 1H), 2.90 (m, 1H), 2.58 (in, 2H), 1.69 (m, 1H), 1.58 (m, 1H).
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