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(25,3S,4R)-4-AMINO-3-HYDROXY-2-METHYLPENTANOIC ACID.
ENANTIOSELECTIVE SYNTHESIS OF AN AMINO ACID CONSTITUENT OF BLEOMYCIN.

Robert M. DiPardo and Mark G. Bock*
Merck Sharp & Dohme Research Laboratories
West Point, Pennsylvania 19486

SUMMARY: (25,35,4R)-4-Amino-3-hydroxy-2-methylpentanoic acid has been synthesized through

acylation of a chiral enolate and subsequent stereoselective reduction.

The antitumor antibiotic bleomycin A2, consisting of a linear hexapeptide and disaccharide (Fig.l),
has been the focus of intense chemical efforts culminating in a total synthesis recently achieved by
Umezawa and coworkers.l Despite the formidable array of attendant functionality, antithetic analysis

of bleomycin A, reveals several strategic bond cleavages which yield more readily accessible fragments

(cf. Fig. . O? these, (25,3S,4R)-4-amino-3-hydroxy-2-methylpentanoic acid (AHMPA) | emerges as the
linchpin in a convergent synthetic strategy which makes its availability in high enantiomeric purity
desirable. The recent stereoselective synthesis of | by Ohno, et al.,2 requiring separation of diasteriomeric
aldol products, prompts disclosure of our own work in this area.3
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Figure 1. Bleomycin AZ: R = 2-O-(3-O-carbamoyl-a-D-mannopyranosyl)-B-L-gulopyranosyl; Deglyco-
bleomycin AZ: R = H.

The present method derives from a consideration of the practical methodology currently available

for assembling a carbon framework with three adjacent asymmetric centers. In this context, the

development by Evans of a series of remarkably stereo-regulated reactions via chiral enolates guided our
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Scheme 1
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a) LDA, THF, -78 °C, 2 hr, (tBoc-D-Ala),0; b) Zn(BH,),, Et,0, -25 Sc, 0.5 hr; ¢) 2N HCl,
dioxane or HCI (g), EtOAc; d) IN NaOMe, MeOH, 0 °C, 5 min; e) 2N HCI, 55 °c, 5 hr.
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approach (Scheme l).u Metallation of the N-acyloxazolidinone 3’5 with lithium diisopropylamide (THF, -78
0C 2 hr) afforded the corresponding lithium enolate which when reacted with t -Boc-D-alanine anhydride
(inverse addition) yielded crystalline ketone 3a in 78% yield (70% conversmn) HPLC analysis7 of the
crude product mixture revealed 3a to be the predommant diasteriomer formed (<1% of Bb) This result
is consistent with the ahgnment of the chelated (Z)-lithium enolate of 2 with the acylating agent such
that the latter is situated trans to the isopropyl group. As anticipated, the resident chirality of the
enolate overrides that of the anhydride and accordingly determines the sense of diastereoface selection.9
Ketone Ba was then reduced diastereoselectively with freshly prepared zinc borohydride (Et y =25 °c)

). 6,10 The stereoselectivity in this process was again exceedingly

to give the erythro-28,3S,4R-alcohol 4 (95%
high as less than 1% of the corresponding threo-2S,3R,4R-isomer could be detected.” That it is the
2-position in '33 (not the 4-position or chiral center on the oxazolidinone ring) which predetermines the
configuration of the 3-hydroxyl group in 4 was demonstrated by subjecting ke‘tones’_z'll and 8ll

reduction conditions (vide supra) (Fig. 2). Reduction of 7 yielded the corresponding ZS,L%S,Z#S—alcohol6 in

to identical

o 0o 0 0o 0
t-BocHN /lk tBocHN \/U\/U\
H N 0 Z v 0
7 2
~

Figure 2
diasteriomeric purity comparable toi, whereas reduction of & afforded a mixture of 3S and 3R-alcohols.
Alcohol 4 can be elaborated at both termini in either order. Thus, brief exposure of 4 to HCI (gas,
EtOAc or 2N aq., dioxane) gave the amine salt 5 (>90%); alternatively, treatment of 4, with sodium
methoxide (dry CH,30H, 0 °C, 5 min) afforded the protected amino acid ester 6 (60- 72%) Pmr analysis
of E}conﬁrmed the syn relationship between the 2-methyl and 3-hydroxy! groups (32’3 5.15 Hz). Conversion
of 6 with hydrochloric acid gave the title compoundrlv(>95%) as its salt whose structure and purity were

rigorously established.
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