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GLYCOSYL o-AMINOACIDS VIA STEREOCONTROLLED BUILDUP OF A PENALDIC
ACID EQUIVALENT. AN ASYMMETRIC SYNTHESIS OF THYMINE POLYOXIN C.
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Summary: A new strategy for assembly of glycosy! a-aminoacids via the stereocontrolled buildup of a

serine-derived penaldic acid equivalent (i.e. | — Il) is illustrated by the asymmetric synthesis of thymine
polyoxin C.

The development of a general and stereocontrolled route to glycosyl a-aminoacids would provide
a novel synthetic entry to the polyoxins (Cf. 1)1 and structurally related antibiotics.2 Although a variety
of synthetic approaches to such systems have been reported over the years,? none of them
satisfactorily addressed the dual criteria mentioned above. With this in mind, we began to explore a
conceptually different strategy for the asymmetric synthesis of glycosyl (and other atypical) a-
aminoacids which involves the stereocontrolied buildup of a serine-derived penaldic acid equivalent
(i.e. 1 I1).4 We now report the first successful application of this strategy to glycosyl a-aminoacids in
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the form of a stereocontrolied and asymmaetric synthesis of thymine polyoxin C (3). This substance,
which is obtained along with 5-O-carbamoylpolyoxamic acid (2)4P after acid hydrolysis of polyoxin J
(1), is representative of the o-aminouronic acid nucleoside residues found in the polyoxin,
neopolyoxin, and nikkomycin families of antibiotics.? Furthermore, since both 3 and its corresponding
uracil derivative have been the target of previcus syntheses,3b-d.i the comparative utility of our
approach can be readily evaluated.
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3Reagents: (a) LIC=CCO2EL, THF-HMPA, -78°C, 78% (b) i) KOH, EtOH, 0°C if) Hp, P/BaSO4, quinoline iii) 1N HCI, 89% ()
cat. 0804, Me3NO, "BUOH-CCls-H20, 58% (d) i) DIBAL, toluene, -78°C i) Ac20-pyridine, 80% (8) ACOH, 40°C, 77% (1) i)
cat. RuO4-Hz0, NalOg4, aq Me2CO il) CHoNp, Et20, 0°C, 68% (g) TFA, CHaCla, 100% (h) CICO2Bn, aq NaHCOg3, 0°C, 82%
(i) 2,4-bis(trimethylsiloxy)-5-methylpyrimidine (13), TMSOT, CICHaCH2Cl, reflux, 75% () LIOH, THF, 0°C (k) Ha, PA/C,
MeOH, 54%. '

The synthesis begins with D-serinal derivative 45a compound which we and others have already
shown to be a very useful homochiral building biock.4:6 Addition of lithio ethyl propiolate to this
aldehyde proceeded with good (13:1) erythro-selectivity to give the propargylic alcohol § in 78%
isolated yield after flash chromatography.? This stereochemical outcome (which was later proven by
correlation with 3) is consistent with a Felkin-Anh transition state8 and was expected on the basis of
prior experience with additions to 4 under nonchslating conditions. A sequence involving (i)
saponification,9 (i) semi-hydrogenation (Ho atm, Pd/BaSO4, quinoline) of the resulting propiolate salt,

and (iii) acid-catalyzed lactonization led to isolation of the butenolide 6 in 69% overall yield after
chromatography. This substance underwent a very selective (ds » 18:1) cis-hydroxylation (cat. OsOg,
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trimethylamine N-oxide)!0 to give the diol 7 in 58% yield after chromatography. It was expected that
osmylation would occur preferentially from the less hindered a-face,11 a prediction initially supported
by TH NMR data for 7 (J3,4 = 0 Hz, £ 90°) and again confirmed by chemical correlation with 3.

Lactone to lacto! reduction (DIBAL, toluene, -78°C) followed by acetylation of the resulting crude triols
led to isolation of a (4:1) mixture of anomeric triacetates 8 in 80% combined yield with the B-anomer
predominating. Release of the masked glycinyl appendage commenced with acetolysis of the 2,2-
dimethyloxazolidine ring (AcOH, 40°C) to give the N-BOC aminoalcohol 9 in 77% yield (based on
recovered 8 at 40% conversion; prolonged reaction led to amine deprotection). This compound was
oxidized (cat. RuO4-H20, NalO4) and the resulting carboxylic acid was esterified with diazomethane to
produce the N-BOC aminoester 10 in 68% yield. At this point the BOC moiety was replaced by the
more robust benzyloxycarbonyl group via a two-step sequence (TFA, CHaClg, then CICO2Bn,
NaHCQj) that led to the N-protected aminoester 12 (via aminoester 11) in 82% overal! yield.
Coupling of 12 with 2,4-bis(trimethylsiloxy)-5-methylpyrimidine (13)12 using glycosylation
methodology developed by Vorbriiggen (TMSOTf, CICH2CH2CI, 30 min reflux)13 afforded the N1-
nucleoside 14 in 75% vyield after chromatography along with a small amount (<10%) of the N-
deprotected nucleoside 15.14 Under these reaction conditions, none of the kinetically favored N3-
nucleoside was observed. Saponification of 14 (LiOH, THF, 0°C) followed by hydrogenolysis (Ha-

Pd/C, MeOH) of 16 resulted in a 54% yield of synthetic thymine polyoxin C (3) that was shown to be
identical to an authentic sample prepared from naturally-derived polyoxin C.15 This 15-step synthesis
of thymine polyoxin C (3) from the penaldic acid equivalent 4 illustrates the viability and efficacy of our
approach to glycosyl a-aminoacids. Application of this general strategy to even more complex and less
accessible glycosyl a-aminoacid targets (Cf. ref. 2) will be reported on in due course.16
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We did have some preliminary indication that the benzyloxycarbonyl group would survive these
acidic nucleosidation conditions (Cf. Pauisen, H.; Brieden, M.; Benz, G. Liebigs Ann. Chem. 1987,
565). Longer reaction times, however, resulted in further deprotection and a proportional increase
in the amount of 15 formed. Glycosylation could be achieved directly with the free amine 11 but
this reaction was not clean and led to a rather low yield of nucleoside 15.

Synthetic 3: mp 182-185°C (shr at 160°C); [authentic 3: mp 190-194°C (shr at 170°), lit.12 mp
240-244°C, 1it.3b mp 242-244°C); [o]p +8.0° (c 0.37, H20) [lit.1a [a]p +8.7° (¢ 0.208, HoO), lit.3b
[o]p +8.2° (¢ 0.7, H20)]; TH NMR (400 MHz, D20 + DCI, pD = 0.68, ambient T): § 7.17 (s, H-6),
5.60 (d, J= 3.9 Hz, H-1), 4.53 {t, J= 6.5 Hz, H-3'), 4.40 (d, J= 2.6 Hz, H-5'), 4.27 (dd, J=6.1 & 4.0
Hz, H-2'}, 4.20 (dd, J= 6.9 & 2.6 Hz, H-4"), 1.72 (s, 3H). An identical spectrum was obtained with
an authentic sample of 3 prepared by hydrogenolysis of naturally-derived polyoxin C kindly
provided by Dr. Kiyoshi Isono (Institute of Physical and Chemical Research/Saitama, Japan).1a
The discrepancy in melting point between our sampies of 3 (both synthetic & naturally-derived)
and those reported in the literature are probably due to differences in the method of
isolatioré'puriﬁcation. Recrystallization of synthetic 3 from hot water raised its mp to 223-226°C (shr
at 210°C).
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