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Abstract: A stereoconvergent synthesis of the 4-ethylamino-2 4-dideoxy-L-threo-pentopyranose component of
calicheamicins 71 BT, 11, @1, and esperamicin A p, from methyl 2-deoxy-B-D-ribopyranoside is described. The
synthesis requires eight steps in each branch. The overall yield is 54%. This synthesis should be adaptable for
syntheses of the corresponding 4-methylamino-2,4-dideoxy-L-threo-pentopyranose and 4-isopropylamino-2.4-
dideoxy-L-threo-pentopyranose components of other calicheamicin and esperamicin antibiotics.

The calicheamicins and esperamicins are structurally unusual enediyne-containing antitumor agents which
function by DNA strand scission.! There has been much recent interest in syntheses of the oligosaccharide2
portions of these molecules, which are likely responsible for DNA recognition and binding.3 Synthetic
approaches to the unusual 4-alkylaminopentopyranose components found in these molecules have been
described, including syntheses of derivatives 1a-1d4:3 of the 4-ethylamino-2,4-dideoxy-L-threo-pentopyranose
found in calicheamicins Y1 BT, 71!, 0!, and esperamicin A1b, and of derivative 26 of the 4-isopropylamino-
2,4-dideoxy-L-threo-pentopyranose found in calicheamicins B11 and B1Br and esperamicins A1 and A2. These
syntheses, of 1a-d from L-serine and of 2 from 2-deoxy-D-ribose, have established the absolute configurations
of these compounds as 38, 45.4-6 However, the syntheses reported to date suffer from one or more of the
following shortcomings: excessive length, poor regioselectivity, and low overall yield. In the hope of developing
a more compact, but versatile and efficient synthesis which might provide ready access to homologues and
analogues of these unusual aminosugars, we have investigated several synthetic approaches to 1,7 and report
herein an efficient, stereoconvergent synthesis of 1a from commercially available 2-deoxy-D-ribose.
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Methyl 2-deoxy-B-D-ribopyranoside 38.9 was reacted with dibutyltin oxide in refluxing toluene to
produce the corresponding O-stannylene acetal, 10 which was not isolated. Alkylation with benzyl bromide
provided the chromatographically separable (a=1.16, EtOAc) regioisomeric monobenzyl ethers 4a and 4b in

43% and 47% yields, respectively.
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The less polar regioisomeric alcohol 4a, m.p 37-39 °C, was deprotonated and alkylated to give methyl
cther 5 in 94% yield. Following debenzylation, alcohol 6 was tosylated to give in 91% yield pyranoside 7,
[o]p2® -137.6° (c 4.45, CH30H).
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Regioisomeric monobenzyl ether 4b, an oil, could also be converted to tosylate 7 by changing the step
order. Tosylation of 4b produced 8, m.p. 115-116 °C, in 95% yield. Debenzylation using hydrogen and
palladium-on-carbon gave alcohol 9 in 84% yield, and methylation of 9 at room temperature using methyl todide
and silver oxidell in DMF provided pyranoside 7 in 96% yield. The combined yield of tosylate 7 from methyl
2-deoxy-p-D-ribopyranoside 3 was 73%.

OMe TsCl OMe H, OMe CHyl OMe
pyr o Pd/C o Ag,0 o
g 95% OB 84% OH 96% OM
°° n Oo o°
OBn TsO TsO TsO °
ab 8 9 7

Attempts at direct displacement of the tosylate group of 7 using ethylamine were unsatisfactory.
However, the tosylate was cleanly displaced by the use of sodium azide in DMSO0!12 at 120-130 °C, providing
10 as an oil, [c]p2% -12.5° (c 0.4, CHCI3), in 93% yield after chromatography. Azide reduction and
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concomitant N—acctylation13 produced in 87% yield pyranoside 11, m.p. 105-106 °C, which was subsequently
reduced using LiAlH4 to give in 91% yield 4-ethylamino sugar 1a, [x]p26 -56.8° (¢ 1.4, CHCI3),
lit.5 [olp? -56.7° (¢ 1.0, CHC13). The proton NMR spectrum obtained for compound 1a was consistent with

the previously published data.> The overall yield of 1a from 3 was 54%.
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Further confirmation of the structure and purity of 1a was obtained by its conversion to N-acetyl
derivative 1c in 90% yield, [a]p2 -98° (¢ 0.4, CHCl3), lit.5 [a]p?S -99.0° (¢ 0.96, CHCl3), lit.4 [a]p?? -96.0°
(c 0.9, CHCI3). Proton and carbon NMR spectra obtained for 1¢ were in accord with those kindly supplied by

Professor Daniel Kahne of Princeton University.
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The above synthesis provides a relatively short and efficient route to the novel 4-ethylamino-2,4-
dideoxy-L-threo-pentopyranose found in calicheamicins Y1 BT, Y11, @5l and esperamicin A1p, We are
currently adapting this synthetic approach in order to prepare the 4-methylamino- and 4-isopropylaminopentose
sugars which are components of other members of the calicheamicin and esperamicin antibiotic families, as well

as unnatural N-substituted analogues for use in structure-activity studies.
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