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ABSTRACT

The synthesis 1s described of 3-amino-2,3-dideoxy-L-arabino-hexose (10), methyl
2,3-dideoxy-3-tnfluoroacetamido-x-L-/yxo-hexopyranoside (17), methyl 3-amino-2,3-
dideoxy-a-L-ribo-hexopyranoside (21), methyl 2,3-dideoxy-3-trifluorcacetamdo-a-L-
xylo-hexopyranoside (26), and certain denvatives from methyl 4,6-O-benzylidene-2-
deoxy-a-L-arabino-hexopyranoside (3) Conversion of 2-deoxy-L-arabino-hexose into
3 by modified, standard procedures, and on a large scale, gave a 75% yield

INTRODUCTION

We have been 1nterested in the synthesis of L-amuno sugars related to daunos-
amine (3-amno-2.3,6-trideoxy-L-Iyxo-hexose), the carbohydrate constituent of the
anthracychine antibiotics daunorubicin (daunomycin, 1) and doxorubicin (adna-
mycin, 2), which are chinically useful as cancer chemotherapeutic agents!

NH2
HO

{Daunorubicin)

R H
P O4 (Doxcrupicin)

[

1
2



354 BARGIOTTI et al

The synthesis of analogues of the antitumour anthracyclines, in which the
amino sugar moiety 1s functionally and/or configurationally altered, 1s of interest in
relation to structure—activity relationships which, 1n turn, may lead to new and
mmproved drugs Analogues of daunorubicin and doxorubicin, in which daunosamine
1s replaced by acosamine* ¢ (3-amino-2,3,6-trideoxy-L-arabino-hexose) or ristos-
amine’ 1% (3-amino-2,3,6-trideoxy-L-ribo-hexose). display high activity aganst
expertmenial tumours 1n mice? 3

We now report the synthesis of derivatives of 3-amino-2,3-dideoxy-L-arabino-,
L-Iyxc-, L-ribo-, and L-xylo-hexoses, which are useful intermediates for the synthesis
of anthracycline glycosides in which daunosamine is replaced by 3-amino-2,3-
dideoxy-L-hexoses This class of new glycosides displays activity against experimental
tumours i mice!!~13

RESULTS AND DISCUSSION

Methyl 4,6-O-beczylidene-2-deoxy-a-L-arabino-hexopyranoside'* (3), which
was selected as starting material for the synthesis of 3-anuno-2,3-dideoxy-L-hexoses
related to daunosamine, was prepared from 2-deoxy-L-arabino-hexose!> However,
by modification of the standard procedures'* 9, large-scale conversions could be
routinely performed to give a 75% overall yield

Methyl 4,6-0-benzyhdene-2-deoxy-a-L-ribo-hexopyranoside (5) was prepared
following two procedures used in the D senies Oxidation of 3 with ruthemum tetra-
oxide!”, followed by stereoselective reduction®® with Iithrum alurmimium hydrnide of
the resulting 3-keto dernivative (4), gave 5 (82%) (Scheme 1) Alternatively, 5 (30%)
was prepared from L-glucose, vz methyl 2,3-anhydro-4,6-0-benzylidene-a-L-allo-
pyvranoside, by a known route!®-2!
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Conversion of 5 into methyl 3-amino-4,6-0-benzyhidene-2,3-dideoxy-o-L-
arabmno-hexopyranoside (8, 59%) was effected in three steps (Scheme 1) as described??
for the p series Debenzylidenation of 8 with methanolic hydrogen chlonide gave
crystailine methyl 3-amino-2,3-dideoxy-o-L-arabino-hexopyranoside hydrochloride
(9, 87%) (Scheme 2) Hydrolysis of 9 with aqueous hydrochloric acid gave crystalline
3-amino-2,3-dideoxy-L-arabmno-hexose hydrochloride (10) in an almost quantitative
yield The D enantiomer was not crystalline?? Trifluoroacetylation of 10, followed
by treatment with methanol, gave crystaline 2,3-dideoxy-3-trifluoroacetamido-r-
arabino-hexose (11, 90%)
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The N-trifluoroacetyl denivative (12) of 8, when treated with methanolic
hydrogen chloride, gave methyl 2,3-dideoxy-3-trifluoroacetamido-«-L-arabino-hexo-
pyranoside (13a), characterized as the 4,6-bis(p-nitrobenzoate) (13b)

The 6-O-trityl dertvative (14, 83% from 8) of 13a was oxidized with ruthenium
tetraoxide!” in the presence of sodium periodate to give methyl 2,3-dideoxy-3-
tnfluoroacetamido-6-O-triphenylmethyl-a-L-t/ireo-hexopyranosid-4-ulose (15, 56%
after column chromatography) This oxidation method was suitable for compounds
containing acid-sensitive groups?

Stereoselective reduction of 15 with hithium tri-sec-butylborohydnde 1n
anhydrous tetrahydrofuran gave the «-L-Iyxo glycoside (16, 83%), and removal of
the tntyl group with aqueous acetic acid gave crystalline methyl 2,3-dideoxy-3-
trifluoroacetamido-«-L-/yxo-hexopyrancside (17, 76% after chromatography) Methyl
3-amino-2,3-dideoxy-B-D-Iyxo-hexopyranoside has been synthesised?® from methyl
3-deoxy-3-mitro-f-D-galactopyranoside

The synthesis of dertvatives of 3-amuno-2,3-dideoxy-L-ribo-hexose was achieved
by two routes Tosylation of 3, followed by treatment of the 3-tosylate 18 wuth
sodium azide in N,N-dimethylformamide at 120° for 16 h, gave the ribo-azide (19,
92%). The D isomer has been obtained!'® 24 starting from the corresponding 3-
mesylate and 3-brosylate, but in poor yields (30 and 15%) Catalytic hydrogenation
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of 19 afforded crystalline methyl 3-amino-4,6-0-benzylhidene-2,3-dideoxy-a-L-ribo-
hexopyranoside (20, 86%) Aliernatively, 20 was prepared (65% overall yield) by
Iiterature procedures!’:'® Reduction of the oxime of 4 with hthium alumimum
hydnide gave a muxture of 20 (85%) and the L-arabmo amne (8, 10%) which were
separated by chromatography Treatment of 20 with methanolic hydrogen chloride
gave crystalhine inethyl 3-amino-2,3-dideoxy-o-L-r1ho-hexopyranoside hydrochloride
(21, 93%), mp 152-154° [¢]3°® —170° (methanol); ¢f mp 152-156° [a], +138°
(methanol)?3, and m p 144° (dec), [¢]p +157° (methanol)!® for the b form

The corresponding N-trifluoroacetyl derivative (22) was obtained as a syrup
and characterized as the crystalline 4,6-bis(p-nitrobenzoate) (23) Methyl 2,3-dideoxy-
3-tnfluoroacetamdo-a-L-ribo-hexopyranoside (22) was also used® as a key inter-
mediate 1 the synthesis of methyl 2,3,6-tmdeoxy-3-tnifluoroacetamido-a-L-ribo-

hexopyranoside
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Mesylation of methyl 2,3-dideoxy-3-tnifluoroacetamido-a-L-ribo-hexepyran-
osige (22) gave crystaline 24 (83%) (Scheme 3), which, with sodium benzoate
in N,N-dimethylformamude at 120°, gave syrupy methyl 4,6-di- O-benzoyl-2,3-dideoxy-
3-tnifluoroacetamido-a-L-xylo-hexopyranoside (25, 80%) Debenzoylation of 2§
gave syrupy methyl 2,3-dideoxy-3-trifluoroacetamdo-u-L-xy/o-hexopyranoside (26),
which was characterized as the 4,6-bis(p-nitrobenzoate) (27) The preparation of
crystalline methyl 2,3-dideoxy-3-formamido-a-p-xylo-hexopyranoside and of its 3-
epimer, via the sequential reduction and N-formylation of a mixture of methyl 4,6-O-
benzylidene-2-deoxy «-threo-hexopyranosid-3-ulose syn- and anti-oximes, has been
described*®

The four stereoisomeric methyl 2,3-dideoxy-3-trifluoroacetamido-«-L-hexo-
pyranosides (13a 17, 22, and 26) could be differentiated by t1c¢ (chloroform-
methanol, 6 1), and had Ry values of 0 30, 0 33, 0 36, and 0 42, respectively

EXPERIMENTAL

General methods — Melting points were determined with an SMP-20 apparatus
(Buchi) and are uncorrected A Perkin—-Elmer Model 141 polanimeter was used for
measurement of specific rotation H-N mr spectra (internal Me,S1) were recorded
with a Varian A-60A spectrometer Mass spectra (70 eV) were recorded with a Perkin-
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Elmer 270 spectrometer (direct-insertion techmique) Tlc was performed with
stica gel HF (Merck), with detection by u v light or charrning with sulphuric acid

Methyl 3-anuno-2,3-dideoxy-a-1-arabmo-hexopyranoside hydrochloride (9) — A
solution of methyl 3-amino-4,6-0-benzylidene-2,3-dideoxy-a-L-arabino-hexopyran-
oside {8, mp 95-96° [«]3®> —86° (c 05, chloroform), 215g, 81 mmol} in
0 5M methanolic hydrogen chloride (40 ml} was stirred for 1 h at 20°, then concen-
trated to half volume, and diluted with anhydrous ether The product (9), after
collection and washing with dry ether, was a hygroscopic solid (1 5 g, 87%), m p
120° (dec), [o]33 —92° (¢ 04, water) Mass spectrum mje 187 (M+1) Nmr data
[D,0, mternal sodium 3-(trimethylsilyl)propanesulphonate] 6 498 (dd, J, .. 15,
J,,22 35 Hz, H-1) and 3 41 (s, OMe)

Anal Calc for C,H,(CINO, C, 3935, H, 756, N, 656 Found C, 3920,
H,775, N, 645

3-Anmino-2,3-dideoxy-L-arabino-hexose hydrochloride (10) — A solution of 9
(1 5g, 7 mmol) m M hydrochloric acid (50 ml) was boiled for 5 h, then cooled to
20°, and treated with Amberhte IR-45(HO™) resin until the pH was 5 The filtered
solution was concentrated 2 vacuo and then freeze-dried, and the residue was
crystallized from methanol-ethyl acetate to give 160 (1 33 g, 95%), mp 155-157°
(dec), [«13®> —55° (equil, ¢ 05, water) The D form was obtained?? as a froth, [a]p
+ 54° (water)

2,3-Dideoxy-3-trifluoroccetamido-o-1L-arabino-fiexose (11) — A suspension of 10
(1 25g, 6 26 mmol) 1n dry ether (50 ml) was treated with trifluoroacetic anhydride
(7 6 ml) at 0°, sturred for Z0 h at 20°, and then concentrated i vacuo A solution of
the sohd residue 1n ar Liydrous methanol {120 ml) was kept for 20 h at 20° and then
concentrated, and the residue was crystallized from acetone-chloroform to give 11
(146 2,90%), m p 177°, [«]3° —58° (equul, ¢ O 5, p-dioxane) Mass spectrum m/e 260
M+1)

Anal Caic for CgH,,FsNOs C, 3707, H, 467, N, 540 Found C, 3667,
H,441, N, 512

Methyl 4,6-O-benzyhdene-2.3-dideoxy-3-trifiuoroacetamido-x-L-arabino-kexo-
pyranoside (12) — To a solution of 8 (55 g, 20 7 mmol) in dry dichloromethane
(70 ml), tnfluoroacetic anhydrnide (4 S ml) was added portionwise during 15 min at
- 5% under mtrogen The muxture was stirred for 90 min at 0°, filtered, and concentrated
to give 12 (73 g, 976%), mp 264-265°, [«]3> —103° (¢ 073, methanol) Mass
spectrum mfe 361 (M) Nmr data (51 chloroform-d/methyl sulphoxide-dg)
5549 (s, Ph-CH), 4 72 (dd, J; 5. 1 5, J, 5.2 5 Hz, H-1), and 3 33 (s, OMe)

Anal Calc for C,;H,F-NOs C, 5319, H, 502, N, 388 Found C, 5293,
H,520,N,376

Methyl 2,3-dideoxy-3-trifluoroacetamido-a-L-arabino-hexopyranoside (13z) — A
solution of 12 (72 g, 20 1 mmol) 1n dry methanol (160 ml) was stirred with acetyi
chlonide (1 58 mli) for 2 h at 20°, and then neutralized with sohd sodium hydrogen
carbonate, filtered, and concentrated The residue was extracted with hot hexane to
remove benzaldehyde, and then with dry acetone to give 13a (522 g, 95%), mp
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185-186° (from ethyl acetate~hexane), [o]p — 134° (¢ 1, methanol) Mass spectrum
mfe 272 (M—1) Nmr data (I 1 chloroform-d/methyl sulphoxide-ds) & 478 (dd,
Ji 2. 1, Jy 22 3 Hz, H-1) and 3 35 (s, OMe)

Anal Calc for C,H, ,F;NOs C, 3957, H, 516, N, 513 Found C, 3923,
H, 519, N, 501

The 4,6-bis(p-nitrobenzoate) (13b) of 13a had mp 195-197°, [¢}3® —150°
(c 0 5, chloroform)

Anal Cale for C,3H.oFsN,O,, C, 4835, H, 353, N, 735 Found C, 48 15,
H,348, N, 719

Methyl 2,3-dideoxy-3-trifluoroacetamido-6-Q-triphenyimethyl-a-L-arabino-hexo-
pyranoside (14) — A solution of 132 (0788 g, 29 mmol) in dry pynidine (3 2 ml)
was treated with triphenylmethyl chloride (0 822 g) for 3 days at 20° and then poured
into ice—water The resulting o1l was extracted with ether, and the extract was washed
with water to neutrality and then concenirated to dryness Crystallization of the residue
from hexane gave 14 (135g, 90%), mp 128-130° [2)2° —112° (¢ 1, methanol)
Mass spectrum mife 515 (M*) Nmr data (chioroform-d) 6 72-77 (m, Ph;C),
475 (dd, J; 5. 1, J, 5, 3 Hz, H-1), 332 (s, OMe), 2 1-2 5 (;n, H-2eg), and 1.4-19
(m, H-2ax)

Anal Calc for C,gH,F;NO; C, 6524, H, 547, N, 272 Found C, 6556,
H, 533, N, 257

Methyl 2,3-dideoxy-3-trifluoroacetamido-6-OQ-triphenylmethyl-a-L-threo-hexo-
pyranosid-4-ulose (15) — A solution of 14 (0 73 g, 1 42 mmol) 1n dichloromethane
(7 5ml) was vigorously stirred with an aqueous solution (7 5ml) of anhydrous
potassium carbonate (00475 g), potassium periodate (0418 g), and ruthenium
cioxide (0 02 g) for 8 h at 20° The same quantity of the oxidizing mixture was then
added and the muxture was stirred for 20 h After treatment with propan-2-ol to
reduce residual ruthemium retraoxide, the organic layer was concentrated under
vacuum

T 1c (benzene—ethyl acetate, 4 1) of the residue revealed 15 (Ry 0 53) together
with a munor amount of 14 (Re 0 42) Elution from silica gel with benzene-ethyl
acetate-light petroleum (70 25 25) gave i4 (021 g, 29%) and 15 (041 g, 56%) as a
foam, m p 62-65°, [¢]3® —89° (¢ 0 8, methanol) Mass spectrum m/e 513 (M*)

Anal Cale for C,gH,sFsNO; C, 6549, H, 510, N, 273 Found C, 65 64,
H, 508, N, 247

Methyl 2,3-dideoxy-3-trifluoroacetamido-6-Q-triphenylmethyl-«-1.-lyxo-hexo-
pyranoside (16) — A solution of 15 (2 1 g, 4 09 mmol) 1in anhydrous tetrahydrofuran
was added dropwise under witrogen at —78° to M lithium tri-sec-butylborohydnide
m tetrahydrofuran (8 3 ml) After sturring for 3 h at —78°, water (30 ml) was added at
—10° to decompose the excess of reducing agent The mixture was acidified (pH 2)
with hydrochloric aciC and thrice extracted with ethyl acetate, and the combined
extracts were dried and concentrated under vacuum Elution of the oily residue from
sthica gel with benzene-ethyl acetate (4 1), followed by crystallization from 1sopropyl
ether, gave 16 (175 gg‘;‘83%), mp 155-157°, [¢]3® —104° (¢ 1, methanol) Mass
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spectrum mje 515 (M%) N mr data (methyl sulphoxide-ds) 6 7 1-7 6 (m, Ph;C),
475 (broad s, Wy 6 5 Hz, H-1), and 3 30 (s, OMe)

Anal! Calc for C,gH,sF;NO; C, 6524, H, 547, N, 272 Found C, 6507,
H,570, N, 244

Compound 16 could be differentiated from the L-arabino analogue 14 by tic
(Re values 0 37 and 9 42, respectively, benzene-ethyl acetate, 4 1)

Methyl 2,3-dideoxy-3-trifluoroacetamido-o-L-lyxo-hexopyranoside (17) — A
solution of 16 (4 6 g, 8 92 mmol) in 60% aqueous acetic acid was stirred for 30 min
at 60°, and then concentrated to dryness under vacuum Elution of the residue from
stlica gel with chloroform-methanol—ethyl acetate (9 2 2) gave 17 (1 86 g, 76%), m p
190-192°, [«]3° —186° (c 1, methanol) Mass spectrum mje 274 (M+1) Nmr
data (5 1 chloroform-d/methyl sulphoxide-dg) & 4 87 (broad s, Wy 55 Hz, H-1) and
338 (s, OMe¢)

Anal Calc for CgH,,F;NO; C, 3957, H, 516, N, 513 Found C, 3927,
H, 532, N, 487

Methyl 2,3-dideoxy-3-trifluoroacetanido-a-L-ribo-hexopyranoside (22) — A
suspension of methyl 3-amino-2,3-dideoxy-a-L-ribo-hexopyranoside hydrochlonde
(21, 29 g, 135 mmol) 1n dry ether (70 ml) was treated at 0° with trifluoroacetic
anhydnde (10 ml) at 0° overmight

The mixture was concentrated to dryness, dry ether (3 x 25 ml) was evaporated
from the residue, and a solution of the residue in dry methanol (200 ml) was stirred
for 16 h at 25° The solution was concentrated, and dry methanol (3 x 50 ml) was
evaporated from the residue to give 22 as a syrup (3 34 g, 90%), [«]3®> —71 5° (¢ 0 7,
chloroform), —80° (¢ 0 5, methano!l) Mass spectrum mjfe 274 (M+1) N mr data
(chloroform-d) 6485 (dd, J; ;. 2, J; 2. 2 5 Hz, H-1) and 3 47 (s, OMe)

Anal Calc for CoH,4,F;NOs C, 3957, H, 516, N, 513 Found C, 3933
H, 541, N, 491

The 4,6-bis(p-mtrobenzoate) (23) of 22 had m p 180-182° (from chloroform-
ether), [«]33 — 127° (c 0 48, chloroform)

Anal Calc for C,3H,,F3;N;0;, C,48 35, H,3 53, N, 735 Found C, 4799,
H,340,N,715

Methyl 2,3-dideoxy-4,6-di-O-mesyl-3-trifluoroacetanndo-o-L-r1bo-lexop) rano-
side (24) — Methanesulphonyl chlonide (2 S ml) was added dropwise with stirring
to an 1ce-cold solution of 22 (2 g, 7 32 mmol) m dry pyndine (20 ml) The mixture
was stirred at 20° for 16 h, and then poured 1nto ice~water and extracted with chloro-
form. The extract was washed with 0 5M sulphuric acid, aqueous sodium hydrogen
carbonate, and water, dried (Na,S0,), concentrated to a small volume, and eluted
from silica gel with chloroform-acetone (95 5) Crystalhization of the product from
ether gave 24 (26 g, 83%), mp 126-128° [«]2® —51° (¢ 11, chloroform) Mass
spectrum-” mfe 429 (M%)

Anal Calc for C,,H, gF;NOS, C, 3077, H, 423, N, 326 Found C, 3065,
H,422,N,274
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Methyl 4,6-di-O-benzoyl-2,3-dideoxy-3-trijfluorcacetamido-a-L-xylo-hexopyrano-
side (25) — A muxture of 24 (1 18 g, 2 6 mmol), sodium benzoate (1 85 g), and dry
N,N-dimethylformaimde (75 ml) was kept for 5 h at 120°, then poured 1nto 1ce-water,
and extracted with chloroform The extract was washed with water, dried, concen-
trated m vacuo to a small volume, and eluted from silica gel with chloroform to
give 24 (01 g, 8 5%) and 25 (1 g, 80%) as a syrup, [«]23 —28 5° (¢ 0 5, chloroform)
N mr data (chloroform-d) 6 5 33 (broad s, Wy 8 Hz, H-1), 5 10 (broad s, Wy 8 Hz,
H-4), and 3 57 (s, OMe)

Anal Cale for C,3H,,FisNO, C, 5738, H, 460, N, 291 Found C, 5712,
H,438,N,277

Methyl 2,3-dideoxy-3-trifluoroacetamido-o-L-xylo-hexopyranoside (26) — To a
solution of 25 (043 g, 0 8% mmol) in dry methanol (6 ml), 0 5M methanolic sodium
methoxide (0 12 ml) was added, and the mixture was kept for 16 h at 20° Solid
carbon dioxide was added and the solution was concentrated 2 vacuo The residue
was extracted with chloroform and then eluted from sihica gel with chloroform--
methanol (95 5) to give 26 (0 22 g, 90%) as a syrup, [a]3’> —42° (c 1, methanol) Mass
spectrum mje 274 (M +1) N mr data (chloroform) 6 4 87 (dd, J, ;. 1, J, 3, 3 Hz,
H-1) and 3 42 (s, OMe)

Anal Calc for CgH, ,FsNO; C, 3957, H, 516, N, 513 Found C, 3928,
H,522, N, 502

The 4,6-bis(p-nitrobenzoate) (27) of 26 had mp 153-155° (from chloroform-
ether), [«]3> +1 4° (¢ O 5, chloroform)

Anal Calc for Cp3H,oF3sN3O,, C, 4835, H, 353, N, 735 Found C, 47 89,
H,343,N,715
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