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ABSTRACT 

The synthesis is described of 3-ammo-2,3-dldeoxy-L-arabmo-hevose (lo), methyl 
2,3-dldeo~y-3-tnfluoroacetarmdor-L-Zyxo-hexopyranoslde (17), methyl 3-ammo-2,3- 
dldeoxy-cx-L-nbo-hexopyranoslde (21), methyl 3,3-&deoxy-3-tnfluoroacetanudo-E-L- 

xylo-hexopyranoslde (26), and certam denvatlves from methyl 4,6-0-ben&ldene-2- 
deoxy-a-L-arabmo-hexopyranoslde (3) ConversIon of 2-deoxy-L-arabmo-hexose mto 
3 by modified, standard procedures, and on a large scale, gave a 75% yield 

INTRODUCTION 

We have been interested m the synthesis of L-ammo sugars related to daunos- 

amme (3-ammo-2.3,6-trxdeoxy+Zyxo-hexose), the carbohydrate constituent of the 

anthracychne antibiotics daunorublcm (daunomycm, 1) and doxorublcm (adna- 
mycm, 2), wl-uch are chmcally useful as cancer chemotherapeutzc agents’ 

HO 

1 R = H (Daunorublcln) 
2 P = 04 (Doxoruo~c~n) 



The synthesis of analogues of the antitumour anthracychnes, In which the 
ammo sugar moiety IS functionally and/or configuratlonally altered, IS of Interest m 
relztxon to structure-actlvlty relatlonshlps which, m turn, may Iead to new and 
Improved drugs Analogues of daunorublcm and doxorublcm, m wluch daunosamme 
IS replaced by acosammeL6 (3-ammo-2,3,6-tndeoxy+arabmo-hexose) or nstos- 
amine7-1o (3-ammo-2,3,6-tndeopy+rrbo-heuose). display high actlvIty against 
expenmental tumours m mlce2 3 

We now report the synthesis of derivatives of 3-ammo-2,3-dldeoxy-L-arabmu-, 
L-Zyxc-, L-r&o-, and L-xylo-hexoses, which are useful Intermediates for the synthesis 
of anthracyclme glycosldes In which daunosamme IS replaced by 3-ammo-2,3- 
dldeoxy+hexoses This cIass of new glycosldes displays actlvlty against expenmental 
tumours m mice1 I-’ 3 

RESULTS AND DISCUSSION 

Methyl 4,6-O-beLzyl~dene-2-deoxy-cr-L-nra6zno-hexopyranos~de’4 (3), whrch 
was selected as startmg material for the synthesis of 3-ammo-2,3-dldeoxy-L-hexoses 
related to daunosamme, was prepared from 2-deoxy-L-az-&mu-hexose’ ’ However, 
by modlficat!on of the standard procedures I4 16, large-scale conversions couId be 
routmeIy performed to pve a 75% overall yield 

Methyl 4,6-0-benqhdene-2-deoxy-or-L-nbo-hexopyranoslde (5) was prepared 
followmg two procedures used m the D senes Oxldatron of 3 with ruthenmm tetra- 
oxide’ 7, followed by stereoselective reducuon” wth hthmm alummmm hydnde of 
the resulting 3-keto derlvatlve (4) , gave 5 (82%) (Scheme 1) Alternatively, 5 (30%) 
was prepared from L-glucose, tza methyl 2,3-anhydro-4,6-0-benzyhdene-cr-L-allo- 
pyranoade, by a known routelgm2 ’ 
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ConversIon of 5 mto methyl 3-ammo-4,6-O-benzyhdene-2,3-d~deoxy-c+L- 
arabuto-hexopyranoslde (S,59%) was effected in three steps (Scheme I) as descnbed2 ’ 
for the D senes Debenzyhdenatlon of 8 with methanohc hydrogen chlonde gave 
crystalhne methyl 3-ammo-2,3-&deoxy-a+arabmo-hexopyranoade hydrochlonde 
(9,87%) (Scheme 2) Hydrolysis of 9 wth aqueous hydrochlonc acid gave crystaIIme 
3-ammo-2,3-dldeoxy-L-arabu2o-hexose hydrochlonde (10) m an almost quantitative 
yield The D enantlomer was not crystalline 22 Tnfluoroacetylatlon of 10, followed 
by treatment v&h methanol, gave crystallme 2,3-dldeoxy-3-tnfluoroacetanudo+ 
arabmo-hexose (11, 900/) 

The N-tnfluoroacetyl denvatlve (12) of 8, when treated with methanohc 
hydrogen chloride, gave methyl 2,3-dideoxy-3-tnfluoroacetamldo-or-L-~~&z~u-hexo- 
pyranoslde (13a), characterized a5 the 4,6-bls(p-mtrobenzoate) (13b) 

The 6-O-tntyl denvatlve (14, 83% from 8) of 13a was oxldlzed with ruthenium 
tetraoxlde’ ’ m the presence of sodmm penodate to @ye methyl 2,3-dldeoxy-3- 
tnfluoroacetarmdod-O-tnphenylmethyl-cz-~-tlrreo-hexopyranos~d4ulose (15, 56% 
after column chromatography) This oxidation method was suitable for compounds 
contamng aad-senslhve groups’ 

Stereoselectlve reduction of 15 with hthlum tn-set-butylborohydnde m 
anhydrous tetrahydrofuran gave the a-L-Z’xo glycoslde (16, 83%), and removal of 
the tntyl group wth aqueous acetic acid gave crystalline methyl 2,3-dldeoxy-3- 
tnfluoroacetanudo-cr-L-Zyxo-hexopyrancslde (17,76% after chromatography) Methyl 
3-ammo-2,3-dldeoxy-P-D-lyxo-hexopyranoslde has been syntheslsedz5 from methyl 
3-deoxy-3-mtro-j?-D-galactopyranoslde 

The synthesis of denvatlves of 3-ammo-2,3-dldeoxy-L-rrbo-hexose was achieved 
by two routes Tosylation of 3, followed by treatment of the 3-tosylate 18 with 
sodium azlde m N,N-Qmethylfonnamrde at 120” for 16 h, gave the rzbo-aude (19, 
92%). The D isomer has been obtamedl’ 24 startmg from the corresponding 3- 
mesylare and 3-brosylate, but m poor yields (30 and 15%) Catalytic hydrogenation 
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of 19 afforded crystalhne methyl 3-ammo-4,6-U-benzyhdene-2,3-dldeoxy-c+L-rzbo- 
hexopyranoszde (20, 86%) Aiternatively, 20 was prepared (65% overall yield) by 
hterature procedures”*‘* Reduction of the otime of 4 urlth hthmm alummmm 
hydnde gave a rmxture of 20 (85%) and the L-arabzno amme (8, 10%) whch were 
separated by chromatography Treatment of 20 wrth methanohc hydrogen chlonde 
gave crystallme methyl 3-ammo-2,3-dldeoxy-cx-L-rzbo-hexopyranosrde hydrochlonde 
(21, 93%), m p 152-154°, [a]:” - 170” (methanol); cf m p 152-156”, [aID + 138” 
(methanol)’ 3, and m p 144” (dec ), [c& f 157” (methanol) l8 for the D form 

The correspondmg N-tnfluoroacetyl de3vatlve (22) was obtamed as a syrup 
and charactenzd as the crystalhne 4,6-bls(p-mtrobenzoate) (23) Methyl 2,3-dldeoxy- 
3-tnfluoroacetarmdoa-L-r&o-hexopyranoslde (22) was also used3 as a key mter- 
mediate III the synthesis of methyl 2,3,6-tndeoxy-3-tnfluoroacetanudo-a+rzbo- 
hexopyranoslde 

21 22R= H 

23 R = p-NOZ-GH&O 

24R = MS 

scneme 3 

OMe 

?5R = Bz 

26R= H 

27 R = P NCb-‘=.&CO 

Mesylatlon of methyl 2,3-dldeoxy-3-tnfluoroacetarmdo-a-L-rzbo-hexopyran- 
oszue (22) gave crystalhne 24 (53%) (Scheme 3), which, mth sodmm benzoate 
III iV,i%&methylformanude at 120”, e, uave syrupy methyl 4,6-dl-O-benzoyl-2,3-&deoxy- 
3-tnfluoroacetanndo-sr+x~Zo-hexopyranoslde (25, 80%) Debenzoylauon of 25 
gave syrupy methyl 2,3-dldeoxy-3-tnff uoroacetarmdo-a-L-xylo-hexopyranoslde (26), 
whch was characterized as the 4,6-bls@-mtrobenzoate) (27) The preparatron of 
crystaIlme methyl 2,3-&deoxy-3-formarmdo-a-D-xylo-hexopyranosxde and of Its 3- 
eplmer, VZQ the sequential reduction and N-formylatlon of a mixture of methyl 4,6-0- 
benzylrdene-Zdeoxy a-fhreo-hexopyranosld-3-ulose SJW- and antz-oxlmes, has been 
described l8 

The four stereolsomenc methyl 2,3-dldeoxy-3-tnfluoroacetamdo+L-hexo- 
pyranoszdes (P3a 17, 22, and 26) could be dlfferentlated by t I c (chloroform- 
methanol, 6 l), and had RF values of 0 30, 0 33, 0 36, and 0 42, respectxvsly 

EXEWUMENTAL 

General methods - MeItmg pomts were determmed urlth an SMP-20 apparatus 
(Buch~) and are uncorrected A Perkm-Elmer Model 141 polanmeter was used for 
measurement of specdic rotation ‘H-N m r spectra (Internal Me&j were recorded 
with a Vanan A-60A spectrometer Mass spectra (70 eV) were recorded urlth a Perkm- 
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Elmer 270 spectrometer (dzrect-msetion techmque) T 1 c was performed with 
s~hca gel HF (Merck), with detectlon by u v hght or chamng with sulphunc acid 

~etizyl3-antzrzo-2,3-dzdeoxy-~-~-arabzno-hexopyra~zos~de hydrochlorzde (9) - A 
solutlon of methyl 3-armno-4,6-O-benzylldene-2,3-dldeoxy-a-L-arabmo-hexopyran- 
oslde (8, m p 95-96”, [oili - 86” (c 0 5, chloroform), 2 15 g, 8 1 mmol) m 
0 5~ rnethanohc hydrogen chlonde (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 washmg with dry ether, was a hygroscoplc solid (1 5 g, 87%), m p 
120’ (dec), [c&” -92” (c 0 4, water) Mass spectrum m/e 187 (M + 1) N m r data 
[D20, internal sodzum 3-(tnmethylsdyl)propanesulphonate] S 4 98 (dd, J1,2e 1 5, 
J 1,23 3 5 Hz, H-l) and 3 41 (s, OMe) 

Anal Calc for C,H1&INOS C, 39 35, H, 7 56, N, 6 56 Found C, 39 20, 
H, 7 75, N, 6 45 

3-Ammo-2,3-dzdeoxy+arabmo-hexose hydrochlorzde (IO) - A solution of 9 
(1 5 g, 7 mmol) m M hydrochlorzc aced (50 ml) was boiled for 5 h, then cooled to 
20”, and treated with Amberhte IR-45(HO-) resm until the pH was 5 The filtered 
solutlon was concentrated IN t’cIcuo and then freeze-dned, and the residue was 
crystallized from methanol-ethyl acetate to gve 10 (1 33 g, 95%), m p 155-157” 
(dec ), k$i3 - 55’ (equal , c 0 5, water) The D form was obtamed2’ as a froth, [a],, 
+ 54” (water) 

2,3-Dzdeoxy-3-trz~uoroacetamzdo-a-L-arab~no-~zexose (11) - A suspension of 10 
(1 25 g, 6 26 mmol) m dry ether (50 ml) was treated with tnfluoroacetlc anhydrlde 
(7 6 ml) at 0”, stu-red fcr 20 h at 20”, and then concentrated zn uacuo A solution of 
the solid residue m RT !lydrous methanol (120 ml) was kept for 20 h at 20” and then 
concentrated, and the residue was crystalhzed from acetone-chloroform to give 11 
(1 46 g, 90%), m p 177”, [a]; - 58” (equal , c 0 5, p-dloxane) Mass spectrum m/e 260 

(M+l) 
Anal Calc for CsH12F3N05 C, 37 07, H, 4 67, N, 5 40 Found C, 36 67, 

H, 441, N, 5 12 

Methyl 4,6-O-benzy~zdene-2.3-dzdeoxy-3-trzfiltoroacetamzdo-a-~-arab~no-hexo- 

pyranoszde (12) - To a solution of 8 (5 5 g, 20 7 mmol) m dry dlchloromethane 
(70 ml), trtiuoroacetlc anhydnde (4 5 ml) was added portionwise during 15 mm at 

- 5” under rutrogen The mixture was stnred for 90 mm at 0”, filtered, and concentrated 
to gve 12 (7 3 g, 97 6%), m p 364-265”, [a]:” - 103” (c 0 73, methanol) Mass 
spectrum m/e 361 (M) N m r data (5 1 chloroform-d/methyl sulphoxlde-d,) 
6 5 49 (s, Ph-CN), 4 72 (dd, J, Zc 1 5, J1 Za 2 5 Hz, H-l), and 3 33 (s, OMe) 

Anal Calc for C,,H,,F,NO, C, 53 19, H, 5 02, N, 3 88 Found C, 52 93, 
H, 5 20, N, 3 76 

Metlgvl 2,3-dzdeoxy-3-trz~zzoroacetamzdo-a-L-arabzno-hexopyra~oszde (132) - A 
solution of 12 (7 2 g, 20 1 mmol) m dry methanol (160 ml) was stirred with acetyl 
chlonde (1 58 ml) for 2 h at 20”, and then neutralized wzth sohd sodmm hydrogen 
carbonate, filtered, and concentrated The residue was extracted with hot hexane to 
remove benzaldehyde, and then with dry acetone to gve 13a (5 22 g, 95%), m p 



185-186” (from ethyl acetate-hexane), [c& - 134” (c I, methanol) Mass spectrum 

m/e 272 (l&l- I) N m r data (I I chloroform-d/methyl sulphoxlde-d,) S 4 78 (dd, 
J 1 Z: 1, J, 23 3 Hz, H-l) and 3 35 (s, OMe) 

AnaZ Calc for C,H,,F,NO, C, 39 57, H, 5 16, N, 5 13 Found C, 39 23, 
H, 5 19, N, 501 

The 4,6-bls(p-mtrobenzoate) (13b) of 13a had m p 195-197”, [@ - 150” 
(c 0 5, chloroform) 

Anal Calc for CZ3HZ0F3N301 I C, 48 35, H, 3 53, N, 7 35 Found C, 48 IS, 

H, 3 48, N, 7 19 
Methyl 2,3-~rdeox~~-3-rnpuoroacetu~~~o-6-O-tr~phenyf~~ethyI-a-~-arabino-hexo- 

pqraltoszde (14) - A solution of 13a (0 788 g, 2 9 mmol) m dry pyndme (3 2 ml) 
was treated with tnphenylmethyl chloride (0 822 g) for 3 days at 20” and then poured 
Into Ice-water The resulting 011 was extracted with ether, and the extract was washed 
with water to neutrality and then concentrated to dryness Crystalhzatron of the residue 
from hexane gave 14 (1 35 g, 90%), m p 128-130”, l&O - 112” (c I, methanol) 
Mass spectrum rp/e 515 @it) N m r data (chloroform-d) 6 7 2-7 7 (m, Ph&), 

4 75 (dd, J, zc 1, J, izn 3 Hz, H-l), 3 32 (s, OMe), 2 l-2 5 (m, H&q), and 1.4-l 9 
(m, H-2au) 

Allal Calc For CZ8HZ8F3N05 C, 65 24, H, 5 47, N, 2 72 Found C, 65 56, 
H, 533, N, 257 

Metfzpl 2,3-drdeoxql-3-trr~t~oroacetamldo-6-O-tnplrenyl~net~lyi-u-~-threo-/lexo- 

pyra~fosz&?-ulose (19) - A solutmn of 14 (0 73 g, 1 42 mmol) m dlchloromethane 
(7 5 ml) was vigorously stirred with an aqueous solution (7 5 ml) of anhydrous 
potassium carbonate (0 0475 g), potassmm penodate (0 418 g), and ruthemum 
&oxide (0 02 g) for 8 h at 20” The same quantity of the oxldlzmg mixture was then 
added and the mixture was stirred for 20 h After treatment with propan-2-01 to 
reduce residual ruthemum tetraoxlde, the orgamc layer was concentrated under 
vacuum 

T 1 c (benzene-ethyl acetate, 4 1) of the residue revealed l§ (RF 0 53) together 
wnh a mmor amount of 14 (RF 0 42) Elutlon from slhca gel with benzene-ethyi 
acetate-hght petroleum (70 25 25) gave i4 (0 21 g, 29%) and 15 (0 41 g, 56%) as a 
foam, m p 62-65”, [LY]~~ -89” (C 0 8, methanol) Mass spectrum m/e 513 (M+) 

Ajzal Cak for C,,H,,F,NO, C, 65 49, H, 5 10, N, 2 73 Found C, 65 64, 

H, 508, N, 247 
Met/gv/ 2,3-d~deoxy-3-trr~~~oroacetamldo-6-O-tr~p~eny~met~~y~-a-~-lyxo-jzexo- 

pyralzoszde (16) - A solution of 15 (2 1 g, 4 09 mmol) m anhydrous tetrahydrofuran 
was added dropwse under lLitrogen at - 78” to M hthnun tri-set-butylborohydnde 
rn tetrahydrofuran (8 3 ml) After stlrrmg for 3 h at -78”, water (30 ml) was added at 
- 10” to decompose the excess of reducmg agent The mixture was acttied (pH 2) 
with hydrochlonc acli and thnce extracted with ethyl acetate, and the combmed 
extracts were dned and concentrated under vacuum Elution of the oily residue from 
ska gel with benzene-&thy1 acetate (4 I), followed by crystalhzation from Isopropyl 

ether, gave 16 (I 75 g$iB3%), m p i55-157”, [aJg3 - 104” (c 1, methanol) Mass 
3 
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spectrum nz/e 515 (I@) N m r data (methyl sulphoxlde-ci,) 6 7 1-7 6 (m, Ph,C), 
4 75 (broad s, W, 6 5 Hz, H-i), and 3 30 (s, OMe) 

Anal Calc for C2sH2sF3N05 C, 65 24, H, 5 47, N, 2 72 Found C, 65 07, 
H,570,N,244 

Compound 16 could be dlffcrentlated from the L-arabmo analogue 14 by t 1 c 

(RF values 0 37 and 0 42, respectively, benzene-ethyl acetate, 4 1) 

Methyl 2,3-dzdeoxy-3-trzpuoroacetamzdo-a-L-lyxo-~ze~opyr~oszde (17) - A 
solution of 16 (4 6 g, 8 92 mmol) m 60% aqueous acetic acid was stirred for 30 mm 
at 60”, and then concentrated to dryness under vacuum EIutlon of the residue from 
sAca gel with chloroform-methanolethyl acetate (9 2 2) gave 17 (1 86 g, 76%), m p 
190-192”, [rx]:, - 186” (c 1, methanol) Mass spectrum m/e 274 (M+ 1) N m r 
data (5 1 chloroform-d/methyl sulphoxlde-d,) 6 4 87 (broad s, W, 5 5 Hz, H-l) and 
3 38 (s, OMe) 

Anai Calc for C9H,4F3N05 C, 39 57, H, 5 16, N, 5 13 Found C, 39 27, 
H, 5 32, N, 4 87 

Methyl 2,3-dzdeoxy-3-trz~~oroacetamzdo-cr-L-rlbo-~ze~opyranoszde (22) - A 
suspension of methyl 3-ammo-2,3-dldeoxy-a-L-rrbo-hexopyranoslde hydrochlonde 
(21, 2 9 g, 13 5 mmol) m dry ether (70 ml) was treated at 0” with trlfluoroacetlc 
anhydnde (10 ml) at 0” overnight 

The mixture was concentrated to dryness, dry ether (3 x 25 ml) was evaporated 
from the residue, and a solution of the residue m 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 ave 22 as a syrup (3 34 g, 90%), [a]:: -71 5” (c C! 7, 
chloroform), -80” (c 0 5, methanol) Mass spectrum m/e 274 (M+ 1) N m r data 

(chloroform-d) 6 4 85 (dd, J, ,2c 2, .I, Zn 2 5 Hz, H-l) and 3 47 (s, OMe) 
Anal Calc for CgH14F3N05 C, 39 57, H, 5 16, N, 5 13 Found C, 39 33 

H, 541, N, 491 
The 4,6-bls(p-mtrobenzoate) (23) of 22 had m p 180-182” (from chloroform- 

ether), [a]f: - 127” (c 0 48, chloroform) 
Anal Calc for C,,H,,F,N,O, 1 C,4835,H,353.N,735 Found C,4799, 

H, 3 40, N, 7 15 

Metlzyl 2,3-dzdeoxy-4,6-dz-O-mesyl-3-trz~uoroacetanzzdo-a-L-rzbo-lzexop~ra~zo- 

szde (24) - Methauesulphonyl chlonde (2 5 ml) was added dropwlse with stn-rmg 
to an Ice-cold solution of 22 (2 g, 7 32 mmol) m dry pyndme (20 ml) The mixture 
was stu-red at 20” for 16 h, and then poured mto Ice-water and extracted with chloro- 
form. The extract was washed with 0 5hx sulphunc acid, aqueous sodmm hydrogen 
carbonate, and water, dned (Na,SO,), concentrated to a small volume, and eluted 
from slhca gel with chloroform-acetone (95 5) Crystalhzatlon of the product from 
ether gave 24 (2 6 g, 83%), m p 126-12S”, [a]:: - 51” (c 1 1, chloroform) Mass 
spectrum- m/e 429 (M*) 

Anal Cak for Cl ,H, 8F3N0,S2 C, 30 77, H, 4 23, N, 3 26 Found C, 30 65, 
H,422,N,274 
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MetJ~yl 4,6-dr-O-benzoyJ-2,3-drdeoxy-3-tr~~~~oroace~am~do-u-~-~y~o-~exop_~r~no- 

srde (25) - A nuxture of 24 (1 18 g, 2 6 mmol), sodmm benzoate (1 8.5 g), and dry 
N,N-&methylformanude (75 ml) was kept for 5 h at 120”, then poured mto ice-water, 
and extracted with chloroform The extract was washed with water, dned, concen- 
trated zn vacua to a smail volume, and eluted from slhca gel Lvlth chloroform to 
sve 24 (0 1 g, 8 5%) and 25 (1 g, 80%) as a syrup, [ali -28 5” (c 0 5, chloroform) 
N m r data (chloroform-d) 6 5 33 (broad s, W, 8 Hz, H-l), 5 10 (broad s, W, 8 Hz, 
H-4), and 3 57 (s, OMe) 

Anal CaIc for C,,H,,F3N0, C, 57 38, H, 4 60, N, 2 91 Found C, 57 12, 
H, 4 38, N, 2 77 

Merizyl2,3-dtdeoxy-3-tr~~~~oroacetamldo-a_L-x (26) - To a 
solution of Z (0 43 g, 0 89 mmol) m dry methanol (6 ml), 0 5hf methanohc sodmm 
methoxlde (0 12 ml) was added, and the rmxture was kept for 16 h at 20” Sohd 
carbon dloxlde was cidded and the sol&Ion was concentrated z~ uacuo The residue 
was extracted lvlth chloroform and then eluted from slhca gel with chloroform- 
methanol (95 5) to gve 26 (0 22 g, 90%) as a syrup, [a]g -42” (c 2, methanol) Mass 
spectrum m/e 274 (M + 1) N m r data (chloroform) 6 4 87 (dd, J, Ze 1, J, ta 3 Hz, 
H-l) and 3 42 (s, OMe) 

Anal Calc for C,H,qF3NOs C, 39 57, H, 5 16, N, 5 13 Found C, 39 28, 
H, 522, N, 502 

The 4,6-bls@-xutrobenzoate) (27) of 26 had m p 153-l 55” (from chloroform- 
ether), [or]E3 + 1 4” (c 0 5, chloroform) 

Anal Calc for C23HZOF3N30, 1 C, 48 35, H, 3 53, N, 7 35 Found C, 47 89, 
H, 3 43, N, 7 15 
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