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Two syntheses of 3-acetamido-2,3,6-trideoxy-D-lyxo-hexose (N-acetyl-D-daunosamine, 14) are des- 
cribed. The first one starts from methyl 3-acetamido-2,3-dideoxy-~-~-arabino-hexopyranoside (1) which 
is converted via its 6-0-tosylate (2) and 4-0-acetyl6-0-tosylate (3) into methyl 3-acetamido-4-0-acetyl-2, 
3,6-trideoxy-6-iodo-p-D-arabino-hexopyranoside (5). Under certain conditions the last step involves a 
partial anomerization giving the cc-anomer (6) as an  additional product. Both 5 and 6 may be reductively 
dehalogenated to the corresponding 4-0-acetates having a 6-deoxy function ('7 and 8). Preferably, 5 is 
reduced and simultaneously de-0-acetylated to methyl 3-acetamido-2,3,6-trideoxy-!3-D-arabino-hexo- 
pyranoside (9). This glycoside is converted into its a-D-lyxo isomer (13) by solvolysis of the 4-0-mesylate 
(12). Nydrolyses of 9 give 3-acetamido-2,3,6-trideoxy-D-arabino-hexose (10) and the corresponding 
amino sugar hydrochloride (11), while hydrolyses of 13 give N-acetyl-D-daunosamine (14) and a syrupy 
amino sugar hydrochloride. The second synthesis of 14 departs from the D-Iyxo isomer (15) of 1 and pro- 
ceeds in a similar sequence via the 4-0-acetylated derivatives with 6-0-tosyl (lg), 6-deoxy-6-iodo (17), 
and 6-deoxy (18) functions, the two last-mentioned compounds being a-glycosides due to anomerization 
in the step 16 -a 117. 
Canadian Journal of Chemistry, 47, 89 (1969) 

Previous work in this laboratory on the utility 
of nitro sugars for amino sugar syntheses has 
furnished methyl 3-amino-2,3-dideoxy-p-D-ma- 
bino-hexopyranoside (1) (1) and its P-D-lyxo iso- 
mer (15) (2). The present article describes the 
conversion of these two glycosides into deriva- 
tives of D-daunosamine, the optical antipode of 
an antibiotics constituent. The natural product 
(L-daunosamine) has been obtained by Arca- 
mone and co-workers as a fragment of dauno- 
mycin, a Stveptomyces metabolite showing anti- 
tumor activity, and has been demonstrated to  
be 3-amino-2,3,6-trideoxy-L-lyxo-hexose (3). A 
chemical synthesis of L-daunosamine hydrochlo- 
ride has recently been accomplished 441, as has a 
synthesis of the N-benzoyl derivative of the D- 
enantioiner (5). In both instances the introduction 
of nitrogen at C-3 of the sugars was based on the 
action of sodium azide upon suitable hexose 
derivatives which were prepared departing from 
L-rhamnal and methyl 2,3-anhydro-4,6-0-benzyl- 
idene-a-D-ailopyranoside, respectively. As our 
starting compounds 1 and 15 originate from 
deoxynitrs glycosides that are available via the 
nitromethane method commencing with methyl 
p-D-glucopyranoside, the present work offers an 
alternative entry into the ~~daunosamine  series. 

'On leave of absence from the Laboratory of Mono- 
saccharides, Institute of Chemical Technology, Prague, 
Czechoslovakia. 

In addition it has afforded the isomer with D- 

arabino configurat i~n.~ 
Compound 1 was treated with 1 mole of p- 

toluenesulfonyl chloride in pyridine and under- 
went monotosylation in position-6 in high yield. 
This result accords with findings of Richardson 
(5) who has reported and discussed a highly 
selective monotosylation of the a-anomer of 1. 
The crystalline 6-0-tosylate (2) was then acety- 
lated t o  give the 4-0-acetyl 6-0-tosyl derivative 
(3). Alternatively, % was tosylated and subse- 
quently acetylated without isolation of 2. For 
successful monotosylation it proved essential 
that rigorously dried pyridine be employed. In 
an experiment neglecting this precaution a sulfur- 
free mono-0-acetate arose; the 0-acetyl group 
was presumed to be located in position-6 (4) and 
to  have entered there as a consequence of abor- 
tive tosylation. 

Next, displacement in 3 of the tosyl group by 
iodine was effected with sodium iodide in re- 
fluxing butanone. This reaction was investigated 
rather thoroughly because it was discovered in 
initial experiments that the displacement a t  C-6 

principle, the reaction sequences to be reported 
could also be carried out in the L-series. The requisite 
L-enantiomers of 1 and 15, which have not yet been des- 
cribed, would have to be prepared according to the direc- 
tions given for the D-compounds (1, 2), from the known 
nitro precursors with P-L-configuration that have been 
synthesized starting from methyl P-L-arabinofuranoside 
(2). 
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was unexpectedly accompanied by partial ano- the 4-0-acetyl group during the reductive dehalo- 
merizatioi~ at C-I. The presence of two anomeric genation of 5, and as this group was to be removed 
iodo compounds in the crude reaction mixture later on anyway, compound 5 was hydrogenated 
was revealed by a nuclear magnetic resonance with platinum in the presence of sodium meth- 
(n.m.r.) spectrum to be discussed in a later para- oxide which effected complete de-0-acetylation. 
graph. Careful fractional crystallization of such a Methyl 3-acetamido-2,3,6-trideoxy-P-D-arabino- 
mixture ([a], + 33") yielded the pure p-anomer 5 hexopyranoside (9) was thereby obtained in 80- 
(m.p  196-1 98", [a], + 5') and the pure a-ano- 90 % yields. This giycoside was hydrolyzed, with 
mer 6 (m.p. 175-177", [a], + 11 1"). From the 25 % acetic acid to give 3-acetamido-2,3,6-tri- 
rotation data was calculated a P:a ratio of 2.8:l deoxy-D-arabino-hexose (lo), and with hydro- 
for that particular run, which does not necessarily chloric acid to give 3-amino-2,3,6-trideoxy-D- 
represent an anomeric equilibrium. 

I t  was considered that partial anomerization 
was caused by traces of acid liberated in a side 
reaction during the displacement. This conclu- 
sion, which appeared reasonable in view of the 
high reactivity at the anomeric center generally 
observed in deoxy sugar derivatives (6-91, 
received support from two facts. First, crystal- 
line 5 was not anomerized but recovered un- 
changed when it was refluxed with sodium 
iodide in butanone under the conditions of the 
displacement. Secondly, the optical rotation of a 
solution of 5 in butanone slowly increased, signi- 
fying progressive anomerization, when the solu- 

. tion was refluxed together with a trace of p- 
toluenesulfonic acid. Consequently, in order to 
prevent anomerization, the iodide exchange in 3 
was performed in the presence of sodium bicar- 
bonate. This became the preferred modification 
as it proceeded with complete retention of the P- 
configuration, pure 5 being isolable in yields up 
to 93 % on a preparative scale. 

The conversion of the 6-iodo function illto a 
6-deoxy function, which was required next, was 
possible with Raney nickel (or platinum) and 
hydrogen in the presence of diethylamine. The 
methyl 3-acetamido-4-0-acetyl-2,3,6-trideoxy-P- 
and -3-D-arabirzo-hexopyranosides (7 and 8) 
were in this manner obtained from the iodides 5 
and 6, respectively. However, the reductions 
were accompanied to a considerable extent by 
de-0-acetylation. 

Experiments designed to  carry on the plan of 
synthesis in the a-series were discontinued when 
it was learned that Richardson (5) had success- 
fully pursued the same course. Efforts were there- 
fore concentrated on the p-series, which happened 
to  be more convenient too, when the P-derivative 
5 had become readily accessible in pure form as 
outlined above. 

As it appeared difficult to  avoid partial loss of 

arabino-hexose hydrochloride (IB), a hitherto 
unknown stereoisomer of daunosamine. 

Mesylation of the glycoside 9 afforded the 4- 
0-mesyl derivative 12, which was isolated in 
crystalline form in 70 % yield and then subjected 
to solvolysis with sodium acetate in water-con- 
taining 2-methoxyethanol, in order to effect 
inversion of configuration at C-4 by neighboring 
group participation (10). Methyl 3-acetamido- 
2,3,6-trideoxy-P-D-lyxo-hexopyranoside (13) was 
produced, again in a yield of 70 %.3 Hydrolysis of 
13 by dilute acetic acid led to crystalline 3-aceta- 
mido-2,3,6-trideoxy-D-lyxo-hexose (14, N-acetyl- 
D-daunosamine), whereas D-daunosamine hydro- 
chloride, expected to arise by hydrolysis with 
llydrochloric acid, was obtained as an impure 
syrup only. 

The second synthesis commeilced with methyl 
3-acetamido-2,3-dideoxy-P-D-lyxo-hexopyrano- 
side (15) which, with p-toluenesulfonyl chloride 
and acetic anhydride, was in part converted into 
the 4-0-acetyl-6-0-tosyl derivative (16). Displace- 
ment of the tosyl group by sodium iodide pro- 
duced the calculated amount of sodium p- 
toluenesulfonate. However, only half the expected 
weight of a syrup containing iodo sugar could be 
extracted. The syrup apparently contained both 
anomers of methyl 3-acetamido-4-0-acetyl-2,3,6- 
trideoxy-6-iodo-a-D-lyxo-hexopyranoside, and 
preparative thin-layer chromatography fur- 
nished the preponderant product in crystalline 
form (yield, 20 % based on 16). This product (17) 
was assigned the a-configuration on the basis of 
its high dextrorotation, [or], + 155", which con- 
trasted with the lower rotation, [a], +64", of a 
second material that was obtained, though as a 

3Ricl~ardson (5) similarly mesylated the cc-anomer of 9 
but encountered difficulties in attempting to isolate the 
ester (cc-anomer of 12). However, he found isolation 
unnecessary and proceeded directly with a solvolysis 
leading in 42 % overall yield to the a-ariomer of 13. 
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BAER ET AL.: SYNTHESIS 

P R=R'=H IS R=R1=H 
2 R=Ts, R'=H 16 R=Ts, R'=Ac 
3 R=Ts, R=Ac 
4 R= Ac, R'=M 

syrup only, and that was probably an a,p-mix-, 
ture. Further points in support of this assign- 
ment will be discussed in a later paragraph. 
Raney nickel redaction of 17 afforded methyl 3- 
acetamido-4-O-acety~-2P4,6-trideo~yYar-~-kyxo- 
bexopyranoslde (It%), and this glycoside was con- 
verted by alkaline de-0-acetylation foilowed bji 
hydrolysis wit11 an acidic resin into oV-acetyl-D- 
daunosamine, identical with 14 obtzined in the 
previous synrhesis. - 

I he synthesis of IT-acetyl-D-daunosa~nii~e was 
thus accomplished in  two independent ways 
involving stereochemically unambiguous reac- 
tions and employing starting compounds whose 
co~~figurations had been rigoro~isly established 
(1, 2). This :"act makes it unnecessary to adduce 
further configurational proof for the new corn- 
pounds described, except that the assignment of 

anameric configuration is the products arisen in 
the iodide exchange processes req:.;ires justi- 
fication, 

The n.m.r. spectrum of tlie crude product 
obtained from 3 by sodiun iodide treatment in 
the absence of bicarbonate displayed two sing- 
lets attributable to rnethoxy groups (T 6.44 and 
6.58). After the riaaterial was separated into iso- 
mers by fiacrional crystallization, the T 6.44 
signal was seen to ba associated with the aizorner 
(5) of low der:irorotation, and the z 6.58 signal, 
with the anomer (6) of kigh dextrorotation. 
Assignment olC the j3-co~figuration to the former, 
and of the a-configuratio:~ to the latter, primarily 
based or, the rotations, is in accord with these 
chemical shifts as, 111 comparable compounds, 
protons in equatorial anon~erie methoxyis nsu- 
ally resonate at lovier fieid than those in axial 
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TABLE I 

Chemical shifts (7) of substituent resonances in CDCl, solution (60 MHz spectra) 
.- 

l-OCH3 1-OCH3 4-OAC 4-OAc 3-NHAc 
equatorial axial axial equatorial equatorial Others 

8.11 
8.06 
8.08 
8.10 
8.11 
7.99 

ca. 8 .0  
8.02 

*Aromatic methyl. In addition, 4 triplets belonging to  the aromatic A2Bz system were in the s 2region. 
tDoublet for C-6 methyl; splitting, 6 c.p.s. 
$Refers to a sample of 8 that had been de-0-acetylated. 
$Signals from a spectrum of de-0-acetylated 8 that contained a small amount of 9. Because of poor solubility 

no spectrum using crystalline 9 was taken. 
Sulfonyl methyl. 
l$ignal attributed to  admixed 8-isomer; intensity, ca. 5 0/, of the axial methoxy signal. 

ones. Pertinent examples in the literature (1 1-13] 
are supplemented by data given in Table I, 
special note being taken of the values for the 
anomeric pair 7 and 8 and of the value for 17 
together with that listed in parentheses. Finally, 
the specific rotations of the a-compounds 6 and 
8 were very close in magnitude to those reported 
(5) for the corresponding derivatives lacking the 
4-0-acetyl group. 

In the D-lyxo series the crystalline iodo deriv- 
ative (IT), which was assigned a-configuration, 
exhibited its methoxyl resonance at .t 6.58, and a 
weak signal suggesting contamination by about 
5 % of the p-anomer occurred at .r 6.45. The 6- 
deoxy derivative (18) had its methoxyl resonance 
at  .t 6.67, and its melting point and specific rota- 
tion were in satisfactory agreement with data 
reported for the same compound (5) and its 
enantiomorph (4). 

The chemical shifts of the acetoxy and aceta- 
mido methyl protons ill the compounds of Table 
I were all in the expected regions (14-16). It  is 
noteworthy that the acetoxy signals of 3 and 16 
occurred at higher than usual field, which is 
attributable (15) to a shielding effect of the aro- 
matic substituent. 

Experimental 
Melting points were taken in capillaries in an  electric 

aluminium block apparatus equipped with a calibrated 
thermometer. All evaporations were performed in vacuo 
at a bath temperature of 35-40". Petroleum ether refers 
to the fraction of boiling range 30-60". Thin-layer chro- 
matography (t.1.c.) was done on silica gel G (E. Merck 

A. G., Darmstadt) with the solvent systems benzene- 
acetone (2:3, v/v), (solvent a) and benzene-acetone (3:7, 
v/v) (solvent b), and spots were made visible with ceric 
sulfate- sulfuric acid spray. Column chromatography was 
carried out on silicic acid, 100 mesh (Mallinckrodt Ana- 
lytical Reagent). Nuclear magnetic resonance (n.m.r.) 
spectra were obtained from deuteriochloroform solu- 
tions on a Varian HA-60 instrument and were calibrated 
with tetramethylsilane as internal standard. Optical 
rotations were measured at about 23" in 1-dm tubes, 
most readings being taken on a Perkin-Elmer 141 auto- 
matic polarimeter. Infrared spectra were taken by the 
Wujol mull technique on a Beckman IR-8 instrument un- 
less otherwise indicated, and the most characteristic 
frequencies of new compounds are listed in Table I1 at 
the end of this section. 

Methyl 3-Acetamido-2,3-dideoxy-6-O-p-tolylsul~on-~-~- 
arabino-hexopyranoside (2) 

A sample (510 mg) of methyl 3-acetamido-2,3-dideoxy- 
P-D-arabino-hexopyranoside (8) (1) in pyridine (10 ml; 
distilled from sodium hydride) was chilled in a dry ice - 
acetone bath, and p-toluenesulfonyl chloride (530 mg; 
1.2 M equivalents) was added. The reaction mixture was 
then stored at 0" for 48 h and at room temperature for 
6 h. Water (0.5 ml) was introduced, and after 1 h the 
solution was concentrated in vacuo with several additions 
of 1 % sodium bicarbonate solution, in order to remove 
most of the pyridine. Finally, the largely aqueous con- 
centrate (ca. 10 n11) was extracted with several portions 
of chloroform, and the combined extracts were washed 
once with a small amount of water and dried over sodium 
sulfate. Inspection by t.1.c. (solvent a) of the chloroform 
phase revealed a strong spot (2) accompanied by a much 
weaker, faster moving spot which presumably represented 
the 4,6-ditosylate of 1; the aqueous phase was seen to 
contain unreacted I. The chloroform solution was evapo- 
rated to give a crystalline residue (752 mg). Resrystalliza- 
tion from ethyl acetate - petroleum ether afforded 2 
(586 mg; m.p. 143-148"). A second recrystallization gave 
2 (54% mg) of m.g. 145-148" whish could not be raised 
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BAER ET AL.: SYNTHESIS 93 

further. Work-up of the mother liquors yielded another 
62 mg of chromatographically pure 2, the total thus being 
604 mg (70%). The remaining syrup contained the fast- 
moving by-product. Compound 2 showed [aID + 25.5 (c, 
1, chloroform). 

Anal. Calcd. for C16H23N07S (mol. wt., 373.4): C, 
51.47: H. 6.21: S, 8.59. Found: C, 51.50; H, 6.13; S, 8.57. 

I t  &as'possible and worthwhile to recover unreacted 
1 by pooling the extracted, aqueous bicarbonate solutions 
from several runs, evaporating them to dryness. and 
eluting 1 with ethyl acetate. 

Methyl 3-Acetamido-4-0-acetyl-2,3-dideoxy-6-0-p-tolyl- 
sulfonyl-p-D-arabino-Izexopyranoside (3) 

(a) From 2 
A solution of 2 (542 mg) and acetic anhydride (0.5 ml) 

in pyridine (10 ml) was allowed to stand at 23" for 12 h, 
after which time t.1.c. (solvent a) indicated complete 
acetylation. Excess water was added, and the reaction 
mixture was evaporated with several further additions of 
water. When most of the pyridine and acetic acid was 
removed, 3 began to crystallize as a hydrate from the 
remaining aqueous solution and was collected (559 mg) 
after a few hours of storage a t  4". Upon concentration to 
about 3 ml and chloroform extraction the mother liquor 
gave another 25 mg of 3; total yield, 93 %. The hydrate 
melted at 77-80" (crude) and at 80-82" (recrystallized 
from ethanol-water). It exhibited infrared absorption at 
3600 cm-' (OH) and, in CDC1, solution, displayed an  
n.m.r, signal near 7 7.8, with concentration-dependent 
chemical shift (water). Anhydrous 3, in which these spec- 
tral features were absent, crystallized readily from ethyl 
acetate - petroleum ether, especially when seeded with 
crystals obtained by repeated evaporation of the hydrate 
with benzene; m.p. 121-123", [aID + 10.5" (c, 1, chloro- 
form). Yields of chromatographically pure anhydrous 3 
averaging 86% could be obtained when mother liquors 
of crystallization were worked up. 

Anal. Calcd. for C18H25NOsS (mol. wt., 415.5): C, 
52.03;H,6.07.Found: C,51.80;H,6.03. 

Anal. Calcd. (for monohydrate): S, 7.38. Found: S, 
7.43. 

(b) From 1 
Compound P (600 mg) was tosylated as described for 

the preparation of 2, except that 1.1 mole ofp-toluenesul- 
fonyl chloride and a reaction time of 6 h at 0' followed 
by 15 h at 4" and 7 h a t  23" were employed. Acetic anhy- 
dride (1 ml) was then added and the mixture was kept at 
23" for 16 h. Addition of water (0.5 ml) was followed 
after 15 min by dilution with chloroform (50 ml) and 
consecutive washing with 5 % sulfuric acid, water, 1 % 
sodium bicarbonate solution, and water. The organic 
solution was dried over sodium sulfate and evaporated to 
leave a residue (824 mg) which was dissolved in ethyl 
acetate, treated with activated charcoal and recovered by 
evaporation of the solvent. The hydrate of 3, u1.p. 79-81", 
then crystallized from ethanol-water and was converted 
into the anhydrous form by recrystallization from ethyl 
acetate - petroleum ether. The product (712 mg; 62 %) 
melted at 121-123", undepressed on admixture of 3 from , -\ 

ment was performed similar to that described in the pre- 
ceding section (b). The reactants were compound 1 (214 
mg), p-toluenesulfonyl chloride (204 mg), and acetic 
anhydride (0.2 ml). However, the solvent, reagent grade 
pyridine, had not been specially dried with sodium hy- 
dride. No 3 was produced. Instead, the chloroform phase 
obtained after washing yielded crystals (60 mg) which 
melted at 152-154", showed [a], + 8.3: (c, 0.8, ethanol), 
and displayed an infrared band at 1733 cm-' (ester car- 
bonyl) but no bands attributable to hydroxyl or tosyl 
groups. This material was identical with the previously 
described (1) 4,6-di-0-acetate of 1, n1.p. 157.5-158", [aID 
+9.9" (c, 0.6 in ethanol). The aqueous washing liquids 
were combined, neutralized with sodium bicarbonate, 
and evaporated to dryness. The solid residue was extract- 
ed with ethyl acetate and the extract, upon removal of 
the solvent, was chromatographed on a column of silica 
gel (17 g). Benzene-ethanol (20:l) eluted an  additional 
crop (40 mg) of the 4,6-di-0-acetate. Subsequent elution 
with benzene-ethanol (10:l) gave monoacetate 4 (88 mg) 
which after recrystallization from ethyl acetate - petro- 
leum ether had m.p. 185-187", [aID - 19.8" (c, 0.4, etha- 
nol). 

Anal. Calcd. for C11HlgN06 (mol. wt., 261.3): C, 
50.56; H, 7.33; N, 5.36. Found: C, 50.53; H, 7.12; N, 
5.46. 

Methyl 3-Acetamido-2,3,6-trideoxy-6-iodo-~-~-urubino- 
hexopyranoside (5) and Methyl 3-Acetamido-2,3,6- 
trideoxy-6-iodo-a-D-auabino-hexopyuanoside (6)  

( a )  Displacement in the Absence of Sodzum Bicarbonate 
For purification, con~mercial butanone (60 ml) was 

refluxed 1 h with sodium iodide (3 g) and distilled in the 
presence of anhydrous magnesium sulfate. The distillate 
dissolved sodium iodide without producing a yellow 
color. 

Compound 3 (200 mg) and sodium iodide (150 mg) 
were refluxed for 20 h in purified butanone (10 ml). The 
mixture was then chilled, and sodium p-toluenesulfonate 
(91 mg; 97.5 %) was filtered off and washed with chloro- 
form. The filtrate was evaporated to give a pale-yellow 
residue to which was added chloroform (25 ml), water (5 
ml), and 2 drops of 0.1 N sodium thiosulfate solution. 
After thorough shaking the chloroform layer was allowed 
to separate and, upon drylng with sodium sulfate and 
evaporation, it gave a colorless crystalline material (174 
mg; [a]D + 33.4", c, 1.7, chloroform) which was a mix- 
ture of 5 and 6. 

This mixture was fractionated in a process involving 
20 recrystallizations, with the progress of separation 
being monitored polarin~etrically and fractions of similar 
rotations being combined. Ether was used to recrystallize 
fractions of relatively low dextrorotation (rich in 5), 
and ethyl acetate - petroleum ether was employed for 
fractions of relatively high dextrorotation (rich in 6) .  The 
operation afforded 82 mg of pure 5, m.p. 196-198" de- 
camp., [a], + 5.0", (c, 1.5, chloroform), and 17 mg of 
pure 6, m.p. 175-177" decomp., [a]D + I l l o ,  (c, 1, chlo- 
roform), +96" (c, 0.6, dimethyl sulfoxide4). In 
addition there remained mixed fractions totalling 65 mg. 
Nuclear magnetic resonance spectra of 5 and 6 (Table I) 

Methyl 3-Acetamido-6( ?)-0-acetyl-2,3-dideoxy-0-D- 4The rotation in this solvent was measured for com- 
avabi~zo-hexopyranoside (4) parison with the value, [E]D +93" in DMSO, recorded ( 5 )  

In  an early attempt at preparing compound 3 an experi- for the non-acetylated derivative of 6. 
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indicated anomeric purity, whaeas a spectrum of the 
combined mixed fractions showed a P:a ratio of roughly 
2:l .  Infrared spectra of 5 and 6 were extremely similar 
although there were minor differences in band positions 
and relative intensities (Table 11). 

(b) Displacenzent irz the Presence of Sodium Bicarbonate 
Compound 3 (484 mg), sodium iodide (370 mg) and 

sodium bicarbonate (100 mg) were refluxed with mag- 
netic stirring in purified butanone (22 ml) for 17 h. After 
cooling, the insoluble matter (330 mg, sodium tosylate 
and bicarbonate) was filtered off and washed with chlo- 
roform, and work-up was proceeded with as described 
under (a). The crude crystalline product (456 mg) showed 
[a], + 5.2" (c, 4.5, chloroform), i.e. virtually the value of 
pure 5. Recrystallization from water (which proved 
superior to ether) gave 5 (310 mg) as long needles having 
m.p. 195-197' decomp. and [a], +4.9" (c, 1.5, chloro- 
form). The yields in five experiments were 70-74%. 
Column chromatography on silicic acid, with benzene- 
ethanol (50:l) as eluent, of the material that had remained 
in the nlother liquor of recrystallization furnished 
additional 5 (90 mg; [%lo +5.9" in chloroform), thus 
increasing the yield to 93 %. 

Anal. Calcd. for C1,H1,%NO, (mol. wt., 371.2): C, 
35.59; H,4.89; 1, 34.19. Found: C, 35.81; M, 5.06;1, 
34.00. 

IMethyl 3-Acer~r?~irla-4-O-acetyl-2~3,6-trideox~~-~-~- 
arabirzo-hexopyranoside (7) 

A so l~~ t ion  of 5 (500 mg) and diethylamine (0.14 1111) 
in methanol (30 ml) was shaken with Raney nickel-T4 
(0.1 g) (17) in an atmosphere of hydrogen at room tem- 
perat~rre for 5 11. The filtered solution was concentrated to 
a syrup whkh was dissolved in chloroform. The chloro- 
for111 solution was washed successively with cold solu- 
tions of sodium thiosulfate, 0.5 N hydrochloric acid, 
sodium bicarbonate, and finally with water. lit was then 
dried with ~nagnesium sulfate and concentrated to a 
syrup that crystallized froin ethyl acetate - petroleum 
ether. There was obtained 175 rng (53 %) of n1.p. 180", 
[ r ] ,  +23.4* (c, 1, chloroform). This preparation, made 
from a sample of 5 which was not entirely pure anomer- 
ically, contained as a consequence a small admixture of 
the E-anomer (8) accounting for too high a rotation. The 
n.m.r. spectrum showed a weak signal at T 6.67 (a-OCW,) 
beside the main OCH, signal at s 6.54. 

Anal. Calcd. for C11W19NOZ {ii~ol. wt., 245.3): C, 
5336; H, 7.81; N, 5.41. Found: C ,  53.75; H, 7.67; N, 
5.78. 

A similar reduction was performed using pure 5 (116 
mg), diethylamine (0.1 mi), a.nd pialinunr oxide (50 mg) as 
catalyst; the solvent was metilano1 (10 ml). Hydrogen 
consumption (18 mi at rooin temperature) was rapid. 
After 2 11 the filtered solution was shown by t.1.c. (sol- 
vent a) to contain 2 carbohyd;are substances, namely 
fast-moving 7 and its slow-moving product of de-0-acety- 
lation 19). In addition, diethylan~rnoniulll iodide was 
present. The reaction so:ntiicr. .d+7:,;as evaporated to give a 
residue which was treated with chloroforln and water, the 
former dissolving most of '7 and the !alter dissolving 9 and 
the ammoniunl sa!t. The cl~lcroforrn solution was wape- 
rated to yieId crystalline 7 ('48 mg; 62x1, m.p. 177-180" 
after one and 385-186' after a second recrystallization 

from ethyl acetate - petroleum ether; [a], +7.4" (c, 0.4, 
chloroforn~). An n.m.r. spectrum showed no evidence for 
contamination by a-anomer. 

The aqueous solution containing 9 was made alkaline 
by adding 0.35 ml of 1 N potassium hydroxide solution 
and was then evaporated to remove diethylamine. The 
dry residue (9 plus potassium iodide) was extracted with 
ethyl acetate, which yielded 26 mg (40%) of 9, n1.p. 237- 
239", identical in its infrared spectrum with 9 described 
in a subsequent section. 

Methyl 3-Acetarnido-4-0-acetyl-2,3,6-tricleoxy-a-D- 
arubino-hexopyranoside (8) 

A solution of 6 (190 mg) and diethylamine (0.075 ml) 
in methanol (15 n ~ l )  was shaken with Raney nickel-T4 (1 7) 
(40 mg) and hydrogen for 4.5 h at room temperature. The 
solution was evaporated, the residue taken up in chloro- 
form and applied to 2 large t.1.c. plates which were irri- 
gated with solvent a.  The faster-moving band was scraped 
off and, upon elution with ethyl acetate, afforded the 
product 8 (61 mg), m.p. 162-163", [a], f142" (c, 1, 
chloroform). In  the n.m.r. spectrum a strong signal at T 
6.67 (a-OCH,) was accompanied by a much weaker 
signal at z 6.53 indicating a slight contamination by the 
p-anomer. The derivative of 8 lacking the 4-0-acetyl 
group has been reported (5) to show [ajo + 137" (meth- 
anol). Extraction of the slower-moving band from the 
t.1.c. plates afforded some of this derivative as a solid 
which was used without further purification for obtaining 
the n.nl.r. spectrum (B4-OH in Table I). 

hi'efhyl 3-Acetamfdo-2,3,6-lrideoxy-P-D-arabino- 
hexopyranoside (9) 

A solution of 5 (276 mg; 0.75 mmole) in methanol 
(1 1 ml) containing 1.1 mmole of sodium methoxide was 
shaken with hydrogen in the presence of pla.tinum cata- 
lyst (70 mg of PtO,). Hydrogen uptake (22 ml) was 
rapid, about 20 ml being consumed within the first 5 
min. After 3.5 h the solution was filtered and its pH was 
adjusted to about 9 by careful titration with 0.1 N sul- 
furic acid (2.8 ml) against phenolphthalein, The solution, 
which IIIUS~ stay weakly alkaline at a11 times, was then 
evaporated to give a solid. Two ways of further work-up 
were employed from hereon. In some experiments the 
solid was dissolved in water and 9 was isolated by exha~s -  
tive extrzction with chloroform although the distribution 
coefficient is not very favorable. The method might be 
convenient for larger scale ruhivvhen a liquid-liquid 
extractor can be used. The dried extract was eva.porated. 
and the residue crystallized from ethanol - petroieum 
ether to give 9 (e.g., 114 mg, 75 %). Recrystallized from 
the same solvents, an analytical sample had m.p. 224-226" 
and [aID - 57.6" (c, 0.95, water). 

Anal. Calcd. for C9HI7NO4 (mol. wt., 203.2): C ,  53.19; 
H, 8.43; N, 6.89. Found: C, 53.28; H, 8.61; N, 7.03. 

In runs of the small scale described we preferred 
chromatographic isolation of 9. To this end the crude 
solid was placed on a short column of silicic acid (8 g) 
and 9 was eluted with benzene-ethanol (20:l) after minor 
impurities had been eluted with benzene. The yields in 9 
were good, e.g. 123 mg (81.5 %) in a 0.75 mmole run. The 
crystals showed n . p .  200-21O0, raised to 223-225' by one 
recrystallization from ethanol -petroleum ether; [a], 
- 57.9" (c, 1.1, water). 
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Compound 9 appears to be capable of existing in two 
crystal modifications. While the nlelting points just 
recorded were found in several experiments and could not 
be raised by further recrystallization of the samples, in 
two cases a n1.p. 237-239" u'as observed. Such a sample 
showed the same rotation ([.*I, -57.5", c, 1.2, water) 
and gave an  infrared spectrum identical to that of the 
lower-melting material. Moreover, both nlodifications 
yielded identical reaction products with methanesulfonyl 
chloride (see a later paragraph). 

3-Aceramido-2,3,6-Irideoxq.-~-nrabino-/exose (10) 
A solution of 9 (63 mg) in water (3 ml) and acetic acid 

(1 ml) was boiled under reflux for 25 min. The hydrolysis 
was monitored by t.1.c. (solvent b), which rcvcaled the 
disappearance of 9 and concomitant formation of more 
slowly-moving "n. The hydrolyzate was evaporated and 
the residue crystallized froin 2-propanol - ether. The 
product (42 mg; 71.5%) had m.p. 196-200", raised to 
199-201" (decomp., sealed capillary) by one recrystalliza- 
tion. The mother liquor gave crystals of n1.p. 198-201" 
decomp. Compound 10 exhibited downward mutaro- 
tation: [rlD i 30.4" (4 min) -> + 18.3" (6 h, constant) (c, 
0.8, water). 

Anal. Calcd, for G8Hl5NQ4 (11101. wt., 189.2): C, 
50.79; M, 7.99; N, 7.40. Found: C, 50.68; FI, 7.80; N, 
7.25. 

3-Anzino-2,3,6-tvideoxy-~~arabino-hexose Hyrirochloride 
(11) 

A solution of 9 (50 rng) in 1 N hydrochloric acid (2 1111) 
was boiled under reflux for 65 min, during uhich period 
gradual disappearance of 9 and formation of 11 with 
intermediary occurrence of 10 was observed by t.1.c. 
(solvent b). The hydrolyzate was evaporated to a syrup 
which was dried in oacuo and then crystallized from 2- 
propanol- ether giving 18 (43 mg), n1.p. 160-170" 
decomp. One recrystallization from the same solvents 
gave 11 (31 mg), n1.p. 168-170" decomp., unchanged by a 
further recrystallization. No mutarotation was observed: 
['xIn -t 81.7" (c, 0.7, water). A sample reduced hot Fehling 
solution strongly. 

Elen~ental analysis of a sample dried in oacuo at 56" 
gave a high carbon value which suggested retention of 
solvent of crystaliization. The data did not correspond 
perfectly to I mole of 2-propanol, but its presence was 
strongly supported by mass spectrometry. A sample 
heated up to 100" in the high vacuum of the spectrometer 
released ~iolatile matter that gave a weak parent peak at 
60 nz/e and a strong fragment peak at 45 niie attributable 
to 2-propanol. We thank Prof. J. E. Holmes for this 
determination. 

Anal. Calcd. for C,W14ClN0,~C,W,0 (mol. wt., 
243.7): 47, 44.35; H, 9.10. Found: C, 44.69; H, 8.44. 

Methyl 3-Acetamido-2,3,6-~rideoxy-4-O-met/~y~s~~lfonyl-~- 
D-arabino-hexopyrano~ide ( 1 2 )  

A solution of 9 (109 mg) in pyridine (5 ml; dried over 
sodium hydride) was cooled to -7Q3, and methanesul- 
fonyl chloride (0.3 mi) was added. The reaction mixture 
was allowed to stand for 2 days at - 10-0". Water (0.1 ml) 
was then added to the brown solution which, after 15 
min, was evaporated with several additions of 1 % sodium 
bicarbonate solution in order to remove most of the 

pyridine. The remaining aqueous solution was extracted 
with chloroform (40 ml in several portions), the extract 
was dried with sodium sulfate and evaporated to a dark, 
crystalline mass (154 n~g) .  Passage through a column of 
silicic acid (8 g), which was eluted first with benzene and 
then with benzene-ethanol (50:1), gave unidentified 
impurities in the benzene fractions while the mixed sol- 
vent fractions furnished 26 mg of 12 containing a trace of 
a contaminant (faster moving on t.1.c.) and subsequently 
100 mg of chromatographically pure 12 (total yield, 83 %). 
Upon one or two recrystallizations from ethyl acetate - 
petroleum ether 12 had n1.p. 153-155" decomp., [a], 
- 16.5" (c, 1, chlorofor~~~) ,  unchanged on further iecrystal- 
lization. Omitting the column chromatography we ob- 
tained from crude 12, by recrystallization with use of 
decolorizing carbon, pure 12 in somewhat lower yields. 

Anal. Calcd. for C,,H,,WO,S (mol. wt., 281.3): C, 
42.70; H, 6.81: S, 11.40. Found: C, 42.78; H, 7.34; S, 
11.10. 

Metlzyl3-Acetamido-2,3,6-trideoxq.-P-~-l.yxo- 
hexopjranoside (13)  
A solutioa of mesylate 12 (91 nig), sodium acetate 

trihydrate (170 mg), and water (0.5 ml) in 2-methoxyeth- 
an01 (5 ml) was refluxed for 40 min. The reaction mixture 
was evaporated to dryness and the residue was chromato- 
graphed on silicic acid (5 g) by elution with benzene- 
ethanol (20:l). Crystalline 13 (46 nlg; 70%) was obtained 
and melted, in a sealed capillary, at 208-212' after one 
and at 210-212' after a second a.nd a third recrystalliza- 
tion from ethyl acetate; [XI,, +27.7' (c, 1, water). The 
compound sublimed in eacuo. 

Anal. Calcd, for C,FIl,N04 (mol. w t ~ $  203.2): C, 
53.19; H, 8.43; N, 6.89. Found: C, 53.16; W, 8.40; N, 
6.83. 

3-Acetat~zido-2,3,6-tvideoxy-~-lyxo-hexose (14) 
( a )  Fronz 13 
The glycoside 13 (37 mg) was hydrolyzed with acetic 

acid as described for the hydrolysis of 9 to PO. The reduc- 
ing sugar 14 crystallized from ethyl acetate in a yield of 
28 mg (81 %), m.p. 143-145". After one recrystallization 
14 had m.p. 145-146", [a], + 101" (ca. 4min.) + +94.2" 
(10 min, constant) (c,  0.5, water). When the rotational 
sample was recoyered by evaporation of the water, it 
melted at 151-153". 

hnal.  Calcd. for C8H,,N04 (mol. wt., 189.2): C, 
50.79; H, 7.99. Found: C, 51.00; H, 7.99. 

( b )  From 18 
The glycoside 88 (12 mg) was dissolved in 0.1 N 

sodium hydroxide solution (0.5 ml). After 15 min it was 
determined by t.1.c. (solvent a) that fast-moving 18 had 
disappeared completely, giving rise to a slower spot that 
travelled like the de-0-acetylated glycosides 9 and 13. 
After another 10 min the solution was diluted with a few 
milliliters of water and stirred with 2 ml of cation ex- 
changer, Rexyn 101(Hi), for 20 min at 60". Thin-layer 
chromatography then revealed complete disappearance 
of the product of alkaline hydrolysis and showed the 
presence of a single spot moving at the still lower speed 
of 14. The resin was filtered off and washed well with 
water, and the filtrate was treated with activated charcoal 
and evaporated to give 5 mg of white crystals. Recrystal- 
lization from ethyl acetate gave 14 (3 mg), n1.p. 144-146", 
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Compound* 

TABLE I1 
The most important infrared frequencies 

-- 

v,,, in cm-' (group assignments in parentheses) 
- -- 

3450(NH); 3400-3200(OH); 1655,15lO(amlde); 1590,1360,1170(tosyl); 1070,975. 
3450 (NH); 1740 (ester CO); 1670, 1515 (amlde); 1595, 1370, 1175 (tosyl); 1050, 975; 1225 (ester C- 

0-C). 
3400 (NH); 1750 (ester CO); 1670, 1555 (amide); 1610, 1380, 1180 (tosyl); 1245 (ester C-0-C); 1070, 

1050, 1010-960, 930, 910, 880, 845, 820, 800. 
3600 (OH); 3400 (NH); 1740 (ester CO); 1660 and 1640, 1570 (amide); 1610, 1360, 1180 (tosyl); 1245 

(ester C-0-C); 1070,1050,1010-975; 930,910,875,840,825,803. 
3400, 3280, 3120 (NH, OH); 1715 (ester CO); 1645, 1565 (amide); 1265 (ester C-0-C); 1140, 1075, 

980,950. 
3250 (NH); 1730 (ester CO); 1635, 1535 (amide); 1230 (ester C-0-C); 1120, 1035, 970-940. 
3450 (NH); 1735 (ester CO); 1675, 1515 (anide); 1395 weak, 1375 strong; 1220 (ester C-0-C); 1285 

strong singlet, 1150 weak, 1123, 1050. 
3450 (NH); 1735 (ester CO); 1675, 1515 (amide); 1375 strong (no band at 1395); 1220 (ester C-O- 

C); 1290-1275 weak doublet, 1130, 1040. 
3400 (NH); 1750 (ester CO); 1660, 1560 (amide); 1245 (ester C-0-C); 1170, 1130, 1050, 965, 930. 
3300 (NH); 1730 (ester CO); 1635, 1535 (anlide); 1230 (ester C-0-C); 1120, 1040, 955, 920. 
3400-3200,3100 (NH, OH); 1642,1560 (amide); 1300,1070. 
3400-3200,3100 (NH, OH); 1640,1560 (amide); 1310,1120,1090-1050,990. 

3450-3300 (OH); 3050,1600,1520 (NH,+); 1170-1 100,1065,1010,985. 
3300 (NH); 1665,1560 (amide); 1345,1180 (mesyl); 1080, 1010,970,865,730. 
3480,33lO(NH, OH); 1645,1550 (amlde); 1330,1290-1220,1195,1150,1080-1030,980,725. 

3450,3350 (NH, OH); 1650 and 1625,1535 (amlde); 1250,1200,1165,1110-1025,980,800-700. 

3430, 3320 (NH, OH); 1625, 1550 (amide); 1240, 1190, 1165, 11 15, 1080, 1035,990, 800-700. 
3400 (NH); 1745 (ester CO); 1650,1535 (amide); 1600,1370,1170 (tosyl); 1240 (ester C-0-C); 1070 

1030, 990, 840, 815, 735. 
3300 (NH); 1745 (ester CO); 1650, 1560 (amide); 1240 (ester C-0-C); 1125, 1050,995, 955,910, 885. 
3400 (NH); 1745 (ester CO); 1645, 1530 (amide); 1240 (ester C-0-C); 1130, 1120, 1060, 1020, 990, 

940. 

*In Nuiol unless indicated otherwise. 

undepressed upon admixture of 14 from (a); [aID + 117" 
-. +95.7" (20 min, constant) (c, 0.11, water). Crystals 
recovered from the aqueous solution melted at 152-153". 

Attempted Preparation of D-Daunosamine Hydrochloride 
The glycoside 13 (44 mg) was hydrolyzed, first with 

0.2 Nhydrochloric acid at 80" for 2 h and at 100" for 1.5 h, 
and thereafter with increased acid strength (0.43 N) at 
100" for 1 h. Thin-layer chromatography (solvent b) then 
indicated complete conversion of 13 into material that 
remained at the starting point. Evaporation of the hydrol- 
yzate gave a syrup which was dried to glassy consistency 
in a desiccator. The substance failed to  crystallize from a 
variety of solvents. It reduced hot Fehllng solution and 
showed [aID +63.7" (c, 1.7, water). Reported (4) for 
crystalline L-daunosamine hydrochloride, [a], - 54.2" 
(water). 

Methyl 3-Acetamido-4-0-acetyl-2,3-dideoxy-6-0-p- 
tolylsulfotzyl-P-D-lyxo-hexopyranoside (16) 

To a chilled solution of 1.12 g of methyl 3-acetamido- 
2,3-dideoxy-!3-D-lyxo-hexopyranoside (15) (2) in dried 
pyridine (7.5 ml) was added a chilled solution of p- 
toluenesulfonyl chloride (1.02 g;  1.05 molar equivalents) 
in dry, ethanol-free chloroform (28 ml). The mixture was 
kept at - 8" for 24 h. Acetic anhydride (0.53 ml) was then 
added, and the mixture &as allowed to stand at - 8" for 
another 24 h. It  was then shaken briefly with a small 
quantity of water, diluted with excess chloroform, and 
washed successively with dilute sulfuric acid, sodium 
bicarbonate solution, and water. The organic phase was 
dried over magnesium sulfate and evaporated to give a 
syrup which was crystallized from ethyl acetate - petro- 
leum ether. Crude 16 (1.06 g;  50%), m.p. 140-142", was 
recrystallized from ethyl acetate to give fibrous needles 
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(0.84 g) of n1.p. 148-149", [a], + 13.8" (c, 1, chloroform). 
Anal. Calcd. for C18H25N08S (mol. wt., 415.5): C, 

52.03; H, 6.07; S, 7.72. Found: C ,  51.94; H, 6.36; S, 
7.24. 

The mother liquor remaining in the crystallization of 
116 gave 3 spots on t.1.c. (solvent a). Application to large 
plates allowed the separation into bands which were 
scraped off and extracted with acetone. The slowest band 
afforded crystals that were identified as the known (2) 
4,6-di-0-acetate of 15 by comparing infrared and n.m.r. 
spectra with those of an authentic sample. The middle 
band gave crystals of 116, m.p. 148-150". The third and 
fastest band furnished a syrupy di-0-tosylate. Its infrared 
spectrum showed peaks at 3350 (NH), 1650 and 1540 
(amide I and II), and 1610, 1470, and 1180 cm-l (tosyl). 
The last three bands were more intense with respect to 
the amide absorptions than the corresponding bands in 
the spectrum of 116 (Table 11). There were no peaks attrib- 
utable to 0-acetyl in the 1730 and 1250 cm-' regions. 
The n.m.r. spectrum exhibited methyl proton singlets 
at .r 6.60 (0-CHJ), 7.56 (arom. CH3), and 8.09 (N-Ac). 
The signal at T 7.56 was twice as intense as either one of 
the others. (Compare also the spectra of 3 and 16, 
Table I.) 

Methyl 3-Acetanzido-4-0-acetyl-2,3,6-trideoxy-6-iodo-a- 
D-lyxo-hexopyranoside (17) 

A solution of 16 (840 mg) and sodium iodide (610 mg) 
in dry acetone (6 ml) was heated in a bomb for 18 h at 
100-110". After the mixture had cooled, sodium p- 
toluenesulfonate (392 mg, 99 %) was filtered off and the 
red filtrate concentrated. Water was added to the residue, 
and the mixture was extracted three times with chloro- 
form. The combined extracts were washed with sodium 
thiosulfate solution and water, dried with magnesium 
sulfate, and evaporated to give a syrup (0.37 g) which did 
not crystallize. The syrup was dissolved in a small amount 
of chloroform and applied to 3 large t.1.c. plates which 
were developed with solvent a. Two bands separated. 
Extraction with acetone of the faster-moving, and major, 
band afforded a crystalline material which was recrystal- 
lized from ethyl acetate - petroleum ether to give 17 (152 
mg) m.p. 167-169". [a], + 155" (c, 1.5, chloroform). A 
Beilstein test indicated the presence of halogen. 

Anal. Calcd. for C11HIXNI05 (mol. wt., 371.2): C, 
35.59; H, 4.89. Found: 6 ,  35.83; H, 5.02. 

The slower band afforded a syrupy material (47 mg) 
that had [ a ] ,  +64" (c, 1.5 in chloroform). It showed 
infrared bands at 3350 (NH), 1750 (ester CO), 1660 and 
1430 cm-' (amide 1 and 11). Presumably this syrup con- 
tained the P-anomer of 17; however, it was not investi- 
gated further. 

Mefhyl3-Acetanzido-4-0-acetyl-2,3,6-trideoxy-a-~-lyxo- 
hexopyranoside (88) 

A solution of 17 (130 mg) and diethylamine (0.04 ml) 

in mcthanol (8 ml) was shaken with Raney nickeLT4 (30 
mg) and hydrogen for 3 h at room temperature. The solu- 
tion was filtered and concentrated to a syrup which was 
dissolved in a small amount of chloroform and subjected 
to preparative t.1.c. (solvent a). As the main component 
a crystalline material (48 mg) was obtained. Recrystalli- 
zation from ethyl acetate - petroleum ether gave 18 (25 
mg), m.p. 189-19O0, [a] ,  +186" (c, 0.5, chloroform). 
Reported (5) for 18: m.p. 183-185", [a], +192" (chloro- 
form); reported (4) for the L-enantiomer of 18: n1.p. 187- 
188", [aID -204" (chloroform). A small amount of the 
p-anomer was present in our sample, causing low rota- 
tion and a (very weak) n.m.r. signal at T 6.50. 

Anal. Calcd. for CIIH1,NO, (mol. wt., 245.3): C, 
53.86; H, 7.81. Found: C, 53.93; H, 7.85. 
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