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Communications to the Editor

Confirmation by Synthesis of Ristosamine as
3-Amino-2,3,6-trideoxy-L-ribo-hexose

Sir:

Several recently reported antibiotics have 3-amino-
2,3,6-trideoxy-L-hexoses incorporated in their structures.
The important antitumor agents, daunomycin!® and adri-
amycin,!@ contain the sugar daunosamine, 3-amino-2,3,6-
trideoxy-L-lyxo-hexose. Both variants of the antibiotic, ris-
tomycin,? contain an amino sugar, ristosamine,? which has
been assigned the structure 3-amino-2,3,6-trideoxy-L-ribo-
hexose by Bognar et al.4 on the basis of chemical and spec-
tral properties. We have been interested in the synthesis of
these novel amino sugars both from the standpoint of
structure verification and in order to provide new sugars to
couple with the aglycon from adriamycin in attempts to
improve the antitumor activity of that antibiotic. In this
manuscript we report the synthesis of 3-amino-2,3,6-tride-
oxy-L-ribo-hexose and confirmation of its identity with ris-
tosamine and in the accompanying communication® report
the synthesis of 3-amino-2,3,6-trideoxy-L-arabino-hexose
and its identity with acosamine, a sugar derived from the
antibiotic, actinoidin.?

A key intermediate in the daunosamine synthesis? is
methyl 3-0-tosyl-2,3,6-trideoxy-«-L-arabino-hexopyrano-
side (1). Displacement of its tosyl group by azide ion in
DMF at 120° for 18 hr afforded an 80% yield of the homo-
geneous azido alcohol 2:® mp 78.5-80° (petroleum ether, bp
30-60°); [a]24D —290° (¢ 0.5, CHCls); Ry 0.2 in CHCl3 (Ry
0.4 for 1).9 Catalytic hydrogenation (5% Pd/C) in methanol
at ambient temperature for 3 hr gave 85% of methyl 3-
amino-2,3,6-trideoxy-a-L-ribo-hexopyranoside (3): mp
74-76° (benzene-hexane); [a] %D —213° (¢ 0.5, CHCly); Ry
0.16 in MeOH-CgHg (1:4) (Rf 0.35 for 2). Treatment with
1.5 equiv of HCI in methanol precipitated 3-HCI [mp 175-
176° (methanol-acetone); [¢]?'D —141.3 £ 1.5° (¢ 1.0,
H,0)] which compared well with methyl ristosaminide hy-
drochloride [mp 168-170°; [«]?°D —1238.8° (¢ 1, Hy0)].4
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Presumably the somewhat less negative rotation of methyl
ristosaminide hydrochloride is because of its preparation
involving acid treatment.!® The hygroscopic 3-HCI did not
keep well. After 3 weeks in a desiccator, it had mp 159-
160°, which could be raised to the original value by recrys-
tallization (mp 176-177° from methanol-ether) but not by
redrying.

Hydrolysis of 3 in 0.2 N HCI (95°, 90 min) followed by
partial neutralization and lyophilization afforded the ex-

Table I. NMR¢? of Synthetic and Natural 5

Chemical shift and multiplicity

Proton® Natural Synthetic
H-6, 3 1.22, d¢ 1.20, d¢
H-2,, 1 1.89, d of & 1.90, d of br g¢
NAc, 3 2.00, s 2.00, s
OAc, 3 2.02, s 2.02, s
H-2,,1 2.09, d of t° 2.10, d of t°
OCH;, 3 343, s 343, s
H-5, 1 3.98, m 392, m
H-4, 1 4.57, d of d 450, d of &
H-3, 1 4.66, m 458, m
H-1, 1 4.79, dof d 4,71, dof d

aDetermined in CDClz with internal MesSi; natural at 220
MHz;* synthetic at 100 MHz for 6 values and 360 MHz for J
values. ®Assignment followed by number of protons. J5 ¢ is 6 Hz.
9]y 2eq, Joax,2eq, aNd J2eq.3 'are <1, 14, and 2.5 Hz, respectively,
for natural (nat.) 5;¢ nm, 14.5, nm for synthetic (syn.} 5, where nm
= not measurable (in the broad singlet, but are estimated to be
like the reported values for nat. 5). ®Jy 2,4, and Jaax,3 are4 and 3.5
(nat.), respectively, and 4.5 and 4.5 (syn.). /Js 4 and J4.5 are 4 and
9.5 (nat.), respectively, and 4.5 and 10.0 (syn.).

tremely hydroscopic, but solid 8-amino-2,3,6-trideoxy-L-
ribo-hexose (analyzing for 4.0.5H;0): [«]21D —42.2° (¢ 0.56,
H;0) at equilibrium; Ry 0.44 (R; 0.38 for daunosamine hy-
drochloride) by paper chromatogram (Whatman No. 1) in
butanol-acetic acid-water (5:2:3). An earlier sample pre-
pared in 1966 had [«]D —26.9° (¢ 0.42, H50) at equilibrium,
presumably because of differences in precautions against
moisture during handling. The reported value? of [«]?1D
+34.3° (¢ 0.57, Ho0)!! for ristosamine hydrochloride falls
between the above values.

Treatment of 3 with acetic anhydride in pyridine afford-
ed 70% of methyl N,O-diacetyl-3-amino-2,3,6-trideoxy-a-
L-ribo-hexopyranoside (5-0.5H20): mp 53-55° (petroleum
ether, bp 60-110°); [«]?'D —130.8 + 1.8° (¢ 0.50, CHCl3); R/
0.4 in methanol-benzene. In our hands, 5 could not be
dried in vacuo without reverting to a syrup. It remained
crystalline only when air-dried on a filter. This may ac-
count for its analysis as 5.0.5H20 for all three samples pre-
pared on different occasions. The reported properties? of
methyl N,O-diacetylristosaminide, [mp 51-52°; [«]%D
—134° (¢ 0.5, CHClg)] agreed well with those of 5. Exami-
nation of the NMR data and MS data provided further
confirmation of the identity of synthetic and natural 3-HCI
and 5. Thus the NMR data in Table I show that natural
and synthetic 5 are identical. They show the same multi-
plicity patterns and coupling constants within the range of
experimental error, and they show the same relative posi-
tions for the proton signals. The slight differences in chem-
ical shifts, increasing in the downfield direction (to § 0.08)
are probably of instrumental origin and do not affect the
interpretation of the data. The mass spectral data (70 eV)
of natural and synthetic 3-HCl and 5 were compared and
showed only the slight differences in relative abundance
that may be expected of data obtained on different occa-
sions and different instruments.!? Recently, the mass spec-
tra of methyl N,O-diacetyldaunosaminide and other deriv-
atives have been reported.13

The synthetic 3-amino-2,3,6-trideoxy-L-ribo-hexose and
its derivatives were obtained by a stereospecific route.
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Since the above comparison proves the identity of the nat-
ural and synthetic ristosamine and derivatives, the struc-
ture of ristosamine as 3-amino-2,3,6-trideoxy-L-ribo-hexo-
pyranose is confirmed.
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Confirmation by Synthesis of the Structure of
Acosamine and Methyl N-Acetylactinosaminide

Sir:

The accompanying communication! reports the synthe-
sis of ristosamine, 3-amino-2,3,6-trideoxy-L-ribo-hexose,
and the reasons for our interest in this family of amino sug-
ars. In this manuscript we report the synthesis of 3-amino-
2,3,6-trideoxy-L-arabino-hexose? and confirmation of its
structural assignment to acosamine,® a component of the
antibiotie, actinodin. Thus it is now feasible to replace the
sugar moiety of adriamycin, daunosamine, with two other
closely related sugars in efforts to modify the antitumor
properties of adriamycin.4 In addition, this manuscript de-
scribes the preparation of the methyl glycoside of 3-amino-
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4-0-methyl-2,3,6-trideoxy-L-arabino-hexose and confirma-
tion of its assignment, by Lomakina et al.,® to methyl acti-
nosaminide, a compound derived by methanolysis of acti-
noidin.

OMe
TR ke 0
R.O
R,

LR, = OH; R, = NH, 5 R =N:R =H
2. R, = OMe; R, = NH. 6, R, = NH; R, =H
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4, R, = OH; R, = NH, 8 R, = NHA¢; R, = Ac
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Catalytic hydrogenation of methyl 38-azido-2,3,6-tride-
oxy-a-L-arabino-hexopyranoside (3), an intermediate in
the synthesis of daunosamine,® afforded the amino 6¢ in
high yields with properties [mp 130-132° (benzene-hex-
ane); [«]?'D —144° (¢ 0.52, MeOH); Ry 0.2 in CgHg-MeOH
(4:1)]7 agreeing well with those previously reported? and
less well with the rotation of methyl acosaminide, [¢]2°D
—118° (¢ 0.5, MeOH).38 Heating 6 in 0.2 N HCI for 90 min
at 90-95° followed by partial neutralization and lyophiliza-
tion at pH 5.8 afforded high yields of the hydrochloride of
3-amino-2,3,6-trideoxy-L-arabino-hexopyranose,® analyz-
ing for 1.-HCL.%3H,0, {«]?1D —18.3° (¢ 0.43, H30) at equilib-
rium.

Reaction of 6 with acetic anhydride in anhydrous metha-
nol and in pyridine gave a quantitative yield of the N-ace-
tyl 7 and 71% yield of the N,0-diacetyl 8, respectively. Re-
crystallization from MeOH-ether afforded the analytically
pure 7¢ [mp 160-161°; [«]?'D —146° (¢ 0.52, MeOH); R/ 0.3
in benzene-methanol (4:1)] as compared to those reported
for methyl N-acetylacosaminide [mp 161-162° {(chloro-
form-ether): [@]2°D —90° (¢ 0.1. methanol)}3:8 and for the
previously prepared 72 [mp 159-160° (ether-petroleum
ether); [«]?°D —148° (¢ 0.4, methanol)]. Recrystallization of
8 from ether-petroleum ether (bp 60-110°) yielded the an-
alytically pure methyl N,O-diacetyl-3-amino-2,3,6-tride-
oxy-w-L-arabino- hexopyranoside (8):% mp 163-164°; [a]%?D
—191° (¢ 0.52, MeOH). For methyl N,0-acetylacosaminide,
the reported values® are mp 158-163° and [«]2°D —84° (¢
0.5, MeOH); the rotation is again less negative.®

Methylation of 7 with dimethyl sulfate under the re-
ported conditions® did not give the expected 9, but two
other products that mass spectral data suggested may be
the dimethylated 10 and a dimeric compound. A different
methylation procedure employing silver oxide and excess
methyl iodide as solventl! afforded 9 [mp 188-190°; [«]21D
—150° (¢ 0.5%, MeOH)] as compared to methyl N-acetylac-
tinosaminide (M) [reported mp 156-158° (ether-n-hex-
ane), [a]®D —-70° (¢ 0.4, MeOH) when prepared from
methyl N-acetylacosaminide; and mp 165-168° (chloro-
form-ether), [«¢]?*D —101° (¢ 0.6, MeOH) when prepared
from methyl actinosaminide] but whose other properties (ir
and NMR) were identical.> These reported results again
may result from a difference in anomeric content® and, pos-
sibly, the presence of some dimethylated 10 in one case.

A comparison has been made of our NMR data and the
data and figure reported for methyl N-acetylactinosamin-
ide.? Its spectrum is reported to differ only by one methyl
group? from that of methyl N-acetylacosaminide (details
not reported except ¢ 3.30 for C;-OMe). The data for 6-9
and M are tabulated in Table 1. There is complete agree-
ment between our results and the literature results. For all



