Routes to 4-Amino-4-deoxy-p-galactose

solids were filtered off and washed with tetrahydrofuran and the
combined filtrates were evaporated to dryness. The residue was
taken up in chloroform and washed with water, The chloroform
extract was dried (MgSO4) and evaporated to give 1,3,2",6/,3""-
penta-N-acetyl-1,3,2",6-tetra-N-methyl-5,2"’ 4’ -tri-O-methylsiso-
x;gigin.(%) as a clear gum, m/e 755 (M.+), 614, 509, 500, 271, 239,
The pseudotrisaccharide 25 was heated under reflux on a steam
bath with 6 N hydrochloric acid (30 ml) for 2 hr. The solution was
cooled and passed over Amberlite TR45 resin and the eluate was
evaporated to dryness. The latter was taken up in methanol (5
ml), and acetic anhydride (1 ml) was added. After 25 min at 25°
the mixture was evaporated to dryness and the residue was azeo-
troped with toluene and then chromatographed on a silica gel col-
umn (50 X 1 cm) using the lower phase of a chloroform-metha-
nol-7% ammonium hydroxide (2:1:1) system as the eluent to give
1,3-di-N-acetyl-1,3-di-N-methyl-5-O-methyl-2-deoxystreptamine
(26) as a colorless, amorphous solid, 11 mg (25%), m/e 288
M-.*), 270 (M- — H20), which was identical (melting point,
tle, mass spectrum, ir) with an authentic sample.? The deoxys-
treptamine derivative (26) showed no CD in Cupra A solution.
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The elaboration of two synthetic routes to methyl 4-acetamido-4-deoxy-a-p-galactopyranoside (15) is de-
scribed, involving the displacement of the sulfonyloxy group by azide in methyl 4-O-methanesulfonyl-a-p-glu-
cosides, in which the hydroxy! functions are blocked by benzoyl groups (4, route A) or by benzyl and trityl
moieties (6, route B). With respect to yields and crystallinity of products, route A (4 — 5 — 8 — 15) proved to
be the more efficient. Free 4-amino-4-deoxy-n-galactose, characterized in the form of its hydrochloride (18), its
highly crystalline N-acetate (20), and its «- and §-pentaacetyl derivatives (19), was readily obtained by acetol-
ysis of methyl tri-O-acetyl-4-azido-4-deoxy-a-p-galactoside 9 and subsequent hydrogenation. Nmr data and
rotations unambiguously confirm the assigned structures and configurations, and are in excellent agreement
with those of the respective 2-amino-2-deoxy and 3-amino-3-deoxy derivatives of p-galactose.

As a prelude to the synthesis of 4-aminogalactosyl nu-
cleosides,? required for further assessing structure-activity
relationships in the aminoacyl aminohexosyl cytosine
group of antibiotics,3-¢ the elaboration of an adequate pre-
parative sequence was considered essential, that not only
would make 4-amino-4-deoxy-p-galactose accessible in a
form suitable for subsequent nucleosidation, but also
would be applicable to simple hexopyranosyl nucleosides
without major modifications. We have, by consequence,
initiated work on synthetic routes meeting these require-
ments,12 and herein report the details of these investiga-
tions. The preliminary published portions thereoflc al-
ready had sufficed to disprove an earlier structure of the
nucleoside antibiotic gougerotin, the sugar part of which
had erroneously been assigned the 4-aminogalacto config-
uration.?

Of the conceivable synthetic approaches to 4-aminoga-
lactose or its derivatives, the oxidation of readily available

methyl 2,3,8-tri-O-benzoyl-a-p-galactopyranoside® to its
4-hexuloside followed by oximation, reduction of the
oxime, and removal of the protecting groups appeared to
be the most propitious. Although ‘this procedure has
proved effective with hex-4-uloses carrying alkylidene pro-
tecting groups,? 1% including a synthesis of 4-amino-4-
deoxy-n-galactose from open-chain sugar derivatives,19 its
success appeared doubtful with an acylated glycopyra-
nosid-4-ulose owing to extreme sensitivity toward g8 elimi-
nation under acidic and basic conditions.11:12 Hence, an-
other approach was deemed more promising, involving
azide displacement of a 4-sulfonyl ester group in a suit-
able protected glucopyranoside. This route, which, at the
outset of this work,! had been utilized in preparing 4-
amino-4,6-dideoxy-12  4,6-diamino-4,6-dideoxy-,* and
2,3,4,6-tetramino-p-galactose derivatives,!® was also used
with two methyl 4-O-methylsulfonylglucopyranosides, in
which the hydroxyl functions at C-2, C-3, and C-6 were
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protected by benzoyl groups (4, route A) or by benzyl and
trityl moieties (8, route B), respectively.

1,4-Amino-4-deoxy-«-D-galactosides. Route A. The
more efficient synthetic sequence with respect to yields
and crystallinity of products, proved to be route A. In the
readily accessible methyl 2,3-di-O-benzoyl-4,6-di-O-meth-
ylsulfonyl-a-p-galactopyranoside (3), the primary C-6
mesyloxy function can be displaced selectively by azide .18
An analogous displacement on 3 with sodium benzoate in
N,N-dimethylformamide (5 hr, 80°) gave methyl 2,3,6-tri-
O-benzoyl-4-0O-mesyl-a-p-glucoside (4), which, under some-
what more forcing conditions (60 hr, 100° or 5 hr, 150°),
was readily converted to the syrupy azido tribenzoate 5 in
85% yield. Deesterification afforded crystailine 8, which in
turn gave methyl 4-acetamido-4-deoxy-«-p-galactopyran-
oside (15) in 64% yield in the form of well-shaped needles.
All attempts, however, by various methods of acetylation
and purification, to obtain the tetraacetyl derivative 16 in
crystalline form were unsuccessful. The product (16) was
characterized as a syrup of [«]?°p +119°, which was suffi-
ciently different from reported values of a gougerotin deg-
radation product (mp 193°, [a]p +87°)17 as to disprovelc
structure 16 that had been assigned.®

Route B, The alternate procedure to the 4-aminogalac-
tosides 15 and 16 started from methyl 2,3-di-O-benzyl-a-
D-glucopyranoside (2),18 which by tritylation and subse-
quent mesylation was converted in 79% yield into the
fully protected derivative 6, suitable for an ensting azidol-
ysis. When heated with sodium azide in N,N-dimethyl-
formamide for 30 hr at 100°, the 4-azido-galactoside 10
was readily obtained (93%). In 10, the azido function as
well as the trityl and benzyl protecting groups are sensi-
tive toward hydrogenolysis conditions; yet its conversion
into methyl 4-aminogalactoside could not be accom-
plished in one step. On hydrogenolysis of 10 over 10% pal-
ladium on carbon in methanol, only the azido function
was reduced with partial detritylation, while methanolic
hydrochloric acid—conditions that proved effective for the
debenzylation of methyl 2,3-di-O-benzyl-4-amino-4,6-di-

OMs
Z
CH3 OCHS

11, R=H
12, R=Ac

Bn = CH;CH,; Bz = CH;CO; Tr = (CH;),C
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deoxy-«-p-galactopyranosidel3—removed only one of the
benzyl groups, presumably the one located at C-3. The re-
sulting product was characterized as its benzylidene de-
rivative formed on treatment with benzaldehyde, which
appeared to be the 4,6-N,O-benzylidene compound 7*?
rather than the expected Schiff base. Owing to these dif-
ficulties, the conversion 10 — 16 was made stepwise: de-
O-tritylation by acid afforded syrupy 11, which was char-
acterized as its crystalline 6-O-acetyl derivative 12; subse-
quent treatment with lithium aluminum hydride gave the
2,3-dibenzyl-4-aminogalactoside 13, similarly characteri-
zable as its 4-N,6-O-diacetate (14); the removal of the
benzyl groups was finally effected by sodium in liquid am-
monia, giving on subsequent acetylation in 43% yield
methyl tri-O-acetyl-4-acetamido-4-deoxy-«-p-galactoside
(16), indistinguishable from a sample prepared by route
A.

4-Amino-4-deoxy-p-galactose. Attempts to obtain re-
ducing sugars from methyl 4-acetamido-4-deoxy-a-p-ga-
lactoside (15) or its tri-O-acetate 16 by hydrolysis were
unsuccessful. Even short heating in 4 N hydrochloric acid
at 80° resulted in extensive decomposition, as indicated
by a black solution and the detection of at least four com-
pounds by tlc. Less forcing acetolysis conditions,2® which
favor formation of acetyliminofuranose derivatives with
4-acetamido-4-deoxyaldosides,21:22 were employed with
the azido-tri-O-acetate 9 and gave tetraacetate 17 as a
10:1 «/B-anomeric mixture in 81% yield. De-0-acetylation
of 17 with sodium methoxide in methanol followed by hy-
drogenolysis over 5% palladium on carbon in methanol
containing hydrochloric acid gave the hydrochloride of 4-
amino-4-deoxy-p-galactose (18) as an amorphous solid, ex-
hibiting data, e.g., [«]?®p +51°, that are practically iden-
tical with those observed for the same product from a dif-
ferent synthetic route,10

On conversion of the azido function in 17 into an acet-
amido group by hydrogenolysis and subsequent acetyla-
tion, a pentaacetyl derivative 19, [a]?%Dp +82°, is obtained,
comprising an approximate 10:1 anomeric mixture in

OBz OBz
0 N, 0
OBz —ay OBz
MsO OCH, OCH;
OBz OBz
4 5
OR
N; 0
OR
OCH;
OR
9, R=lAc
OR OR
OBn — OR
OCH;, OCH;
OBn OR
13, R=H 15, R=H
14, R=Ac 16, R=Ac
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Table 1
Nmr Data in CDCl; and Rotations of Peracetylated «-pD-Galactopyranoses

Chemical shifts®

e-OAc [a]D
Peracetyl derivative of Registry a-NHAc in CHCls,
a-p-hexopyranose no. H-1 H-2 H-3 H-4 a-OAc 6-0OAc e-NHAc deg
a-D-Galactose 4163-59-1 3.64 4.,65¢ 4.65¢ 4.48 7.85 (2) Zgg +1077
8.00
2-Amino-2-deoxy-a-D- 10385-50-9 3.75 5.84 4.75 4.59 7.81 (2) 7.97 (2) 8.05 +102¢
galactose?
3-Amino-3-deoxy-a-D- 23743-53-5 3.72 4.80 5.36 4.56 7.83 (2) 7.96 (2) 8.03 +119
galactose®
4-Amino-4-deoxy-a-D- 3.65 4.70¢  4.70¢ 5.20 7.84 7.95 (2) + 89+
galactose (19) 7.97
7.99 )
Methyl «-D-galactoside 5019-22-7 5.05¢ 5.05¢ 4.93 4.58 7.86 ’;g? 2) +133°
Methyl 3-amino-3-deoxy- 51015-64-6 5.07¢ 5.07¢ 5.31 4.49 7.87 7.93 8.09 +917
a-D-galactoside 7.95
Methyl 4-amino-4-deoxy- 5.03¢ 5.05¢ 4.73 5.27 7.91 +119
a-D-galactoside (16) 7.94 (2)
8.01
« Coupling constants observed are oJ;,; = 2.0-3.8, Jp.; = 10-11, Ja4 = 3.0-4.1, Ju5 = 1.0-1.5 Hz. * Nmr data from T. D.

Inch, J. R. Plimmer, and H. G. Fletcher, J. Org. Chem., 31, 1825 (1966). ¢ Data from F. W. Lichtenthaler, G. Bambach, and
U. Scheidegger, Chem. Ber., 102, 986 (1969). ¢ Unresolved 2 H multiplets. ¢ Calculated values on the basis of an AB system
with 1,2 = 3.8 and /3,5 = 10.5 Hz. / C.S. Hudson and P. O. Parker, J. Amer. Chem. Soc., 37, 1589 (1915). ¢ M. Stacey, J. Chem.
Soc., 272 (1944). * Calculated value; cf. ref 23, i F. Micheel and O. Littmann, Justus Liebigs Ann. Chem., 466, 115 (1928).

iH. H. Baer, J. Amer. Chem. Soc., 84, 83 (1962).

o)
N, OA(;: N, A(;
OAc — OAc OAc
OCH,
OAc OAc
9 17
| Ji
OH OR
HCl-H,N 0 AcHN -0
OH OH OR OR
OH OR
18 19, R=Ac
20,R=H

favor of the o anomer on the basis of its rotation and nmr
data (c¢f. Table I). The most suitable derivative for char-
acterization appears to be the 4-acetamido-4-deoxy-p-
galactopyranose, readily isolated in crystalline form from
a de-O-acetylation of 19. Expectedly, it shows mutarota-
tion in water from +45 to +65°, which is interesting inso-
far as 4-acetamido-4-deoxy-p-glucose, although having a
different initial rotation, features the same rotational
value for the anomeric equilibrium ({a]2°p +91 — +66°,
in water??), On treatment with pyridine-acetic anhydride,
the 4-acetamido-4-deoxy-n-galactose 20 is converted to a
syrupy pentaacetyl derivative 19, in which now the 8 ano-
mer preponderates by an approximate ratio of 9:1, as indi-
cated by nmr data and its rotation of [«]?*5D +15°.23 It is
interesting to note that no product corresponding to
1,2,3,5,6-penta-O-acetyl-4-acetamido-4-deoxy-p-galactofu-
ranose?? or to dimeric forms thereofl® could be detected
by either tle or nmr in this tetra-O-acetyl-4-acetamido-4-
deoxy-g-p-galactopyranose 19, containing 10% of the «
anomer.

Structural and Configurational Assignments. While
the mode of preparation in itself is conclusive proof for

the galacto configuration of compounds 5 and 7-20, corro-
borative evidence is readily furnished by nmr data. In
contrast to the respective gluco derivatives 3, 4, and 6, in
which coupling constants of 9-10 Hz (J3,4 and J4,5) are
observed for the proton at C-4, in the galacto derivatives
H-4 consistently appears as a quartet with J3,4 = 3-4 and
Js5 = 1-1.5 Hz. In the acetamido derivatives 14, 16, 19,
and 21, this quartet is further split by coupling with the
NH proton (J4,yu = 9 Hz), which, however, is eliminated
on deuteration or on addition of trifluoroacetic acid.

These configurational assignments are further substan-
tiated by the chemical shifts of the acetyl resonances of
the peracetylated amino galacto derivatives 16 and 19,
which nicely comply with the empirical principles laid
down in the “acetyl resonance rule” for cyclitols?* and
hexopyranoses,?5 as well as with the data for the other
galactopyranose peracetates collected in Table 1. Accord-
ingly, 16 and the two anomers of 19 exhibit no acetyl reso-
nances (in CDCls) attributable to an equatorial acetamido
group (around 7 8.07), the signal at highest field ap-
pearing at 7 8.01. Similarly, a low-field resonance around
7 7.85 is only observed in the case of the o anomer of 19,
as expected for the C-1 acetoxy group.

Equally distinct configurational proof is provided by the
nmr characteristics of the ring protons H-1-H-4 of 16 and
19, particularly when juxtaposed with the corresponding
derivatives of galactose, 2-aminogalactose, and 3-aminoga-
lactose (Table I). In the pentaacetyl compounds the axial-
ly oriented anomeric proton appears within the narrow
range of 3.64-3.75 ppm, while in the glycosides H-1la is
shifted toward higher field by approximately 1.3 ppm. An-
other obvious relationship appears to be the consistent
upfield shift of the ring protons by 0.7 ppm when replac-
ing an acetoxy group at C-2, C-3, or C-4 in pentaacetyl-
«a-p-galactopyranose by an acetamido function.

Since replacement of an acetoxy by an acetamido group
does not substantially affect rotational values,28 their sign
and magnitude should also be indicative of configuration.
Indeed, all peracetylated «-p-galactopyranoses in Table I
exhibit a high positive rotation in chloroform, the some-
what scattered values being within the limitations of this
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type of comparisons. Thus, the [«]2%D of +119° observed
for 16 compares well with those for other peracetylated o-
p-galactosides (¢f. Table I). For the respective 8 anomer
of 16, as yet unknown, a small negative or at best a small
positive rotation must necessarily be predicted on the
basis of [a]p —14° for methyl tetra-O-acetyl-8-p-galacto-
pyranoside,2? —17° for the 2-acetamido-2-deoxy,2® and
~5° for the 3-acetamido-3-deoxy compounds,?5 respective-
ly. Nevertheless, Fox, et al.,2% pretended that the tetra-
acetate of methyl 4-amino-4-deoxy-B3-p-galactopyranoside
could well have a rotation of +87°.

Experimental Section

Melting points were determined on a Bock Monoskop, and are
uncorrected. Spectral measurement were effected with Perkin-
Elmer 125 (ir), Perkin-Elmer 137 (uv), and Varian A-60A (nmr)
instruments. Thin layer chromatography on Kieselgel Fas4 plastic
sheets (Merck, Darmstadt) was used to monitor the reactions and
to ascertain the purity of the reaction products; preparative tlc
was done on 20 X 40 cm glass plates coated with a 1.5-mm layer
of Merck Kieselgel HF. Developers employed (A) benzene-ethyl
acetate (10:1); (B) chloroform-ethyl acetate (10:1); (C) ethyl ace-
tate-ethanol-water (15:2:1). The spots were visualized by uv
light, by iodine vapor, or by spraying with 80% aqueous sulfuric
acid and charring at 110° for 5 min. Column chromatography was
carried out on silica gel 70-230 mesh (Kieselgel 60, Merck, Darm-
stadt).

Route A. Methyl 2,3,6-Tri-O-benzoyl-4-O-methylsulfonyl-c-
n-glucopyranoside (4). To a solution of methyl 2,3-di-O-benzoyl-
4,6-di-O-mesyl-a-p-glucopyranoside'® (3, 9.3 g, 16.7 mmol) in
N,N-dimethylformamide (50 ml) was added sodium benzoate (2.7
g, 18.5 mmol), and the mixture was heated for 5 hr at 80° with
stirring, followed by evaporation to dryness in vacuo. A chloro-
form solution of the residue was washed with water, dried, and
concentrated to a syrup, that was purified via elution from a sili-
ca gel column (2 X 50 cm) with solvent system B. An 8.7-g (89%)
yield of a colorless, uniform (tle in A) syrup was obtained: [a]?5p
+139° (¢ 1, CHCl3); nmr (CDCl3) 7 1.9 and 2.5 (broad m, 6 and 9,
3 CeHs), 4.88 (1, 1, J3,4 = J45 = 9 Hz, H-4), 5.2-5.8 (m, 3, H-5
and 6-CHg), 6.55 (s, 3, OCHgs), 7.10 (s, 3, OMs); H-1, H-2, and
H-3 give an ABX spectrum, the AB part (seven lines centered
around 7 4.7) and X portion (11 lines around r 3.86) indicating
Jis = 3.5 and Jp 3 = 9.5 Hz as well as the chemical shifts for H-1
(4.75) and H-2 (4.71); a spectrum calculated on the basis of these
data was in excellent agreement with the observed one.

Anal. Caled for CopH2s011S: C, 59.58; H, 4.83; S, 5.49. Found:
C, 59.56; H, 4.80; S, 5.25.

Methyl 4-Azido-2,3,6-tri-O-benzoyl-4-deoxy-a-D-galactopy-
ranoside (5). A mixture of mesylate 4 (9.5 g, 16.3 mmol) and so-
dium azide (3.3 g, 3 molar equiv) in N,N-dimethylformamide
(100 ml) was heated at 150° for 5 hr, followed by evaporation to
dryness in vacuo. A chloroform solution of the residue was fil-
tered, washed with water, and taken to dryness, leaving a syrup
that was purified by elution from a silica gel column with solvent
system A: 7.4 g (85%) of 5 as a chromatographically uniform
syrup of [@]2%D +17° (¢ 1, CHCl3).

Anal. Calced for CagH2sN30s: C, 63.27; H, 4.74; N, 7.91. Found:
C, 63.18; H, 4.78; N, 8.02.

Methyl 4-Azido-4-deoxy-a-p-galactopyranoside (8). De-O-
benzoylation of tribenzoate 5 (7.0 g, 13.2 mmol) was effected by
standing overnight in methanol (50 ml) containing 1 N sodium
methoxide (2 ml), followed by deionization with an acidic resin
(Merck IV, H+ form) and evaporation to dryness. The residue was
dissolved in water and extracted twice with ether for removal of
methyl benzoate, to give, on evaporation of the aqueous phase to
dryness, a residue that crystallized on gradual addition of ben-
zene to a 2-propanol solution. Recrystallization from methanol-
benzene afforded 1.99 g (69%) of azidogalactoside 8 as colorless
crystals: mp 153-155°% [a]?5p +120° (¢ 0.5, CH3zOH); ir (KBr)
2130 cm~* (N3); nmr (D20) 7 5.18 (d, 1, J1,2 = 3.5 Hz, H-1), 6.61
(s, 3, OCHgs); CDmax 277 nm, 6 in dioxane, +0.13, in methanol
+0.09, in water +0.08.

Anal. Caled for CtH;13N30s5: C, 38.35; H, 5.98; N, 19.17. Found:
C,38.77; H, 6.03; N, 19.13.

Methyl 4-Azido-2,3,6-tri-O-acetyl-4-deoxy-a-D-galactopyran-
oside (9). A mixture of 2.5 g (11.4 mmol) of azidogalactoside 8
was kept in 2:1 pyridine-acetic anhydride (60 ml) for 24 hr at
room temperature, followed by concentration to dryness and sev-
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eral reevaporations from water. The residue was purified by elu-
tion from a silica gel column with solvent system A, to give on
evaporation and drying (50°, 0.1 mm) 2.8 g (72%) of a syrup, uni-
form by tle (C): [@]?5p +93° (¢ 1, CHCl3); nmr (CDCla) = 4.56 (q,
1, Jz,a = 10 and J3,4 = 3.5 HZ, H-3), 4.84 (q, 1, J1,2 =3 HZ, H—Z),
5.056 (d, 1, H-1), 5.81 (m, 4, H-4, H-5, and 6-CH,), 6.62 (s, 3,
OCHag), 7.88 (s, 3, 3-OAc), 7.92 (s, 6, 2- and 6-OAc).

Anal. Caled for CigH3eN3Os: -C, 45.21; H, 5.55; N, 12.17.
Found: C, 44.99; H, 5.57; N, 11.97.

Methy! 4-Acetamido-4-deoxy-a-p-galactopyranoside (15). A.
From 4-Azidogalacteside 8 by Hydrogenation and N-Acetyla-
tion. A methanolic solution of 8 (1.0 g in 200 ml) was hydrogenat-
ed over 10% Pd/C for 6 hr, followed by removal of the catalyst
and concentration of the filtrate to a volume of about 50 ml. Ace-
tic anhydride (5 ml) was added, and, after being kept overnight at
ambient temperature, the mixture was evaporated to dryness.
Several reevaporations of the residue from benzene gave a prod-
uct which slowly crystallized from a 2:1 ethanol-benzene solution
on standing. Recrystallization from ethanol-acetone afforded 830
mg (76%) of 15 as needles: mp 203-205°; [a)?5p +182° (¢ 1,
CH30H); nmr (DMSO-de) 7 2.40 (d, 1, Js,nu = 9 Hz, NH), 6.70
(s, 3, OCHy3), 8.08 (s, 3, NHAc).

Anal. Caled for CoH17NOs: C, 45.95; H, 7.28; N, 5.96. Found:
C, 45.86; H, 7.21; N, 6.00.

B. De-O-acetylation of Tetraacetate 16. A solution of 16 (2.5
g, 7 mmol) in methanolic ammonia (100 ml) was kept at room
temperature overnight, followed by evaporation to dryness and
trituration of the residue with methanol-benzene, which resulted
in crystallization of 1.38 g (82%) of needles, indistinguishable
from 15 prepared by method A.

Methyl 4-Acetamido-2,3,6-tri-O-acetyl-4-deoxy-a-p-galacto-
pyranoside (16) by Acetylation of the N-Acetate (15). A solu-
tion of 15 (3900 mg) in 2:1 pyridine-acetic anhydride (20 ml) was
kept overnight at ambient temperature and subsequently evapo-
rated to dryness followed by repeated coevaporations with water.
The syrupy residue was applied to a silica gel column (2 X 30
cm) and eluted with: solvent system C. The appropriate fraction
was evaporated and dried (0.1 mm), affording 16 as a syrup:
[«]?5Dp +119° (¢ 1, CHCl3); 100-MHz nmr in CDCly, cf. Table I; in
DMSO-dg 7 1.85 (d, 1, Ja,nu = 10 Hz, NH), 4.94 (m, 3, ABC sys-
tem of H-1, H-2, and H-3), 5.44 (m, 1, H-4), 5.95 (m, 3, H-5 and
6-CHjy), 6.64 (s, 3, OCHj), acetyl resonances at 7.96, 7.98, and
8,08 (2).

Anal. Caled for Cy5H23NOg: C, 49.86; H, 6.42; N, 3.88. Found:
C,50.02; H, 6.58; N, 3.89.

Route B. Methyl 2,3-Di-O-benzyl-4-O-methylsulfonyl-6-O-
trityl-a-p-glucopyranoside (6). To a solution of methyl 2,3-di-
O-benzyl-a-p-glucopyranoside® (2, 10.0 g, 27 mmol) in dry pyri-
dine (125 ml) was added triphenylchloromethane (9.0 g, 32
mmol). The mixture was kept at ambient temperature overnight,
followed by the addition of mesyl chloride (6 ml, 77 mmol) with
cooling (0°), standing for 10 hr at room temperature, and evapo-
ration to dryness in vacuo. The syrupy residue was dissolved in
chloroform, which was washed with water and, after treatment
with charcoal, dried (MgSOQ,4), followed by evaporation to dry-
ness. Trituration of the residue with ethanol resulted in crystalli-
zation, amounting after recrystallization from the same solvent to
14.8 g (79%), as needles, mp 146-147°, [«]?%p +24° (¢ 0.5, CHCl3).
Two recrystallizations of this product, which was used for further
experiments, from acetone-methanol raised the melting point to
152-153° without change in rotation.

Anal. Caled for C43H4205S: C, 70.78; H, 6.09; S, 4.62. Found:
C,70.78; H, 6.12; S, 4.64.

Methyl 4-Azido-2,3-di-O-benzyl-4-deoxy-6-O-trityl-a-D-
galactopyranoside (10). The mesyl glucoside 6 (6.0 g, 8.7 mmol)
and sodium azide (2.3 g, 4 molar equiv) were heated with
stirring for 30 hr at 100° in dry N,N-dimethylformamide (60 ml).
After cooling, the mixture was poured into ice~water and the
solid, separated, was filtered off and recrystallized from methanol
to give 5.3 g (93%) of azide 10 as colorless crystals: mp 50-52°;
[@]25p +18° (¢ 2, CHCl3);3% ir (KBr) 2145 cm~* (N3).

Anal. Caled for C4oH3sN30s: C, 74.63; H, 6.13; N, 6.55. Found:
C,74.73; H, 6.10; N, 6.40. '

Methyl 4-Amino-2-0-(3-0-)-benzyl-4-N,6-O-benzylidene-4~
deoxy-a-p-galactopyranoside (7). To a prehydrogenated suspen-
sion of 10% Pd/C (500 mg) in methanol (75 ml) and 3.6 ml of con-
centrated hydrochloric acid was added 1.2 g (1.87 mmol) of azido
galactoside 10 in 75 ml of methanol, and the hydrogenation was
continued. After the uptake of Hz had ceased (24 hr), the catalyst
was filtered off and the filtrate was deionized by stirring with a
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strongly basic ion-exchange resin (Merck III, OH- form). On con-
centration of the solution, triphenylmethane crystallized and was
removed (0.35 g, mp 87-89°). Evaporation to dryness in vacuo af-
forded a syrup, which, being not amenable to crystallization, was
allowed to react with benzaldehyde (1.0 ml) for 2 hr at 80°. The
excessive benzaldehyde was distilled off (0.1 mm) and the syrupy
residue was dissolved in ethyl acetate and washed consecutively
with saturated sodium bicarbonate solution and water. Evapora-
tion of the solvent and trituration of the residue with methanol
gave 0.31 g (44%) of 7 as needles: mp 204-206°; ir (KBr) OH and
NH around 3530 cm~1, no absorption in the 1690-1630-cn~1 re-
gion (C==N); nmr (CDCls) = 2.3-2.7 (m, 10, 2 CeHys), 3.05 (s, 1,
NH), 3.92 (s, 1, benzylidene CH), 4.64 (d, 1, J1,2 = 2 Hz, H-1),
5.15 (m, 2, H-2 and H-3), 5.85 (broad m, 1, H-4), 6.25 (m, 5, H-5,
6-CHz and ArCHy), 6.51 (s, 3, OCHzy), 7.18 (s, 1, OH); the signals
at 7 3.05 and 7.18 disappear on treatment with D20O.

Anal. Caled for C21H2sNOs: C, 67.90; H, 6.78; N, 3.77. Found:
C, 68.01; H, 6.60; N, 3.86.

Methyl 4-Azido-2,3-di-O-benzyl-4-deoxy-a-pD-galactopyrano-
side (11). The trityl derivative 10 (16.4 g, 25.6 mmol) was heated
for 30 min at 100° in 100 ml of 4:1 acetic acid-water. On cooling,
triphenylmethanol crystallized and was removed (5.7 g), and a
second crop (0.7 g, total 95%) was obtained on concentration of
the solution to a small volume. Evaporation to dryness in vacuo,
followed by repeated coevaporations with water, afforded crude 11
as a syrup (9.1 g, 89%), which contained traces of triphenylcarbi-
nol (tle in B), yet was used for further experiments. For the ana-
lvtical sample, 0.35 g was applied to a preparative tlc plate and
developed with solvent system B. The zone containing 11 (R; 0.3)
was scratched off and thoroughly eluted with chloroform-ethanol
(1:1), followed by evaporation of the extract to dryness in vacuo
to give 230 mg of a chromatographically uniform (tlc in A and B)
syrup, [@]?5p +3° (¢ 1, CHClg), ir (film) 2150 cm~* (N3).

Anal. Caled for C21H25N305.‘ C, 63.14; H, 6.31; N, 10.52.
Found: C, 62.89; H, 6.26; N, 10.38.

Methyl 6-0-Acetyl-4-azido-2,3-di-O-benzyl-4-deoxy-c-D-
galactopyranoside (12). The azido derivative 11 (140 mg) was
kept in a mixture of pyridine (4 ml) and acetic anhydride (2 ml)
overnight at ambient temperature. Concentration to dryness, sev-
eral reevaporations from water to remove traces of solvents, treat-
ment of an ethanolic solution with charcoal, and evaporation left
a syrup, which crystallized on trituration with 2-propanol to give
72 mg (52%) of 12 as colorless needles: mp 76-78°%; [«}25p +8° (¢
0.7, CHCl3); nmr (CDCl3) 7 6.65 (s, 3, OCHjs), 7.95 (s, 3, OAc).

Anal. Caled for Cz3H27N3063 C, 62.57; N, 6.16; N, 9.52. Found:
C,62.53; H, 6.15; N, 9.56.

Methyl 4-Amino-2,3-di-O-benzyl-4-deoxy-a-p-galactopyran-
oside (13). To a suspension of lithium aluminum hydride (2.5 g)
in ether (100 ml) was added a solution of 11 (8.6 g, 21.5 mmol) in
200 ml of ether. After the reaction had ceased the mixture was re-
fluxed for 1 hr. After cooling down, the excessive LiAlH, was de-
stroyed by the addition of ethyl acetate, followed by evaporation
to dryness. Suspension of the residue in ether (200 ml), gradual
addition of water until coagulation occurred, decantation, and ex-

traction of the residue with ether gave upon evaporation of the’

combined ether solutions a syrup (8.0 g), which was used for de-
benzylation although traces of triphenylcarbinol could be detect-
ed (tlc in B). For the analytical sample, 400 mg was applied to a
preparative tlc plate and developed with solvent system B, fol-
lowed by elution of the appropriate zone with ethyl acetate-
methanol (1:1) and evaporation of the eluate to dryness in vacuo
(finally 0.1 mm) to give 270 mg of a syrup, {«]?5p +54° (¢ 1,
CHCls).

Anal. Caled for Co1H27NOs5: C, 67.54; H, 7.29; N, 3.75. Found:
C,67.32; H, 7.36; N, 3.68.

Methyl 4-Acetamido-6-O-acetyl-2,3-di-O-benzyl-4-deoxy-a-
p-galactopyranoside (14). Acetylation of 13 (300 mg) in 2:1 pyri-
dine-acetic anhydride (15 ml) overnight at room temperature and
evaporation to dryness gave a syrup, which was dissolved in chlo-
roform and thoroughly washed with water. The residue either as
such or after preparative tlc (as described for 11) was not amena-
ble to crystallization, affording 250 mg (68%) of a colorless syrup:
[a]?%p +51° (¢ 1, CHCls); nmr (CDCl3) 7 4.27 (d, 1, Jeny = 10
Hz, NH), 6.62 (s, 3, OCHzs), 7.95 and 7.98 (two s, 3-, 6-OAc and
4-NHAc).

Anal. Caled for Co5H3:1NO7: C, 65.62; H, 6.83; N, 3.06. Found:
C,65.67; H, 6.83; N, 2,98,

De-O-benzylation of 13 with Liquid Ammonia. To a stirred
suspension of 2,3-di-O-benzylgalactoside 13 (6.5 g, 17.4 mml) in
liquid ammonia was added, in small portions, 3.0 g of sodium.
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After 3 hr, the excessive sodium was decomposed by the addition
of ammonium chloride and the ammonia was allowed to evapo-
rate. The residue was dissolved in water, followed by washing
with chloroform and evaporation to dryness, leaving a uniform
(tle in C), ninhydrin-active syrup that was subsequently acetyl-
ated by standing overnight in 2:1 pyridine-acetic anhydride (100
ml), The mixture was concentrated to a syrup, which was repeat-
edly coevaporated with water and purified by elution from a silica
gel column (3 X 50 em) with solvent system C. The appropriate
eluate was evaporated to dryness and dried (0.1 mm), giving 4.4 g
(70%) of the tetraacetyl-4-aminogalactoside 16 as a syrup, indis-
tinguishable with respect to nmr and rotational data from a sam-
ple of the same compound prepared by route A {(cf. above).

Derivatives of 4-Amino-4-deoxy-nD-galactose. 1,2,3,6-Tetra-
O-acetyl-4-azido-4-deoxy-a-p-galactopyranese (17). To a cooled
(0°) solution of azido galactoside 16 (2.0 g, 5.8 mmol) in acetic an-
hydride (40 ml) was slowly added with stirring acetic acid (20 ml)
containing 2 ml of concentrated sulfuric acid, and the mixture
was kept at 6-10° overnight, followed by pouring into ice~-water
(300 ml). After decomposition of excess acetic anhydride (20 min)
the solution was extracted with chloroform (3 x 100 ml) and the
combined extracts were washed with water, treated with charcoal,
and subsequently evaporated to dryness in vacuo. The residue
was applied to a silica gel column (3 X 50 ¢cm) and eluted with
1:1 benzene-ethyl acetate, to afford after evaporation of the ap-
propriate fraction and drying at 55° (0.1 mm) 1.75 g (81%) of 17
as a colorless foam, uniform by tlec (C), which was used for further
experiments, although analytical data were somewhat too low:
[@]?%p +56° (¢ 1, CHCls); nmr (CDCl;) 7 3.68 (narrow m, H-1),
7.88 s, 6, C-1 and C-3 OAc), 7.93 and 8.00 (two s, 3, C-2 and C-6
OAc); the content of the 8 anomer was below 10%.

4-Acetamido-1,2,3,6-tetra-O-acetyl-4-deoxy-p-galactopyran-
ose (19). A, @ Anomer (Containing 10% 3). To a prehydrogenat-
ed suspension of 10% Pd/C in ethyl acetate (200 mg in 50 ml) was
added 1.0 g (2.7 mmol) of syrupy azido tetraacetate 17, and the
hydrogenation was continued. After 6 hr the catalyst was re-
moved, and the solution was evaporated to dryness followed by
addition of 1:1 pyridine-acetic anhydride (10 ml). Standing over-
night, concentration to a syrup with several coevaporations with
water, and elution from a silica gel column (3 X 50 cm) with 1:1
benzene-ethyl acetate gave 0.68 g (65%) of a syrup, [a]?5p +82° (¢
1, CHCl3),2% nmr (CDCl3) ¢f. TableI.

Anal. Caled for C16Ho3NO1¢: C, 49.35; H, 5.95; N, 3.60. Found:
C,49.22; H,6.21; N, 3.61.

B. 3 Anomer (Containing 10% «). The N-acetate 20 (150 mg)
was kept in 1:1 pyridine-acetic anhydride (6 ml) at room temper-
ature overnight, followed by concentration to a syrup which was
reevaporated repeatedly from water and methanol. Treatment of
a methanol solution with charcoal, evaporation to dryness, and
drying (553°, 0.1 mm) left 220 mg (86%) of a colorless syrup: [«]%%p
+15°%;2% nmr (CDCly) 7 3.79 (d, 1, Jonu = 9 Hz, NH), 4.34 (d,
Ji,2 = 8 Hz, H-1); acetyl resonances at 7.90 (1-OAc), 7.95 (2-,
6-OAc and 4-NHAc), 8.01 (3-OAc); the intensity of the acetyl res-
onance at 7 7.84 (axial 1-OAc) indicated approximately 10% of
the o anomer.

Anal. Calcd for C16H23NO10: C, 49.35; H, 5.95; N, 3.60. Found:
C, 49.19; 5.90; N, 3.67.

4-Acetamino-4-deoxy-n-galactopyranose (20). To a methanol
solution of pentaacetate 19 (450 mg in 20 ml) was added 1 N sodi-
um methoxide (2 ml) and the mixture was kept at ambient tem-
perature for 12 hr. Deionization by stirring with an acidic resin
(Merck 1V, H* form), evaporation to dryness in vacuo, and tritu-
ration of the residue with 2-propanol-benzene gave a solid mass
that was recrystallized from ethanol to give 240 mg (47%) of 20 as
colorless crystals: mp 193-195° dec; [«]?®p +45° (3 min) — +65°
(2 days) (¢ 1, H30); nmr (100 MHz, in D20) 7 4.72 and 5.39 (two
d of total integration 1, J1.,2 = 3.8 and J14.2 = 7.5 Hz, H-le and
H-1a), 5.63 (q, 1, J3,4 = 4.0 Hz, H-4), 7.94 (s, 3, NHAc).

Anal. Caled for CgH1sNOg: C, 43.43; H, 6.84; N, 6.33. Found:
C,43.47,H,7.03; N, 6.28.

4-Amino-4-deoxy-p-galactopyranose Hydrochloride (18). The
4-azido tetraacetate 17 (500 mg) was subjected to de-O-acetyla-
tion by 1 N sodium methoxide (1 ml) in 10 ml of methanol (3 hr,
25°), and after deionization with an acidic resin (Merck IV, H+
form) was taken to dryness. The syrupy residue was dissolved in
10 ml of 0.1 N hydrochloric acid and hydrogenated over 5% Pd/C
(50 mg) for 3 hr. Removal of the catalyst and evaporation to dry-
ness in vacuo (bath temperature below 30°), followed by repeated
reevaporations from water, afforded a syrup which was precipi-
tated from a methanol-ether solution in an amorphous form to
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give 185 mg (64%), melting gradually with decomposition from
110° on (after drying at 30°, 0.1 mm), [@]*®p +51° (¢ 1, H20)
(lit. 10 [@]20p +48.2°).

Anal. Caled for CeH13NO5-HCl: C, 33.41; H, 6.55; N, 6.50; Cl,
16.49. Found: C, 33.20; H, 6.70; N, 6.40; Cl, 16.04.

Registry No.—2, 17791-36-5; 3, 22435-33-2; 4, 19877-45-3; 5,
51015-65-7; 6, 19877-37-3; 7 2-O-benzy! derivative, 51015-66-8; 7
3-0-benzyl derivative, 51015-67-9; 8, 21395-67-5; 9, 51015-68-0; 10,
19877-38-4; 11, 19887-42-4; 12, 19877-39-5; 13, 19877-40-8; 14,
19877-41-9; 15, 19877-43-1; 16, 19877-42-0; 17, 51015-69-1; 18,
24558-85-8; 18 hydrochloride, 51015-70-4; 19 « anomer, 51015-71-5;
19 8 anomer, 51015-72-6; 20, 51015-73-7.

References and Notes

(1) (a) Taken in part from the Doctoral Dissertation of P. H., Tech-
nische Hochschule Darmstadt, Feb 1969. (b) Financial support of
this work by the Deutsche Forschungsgemeinschaft and the Fonds
der Chemischen Industrie is gratefully acknowledged. (c) A prelimi-
nary account on part of this work has appeared: F. W. Lichtenthal-
er and P. Heidel, Angew. Chem., 80, 441 (1968); Angew. Chem.,
Int. Ed. Engl., 7, 458 (1968).

(2) F. W, Lichtenthaler, T. Ueno, and P. Voss, Bull. Chem. Soc. Jap.,
in press.

(3) J. Cerna, F. W, Lichtenthaler, and |. Rychlik, Fed. Eur. Biochem.
Soc. Lett., 12, 45 (1971); 30, 147 (1973).

(4) F. W, Lichtenthaler and G. Trummlitz, Fed. Eur. Biochem. Soc.
Lett., 38, 237 (1974), and pertinent references cited therein.

(5) J. J. Fox, Y. Kuwada, K. A., Watanabe, T. Ueda, and E, B. Whip-
ple, Antimicrob. Ag. Chemother., 518 (1964).

(8) E. J. Reist, R. R. Spencer, D. F. Calkins, B. R. Baker, and L. Good-
man, J. Org. Chem., 30, 2312 (1965).

(7) S. W. Gunner, W. G. Overend, and N. R. Williams, Carbohyd. Res.,
4, 498 (1967).

(8) C. L. Stevens, R. P. Glinski, and K. G. Taylor, J. Org. Chem., 33,
1586 (1967).

(8) A. K. Chatterjee, D. Horton, J. S. Jewell, and K. D. Philipps, Car-
bohyd. Res., 7, 173 {1988).

McCasland, Zanlungo, and Durham

(10) H. Paulsen, K. Steiner, and K. Heyns, Chem. Ber., 103, 1599
{1970).

(11) F. W. Lichtenthaler and P. Heidel, Angew. Chem., 81, 998 (1969);
Angew. Chem., Int. Ed. Engl., 8, 978 (1969).

(12) P.J. Beynon, P. M. Collins; P. T. Doganges, and W. G. Overend, J.
Chem. Soc., 1131 (1966).

(13) C. L. Stevens, P. Blumbergs, and D. H. Otterbach, J. Org. Chem.,
31, 2817 (1966).

(14) ‘(J Igill, L. Hough, and A. C. Richardson, Proc. Chem. Soc., 314
1963).

(18) Y. Aliand A. C. Richardson, Chem. Commun., 554 (1967).

) J. Hill, L. Hough, and A. C. Richardson, Carbohyd. Res., 8, 7
(1968).

) H.lwasaki, Yakugaku Zasshi, 82, 1380 (1962).

(18) K. Freudenberg and E. Plankenhorn, Chem. Ber., 73, 621 (1940).

)} In accord with the 1,3-oxazine structure 7, the product showed no
C==N stretching absorption in the region 1670-1630 cm~", and ex-
hibited 1 H signals for NH (7 3.05) and OH (7 7.18) in CDCl; that
disappeared on deuteration. Evidence for the benzyl group being at
C-2 rather than at C-3 may tentatively be derived from the fact that
H-1 is observed at relatively low fieid (7 4.64; in 16 at 7 5.03),
attributable to shielding by an aromatic substituent at C-2.

(20) R. D. Guthrie and J. E. McCarthy, Advan. Carbohyd. Chem., 22, 11
(1967).

) H. Paulsen and K. Todt, Advan. Carbohyd. Chem., 23, 178 (1968).
(22) G. Bambach, Doctoral Dissertation, Technische Hochschule Darm-
stadt, Dec 1971.

(23) The rotation of the pure o anomer can be determined by extrapola-
tion as +89°, that of the 8 anomer as +7°.

) F.W. Lichtenthaler and P. Emig, Carbohyd. Res., 7, 121 (1968).

(25) F. W, Lichtenthaler, G. Bambach, and P. Emig, Chem. Ber., 102,

994 (1969),

(26) A. C. Richardson and K. A. Mc Lauchlan, J. Chem. Soc., 2499
(1962); F. W. Lichtenthaler and H. K. Yahya, Chem. Ber., 100,
2389 (1967).

(27). J. K. Dale .and C. S. Hudson, J. Amer. Chem. Soc., 52, 2534 (1930).

(28) Z. Tarasiejska and R. W. Jeanloz, J. Amer. Chem. Soc., 80, 6325

{1958).

J. J. Fox, Y. Kuwada, and K. A. Watanabe, Tetrahedron Lett., 6029

(1968), footnote 4.

After appearance of our preliminary report,’® compound 10 of mp

52-53° and the same rotation, was mentioned in a note by T. Naka

and 7. Hashizume, Agr. Biol. Chem. Jap., 34, 1855 (1870).

(29

(30

Sulfur-Containing Carbohydrates. Synthesis of
1,3,4,6-Tetrathio-D-mannitol! -2

Gifford E. McCasland,*® Alberto B. Zanlungo, and Lois J. Durham®

Departments of Chemistry, University of San Francisco, San Francisco, California 94117, and Stanford
University, Stanford, California 94305

Received September 19, 1973

The di-O-isopropylidene derivative (2} of 3,4-anhydro-n-talitol on reaction with potassium methyl xanthate
gave a mixture of two diastereomeric trithiocarbonates. One of these, mp 117°, was assigned the D-manno con-
figuration (7), the other, mp 127°, the p-ido configuration (1), primarily on the basis of optical rotation studies.
The yellow trithiocarbonate 7 was hydrolyzed to the tetrol 8, which was converted to its tetraacetate 9. The
compound 7 was only partially reduced by lithium aluminum hydride, giving the mercaptodithiolane 3. When
oxidized, the trithiocarbonate 7 gave the corresponding dithiocarbonate 6. The latter on hydrolysis gave the te-
trol 4, which was converted to its tetraacetate 5. The dithiocarbonate 6 on reaction with hydrogen bromide in
acetic acid gave the 1,6-dibromide dithiocarbonate diacetate 10. The trithiocarbonate 7 similarly gave the 1,6-
dibromide dithiocarbonate diacetate 14. The compound 10 on reaction with potassium thiolacetate gave the
1,6-dithiol dithiocarbonate tetraacetate 11. Reduction of the latter finally gave the desired 1,3,4,6-tetrathio-p-
mannitol (12), mp 124° (hexaacetate mp 165°), Evidence for the constitution, configuration, and conformation
of the various products was obtained by a variety of physical methods.

In the course of a project for synthesis of perthio carbo-
hydrates (all oxygen atoms to be replaced by sulfur), we
recently prepared a large number of hexitol and cyclitol
analogs and their derivatives, in which from two to four of
the oxygen atoms were replaced by sulfur,2

Since it has, unfortunately, been necessary to discontin-
ue the perthio carbohydrate project, we are now reporting
on some of these partially thiolated products. A literature
survey indicates that very few carbohydrates (or other or-

ganic compounds) containing three or more mercapto
groups are known.*5 We are hopeful that some of the
compounds now reported will have valuable physical,
chemical, and especially biological properties.

The 3-benzoate-4-mesylate derivative:” of 1,2;5,6-di-
O-isopropylidene-p-mannitol was prepared by an im-
proved method and converted to the di-O-isopropylidene
derivative, 2 (Chart I), of 3,4-anhydro-p-talitol? (equally
well named 3,4-anhydro-p-altritol). This epoxide on reac-



