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Apramycin and saccharocin (KA-5685) have been synthesized from previously synthesized neamine (3).
Addition of allylmagnesium chloride to 4-O-[3’,4’-O-cyclohexylidene-2’-deoxy-2’-(tosylamino)-a-p-gluco-hexodialdo-
1’,5’-pyranosyl]-5,6-O-cyclohexylidene-1,3-di-N-tosyl-2-deoxystreptamine which was derived from 3 through the
6’-N-oxide, gave 4-O-[3’,4’-O-cyclohexylidene-2’,7’,8’,9’-tetradeoxy-2’-(tosylamino)-L-glycero- and p-glycero-a-
p-gluco-non-8’-enopyranosyl]-5,6-O-cyclohexylidene-1,3-di-N-tosyl-2-deoxystreptamines which were in turn
converted into 4-O-[(8’S)-7/-N,6’-O-carbonyl-2/,3",7’-trideoxy-8’-O-methyl-7’-(methylamino)-2’-(tosyl-
amino)-n-glycero-a-pD-allo-octodialdo-1’,5’ : 8’,4’-dipyranos-1’-yl]-5,6-O-cyclohexylidene-1,3-di-N-tosyl-2-deoxy-
streptamine (25), via azidonitration of 1-N-acetyl-4-O-[3’,6’-di-O-acetyl-4’,8’-anhydro-2’,7’-dideoxy-2’-(tosyl-
amino)-L-glycero-a-np-gluco-oct-7’-enopyranos-1’-y1}-5,6-O-cyclohexylidene-1,3-di- N-tosyl-2-deoxystreptamine
and epimerization of the 6’-hydroxyl group. Successive deprotection of 25 afforded aprosamine, from which
1,27,3,7’-tetrakis(N-benzyloxycarbonyl)aprosamine (28) was prepared, and glycosidation of 28 with 4-azido-
2,3,6-tri-O-benzyl-4-deoxy- B-p-glucopyranosyl fluoride or 2,3,4,6-tetra-O-benzyl-B-n-glucopyranosyl fluoride,
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followed by hydrogenolysis, completed the total synthesis.

Apramycin? (1) and saccharocin? (2: antibiotic KA-
5685 2») are aminoglycoside antibiotics active against
Gram-positive and Gram-negative bacteria including
resistant strains of other aminoglycoside antibiotics.
Apramycin (1) was isolated in 1967 as nebramycin
component 2 from fermentation broths of Streptomyces
tenebrarius,1® and saccharocin and KA-5685 (2), which
were found to be identical with each other later on,
were independently reported in 1983 as metabolites of
Saccharopolyspora sp. by two Japanese groups.? Struc-
tural studies have revealed that antibiotics 11» and 22
contain the unusual bicyclic aminooctodialdose and
2-deoxystreptamine units as common structures, and,
in addition, 4-amino-4-deoxy-p-glucose and p-glucose
units respectively. The unique structural features as
well as the opportunity to develop synthetic strategy
for the construction of more diverse analogs of these
interesting antibiotics have prompted substantial
recent synthesis efforts.34 Very recently, the first total
synthesis of 1 was disclosed in our laboratories.5

Herein we describe in detail, the first total synthesis
of apramycin (1) and saccharocin (2: KA-5685).

Our point of departure is the known aminoglyco-
side antibiotic, neamine (3), which has already been
synthesized by one of us® and Umezawa.” Neamine (3)
was successively converted into 6’-N-(benzyloxycarbon-
yl)-3’,4’:5,6-di-O-cyclohexylidene-1,2’,3-tri-N-tosyl-
neamine (4) by preferential N-benzyloxycarbonyla-
tion,® N-tosylation and O-cyclohexylidenation? in a
79% overall yield. Saponification of 4 with potassium
t-butoxide followed by treatment of the resulting 6’-
amino compound with 30% aqueous formaldehyde
and NaBH;3;CN1 afforded the 6’-dimethylamino com-
pound, which after oxidation with m-chloroperbenzoic
acid gave the N-oxide 5 in an 83% overall yield. Treat-
ment of 5 with benzoyl chloride and N,N-diisopropyl-
ethylamine produced the aldehyde, 4-O-[3’,4’-O-cyclohex-
ylidene-2’-deoxy-2’-(tosylamino)-a-p-gluco-hexodialdo-
1”,5’-pyranosyl]-5,6-O-cyclohexylidene-1,3-di-N-tosyl-
2-deoxystreptamine (6) in a 75% yield, suggesting that
the procedure would be useful for the preparation of

the aldehydes from the primary amines.!! Other cou-
ples of reagents (acetic anhydride, a-toluenesulfonyl
chloride, trifluoroacetic anhydride, mesyl chloride,
methanesulfonic anhydride, and tosyl chloride) and
bases (N,N-diisopropylethylamine, 4-dimethylamino-
pyridine, N-methylmorpholine, and pyridine, etc.)
were investigated, but gave 6 in lower yields.

Addition of allylmagnesium chloride to 6 gave a
mixture of the (6’S)- and (6’R)-alcohols,312) 4-0-[3’,4’-
O-cyclohexylidene-2/,7/,8"9’-tetradeoxy-2’-(tosylamino)-
L-glycero- and p-glycero-a-p-gluco-non-8’-enopyranos-
y1]-5,6-O-cyclohexylidene-1, 3-di-N-tosyl-2-deoxystrept-
amines (7 and 8) in 37 and 41% vyields, respectively.
Reaction with allyltributyltin!® also gave the similar
ratio of the products with that by the Grignard rea-
gent, but allyllithium!3 did not. The stereochemistry
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sessed an acetoxyl group at C-6’ having the (S)-
4 configuration which was incompatible with the natu-
A NHT: AcO OAc ral stereochemistry, it was clear that 13 could be a
TsHN s o v useful intermediate provided that a cis cyclic carbam-
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AcO ! 24—25). On the other hand, the glycal 14, which was
similarly derived from the other alcohol 8, possessed
13: R'=H, R?=0OAc 12 the natural (R)-configuration at C-6’, but, on azidoni-
14: R'=OAc, R?=H tration!® with sodium azide and ammonium ceric
Chart 2 nitrate, gave a single (7’R,8'R)-product 15 with the

at C-6’ in 7 and 8 was reasonably clarified by 'H-NMR
of the derivatives 10a, b and 11 as follows. Oxidative
cleavage of the olefin group of 7 with osmium tetraox-
ide and then sodium periodate to give the aldehyde,
followed by selective removal of the cyclohexylidene
group by aqueous acetic acid, afforded the octodial-
dose3” derivative 9 in a 60% yield. Acetylation of 9
with acetic anhydride and pyridine at 40 °C gave a mix-
ture of the 1-N-acetyl-a- and B-acetates, 1-N-acetyl-4-O-
[(8’S)- and (8’R)-3’,6’,8’-tri-O-acetyl-2’,7’-dideoxy-2’-
(tosylamino)-L-glycero-a-p-gluco-octodialdo-17,5:8’,4’-
dipyranos-1’-y1]-5,6-O-cyclohexylidene-1,3-di-N-tosyl-2-
deoxystreptamines (10a and 10b) in 34 and 37% yields.
Similarly, 8 was transformed into a single B-acetate 11.
Their 'H-NMR decoupling revealed the H-6” methine
protons in 10 and 11 to be axial (/5 =10 Hz) and
equatorial (J; =2.5 Hz), respectively, assigning the
stereochemistry of 7 and 8. Also, the 1-N-acetyl struc-
tures of 10 and 11 were deduced by the 'TH-NMR spec-
trum of the 1-N-acetyl-3’,5,6,6’,8’-penta-O-acetyl
derivative 12, which was formed by removal of the cyc-
licacetal of 10b followed by acetylation. All methine pro-
tons of the 2-deoxystreptamine moiety were completely
assigned in 12, and the significant downfield shift was
observed for the H-1 signal (6 4.34) in comparison with
the H-3 signal (6 3.40).

The aforesaid intermediate 9 was converted by our
method!?) using tosyl chloride and triethylamine, and
acetylation into the acetyl glycal, 1-N-acetyl-4-O-
[3’,6”-di-O-acetyl-4’,8’-anhydro-2’,7’-dideoxy-2’-(tosyl-
amino)-L-glycero-a-n-gluco-oct-7’-enopyranos-1’-yl]-
5,6-O-cyclohexylidene-1,3-di-N-tosyl-2-deoxystrept-
amine (13) in a 52% overall yield. The glycal 13 was
treated with 0.5 M* hydrochloric acid, followed by ace-
tylation to give 12 as one of the anomeric acetates,
supporting the 1-N-acetyl structure. Though 13 pos-

1 M=1 mol dm-3.

undesired axial azido group owing to the sizeable
steric interactions of thc C-6’ axial acetoxyl group.
Then, 8 was efficiently transformed into the glycal 13
through the inversion of the 6’-hydroxyl group. Mesy-
lation of 8 followed by displacement reaction with
potassium acetate gave the corresponding acetate 16 in
an 85% yield, which was identical with the acetate of 7.
As described above, oxidative cleavage of the olefin
group and selective hydrolysis of 16 afforded the octo-
dialdose derivative 17, which was in turn led to the key
glycal 13 in a 55% yield.

Azidonitration!® of 13 gave two major azidoglycosyl
nitrates 18 and 19 having the (7/S,8’S)- and (7’S,8’R)-
configurations in 63 and 14% yields. The stereochem-
istry was defined by their 'TH-NMR spectra. Remark-
ably, the addition was effectively stereoselective,
generating only one of the two possible configurations
at C-7’. Treatment of either 18 or 19 with barium
hydroxide in methanol afforded the corresponding de-
acetylated methyl B-glycoside, 4-O-[(8'S)-7"-azido-2’,7’-dide-
oxy-8’-O-methyl-2’-( tosylamino )-p-thereo-a-b-gluco-octo-
dialdo-1’,5":8’,4’-dipyranos-1’-yl]-5,6-O-cyclohexylidene-
1,3-di-N-tosyl-2-deoxystreptamine (20) in 71% or 40%
yield, along with less than 7% yield of the a-glycoside.
In a straightforward fashion 20 was transformed in a
61% overall yield into the 7’-[N-(benzyloxycarbonyl)-
methylamino] derivative 22 through 21 via a four-step
process: catalytic reduction, N-benzyloxycarbonylation,
hydride reduction and again N-benzyloxycarbonyla-
tion.

Mesylation of 22 afforded quantitatively the labile
dimesylate 23, the C-3’ position of which was selec-
tively chlorinated to form the 3’-chloro compound, by
analogy with the results obtained by Umezawa and
co-workers.16) Dechlorination of the intermediate with
tributylstannane gave the 3’-deoxy compound, 4-O-
{(8’S)-7"-[ N-(benzyloxycarbonyl)methylamino]-2*,3",7’-
trideoxy-6’-O -mesyl-8’-O-methyl-2’-(tosylamino)-p-
glycero-B-L-talo-octodialdo-1’,5’ : 8’,4’-dipyranos-1’-y1}-5,6-
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O-cyclohexylidene-1,3-di-N-tosyl-2-deoxystreptamine (24)
in an 81% yield from 23. All attempts!? to form a cis
cyclic carbamate failed, except for epimerization!® of
the 6’-hydroxyl group by heating 24 with sodium
acetate trihydrate in 2-methoxyethanol, which yielded
only 4-O-[(8’S)-7’-N,6’-O-carbonyl-2",3’,7’-trideoxy-8’-O-
methyl-7’-(methylamino)-2’-(tosylamino)-p-glycero-a-
p-allo-octodialdo-1’,5’ : 8’,4’-dipyranos-1’-yl]-5,6-O-cyclo-
hexylidene-1,3-di-N-tosyl-2-deoxystreptamine (25)
needed for the apramycin skeleton. The stereochemistry
was also confirmed by the 'H-NMR and IR spectra.17:18)

De-N-tosylation of 25 with sodium metal in liquid
ammonia followed by alkaline hydrolysis to remove the
N,O-carbonyl group and subsequent acidic hydrolysis
to remove the cyclohexlidene group afforded the ami-
nooctodialdose derivative, methyl B-aprosaminide!®
(26) in a 65% overall yield, which was further hydro-
lyzed with 4M hydrochloric acid to give aprosa-
minel»4 (27). Both 26 and 27 were identical in all
respects with the naturally derived products, thus set-
ting the stage for introduction of the 4-amino-4-deoxy-
D-glucose or p-glucose unit.
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N-Benzyloxycarbonylation of 27 generated the key
intermediate for the following glycosidation, 1,2,3,7’-
tetrakis(N-benzyloxycarbonyl)aprosamine? (28) in a
77% yield.

Methanolysis of 28 with a methanolic hydrogen
chloride solution or methylation with methyl iodide
and silver oxide, to give the corresponding methyl
glycoside, followed by catalytic reduction gave the
aforesaid methyl B-aprosaminide (26) in a fairly good
yield (81% or 70%). The findings suggested that the
1,3-diaxial interaction between C-6’- and C-8’- sub-
stituents would then lead to the less sterically encum-
bered transition state and thus to the exclusive forma-
tion of the B-glycoside even under acidic conditions,
where the anomeric effect could be predominant.!9
Further, reaction of O-benzylglycosyl halides with
alcohols are known to yield exclusively the corres-
ponding a-glycosides owing to the anomeric effect as
commonly seen in carbohydrates.19-22) Consequently,
it was expected that reaction of the appropriate O-benzyl-
glycosyl halides with 28 would produce the desired
a-glycosyl-B-aprosaminides in reasonable yields. In
the glycosidation studies on 28, a large number of
variables including catalyst and temperature were as-
sayed.20-22) The best result was realized under modi-
fied Mukaiyama conditions20 by using 4-azido-2,3,6-tri-
O-benzyl-4-deoxy-B-p-glucopyranosyl fluoride (29),
which was prepared from the corresponding a-b-
glycosyl chloride,?? to give two major products having
R¢ 0.48 and 0.44 on thin-layer chromatography. The
R; 0.44-substance, which was found to be the desired
glycoside 3€ by the following chemical and physical
evidence, could be isolated by silica-gel column chro-
matography in a modest yield (40% yield based on
unrecovered alcohol 28). It should be noted, however,
that the glycosidation was achieved without protection
of the C-5, 6, and 6’ hydroxyl groups. Hydrogenolysis
of 30 furnished apramycin (1) in a 74% yield, which
was identical with the natural antibiotic in all respects
including antibacterial activity, but the R; 0.48-
substance did not give 1.

Similarly, glycosidation of the key alcohol 28
employing 2,3,4,6-tetra-O-benzyl-B-p-glucopyranosyl
fluoride?0 provided the expected glycoside 31 in a 24%
yield (42% yield based on unrecovered 28) after column
chromatography. Hydrogenolysis of 31 completed the
synthesis, giving saccharocin (2: KA-5685) identical
with the natural antibiotic in all respects.

The antibacterial activities of 1, 2, 26, and 27, which
are shown in Table 1, were identical with those of the
natural products and their derivatives.

The application of this synthetic strategy for the
construction of other related antibiotics as well as
some of their potentially therapeutically interesting
analogs is an exciting prospect.

Experimental

Melting points were determined on a micro hot-stage
Yanaco MP-S3 and were uncorrected. IR and Mass spectra
were recorded on Hitachi Perkin-Elmer 225 and Hitachi M-
80H (SIMS) spectromters, respectively, and 'TH-NMR spectra
with TMS as internal standard on a Varian EM-390 (90
MHz) or a Bruker WM 250 spectromter (250 MHz). Optical
rotations were measured on a Carl Zeiss photoelectric polar-
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TABLE 1. MINIMAL INHIBITORY CONCENTRATION
(mcg/ml) oF 1, 2, 26, AND 27
1 2 26 27
Staphylococcus aureus 1.56 6.25 12.5 12.5
FDA 209P

Klebsiella pneumoniae 3.12 6.25 125 25
PCI 602

Salmonella typhi T-63 1.56 3.12 625 125
Escherichia coli K-12 1.56 125 12,5 25
ML 1629

Escherichia coli K-12 3.12 6.25 6.25 125
C600 R135

Escherichia coli 3.12 12.5 6.25 25
JR66/W677

Pseudomonas aeruginosa 0.78 1.56 3.12 625
A3

Pseudomonas aeruginosa 12.5 25 100 50
NO. 12

imeter. Silica-gel TLC and column chromatography were
performed on Merck TLC 60F-254 and Wakogel C-200 or
Kieselgel 60. In general, organic solvents were purified and
dried by the appropriate procedures, and evaporation and
concentration were carried out under reduced pressure below
30°C.

6"-N-(Benzyloxycarbonyl)-3' 4’ :.5,6-di-O-cyclohexylidene-1,2",3-
tri-N-tosylneamine (4). To a solution of neamine (3:
50 g) in 50% aqueous methanol (500 ml) containing triethyl-
amine (23.8ml) was added N-(benzyloxycarbonyloxy)-5-
norbornene-2,3-dicarboximide®) (53.4g), and the solution
was stirred at room temperature for 5h. After addition of
28% aqueous ammonia (110 ml), the solution was evaporated
to a residue of the 6’-N-benzyloxycarbonyl derivative. A
solution of the residue in 70% aqueous 1,4-dioxane (11) was
stirred with tosyl chloride (106.4g) and Na,CO; (61.1g) at
room temperature for 5h. After filtration, the filtrate was
concentrated to give gummy precipitates, which were
washed with water and then dried to give a solid of the
tri-N-tosyl derivative (166g). To a solution of the solid in
DMF (1.661) were added 1,1-dimethoxycyclohexane (187 ml)
and anhydrous TsOH (2.67 g), and the solution was stirred at
50°C for 1d under reduced pressure (=25 Torr!t). After
further addition of 1,1-dimethoxycyclohexane (187ml), the
reaction was continued at the same conditions for another
2d. After addition of triethylamine (2.16 ml) and NaHCO,
(6.51g), the mixture was evaporated to a residue, which was
chromatographed on silica gel (2kg) with 2:1 toluene-ethyl
acetate to give a solid of 4 (132.2g, 79% from 3): R;0.64 (20: 1
CHCI;3-MeOH); mp 139—142°C; [«]¥ —38° (¢ 1.0, CHCl;);
IR (KBr): 1700 (NH-CO), and 1160 cm™! (SO,); 'H-NMR
(acetone-dg): 6§=2.39, 2.40, and 2.43 (each 3H, s, Ts), 5.06
(2H, s, CH; of Z), and 5.30 (1H, d, H-1’, Ji»,2=3.5 Hz).

Found: C, 58.76; H, 6.19; N, 5.34; S, 8.59% Calcd for
Cs3HgeN4O14S3: C, 58.98; H, 6.16; N, 5.19; S, 8.91%.

3,4 :5,6-Di-O-cyclohexylidene-6’,6’-di-N-methyl-1,2",3-tri-
N-tosylneamine 6’-N-oxide (5). A solution of 4 (60.8g) in
t-butyl alcohol (1830ml) containing water (3.10ml) and
potassium t-butoxide (63.2g) was stirred at 70°C for 1h. The
reaction solution diluted with ethyl acetate (1000ml) was
neutralized with 0.1 M HCI (2100ml), and the organic layer
was washed with a saturated aqueous NaCl solution, dried,
and then evaporated to give a solid of the 6’-amino com-
pound (56g).

To a stirred and ice-cooled solution of the solid in acetoni-
trile (1030ml) were added 30% aqueous formaldehyde

11 Torr=133.322 Pa.
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(52.0ml), NaBH;CN (10.6g), and acetic acid (32.0ml), and
stirring was continued at room temperature for 1h. The
reaction mixture neutralized with a saturated aqueous
NaHCOj; solution was extracted with ethyl acetate (400m1X
3). The combined extracts were washed with a saturated
aqueous NaCl solution, dried, and evaporated to a residue
of the dimethylamino compound (60g): R 0.47 (10:1
CHCI;-MeOH).

A solution of the residue in chloroform (1120ml) was
stirred with m-chloroperbenzoic acid (9.80g) at room
temperature for 1 h. The solution diluted with chloroform
(500ml) was washed successively with saturated aqueous
NaHCO; and NaCl solutions, dried, and then evaporated to
a residue, which was chromatographed on silica gel (500g)
with 10:1—8:1 chloroform-methanol to give a solid of the
monohydrate of 5 (47.1g, 83% from 4): R; 0.36 (10:1
CHCl;-MeOH); mp 175—179°C; [a]F —23° (c 1.0, CHCl;);
1H-NMR (CDCl;): 6=2.42 (9H, s, Ts), 3.24 and 3.31 (each
3H, s, NMey), and 5.45 (1H, d, H-V’, Ji-,2=3.0 Hz).

Found: C, 55.78; H, 6.42; N, 5.40%  Calcd for
C47H64N401353'H203 C, 56.05, H, 660; N, 5.56%.

4-O-[3,4’-O-Cyclohexylidene-2’-deoxy-2’-(tosylamino)-a-b-
gluco-hexodialdo-1’ 5 -pyranosyl }F5,6-O-cyclohexylidene-1,3-di-
N-tosyl-2-deoxystreptamine (6). To a stirred and ice-
cooled solution of 5 (11.5g) in acetone (115ml) were added
N,N-diisopropylethylamine (3.99ml) and benzoyl chloride
(2.66ml), and stirring was continued at room temperature
for 3min and then at 40°C for 10min. The resulting solu-
tion diluted with chloroform (250ml) was washed succes-
sively with saturated aqueous NaHCOj; and NaCl solutions,
dried, and evaporated to a residue, which was chromato-
graphed on silica gel (600g) with 3:1—2:1 chloroform-ace-
tone to give a solid of the monohydrate of 6 (8.24g, 75%): R
0.38 (20:1 CHCl3-MeOH); mp 144—148°C; [a]% —15° (¢ 1.0,
CHCI;); IR (KBr): 1735 (CHO), and 1160cm™! (SO,); 'H-
NMR (CDCl;3+D,0): 6=2.41 (9H, s, TsX3), and 9.67 (1H, s,
CHO).

Found: C, 56.41; H, 6.18; N, 4.21%. Calcd for C,sHs;-
N30,55;-H,0: C, 56.18; H, 6.18; N, 4.37%.

4-O-[3,4-O-Cyclohexylidene-2’,7',8',9’ - tetradeoxy-2’'-(tosyl-
amino.-glycero- and p-glycero-a-p-gluco-non-8'-enopyranosyl
5,6-O-cyclohexylidene-1,3-di-N-tosyl-2-deoxystreptamines (7 and
8). To an allylmagnesium chloride solution prepared
in situ from magnesium (2.39g), allyl chloride (3.21 ml), and
iodine (0.05g) in THF (120ml) was added dropwise with
stirring at 5°C under argon, a solution of 6 (6.20g) and allyl
chloride (4.82ml) in THF (186ml), and stirring was con-
tinued at room temperature for 15min and then at 60°C for
30min. After the reaction was quenched with a saturated
aqueous NH,Cl solution, the reaction mixture was extracted
with ethyl acetate (200m1X3). The combined extracts were
washed with a saturated aqueous NaCl solution, dried, and
evaporated to a residue, which was chromatographed on sil-
ica gel (600g) with 40:1:1 chloroform-acetone-methanol to
give 7 (2.35g, 37%) and 8 (2.61 g, 41%) having the R¢-values
of 0.48 and 0.43 (20: 1 CHCl3-MeOH) respectively.

77 Mp 134—137°C; [a]¥ —20° (¢ 1.0, CHCl;); 'H-NMR
(CDCl3+D,0): 6=3.97 (1H, dd, H-5, J&,5=9.5 Hz, J5,6=7.0
Hz), 5.11 (1H, dd, H-9’a, J,9.=2.0 Hz, Js,9a=10 Hz), 5.14
(1H, dd, H-9’b, J7,95=2.0 Hz, J,,9,=17.5 Hz), 5.34 (1H, d,
H-1’,]i-2= 3.0 Hz), and 5.90 (1H, ddt, H-8’, Js=7 Hz).

Found: C, 58.67; H, 6.58; N, 4.14; S, 9.49%. Calcd for
C48H63N301383Z C, 58.4’6; H, 64‘1’; N, 4.26; S, 9.75%.

8: Mp 131—133°C; [«]¥ —5° (¢ 1.0, CHCl3); 'H-NMR
(CDCl3+D;0): 6=3.94 (1H, m, H-6’), 4.12 (1H, dd, H-
5, J¢ 5=10 Hz, J5¢=3.5 Hz), 5.09 (1H, dd, H-9a, J» ¢.~1.5
Hz, Jg,9o=10 Hz), 5.14 (1H, dd, H-9’b, Jr9b,=2.0 Hz,
Js,9=16.5 Hz), 5.31 (1H, d, H-1’, Ji-2»=2.5 Hz), and 5.88
(1H, ddt, H-8’, J7.,8=7 Hz).
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Found: C, 58.57; H, 6.58; N, 4.02; S, 9.48%. Calcd for
C48H63N301383I C, 5846, H, 6.44; N, 4.26; S. 9.75%.

5,6-O-Cyclohexylidene-4-O-[(8’RS)-2",7’-dideoxy-2’-(tosyl-
amino)-L-glycero-a-n-gluco-octodialdo-1’,5 : 8 .4 -dipyranos-1’-
yl}1,3-di-N-tosyl-2-deoxystreptamine (9). A solution of 7
(3.2g) in 75% aqueous 1,4-dioxane (128ml) was stirred with
05O, (41 mg) at room temperature. After 30min, to the
stirred solution was added portionwise NalOy (2.94g), and
stirring was continued at room temperature for 1h. The
resulting solution diluted with ethyl acetate was washed
with a saturated aqueous NaCl solution (50ml) containing
NaHSOj; (17mg), dried, and evaporated to a residue of the
aldehyde (3.2g): Rr 0.44 (15:1 CHCl;-MeOH); TH-NMR
(CDCl3+D,0): 6=2.40 (9H, broad s, TsX3), and 9.79 (1H,
broad s, CHO).

A solution of the residue in a 2:1:1 mixture (64ml) of
acetic acid, 1,4-dioxane and water was stirred at room
temperature for 1.5h. The mixture was poured into a satu-
rated aqueous NaHCOj; solution, and extracted with ethyl
acetate (100ml1X3). The combined extracts were washed
with a saturated aqueous NaCl solution, dried, and evapo-
rated to a residue, which was chromatographed on silica gel
(150g) with 3:1—2:1 chloroform-acetone to give a solid of
the monohydrate of 9 (1.80g, 60% from 7): Rs 0.17 (15:1
CHCIl;-MeOH); mp 180—183°C; [a]¥ —13° (¢ 1.0, MeOH);
!H-NMR (CD3;CN+D;0): 6=3.88 (1H, ddd, H-6" J5¢=9.5
Hz, Jor,77ax=11.5 Hz, J&',77¢q=5.0 Hz), 4.69 (0.5H, dd, H-8"ax,
Jrax,8ax=10 Hz, J17¢q,82ax=2.0 Hz), 5.08 and 5.09 (1H in total,
each d, H-1’, Ji-,»»=4.0 Hz and 3.5 Hz respectively), and 5.21
(0.5H, dull d, H-8’eq, J» 8¢q~3 Hz).

Found: C, 52.98; H, 5.75; N, 4.75%.

: _N3014S3'H201 C, 5317, H, 5.99; N, 4.54%.
1-N-Acetyl-4-O-[(8’S)- and (8'R)-3,6",8-tri-O-acetyl-2",7'-
dideoxy-2 (tosylamino)-L-glycero-a-p-gluco-octodialdo-1’,5" : 8 4’ -
dipyranos-1’-yl}-5,6-O-cyclohexylidene-1,3-di-N-tosyl-2-deoxy-
streptamines (10a and 10b). A solution of 9 (5.6 mg) and
acetic anhydride (0.06 ml) in pyridine (0.11 ml) was stirred at
40°C for 16h. The mixture diluted with ethyl acetate was
washed with a saturated aqueous NaHCOj solution, dried,
and evaporated to a residue, which was chromatographed on
silica gel (1g) with 4:1 benzene-ethyl acetate to give 10a
(2.4mg, 37%) and 10b (2.2mg, 34%) having the Rs-values of
0.33 and 0.38 (2:1 benzene-ethyl acetate) respectively.

10a: Mp 160—162°C; [a]¥ +18° (c1.0, CHCl;); 'TH-NMR
(CDCl3): 6=1.61, 2.12, 2.16, and 2.23 (each 3H, s, Ac), 1.80
(1H, ddd, H-7’ax, Je',77ax=11.5 Hz, Jeem=13.5 Hz, J7:ax,8=3.8
Hz), 3.48 (1H, dt, H-2’, J\-»=3.8 Hz, Jo nu=J2,3=10 Hz),
3.62 (1H, t, H-4, J3+=]Js5=10 Hz), 3.95 (1H, t, H-5,
Js,6=10 Hz), 4.38 (1H, dd, H-6, J1,6=10.5 Hz, J56=9 Hz),
4.53 (1H, dt, H-1, J1,2.x=10.5 Hz, Ji,2.,q=4.5 Hz), 4.94 (1H, t,
H-3’), and 6.07 (1H, dull d, H-8").

Found: C, 54.54; H, 5.89; N, 3.86%. Calcd for CyHg;-
N3046S3: C, 54.69; H, 5.71; N, 3.90%.

10b: Mp 164—168°C; [a] +60° (¢ 1.0, CHCl;); 'TH-NMR
(CDCI3+D;0): 6=1.55, 2.07, 2.15, and 2.22 (each 3H, s, Ac),
3.22 (1H, ¢, H-4, J3 +=]Jy =10 Hz), 3.42 (1H, dd, H-2’,
Ji2=3.5 Hz, Jo3=10 Hz), 3.48 (1H, t, H-5, J4+5=]56=9.5
Hz), 3.71 (1H, t, H-4, J5,4=9.5 Hz), 3.83 (1H, t, H-5, J5: =10
Hz), 4.38 (1H, dd, H-6, J1,6=10.5 Hz, J56=9.5 Hz), 4.54 (1H,
dt, H-1, J1,2ax=J1,6= 10.5 Hz, J1,2¢q=4 Hz), 4.92 (1H, ¢, H-3’),
4.95 (1H, ddd, H-6’, Jo',77ax= 10.5 Hz, J&',77¢q=5 Hz), 5.28 (1H,
d, H-1"), and 5.60 (1H, dd, H-8’, J7ux,e=10 Hz, Jyeqs=2.0
Hz).

Found: C, 54.78; H, 5.82; N, 3.65%. Calcd for CsHg;-
N3045S3: C, 54.69; H, 5.71; N, 3.90%.

1-N-Acetyl4-O{(8'R )3 ,6",8’ -tri-O-acetyl-2’,7’-dideoxy-2' | tosyl-
amino)n-glycero-a-p-gluco-octodialdo-1’,5 : 8 4’ -dipyranos-1’-yl
5,6-O-cyclohexylidene-1,3-di-N-tosyl-2-deoxystreptamine (11).
A sample of 8 (315mg) was treated with OsO4 and NalO,

Calcd for CyHgs-
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followed by hydrolysis with acetic acid by the procedure des-
cribed in the preparation of 9, and then acetylated as des-
cribed for 10a,b to give a solid of 11 (154mg, 45%): Ry 0.43
(2:1 benzene-ethyl acetate); mp 164—169°C; [a]® +30° (¢
1.0, CHCl,); IR (KBr): 1750 (ester), and 1160 cm™ (SO,);
IH-NMR (CDCl;): 6=1.60, 2.05, 2.14, and 2.18 (each 3H, s,
Ac), 3.79 (1H, t, H-4’, J3 +=]x5=10 Hz), 4.36 (1H, dd, H-5’,
Js.6=2.5 Hz), 5.12 (1H, d, H-1’, Ji2=3.5 Hz), 5.59 (1H, m,
H-6’), and 5.85 (1H, dd, H-8, J7:ax,8=9.5 Hz, J7:eq,5=3.0 Hz).

Found: C, 54.57; H, 5.78; N, 3.68; S, 8.90%. Calcd for
C49H61N30‘8S3: C, 5469, H, 571, N, 390, S, 89‘1’%

1-N-Acetyl-5,6-di-O-acetyl-4-O-[(8'R)-3',6,8 -tri-O-acetyl-
2,7’ -dideoxy-2’-(tosylamino)-L-glycero-a-p-gluco-octodialdo-
1,5 : 8¢ -dipyranos-1’-yl}-1,3-di-N-tosyl-2-deoxystreptamine (12).
A) From 10b: A solution of 10b (23 mg) in a 2:1:1 mixture
(0.5ml) of acetic acid, 1,4-dioxane and water was warmed at
50°C for.1d. The resulting solution diluted with ethyl ace-
tate was washed with a saturated aqueous NaHCOj solution,
dried, and evaporated to give a residue: Ry 0.28 (1:1 ben-
zene-ethyl acetate).

A solution of the decyclohexylidenated product in pyri-
dine (0.5ml) was stirred with acetic anhydride (0.3ml) at
40°C overnight. After addition of a few drops of ethanol, the
solution was evaporated to a residue, which was partitioned
between ethyl acetate and a saturated aqueous NaHCO,
solution. The organic layer was dried and evaporated to a
residue, which was chromatographed on silica gel (2g) with
5:2 benzene-ethyl acetate to give a solid of 12 (13mg, 56%
from 10b): R 0.50 (1:1 benzene-ethyl acetate); mp 161—
164°C; [a]F +58° (¢ 1.0, CHCI,); IR (KBr): 1750 (ester), and
1160 cm™! (SO;); 'H-NMR (CDCl3+D,0): 6=1.34, 1.80,
2.06, 2.11, 2.15, and 2.25 (each 3H, s, Ac), 2.40, 2.41, and 2.47
(each 3H, s, Ts), 3.19 (1H, t, H-4’, J3 +=]« 5=9.8 Hz), 3.40
(1H, m, H-3), 3.46 (1H, dd, H-2’, J1-,2»=3.8 Hz, J»-,3=10.8
Hz), 3.80 (1H, t, H-4, J34=J,5= 9.5 Hz), 4.13 (1H, t, H-5’,
Js.6=9.5 Hz), 4.34 (1H, m, H-1), 4.80 (1H, dd, H-3’), 4.94
(1H, dt, H-6’, Jo'.7:4x=9.5 Hz, Js',77¢¢=5.5 Hz), 5.18 (1H, d,
H-1%), 5.22 (1H, t, H-5, J56=9.5 Hz), 5.56 (1H, dd, H-8’,
Jrax,e=10.5 Hz, J7cq,3=2.5 Hz), and 5.65 (1H, dull t, H-6,
J16=10 Hz).

Found: C, 52.21; H, 5.40; N, 3.88; S, 8.65%. Calcd for
C47H57N3040S3: C, 52.26; H, 5.32; N, 3.89; S, 8.90%.

B) From 13: A solution of 13 (7.7mg) in a 1:1 mixture
(0.15ml) of 0.5M HCI and 1,4-dioxane was warmed at 50 °C
for 2d, and then evaporated to a residue of the octodialdose
derivative. The residue was acetylated with acetic anhydride
(0.2ml) in pyridine (0.4ml) at 40°C for 13 h, and worked up
as described above to give two products having R-values of
0.50 and 0.45 (1:1 benzene-ethyl acetate). The R; 0.50-
substance (2.5mg, 31%) was identical with 12 in all respects.
The R; 0.45-substance (2.8 mg) seemed to be the correspond-
ing (8’S)-isomer, but was not further investigated.

1-N-Acetyl-4-O3 ,6’-di-O-acetyl-# 8 -anhydro-2’ 7 -dideoxy-
2 (tosylamino)-L-glycero-a-n-gluco-oct-7’-enopyranos-1’-yl J-5,6-
O-cyclohexylidene-1,3-di-N-tosyl-2-deoxystreptamine (13). A9
From 9: To a stirred and ice-cooled solution of 9 (1.27g) in
acetonitrile (25.4ml) were added triethylamine (1.17ml) and
tosyl chloride (0.8g), and stirring was continued at room
temperature for 12h. After addition of ethanol (0.16 ml) and
a saturated aqueous NaHCOj solution (0.3 ml), the mixture
was evaporated to a residue. The residue was partitioned
between chloroform and a saturated aqueous NaHCOj solu-
tion, and the combined organic layers were evaporated to
give a solid of the glycal (1.4g): Rr 0.39 (15:1 CHClI;-
MeOH).

A solution of the solid in pyridine (28 ml) was stirred with
acetic anhydride (14ml) at 40°C for 19h. After addition of
ethanol (8.6 ml), the resulting solution was neutralized with
a saturated aqueous NaHCOj; solution and extracted with
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ethyl acetate. The combined extracts were washed with a
saturated aqueous NaCl solution, dried, and evaporated to a
residue, which was chromatographed on silica gel (60g) with
2:1—3:2 hexane-ethyl acetate to give a solid of 13 (0.73g,
53%): R 0.86 (1:1 benzene-EtOAc); R 0.40 (3:1 benzene-
EtOAc); mp 161—164°C;[a]® +98° (¢ 1.0, CHCl3); IR
(KBr): 1745 cm™! (ester), 'H-NMR (CDCl;): §=1.58, 2.20,
and 2.23 (each 3H, s, Ac), 3.59 (1H, dd, H-4’, J3,+=9.0 Hz,
J«5=10.5 Hz), 3.91 (1H, dd, H-5' J5¢=8.0 Hz), 4.74 (1H,
dd, H-3’, J» 3=10.5 Hz), 4.84 (1H, dd, H-7, J&7»=2.3 Hz,
J.8=6.0 Hz), 5.20 (1H, d, H-1", ] »=4.0 Hz), 5.32 (1H, m,
H-6’), and 6.29 (1H, dd, H-8’, Js.&=1.5 Hz).

Found: C, 55.63; H, 5.68; N, 3.86; S, 9.48%. Calcd for
C47H57N3OIGS3: C, 5555, H, 565, N, 4.14’; S, 9.47%.

B) From 17: 17 (0.6g) was treated with triethylamine and
tosyl chloride in acetonitrile, followed by acetylation, as des-
cribed above, to give a solid of 13 (0.35g, 55%).

I-N-Acetyl-4-O-[3',6"-di-O-acetyl-# 8’ -anhydro-2’,7’ -dideoxy-
2 -(tosylamino)-n-glycero-a-n-gluco-oct-7’-enopyranos-1’-yl}-5,6-
O-cyclohexylidene-1,3-di-N-tosyl-2-deoxystreptamine (14). A
sample of 8 (400mg) was treated by the procedure described
in the preparation of 13 through 9, and then worked up to
give, after reprecipitation from benzene-hexane, a solid of 14
(95mg, 23%): Rr0.33 (3:1 benzene-EtOAc); mp 142—145°C;
[a]® —35° (¢ 1.0, CHCl3): IR (KBr): 1745 cm™! (ester); 'H-
NMR (CDCl3+D,0): §=1.69, 2.09, and 2.17 (each 3H, s, Ac),
3.83 (1H, dd, H-4’, J3 +=9.5 Hz, J» =11 Hz), 4.46 (1H, dd,
H-5’, Je=4.0 Hz), 4.98 (1H, t, H-7’, Jo¢',7=]7,§=6.0 HZ),
5.13(1H, d, H-1’, Ji»2=3.5 Hz), 5.24 (1H, dd, H-%’, Jo- 3=11
Hz), 5.49 (1H, dd, H-6"), and 6.43 (1H, d, H-8").

Found: C, 55.59; H, 5.62; N, 4.10%. Calcd for C4Hs;-
N3046S;: C, 55.55; H, 5.65; N, 4.14%.

1-N-Acetyl-4-O-[(8'R)-3 ,6”-di-O-acetyl-7’-azido-2’,7’-dideoxy-
8-O-nitro-2’-(tosylamino)-1.-threo-a-n-gluco-octodialdo-1’ .5 :
& 4 -dipyranos-1’-ylJ-5,6-O-cyclohexylidene-1,3-di-N-tosyl-2-
deoxystreptamine (15). To a solution of 14 (246 mg) in
acetonitrile (4.9ml) were added sodium azide (24mg) and
ammonium ceric nitrate (400mg) at —10°C under argon, and
the mixture was stirred at this temperature for 3h. After
further addition of ammonium ceric nitrate (270 mg), stirring
was continued for another 3h. The reaction mixture diluted
with ice-cooled chloroform was washed sequentially with
saturated aqueous NaCl and NaHCOj; solutions under ice-
cooling, dried, and evaporated to a residue, which was
chromatographed on silica gel (30g) with 6:1—5:1 benzene-
ethyl acetate to give a solid of 15 (163 mg, 60%): R 0.45 (3:1
benzene-EtOAc); mp 160—163°C; [a]F —7.5°(c 1.0, CHCl,);
IR (KBr): 2120 (azide), 1655 and 1290 cm™ (ONO,), 'H-
NMR (CDCl3+D,0): 6=1.68 (3H, s, Ac), 2.18 (6H, s, AcX2),
243 (6H, s, TsX2), 2.45 (3H, s, Ts), 4.08 (1H, t, H-4,
J3. =]y =10.5 Hz),
Jr.8=0.5 Hz), 4.50 (1H, dd, H-5’, J5 #=3.0 Hz), 5.07 (1H, d,
H-1’, Ji2=3.5 Hz), 5.21 (1H, t, H-3’, Jo.3=10 Hz), 5.41 (1H,
t, H-6’), and 6.04 (1H, apparently s, H-8’).

Found: C, 50.54; H, 5.09; N, 8.52%. Calcd for C47Hs;-
N;044S3: C, 50.40; H, 5.13; N, 8.75%.

4-0/6"-O-Acetyl-3' 4’-O-cyclohexylidene-2’,7’ 8,9 -tetradeoxy-
2’-(tosylamino)-1.-glycero-a-n-gluco-non-8 -enopyranosyl}-5,6-
O-cyclohexylidene-1,3-di-N-tosyl-2-deoxystreptamine (16).  A)
From 8: To astirred and ice-cooled solution of 8 (1.64g) in
pyridine was added mesyl chloride (0.26 ml), and stirring was
continued at room temperature for 2.5h. After addition of
ethanol (0.39ml), the resulting solution was neutralized with
a saturated aqueous NaHCOj; solution and extracted with
ethyl acetate. The extracts were washed with a saturated
aqueous NaCl solution, dried, and evaporated to a residue,
which was chromatographed on silica gel (60g) with 3:1
benzene-ethyl acetate to give a solid of the mesylate (1.70g):
R 0.21 (3:1 benzene-EtOAc).
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A solution of the solid (2.29g) in DMSO (22.9 ml) was
stirred with potassium acetate (1.26 g) at 78 °C for 18 h. The
solution diluted with ethyl acetate was washed with a satu-
rated aqueous NaCl solution, dried, and evaporated to a
residue,which was chromatographed on silica gel (100g)
with 4:1—3:1 benzene-ethyl acetate to give a solid of 16
(1.96g, 85% from 8): R 0.35 (3:1 benzene-EtOAc); R 0.69
(15:1 CHCIl3-MeOH); mp 136—138°C; [a]® —33° (c 1.0,
CHCI;); IR (KBr): 1735, 1720 (ester), and 1160 cm~! (SO,);
!H-NMR (CDCl3+D,0): 6=2.07 (3H, s, Ac), 4.16 (1H, dd,
H-2’, Ji»2=3.5 Hz, Jo3=9.5 Hz), 5.02 (1H, m, H-6"), 5.07
(1H, dd, H-9a, J7,9.=2.0 Hz, Jg ¢9,=10 Hz), 5.12 (1H, dd,
H-9’b, J7,9,=2.0 Hz, J3,9,=16 Hz' =47 (1H, d, H-1’), and
5.79 (1H, m, H-8’).

Found: C, 58.26; H, 6.39; N, 3
C50H65N301453 C 58. 40 H 6. 37 IV Teve, /3

B) From 7: A solution of 7 (10mg) in pyridine (0.25ml)
was stirred with acetic anhydride (0.10ml) at room tempera-
ture for 3h. After addition of a few drops of ethanol, the
resulting solution was evaporated to a residue, which was
chromatographed on silica gel (1g) with 3:1 benzene-ethyl
acetate to give a solid of 16 (9.8 mg, 94%).

4-O-[(8’RS)-6"-O-Acetyl-2",7’-dideoxy-2’-(tosylamino)-L-
glycero-a-n-gluco-octodialdo-1’,5’ : 8 ,4’-dipyranos-1’-yl]-5,6-
O-cyclohexylidene-1,3-di-N-tosyl-2-deoxystreptamine (17). A
sample of 16 (1.24g) was treated by the procedure described
in the preparation of 9 and then worked up to give, through
the aldehyde: R 0.67 (1:1 benzene-EtOAc); 'H-NMR
(CDCI3+D,0): 6=2.09 (3H, s, Ac) and 9.77 (1H, broad s,
CHO), a solid of 17 (0.94g, 82%): R; 0.15 (1:1 benzene-
EtOAc); Rr 0.28 (15:1 CHCI3-MeOH); mp 164—166°C;
[a]® +2.5° (c 1.0, CHCly); IR (KBr): 1730 (ester), and 1160
cm™!(SO,); 'H-NMR (CDCl;+D,0): 6=1.98 (3H, s, Ac), 2.35
(3H, s, Ts), and 2.41 (6H, s, TsX2).

Found: C, 54.15; H, 5.88; N, 4.15%. Calcd for Cy3Hgs-
N;30,55;3: C, 54.40; H, 5.83; N, 4.42%. v

1-N-Acetyl-4-O-[(8’S)- and (8’R)-3,6’-di-O-acetyl-7’-azido-
2,7’-dideoxy-8'-O-nitro-2’ -(tosylamino)-n-threo-a-n-gluco-octodi-
aldo-1',5 :8 4 -dipyranos-1’-yl]-5,6-O-cyclohexylidene-1,3-di-N-
tosyl-2- deoxystreptamines (18 and 19).  To a solution of 13
(262 mg) in acetonitrile (5. 2ml) were added sodium azide
(25mg) and ammonium ceric nitrate (424mg) at —17°C
under argon, and the mixture was stirred at this temperature
for 1.5h. After further addition of ammonium ceric nitrate
(140 mg), stirring was continued for another 1h. The reac-
tion mixture was worked up as described for 15 to give 18
(182mg, 63%) and 19 (41 mg, 14%) having the Ri-values of
0.44 and 0.50 (3:1 benzene-ethyl acetate) respectively.

18: Mp 158—161°C; [a]¥ —13° (c 1.0, CHCl3); IR (KBr):
2115 (azide), 1750 (ester), 1650 and 1280 cm~! (ONO,); 'H-
NMR (CDCly): 6=1.57, 2.19, and 2.20 (each 3H, s, Ac), 3.76
(IH, ¢, H-4, J»+=Jy =10 Hz), 3.94 (1H, dd, H-7’,
Jer,77=10.5 Hz, J7.¢4=4 Hz), 4.44 (1H, t, H-5, J5 =10 HZ),
5.40 (1H, dull t, H-6’), and 6.20 (1H, d, H-8").

Found: C, 50.63; H, 5.25; N, 8.55; S, 8.28%. Calcd for
Cy7Hs57N7040S3: G, 50.40; H, 5.13; N, 8.75; S, 8.59%.

19: Mp 153—157°C; [a]® +25° (¢ 1.0, CHCIs); IR (KBr):
2115 (azide), 1750 (ester), 1660 and 1285 cm~! (ONQ,); 'H-
NMR (CDCIl3+D;0): 6=1.62, 2.22, and 2.24 (each 3H, s, Ac),
3.34 (1H, t, H-4, J5+=Jy5=10 Hz), 3.43 (1H, dd, H-
2’,Ji,o= 3.5 Hz, Jor,3=10.5 Hz), 3.50 (1H, dd, H-7’, Jo- =10
Hz, J7 &= 9.0 Hz), 4.12 (1H, t, H-5, 5 #=10 Hz), 4.48 (1H,
m, H-1), 5.13 (1H, ¢, H-6’), 5.14 (1H, dd, H-3’), 5.32 (1H, d,
H-1’), and 5.43 (1H, d, H-8’).

Found: C, 50.50; H, 5.23; N, 8.62%. Calcd for C,Hg;-
N;046S;: C, 50.40; H, 5.13; N, 8.75%.

4-O(8'S)-7"-Azido-2’,7’-dideoxy-8’-O-methyl-2’ (tosylamino)-
p-threo-a-p-gluco-octodialdo-1’,5" : 8 .4’ -dipyranos-1’-yl }5,6-O-
cyclohexylidene-1,3-di-N-tosyl-2-deoxystreptamine (20). A)

Calcd for
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From 18: A solution of 18 (177.5mg) in methanol (5.4ml)
was stirred with Ba(OH),*8H,0 (100mg) at 60°C for 25 min.
The mixture diluted with methanol was!neutralized with
Dry lce, and then evaporated to a residue, which was chro-
matographed on silica gel (17g) with 3:1 chloroform-ace-
tone to give a solid of 20 (108mg, 71%): R¢ 0.44 (15:1
CHCI3-MeOH); mp 157—160°C ; [a]8 +5° (¢ 1.0, MeOH);
IR (KBr): 2115 (azide), and 1160 cm™! (SO,); 'H-NMR
(acetone-dg+D,0): §=2.41, 2.43, and 2.44 (each 3H, s, Ts),
2.98 (1H, dd, H-3’, J>,3=9.8 Hz, J3 +=9.5 Hz), 3.23 (1H, dd,
H-2’, J\-,2»=3.5 Hz), 3.47 (1H, t, H-6’, J5.¢=Je,7=9.5 Hz),
3.53 (3H, s, OMe), 3.79 and 3.80 (each 1H, t, H-4’, and H-5’,
J+,5=9.5 Hz), 4.21 (1H, d, H-8’, J,3=8.0 Hz), and 5.34 (1H,
d, H-1").

Found: C, 52.20; H, 5.62; N, 8.45%. Calcd for Cy,Hs,-
N¢O14S3: C, 52.38; H, 5.65; N, 8.73%.

B) From 19: A solution of 19 (177mg) was treated with
Ba(OH),*8H,0 in methanol as described above to give a
solid of 20 (61 mg, 40%) having R 0.44 (15:1 CHCl;-MeOH)
and another solid (11 mg) having R 0.47. The latter solid,
probably the (8’R)-isomer, was not further investigated.

4-O-[(8’S)-7’-(Benzyloxycarbonylamino)-2’,7’ -dideoxy-8’-O-
methyl-2'-(tosylamino)-p-threo-a-p-gluco-octodialdo-1’ 5 : 8’ /4 -
dipyranos-1’-ylJ-5,6-O-cyclohexylidene-1,3-di-N-tosyl-2-deoxy-
streptamine (21). A solution of 20 (45.6 mg) in methanol
(0.91 ml) was shaken with platinum black and 3-atm hydro-
gen at room temperature for 2h, filtered and evaporated to
give a solid of the amino compound (46mg): R¢ 0.07 (10:1
CHCl;-MeOH).

To a stirred and ice-cooled solution of the solid in 75%
aqueous acetone (1.9 ml) were added Na,CO; (6.3 mg) and
benzyloxycarbonyl chloride (0.0085ml), and stirring was
continued at room temperature for 10 min. The reaction
mixture diluted with ethyl acetate was washed with a satu-
rated aqueous NaCl solution, dried, and evaporated to a
residue, which was chromatographed on silica gel (4 g) with
5:2 chloroform-acetone to give a solid of 21 (38.7 mg, 76.3%):
R:0.49 (10:1 CHCI3-MeOH); mp 160—164 °C ; [a]Z —10° (¢
1.0, CHCl3); 'H-NMR (CDCl3+D,0): 6=3.47 (3H, s, OMe),
4.94 and 5.18 (each 1H, d, Jag=12.5 Hz, CH,Ph), and 5.05
(1H, d, Ji»=4.0 Hz, H-1").

Found: C, 55.87; H, 5.83; N, 5.14%. Calcd for CsoHg,-
N4O46S;: C, 56.06; H, 5.83; N, 5.23%.

4-O-{(8'S)}-7’{N-Benzyloxycarbonyl)methylamino-2 ,-7' -dideoxy-
&-O-methyl-2’-(tosylamino)-n-threo-a-p-gluco-octodialdo-1°,5 :
&4’ -dipyranos-1’-yl}-5,6-O-cyclohexylidene-1,3-di-N-tosyl-2-
deoxystreptamine (22). A solution of 21 (38.1mg) in
THF (1.2 ml) was stirred with LiAlH, (13.5 mg) at 80 °C for
3h. After quenching with Na,SO,‘10H;0, the reaction
mixture diluted with ethyl methyl ketone was washed with a
saturated aqueous NaCl solution, dried and evaporated to a
residue of the methylamino compound (40mg): R; 0.09
(10:1 CHCI3-MeOH).

The residue was again N-benzyloxycarbonylated as des-
cribed above to give, after column chromatography on silica
gel (4g) with 5:2 chloroform-acetone, a solid of 22 (31.3 mg,
81%): R; 0.51 (10:1 CHCIl3-MeOH); mp 163—167 °C ; [a]¥
—44° (¢ 1.0, CHCl3); IR (CHCl3) 1675 (NH-CO), and 1155
cm™! (SO,); 'H-NMR (CDCl3+D;0): 6=2.98 (1H, ¢, H-4’,
]3"4'=]4',5'=9.5 HZ), 3.03 (lH, t, H-7/, ]6’,7'=]7’,8’=9-5 HZ),
3.13 (1H, dd, H-2’, Ji» =4 Hz, Jo,3=9.5 Hz), 3.22 (3H, s,
NMe), 3.32 (1H, t, H-6’, J5¢=9.5 Hz), 3.50 (3H, s, OMe),
3.91 (1H, ¢, H-3’), 3.98 (1H, t, H-5"), 4.93 (1H, d, H-1’), and
493 (1H, d, H-8").

Found: C, 56.25; H, 6.11; N, 5.02; S, 8.69%. Calcd for
C51H64N4015832 C, 56.44; H, 5.94; N, 5.16; S, 8.86%.

4-O-{(8’S)-7’-[N-(Benzyloxycarbonyl)methylamino|-2,7’ -di-
deoxy-3',6’-di-O-mesyl-8’-O-methyl-2'(tosylamino)-b-threo-a-n-
gluco-octodialdo-1’,5" : 8 ,4’-dipyranos-1’-yl}-5,6-O-cyclohexyl-
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idene-1,3-di-N-tosyl-2-deoxystreptamine (23). A solution of 22
(14.3 mg) in pyridine (0.29 ml) was stirred with mesyl chlo-
ride (0.004ml) at 8°C for 11h. After further addition of
mesyl chloride (0.002 ml), stirring was continued at 8 °C for
15h and then at room temperature for 5h. After addition of
a few drops of water, the resulting solution was evaporated
to a residue, which was partitioned between ethyl acetate and
a saturated aqueous NaHCO; solution. The combined
organic layers were evaporated to a residue, which was
chromatographed on silica gel (1.4g) with 2:1 benzene-
ethyl acetate to give quantitatively a solid of 23 (16.3 mg): R¢
0.56 (4:3 benzene-ethyl acetate); mp 161—164°C ; [a]¥
+2.5° (¢ 1.0, CHCl3), IR (CHCIl;): 1695 (NH-CO), 1175 and
1160 cm™! (SO,); 'H-NMR (CDCl;); 6=2.42, 2.44, and 2.48
(each 3H, s, Ts), 2.80 and 2.96 (each 3H, s, Ms), 3.00 (3H, s,
NMe), and 3.45 (3H, s, OMe).

Found: C, 51.22; H, 5.46; N, 4.40; S, 12.67%. Calcd for
Cs3HegN4O2Ss: C, 51.28; H, 5.52; N, 4.51; S, 12.91%.

4-O-{(8’S)-7’-[N-(Benzyloxycarbonyl)methylamino]-2',3,7’-
trideoxy-6"-O-mesyl-8’-O-methyl-2’-(tosylamino )}-p-glycero-B-1.-
talo-octodialdo-1",5 : 8 4 -dipyranos-1’-yl}-5,6-O-cyclohexylidene-
1,3-di-N-tosyl-2-deoxystreptamine (24). A solution of 23
(9.1 mg) in DMF (0.27 ml) was stirred with LiCl (6.2 mg) at
100 °C for 2h under argon. The solution diluted with ethyl
acetate was washed with a saturated aqueous NaHCOj solu-
tion, dried, and evaporated to a residue, which was chro-
matographed on silica gel (1g) with 3:1 benzene-ethyl
acetate to give a solid of the chloro compound (7.8 mg,
90%): Rr 0.64 (4:3 benzene-ethyl acetate); positive Beilstein
test.

To a solution of the solid (6.9 mg) in 1,4-dioxane (0.21 ml)
were added tributylstannane (0.0138 ml) and «,a’-azobis-
(isobutyronitrile) (0.7 mg), and the reaction mixture was
heated at 80 °C for 1.5 h under argon. The resulting solution
was partitioned between acetonitrile (1 ml) and hexane
(0.2mlX3). The acetonitrile layer was evaporated to a
residue, which was chromatographed on silica gel (1 g) with
2:1 benzene-ethyl acetate to give a solid of 24 (6.0 mg, 90%):
R 0.58 (4:3 benzene-EtOAc); mp 162—168°C ; [a]¥ +13°
(¢ 1.0, CHCl;); '"H-NMR (50 °C, CDCl3+D,0): §=2.44 (9H,
s, TsX3), 2.76 (3H, s, OMs), 3.00 (3H, s, NMe), and 3.44
(3H, s, OMe).

Found: C, 54.47; H, 5.90; N, 4.64; S, 10.97%. Calcd for
C52H66N4017S4: C, 544’4; H, 580, N, 4.88, S, 11.18%.

4-0{(8'S)-7’-N,6"-O-Carbonyl-2 3,7 -trideoxy-8’ -O-methyl-7’-
(methylamino)-2’(tosylamino)-n-glycero-a-p-allo-octodialdo-1’,5 :
& 4 -dipyranos-1'-ylJ-5,6-O-cyclohexylidene-1,3-di-N-tosyl-2-
deoxystreptamine (25). A solution of 24 (5.4mg) in 2-
methoxyethanol (0.22ml) was heated with sodium acetate
trihydrate (5.4 mg) at 130°C for 2d. The reaction mixture
was partitioned between ethyl acetate and a saturated aque-
ous NaCl solution, and the organic layer dried and then
evaporated to a residue, which was chromatographed on sil-
ica gel (0.5 g) with 2:3 benzene-ethyl acetate to give a solid
of 25 (3.6 mg, 78%): R 0.12 (4:3 benzene-ethyl acetate); mp
159—162°C ; [a]® —25° (¢ 1.0, CHCl5); IR (CHCI3): 1750—
1745 (cis cyclic carbamate),17:18 and 1160 cm™! (SO,); 'H-
NMR (CDsCN+D,0): 6=2.83 (3H, s, NMe), 3.42 (3H, s,
OMe), 3.52 (1H, dd, H-7, Js',7=17.0 Hz, J; $=6.0 Hz), 4.22
(1H, dd, H-5’, Jy,5=10.5 Hz, J5 ¢+=3.8 Hz), 4.42 (1H, d, H-
8’),4.71 (1H, dd, H-6’), and 4.93 (1H, d, H-1’, Ji-2»=3.5 Hz).

Found: C, 54.97; H, 5.74; N, 5.64%. Calcd for CyHse-
N40]4S3Z C, 5499, H, 5.87, N, 5.83%

Methyl B-Aprosaminide (26). A) From 25: To a solu-
tion of 25 (19.8 mg) in liquid ammonia (=6 ml) at —35°C
was added sodium metal (25 mgX3) with stirring, and the
resulting deep-blue solution was kept at —35°C for 15 min.
After evaporation of ammonia at room temperature,
methanol (0.2ml) and water (1.8 ml) were added, and the
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resulting solution of the detosylated intermediate was heated
at 100°C for 5h to hydrolyze the cyclic carbamate. To the
solution was added Dowex 50WX2 resin (H form, 200—400
mesh, 6.0 ml), and the mixture was allowed to stand over-
night at room temperature in order to remove the cyclohex-
ylidene group. The resin was packed in a column, washed
with.water, and then treated with 1 M aqueous ammonia.
The ninhydrin-positive fractions were collected and evapo-
rated to give a solid, which was purified by chromatography
over CG-50 resin (NH, form, 0—0.2 M aqueous ammonia) to
yield a solid of the monohydrate of 26 (5.3 mg, 65%): R 0.62
(1:3:2 CHCI3-MeOH-17% aqueous NH3); mp 141—143°C ;
[a]® +108° (c 0.6, water)[lit,® [@]F +104° (c 1.1, water)]; MS
(SIMS): m/z 393 (M*+1); 'TH-NMR (5% ND, in D,0):
6=1.20 (1H, q, H-2ax, J=13 Hz), 1.65 (1H, q, H-3’ax, J=12
Hz), 1.97 (1H, dt, H-2eq, Ji,2¢q=J2¢q,3=3.5 HZ, Jeem=13 Hz),
2.12 (1H, m, H-3’eq), 2.35 (3H, s, NMe), 2.46 (1H, dd, H-7’,
Jor,77=3.0 Hz, J7. §=8.5 Hz), 2.70 and 2.86 (each 1H, m, H-1
and H-3, vice versa), 3.01 (1H, dt, H-2’, Ji =] 3c¢q= 3.5 Hz,
Jo 3.x=12.5 Hz), 3.14, 3.30, and 3.49 (each 1H, t, H-4, H-5, or
H-6, J=9.5 Hz), 3.64 (1H, dd, H-5’, J&,5=10 Hz, J56=2.5
Hz), 3.78 (1H, m, H-4’), 4.26 (1H, t, H-6’, J=3 Hz), 4.52 (1H,
d, H-8’), 5.14 (1H, d, H-1"). This spectrum was superimpos-
able on that of the naturally derived 26 and the reported
spectrum.1b

Found: C, 46.59; H, 8.10; N, 13.47%. Calcd for C;sHj,-
N,O;-H,0: C, 46.82; H, 8.35; N, 13.65%.

B) From 28 by Methanolysis: A solution of 28 (5.0 mg) in
1.2% methanolic hydrogen chloride solution (0.33 ml) was
heated in a sealed tube at 73 °C for 5h, and evaporated to a
residue, which was chromatographed on silica gel (1.5g)
with 3:2 chloroform-acetone to give a solid of the methyl
glycoside (4.5 mg): R 0.44 (12:1 CHCI3;-MeOH); 'TH-NMR
(50°C, CDCly): 6=2.98 (3H, s, NMe), 3.46 (3H, s, OMe).

A solution of the solid in 67% aqueous 1,4-dioxane
(0.35ml) was shaken with palladium black and 3-atm hy-
drogen at room temperature for 4.5 h, filtered and evaporated
to a residue. The residue was purified by chromatography
over CG-50 resin (NH, form, 0—0.2 M aqueous ammonia) to
give a solid of the monohydrate of 26 (1.8 mg, 81% from 28).

C) From 28 by Methylation: To a stirred solution of 28
(4.5 mg) in acetonitrile (0.011 ml) were added methyl iodide
(0.045ml) and Ag,O (9.0 mg), and stirring was continued at
room temperature for 1 h. After filtration, the filtrate was
evaporated to give a solid of the methyl glycoside. The solid
was hydrogenated as described above to give a solid of the
monohydrate of 26 (1.4 mg, 70% from 28).

Aprosamine (27). A) From 26: A solution of the
monohydrate of 26 (20.5 mg) in 4 M HCI (1.3 ml) was heated
in a sealed tube at 95°C for 3d. The brown solution was
evaporated and co-evaporated with toluene to give a residue
which was purified by chromatography over CG-50 resin
(NH, form, 0—0.2 M aqueous ammonia) to give a solid of
the free base of 27. The solid was dissolved in 0.5M HCl and
evaporated to a residue, which was reprecipitated from
water-acetone to give a solid of the tetrahydrochloride trihy-
drate of 27 (20 mg, 70%): R; 0.46 (1:3:2 CHCIl3-MeOH-17%
aqueous NHj3); mp 176—180 °C (decomp); [a]F +44° (¢ 1.0,
water) [lit, [a]® +21.6° (¢ 1.27, water);1® [a]& +53° (¢ 1.075,
water)¥]; MS (SIMS): m/z 379 (M*+1); 'H-NMR (D,0):
6=1.92(1H, q, H-2ax, J=12.5 Hz), 2.04 (1H, m, H-3’ax), 2.35
(1H, m, H-2eq), 2.55 (1H, dt, H-3’eq, Jgem=12.5 Hz, Jo 37eq=
Js3eq#=4 Hz,), 2.81 and 2.82 (3H in total, each s, NMe), 4.51
and 4.58 (1H in total, each t, H-6’, J=3), 5.20 and 5.47 (1H in
total, each d, J1,8ax=9.0 Hz, [ 8'e(q=4.0 Hz, H-8’ax and H-
8’eq respectively), 5.75 and 5.77 (1H in total, each d, H-1’,
Ji1,2=3.0 Hz and 3.5 Hz, respectively). This !H-NMR spec-
trum was found to be superimposable on that of the natu-
rally derived aprosamine and the reported spectrum.1®
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Found: C, 30.92; H, 6.87; N, 9.47%. Calcd for C;sHj-
N,07+4HCl-3H,;0: C, 31.15; H, 6.97; N, 9.69%.

B) From Natural Apramycin (1): A solution of apramycin
(1:9.9mg) in 4M HCI (0.1 ml) was heated at 95 °C for 7h.
The solution was evaporated and co-evaporated with toluene
to a residue, which was purified as described above to give a
solid of the tetrahydrochloride trihydrate of 27 (8.6 mg, 81%).
The solid was identical with the aforeside synthetic apros-
amine in all respects.

1,2,3,7’-Tetrakis(N-benzyloxycarbonyl) aprosamine (28).

To a stirred and ice-cooled solution of the free base of 27
(12.8mg) in 80% aqueous acetone (0.48ml) were added
Nay;COj; (18 mg), 1 M NaOH (0.04 ml) and benzyl chlorofor-
mate (0.023 ml), and stirring was continued at room temper-
ature for 2h. After filtration, the filtrate was agitated with
CG-50 resin (H-form) and again filtrated. The filtrate was
neutralized with triethylamine (0.023 ml) and then evapo-
rated to a residue, which was chromatographed on silica gel
(1g) with 15:1 chloroform-methanol to give a solid: mp
196—198 °C (decomp). Reprecipitation from ethanol-ether
yielded the monohydrate of 28 (24 mg, 77%): R; 0.38 (15:1
CHCI3-MeOH); mp 188—190°C (decomp); [a]F +43° (¢

1.0, MeOH) [lit,» prisms of 28: mp 233—234.5°C; [a]®
+48.8° (¢ 1.005, DMF)]; IR (KBr): 1710—1670 (NH-CO); 'H-
NMR (CD3CN+D,0): 6=3.00 (3H, s, NMe), and 4.21 (1H,
broad s, H-6").

Found: C, 60.44; H, 5.95; N, 5.94%. Calcd for Cy;Hs,-
N,;0;5*H;0: G, 60.51; H, 6.05; N, 6.01%.

4-Azido-2,3,6-tri-O-benzyl-4-deoxy-B-v-glucopyranosyl Flu-
oride (29). To a stirred solution of 4-azido-2,3,6-tri-O-
benzyl-4-deoxy-a-n-glucopyranosyl chloride??) (130 mg) in
acetonitrile (0.65ml) was added AgF (130mg), and stirring
was continued at room temperature for 22 h under protection
from light. The reaction mixture was filtered and a satu-
rated aqueous NaCl solution was added to precipitate any
silver ions from solution. The mixture was again filtered
and evaporated to a residue, which was partitioned between
chloroform and water. The organic layer was dried and
evaporated to a residue, which was chromatographed on sil-
ica gel (4g) with 4: 1 benzene-ethyl acetate to give a syrup of
29 (122mg, 97%): R: 0.4]1 (benzene); [a]¥ +108° (¢ 1.0,
CHCI;); IR (CHCI3): 2120 cm™! (azide); 'H-NMR (CDCl3):
6=5.19 (1H, dd, H-1, Ji,2=6.4 Hz, ], y=52 Hz, apparently
two doublets at §=5.06 and 5.32).

Found: C, 67.69; H, 5.98; N, 8.87%. Calcd for Cy;Hyg-
N3;O4F: C, 67.91; H, 5.91; N, 8.80%.

4-O-[(8’R)-2-Amino-8'-O-(4"-azido-2",3”,6”-tri-O-benzyl-

”-deoxy-a-n-glucopyranosyl)-2’,7’-bis(N-benzyloxycarbonyl)-
2,37’ -trideoxy-7'-(methylamino)-n-glycero-a-n-allo-octodialdo-
1’5 :8,4’-dipyranos-1’-yl]-1,3-bis(N-benzyloxycarbonyl)-2-
deoxystreptamine (30). Before coupling, 28 was dried
overnight at 50 °C under reduced pressure. To a mixture of
28 (12.6 mg, 0.0137 mmol), 29 (7.9 mg, 0.0165 mmol), SnCl,
(5.5mg, 0.029mmol), AgClO4 (5.7mg, 0.027 mmol), and
Molecular Sieves 4A (12.6 mg) was added a 4:1 mixture
(0.189ml) of 1,4-dioxane-benzene at 0°C, and the mixture
was stirred at this temperature for 24 h. After further addi-
tion of the same amounts of 29, SnCl,, AgClO, and Molecu-
lar Sieves 4A as described above, stirring was continued at
0°C for another 24 h. The reaction mixture was filtered and
the filtrate evaporated to give a residue. The residue was
chromatographed on silica gel (1.5 g) with 20: 1 chloroform-
methanol to give two products having Ry-values of 0.44 and
0.48 (15: 1 chloroform-methanol) with recovery of the unre-
acted 28 (5.4mg) having Rr 0.38. The R; 0.44-substance
was the desired glycoside 30 as described below.

30 (R; 0.44-substance): 4.3 mg (23% from 28; 40% yield
based on the unrecovered 28); mp 89—92°C ; [a]F +63°
(¢ 0.5, CHCl3); 'H-NMR (50°C, CD3;CN+D,0): §=3.00
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(3H, s, NMe), 3.73 (1H, dt, H-2’, Ji"2=]2",3¢q=4.0 Hz,
Jor3ax=13 Hz), 413 (1H, m, H-7"), 4.27 (1H, dull t, H-6),
5.24 (1H, d, H-1), 5.27 (1H, d, H-8’, J1,3#=9.5 Hz), and 5.41
(1H, d, H-17, J1»2-=3.0 Hz).

Found: C, 64.57; H, 6.19; N, 6.96%. Calcd for C;sHg-
N;O): C, 64.76; H, 5.95; N, 7.14%. .

R; 0.48-substance: 2.1 mg; mp 89—92°C ; [a]§ +62°
(c 0.85, CHCIl3); IR (CHCIy): 2115 cm™! (azide); 'H-NMR
(50°C, CDCl3+D,0): 6=2.98 and 3.02 (3H in total, each s,
NMe), and 7.1—7.4 (35H, m, PhX7).

By catalytic reduction, the R 0.44-substance (30) yielded
apramycin (1) as described below, while the R: 0.48-
substance did not give apramycin but gave another product
(Rr 0.43 on TLC with 1:3:2 CHCl3-MeOH-17% aqueous
NHj3; apramycin:Rs 0.35). Therefore, the R¢ 0.48-substance
was not further investigated.

Apramycin (1). A solution of 30 (10mg)ina3:1:1 mix-
ture (0.5 ml) of 1,4-dioxane, acetic acid and water was shaken
with palladium black and 3-atm hydrogen at room tempera-
ture for 2h, filtered and evaporated to give a residue. The
residue was purified by chromatography over CG-50 resin
(NH, form, 0—0.1 M aqueous ammonia) to give a solid of
the monocarbonate monohydrate of 1 (3.4 mg, 74%): R 0.35
(1:3:2 CHCIl;-MeOH-17% aqueous NHj3); mp 237—240°C
(decomp); [a]¥ +162° (c 0.94, water) [lit,) monohydrate: mp
245—247°C; [a]® +162.5° (water)]; MS (SIMS): m/z 540
(M*+1); 'H-NMR (5% ND; in D,0): 6=1.18 (1H, m, H-2ax),
1.68 (1H, q, H-3’ax, J=12 Hz), 2.03 (1H, m, H-2eq), 2.14 (1H,
m, H-3’eq), 2.39 (3H, s, NMe), 2.69 (1H,dd, H-7’, J&,77=2.5
Hz, J;-.8=8.5 Hz), 3.03 (1H, dull dt, H-2, Jo' 3.x=12.5 Hz),
4.29 (1H, broad s, H-6’), 4.92 (1H, d, H-8"), 5.15(1H, d, H-1",
Ji2=3.5 Hz), and 5.37 (1H,d, H-1”, Ji»2»=3.5 Hz). This
spectrum was superimposable on that of the authentic sam-
ple of apramycin and the reported spctrum.1®

Found: C, 42.57; H, 7.29; N, 11.45%. Calcd for CyHy,-
Nsou * H2C03’H20! C, 42.65; H, 732, N, 11.30%.

4-O-[(8’R)-2’-Amino-8-O-(2”,3”,4”,6”-tetra-O-benzyl-a-n-
glucopyranosyl)-2’,7’-bis(N-benzyloxycarbonyl)-2’,3',7’-trideoxy-
7’-(methylamino)-n-glycero-a-n-allo-octodialdo-1’,5" : 8’ ,4’-
dipyranos-1’-yl}1,3-bis(N-benzyloxycarbonyl)-2-deoxystreptamine
(31). Following the procedure described for 30, a sam-
ple of 28 (12.6 mg) was treated with 2,3,4,6-tetra-O-benzyl- 8-
n-glucopyranosyl fluoride2® (9.0 mgX2), SnCl, (5.5 mgXx2),
AgClO, (5.7mgX2), and Molecular Sieves 4A (12.6 mgX2) in
a 4:1 mixture (0.189ml) of 1,4-dioxane and benzene, and
then worked up. Column chromatography on silica gel
(1.5g) with 20:1 chloroform-methanol gave two products
(4.7mg and 1.7 mg) having Ri-values of 0.43 and 0.48 (15:1
chloroform-methanol) with recovery of the unreacted 28
(5.5mg). The R 0.43-substance was the desired glycoside 31
as described below.

31 (R; 0.43-substance): 4.7mg (24% from 28; 42% yield
based on the unrecovered 28); mp 94—97 °C; [a]¥ +48° (¢
0.80, CHCI;); 'H-NMR (50 °C, CDCl3+D,0): 6=2.97 (3H, s,
NMe), 3.52 (1H, dd, H-2”, Ji»2»=4.0 Hz, Jo»3»=9.5 Hz), and
5.28 (1H, d, H-1”).

Found: C, 67.44; H, 6.40; N, 3.81%. Calcd for Cg;HggN4O5:
C, 67.67; H, 6.17; N, 3.90%.

R; 0.48-substance: 1.7mg; mp 97—101°C ; [a]F +57° (¢
0.41, CHCI3): IR (CHCIl): 2110 cm™! (azide); 'H-NMR
(50°C, CDCIl3+D,0): 6=3.02 and 3.05 (3H in total, each
broad s, NMe), and 7.1—7.4 (40H, m, PhX8).

By catalytic reduction, the R 0.43-substance (31) yielded
saccharocin (2) as described below, while the R; 0.48-
substance gave another product (R 0.46 on TLC with 1:3:2
CHCI3-MeOH-17% aqueous NHj; saccharocin: Ry 0.38).
Therefore, the R 0.48-substance was not further investigated.

Saccharocin (2: KA-5685). A sample of 31 (8 mg) was
hydrogenated and then purified as described for apramycin

Total Synthesis of Apramycin and Saccharocin 537

(1) to give a solid of the monocarbonate monohydrate of 2
(2.7mg, 78%): R; 0.38 (1:3: 2 CHCIl3-MeOH-17% aqueous
NH;); mp 187—190°C (decomp); [@])® +175° (¢ 0.5, water)
[lit, dihydrate:2» mp 188—190 °C; [a]} +163.5° (¢ 1.0, water);
KA-5685:2% [a]® +124° (¢ 0.5, H,0)]; MS (SIMS): m/z 541
(M*+1); ITH-NMR (5% ND; in D,0O): 6=1.21 (1H, q, H-2ax,
J=12.5 Hz), 1.67 (1H, q, H-3’ax, J=11.5 Hz), 1.98
(1H, dt, H-2eq, Ji,20¢=J2¢q.3=4.0 Hz, Jeem=13 Hz), 2.12 (1H,
dt, H-3eq, J',3cq=J3eq,#=4.0 Hz, Joem=11.5 Hz), 2.39 (3H, s,
NMe), 2.68 (1H, dd, H-7’, Jo,»=2.5 Hz, Jr,#=8.5 Hz), 2.70
and 2.87 (each 1H, m, H-1 and H-3, vice versa), 3.01 (1H, m,
H-2’), 3.61 (1H, dd, H-2"”, J\»2»=4 Hz, Jo~3»=10 Hz), 4.29
(1H, t, H-6’), 4.93 (1H, d, H-8’), 5.15 (1H, d, H-1", Ji2=3.5
Hz), and 5.35 (1H, d, H-1”). This spectrum was superimpos-
able on that of the authentic antibiotic 2 and the reported
spectra.2)

Found: C, 42.73; H, 7.36; N, 9.29%. Calcd for Cy Hjo-
N,;0,5- H,CO3+ H,0: C, 42.58; H, 7.15; N, 9.03%.
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