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ABSTRACT
Reactions of 2',3',4',2",6"-penta-QO-acetyl-tetra-

N-tert—butyloxycarbonyl kanamyc1n-A 4"-brosylate (4b)
or -4"-triflate (4c) with acetate, thlolacetate, azide,
and fluoride, respectively, result in the formation of
the corresponding derivatives of 4“—_2_—kanamyc1n A
(5a-d). While 4b invariably forms an elimination by—
product (2), the only side—reaction of 4c consists in
a neighboring group attack with formation of a 3" ,epi-
4"-cyclic urethane (7). Removal of the protecting
groups yields 4"-epi- (6a), 4"-thio-4"-epi-(6b), 4"-
deoxy—4"-fluoro-4"—e i- (6d), 4"-azido-4"-deoxy-4"~
ggl— (6c), and after ydrogenatlon of the latter, 4"-
amino-4"-deoxy-4"~epi-kanamycin A (6f).

Methyl 2,6-di-O-acetyl-3-amino=-3-N-tert-butyloxy-
carbonyl-3- deoxy 4—0 -triflyl- S—D—glucopyran051de (1b)
served as a model to anticipate preparation, handling,
and reactivity of 4c.
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INTRODUCTION

0O-4-»6 Acetyl migration was recently found3 to be a generally
applicable, valuable preparative tool for the regiospecific libera-
tion of hydroxyl groups at C-4 in hexopyranosides and aminodeoxy-hexo-
pyranosides, respectively. This method proved to be particularly use-
ful for the regio- and stereospecific synthesis of 4"-halogeno—4"-
deoxy-4"-epi-kanamycins A by way of various phosphorous containing
reagents.

In our contimiing efforts toward the chemical modification of
the kanosamine moiety of kanamycin A, we turned our attention to
the nucleophilic displacement reactions of kanamycin-A-4"-sulfo—
ates. In addition to the products of such reactions, general infor-
mation on the reactivity of 3-amino—-3-deoxy-3-N-tert-butyloxycarbon-
yl—4-9_—sulfonyl—hempyrarosides, still lacking fram the literature,
was of interest.

RESULTS AND DISCUSSION

Inasmich as the brosyloxy group was report:ied4 to be the most
favorable leaving group, even towards weak nuclecphiles, in D-gluco—
D—galacto inversion reactions, we prepared 2',3',4',2",6"-penta~QO-
acetyl-4"-O-brosyl-tetra-N~tert-butyloxycarbonyl-kanamycin A (4b) by
esterification of 2',3',4',2",6"-penta-O-acetyl-tetra-N-tert-butyl-
oxycarbonyl—kanamycin A (4a) with 4-bromobenzene sulfonyl chloride
in pyridine/dichloromethane. Treatment of 4b in dimethyl formamide
at 100-110°C for 6-10 h with sodium acetate, thiolacetate, and azide,
respectively, yielded the corresponding 4"-epi-acetate (5a), 4"-epi-
thiolacetate (Sb), and 4"-epi-azide (5c), respectively, in all cases
together with minor amounts of 2',3',4',2",6"-penta-O-acetyl-tetra-
N-tert-butyloxycarbonyl—4"~deoxy—4"-eno-kanamycin A (9), an
elimination product reported previously.l However, attempts to
convert 4b into the corresponding 4"-epi-fluworide employing tetra-
butyl ammonium fluoride in refluxing acetonitrile not only proceeded
slowly but also resulted in intractable product mixtures.
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In order to enhance the reactivity of the substrate towards
nucleophilic substitution, 2',3',4',2",6"-penta-O-acetyl-tetra-
N-tert—butyloxycarbonyl-4"-O-triflyl~kanamycin A (4c) as well as
methyl 2,6-di-O-acetyl-3-amino-3-N-tert—butyloxycarbonyl-3—deoxy-
4-O-triflyl-8-D-glucopyranoside (1b), a monosaccharide model, were
prepared. When 1b was treated with tetrabutyl ammonium fluoride in
acetonitrile at ambient temperature, a 70 % yield of methyl 2,6-
di-O-acetyl-3-amino-3-N-tert—butyloxycarbonyl-4-deoxy—4-fluoro—
8-D-galactopyranoside (2) was obtained within 2 h. Reaction of 4c¢
under identical conditions afforded 2',3',4',2",6"-penta-QO-acetyl-
tetra-N-tert—butyloxycarbonyl-4"-deoxy—-4"-fluoro-4"-epi-kanamycin
A (5d) in a yield of 73 %. Each of these reacticons proceeds with
formation of a by-product, a cyclic urethane, resulting fram intra-
molecular attack of the respective neighboring tert-butyloxycarbon-
yl group. Thus compound 2 is accompanied by methyl 2,6-di-O-
acetyl-3-amino—3-N, 4-O-carbonyl-3-deoxy—8-D—galactopyranoside (3,
20 %) and 54 by 2',3',4',2",6"-penta-O~acetyl-1,3,6 '~tri-N-tert —
butyloxycarbonyl-3"-N, 4"-O~carbonyl-4"-epi-kanamycin A (7, 12 %).
It is noteworthy that the mere substitution of acetonitrile for
benzene in this reaction almost reverses the ratio of 2 to 3 to
For comparison, 4c was treated at ambient terperature with the
same nucleophiles as 4b.

The results of all mucleophilic substitutions are collected
in the Table and can be summarized as follows:

In keeping with the good leaving group character of the trif-
lyloxy grcmp,s all nucleophilic displacement reactions of 4c pro-
ceed considerably faster and lead to higher yields than those of
4b. Aside from this distinctive quantitative effect, there is a
noteworthy qualitative difference between 4-brosylates and 4-trif-
lates of N-alkyloxycarbonyl-3~amino—-3-deoxy-D-glucopyranosides.
While the side-reaction of the former invariably results in a regio-
specific elimination, that of the latter leads to a 3,epi-4-cyclic
urethane, exclusively. Obviously, the camparatively severe con-
ditions required to obtain reasonable rates of substitution in the
brosylate favour elimination, while reactions at ambient temperature
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TABLE

Nucleophilic Displacement Reactions

Starting iy
Material Reagent Corditians Time Products (% Yield)

NaOAC DvF/100°C 8h 5a (69.3), 9 (10.2)
4b NaSAc DMF/100°C 6h 5b (62.8), 9 ( 4.0)
NaN, DMF/100°C 10h  5c (73.4), 9 ( 6.1)
NaOAC DMF/20°C 3h  5a (81.9), 7 (10.7)
o NaSAC oMF/20°C 2h  5b (83.1), 7 ( 6.7)
- NaN, DMF/20°C 2h 5S¢ (80.7), 7 ( 4.0)
Bu,NF MeCN/20°C 4h 54 (73.3), 7 (12.1)

of the triflates only allow substitution. The ratio of SN 2 to SN i
products is dependant on the nucleophility of the respective reagent
as apparent from the reaction of 1b with tetrabutyl ammonium fluoride
in an aprotic dipolar and a nonpolar solvent, respectively.

Hydrogenation of the azide 5c in the presence of acetic an-
hydride and Raney nickel gave 4"-acetamido-2',3',4',2",6"-penta-
O-acetyl-tetra-N-tert —butyloxycarbonyl-4"-deoxy-4"-epi~kanamycin
A (5e).

Removal of O-acetyl groups by sodium methoxide and of N-
tert—butyloxycarbonyl functions by trifluoroacetic acid afforded
4"-epi- (6a), 4"-thio-4"-epi- (6b), 4"-deoxy-4"-fluoro-4"-epi- (6d),
4"-acetamido-4"-deoxy-4"-epi~ (6e), 3"-N,4"-O-carbonyl-4"-epi- (8),
4"-azido~4"-deoxy-4"-epi- (6c}, and after hydrogenation of an
agueous solution of the latter in the presence of Raney nickel,
4"-amino~-4"-deoxy-4"-epi-—kanamycin A (6f).

In this context it is interesting that no oxidative coupling,
a reaction quite common to thiosugars, could be observed on de—
protection of 5b.

Fram these campounds, only 6a, 6c, and 6d show antibiotic
activity comparable to that of kanamycin A.
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EXPERTMENTAL

Melting points were cbtained with a Tottoll apparatus and are
uncorrected. Optical rotations were measured with a Perkin-Elmer
141 polarimeter. TLC was performed on silica gel 60 F254 pre-
coated plates (Merck 5554) and colum chramatography 6 on silica
gel 60, 230-400 mesh (Merck 9385). 'C NMR spectra, in full agree—
ment with the structures assigned, were recorded with a Bruker
WH-90 DS instrument.

Methyl 2,6-di-O-acetyl-3-amino-3-N-tert—butyloxycarbonyl-
3-deoxy-4-O-triflyl-8-D-glucopyranoside (1b). A solution of la 2
(4.0 g, 11 nmol) in dichloromethane/pyridine (19:1, 80 nl) and a
solution of trifluoromethane sulfonic anhydride (4.1 g, 14.5 mol)
in CH,Cl, (40 nL) were combined at 0°C and kept at that tempera-
ture for 1 h. After rapid extraction with ice cold 1 N HC1 (100 mL)
followed by extraction with a saturated solution of NaHCD3 (100 niL) ,
the corganic layer was dried and rapidly concentrated under reduced
pressure to form a 20 % solution, ready for further reactions.
Because of its marked inclination to form the cyclic urethane 3,

any lengthy manipulation is to be avoided.

2',3',4',2",6"-Penta-O-acetyl-tetra-N-tert —butyloxycarbonyl-
4"-O-triflylkanamycin A (4c). From 4a ° (4.0 g, 3.65 mmwl) and
trifluoromethane sulfonic anhydride (1.38 g, 4.87 mmol) as described
for the preparation of 1b.

2',3',4',2",6"-Penta-O-acetyl-tetra-N-tert —butyloxycarbonyl-
4"-brosyl-kanamycin A (4b). To a solution of 4a (11.0 g, 10.04

mmwl) in pyridine (50 rL) and G{2C12 (50 mL) a solution of 4-
bramobenzene sulfonyl chloride (4.0 g, 15.7 mmwol) was added. After
24 h at ambient temperature, the mixture was kept at 50°C for 2 h,
methanol (10 nil) added, evaporated and the solution of the residue
in CHC13 (100 nmL) extracted with 1 N HC1l followed by saturated
NaH(D3 solution. After drying and evaporation, chromatography
(toluene/ethyl acetate 1:1) yielded 10.3 g (78.1 %) of 4b;
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m.p. 150-155°C (dec.), [o(:_]go +58.1° (¢ 1.3, GCL,), R, 0.71
(toluene/ethyl acetate 1:2).

Methyl 2, 6-di-(_)—acetyl—3—anﬂno—3—§_—tert-butylo>@bulyl-
3,4~dideoxy-4-fluoro-g-D-galactopyranoside (2) and Methyl 2,6-di-
g—acet_:xl—3—§,i—g¥carbox1yl-ﬁ-—g-galactopyramside (3), a2t
solution of 1b (5 mbL) in C:Hzcl2 a solution of tetrabutyl ammonium
fluworide (3.0 g, 11.5 mmol) in (a) acetonitrile or (b) benzene
(20 nL) was added. After stirring for (a) 2 h or (b) 2 days at
roam temperature, the reaction mixture was evaporated to dryness
and products separated by colum chramatography (toluene/ethyl ace-
tate 1:1); 2: (a) 0.70 g (69.5 %), (b) 0.14 g (13.9 $); m.p. 116-
118%, [OC]2° - 19.6° (¢ 1.35, CHC1;), Rg 0.78 (toluene/ethyl ace-
tate 1:2); '%C MR (QC1y): 170.6 (Ac), 155.6 (BOC), 102.1 (C-1),
88.3 (4, J4,F 182.4 Hz; C-4), 80-.4 (BOC), 71.8 (&, JS,F 19.1 Hz;
C-5), 69.9 (C-2), 61.7 (d, Jg o 5.9 Hz; C-6), 56.8 (OMe), 53.3
(a, JB.F 17.6 Hz; C-3), 28.3 (BOC), 20.8 (Ac);

3: (a) 0.16 g (20.1 ), (b) 0.55 g (69.1 #); m.p. 158-158.5°C,
@L]go - 51.6° (c 0.78, QiCL,), R; 0.20 (toluene/ethyl acetate 1:2);
1 C NMR (le3): 170.8 {Ac), 158.3 (urethane), 100.2 (C-1),74.0

and 73.1 (C-2 and -5), 70.5 (C-4), 62.9 (C-6), 56.5 (QMe), 55.2
(c-3), 20.9 (Ac).

2',3',4',2",6"-Penta~O-acetyl-tetra-N-tert—butyloxycarbonyl-
4"—deoxy-4"-fluoro—4 "-epi-kanamycin A (5d) and 2',3',4',2",6"-Penta-
O-acetyl-1,3,6'=tri-N-tert—butyloxycarbonyl-3"-N, 4 "-O-carbonyl-
4"-epi-kanamycin A (7). A solution of 4c (20 ml) was treated
with a solution of tetrabutyl ammonium fluoride (5.0 g, 19.1 mmol)
in acetonitrile (20 mL) at ambient temperature until no starting
material could be detected by TLC. After evaporation of the sol-
vent the products were separated by chramatography (toluene/ethyl
acetate 2:3); 5d: 2.9 g (72.3 %), m.p. 140-145°C (dec.), [oqgo
+83.0° (c 0.9, GXCL,), R; 0.70 (toluene/ethyl acetate 1:2);
7: 0.45 g (12.1 %), m.p. 172-175% (@ec.), [0 + 78.0° ¢ 2.8,
CHCl3), Rf 0.68 (ethyl acetate).
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General Procedure for Nucleophilic Substitution Reactions
in Dimethyl Formamide.

With Brosylate 4b (Method A}: A 10 % solution of the brosylate
4b in dimethyl formamide was stirred at 100-1 10°C in the presence
of a 4-8 fold molar excess of reagent until the starting material
had disappeared (t.l.c.). After filtration and evaporation , the
residue was dissolved in CHC.I3 and, after filtration, chromatographed
(toluene/ethyl acetate 3:2).

With Triflate 4c (Method B): A 20 % solution of the triflate
4c (20 nL) in CHZC12wasdiluted with absol dimethyl formamide
(100 mL), a 5-10 fold molar excess of reagent added and the mixture
stirred at ambient temperature until no starting material ocould be
detected by TIC. The mixture was worked up as described above.

2',3',4',2",4",6"Hexa-O-acetyl-tetra-N-tert —butyloxycarbonyl-
4"-epi-kanamycin A (5a). Method A: 4b (6.0 g, 4.57 mmol) in the
presence of sodium acetate (3.0 g, 36.6 mmol) after 8 h gave 5a
[3.6 g (69.3 %), m.p. 123-125°C, [a]go +91.0° (c 2, CHCl,), Re
0.56 (toluene/ethyl acetate 1:2)] together with 9 ' (0.5 g, 10.2 #).
Method B: Fram 4c by treatment with sodium acetate (3.0 g, 36.6 mmol)
for 3 h, 5a (3.4 g, 81.9 %) and 7 (0.4 g, 10.7 %) were cobtained.

2',3',4',2",6"-Penta-O-acetyl-4"-S-acetyl-tetra—N-tert—butyl-
oxycarbonyl-4"-thio~4"-epi-kanamycin A (5b). Method A: 4b (4.0 g,
3.04 mmol) with sodium thiolacetate (1.1 g, 11.2 mmol) after 6 h
yielded 5b [2.2 g (62.8 #), m.p. 145-150°C (dec.), [a]go +82.3°
(¢ 1, GKCl;), R 0.56 (toluene/ethyl acetate 1:22[ and 9 (0.13 g, 4 %).
Method B: 4c with sodium thiolacetate (2.0 g, 20.4 mmol) after 2 h

gave 5b (3.5 g, 83.1 %) together with 7 (0.25 g, 6.7 %).

2',3',4',2",6"-Penta—O-acetyl-4"-azido—tetra-N-tert —butyloxy-
carbonyl-4"—~deoxy-4"-epi-kanamycin A (5¢). Method A: Treatment of
4b (4.0 g, 3.04 mmol) with sodium azide (2.0 g, 30.8 mmol) for 10 h
gave 5c (2.5 g (73.4 %), m.p. 140-145°%C (dec.), [oL 20 4 81.0°
(c 1.75, GiCl3), Rf 0.70 (toluene/ethyl acetate 1:2)land 9 (0.2 g,
6.1 %). Method B: Reaction of 4c with sodium azide (2.0 g, 30.8
mmol) for 2 h led to 5¢c (3.3 g, 80.7 8) and 7 (015 g, 4.0 8).
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2',3',4',2",6"~Penta—O-acetyl~4"-acetamido-tetra-N-tert —butyl-
axycarbonyl—-4"-deoxy—4"-epi-kanamycin A (5e¢). A 10 % solution of
5¢c (3.0 g, 2.68 mmol) in acetic anhydride was hydrogenated at 3 bar
(Parr apparatus) in the presence of Raney nickel (Fluka 83440, 3.0 g)
for 8 h. After filtration and evaporation the residue was chramato-
graphed (toluene/ethyl acetate 1:1) to give pure Se [2.8 g (92.1 %);
m.p. 175-180°C (dec.), [oL]D + 86.4° (c 0.95, GiCL,), R; 0.60
(ethyl acetate:]

General Procedure for the Removal of the Protecting Groups

A 5 § solution of the respective fully protected Kanamycin A
derivative in 0.01 N sodium methoxide in methancl was kept at am—
bient temperature for 30 minutes. After stirring with Amberlite
IR 120 [H+:] ion exchange resin (3 g) for 5 minutes, filtration and
evaporation to dryness, the residue was treated with 98 % tri-
fluorocacetic acid (5 mL/g) until gas evolution has ceased (5 min).
After absol ethyl ether (50 mL/q) was added and the precipitate
collected by filtration, a 10 % aqueous solution of this solid was
treated with excess of Dowex 1X} [ou’] followed by ion exchange
chromatography on Amberliete CG 50 (_NH4+:\ (0.1-0.3 N ammonia) .

[

Applying this procedure to Sa—e the following kanamycin A
derivatives were cbtained (Rf fram C‘HC13/25 3 NH4<}1/CH3(H 1:2:2):

4"-epi-Kanamycin A (6a, 88.0 8), [oc]go +142.2° (¢ 1.22, B,0),

Rf 0.51; 139—M4R7: C-3" 54.1 (54.3), C-4" 71.9 (68.4).

4"-Thio—4"-epi—kanamycin A (6b, 76.4 %), [OL:\;‘;O +119.2° (¢
1.25, H,0), R, 0.52.

4"-Azido—4"-decxy-4"-epi-kanamycin A (6c, 86.2 %), a]go
+139.5° (¢ 1.1, H,0), R, 0.70; C-NMR’: C-3" 54.2 (53.8), C-4"
66.6 (62.2).

4"-Deowy-4"~fluoro-4"-epi-kananyoln A (64, 62.3 %), Oqgo
+137.9° (¢ 1.3, H,0), R, 0.70; '°C MR’z C-3" 53.1 (d, J o 177
Hz) [54.2 (17.7 n:ﬁ, C-4" 93.6 (d, Tyu o 176.5 Ha) [90 5 (178 Hz):l
C-6" 62.6 (d, Jgn 1. 5.9 Hz) [ 63.0 (5.9 Bz).
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4"~Acetamido—4"~decxy-4"—epi-kanamycin A (6e, 85.5 %), [OL]SO
+138.0° (¢ 1.25, H,0), R 0.58; '°C MWR': C-3" 53.3 (54.9), C4"
53.3 (51.0), 178.3 and 25.0 (Acetyl).

3"-N, 4"-O-Carbonyl-4"-epi-kanamycin A (8, 78.9 %), [&]go
+90.2° (c 1.25, H,0), R, 0.61; '°C WR’: 3" 56.4, C-4 71.0,
c=0 164.1.

4"-Amino—4"-deoxy—-4"-epi-kanamycin A (6f). A 5 % aqueous
solution of 6¢c was hydrogenated at 3 bar in the presence of Raney
nickel overnight. After filtration and chromatographic purification
as described above, 6f was obtained as as amorphous powder (74.2 %),
[o 20 4 132.8° (¢ 0,85, H,0), R 0.48; ''C NR’: C-3" 54.2 (53.7),

C-4" 54.2 (52.7), C-5" (67.2).
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