Tetrahedron Letters,Vol.24,No.l7,pp 1763-1766,1983 0040-4039/83/171763-04$03.00/0
Printed in Great Britain ©1983 Pergamon Press Ltd.

SYNTHESIS OF FLUORINATED KANAMYCIN A DERIVATIVES

R. Albert, K. Dax', and A.E. Stiitz
Institute of Organic Chemistry, Technical University Graz, A-8010 Graz, Austria

Abstract: Replacement of OH-5 and/or OH-6" by fluoride in kanamycin A; no substitution of
OH-4" but inversion of configuration when using DAST.

Regio- and stereospecific fluorination of polyfunctional molecules
has recently become attractive by introduction of new fluorinating reagents.1
For our program on chemical modification of aminoglycoside antibiotics this
advancement became of special interest, since substitution of hydroxyl group
in position 4" by fluoride in kanamycin A 2 only slightly reduced the anti-
bacterial activity whereas the basicity of the amino group at C-3" was lowered
considerably.3
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1: R = BOC; R' = Ac; R" = OAc; R™=R" = u; RV = RY = OH
2: R = BOC; R' = Ac; R" = OAc; R™ = R = 5; RV = F; RY = on
3: R = BOC; R' = Ac; R" = OAc; R" = RY =H; RN=r¥ = F
4: R = BOC; R' = Ac; R" = RY = oH; R" = R¥ = H; rR™ = oac
5: R = BOC; R' = Ac; R" = RY = H; R" = oH; RV = oac; RM'= F
7: R=1R'" =R" = R" =5; r* =RV =on; RV=F
8: R=R' =R" =RV =H; R" = o8; RV =RV = F
9: R=R' =R"=RY =H; R" =RV =oH; R" = F
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Starting from 2',3°',4',2",4"-penta-O-acetyl-tetra-N-tert.~-butyloxycar-

bonyl-kanamycin A 4

(1) the corresponding 6"-triflate was prepared; its reaction
with dry tetrabutylammonium fluoride in acetonitrile at ambient temperature gave
2',3',4',2",4"~penta-O~acetyl-tetra-N-tert.-butyloxycarbonyl-6"-deoxy-6"-fluoro-
kanamycin A (2) [m.p. 155-158°, [O(]EO +82° (c=1, cHCl,), R, o.7o] in 76% yield.
Treatment of 1 with diethylaminosulfur trifluoride (DAST)6 in dichloromethane at
-70° in 79% yield gave 2',3',4',2",4"-penta-0—~acetyl-tetra-N-tert.-butyloxycarbo-
nyl—5,6"—dideoxy—5,6"—défluoro—s-epi—kanamycin A (3) [ﬁ.p. 170° (dec.), Ej]go

+91°% (c=1.2, CHC13), Rf 0.65| involving position 5 as expected according to the
7

synthesis of 5-deoxy-5-fluoro-5-epi-kanamycin A.
Reaction of 2',3',4',2",6"-penta~-0O-acetyl-tetra-N-tert.~butyloxycarbonyl
kanamycin A 4 (4) under the same conditions did not lead to 2',3',4',2",6"-penta-
O-acetyl-tetra-N-tert.-butyloxycarbonyl-5,4"-dideoxy-5,4"-difluoro-5,4"-di-epi-
kanamycin A, but resulted in the formation of 2',3',4',2",6"-penta-O-acetyl-tetra-
N-tert.-butyloxycarbonyl-5-deoxy-5-fluoro-5,4"-di-epi-kanamycin A (5) [@.p. 158~
1600, BXJEO +73° (c=1.9, CHCl3), Rf5 O.4€] together with 2',3',4',2",6"-penta-0~
acetyl-1,3,6'-tri~N-tert.~-butyloxycarbonyl~3"-N,4"-0-carbonyl-5-deoxy-5-fluoro-
5,4"-di-epi-kanamycin A (6) [nup. 165-1710, CXJEO +85° (c=1.4, CHC13), Rf5 0.19
In this reaction the intermediate (Rf5 0.70; type 4"—O—SF2NEt26) obviously is
rather subject to intramolecular attack of the tert.-butyloxycarbonyl group at
3"~-N (forming 6) than to substitution by external fluoride. Considering a time-
dependency of the product ratio (68/24 after 3 h and 42/51 after 24 h, resp.),

compound 5 is unambigueously generated from the same intermediate during aqueous

work-up.
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Zempléh de~O-acetylation of 2, 3, 5, and 6, resp., followed by treat-

ment with trifluoroacetic acid gave the deprotected kanamycin A derivatives,

4
6"~deoxy-6"-fluoro-kanamycin A (Z),[CX go +122° (c=1.3, H20), R 8 0.70;
Ve-nmr®: c-3" 56.0 [56.6]; C-4" 70.0 (7.4 Hz) [?5.9 (7.4 Hz)]; c—s"T?z.s (17.7 Hzﬂ;

C~6" 84.0 (170.9 Hz) [83.3 (169.2 Hzi].

which were purified by chromatography on Amberlite CG 50 [ﬁH + :

5,6"-dideoxy-5,6"-difluoro-5-epi-kanamycin A (8), Ey]éo +123° (c=0.9, Hzo),
R.® 0.56; ' c-NMR®: C-1 49.0 (2.9 Hz) [48.9 (4.4 Hzﬂ ; T2 37.3 [29.2]; c-3 48.1
(2.9 Hz) [28.3 (4.4 Hzi]; C-4 80.0 (17.65 Hz) [}4.5 (17.65 sz]; c-5 90.3 (192.7
Hz) [88.2 (185.3 Hz)]; C-6 85.7 (17.65 H2) [79.5 (17.65 #z)|; c-3" 55.8 [56.5];
c-4" 70.4 (7.35 Hz) [66.4 (7.35 Hz{]; C-6" 84.5 (164.7 Hz) | 83.6 (167.7 Hzﬂ )
5-deoxy-5-fluoro-5,4"-di-epi-kanamycin A (9), BX]%O +125° (c=2, H2O), Rf8
0.51; '3c-NMR®: C-1 48.6 (4.41 Hz):; C-2 36.6; C-3 47.8 (2.94 Hz); C-4 78.8 (17.65
Hz); C-5 90.1 (178.0 Hz); C-6 85.1 (17.65 Hz); C-3" 52.3; C-4" 70.8; C-6" 62.8.

This compound can also be obtained by hydrazinolysis of compound 6.

3"-N,4"~0-carbonyl-5-deoxy-5-fluoro-5,4"-di-epi-kanamycin A (10), Bx]go +89°
(c=1.2, H,0), Rfs 0.54; '3c-NMR: C-1 48.4 (4.37 Hz); C-2 36.8; C-3 47.8 (2.94 Hz);
C-4 78.9 (17.65 Hz); C-5 90.0 (178.0 Hz); C-6 85.3 (17.65 Hz); C-3" 54.7; C—4"

69.4; C-6" 61.6; C=0 162.4.

Except 10, these compounds show antibacterial activity comparable to
1

that of kanamycin A. 0 Preparation of derivatives fluorinated at other positions,
i.a. those involved in predominant enzymatic deactivation mechanisms, will be

published in a different context.
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