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ABSTRACT 

Reactions of 2',3',4',2",6"-penta-O-acetyl-tetyl-tetra- 
~-tert-butyloxycarbonyl-kanamycin-A-4"-brosylate (4b) 
or -4"-triflate (k) with acetate, thiolacetate, azde, 
and fluoride, respectively, result in the formation of 
the corresponding derivatives of 4"-epi-kanamycin A 
(*-a_). While 4b invariably forms an elimination by- 
product (?), the only side-reaction of % consists in 
a neighboring group attack with formation of a 3",e&- 
4"-cyclic urethane (7). Removal of the protecting 
groups yields 4 ''-@&I (el, 4"-thio-4"-epi-(%) , 4"- 
deoxy-4"-fluoro-4"-e 1 (e), 4"-azid0-4~-deoxy-4"- 
epi- (6c), and aftefiidrogenation of the latter, 4"- 
amino-p-deoxy-4 "-epi-kanamycin A ( 6 f )  . 

Methyl 2,6-di-0-acetyl-3-amino-3-~-tert-butyloxy- 
carbonyl-3-deoxy-4-~-triflyl-~-~-glucopyranoside (lb) 
served as a model to anticipate preparation, handlGg, 
and reactivity of s. 
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290 ALBERT ET AL. 

IlZmmKmrn 

( ~ 4 4  ~ c e t y l  migration was recently to be a m l y  
applicable, valuable preparative tool for tbe regiospecific Libera- 

pyranosides, respectively. 
ful for the regio- and stereospecific synthesis of 4"-halcg&"- 
deoxy-4"-e9i-kanamycins A by way of varicus phspbmus containing 

reagents. 
~n our contirnting efforts taward  the chemicdl mdification of 

tion of hydroxyl groups at g-4 in he>cnpyranosides and ankmdeo xy-- 
m i s  method prwed to be particularly use- 

1 

the kanosamine miety of -in A, w= turned our attention to 
the nucleqhi,lic displaoarent reackions of kmamycin-A-4"-sulfo- 
ates. ~n addition to the prcdxzts of such reactions, general infor- 
mtion on the reactivity of 3-amirr1-3-deoxy-3~-t-htyloxycarbon- 
y l - 4 - 0 - s u l f o n y 1 - ~ i & s ,  - still lacking fran the literature, 

WE3 of interest. 

RESULTS AM) DISCUSSICN 
4 

Inasnu& as the bmsyloxy gzoup was reprted to be the mst 
favorable leaving group, even lmwards neak nwlecphiles, i n  -mlm - 
- Dgalacto - inversion reactions, we prepared 2 '  , 3 '  ,4 '  , 2 " , 6 " ~ t a *  

acetyl-4 " ~ b o s y l - + p ~ ~ - ~ - U + v l o ~ ~ ~ l - ~  ' A ( S ) b y  

esterification of 2 ' , 3 , 4 ' ,2" , 6"-penta~a~etyl-tetra-N-tert-butyl- 
oxycarbonyl-kanamycin A (4a) - w i t h  4-bnXmbenzene sulfonyl chloride 
i n  pyridine/dichlo~thane. Treatmnt of - 4b in dimthy1 formmi.& 

at loo-110°C €or 6-10 h with sodiurm acetate) thiolacetate, and azide, 

respectively, yielded the wrre- * 4"-ee-acetate (2) , 4 @ ' - e e -  

thiolacetate (Sb) - , and 4"9i-azide (z) , respectively, i n  a l l  cases 
together w i t h  minor annunts of 2 I ,3 ' , 4 ' , 2", 6 " ~ t a + a c e t y l - t e t r a -  

elimination product reported prwi0usly.l ~~awwer, at- to 
convert g into the mrresp~4"-qi=flwride enploying tetra- 

htyl ammniun fluoride in refluxing acetonitrile mt  only proceeded 
slowly but also resulted i n  intractable product mixtures. 

~tert-butyloxyCarkony14 " - d e o x y - 4 " - ~  . A (2) an 
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BOCHN R '  

Ac 
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292 ALBERT ET AJi. 

In  order to enhance the reactivlty of the suhstrate towards 
nucleopNlic substitul3.cn , 2 ,3 , 4 ,2", 6 "-~ta~acetyl- te t ra-  
- ES-tert-htyl~yl-4"~triflyl-kanamycin - A (3) as w e l l  as 
m t h y l  2 I 6 ~ U ~ ~ l - 3 - a m i n r 3 - N - t e r t - h u t y l o x y c  - 
4~triflyl-fl-~lucopyranosFde - (21, a mmsaccharide nodel, were 
prepared. When - lb was treated w i t h  tetrabutyl d m  fluoride in 

acetmitrile a t  d i e n t  tenperature, a 70 % yield of m t h y l  2,6- 
d i - O - a c e t y l - 3 - a 3 ~ ~ - h ~ l o ~ y l - 4 ~ e o ~ - 4 - f l m ~  - - 
B-Q-galactopyramside - (2) - was obtained within 2 h. F&action of - 4c 
under i-tical OorditFOns afforded Z1,3',4',2",6''-penta~acetyl- 
tetra++ert-htyloxycarhyl-4 "4eoxy-4 " - f lmm4 "*pi-kanamycin 
A (g) in a yield of 73 %. Each of these reactions proceeds w i t h  

f o m t i o n  of a by-prduct, a cyclic urethane, resulting fran intra- 
m o l e c u l a r  attack of the respctive ne ighbr ing  tert-htyloq-n- 
y l  group. Thus carpound 2 fs acocxlpanied by m t h y l 2 , 6 + ?  
a c e t y l - 3 - ~ 3 ~ , 4 ~ y l - 3 - d e o x y - B - p g a l a ~ a m s i d e  - (3, - 

b u t y l a x y c a r b o n y l - 3 " ~ , 4 " ~ y l - 4 " ~ p i - k a n a m y c ~  - -  A (1, 12 %) . 
It is noteworthy that the mere substitutim of acetonitrile for  

benzene i n  this reaction almst reverses the ratio of 2 to 2 to 
For ccnparison, - 4c k ~ s  treated a t  anbient tg.perature w i t h  the 
same nucleophiles as e. 
i n  the Table and can be summrized as follows: 

20 %) and - 5d by 2 1 , 3 ' , 4 1 , 2 n , 6 N - ~ ~ ~ ~ t y 1 - 1 , 3 , 6 1 - t r i ~ t ~ -  - 

The results of a l l  nucleophilic substitutions are mllected 

In keep- wi th  tbe good lea- group character of the t r i f -  
l y l o w  group,' a l l  nucleophilic aisplacaaent reactio ns of &pro- 
ceed considerably faster and lead to higher yields than t kse  of 
- 4b. A s i d e  fnrn this dist3x?tive quantitative ef fec t ,  there is a 
mtamr thy  qualktative difference between 4-hrosylates and 4-trif- 
l a b s  of N - d l k y l o x y c a r b o n y l - 3 - ~ ~ 3 ~ ~ - ~ ~ l ~ s i ~ s .  - - 
Ihile the side-reaction of the f o m  irnmriably results i n  a regio- 
s p c i f i c  elimination, that of the latter leads to a 3,e~&-4-cyclic 
urethane, exclusively. C#.nrimly, the ccnparatively severe con- 
ditions required to obtain reasonable rates of substitution i n  the 
brosylate fa- elimination, while reactions a t  anbient tenperatwe 
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KANAWCIN A 293 

starting 
Material 

4b - 

4c - 

cofitials 
m/lmoc 
L%F/ 1m0c 
m / l m o c  

m/2ooc 
m/20°c 
m/2ooc 

WCW20°C 

TiIW 

8 h  
6 h  

10 h 

3 h  
2 h  
2 h  

4 h  

of the t r i f l a t e s  only allcw substitution. The r a t io  of % 2 to SN i 
prcduclzs is depndant on the nucleophility of the respebim reagent 
as a w e n t  f r u n  the reaction of & with tetrabutyl amnMliun fluoride 

i n  an aprotic dipolar arid a n o n ~ ~ l a r  solvent, resEsectively. 
in the presence of acetic an- 

hydride and Raney nickel gave 4"-aceta"~b-2',3',4',2",6"-penta- 
- 0-acetyl-tetraetert  -butyloxycarbonyl-4 "-deoxy-4 "-e?&-kanany~in 

A (g). 
F&mval of pacetyl groups by sodim rnethoxFde and of p 

tert-htyloqcarbnyl fmctions by t r i f lwmace t i c  acid afforded 

4 " - a c e ~ 4 ' ~ - d e o x y - 4 " - e ~ -  (e) , 3"-N_,4"-ny1-4"-e&- (S, , 
4"-azi&4"-deoxy-4"-e?.i~&- (k), and after hydrcgenation of an 
aqueous solution of the latter in the presence of Raney nickel, 

Hydrogemtion of the a i d e  

4 " - ~ 9 -  (3) , 4"-thi0-4"-e&- (el , 4 " - d e o x y - 4 " - f l ~ ~ 4 " ~ -  (El, 

4 " - a m i . r ~ - 4 " 4 e 0 ~ ~ - 4 " - e & - ~ h  A (6f). 
I n  this oontext it is interesting that rn oxidative coupling, 

a read3.m quite conmxl to thibsugars, could be obsenred on de- 
ptectian of s. 

Fran these anpunas ,  only s, &, and 3 show antibiotic 
activity ccrrparable to that of kanamycin A. 
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294 ALBERT ET AL. 

M e l t i n g  points were obtabed w i t h  a 'Xbtt0l.i -atus and are 
uncorrected. opucal rotations were masured w i t h  a Perkin-EZmer 
141 polar imter .  TLC was performd on silica gel 60 F254 pre- 
coated plates (M 5554) and colm ChraMtOgraphy on silica 
gel 60, 230-400 msh (Mirck 9385) .  I3C PPlR spectra, i n  full agree- 
ment with the structures assigned, wx-e recorded w i t h  a B N k e r  

Mi-90 I1s ins-t. 

&thy1 2 , 6 - ~ i i ~ a c e ~ l - 3 - a m i n r 3 ~ ~ ~ 1 0 ~ h y l -  
2 3 - a e O x y - 4 - c F t r i f l ~ l - E - Q - g l ~  amside (l&). 

(4.0 q, 11 ml) i n  dicNoranethane/pyridine (19:1, 80 mt) and a 
soluticm of trifluororrethane sulfmic anhydride (4.1 q, 14.5 ml) 
in CH2C12 ( 4 0  mL) were d i n e d  a t  O°C and kept a t  that tempera- 
ture for 1 h. After rapid extractFon w i t h  ice cold 1 N X l  (1 0 0  mL) 

fo l lwed  by extraction w i t h  a saturated solution of (100 a), 
the organic layerwasdried and rapidly concentrated @er dd 
pressure to form a 20 % solutim, ready for further reactians. 
muse of its I112LLJGed inclination to form the cyclic urethane 2, 
any lengthy d p i l a t i o n  is to be awided. 

A solution of - - 

2',3',4',2",6"-Penta-O-aetyl-tetra-p~-htylo~~yl- - 
Fran -- 4"+trif l y l - w  in A (g). 

trifluorarrethane sulfcllic anhydride (1.38 g, 4.87 -1) as described 
for the preparation of g. 

(4 .0 g, 3.65 ml) and 

2 I I 3 I 4 ' I 2", 6 "-Penta~~tyl-te~~etra-_N?ert-butyloxycar 1- 

4 "-brosyl-kanamryc in A (g) . 
m m l )  i n  pyridine (50 I&) and CH2C12 (50 mL) a soluticm of 4- 

brarnbenzene sulfonyl chloride (4..0 g, 15.7 mm1) was added. After 
24 h at arrS3i-t tarperature, the mixture was kept a t  sO°C for 2 h, 

mthanol (10 mt) added, evaporated and ttre solutim of the residue 

lb a solution of (11 .O q, 10.04 

h GXl3 (100 extracted With 1 N HC1 followed by saturated 

NaHco3 s o l u t h .  After drying and evaporatim chrumtwa& 
(toluene/ethyl aceate 1:l) yielded 10.3 g (78.1 %) of 2; 
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KANAMYCIN A 295 

m.p. 150-155°C (deC.1, [a]? + 58.1O (c - 1.3, El3) I Rf 0-71 

(toluene/ethyl a e t a t e  1 : 2)  . 
kthyl 2 , 6 - d i ~ ~ t y l - 3 - a m i n o - 3 ~ - ~ W l O ~ Y  1- 

3,I-dideaXy 4-flmro-I3-pgalam an0si.de (2) and .ethyl 2,6-di- 

O-acetyl-3+,i- - - 
solution of 2 (5 mt) i n  9 c l 2  a solutim of tetrabutyl anmnim 
f luoride (3.0 9, 11.5 m l )  i n  la) acetonitrile or (b) benzene 
(20 I&) was added. After stirring for (a) 2 h or (b) 2 &ys a t  
roan tanperature, the reaction m i x t u r e  was evaporated to  dryness 
and mutts separated by calm chrcmtogra@~y (toluene/ethyl ace- 
tate 1: l ) ;  2: (a) 0.70 g (69.5 %), (b) 0.14 g (13.9 %); m.p. 116- 

118OC, [a]: - 19.8O (c - 1.35, C?lC13), Rf 0.78 (toluene/ethyl ace- 
tate 1:2); l3CN4R ((DCl3): 170.6 (k), 155.6 (Boc), 102.1 (2-11, 

l - w - 9 . a ~  anoside (3) .  R3 a 20 % 

88.3 (d, J 

- C-5), 69.9 (c-2), 61.7 (d, J6,F 5.9 Hz; c-6), 56.8 (W), 53.3 

182.4 Hz; - C-4), 80.4  (BOC), 71.8 (d, J5,F 19.1 Hz; 
4 ,F 

17.6 Hz; - C-3), 28.3 (Boc), 20.8 (" J3,F 
- 3: (a) 0.16 g (20.1 %),  (b) 0.55 g (69.1 %);  m.p. 158-158.5OC, 

and 73.1 (C-2 - and -5), 70.5 (c-41, 62.9 (c-6), 56.5 (Wl, 55.2 

(C-3), - 20.9 (-1. 

2 ' , 3 ' , 4 ' , 2 " , 6 " - ~ t a ~ a c e t y l - t - ~ ~ l O ~ y  1- 
4"-deoxy4"-f 1 ~ r 0 - 4  "-epi-kaMmyc in A (M) - and 2',3',4',2",6"-penta- 

- ~acetyl-1,3,6'-tri~-butyloxycarbcnyl-3"-N,4"~yl- --- 
4 "-epi-kananyc in A (1). A solutim of 
w i t h  a solution of tetrabutyl m n i m  fluoride (5.0 9, 19.1 ml) 

i n  acetonitrile (20 I&) a t  anbient tarperature until rn starting 
nvaterial could be detected by TLC. A f t e r  evaporation of the sol- 
vent the products were separated by chrumtogra@~y (toluene/ethyl 
acehte 2:3); - M: 2.9 g (72.3 %),  m.p. 140-145OC (dec.), cot]? 
+ 83.0° (c - 0.9, W,), Rf 0.70 (toluene/ethyl acetate 1:2); 

- 7: 0.45 g (12.1 %), m.p. 172-175 C (dec.), [q? + 78.0° (5 2 .8 ,  

(HCl3), Rf 0.68 (ethyl acetate). 

(20 d) was treated 

0 
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296 ALBERT ET AL. 

General procedure far N u c l w l i c  Substitution kacti0n.s 
in D i m t h y 1  Foxnamide. 

with Brosy late - 4b (ktkd A): A 10 % soluticm of t k  bmsylate 
- 4b in dimethyl fomm.i.de was stirred at loCrllO°C in the presence 
of a 4-8 fold mlar excess of reagent until the starting material 

had- (t.1.c.). After filtraticm and evapration , the 
residue was dissolved in Uic13 and, after filtration, chrolMtmgra@xxi 
(toluene/ethyl acetate 3:2). 

With Triflate - 4c (MeM B) : A 20 % solution of the triflate 
- 4c (20 I&) in ~C12wasdiluted w i t h  absol dimthyl formmi.de 
(100 I&), a 5-10 fold mlar excess of reagent a M  and the mFxture 
stirred at ankient temperature until rn starting material could be 
detected by m. The mixture was wbrked up as described above. 

2 ' ,3 ,4 ' ,2", 4", 6 n-iiexa-O-acetyl-tetra+-tert - -htylo-y 1- 
4 "-epi-kammy tin A (2). 
presence of scdim acetate (3.0 g, 36.6 m l )  after 8 h gave 2 
c3.6 g (69.3 81, m.p. i23-moc, [a]? + 91.00 (c - 2, mi3), R~ 
0.56 (toluene/ethyl acetate 1:2) together w i t h  9 (0.5 g, 10.2 %). 

Methcd B: kan - 4c by treatment w i t h  sodium acetate (3.0 g, 36.6 ml) 
for 3 h, 

* thd  A: (6.0 g, 4.57 m l )  in the 

1 
(3.4 g, 81.9 %) and z(0.4 g ,  10.7 %) =re obtained. 

2',3',4',2",6n-Penta-O-acetyl-4n-~-acetyl-tetra~-tert-butyl- - 
Method A: & (4.0 g, n y l - 4  "-thi0-4 "*pi-- i n  A (z). 

3.04 ml) w i t h  scdiun thiolaoetate (1.1 9, 11.2 m 1 )  after 6 h 
y i e l w  2 b.2 g (62.8 %), m.p. 145-ls0°c (dec.), [a]: + 82.3O 
(2 1, c1#31~), R~ 0.56 (tolume/ethyl acetate 1:2] and 2 (0.13 g, 4 8 ) .  

Method B: % w i t h  sodium thiolacetate (2.0 g, 20.4 ml) after 2 h 

gave (3.5 9, 83.1 %) together with 1 (0.25 g, 6.7 %). 

2 I ,3 ,4 ' ,2 " ,6 n - ~ t a ~ ~ t y 1 - 4 " - ~ i ~ t r a ~ ~  loxy- 
carbcnyl-4"- "-epi-kanamyc h A (El. &lethod A: Treatxmnt of 
- 4b (4.0 9, 3.04 m l )  w i t h  d u n  azide (2.0 9, 30.8 ml) for 10 h 
gave - 5~ [2.5 g (73.4 81, m.p. 140-145°c (dec.1, [ay + 81-00 
(5 1.75, arC13), Rf 0.70 (toluene/ethyl acetate 1 :2) and 2 (0.2 9, 
6.1 %).  

ml) for 2 h led to 
Methcd B: Feaction of % w i t h  d u r n  azide (2.0 9, 30.8 

(3.3 9, 80.7 %) and - 7 (a15 g,4.0 8). 
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KANAMYCIN A 297 

2 ,3 ,4 , 2" , 6 " - ~ t a ~ a ~ ~ l - 4 " - a c e ~ ~ t e t ~ - - I x l t y l -  
-1-4''- 4 " - e p i - m  i n  A (k). A 10 % ~ l u t h l  Of 

- 5c (3.0 g, 2.68 ml) in  acetic anhydride was -tea at 3 bar 
(parr apatus) in tbe presence of Raney nickel (Fluka 83440, 3.0 g) 

for 8 h. After filtraticn and evapraticn the residue was ChraMtO- 

gr- (toluene/ethyl acetate 1:1) to give pure 
m.p. 175-18O0C (dec.), [a]? + 86.4O (g 0.95, arC13) , Rf 0.60 
(ethyl acetatej. 

b.8 g (92.1 8);  

General M u r e  for the Ilplrpvdl of the -Wring Groups 

A 5 % solution of the r e e v e  N l y  protected kaMmycin A 

derivative in 0.01 N d m  methoxide in methanol was k e p t  at am- 
bient terrperature for 3.3 minutes. After stirring w i t h  I\nsserlite 
I R  120 [H+] ian exchange resin ( 3  g) for 5 minutes , filtration and 
evapxation to m s ,  the residue was treated with 98 % tri- 
fluorcacetic acid (5 nit,/g) until gas evolution bas ceased ( 5  min) . 
Af- absol ethyl ether (50 d / y )  was added and p e i p i u ~  
collected by filtration, a 10 % aqueous solution of this solid was 

mtd w i t h  access of 1x1 [CHI f o l l d  by ion ex~hange 
ChraMtOgraphy on Antxrliete CG 50 [mi4 (0.1-0.3 N armania). 

L 'I 
Applying this prccedwe to 5a-e the following kdnmycin A 

derivatives were abtained (Rf fran CX13/25 % EB140H/cW3cH 1 :2:2) : 

4"-epi-KaMmycin A (k, 88.0 %), [a]," + 142.2O (c 1.22, H 2 0 ) ,  

Rf 0.51; I3C-M4R7: - C-3" - 54.1 (54.3), c-4'' 71.9 (68.4). 

4 "-llli0-4 "-epi-kaMmyc in A (6b, - 76.4 %),  [a]? + 119.20 (c 
1.25, R20), Rf 0.52. 

+ 139.5O (c - 1.1 , H20) Rf 0.70; 13c-NYR7: c-3" 54.2 (53.8) c-4" 
66.6 (62.2). 

4"-Azido-4"+kuq- 4 "-epi-kanamyc in A (&, 86.2 %), 

4"-Deoxy-4"-flmJm-4"-epi-kananq cin A (6d, - 82.3 %) , 
+ 137.9O (2 1.3, 0.70; I3C - EpIR7: - C-3" 53.1 (d, J3n,F 77.7 

93.6 (d, JqIlIF 176.5 Hz) LW.5 (178 H z g ,  Hz) c54.2 (17.7 
- C-6" 62.6 (d, J6n,F 5.9 Hz) b 3 . 0  (5.9 Hz)]. 
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4"-AmFno-4"-deoxy- 4 "-epi-kananyc i n A  (6f). A 5 % a q U e O U S  

solution of 
nickel overnight. A f t e r  filtration and - w m c  plrification 
as described above, =was obtained as as rn-m (74.2 %) 

[a]? + 132.8O (c - 0.85, H20), Rf 0.48; l3S Eplnr7: - C-3" 54.2 (53.7) , 
- C-4" 54.2 (52.7), - C-5" (67.2). 

was hydrosenated at 3 bar in the presence of Raney 
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