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ABSTRACT 

Hydrazinolyses of hexa-0-benzoyl-tetra-N-benzyloxycarbonyl- 
and E-ethoxycarbonyl kanamycib A were performgd and found to be 
sufficiently regioselective to give the corresponding 2’-hydroxyl 
derivatives in good yields under controlled conditions. 
Products were converted into the corresponding 2’-triflates, which 
were then subjected to nucleophilic substitution reactions with 
sodium benzenethioxide, sodium benzoate, and sodium azide to give 
the corresponding D-mannopyranosyl derivatives in good yields. 
Deprotection of the Dhenylthio (lo) and azido (12) derivatives, and 
hydrogenolysis, gave Z’-deoxykankmycin A and il’-epi-kanamycin B, 
respectively. 
gave Z’-epi-kanamycin A .  

The 

Moreover, deprotection of the benzovl compound 11 

Copyright 0 1984 by Marcel Dekker, Inc. 
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52 SAKAIRI ET AL. 

INTRODUCTION 

A l a r g e  number o f  analogues o f  aminocyc l i to l  a n t i b i o t i c s  have 

been prepared i n  an e f f o r t  t o  ob ta in  compounds which are safer,  
more potent, and broader i n  t h e i r  spectum o f  a c t i v i t y .  Devel- 
opment o f  new compounds which are  e f fec t i ve  aga ins t  r e s i s t a n t  
bac ter ia  is  p a r t i c u l a r l y  important.  Chemical mod i f i ca t i on  o f  

dibekacin,' amikacinY3 and tobramycin represent examples of 
successful attempts t o  produce semi-synthetic a n t i b i o t i c s .  
S im i la r  mod i f i ca t ions  o f  kanamycin A a t  the  2 I -pos i t i on  have no t  
been achieved because an appropr ia te  procedure f o r  ob ta in ing  a 
f r e e  hydroxyl group a t  t h i s  p o s i t i o n  has been lack ing .  

we have es tab l i shed a novel procedure f o r  reg iose lec t i ve  e-de- 
acy la t i on  o f  f u l l y  acylated r ibonucleosides by t r e a t i n g  them w i t h  
hydrazine hydrate i n  a c e t i c  ac id -pyr id ine  o r  w i t h  hydroxylammo- 
nium acetate i n  pyr id ine.6 

o f  f u l l y  acylated, methyl g lycosides has been achieved us ing  
hydrazine hydrate i n  ~ y r i d i n e . ~  These procedures give, i n  gen- 

e ra l  , the corresponding 2- o r  2 ' -hydroxyl  de r i va t i ves  o f  g lycosy l  
compounds i n  good y ie lds .  

trif 1 a te  displacement from several methyl 2 - e - t r i  f 1 uoromethyl- 
sulfonyl-a-D-glucopyranoside - der i va t i ves .  * Subs t i t u t i on  a t  t he  

2-pos i t ion  i n  glucopyranoside de r i va t i ves  i s  d i f f i c u l t  t o  perform. 
Drawing upon a combination o f  t he  chemical reac t ions  described 
above, we have developed a new approach t o  the  chemical modif ica- 
t i o n  o f  kanamycin A a t  the  2 ' -pos i t ion .  

4 

Recently, 

5 

A s i m i l a r  2 -pos i t i on  deprotect ion 

He a l so  have reported recen t l y  

9 

RESULTS AND DISCUSSION 

Treatment o f  kanamycin A der i va t i ves  - 1 and 2 w i t h  2 molar 
equivalents o f  hydrazine hydrate i n  p y r i d i n e  a t  room temperature 

f o r  24 h gave the  corresponding 2'-hydroxyl de r i va t i ves  3 (659: 
y i e l d )  and 5 (67% y i e l d ) ,  respec t ive ly .  
p o s i t i o n  of the f ree  hydroxyl group, 3 w a s  subjected t o  the  treatment 

as fo l lows: methy lsu l fony la t ion  w i th  methanesulfonyl ch lo r i de  i n  

I n  o rder  t o  conf i rm the  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



CARBOHYDRATE DERIVATIVES. 13 53 

R 2 0  

R1 
- 1: -CO-OBn 

- 2 :  4 0 - O E t  

- 3 :  -CO-OBn 

- 5: -CO-OBR 
- 4 :  -CO-OEt 

- 6 :  -CO-OEt 

- 7 :  -CO-OBn 

- 8: -CO-OBn 

- 9: -CO-OBn 

10: -CO-OEt 

11: -CO-OEt 

12: -CO-OEt 

1 3  : H 

14 : H 
15  : H 

- 
- 
- 
- 
- 
L 

R2 R3 R4 
B z  OBz H 
B z  OBz H 

B z  OH H 

B z  OH H 
BZ OTf H 

B z  OTf H 
H H SPh 

H H OBz 

H H  
B z  H SPh 

B z  H OBz 

B z  H 

H H  H 

H H OH 
H H NHZ 

N3 

N3 
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54 SAKAIRI ET AL. 

p y r i d i n e  a t  O'C, debenzoy la t i on  w i t h  s a t u r a t e d  me thano l i c  ammonia 

a t  room temperature, hyd rogeno lys i s  w i t h  hydrogen on p a l l a d i u m  

b l a c k ,  chromatography on a column o f  CM sephadex C-25 w i t h  0.3 M 
aqueous ammonia. 

whose h y d r o l y z a t e  ob ta ined  by r e f l u x i n g  w i t h  6 M h y d r o c h l o r i c  a c i d  

was ch romatog raph ica l l y  compared w i th  t h a t  o f  kanamycin A s i m i l a r l y  

ob ta ined .  A paper chromatogram (6:4:3:1 - 1-butanol  - p y r i d i n e - w a t e r  
10 a c e t i c  a c i d  ) o f  t h e  former gave spo ts  f o r  2-deoxy-streptamine 

(DST) and 3-amino-3-deoxy-~-glucose ( Rf  DST = 2.66) , but u n l i k e  

kanamycin A i t s e l f ,  gave no s p o t  f o r  6-amin0-6-deoxy-E!-glucose 

(Rf DST = 1 .53 ) .  'H NMR spectrum (90 MHz i n  D20) o f  t h e  mesy la te  

gave a s i n g l e t  a t  63.10 (-SO2CN3) and doub le ts  a t  65.12 (J11,,211 

3.5 Hz, H-1") and 55.91 ( J11 ,21  4.0 Hz, H - 1 ' ) .  I r r a d i a t i o n  a t  

64.51 (H-2 ' )  made t h e  55.91 d o u b l e t  a s i n g l e t .  Whi le  t h e  spectrum 

o f  kanamycin A gave two doub le ts  a t  55.10 (Jlll,21, 3.0 Hz, H-1") 

and a t  65.56 (J11,21 3.0 Hz, H - l ' ) ,  i r r a d i a t i o n  o f  63.66 (H-2 '  and 

H-2") t ransformed bo th  o f  t h e  doub le ts  t o  s i n g l e t s .  Therefore, we 

concluded t h a t  t h e  Q-debenzoylat ion was induced a t  2 ' - p o s i t i o n  

w i t h  h i g h  r e g i o s e l e c t i v i t y .  Compound 4 was, however, n o t  s u i t a b l e  

f o r  sequen t ia l  t rea tmen ts  t o  o b t a i n  t h e  co r respond ing  2 ' -mesylate,  

s ince  y -dee thoxyca rbony la t i on  w i t h  aqueous bar ium hyd rox ide  

s o l u t i o n  a t  r e f l u x  b rough t  about s u b s t i t u t i o n  and e l i m i n a t i o n  

r e a c t i o n s .  

t h a t  2'-O--debenzoylation a l s o  shou ld  have occu r red  i n  f o r m a t i o n  o f  

- 4. It was of i n t e r e s t  t o  n o t e  t h a t  these r e a c t i o n s  gave no p roduc ts  
b e a r i n g  a f r e e  hyd roxy l  group a t  t h e  2 " - p o s i t i o n .  

t h i s  s e l e c t i v i t y  c o u l d  be e i t h e r  t h a t  t h e  3"-amido group i s  
s u f f i c i e n t l y  l a r g e  t o  i n h i b i t  r e a c t i o n  a t  t h e  2 " - p o s i t i o n  o r  t h a t  

hydrogen bonding between t h e  2 '-benzoyl oxy group and 5-hydroxy l  

groups a c t i v a t e s  t h e  2 ' -benzoyloxy group. 
- 4 w i t h  trifluoromethanesulfonic anhydr ide ( 2  mo la r  e q u i v a l e n t s )  a t  

-10 "C i n  p y r i d i n e  gave t h e  t r i f l a t e s  5 (82 % y i e l d )  and 

y i e l d )  , r e s p e c t i v e l y .  

- 6 acco rd ing  t o  a p r e v i o u s l y  r e p o r t e d  procedure. 

Th is  procedure gave kanamycin A monomesylate, 

The r e s u l t s  ob ta ined  f rom degrada t ion  o f  3 i n d i c a t e d  

The reason f o r  

Treatment o f  3 and 

(96 % 

We n e x t  conducted n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o g s  on 5 and 

I n  separa te  
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CARBOHYDRATE DERIVATIVES. 13 55 

reactions, compound 5 was treated with sodium benzenthioxide, 
sodium benzoate, and sodium azide. Because of partial - O-deben- 
zoylation during these reactions, all of the resulting mixtures 
were Q-debenzoylated with methanolic ammonia to give 1,3,6' ,3"- 
tetra-N-benzyloxycarbonyl-2'-deoxy-2'phenylthio-2'-epi-kanamycin - A 
(1) , 2'-epi-kanamycin A (8) ,and 2'-azido-2'deoxy-2'-epi-kanamycin A 

(21, respectively" (Entries 1-3, TABLE 1). In a similar manner, 
compound. 6 was converted into 3' ,4' ,2",4",6"-penta-Q-benzoyl-1,3, 
6' ,3"-tetra-~-ethoxycarbonyl-2'-deoxy-2'-phenylthio-2'-epi-kanamycin 
A (10) - , 2' ,3',4',2",4",6"-hexa-O-benzoyl-I,3,6',3''-tetra-N-ethoxy- - - 
carbonyl-2'-epi-kanamycin A (E), and 3',4',2",4",6"-penta-~- 
benzoyl-1,3,6 I ,3"-tetra-fj-ethoxycarbonyl-2 ' -azido-2 ' -deoxy-2 ' -a- 
kanamycin A (12) , respectively (Entries 4-6, TABLE 1 ) .  Successive 
treatment of 
and barium hydroxide in water gave Z'-deaxykanamycin A (13) in 47 % 

with sodium methoxide in methanol , Raney nickel, 

TABLE 1 
Nucl eophi 1 ic Substitution of 2'-Tri fl uormethyl sul fonyl kanamycin Aa 

Nucl eophi 1 e Temp. Time Yield 
("C) (h) ( % I  Entry 2'-Trifl ate 

(equi v . ) 

1 - 5 NaSPh (2) 70-75 12 73b 

3 - 5 NaN3 (2) 70-75 18 75b 
2 - 5 NaOBz (4) 70-75 18 65b 

4 - 6 NaSPh (1.2) 80-90 3 80' 
5 - 6 NaOBz (3) 80-90 7 69' 
6 - 6 NaN3 (3) 80-90 4 82' 

'All of the reactions were performed in N,N-dimethylformamide. 

bThese products were isolated by chromatography on a column of 
silica gel after g-debenzoylation with methanolic ammonia. 

'These products were isolated as the corresponding benzoates by 
chromatography on a column of silica gel. 
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56 SAKAIRI ET AL. 

y i e ld .  Similar treatment of 11 afforded (45 % y i e l d ) .  
Successive treatment of 1 2 w i t h  sodium methoxide i n  methanol, 
palladium black and hydrogen, and aqueous barium hydroxide gave 15 
i n  41 % y ie ld .  

hydrazinolysis , when fo l  1 owed by t r i f l  uoromethyl sul fonyl a t ion  and 
nucleophil i c  subs t i tu t ion ,  represents an e f f ec t ive  method f o r  
chemical modification of kanamycin A a t  the 2 ' -pos i t ion .  

The r e s u l t s  from this study demonstrate t h a t  reg iose lec t ive  

EXPERIMENTAL 

General Procedures. ' H  NMR spectra were recorded w i t h  Varian 
T-60, Varian EM-390, and Bruker (250 MHz) instruments, using t e t r a -  
methylsilane a s  an in te rna l  standard. IR spectra were recorded 
w i t h  a Hitachi 285 instrument. Spec i f ic  ro t a t ions  were determined 
w i t h  Hitachi PO-By Carl-Zeiss L E P  A - 1 ,  and JASCO DIP-SL instru- 
ments. 
p la tes  (thickness 0.25 m m )  , and paper chromatography was car r ied  
out on Toyo-Roshi paper No. 50. Column chromatography was 
performed on Wakogel C-300 using 30 times as  much a s  the  weight 
of the  sample. Elemental analyses were performed by Miss Mikiko 
Aoki , Laboratory of Organic Analysis, Department of Chemistry, 
Tokyo I n s t i t u t e  of Technology, and by the  members of Organic Analy- 
sis, I n s t i t u t e  of Physical and Chemical Research. 

TLC was performed on Merck s i l i c a  gel 60 F254 pre-coated 

2 '  ,3 '  ,4 '  ,2" ,4",6"-Hexa-O-benzoyl-l .__ ,3 ,6 '  ,3"-tetra-kbenzyloxy- 
carbonylkanamycin A (1). 
tetra-N-benzyloxycarbonylkanamycin A T 2  (10.2 g,  10 mmol) i n  pyri- 
dine (150 m L ) ,  benzoyl chloride (30 m L )  was added dropwise and the  
reaction mixture was s t i r r e d  a t  room temperature overnight. The 
resu l t ing  mixture was poured in to  ice-water, and extracted w i t h  
chloroform (800 m L ) .  
w i t h  5 % aqueous potassium hydrogen s u l f a t e ,  aqueous sa tura ted  
sodium bicarbonate, and water. After drying the organic layer  
over anhydrous magnesium s u l f a t e ,  i t  was evaporated t o  a syrup, 

To an ice-cold so lu t ion  of 1 ,3 ,6 ' ,3" -  

The organic layer  was washed successively 
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CARBOHYDRATE DERIVATIVES. 13 . 57 

which was then purified by column-chromatography (chloroform- 
methanol, 200:l v / v ;  2000 m L )  t o  give l ( 1 4 . 1  9,  86 % y i e l d )  as  
anamorphous powder, 

Found: C ,  67.41; H ,  5.09; N ,  3.63. 

+78O (c  1.5 i n  chloroform). 
Anal. Calcd f o r  Cg2H84N4025 : C ,  67.14; H ,  5.15; N ,  3.40. 

2 '  ,3 '  ,4 '  ,2",4",6"-Hexa-O-benzoyl-1,3,6' ,3I1-tetra-N-ethoxy- 
carbonyl kanamycin A (3. Treatment of 1,3,6' ,3"-tetra-!-ethoxy- 
carbonylkanamycin A 
m L )  in  the same manner as  above gave 2 (13.6 9,  97 % y i e l d )  as an 
amorphous p ~ w d e r , C a ] ~ ~  +100.7" (c  0.9 i n  chloroform). 

Anal. Calcd f o r  C72H76N4025: C ,  61.87; H ,  5.49; N ,  4.01. 
Found: C ,  61.78; H ,  5.42; N ,  3.87. 

4 (7.73 g ,  10 mmol) with benzoyl chloride (12.2 

3 '  ,4 '  ,2",4" ,6"-Penta-O-benzoyl-1,3,6' ,3'4-tetra-N-benzyloxy- 
To a solution of i ( 1 6 . 4 3  9,  10 mmol) carbonylkanamycin A (3J. 

i n  pyridine (100 m L ) ,  hydrazine hydrate (1.0 m L ,  20 mmol) was 
added and the reaction mixture was s t i r r e d  a t  room temperature f o r  
24 h .  The resul t ing solution was mixed w i t h  chloroform (300 m L ) ,  
and washed successively w i t h  1 M - hydrochloric acid,  an aqueous satu- 
rated solution of sodium hydrogen carbonate, and water. 
organic layer was dried over anhydrous magnesium s u l f a t e ,  the 
drying agent was removed, and the solvent was evaporated t o  leave 
a white so l id .  The so l id  was subjected to  column chromato- 
graphic separation (chloroform-methanol , 1OO:l v / v ;  3000 m L )  t o  

23 give 3 (11.2 9 ,  65 % y i e l d ) ,  mp 134-137 "C (from ethanol) ,  [a], 

+81" ( c  1.0 i n  chloroform), Rf 0.47 (benzene-ethyl acetate ,  2:3 

The 

v / v )  * 

- Anal. Calcd f o r  C85H80N4024: C ,  66.23; H, 5.23; N ,  3.63. 
Found: C ,  65.95; H ,  5.17; N ,  3.50. 

Metlyilsulfonylation study of 3.  To an ice cold solution of 
- 3 (0.46 9,  0.3 mmol) i n  pyridine (10 m L ) ,  methylsulfonyl chloride 
(0.08 m L ,  1 mmol) was added dropwise, and the reaction mixture was 
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58 SAKAIRI ET AL.  

s t i r r e d  a t  room temperature f o r  1 d .  

poured i n t o  i c e  water and extracted w i t h  chloroform. 
layer  was successively washed w i t h  1 fl - hydrochloric ac id ,  sa tu-  
rated aqueous sodium hydrogencarbonate, and water, and dr ied  over 
anhydrous magnesium s u l f a t e .  After f i l t e r i n g  the des iccant ,  the  
resu l t ing  so lu t ion  was evaporated t o  a syrup. 
jec ted  t o  chromatographic pur i f ica t ion  on a column o f  s i l i c a  gel 
(chloroform-methanol , 100: 1 v / v )  t o  give the  corresponding mono- 
mesylate (0.45 g ,  93 % y i e l d ) ,  which was homogeneous i n  TLC [ R f  
0.45 (benzene-ethyl ace t a t e ,  6:4 v / v ) ] .  
w i t h  methanolic ammonia (10 m L )  a t  room temperature f o r  2 d ,  and  
the so lu t ion  was evaporated t o  a syrup. 
dioxane-acetic acid-water (2 :2 :1  v / v ,  20 m L ) ,  and the  so lu t ion  was 
s t i r r e d  under hydrogen atmosphere i n  the  presence of palladium 
black (0.05 g )  a t  room temperature f o r  6 h .  After f i l t e r i n g  the  
c a t a l y s t ,  the r e su l t i ng  so lu t ion  was evaporated t o  a syrup, w h i c h  
was subjected t o  chromatographic separation on a column of CM 
sephadex C-25 (NH; form) (20 mL) by the  use of T, 0.3 ril aqueous 
ammonia t o  give kanamycin A monomesylate (0.09 g ,  54 % y i e l d  based 
on x),  R 0.51 (29 % aqueous ammonia - methanol - chloroform, 1 :  
2:l v / v ) ,  ' H  NMR (90 MHz i n  deuterium oxide) 6 (DSS) 3.10 ( s ,  3 ,  

Hz, H-1') [c f .  kanamycin A gave 5.10 ( d ,  1 ,  Jill,2ll 3.0 Hz, H - 1 " )  
and 5.56 ( d ,  1 ,  J l I y 2 ,  3.0 Hz, H - l o ) ] .  

dissolved i n  6 M hydrochloric ac id  ( 5  m L )  and the so lu t ion  was 
stirred a t  90-95 "C f o r  6 h .  After cooling down t o  room tempera- 
t u re ,  the  r e su l t i ng  so lu t ion  was neut ra l ized  w i t h  aqueous sodium 
hydrogen carbonate and subjected t o  paper chromatographic ana lys i s  
(1-butanol - pyridine -water  - a c e t i c  ac id ,  6:4:3:1 v /v ;  de- 
scending f o r  3 d 
2.66 [cf. hydrolyzate of kanamycin A gave three  spots  of Rf DST 
1 .OO (2-deoxystreptamine) , 1.53 (6-amino-6-deoxy-~-glucose), and 
2.66 (3-ami no-3-deoxy-g-g1 ucose) I .  

The r e su l t i ng  so lu t ion  was 
The organic 

The syrup was sub- 

The mesylate was t rea ted  

I t  was dissolved i n  

f 

-S02C13), 5.12 ( d ,  1 ,  Jill,2ll 3.5 H z ,  H-l"),  5.91 ( d ,  1 ,  J l I , 2 ,  4.0 

The mesylate (20 mg) was 

10 ), giving three  spots of Rf DST 1.00, 2.27, and 

3 , 4 ' , 2" , 4" , 6"- Pen t a  - 0- b en zoy 1 - 1 ,3 , 6 I , 3 I' - t e t r a  - N - e t hoxy - 
carbonylkanamycin A (4). Treatment of - 2 (4.2 g,  3 mmol) w i t h  
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CARBOHYDRATE DERIVATIVES. 13 59 

hydrazine hydrate (0.48 mL, 10 mmol) i n  the  same manner as above 
gave 5 (2.60 g, 67 % y i e l d )  as an amorphous powder, [a]g5 +85.5" 
(c  1.0 i n  chloroform), Rf 0.49 (chloroform-methanol, 9 : l  v /v ) ,  Rf 

0.44 (benzene-ethyl acetate, 2:3 v/v) .  
- Anal. Calcd f o r  C65H72N4024: C, 60.37; H,5.61; N, 4.33. 

Found: C, 60.23; H, 5.70; N, 4.81. 

3 '  ,4' ,2",4",6"-Penta-O-benzoyl-l,3,6' ,3"-tetra-N-benzyloxy- 

carbonyl-2'-0-trifluoromethylsulfonyl kanamycin A (5 ) .  
t i o n  o f  3 (1.15 g ,  1 m o l f  i n  a mix tu re  o f  p y r i d i n e  (10 ml )  and 
d i c h l  oromethane (40 mL) , trifl uoromethanesul f o n i c  anhydride' 
mL) was added a t  -10 "C and the  reac t i on  mix tu re  was s t i r r e d  f o r  

30 h a t  room temperature. 
ice-water and the  r e s u l t i n g  mix tu re  was s t i r r e d  f o r  1 h a t  room 
temperature. The mix tu re  was ex t rac ted  w i t h  chloroform (50 mL) 
and washed successivelay w i t h  1 M hydroch lo r ic  ac id  (100 mL x 3), 

saturated aqueous sodium hydrogen carbonate (100 mL x 21, and water. 
The organic l aye r  was d r i e d  over anhydrous magnesium su l fa te ,  and 

evaporated t o  a syrup a f t e r  f i l t e r i n g  o f f  the desiccant. 
syrup was subjected t o  column chromatographic separat ion (chloro- 
form-methanol, 99:l  v/v; 1000 mL) t o  g i ve  5 (1.39 g, 84 % y i e l d ) ,  
mp 110-113 "C ( from ethanol) ,  Cali3 +75" (c 1.3 i n  chloroform),  Rf  
0.44 (benzene-ethyl acetate, 6:4 v /v ) .  

S ,  1.92. 

To a solu- 

(0.3 

The r e s u l t i n g  s o l u t i o n  was poured i n t o  

The 

x. Calcd f o r  C86H79N4026SF3: C,  61.72; H, 4.76; N, 3.53; 
Found: C, 61.68; H, 4.67; N, 3.51; S, 2.25. 

3 '  ,4' ,2",4",6"-Penta-O-benzoyl-l,3,6' ,3"-tetra-N-ethoxy- 
carbonyl-2'-0- t r i f l uo romethy l su l fony l  kanamycin A (6) .  - 
o f  4 (3.9 g, 3 mmol) w i t h  trifluoromethanesulfonic anhydride (1  
mL) i n  py r id ine  (10 mL) - dichloromethane (80 mL) i n  the  same 

manner as above gave 6 (4.1 g, 96 % y i e l d )  as an amorphous powder, 
[a]2: t110.5" ( c  0.7 i n  chloroform) and vmax (KBr) 1140 and 1415 
cm-l (-OS02-), Rf 0.41 (benzene-ethyl acetate, 6:4 v/v) .  
- Anal. Calcd f o r  C86H79Nq026SF3: C, 56.62; H, 5.02; N, 3.93; 

S, 2.25. Found: C, 56.56, H, 5.05; N, 3.88; S, 2.03. 

Treatment 
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60 SAKAIRI ET AL. 

1,3,6' ,3"-Tetra-N-benzyloxycarbonyl-2'-deoxy-2'-phenyl thio- 
2'-epi-kanamycin A (7). To a solution of benzenethiol (0.25 mL) 
in DMF (6 mL), 2 M methanolic sodium methoxide (1.0 mL) was added 
and the solution was stirred at room temperature for 1 h. Com- 
pound 5 (1.66 g, 1 mmol) was added and the temperature raised to 
70-75 "C for 12 h. After cooling down to room temperature, the 
resulting solution was treated with methanolic ammonia (20 mL) at 
room temperature for 2 d. The solvent was evaporated to a syrup, 
which was then subjected to chromatographic separation on a column 
of silica gel (chloroform-methanol, 19:l v/v; 1000 mL) to give 1. 
(0.81 g, 73 % yield) as an amorphous powder, [ a ] ; 3  +53 (c 0.6 in 
DMF) , Rf 0.36 (chloroform-methanol , 8:2 v/v). 

S, 2.83. Found: C, 59.74; H, 5.92; N, 5.42; S ,  2.55. 
Anal. Calcd for C56H64N4018S*H20: C, 59.45; H, 5.83: N, 4.95; 

1,3,6' ,3"-Tetra-N-benzylo~ycarbonyl-2~-epi-kanamycin A (8). 
Treatment of 5 (0.84 g, 0.5 mmol) with sodium benzoate (0.29 g, 
2 mmol) at 70-75 "C for 18 h in the same manner as above gave S 
(0.33 g, 65 % yield) as an amorphous powder, +43' (c 0.4 in 
DMF) , Rf 0.30 (chloroform-methanol , 8:2 v/v). 

Found: C, 57.73; H, 5.70; N, 5.20. 
- Anal. Calcd for C50H60N4019~H20: C, 57.80; H, 6.01; N, 5.39. 

21-Azido-1,3,6',3"-tetra-N-benzyloxycarbonyl-2~-deoxy-2~-epi- 
kanamycin A (9). Treatment of 5 (0.84 g, 0.5 mmol) with sodium 
azide (0.065 g, 1 mmo1)at 70-75 "C for 18 h in the same manner 
as above gave 9 (0.42 g, 79%yield) as an amorphous powder, [aID 
t75" (c 0.6 in DMF), vmax (KBr) 2100 cm-'(-N3), Rf 0.38 (chloro- 
form-methanol , 8:2 V/V). 

Found: C, 56.10; H, 5.52; N, 8.95. 

23 

Anal. Calcd for C50H59N7018-H20: C, 56.43; H, 5.68; N, 9.21. 

3 ,4 ,2" ,4", 6"-Pen ta-0- benzoyl -2 I -deoxy-l,3,6 I , 3"- tetra-N- 
ethoxycarbonyl-2'-phenylthio-2'-epi-kanamycin A (10). To a 
solution of 5 (0.39 g, 0.3 mmol) in DMF (10 mL), sodium benzene- 
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thioxide (0.05 g ,  0.4 mmol) was added and the reaction mixture was 
stirred a t  70-80 O C  f o r  3 h .  
w i t h  ethyl acetate  (100 mL), and washed w i t h  saturated aqueous 
sodium chloride.  The organic layer was dried over anhydrous 
magnesium su l f a t e .  The solution was, a f t e r  f i l t e r i n g  off the 
desiccant,  evaporated t o  leave a syrup, which was subjected t o  
chromatographic separation on a column o f  s i l i c a  gel (benzene- 
ethyl ace t a t e ,  9:l  v / v ;  700 mL) t o  give s (0.32 g ,  80 % y i e l d )  
as  an amorphous powder,[u]i5 t88" ( c  1 .0  in chloroform), Rf 0.49 
(benzene-ethyl acetate ,  6:4 v/v). 

S ,  2.31. Found: C ,  61.01; H ,  5.58; N ,  3.93; S ,  2.31. 

The resul t ing mixture was di luted 

Anal. Calcd f o r  C71H76N4023S: C ,  61.55; H ,  5.53; N ,  4.04; 

2 I ,3 ' ,4 ' , 2" ,4" ,6"-Hexa-O-benzoyl-l,3 ,6 ' ,3"- tetra-N-ethoxy- 
carbonyl-2'-epi-kanamycin A (11). 
mmol) w i t h  sodium benzoate (0.14 g ,  1 mmol) a t  80-90 "C f o r  7 h 
i n  the same way as described above gave fl (0.27 g ,  69 % y ie ld )  
as  an amorphous powder, 
(benzene-ethyl acetate ,  6:4 v / v ) .  

Found: C ,  61.65; H ,  5.50; N ,  3.88. 

Treatment of 6 (0.39 g ,  0.3 

t41.7" ( c  0.6 i n  chloroform), Rf 0.30 

- Anal. Calcd f o r  C72H76N4025: C ,  61.87; H ,  5.49; N ,  4.01. 

2'-Azido-3 ' ,4 ' ,2" ,4" ,6"-penta-O-benzoyl-2 ' -deoxy-l,3,6 I ,3"- 
tetra-N-ethoxycarbonyl-Z'-Xi-kanamycin A 112). Treatment o f  5 
(0.39 g ,  0.3 mmol) w i t h  sodium azide (0.065 g ,  1 mmol) a t  80-90 "C 
f o r  4 h i n  the same manner as above gave 11 (0.33 g ,  82 % y ie ld )  
as  an amorphous powder, t47.1" (c  0.6 i n  chloroform), Rf 0.44 
(benzene-ethyl acetate ,  6:4 v / v ) .  

Found: C ,  58.49; H ,  5.42; N ,  6.99. 
__ Anal. Calcd f o r  C65H73N7024*H20: C ,  58.42; H ,  5.51; N ,  7.34. 

2'-Deoxykanamycin A (13). To a solution o f  lo (1.5 g ,  1.08 
mmol) i n  ethanol (35 mL), was added Raney nickel W-2 (10 mL, etha- 
nol wet) and s t i r r e d  under ref lux f o r  30 m i n .  
solution was, a f t e r  f i l t e r i n g  off the ca t a lys t ,  evaporated t o  a 

The resul t ing 
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62 SAKAIRI ET AL.  

syrup, which was then  sub jec ted  t o  chromatographic p u r i f i c a t i o n  
on a column o f  s i l i c a  g e l  (chloroform-methanol, 99:l v / v ) ,  and 
t h e  f r a c t  
b ined  and 
resu 1 t i ng 
% methano 
reached. 

ons [Rf  0.47 (benzene-ethyl ace ta te ,  6:4 v / v ) ]  were com- 
t h e  s o l v e n t  was evaporated t o  g i v e  a syrup.  
syrup was d i s s o l v e d  i n  anhydrous methanol (30 mL) and 28 
i c  sodium methoxide s o l u t i o n  was added u n t i l  pH 11 was 

The 

A f t e r  l e a v i n g  t h e  s o l u t i o n  f o r  30 m in  a t  room tempera- 
t u r e ,  i t  was n e u t r a l i z e d  w i t h  1 M h y d r o c h l o r i c  a c i d  and evaporated 

t o  a syrup.  
hyd rox ide  and r e f l u x e d  f o r  3 h. 
t u r e ,  t h e  s o l u t i o n  was n e u t r a l i z e d  w i t h  d r y  i c e  and t h e  i n s o l u b l e  
p r e c i p i t a t e s  were f i l t e r e d .  Treatment o f  t h e  f i l t r a t e  on a column 

o f  A m b e r l i t e  CG-50 (NH; form) (20mL) by  t h e  use o f  % 0.3 M aqueous 
25 

ammonia gave 13 (0.19 g 47 % y i e l d )  as an amorphous DOWder, [ a ] ,  

t124.8" ( c  0.9 i n  water) ,  'H NMR (20 %-deuter ium ammonia s o l u t i o n  

The syrup was d i s s o l v e d  i n  0.2 M aqueous bar ium 
A f t e r  c o o l i n g  t o  room tempera- 

o f  deuter ium ox ide )  6 1.36 (4, 1, J = J  = J  12.0 
1.2ax 'ax5'eq 

Hz, H-2,,), 1.73 ( d t ,  1 ,  J I 2 l  = J  12.5 Hz, h'-2ix), 2.06 
*ax' eq 24x,3' 

4.0 Hz, H-2 ) ,  2.26 (dd, 1, J2gq,3t 4.5 ( d t ,  1, J '2eq = J2eq,3 eq 
Hz, H-2' 1, 3.49 (dd, 1 ,  J2",3tr 12.0 Hz, H-2"), 2.8-4.2 (m, 16, 

ove r lapp ing  r i n g  p ro tons ) ,  5.02 (d, 1, J1,1.211 4.0 Hz, H - l " ) ,  5.45 
eq 

3.8 Hz, J11,21 < l.O>Hz, H-1 ' ) .  
eq 1 I , 2 iX  (broad d, 1, J 

Anal. Calcd f o r  C 1 8 H 3 6 N 4 0 1 0 ~ ~ ~ ~ C 0 3 *  H20: C, 43.70; H ,  7.53; 

N, 11.02. Found: C, 43.65; H, 7.24; N, 10.82. 

_ -  2'-epi-Kanamycin A (3). A s o l u t i o n  o f  11 (0.44 g, 0.31 

mmol) i n  anhydrous methanol (30 mL) was t r e a t e d  w i t h  28 % methan- 
o l i c  sodium methoxide s o l u t i o n  u n t i l  pH 11 was reached, and t h e  
r e s u l t i n g  s o l u t i o n  was a l l owed  t o  s tand f o r  30 min a t  room temper- 
a tu re .  A f t e r  n e u t r a l i z a t i o n  w i t h  1 M h y d r o c h l o r i c  ac id ,  t h e  

r e s u l t i n g  s o l u t i o n  was evaporated t o  a syrup,  which was then  
d i s s o l v e d  i n  0.2 M aqueous bar ium hyd rox ide  (30 mL) and s t i r r e d  
under r e f l u x  f o r  8 h. 
s o l u t i o n  was n e u t r a l i z e d  wi th  d r y  i c e  and i n s o l u b l e  p r e c i p i t a t e s  

A f t e r  c o o l i n g  t o  room temperature, t h e  
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were f i l t e r e d .  Treatment of t he  f i l t r a t e  on a column of Amberlite 
CG-50 (NH; form) (20 m L )  by the  use of d . 3  M aqueous ammonia gave 
- 14 (0.07 9 ,  47 % y i e l d )  a s  an amorphous powder,[ali3 t97.5" ( c  0.5 
i n  water), ' H  NMR (20 %-deuterium ammonia so lu t ion  i n  deuterium 

= J  = J  12.5, H-2,,) , 2ax,2eq 2axy3 ox ide ) ,  6 1.24 (9 ,  1 ,  J 

1.98 ( d t ,  1 ,  J 
S2ax 

3 .8  Hz, H-2 1, 2.8-4.2 (my 17, over- 
= J2eay3 eq 4" 

lapping ring protons),  4.08 (dd, 1 ,  J 2 1 , 3 ,  3.5 Hz, H-2'), 5.06 
(d ,  1 ,  Jill,2ll 4.5 H z ,  H-l"),  5.23 ( d ,  1 ,  J 1 1 , 2 ,  2.0 H z ,  H-1'). 
- Anal. Calcd f o r  C,8H38N4012-H20: C ,  43.02; H ,  7.26; N ,  11.15. 

Found: C ,  43.40; H ,  7.45; N ,  11.24. 

- 2'-epi-Kanamycin 8 (3). To a so lu t ion  of 12 (0.52 g ,  0.39 
mmol) i n  anhydrous methanol (20 m L ) ,  was added 2 M methanolic 
sodium methoxide so lu t ion  (10 drops) ,  and the  r e su l t i ng  so lu t ion  
was allowed t o  stand a t  room temperature f o r  8 h .  After neutra- 
l i z i n g  the  so lu t ion  w i t h  l M hydrochloric ac id ,  i t  was evaporated 
t o  a syrup, which was then dissolved i n  ethanol (10 m L )  and 
s t i r r e d  under hydrogen atmosphere i n  the presence of palladium 
black (0.02 9)  a t  room temperature f o r  5 h .  The r e su l t i ng  solu- 
t i o n  was, a f t e r  f i l t e r i n g  the  c a t a l y s t ,  evaporated t o  a syrup, 
which was dissolved i n  0.2 M aqueous barium hydroxide (30 m L )  and 
the so lu t ion  was s t i r r e d  under r e f lux  f o r  8 h .  After cooling the  
so lu t ion  t o  room temperature, i t  was neut ra l ized  w i t h  dry i c e ,  and 
inso luble  p rec ip i t a t e s  were f i l t e r e d .  
on a column of Amberlite CG-50 (NH; form) (20 m L )  by the  use of 
Q, 0.3 kl aqueous ammonia, gave 15 (0.087 9 ,  41 % y i e l d ) ,  a s  an 
amorphous powder, Cali3 t88.5" (c  0.5 i n  water ) ,  'H (20 %- 
deuterium ammonia so lu t ion  i n  deuterium oxide) ,  6 1.26 (4 ,  1 ,  

J1 'Zax  2ax,2eq 2ax,3 S2eq - 
J2 ,3 eq 

Treatment of the f i l t r a t e  

= J  = J  12.5 H z ,  H-2,,), 2.05 ( d t ,  1 ,  J - 

3.5 Hz, H-2 ), 2.8 - 4.2 ( m y  17,  overlapping r i n g  pro tons) ,  
eq 

5.06 (d ,  1 ,  J1ii,2ii 3.5 H z ,  H-1"), 5.20 ( d ,  1 ,  J11 ,212 .0  H z ,  H-1'). 
- Anal. Calcd for C18H37N5010-H2C03: C ,  47.83; H ,  7.21; N,  

12.84. Found: C ,  41.46; H ,  6.93; N ,  12.66. 
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