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SYNTHESIS OF 2',3'-DIDEOXY-2'-FLUOROKANAMYCIN A 

* 
Tsutomu Tsuchiya , Yoshiaki Takahashi, Makoto Endo, 
Sumio Umezawa, and Hamao Umezawa 

I n s t i t u t e  of Bioorganic Chemistry, 1614 Ida ,  
Nakahara-ku, Kawasaki 211, Japan 

Received J u l y  11, 1985 - F i n a l  Form December 5, 1985 

ABSTRACT 

2',3'-Dideoxy-2'-fluorokanamycin A (23) w a s  prepared by 
condensation of 6-azido-4-~-benzoyl-2,3,6-trideoxy-2-fluoro- 
ct-Q-ribo-hexopyranosyl -- bromide (13) and a p ro tec t ed  
d i s a c c h a r i d e  (19). Methyl 4,6-0_benzylidene-3-deoxy-B-Q- - 
arabino-hexopyranoside (2) prepared from methyl 4,6-2- 
benzylidene-3-chloro-3-deoxy-B-Q-allo-hexopyranoside ( 1)  by 
o x i d a t i o n  w i t h  pyridinium chlorochromate followed by r educ t ion  
wi th  Na S 0 
methyl 2 , 8-kbenzylidene-2 , 3-dideoxy-2-f luoro-B-Q-ribo- 
hexopyranoside (7). Successive t reatment  of L wi th  NBS, N a N  
and SOBr2 gave 13. 
determined by t h e  'H and '% and s h i f t - c o r r e l a t e d  2D NMR 
s p e c t r a .  

w a s  f l u o r i n a t e d  w i t h  t h e  DAST r eagen t  t o  g i v e  

3 The s u c t u r e  of t h e  f i n a l  product (23) w a s  

Kanamycins are i n a c t i v a t e d  by s e v e r a l  kinds of enzymes of 

r e s i s t a n t  b a c t e r i a  a f fo rd ing  phosphonylated , adenylylated,  and 

- N-acetylated products .  

mod i f i ca t ion  occurs  most f r e q u e n t l y .  l S2  

biochemical i n a c t i v a t i o n ,  one p o s s i b l e  and sometimes s u c c e s s f u l  

methodlY2 is t o  remove the  hydroxyl group t o  be phosphonylated 

Among them t h e  i n a c t i v a t i o n  by 3I-g- 

To overcome t h i s  

Copyright 0 1986 by Marcel Dekker, Inc. 
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588 TSUCHIYA ET AL. 

by r e s i s t a n t  b a c t e r i a ,  t h a t  i s ,  deoxygenation. Recent ly  w e  

r epor t ed  another  kind of promising method which involved 

r ep lac ing  t h e  hydroxyl group i n  q u e s t i o n  by a f l u o r i n e  atom. 

I n  t h i s  manner 3'-deoxy-3'-fluorokanamycin A and B ,  a c t i v e  

a g a i n s t  r e s i s t a n t  b a c t e r i a ,  were ~ r e p a r e d . ~  

d e s c r i b e  t h e  s y n t h e s i s  of 2 '  ,3'-dideoxy-2'-fluorokanamycin A 

(23) performed from ano the r  view po in t .  

d i f f e r  i n  the  f u n c t i o n a l  group a t  C-2 ' .  S ince i n  t h e  

p e r i o d i c a l  t a b l e  F i s  loca ted  next  t o  0, some l i n e a r  tendency 

i n  b i o l o g i c a l  a c t i v i t i e s  might be expected by changing 

kanamycin B (NH2-2') t o  kanamycin A (OH-2') o r  2'-deoxy-2'- 

fluorokanamycin A .  Another a s p e c t  which should be of 

importance i s  t h e  s m a l l  van de r  Waals r a d i u s  of t h e  f l u o r i n e  

atom, in t e rmed ia t e  between t h e  r a d i i  of H and OH. S u b s t i t u t i o n  

of OH w i t h  F i s ,  t h e r e f o r e ,  n o t  expected t o  l ead  t o  a less 

a c t i v e  d e r i v a t i v e ,  as does s u b s t i t u t i o n  by bulky C 1 .  3 ' -  

Deoxygenation i n  a d d i t i o n  t o  2 ' -deoxy-f luorinat ion was 

performed i n  o r d e r  t o  p reven t  t he  mod i f i ca t ion  of t h e  OH-3' by 

r e s i s t a n t  b a c t e r i a .  

I n  t h i s  paper w e  

Kanamycin A and B 

2',3'-Dideoxy-2'-fluorokanamycin A (23) w a s  prepared by 

condensation of 6-azido-4-~-benzoyl-2,3,6-trideoxy-2-fluoro- 

a-Q-ribo-hexopyranosyl -- bromide (13) and 2 ' -g -ace ty l -4 ' , 6 ' -~ -  

cyclohexylidene-tri-N-tosyl - d e r i v a t i v e  (2) of 6-0_(3-amino- 

3-deoxy-a-Q-glucopyranosyl)-2-de~xystreptamine~ (3AD). F i r s t ,  

methyl 4 ,6-? benzy 1 idene-3-deoxy -B-&ar ab ino- hex0 p y r  anos i d e  

( S ) ,  - t he  key in t e rmed ia t e  f o r  t h e  s y n t h e s i s  of L 13, w a s  prepared 

from methyl 4,6-~benzylidene-3-chloro-3-deoxy-B-~- 

a l l o p y r a n o ~ i d e ~  (1) , prepared from methyl 4,6-?benzylidene- 

6-Q-glucopyranoside w i t h  SO C 1  

N i / H  

d e r i v a t i v e  (2 )  - i n  a low y i e l d  ( 4 0 % ) .  We t h e r e f o r e  changed t h i s  

r o u t e  and f i r s t  oxidized t h e  C-2 p o s i t i o n .  Treatment of 1 w i t h  

Reduction of - 1 w i t h  Raney - 2 2 '  
according t o  W i l l i a m s  e t  a1. ,6 however, gave t h e  3-deoxy 2 
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SYNTHESIS OF 2',3'-DIDEOXY-Z1-FLUOROKANAMYCIN A 589 

pyridinium chlorochromate i n  the  presence of molecular s i e v e s  

gave t h e  2-keto d e r i v a t i v e  (2) i n  high y i e l d .  It c r y s t a l l i z e d  

i n  the  hydrate  form (3') and, i n  CDC13, i t  e q u i l i b r a t e d  wi th  

P h A o G M e  PhCH 

' 0  ' 0  
R OH CI 0 

3 1 R = C I  - 
- 2 R = H  P h k Q M e  - 39 

CI OH 

- 

' 0  

4 - 

PhCH / ' U M e  + ph&o(-?JMe - P h A o & f M e  ' 0  

' 0  ' 0  
F 

7 - a - 2 R = H  

p R = S02CF3 

R' R2 

t h e  keto form as shown by t h e  'H NMR spectrum. 

of the keto form was increased by a d d i t i o n  of 4A molecular 

sieves t o  t h e  s o l u t i o n .  

The proport ion 

Since t h e  C 1  a t  C-3 i n  2 i s  s i t u a t e d  
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590 TSUCHIYA ET AL. 

nex t  t o  a k e t o  group,  i t  w a s  r e a d i l y  reduced w i t h  sodium 

d i t h i o n i t e 7  (Na S 0 ) i n  DMF t o  g i v e  t h e  3-deoxy-2-0x0 

d e r i v a t i v e  ( 4 )  - q u a n t i t a t i v e l y .  

methanol' ( r e f l w ,  1 h )  o r  Bu SnH/AIBN i n  d ioxane  (8OoC, 10 h )  3 
gave - 2 and 2 i n  e q u a l  amounts, b u t  w i t h  l i t h i u m  aluminium 

hydr ide  (LAH), - 5 was t h e  major  p roduc t .  I n  o r d e r  t o  i n t r o d u c e  

f l u o r i n e  a t  C-2 t o  o b t a i n  2,3-dideoxy-2-fluoro-ribo- 

hexopyranos ide  (I), t h e  2 - t r i f l a t e  (6) of  4 w a s  prepared  and 

t r e a t e d  w i t h  several k i n d s  of f l u o r i n a t i n g  a g e n t s .  By 

Bu NF/silica g e l 8  i n  a c e t o n i t r i l e ,  - 7 w a s  produced i n  40% y i e l d  

a long  w i t h  me thy l  4,6-ebenzylidene-2,3-dideoxy-2-eno-$-Q- - 
e r y t h r o - h e x ~ p y r a n o s i d e ~  (8) .  
y i e l d s  were o b t a i n e d .  

a c e t o n i t r i l e ,  no r e a c t i o n  w a s  observed;  however, by a d d i t i o n  of 

dibenzo-18-crown-6, f l u o r i n a t i o n  occur red  t o  g i v e  I ,  i n  a 

moderate  y i e l d ,  a long  w i t h  8. The b e s t  y i e l d  (78%) of L 7 w a s  

ob ta ined  i n  t h e  r e a c t i o n  of 5 and d i e t h y l a m i n o s u l f u r  

t r i f l u o r i d e  (DAST) i n  benzene-pyr id ine .  That  t h e  f l u o r i n e  atom 

was in t roduced  a t  C-2 i n  e q u a t o r i a l  p o s i t i o n  w a s  proved by t h e  

coupl ing  c o n s t a n t s  r e l a t i n g  t o  H-1 ,  H-2 and H-3 i n  t h e  H NMR 

spectrum of - 7 (see Exper imen ta l ) .  It  i s  wor th  ment ioning  t h a t  

t h e  H-3ax s i g n a l s  appeared complex when measured i n  C D C l  (F ig .  

1). Under 19F broad band decoup l ing ,  o r  measured i n  C D 

H-3ax s i g n a l s  appeared i n  t h e  expec ted  p a t t e r n .  T h i s  i s  

i n t e r p r e t e d  as a s t r o n g  s p i n  coup l ing  between H-1 and H-2 

( lower h a l f )  i n  C D C l  due t o  t h e  c o i n c i d e n c e  o f  t h e i r  chemical  

s h i f t s ,  t h u s  s u g g e s t i n g  t h e  p re sence  of v i r t u a l  coup l ing  

between H-1 and H-3ax. 

2 2 4  
Reduct ion  of - 4 w i t h  NaBH4 i n  

4 

With CsF i n  DMF, even lower 

I n  t h e  case of spray-dr ied  KFl0 i n  

1 

3 

6 6 '  t h e  

3 

6-Bromination of  7- w a s  c a r r i e d  o u t  by t r e a t m e n t  w i t h  

- N-bromosuccinimide (NBS) acco rd ing  t o  Hanessian'' t o  g i v e  2 i n  

h igh  y i e l d .  

6-azido d e r i v a t i v e  (10) q u a n t i t a t i v e l y .  Cleavage of  t h e  

Treatment  of - 9 w i t h  s o d i u m , a z i d e  i n  DMF gave  t h e  
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1 6eq 

I I I I I I l - l - - l - l  I I I I I I I I 
4 . 3  0.0 2.6 2 . 5  2. n 1 . 7  

PPM 

1 
FQg. 1. The 250 MHz H NMR spectrum of 1 i n  CDC13 (A) , under 

F broad band decoupl ing  ( B ) ,  and i n  C D ( C )  . 6 6  
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TSUCHIYA ET A L .  592 

g lycos ide  bond of 10 t o  g i v e  t h e  f r e e  suga r  (G), needed 

s t ronge r  a c i d i c  c o n d i t i o n s  than  those  used i n  n e u t r a l  

g lycos ides  sugges t ing  t h a t  t h e  presence  of a f l u o r i n e  a t  C-2 

s t rengthened  t h e  g l y c o s i d e  bonding. 

mix tu re  of a and 6-anomers i n  a r a t i o  of -1.5:l and gave a 

clear ‘H NMR spectrum, each  s i g n a l  be ing  p r o p e r l y  sepa ra t ed .  

C h l o r i n a t i o n  of 11 w i t h  t h i o n y l  c h l o r i d e  gave a mix tu re  of a- 

and @ c h l o r i d e s  (12) i n  a r a t i o  of -~1:2 .6 .  Bromination of 11 
w i t h  t h i o n y l  bromide gave t h e  a-bromide (13) w i t h  t h e  6-bromo- 

a-bromide (14). I o d i n a t i o n  of = w i t h  sodium i o d i d e  gave only  

t h e  a - iod ide  (2). S t r u c t u r e s  of t h e s e  compounds w e r e  

confirmed by t h e i r  ‘H NMR s p e c t r a  ( s e e  Exper imenta l ) .  

t h e  8-halogenide w a s  observed on ly  i n  t h e  c h l o r i d e  12. 

The suga r  (11) w a s  a 

Thus, 

We w i l l  d i s c u s s  h e r e  some problems of t h e  coupl ing  

v a l u e s  of a l l  The JH-2,F-2 c o n s t a n t s  r e l a t i n g  t o  F-2. 

compounds prepared were i n  t h e  range  of 47-49 Hz. Comparison 

v a l u e s  of 1, 10, 11, 12, Of the JH-l,F’ JH-3ax,F 
- 1 3  and 15 i n d i c a t e d  t h a t ,  i n  a-2-anomers, 

JH-3eq,F 
and i n  f3-D-anomers - (7, 10, 11, g), J3ax,F=ll.5-13.5 Hz. 

However, i n  t h e  8-kanomer - s , the ’H-3eq,F v a l u e s  changed from 5 

( 7 ) ,  - 7 ( l o ) ,  - 7 (11) t o  1 5  Hz (12). The l a r g e  v a l u e  of g m a y  

re la te  t o  t h e  p re sence  of W-conformation between e l e c t r o n -  

a t t r a c t i v e  C 1  a t  C-1  and H-3eq. Th i s  s u g g e s t s  t h a t  proton- 

f l u o r i n e  coupl ing  sometimes i s  g r e a t l y  in f luenced  by the  

e l e c t r o n i c  environment as  w e l l  as t h e  s t e reochemis t ry .  

and J H-3eq ,F 
and JH-l,F’ JH-3ax,F’ 

assumed v a l u e s  of 0-2, 8 - 9 ,  and -5 Hz, r e s p e c t i v e l y ,  

1 The H NMR spectrum of 3 measured in C D showed t h a t  H-1 6 6  
s i g n a l s  appeared f o r t u i t o u s l y  between those  of H-2 widely  

=48 Hz). S ince  J could  sepa ra t ed  by coupl ing  t o  F-2 ( J  

no t  be measured by t h e  f i r s t  o rde r  a n a l y s i s ,  i t  w a s  determined 

by s i m u l a t i o n  t o  be  3 . 5  Hz. A t  t h e  same time, J and J 

were concluded t o  have t h e  same s i g n  (F ig .  2 ) .  

H-2,F 1 ,F 

2 ,F 1 ,F 
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A 

1 '  
C 

L 

Fig. 2. 

por t ion  measured i n  C D (C), t he  simulated spectrum (B) i n  the 

following parameters: H-1 (6  4.108), H-2 (4.110), H-3ax ( 1 . 4 7 ) ,  

The 250 MHz 'H NMR spectrum of - 10 a t  the H-1 and H-2 

6 6  

H-3eq (2.35), H-4.(4.71) and F (10); J1,2=7.2,  J 

48 ' J2 ,  3ax 
J 

s igns  of J and J gave the  same p a t t e r n ) ,  and the  spectum 

(A) by changing the J t o  -3 .5  Hz. 

=3.5, J2,F= 
1 ,F 

=lo.  5 ,  J 2 ,  3eq=5 2 , J 3ax, 3 eq'-l ' J3ax, F =12.5, 

=10.5 and J =5.0 Hz (changing the  both 3eq ,F" *O' J3ax, 4 3eq 9 4 

1 ,F 2 ,F  

1 , F  
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TSUCHIYA ET AL. 594 

The condensat ion p a r t n e r  2 w a s  prepared as fol lows:  
4 - N-Tosylation of 3AD gave t h e  t r i - g - t o s y l  d e r i v a t i v e  (s), 

which l ed  t o  t h e  mono 4 ' , 6 ' - ~ c y c l o h e x y l i d e n e  d e r i v a t i v e  ( 1 7 )  - 
by t r e a t i n g  G w i t h  1,l-dimethoxycyclohexane i n  t he  presence of 

E-toluenesulfonic  a c i d .  

ace ty l imidazo le  i n  dimethylsulf  oxide-pyridine gave t h e  2"-2- 

a c e t y l  d e r i v a t i v e  (19) w i t h  a s m a l l  amount of t he  4,2"-di-0- - 
a c e t y l  d e r i v a t i v e  (2). Presence of t h e  4-c-acetyl group (no t  

5 - e a c e t y l )  i n  20 w a s  proved by t h e  'H s h i f t - c o r r e l a t e d  2D 

spectrum ( s e e  Experimental) .  

Ace ty l a t ion  of 17 w i t h  1- 

Condensation of 19 and l -halogenide w a s  f i r s t  t r i e d  w i t h  

t h e  l - c h l o r i d e  (12) i n  dichloromethane i n  t h e  presence of 

R' R2 R3 R4 

OAc 

HO 

HO &I 
OH 

HO 
F 

24 - 

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



SYNTHESIS OF 2',3'-DIDEOXY-2'-FLUOROKANAMYCIN A 595 

mercury( 11) cyanide.  However, no g lycos ide  format ion  w a s  

observed even a t  h igh  temperature (lOO°C, 2h).  When t h e  

1-bromide (2) w a s  used, however, X w a s  s u c c e s s f u l l y  coupled 

t o  g i v e  a- and 8-(14) g l y c o s i d e  (2, 22). To raise t h e  y i e l d  

of a-anomer (211, t h e  Lemieux method12 by u s e  of 1-iodide (15) - 
was t r i e d ,  b u t  2 w a s  s c a r c e l y  produced. 

- 21 and - 22 were reduced and t h e  E- tosy l  and a c y l  groups were 

removed w i t h  sodium i n  l i q u i d  ammonia. The cyc lohexyl idene  

groups were then  removed by a c i d i c  t rea tment  t o  g i v e  the  f i n a l  

p roduct ,  2 '  ,3'-dideoxy-2'-fluorokanamycin A (23) - and i t s  1'- 

epimer (24). H ,  1 3 C ,  

and 'H and 'H-13C s h i f t - c o r r e l a t e d  2D NMR s p e c t r a  (F ig .  3 and 

4 ) .  Anomeric c o n f i g u r a t i o n s  a t  C-1 '  of - 23 and - 24 (a-D and 6-D) 

were determined by t h e  J11,2, v a l u e s ,  and on t h e  1'+4-0 l i nkage  

of - 23, by t h e  2D spectrum (Fig .  4 )  and long-range coupling 

between H-1' and H-4 (Fig.  3). The magnitude of 

Hz) a l s o  ind ica t ed13  t h e  a n t i p e r i p l a n a r  r e l a t i o n s h i p  between 

F-2' and C-4', suppor t ing  t h e  s t r u c t u r e .  

The a z i d o  groups i n  

1 The s t r u c t u r e  of 23 w a s  proved by t h e  

(12 
3 
JC-4 ' , F 

A n t i b a c t e r i a l  a c t i v i t y  of 23 w a s  on ly  s l i g h t l y  weaker than  

t h a t  of 3'-deoxykanamycin A. It may b e  emphasized t h a t  t h e  

a n t i b a c t e r i a l  a c t i v i t y  inc reased  i n  the series of t h e  fo l lowing  

s u b s t i t u t i o n  a t  C-2': F<OH<NH2. The 1'-epimer (24) - had almost 

no a n t i b a c t e r i a l  a c t i v i t y .  

EXPERIMENTAL 

Mel t ing  p o i n t s  were determined w i t h  a Kof le r  b lock  and are 

uncor rec t ed .  O p t i c a l  r o t a t i o n s  were measured w i t h  a Perkin- 

Elmer 241 po la r ime te r .  TLC w a s  c a r r i e d  ou t  on K i e s e l g e l  60 

F-254 (E.  Merck) s i l i c a  g e l  w i t h  d e t e c t i o n  by spraying  w i t h  50% 

H2S04, followed by s l i g h t  hea t ing .  Column chromatography w a s  
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1 
I ( I t ,  , T i  / / I  , I /  , , , I , , , , ,  , , , , I , / , ,  , , , , ( , , ,  

5. G 3 .  C 3.3 2.0 
? ? Y  

1 F i g .  3. The 250 MHz H s h i f t - c o r r e l a t e d  2D spec t rum of 
2',3'-dideoxy-2'-fluorokanamycin A (23) in 20% ND in D 2 0  
(* o r i g i n a t e s  f rom t h e  c a r b o n a t e  s a l 5 .  3 
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SYNTHESIS OF 2',3'-DIDEOXY-2'-FLUOROKANAMYCIN A 597 

Fig. 4 .  
in 20% ND 

The 250 MHz 1B-13C s h i f t - c o r r e l a t e d  2D spectrum of 23 
3 2 in D 0 (* o r i g i n a t e s  from t h e  carbonate  s a l t ) .  
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598 TSUCHIYA ET AL. 

performed on Wakogel C-200. 
JASCO A-202 g r a t i n g  spec t rophotorne ter .  

s p e c t r a  were reco rded  a t  250, 62.9 and 235.3 MHz r e s p e c t i v e l y  

i n  t h e  FT mode w i t h  a Bruker WM 250 s p e c t r o m e t e r .  

s h i f t s  (6  by ppm) of  

downfield from i n t e r n a l  TMS, TMS w i t h  a i d  of 1 ,4-dioxane (6= 
&d ioxan  e 

o t h e r w i s e  s t a t e d .  

I R  s p e c t r a  were measured w i t h  a 

'H, 13C and 19F NMR 

The chemica l  
1 H ,  13C and 19F s p e c t r a  w e r e  measured 

+67.4), and Freon  11 (CFC1 ) r e s p e c t i v e l y  u n l e s s  3 

Methyl 4,6-C+Benzylidene-3-chloro-3-deoxy-f5-~-ribo- 

hexopyranosid-2-ulose (3). A mix tu re  of - 1 (5.00 g ) ,  pyr id in ium 

chlorochromate  (10.75 g ) ,  3A molecu la r  sieves (33.3 g)  and d r y  

CH C1 (50 mL) w a s  s t i r r e d  a t  room t empera tu re  f o r  1 h .  

F i l t r a t i o n  fo l lowed by c o n c e n t r a t i o n  gave  a r e s i d u e ,  t h a t  w a s  

twice chromatographed w i t h  E t O A c  t o  g i v e  n e e d l e s  of  - 3 a s  i t s  

h y d r a t e  form (3'), - 4.45 g (85%), mp 93-94°C (from d i e t h y l  

e t h e r - p e t r .  e t h e r ) ,  [aliO -32" ( c  1, CHCl ); p o s i t i v e  B e i l s t e i n  

t es t  f o r  ha logen .  IR(KBr): no peak w a s  observed  n e a r  1700 
cm '; 'H NMR (CDC13): 6 '-3.2 ( s ,  one of OHs a t  C-2 of x), 3.63 
( s ,  3H, OMe), 3.81 ( h y d r a t e  form) and 3.85 ( k e t o  form) (each t ,  

H-6ax), 4.07 and 4.30 (each  d t ,  H - 5 ) ,  4.21 and 4.09 (each  dd ,  

H-4), 4.40 and 4.52 ( each  d d ,  H-6eq), 4.45 and 4.70 (each  d ,  

H-3), 4.77 and 5.36 (each  s ,  H-l), 5.50 and 5.53 (each  s ,  

C H CH); the r a t i o  of the h y d r a t e  and k e t o  f o m s  j u s t  d i s s o l v e d  6 5 -  
i n  CDCl w a s  1.5-4:l ( i t  seemed t o  change by c o n c e n t r a t i o n  and 3 
humidi ty  of t h e  s o l v e n t ) ;  

( k e t o  form) ,  J4,5=9.5+10, 
Proton  ass ignments  were confirmed by t h e  'H s h i f  t - c o r r e l a t e d  2D 
spectrum. 

2 2  

3 - 

- 

-3.5 ( h y d r a t e  form) and 4.0 Hz J3 , 4- 
5,6e~4=~ Hz* = l o ,  J 5,6ax= 6 ax, 6eq 

Anal. C a l c d  f o r  C14H17C106: C, 53.09; H, 5.41; C1, 11.19. 

Methyl 4,6-0-Benzylidene-3-deoxy-~-~-erythro-hexopyranosid- - 
Found: C, 53.14; H ,  5.42; C1, 11.16. 

2-ulose (4). To a n  ice-co ld  aqueous m i x t u r e  (460 mL) of sodium 
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SYNTHESIS OF 2',3'-DIDEOXY-2'-FLUOROKANAMYCIN A 599 

sodium d i t h i o n i t e  (Na2S204, 6.84 g) and NaHC03 (16.5 g )  was 

added 2 (6.10 g) i n  DMF (460 mL) under n i t rogen  atmosphere and 

the mixture  was s t i r r e d  a t  room temperature f o r  3.5 h. 

(CHC1 -acetone=5:1) showed. t h a t  a spot  of Rf 0.32 (3) L 

disappeared and R 0.4 (5) appeared. Concentration was 

followed by e x t r a c t i o n  of t h e  r e s i d u e  wi th  C H C l  The s o l u t i o n  

w a s  washed wi th  water ,  d r i e d  (Na SO ) ,  and concentrated t o  g ive  2 4  
needles  of - 4, 5.00 g (98%), mp 158-159°C (from CHC13-diethyl 

e t h e r ) ,  l i t .6 153-155"C, Cali0 -30" (2 1, CHC13), l i t .6 -30' 

(CHC13); IR(KBr): 1725 em-' (C=O); 'H NMR (CDC13): 6 2.62 (dd, 

l H ,  H-3ax), 3.04 (dd, l H ,  H-3eq), 3.52 ( s ,  3H, OMe), 3.99 (ddd, 

1H,  H-4); J3ax,3eq-15*5, - J3ax,4=123 J 3eq,4=5.5, J4,5=9.0 Hz. 

i d e  (5) .  A mixture of - 4 (1572 mg) and LAH (114 mg) i n  oxolane 

(75 mL,) was ref luxed f o r  1 h.  

two s p o t s  of Rf 0.45 (2) and 0.53 (2). 
(1.94 g)  w a s  added and, a f t e r  s t i r r i n g  f o r  30 min, water (5  mL) 

was added and t h e  r e s u l t i n g  p r e c i p i t a t e  was removed by 

c e n t r i f u g a t i o n .  The p r e c i p i t a t e  was repea ted ly  ex t rac ted  wi th  

oxolane and the combined organic  s o l u t i o n s  were concentrated.  

The r e s i d u e  w a s  column-chromatographed with C H C l  -acetone 

(10: 1) t o  g i v e  needles  of 2, 545 mg ( 3 4 3 ,  and 5, 985 mg (62%). 

5: mp 168-169°C (from C H C l  -diethy1 e t h e r ) ,  lit.6 171- 3 
172'C, [ a ] i O  -66" ( c  - 1, CHC13), l it .6 -66.3' (CHC13); 'H NMR 

(CDC13): 6 1.78 (dddd, l H ,  H-3ax), 2.38 (ddd, l H ,  H-3eq), 2.45 

( t ,  l H ,  OH), 3.44 ( d t ,  l H ,  H-5), 3.57 (s, 3H, OMe), 3.84 ( t ,  

l H ,  H-6ax), 4.31 (dd, l H ,  H-Geq), 4.49 (d,  l H ,  H-1); J l Y 2 = 1 . 2 ,  

TLC 

3 

f 

3' 

Methyl 4,6-0-Benzylidene-3-deoxy-$-~-arabino-heo-pyranos- - 

TLC (CHC13-acetone=5:l) showed 

Powdered Na2S04*10H20 

3 

- 

=13.5 Hz. - 
J2, 3ax- 3,  J2,3eq=43 J 3ax Y 3f8 

- 2: mp 168-169"C, l i t .  

CHC13), lit.14 -60.5' (CHC13). 

168-169"CY [a];' -61' (c  - 1, 

Methyl 4,6-0-Benzylidene-3-deoxy-2-O-trifluoromethylsulfon- 

yl-6-D-arabino-hexopyranoside (6) .  To a cold (-15 "C) s o l u t i o n  
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600 T S U C H I Y A  ET AL. 

of 5 (53 .3  mg) i n  CH C 1  ( 2  mL) were added p y r i d i n e  (0.091 mL), 

and trifluoromethanesulfonic anhydride (0.05 mL) i n  CH C 1  (0.5 

mL), and t h e  s o l u t i o n  w a s  g r a d u a l l y  warmed t o  room tempera ture  

(E l h ) .  

e x t r a c t e d  w i t h  C H C l  The p a l e  ye l low s o l i d  obta ined  by 

evapora t ion  w a s  p u r i f i e d  by short-column chromatography w i t h  

C H C l  t o  g i v e  u n s t a b l e  need le s  of 5,  76.6 mg (96%),  mp 102- 

103OC (decomp), 

(ddd, l H ,  H-3ax), 2.54 (ddd, l H ,  H-3eq), 4.59 (d ,  1 H ,  H-l), 

- 2 2  

2 2  

The s o l u t i o n  w a s  poured i n t o  an  aqueous 5% NaHCO and 3 

3 '  

3 
-48" (c 1,  CHC13); 'H NMR (CDC13): 6 2.07 

5.09 (unreso lved  m y  l H ,  H-2); J1,2=1, J2,3ax=3y J 2 ,  3eq=3. 5 Hz . 

Found: C ,  45.23; H ,  4.41; S ,  8.32. 

Anal. Calcd f o r  C15H17F307S: C ,  45.23; H ,  4.30; S ,  8.05. 

Methyl 4,6-0-Benzylidene-2,3-dideoxy-2-fluoro-B-Q-ribo- 

hexopyranoside ( 7 ) .  From 5 .  To an  ice-co ld  s o l u t i o n  of t h e  

DAST (1.1 mL) i n  d r y  pyr id ine-dry  C H (3:50, 27 mL) w a s  added 

- 5 (500 mg), and t h e  mix tu re  s t i r r e d  a t  t h e  tempera ture  f o r  30 

min, then a t  60°C fo r  3h. TLC (toluene-EtOAc=5:1) showed two 

s p o t s  of R 

6 6  

0.55 (minor, - 8 )  and 0.61 (1) (&A: Rf 0 .16 ) .  The f 

3 s o l u t i o n ,  a f t e r  c o o l i n g ,  w a s  poured i n t o  a co ld  aqueous NaHCO 

( s a t u r a t e d )  and, a f t e r  a g i t a t i o n  f o r  30 min ( t o  d e s t r o y  t h e  

DAST), t h e  mixture  w a s  e x t r a c t e d  w i t h  C H The syrup  (490 mg) 6 6 '  
ob ta ined  by evapora t ion  w a s  chromatographed w i t h  C H C l  t o  g i v e  3 
need le s  of - 7 ,  391 mg (78%) and 8, 28 mg (6%) .  

CHC13); 'H NMR (C D ) ( s e e  a l s o  F ig .  1):  6 1.74 ( q u i n t e t ,  l H ,  

H-3ax), 2.30 (dddd, l H ,  H-3eq), 2.93 (dddd, 1 H ,  H-4), 3.05 ( d t ,  

l H ,  H-5), 3.25 ( s ,  3H, OMe), 3.40 ( t ,  l H ,  H - 6 a x ) ,  4.095 (dd, 

l H ,  H-6eq), 4.100 (dd ,  l H ,  H-l), 4.253 (dddd, l H ,  H-2), 5.17 

- 7 :  mp 134-135OC (from CHC13-petr. e t h e r ) ,  [ a l ~ O  -57"(c - 1, 

6 6  

( s ,  l H ,  C 6 5 -  H CH); J lY2=7.5 ,  J 2 , 3 a x = l l . 3 ,  J 3ax, 3eq=J 3ax,4=1 1 5 , 

' 1 , 2 '  J1 ,Fy  J2 ,Fy  J3,F'  2Y3 

J 2 ,  3eq-5 ' 5' J3eq ,4'4' '4,5"' J5, 6 a ~ = ~ 6 a x ,  6eq = lo ,  J 5 , 6eq=4 * ; - 

J I y F = 3 . 5 ,  J2 ,F=49y  J3ax,F=11.5, J 3eq,F=5.0, JqYF=1.5 Hz. 

s i m u l a t i o n  method and 19F spectrum. 

The 

and J were confirmed by t h e  
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SYNTHESIS OF 2',3'-DIDEOXY-2'-FLUOROKANAMYCIN A 601 

Anal. Calcd f o r  C14H17F04: C,  62.67; H, 6.39; F ,  7.08. 

Found: C, 62.85; H, 6.21; F ,  6.86. 

8:  mp 94.5-95.5"C, lit.' 94-95'C; Cali2 +36" (c  - 1, CHC13), 

lit.'' 3 
q u i n t e t ,  l H ,  J=1.5,  1 .5 ,  and 2.5 Hz, H-1) 5.69 (ddd, l H ,  J=1.5, 

2.5, and 10.5 Hz, H-3 o r  2 ) ,  6.16 (unresolved d ,  l H ,  H-2 o r  3 ) .  

I r r a d i a t i o n  of H-1 col lapsed t h e  s i g n a l s  a t  6 5.69 t o  double 

doublets  (5-2.5 and 10.5 Hz). 

+37"; 'H NMR (CDC1 ): 6 5.28 (apparent ly  narrow 

From 6 and Bu,NF-silica g e l .  

Bu NF on s i l i c a  g e l  (s 1 m o l / g ,  700 mg, Alfa Products ,  

U . S . A . ) ,  and CH C N  ( 3  mL) was s t i r r e d  a t  room temperature f o r  8 

h. TLC (C6H6) showed t h r e e  s p o t s  of Rf 0.2 (8), - 0.26 ( 7 ) ,  - and 

0.31 (a). The mixture  w a s  e x t r a c t e d  wi th  CHCl  and the  

s o l u t i o n  w a s  washed wi th  aqueous 5% NaHCO and water, d r i e d ,  

(Na S O  ) ,  and concentrated.  The r e s i d u e  w a s  twice chromato- 

graphed w i t h  CHCl  t o  g i v e  needles  of 2, 14 mg (40%), - 8, 8.8 mg 

(27%), and 5 (14 mg) recovered. 

A mixture of 6 (52.3 mg), 
ct 

4 

3 

3 

3' 

2 4  

3 

From 6 and Spray-dried KF'O. A mixture  of - 6 (52.1 mg), 

spray-dried KF (31 mg) and d r y  CH3CN (2 mL) w a s  ref  luxed f o r  

1 . 5  h .  TLC (C H ) showed two s p o t s  of Rf 0.31 (6)  - and 0. 

Work-up i n  a previous manner including one chromatography gave 

- 6 ,  recovered, 23 mg. 

6 6  

From 6, Spray-dried JG, and 2,3,11,12-Dibenzo-1,4,7,10,13, 

16-hexaoxacyclooctadeca-2, l l -d iene  (Dibenzo-18-crown-6) . A 

mixture  of spray-dried KF (24.0 mg), dibenzo-18-crown-6 (145 

mg), and d r y  CH C N  (2.5 mL) w a s  ref luxed f o r  10 min t o  g ive  a 

clear s o l u t i o n .  

w a s  continued f o r  1 h. 

(8) and 0.26 (1). 
mg (48%) and - 8, 8.0 mg (37%). 

3 
Compound - 6 (34.5 mg) w a s  added, and r e f l w i n g  

TLC (C6H6) showed two s p o t s  of Rf 0 .2  

Work-up as descr ibed previously gave 1, 11.1 

From 6 and CsF. A mixture of - 6 (50.9 mg), CsF (130 mg, 

d r i e d  over CaH2,  100°C, 3 h ) ,  and d r y  DMF ( 1  mL) was s t i r r e d  a t  

130°C f o r  30 min. TLC (C H ) showed s p o t s  of Rf 0.2 (g), 0.26 6 6  
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602 TSUCHIYA ET AL. 

(7) and 0-0.1. Concen t r a t ion ,  e x t r a c t i o n  of t h e  r e s i d u e  wi th  

C H C l  and work-up as d e s c r i b e d  above gave  2, 3.7 mg ( l l%),  4, 
6 .5  mg (21%),  and 2, 9.3  mg (27%).  

3 

Methyl  4-O-Benzoyl-6-bromo-2,3,6-trideoxy-2-f luoro-B-Q- 

r ibo-hexopyranos ide  ( 9 ) .  

mg), BaC03 (474 mg) and C C 1 4  (20 mL) w a s  r e f l u x e d  f o r  1 h.  

A m i x t u r e  of 1. (391 mg), NBS (285 

Concen t r a t ion  and e x t r a c t i o n  of t h e  r e s i d u e  w i t h  C H C l  gave  a 

c rude  p r o d u c t ,  t h a t  w a s  chromatographed w i t h  toluene-EtOAc 

(20 : l )  t o  g i v e  n e e d l e s  of 2, 469 mg (93%) ,  mp 141-142°C (from 

3 

- 

CHC13-diethyl e t h e r ) ,  

B e i l s t e i n  test f o r  ha logen;  IR(KBr): 1715 cmv1 ( e s t e r ) ;  'H NMR 

(CDC13, under  I9F i r r a d i a t i o n ) :  6 1.93 ( 4 ,  l H ,  H-3ax), 2.76 

( d t ,  l H ,  H-3eq), 3.47 (dd ,  l H ,  H-6a), 3.60 (dd ,  l H ,  H-6b), 3.89 

+5" (5 1, CHCl  ) ; p o s i t i v e  3 

(ddd, l H ,  H-5), 4 .45  (ddd, 1H, H-2), 4.54 ( d ,  1H,  H-I), 5.02 

(ddd, lH, H-4); J l , 2=7 .5 ,  J 2,3ax=J3ax,3eq=J3ax,4=11' 
Hz; J2 ,F=48 Hz. 

2 ,  3eq=5 

Anal .  Calcd f o r  C H 14 16  BrF04: C ,  48.43; H,  4.65; B r ,  23.02; 

F ,  5 .47.  Found: C ,  48.63; H ,  4 .85;  B r ,  23.32; F, 5 .14.  

Methyl  6-Azido-4-0-benzoyl-2,3,6-trideoxy-2-fluoro-B-~- - 
r ibo-hexopyranos ide  (10) .  A m i x t u r e  of  9 (449 m g ) ,  N a N  (112  

mg), and DMF (10 mL) w a s  h e a t e d  a t  100°C f o r  30 min. TLC 

(C H ) showed a s i n g l e  s p o t  a t  Rf 0.35 (lo) (cf 9: Rf 0 .33) .  

Concen t r a t ion ,  fo l lowed by e x t r a c t i o n  of t h e  r e s i d u e  w i t h  C H 

gave  a c r u d e  p r o d u c t ,  t h a t  w a s  p u r i f i e d  by column chromatogr- 

aphy w i t h  C H C l  

-20" (c  1, C H C l  ); n e g a t i v e  B e i l s t e i n  tes t  f o r  ha logen;  3 
I R ( n e a t ) :  1725, 2110 cm- l  ( N 3 ) .  

3 

6 6  

6 6  

20 to a f f o r d  a s y r u p  of - 10,  388 mg (97%),  [a], 3 
- 

Anal .  Calcd f o r  C H FN 0 : C ,  54.36; H ,  5.22; F,  6.14; 14 16 3 4 
N ,  13.59. Found: C ,  54.24; H ,  4.96; F ,  6.17; N ,  13.89. 

6 -Az ido-4 -O-benzoy l -2 ,3 ,6 - t r ideoxy-2 - f lu r ibo -  

hexopyranose (11). 

mL) of  CF3C02H and 

A s o l u t i o n  of 2 (128 mg) i n  a mixture (2.6 

1 2  N aqueous HC1 (1:l) w a s  h e a t e d  a t  50°C 
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SYNTHESIS OF 2',3'-DIDEOXY-2'-FLUOROKANAMYCIN A 603 

f o r  1 h. TLC (toluene-EtOAc=6:1) of t h e  s o l u t i o n  showed a 

s i n g l e  s p o t  (Rf 0.36). Neut ra l iza t ion  wi th  NaHCO (3.0 g)  3 
followed by e x t r a c t i o n  with C H C l  gave a product,  t h a t  w a s  

p u r i f i e d  by column chromatography (toluene-EtOAc=6: 1 )  t o  g i v e  a 
3 

syrup of 11, 110 mg (go%), +98' (c  - 1, CHC13); IR(nea t ) :  

1725, 2110 cm-'. 

$3 NMR(CDC13): ( t h e  r a t i o  of t h e  a and 8 a n m e r s  was 

-1.5:l) 6 1.91 (dddd, apparent ly  q u i n t e t ,  l H ,  H-3ax f o r  t h e  

B-anomer) , 2.25 (dq, l H ,  H-3ax f o r  t h e  a-anomer) , 2.59 

[apparent ly  s e x t e t ,  l H ,  H-3eq(a)1, 2.81[ddtY l H ,  H-3eq(B)I, 

3.14[d, l H ,  OH-l(a)l, 3.31-3.50 [two kinds of ABq, 2 H  i n  t o t a l ,  

H-6,6'(a and 8)1,  3.88 [ddd, l H ,  H-5(8)1, 4.30 [ddd, l H ,  H-5 

(a)], 4.31 and 4.51 [each ddd, 0.5H, H-2(8)1, 4.61 and 4.80 

[each ddd, 0.5H, H-2(a)], 4.93 [ddd, l H ,  J1,0H=5 Hz, H-l(8)], 

5.02 [dddd, 1 H  i n  t o t a l ,  H-4(a and 8 ) 1 ,  5.44 [ t ,  l H ,  H-l(a)];  J 

2 , 3ax=l ' 

" J3eq,F =5.5, J4 ,F=1.2  Hz. 

=11.5, 

va lues  f o r  t h e  a-anomer: Jl ,2=3.8,  J1,0H=3.5, J 

J 

Hz; J1,F=-l, J2,F=48,  J 

va lues  f o r  t h e  8-anomer: J 

=J =11.S, J4,5=10 Hz; J <0.3 2 , 3eq=J3eq y4=53 J3ax, 3eq 3ax, 4 1,3eq= 
J 3ax, F= 

- 
~ 2 ' ~ '  J2,3ax-11' J3ax,4 

=12 ,  J = l o  Hz; J =3 (measured from 

t h e  19F spectrum), J =49, J3ax,F=12, J =7, J4 ,F=1.2  Hz. 

Above J va lues  were confirmed by t h e  'H spectrum under I9F 

J2,3eq=J3eq,4= 5, J3ax,3eq 495 1 ,F 

2,F 3eq,F 

broad band decoupling. 

19F NMR (CDC13) : 6 -190.07 and -190.27 [each ddd of equal  

s t r e n g t h ,  J=3, 7 ,  1 2  Hz, F-2(8-anomer)l, -190.38 and -190.58 

[each dd (with s m a l l  s p l i t t i n g s )  of equal  s t r e n g t h ,  J=5.5,  9 

Hz, F-2(a-anomer)l. 

Anal. Calcd f o r  C H FN 0 C ,  52.88; H, 4.78; F ,  6.43; 13 14 3 4: 
N ,  14.23. Found: C ,  53.05; H,  5.04; F ,  6.50; N ,  14.09. 

6-Azido-4-O-benzoyl-2,3,6- tr ideoxy-2-f luoro-)-ribo- -- 
hexopyranosyl Chloride (12). A mixture of (50.2 mg) and 

S O C l  (1  mL) was kept  a t  room temperature overnight .  TLC 2 
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604  TSUCHIYA ET AL. 

(C H ) of t h e  s o l u t i o n  showed a s i n g l e  s p o t  (R 0.6). A f t e r  

e v a p o r a t i o n ,  t h e  r e s u l t i n g  sy rup  w a s  p u r i f i e d  by column 

chromatography (C H ) t o  g i v e  a sy rup  of - 1 2 ,  48.8 mg (92%);  

I R ( n e a t )  : 1720, 2110 c m - l  (N3). 

6 6  f 

6 6  

'H NMR (CDC1 ) :  ( t h e  r a t i o  of t h e  a and B anomers w a s  

-1:2.6) 6 2.03 ( d d t ,  l H ,  H-3ax f o r  t h e  B-anomer), 2.31 (dq,  l H ,  

H-3ax f o r  t h e  a-anomer), 2.66 [ d d t ,  l H ,  H-3eq(or)l, 2.88 [ d d t ,  

l H ,  H-3eq(B)], 3.36-3.62 (H-6,6 ' ) ,  4.00 [ddd ,  l H ,  H-5(B)], 

4 .31 [ddd ,  a p p a r e n t l y  o c t e t ,  lH, H-5(ct)I, 4 .55  and 4.74 [each 

ddd,  0 .5  H ,  H-2(B)], 4 .76 and 4.95 [ each  ddd, 0.5H, H-2 (a)], 

3 

5 .11  [dddd,  l H ,  H-4(a)17 5.16 [dddd, l H ,  H-4 (0)1,  5.55 [dd ,  

l H ,  H-l(B)], 6 .25 [ d ,  l H ,  H- l ( a ) ] ;  J v a l u e s  f o r  t h e  a-anomer: 

J1 ,2=3.8 ,  J 2,3ax =12,  J ~ , 3 e q = j 3 e q , 4 = ~ '  J3ax,3eq=J3ax,4=11'5, 
J 495 = lo ,  J5 ,6=5 ,  J5,61'3 Hz; J1 ,3eq= 

J3ax,F=8*5,  J 3eq,F=5, J4 ,F=1 .5  Hz. 

J1,2=6.5,  J 2,3axzJ3ax,4- 7 J 2 ,  3eq=J3eq,4=5' J3ax,  3eq=l3v59 
J4 ,  5=8 Hz; J1 ,F=4. 5 ,  J 2  ,F=48, J3ax,F=13. 5 ,  J3eq ,F=15, J4,Fzl 

Hz . 

< 0 . 5  Hz; J =0, J2,F=48,  
1 ,F 

J v a l u e s  f o r  t h e  6-anomer: 
- 

'H NMR under19F broad band decoupl ing:  6 2.03 [ d t ,  J = 9 ,  9 ,  

13 .5  Hz, H-3ax(B)l, 2.31 [ q ,  J=11.5,  11 .5 ,  1 2  Hz, H-3ax(a)], 

2.66 [ d t ,  J=5 ,  5 ,  1 2  Hz, H-3eq(a) l ,  2.88 [ d t ,  J = 5 ,  5, 13.5 Hz, 

H-3eq(B)1, 4 .65  [ddd ,  H-2(8)1, 4.85 [ddd ,  J=4 ,  5 ,  1 2  Hz, H-2 

(a)], 5.55  I d ,  J=6 .5  Hz, H- l (@)] ,  6.25 [ d ,  J=3.8 Hz ,  H-l(u)] .  

6-Azido-4-O-benzoyl-2,3,6-tr ideoxy-2-f luoro-a-D-ribo- 

hexopyranosyl  Bromide (13).  To a s o l u t i o n  of - 11 (8.70 g )  i n  

CH C 1  

k e p t  a t  30°C f o r  1 5  h. 

(13) and 0 .65  ( s l i g h t ,  14). Gradual  a d d i t i o n  of NaHCO (200 g )  

fo l lowed by a g i t a t i o n  f o r  1 h and e x t r a c t i o n  (CH C 1  ) gave  a 

product  m i x t u r e ,  which w a s  s u b j e c t e d  t o  column chromatography 

( C  H ) t o  g i v e  a s y r u p  of 13, 6.15  g (58%) and n e e d l e s  of 14, 
1.19 g (10%). 13: Calio +186" (c - 1, CHC13); IR(neat): 1725, 

2110 c m - l .  

(175 mL) w a s  added SOBr2 (11 mL), and t h e  s o l u t i o n  w a s  

TLC (C6H6) showed two s p o t s  a t  Rf 0.6 
2 2  

3 

2 2  

6 6  
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SYNTHESIS OF 2',3'-DIDEOXY-2'-FLUOROKANAMYCIN A 605 

'H NMR (CDC13): 6 2.32 (dq, l H ,  H-3ax), 2.64 (ddddd, ' lH,  

H-3eq), AB p a r t  s i g n a l s  of a n  ABX system cen te red  a t  3.49 (2H, 

H-6,6'), 4 .28 [ddd w i t h  small s p l i t t i n g s  (J <0.3 Hz), l H ,  

H-51, 4.55 and 4.74 (each ddd, 0.5 H, H-2), 5.14 (dddd, l H ,  
1,5= 

H-4) , 6.61 (d,  1 H ,  H-1); J1, 2=3.8, J2, 3ax=J3ax, 3eq=J3ax,4=11 - 5, 

J 2,3eq- -4.7, J3eq,4=5, J4,5=1O, J 5,6- -5, J5,61=2.7,  J6,61=13.5 

3 eq , F=5 ' Hz; J =1 .3  Hz; J 1 , F = O ,  J2,F=47.5,  J3ax,F=8.3, J 

J =1.4 Hz; I r r a d i a t i o n  of H-1 sharpened a l l  s i g n a l s  of H-5. 

'H NMR under 19F broad band decoupl ing:  6 5.14 (ddd, l H ,  

1,3eq 

4,F 

J=5, 10, 11.5 Hz, H-4). 

Anal. Calcd f o r  C13H13BrFN303: C ,  43.59; H ,  3.66; B r ,  

22.31; F,  5.30; N ,  11.73. Found: C ,  43.29; H,  3.80; B r ,  22.34; 

F ,  5.02; N ,  11.80. 

D 
peak w a s  observed n e a r  2110 cm-'; 'H NMR (CDC13): 6 2.33 

(H-3ax), 2.66 (H-3eq), 3.58 (2H, H-6,6'), 4.33 (H-5), 4.55 and 

4.74 (each  0.5H, H-2), 5.16 (H-4), 6.61 (H-1) .  

14: mp 112-112.5OC, [a]22 +161° (c 1, CHC13) ;  IR(KBr): no - 

Anal. Calcd f o r  C13H13Br2F03: C ,  39.42; H,  3.30; B r ,  

40.35; F, 4.80. Found: C ,  39.60; H, 3.15; B r ,  40.62; F ,  4.93. 

6-Azido-4-O-benzoyl-2,3,6-trideoxy-2-f luoro-a-Q-ribo- -- 
hexopyranosyl Iod ide  (15).  A mix tu re  of 3 (10 mg), N a I  (21 

mg) and d r y  ace tone  (0.2 mL) was s t i r r e d  a t  room tempera ture  

f o r  3 h i n  t h e  dark .  

NaBr) w a s  added CH C 1  (1  mL) and t h e  mixture  w a s  f i l t e r e d .  

Concent ra t ion  of t h e  f i l t r a t e  gave a n  u n s t a b l e  syrup  of 15, 

having t h e  same R 

11.8 mg (95%). 'H NMR (CDC1 ) :  6 2.20 (dq, J=8.5,  11.5, 11.5, 

11.5 Hz, H-3ax), 2.57 (ddddd, J=1.3,  5,  5,  5,  11.5 Hz, H-3eq), 

AB p a r t  s i g n a l s  of an  ABX system cen te red  a t  3.49 (H-6,6'), 
3.84 and 4.03 ( appa ren t ly  d t ,  J=4 ,  4.5, 11.5 Hz, H-2), 4.04 

( appa ren t ly  o c t e t ,  H-5), 5.16 (dddd, H-4), 7.05 (m, H-1); On 

19F broad band decoupl ing ,  H-1 s i g n a l s  appeared as a dd 

To t h e  r e s u l t i n g  suspension (ppt  w i l l  be 

2 2  
- 

v a l u e  (0.6) on TLC (C6H6) w i t h  t h a t  of 13, f 

3 
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606  TSUCHIYA ET A L .  

=1.5  and J =-2 Hz. A l l  J v a l u e s  
1 , F  i n d i c a t i n g  J1,,-=4, J 

excep t  f o r  t h o s e  r e l a t i n g  t o  H-1 and H-2 were a lmost  t h e  same 

a s  t h o s e  of 13. 

1, 3eq 

2-Deoxy-6-0- (3-deoxy-3-tosylamino-a-~-glucopyranosyl)-1 , 3- 
4 

di-N- t o s y l s t r e p t a m i n e  (1 6 ) .  To an  i ce -co ld  s o l u t i o n  of 3AJl 

base  (15.0 g )  and anhydrous Na2C03 (10 .0  g )  i n  aqueous d ioxane  

(1 : 1, 300 mL) w a s  added 1 - t o l u e n e s u l f o n y l  c h l o r i d e  (27.7 g)  i n  

small p o r t i o n s ,  and t h e  m i x t u r e  w a s  s t i r r e d  a t  t h e  t empera tu re  

f o r  2 h ,  t h e n  kep t  a t  room t empera tu re  o v e r n i g h t .  Concen t r a t ion  

gave a r e s i d u e  t h a t  w a s  e x t r a c t e d  w i t h  E t O A c .  The o r g a n i c  

s o l u t i o n  w a s  washed w i t h  water, d r i e d  (Na SO4), and c o n c e n t r a t e d  

t o  g i v e  a s o l i d  of 16, 29.5 g (81%),  [a]:* + 2 l 0  (c 1,  DMF; 

r e p r e c i p i t a t e d  from aqueous MeOH=1:10 by a d d i t i o n  of d i e t h y l  

e t h e r ) .  

Anal. Calcd f o r  C33H43N3013S3: C ,  50.43; H,  5.51; N,  5.35; 

S ,  1 2 . 2 4 .  Found: C ,  50.42; H ,  5 .43 ;  N ,  5.39; S ,  11.95. 

6 -0- (4 ,6-0-Cyclohexyl idene-3-deoxy-3- tosy l~ ino-~-~-g luco-  - 
pyranosyl)-2-deoxy-l,3-di-N-tosylstrepta1nine ( 1 7 ) .  To a 

s o l u t i o n  of - 1 6  (25 .0  g )  i n  DMF (300 mL) were added 1 , l -  

dimethoxycyclohexane ( 5 . 3  mL) and 2 - t o l u e n e s u l f o n i c  a c i d  (1 .1  

g) and t h e  s o l u t i o n  was s t i r r e d  a t  6OoC f o r  1 h under  reduced 

p r e s s u r e  (-20 mm Hg; t o  remove t h e  MeOH l i b e r a t e d  as much as 

p o s s i b l e ) .  The s o l u t i o n  w a s  poured i n t o  aqueous 5% NaHCO (2  3 
L) and t h e  p r e c i p i t a t e  w a s  f i l t e r e d ,  washed w i t h  water and 

d r i e d  (23 .6  g ) .  

a t  R 0.09 ( s l i g h t ,  E), 0.47 ( 1 7 )  - and 0 . 6  (4,5:4",6"-di-0- 

cyc lohexy l idene  i somer ,  18) . 
MeOH=8:1) gave s o l i d s  of 17, 16.1  g (57%) and - 18,  5.7 g (19%).  

+28" (c 
1, DMF);  'H NMR (pyr id ine-d  ) :  6 2.19, 2 . 2 2 ,  and 2.28 [ each  s ,  

3H, Ts(Me)x3], 4 .22  (dd ,  l H ,  J 2 1 , 3 1 = 1 0  Hz, H-2'1, 4.47 (9, 1 H ,  

TLC (CHC13-MeOH=5:1) o f  t h e  s o l i d  showed s p o t s  

f 

3- Column chromatography ( C H C 1  

- 1 7 :  mp 1 7 7 - 1 7 8 O C  ( c r y s t a l s  from MeOH-H20),  

-5 

H - 3 ' ) ,  4 .58 ( d t ,  l H ,  H - 5 ' ) ,  5.60 ( d ,  1 H ,  J1p,21=3.8 Hz,  H-1'). 
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SYNTHESIS OF 2',3s-DIDEOXY-2'-FLUOROKANAMYCIN A 607 

Anal. Calcd for C39H51N3013S3*H20: C, 52.99; H, 6.04; N, 
4.75; S, 10.88. Found: C, 53.07; H, 5.92; N, 4.74; S, 10.93. 

- 18: Cali0 +55" (c - 1, CHC13). 
Anal. Calcd for C45H59N3013S3: C, 57.13; H, 6.29; N, 4.44; 

S, 10.17. Found: C, 57.10; H, 6.31; N, 4.39; S, 9.91. 
6-0-(2-0-Acetyl-4,6-O-cyclohexylidene-3-deoxy-3-tosyl- 

amino-a-~-glucopyranosyl)-2-de0~y-l,3-di-N-tosylstreptamine 

(1 9) and 4-0-Acetyl-6-0- (2-0-acetyl-4,6-O-cyclohexylidene- 
3-deoxy-3-tosylamino-cc-D-glucopyranosyl)-2-deoxy-l,3-di-N- 

tosylstreptamine (20). To a solution of 17 (14.4 g )  in DMSO- 
pyridine (9:1, 70 mL) was added 1-acetylimidazole (3.70 g, 2 
mol equiv for 17) and the solution was kept at room temperature 

3 for 27 h. The solution was poured into aqueous NaHCO 
(saturated, 2L) and the precipitate was washed with water, then 
with diethyl ether, and dried (14 g). TLC (CHC1 -MeOH=8:1) of 

the solid showed three spots at Rf 0.2 (z), 0.32 (19), and 
0.52 (2). Column chromatography (CHC1 -MeOH=10:1) gave 19, 
10.10 g (67%), - 20, 3.70 g (23%), and 17, 1.28 g (9%). 

3 

I 3 

- 19: [a1i2 +68" (c - 1, DMF), +4' (c 1, CHC13). 'H NMR 

(pyridine-c15): 6 2.20, 2.23, and 2.26 [each s ,  3H, Ts(Me)x3], 

2.44 (s, 3H, Ac), 4.70 (q, 1H, J21,31-J3',41=Jj',~=~10 - Hz, 
H-3'), 5.19 (dt, lH, 5~5.5, 10, 10 Hz, H-5'), 5.66 (dd, lH, 

J1t,2'=3.8, J2,y3q=10.5 Hz, H-2'), 6.24 (d, lH, H-1'). 
Anal. Calcd f o r  C41H53N3014S3: C, 54.23; H, 5.88; N, 4.63; 

- 20: [a1i2 +69"(c - 1, DMF), +Z0 (c - 0.5, CHC13). 'H NMR 
S ,  10.59. Found: C, 53.94; H, 5.86; N, 4.35; S, 10.49. 

(pyridine-d ):  6 1.71 (4, 1H, 5~12.5, 12.5, 12.5 Hz, H-2ax), 
-2.25 (H-2eq), 1.98 and 2.47 (each s ,  3H, Acx2), 2.22, 2.25, 
and 2.30 [each s ,  3H, Ts(Me)x31, 3.73 (t, lH, J=lO, 10 Hz, 
H-b'ax), 3.82-4.01 (4H, H-3,5,4',6'eq), 4.06 (t, lH, J=9.5, 9.5 
Hz, H-6), 4.2 (m, lH, H-11, 4.67 (9, lH, H-3'1, 5.05 (dt, lH, 
J=5, 10, 10 Hz, H-5'1, 5.34 (apparantly t, lH, J=10, 10.5 Hz, 

-5 
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608 T S U C H I Y A  ET A L .  

~ 1 1 . 5  H z ,  H-2'), 6.18 (d ,  2 '  , 3 '  H-4), 5 .63  (dd ,  l H ,  J 1 1 , 2 , = 3 - 8 ,  J 

l H ,  H - 1 ' ) .  

'H s h i f  t - c o r r e l a t e d  2D spec t rum:  (a r row i n d i c a t e s  t h e  

sequence of t h e  coupled  p r o t o n s  as de termined  by t h e  c r o s s  

peaks,  n o t  over lapped  w i t h  o t h e r  ones )  H-1 '  -+ H-2' + H - 3 '  -t 

H-4' (6=%3.9); H-4 (6=5.34) -+ H-3,5 (6=%3.9) f 2ax,2eq -+ H-1. 

I f  i t  i s  assumed t h a t  t h e  t r i p l e t  a t  6 5.34 i s  n o t  t h e  

resonance  of H-4, b u t  H-5 (and t h e r e f o r e ,  OH-5 w a s  a c e t y l a t e d ) ,  

t h e  c e n t e r s  of t h e  s i g n a l s  of  b o t h  H-4 and H-6 shou ld  come nea r  

6 3.9. S i n c e ,  however, t h e  c e n t e r  of t h e  s i g n a l s  of  H-3 o r  H-1 

l o c a t e s  a t  6 -3.9 ( a s  de te rmined  by t h e  above sequence ) ,  and 

only  f o u r  p r o t o n  s i g n a l s  ( i n c l u d i n g  t h o s e  of  H-4' and H-6'eq) 

were found a t  around 6 3 .9 ,  t h e  above assumpt ion  i s  concluded 

t o  be  i n c o r r e c t  from o v e r s a t u r a t i o n .  

Anal .  Calcd f o r  C43H55N3015S3: C ,  54.36;  H,  5.84; N ,  4.42; 

S ,  10.12.  Found: C ,  54.60;  H ,  5.87; N ,  4 .31;  S ,  9.81. 

2"-0-Acetyl-6 ' -azido-4 ' -0-benzoyl-4", 6"-O-cyclohexylidene- 

6'-deamino-2',3'-dideoxy-2'-fluoro-1,3,3"-tri-N-tosylkanamycin 

-- A (21) and t h e  1'-Epimer ( 2 2 ) .  A m i x t u r e  of - 13 (1.00 g ) ,  19 
(845 mg), Hg(CNI2 (1.06 g ) ,  Drieri te (CaS04, 2 . 2 7  g), and d ry  

CH C 1  (2  mL) w a s  s t i r r e d  a t  40°C f o r  49 h i n  t h e  d a r k .  TLC 

(C H -EtOAc=5:4) of t h e  m i x t u r e  showed major  s p o t s  a t  R 0 .5  

3 
(2) and 0.3 (22) - w i t h  o t h e r  minor s p o t s .  Add i t ion  of C H C l  

(200 mL) fo l lowed by f i l t r a t i o n  w i t h  a i d  of Celite gave a p a l e  

brown s o l u t i o n ,  which w a s  washed w i t h  aqueous NaHCO d r i e d  

(Na SO >,  and c o n c e n t r a t e d .  The r e s i d u e  w a s  chromatographed 

(C H -EtOAc=lO:9) t o  g i v e  s o l i d s  of 21, 447 mg (41%) and 22, 
384 mg (34%, each  based on - 1 9 ) .  

2 2  

6 6  f 

3' 

2 4  

6 6  

- 21 :  +5" (c 1, CHC13); IR(KBr): 1160, 1720, 2110 cm-' 

(N3); 

3H,  Ts(Me)x3 and A c ) ,  5.65 (dd,  lH, J1,t,21,=3.8, J 

NMR (pyridine-c15): 6 2 . 2 2 ,  2 . 2 7 ,  2.32, 2.42 (each  s ,  

,,=10.5 Hz, 2" ,  3 
H-Z") ,  6 .12  ( d ,  l H ,  H-l"), 6 .35 ( d ,  1 H ,  J1 I , 2 1 = 3 . 5  H z ,  H-1'). 
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Anal. Calcd f o r  C54H65FN6017S3: C ,  54.72; H, 5.53; N, 
7.09; S ,  8.11. Found: C, 55.11; H, 5.67; N, 6.94; S, 7.83. 

- 22: +24" (c  - 0.5, CHC13); IR(JCBr): 1160, 1725, 2100 

cm '; 'H NMR (pyridine-d ): 6 2.21, 2.27, 2.34, 2.45 (each s ,  

3H, Ts(Me)x3 and Ac) ,  5.52 (dd, 1H, H-l'), 5.65 (dd, lH, H-2"), 

- 
-5 

- - 
2",3"-- 6.22 (d ,  lH, H-1"); J1t,21-7, J1',F=3.5, J1ii,2li=3.8, J 

10.5 Hz. 
Anal. Calcd f o r  C54H65FN6017S3*H20: C ,  53.90; H ,  5.61; N,  

2',3'-Dideoxy-2'-fluorokanamycin A (23). 
6.98; S, 7.99. Found: C ,  54.00; H, 5.57; N, 6.98; S, 7.79. 

A s o l u t i o n  of - 21 

(549 mg) i n  acetone w a s  passed through a column of Sephadex 

LH-20 (50 mL, prewashed wi th  acetone) wi th  acetone,  and 

concentrated t o  g ive  pure 21. 
d r i e d  - 21 i n  l i q u i d  ammonia ("100 rnL, -50°C) was added sodium 

(-700 mg) and t h e  deep b lue  s o l u t i o n  w a s  kept  a t  the  

temperature f o r  10 min. Addition of methanol (4 mL) u n t i l  the  

b lue  co lor  diappeared w a s  followed by concentrat ion.  T o  an 

aqueous s o l u t i o n  of t h e  r e s i d u e  w a s  added Amberlite CG-120 (H ) 

r e s i n  (13 g ) .  The r e s i n ,  a f t e r  s tanding a t  room temperature 

f o r  30 min ( t h e  cyclohexylidene group w a s  removed), w a s  packed 

i n  a column, washed with water ,  and t r e a t e d  wi th  1 N aqueous 

ammonia. The ninhydrin-posi t ive f r a c t i o n s  w e r e  concentrated t o  

g i v e  a pale-yellow s o l i d .  An aqueous s o l u t i o n  of the  s o l i d  w a s  

chromatographed on a CM-Sephadex C-25 column ( 4 0  mL, 04.15 N 

aqueous NH ) t o  a f f o r d  a s o l i d  of 23 as  the  carbonate ,  63 mg 

(27%), [a;:' +106" ( c  - 0.5, H20). 
'H NMR (20% ND3 i n  D20): 6 1.25 (4, lH, J=12.5, 12.5, 12.5 

Hz, H-2ax), 1.9-2.05 (2H, H-2eq,3'ax), 2.34 (m, lH, H-3'eq), 
2.71 (dd, lH, J=7, 13.5 Hz, H-6'a), 2.83-2.98 (2H, H-1,3), 2.97 
(dd, 1H, 5~2.5, 13.5 Hz, H-6'b), 3.00 ( t ,  lH, Jz-10, "10 Hz, 
H-3"), 3.24 ( t ,  1H, J=9.5, 9.5 Hz, H-6), 3.32 ( t ,  lH, J=10, 10 
Hz, H-4"), 3.43 ( t ,  lH, Jz9.5, 9.5 Hz, H-4), 3.48 (dd, lH, 

To a s o l u t i o n  of the  thoroughly 
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J=3.8, 10.5 Hz, H-2"), 3.57 (my l H ,  H-4'), 3.61 ( t ,  l H ,  J=9.5, 

9 .5  H z ,  H-5), 3.66 (ddd, 1 H ,  J = 2 . 5 ,  7 ,  9 .5  H z ,  H-5'), 3.75 (d ,  

2H, J = 3 . 5  Hz, H-6"aYb), 3 .90 ( d t ,  l H ,  J=-3.5, -3.5, 10 Hz, 

H-5"), 4 .62 and 4.81 (each  d t ,  0.5H, J=+, "4, 11 Hz, H-2'), 

5 - 0 3  ( d ,  1 H ,  Jlvi,2ii- -3.8 H z ,  H-l"), 5 - 5 4  ( d ,  l H ,  J l I ,21=3.7  Hz, 
H-1'). Above d a t a  were confirmed by t h e  H s h i f t - c o r r e l a t e d  2D 

1 

spectrum. 

1 3 C  NMR (20% ND i n  D 0; p ro ton  decoup led ) :  6 C-1  (51 .31) ,  3 2 
C-2  (36 .84) ,  C-3 (49 .87) ,  C-4 (86 .31 ) ,  C-5 (75 .08 ) ,  C-6 

(89.17), C-1'  (95.54, d ) ,  C-2' (87.30,  d ) ,  C-3' (33.195 d ) ,  

C-4' (66.155, d ) ,  C-5 '  (74 .83) ,  C-6' (42 .35) ,  C-1" (100 .85) ,  

C-2" (72 .81) ,  C-3" (55 .26 ) ,  (2-4" (70 .45) ,  C-5" (73.24) ,  C-6" 

(61 * 35) ; 2 =20.1, 1 JC-2'  ,F'182*4, 2 JC-'3f,F=17'09 Jc-l 1 , F  
=120 Hz. 

C-p; , F 
3J 

F NMR (20% ND i n  D 0; measured from Freon  11 as e x t e r n a l  3 2 
r e f e r e n c e ) :  6 -187.79 ( a p p a r e n t l y  d t ,  J =0, J2 ,F=47.5 ,  

1 ,F  
4 H z ,  F -2 ) .  

J3ax,F=*' 3eq,F 
Anal. Calcd f o r  C18H35FN409*0.5 H2C03: C ,  44.31; H ,  7.24; 

F ,  3.79; N, 1 1 . 1 7 .  Found: C ,  44.41; H ,  7.40; F ,  3.43; N ,  

10 .91 ,  

2',3'-Dideoxy-l'-epi-2'-fluorokanamycin A (24 ) .  Compound 

22 (536 mg) w a s  t r e a t e d  s i m i l a r l y  as  d e s c r i b e d  f o r  23 t o  g i v e  a 

s o l i d  of 24 as t h e  c a r b o n a t e ,  89 mg (39%) ,  
- - 

+70° (5 0.5,  

H20) * 
'H NMR (20% ND3 i n  D20): 6 1 .22 ( 4 ,  l H ,  H-2ax), 1 .79 

=11.5 Hz, ( q u i n t e t  1H,  J2  t ,3 t ax=J3 lax  , 3 1 eq-J3 - i ax, 4 i=J3  1 ax ,F  
H-3'ax), 1 .95  ( d t ,  l H ,  J=4 .0 ,  4 .0 ,  12 .5  Hz, H-2eq), 2.57 

[ a p p a r e n t l y  sextet ,  l H ,  5-5, " 5 ,  "5(=J ) ,  11.5  Hz, 

H-3'eqI 2.69 (dd,  l H ,  J = 7 . 7 ,  13 .8  Hz, H-6'a), 4.32 and 4.52 
(each  m ,  0 .5  H ,  H-2'), 4.79 (dd ,  1 H ,  J1, ,21=7.6 ,  J 1 ~ , F = 2 . 2  Hz, 

3 eq ,F  

H - l ' ) ,  5 .03 ( d ,  l H ,  J = 3 . 9  H z ,  H-1"); J21,F=hS0 Hz. 
A n a l .  Calcd f o r  C18H35FN409*0.5 H2CO3-0 .5  H20: C ,  43.52; 

H ,  7 .31;  F ,  3 . 7 2 ;  N,  10.97.  Found: C ,  43.78; H ,  7 .55;  F,  3.38; 

N ,  10.98. 
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