
HEEROCYCLES. Vol 13, 1979 

SYNTHESIS OF 3'-EPI-4'-DEOXYKANAMYCIN B THROUGH 3'-EPI-3',L1- 

ANHYDBO INTERMEDIATE. 

Eiichi Akita*. Yukio Horiuchi, and Takeo Miyazawa 

Central Research Laboratories, Meiji Seika Kaisha. Ltd.. 

Morooka-cho, Kohoku-ku. Yokohama 222. Japan 

Abstract - 3'-Epi-4'-deoxykanamycin B was synthesized from a 
protected derivative of 3'-0-tosylkanamycin B by the reductive 

ring opening of the assumed intermediate epaxide with sodium 

borohydride, and the structure of the objective compound was 

confirmed by PMR, molecular rotation value of its copper complex. 

and periodate oxidation of its hydrolysate. 

During an attempt for the synthesis of 3'-deoxykanamycin B.' we found that the 

reaction of penta-N-ethoxycarbonyl-2"-0-benzoyl-3'-0-tosyl-4",6"-cyclohexylidene- 

kanamycin B (a2 with sodium borohydride did not yield the direct detosyloxylation 
pr~duct.~ but gave a 3'-epi-4'-deoxy compound. Thus we prepared the titled subst- 

ance in order to examine the effect of 3'-OH configuration on the antimicrobial 

activity against drug resistant organisms. 

Sodium borohydride was added to the agitated suspension of j,in diglyme and the 

mixture was kept stirring for two hours at 65'~ to give penta-N-ethaxycarbonyl- 

3'-epi-4'-deoxy-4u.6"-cyclohexylidenekanamycin B (2) in 87.3% yield (not complete- 

ly purified; Rf O.~/+(CHC~~. Me2C0, MeOH. 40:8:3, silicagel. TLC), O.Ll(EtOAc. EtOH. 

20:1, silica  gel.^^^)], which was deprotected by successive treatment with acetic 

acid and barium hydroxide, and the resulting product was purified by developing 
t 

on a column of Amberlite CG50(NH4 ) to give 3'-epi-4'-deoxykanamycin B (,@) in a 

considerable yield(37.4% from 1): 356mg of ,$ was rechromatographed on a column of 
silica gel (n-BuOH, EtOH. CHC13, 178NH OH. 4:5:2:5) to give 150mg; m.p. 167*~(dec.), 4 
(dlD tll4.8'(c 1.0. H20).Anal. Calcd. for Cl8Hj7N5O9'H20: C 44.57%. H 8.098, 

N 14.478, Found: C L4.02$. H 7.83%. N 14.378, (D20) 1.0-7.2 (4H, CZax.-H, C7eq.- 

H, C4,ax.-H, C4,eq.-H). 5.05 (lH, d. 53.7 Hz, C1,,-HI. 5.25 (1H. d, 4.4 Hz, C 1 9 -  

HI. 2.7-4.4 (16H). Rf 0.71 (n-BuOH, EtOH. CHC13, 17$NH 4 OH. 4:5:2:5. silica gel. TLC). 



Since  4a i s  t h e  main p roduc t  of t h i s  r e a e t i o n , a n d  among minor components 3'-deoxy- 
N 

kanamycin H was n o t  d e t e c t e d  a t  a l l ,  t h e  p o s s i b i l i t y  of d i r e c t  d e t o s y l o x y l a t i o n  

was excluded. and t h e  r e a c t i o n  was supposed t o  proceed through format ion o f  3 ' .4 ' -  

anhydro i n t e r m e d i a t e  (2, followed by t h e  a t t a c k  on C4' p o s i t i o n  by t h e  reducing 

agent .  

4 
rJ 

Very few examples a r e  known of r e d u c t i v e  epoxide r i n g  opening r e a c t i o n  u s i n g  

sodium h ~ r o h ~ d r i d e . ~  i n  c o n t r a s t  t o  t h e  e s t a b l i s h e d  method us ing  l i t h i u m  alu-  

minum h ~ d r i d e . ~  I n  t h e  p r e s e n t  work, l i t h i u m  aluminum hydr ide  was n o t  t r i e d  

s i n c e  e thoxycarbonyl  p r o t e c t i n g  group waa considered t o  be s e n s i t i v e  t o  t h e  r e -  
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agent .  

According t o  t h e  a c c e p t e d  mechanism o f  epoxide  r i n g  formation.6 s t r u c t u r e  of t h e  

i n t e r m e d i a t e  should  be $, i n  consequence, o n l y  t h e  s t r u c t u r e  La o r  Lb i s  p o s s i b l e  
rV 

f o r  t h e  product .  and a s  Ab was n o t  d e t e c t e d ,  t h e  p roduc t  i s  i n e v i t a b l y  La. This  
d 

conc lus ion  was confirmed by t h e  p e r i o d a t e  o x i d a t i o n  of t h e  a c i d  h y d r o l y s a t e  of La. 
d 

When La was hydrolyzed by 5  N H C 1  a t  1 0 0 ~ ~  f o r  50 minutes ,  i t  gave 3-aminoglucose. 
,v 

2-deoxystreptamine,  and 3'-epi-4'-deoxyneamine a ) ,  a f t e r  column chromatographic 

s e p a r a t i o n .  

Three moles p e r  mole o f  p e r i o d a t e  was consumed on p e r i o d a t e  o x i d a t i o n  of 5 by t h e  
P.7 

method of Rammler and Rabinowita as t h e  s t r u c t u r e  2 suggested ,  wh i l e  t h e  s t r u c -  

t u r e  >b r e q u i r e  o n l y  two moles p e r  mole of p e r i o d a t e .  

PMR spectrum o f  3 t aken  i n  deuterium ox ide  wi th  100 MHz a p a r a t u s  showed f o u r  p ro -  

t o n s  a t  61.0Y2.2 which were a s s i g n e d  t o  C2-H, and C -H r e s p e c t i v e l y .  I r r a d i a t i o n  
4' 

o f  C , , - H  ( 6 5 . 2 )  changed 6 2 . 9 4  t r i p l e t  t o  double t .  t h e  coup l ing  c o n s t a n t  of which 

was 3.8 Hz. As C , - H i s  a x i a l ,  C3,-H should  be e q u a t o r i a l  when cons ide red  t h i s  2 2  

value.  Consequently C , -OH must be a x i a l l y  o r i e n t e d  i n  t h e  molecule,  conforming 3 
t o  t h e  s t r u c t u r e  La. When C 2 , - H  was i r r a d i a t e d  no d i f f e r e n c e  i n  PMR spectrum was 

observed i n  61.0-2.2 r e g i o n  suggest ing t h e  absence  of methylene p ro tones  on t h e  

neighbour ing C3,. The s p l i t t i n g  p a t t e r n  o f  t h e  two p r o t o n s  a t  62.2-1.6 was s i m -  

p l i f i e d  on i r r a d i a t i o n  a t  C 3 , - H ,  sugges t ing  t h e  p resence  of methylene p r o t o n s  a t  

C 4 , .  These d a t a  a l s o  conform w i t h  t h e  s t r u c t u r e  2. 

Addi t iona l  proof  was given by t h e  tetraammine copper complex method (Umezawa's 

TACu method)'. Molecular r o t a t i o n  va lues  of t h e  copper complexes o f  $a, 3'-deoxy- 
. , 

kanamycin B (kb ) .  and kanamycin B (p) were compared w i t h  each o t h e r .  



The p resence  of e q u a t o r i a l  OH of g i v e s  t h e  l e v o r o t a t o r y  e f f e c t  when compared 

wi th  t h e  molecular  r o t a t i o n  va lues  of 9 and bb. A s  4h i s  d e x t r o r o t a t o r y ,  La wi th  
d 

i t s  a x i a l  O H ,  i s  expected t o  he more d e x t r o r o t a t o r y  than hh,  accord ing  t o  t h e  

theory .  A l a r g e r  d e x t r o r o t a t o r y  va lue  of t 1850' was observed wi th  La (See 
d 

Tahle 1 ) .  

Tahle 1. Molecular Ro ta t ion  Value of TACu-Complex 

Substance  C2'-NH2 C3'-OH 
ACMJ/,36(TACu) 8  

9 eq. 
ax. t 1850 

4b eq. none t 950 ( S y n t h e t i c )  3 ," 
t 900 ( N a t u r a l )  3  

4e eq. eq. - 450 ( N a t u r a l )  3  
IV 

- 483 ( ~ a t u r a l )  

f4 eq. none t 800 ( ~ y n t h e t i c ) ~  

The 

i s  

compound $a, 

s t r u c t u r a l l y  

which i s  one of t h e  i somers  o f h h  and 4'-deoxykanamycin B ( k c ) .  10  
w 

r e l a t e d  t o  3'.4'-dideoxykanamycin B ($d).ll I t  i s  we l l  e s t a b l i s h -  

ed t h a t  t h e  absence  of O H  group on C 3 '  i n  kanamycin B s e r i e s  i s  advantageous f o r  

i n h i b i t i o n  of microorganisms c a r r y i n g  3 ' -phospha t rans fe rase  I!' When $a was t e s t e d  

on t h e  microorganisms c a r r y i n g  t h e  same enzyme, i t  showed, though a  l i t t l e  weaker, 

a  s i m i l a r  a n t i b i o t i c  a c t i v i t y  t o  $d sugges t ing  t h e  c o r r e l a t i o h  between C 3 ' - O H  

conf igura t ion  and t h e  a c t i o n  of 3 ' -phospho t rans fe rase  I (See Tabla 2).  

Tahle 2. Minimum I n h i b i t o r y  Concentra t ion of 

Microorganism 
w 4c 4a ,- 4 ;~ '  $,e 

E. c o l i  K12 ML1629 3.12 50 0.78 > lo0  

ML1410 R81 12.5 100 0.78 3 1 0 0  

J5Rl l -2  3.12 25 0.39 - 



HETEROCYCLES, Vol 13, 1979 

Acknowledgement 

The a u t h o r s  wish t o  e x p r e s s  t h e i r  s i n c e r e  thanks  t o  D r .  H. Umezawa. p r o f e s s o r  

emer i tus ,  Tokyo U n i v e r s i t y , f o r  guidance and encouragement concerning t h e  p r e s e n t  

work, t o  Drs. S. Kondo and K. Iinuma, I n s t i t u t e  of Microhia l  Chemistry, f o r  TACu 

complex method, t o  D r .  S. Omoto, t h i s  l a b o r a t o r i e s ,  f o r  PMR decoupl ing and analy-  

s i s ,  and t o  D r .  M .  Hamada. I n s t i t u t e  of Microbia l  Chemistry, f o r  M I C  de te rmina t -  

i o n .  

They a r e  a l s o  indeb ted  t o  members of Pharmaceut ica l  Development L a b o r a t o r i e s  

and t h i s  l a b o r a t o r i e s  o f  M e i j i  Se ika  Kaisha. Ltd.. f o r  t h e i r  u s e f u l  d i s c u s s i o n s  

and adv ices .  They a r e  g r a t e f u l  f o r  D r .  Wakazawa, v i c e  p r e s i d e n t  . f o r  D r .  Ni ida ,  

d i r e c t o r  of Cen t ra l  Research Labora to r i e s .  Mei j i  Se ika  Kaisha,  Ltd., f o r  t h e  

approva l  of d e l i v e r i n g  t h i s  paper.  

References  

1. K.  F. Koch, and 3. A. Rhoades, "Ant imic rob ia l  Agents & Chemotherapy. 1970". 

ed. by G .  L. Hobby, American S o c i e t y  f o r  Microbiology. Bethesda. Maryland, 

1971. p. 309. 

2. Y. Takagi. T. Miyake. T. Tsuchiya,  S. Umezawa, and H. Umezawa, J. Ant ib io-  

t ics .1973.  A$, 403. 
7 

3. H. M. B e l l ,  and H. C. Brown. J. Amer. Chem. Soc., 1966, &1473; H. M .  Bel l .  

C. W. Vander s l i ce ,  and A. Spehar,  J. Orp. Chem.. 1969. & 3923; R. 0. 

Hutchins,  D. Hoke, J. Keogh, and D. Koharski. Tet rahedron L e t t . ,  1969. (LO). 

3495. 

4. M. Bharucha, H. J age r ,  K. Meyer, T. Re ichs te in ,  and 0. S c h i n d l e r ,  Helv. Chim. 

&&, 1959. 1395; B. Camerino, and C. G. A l b e r t i ,  Gaz. Chim. I t a l . .  1955, 

2 .  51. 

5. N .  G. Gaylord. "Reduction wi th  Complex Metal Hydride". I n t e r s c i e n c e ,  New York 

, 1956. p. 673: E. L. E l i e l ,  ' S t e r i c  E f f e c t s  i n  Organic Chemistry", ed. by 

M. S. Newman, Wiley. New York. 1956 p. 106; S. Hanessian.  "Adv. i n  Carbohydr. 

Chem.", eds.  by M. Wolfrom, and R. S. Tipson,  Academic P r e s s ,  New York and 

London. 1966, a, p. 143; A. Rosowsky, "He te rocyc l i c  Compound wi th  t h r e e  and 

Four Membered Rings p a r t  1". ed. by A .  Weissberger.  I n t e r s c i e n c e ,  New York, 

1964, p.199. 

6. l h i d . ,  p.147. 

7. D. H. Rammler, and Rabinowitz. Anal. Biochem.. 1962, A, 116. 



8. S. Umezawa, T. Tsuchiya,  and K. Ta t su ta ,  Bull .  Chem. Sac. Jpn.. 1966, 

1235. 

9. R. E. Reeves. J. Amer. Chem. Soo., 1949. 7J, 2116; R. E. Reeves. "Advances i n  

Carbohydrate Chemistryn.  eds .  by C.  S. Hudson, and S. M. Canter.  Academic 

P ress .  New York. 1951. 5. p. 107. 

10. Y. Abe, S. Nakagawa. K. Fujisawa, T. Nai to ,  and H. Kawaguchi, J. A n t i b i o t i c s .  

1977, g. 1004. 

11. S. Umezawa. H. Umezawa, Y. Okazaki, and T. Tsuchiya.  B u l l .  Chem. Soc. Jpn.. 

1972, ,& 3624; T. Miyake. T. Tsuchiya,  S. Umezawa, and H. Umezawa. Carbohydr. &. 1976. 141. 

12. H. Umezawa. "Advances i n  Carbohydrate Chemistry and Biochemistry",  eds.  by 

R. S. Tipson. and D. Horton. Academic P ress .  New York and London. 1974, a 
p. 183; H. Umezawa. "Drug Action and Drug Res i s t ance  i n  Bac te r i a .  11. Amino- 

g lycos ide  A n t i b i o t i c s " .  Univ. Tokyo Press .  Tokyo. 1975. p. 211; H. Umezawa, 

M. Okanishi ,  S. Kondo, K. Hamana. R. Utahara ,  K. Maeda, and S. Mitsuhashi .  

Science ,  1967. 3 5  1559; H. Umezawa. S. Umezawa. T. Tsuchiya. and Y. Okazaki 

, J. A n t i b i o t i c s ,  1971, 3 485. 
Received,  25th  September, 1 9 7 9  


