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  The absolute configuration of 2-deoxystrep-
tamine (5) in the neomycins and paromomycins, 

and hence in neamine (2) and paromamine (1a), 
has long been determined by two independent 
methods, both based on the analysis of a simple, 

chiral derivative of 5, in which the two enantio-
topic hydroxyl groups at positions 4 and 6 are 

differentiated. Derived from neomycin and 

paromomycin, N, N'-diacetyl-6-O-methyl-2-
deoxystreptamine (4) served for the assignment 
of chirality by REEVE'S cuprammonium method,2) 
whereas 5,6-di-O-methyl-2-deoxystreptamine (6) 

prepared from la and 2 and degraded to di-O-
methyl-D-( --)-tartaric acid established the abso-
lute configuration of neomycins and paromo-

mycins by an alternative procedure3). Studying 
one chelation site, the chirality of 5 in kanamycin 

was ascertained by analysis of 8 derived from 

kanamycin A4)r and 7 obtained from 85,6) using 
the cuprammonium and tetraaminecopper 
methods, respectively. 

  Paromamine, obtained by hydrolysis of paro-
momycin, is thus firmly established as 1a, and 
unsymmetrically substituted derivatives of 2-
deoxystreptamine, such as 4 ([a],, 15°), exhibit 

significant optical rotations so that the diastere-
omers 1a and lb were expected to show signifi-
cantly different optical rotations. Implications 

of this argument led to the assignment of com-

plete structures for kanamycin C7,2) and gentami-
cin A,8,1) both of which liberated an 0-(2-amino-
2 - deoxy - a - D - glucopyranosyl - 2 - deoxystrept-
amine)9,8) known to be of either structure 1a or 

1b, but having the same optical rotation as 
authentic la from paromomycin. Thus, with

position 4 in 2-deoxystreptamine assigned, the 
absolute configuration of kanamycin C and 

gentamicin A were consequently also specified. 
  The resulting structural assignments were 

further corroborated by comparisons with closely 
related, co-produced antibiotics revealing the lin-
kage of specific amino sugar types to certain 2-

deoxystreptamine positions. Direct proof of 
this pattern was provided for kanamycin A by 

determining the kanosamine-attachment-site as 

C6 of 2-deoxystreptamine. Similar studies in-
volving cuprammonium complexing of N-acetyl-
ated degradation products of the gentamicin-C 

members (tetra-N-acetylgentamines) established 
C4 of 2-deoxystreptamine as the purpurosamine-

attachment-site.101 In antibiotics with 4,6-di-

substituted 2-deoxystreptamine, therefore, 3-
amino-3-deoxy-amino sugars are generally at-
tached to C6 of 2-deoxystreptamine, whereas 2-
amino-2-deoxy-amino sugars are located at C4. 

  In the course of a chemical synthesis of paro-

mamine by S. UMEZAWA,11) the diastereomer 1b 
was obtained for the first time and, much to our 

concern, exhibited the same optical rotation as 
la so that the argument of differentiability be-

tween la and lb on the basis of their [a]D values 
was no longer valid. 

  We have very recently found a strain of Micro-
monosporcr echinospora producing, inter alia, an 
aminoglycoside which was indistinguishable 
from gentamicin A.12) To confirm the assigned 

glycoside-linkage loci 4 and 6 in 2-deoxystrepta-
mine of gentamicin A isolated from this and from 
the commercial gentamicin fermentations, both 

gentamicin A samples, as well as paromomycin, 
were subjected to methanolysis.1,13) The result-

ing crystalline aminoglycoside trihydrochlorides 
were converted to the free bases and N-acetylated. 

The paromamine synthesis of HASEGAWA14) made 
available [a]„ values for tri-N-acetylparomamine 

(3a) and the diastereomer 3b which differ signi-
ficantly from each other. As evident from Table 

1, we found positive optical rotations for the 

gentamicin A derivatives whose magnitudes are 
in better agreement with 3a than with 3b, thus 

conforming with the previously proposed genta-
micin A structure. 

 The additivity principle of the rotational in-
crements, 1[M]436, in Cupra B and related com-

plexing solvents has been implied and demon-
strated in the analysis of compounds with two4,15) 
and as many as five16) chelation sites per mole-
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cule. Since the rotatory contribution of the 2-
acetylamino-2-deoxy-D-glucopyranosyl portion 

is known,16) a value of 4[M]436 Cupra B = --2064° 

would be expected for 3a or 3b where only the 
sugar glycol grouping engages in cuprammonium 
complexing. The two vicinal diols in 3a are of 

opposite sign and, assuming equal rotatory in-
crement contributions, should yield J[M]436 
Cupra B=0°, whereas 3b, with two positive di-
hedral angles between the vicinal glycol group-
ings, would be expected to give J[M]433 Cupra 

B=-;-4128°. Table i shows the observed values 
to be close to 0° so that the presence of the paro-
mamine moiety la in gentamicin A is beyond 

doubt. The major amino glycoside produced by 
Micromonospora echinospora sp. X-14847 is

therefore identical with gentamicin A, which is 

confirmed to be 9 as originally proposed."

Table 1.

[a] D Water 

[a]436 Water 

[a]436 Cupra B 
J[M]436 Cupra B

Tri-N-acetylparomamine from

Paromomycin 

  + 99.6°° 

  +199.80 

  +204.71 

  + 22°

Gentamicin Aa 

  +105.5° 

  +211.9° 

  +204.30 
   - 35°

Gentamicin A° 

  +101.1° 

  +202.8° 

  +202.0° 
  - 4°

a from commercial gentamicin fermentation 
b from Micromonospora echinospora sp . X-14847 

c other reported values: +108°13) and +92°14)

1a: R'= H, R2= OH 
   (Paromamine) 

2: R1=H, R2= NH2 
   (Neamine) 

3a: R1= Ac, R2= OH

1b; R = H 
3b: R = Ac

4 5: R= H 
   (2- Deoxystreptamine ) 

6: R=Me

7

8 9 (Gentamicin A)

References

1) Preceeding paper in this series: MAEHR, H. & 

   C.P. SCHAFFNER: Chemistry of the gentamicins.    II

. Stereochemistry and synthesis of gento-

   samine. Total structure of gentamicin A. J. 

   Amer. Chem. Soc. 92: 1697 - 1700, 1970 

2) HICHENS, M. & K. L. RINEHART, Jr.: Chemistry 

   of the neomycins. XII. The absolute con-

   figuration of deoxystreptamine in the neomycins, 

   paromomycins and kanamycins. J. Amer. Chem. 
   Soc. 85: 1547-1548, 1963 

3) TATSUOKA, S. & S. HORU: The absolute con-

   figuration of zygomycin A, neomycin and



1382 THE JOURNAL OF ANTIBIOTICS NOV. 1980

    dihydrostreptomycin. Proc. Japan Acad. 39: 

   314-318, 1963; C. A. 63 16445f. 

4) TATSUOKA, S.; S. HORII, K. L. RINEHART, Jr. & 

   T. NAKABAYASHI: The absolute configurations 

   of streptidine in dihydrostreptomycin and of 

   deoxystreptamine in kanamycin A. J. Antibio-

   tics, Ser. A 17: 88-89, 1964 

5) UMEZAWA, S.; K. TATSUTA & T. TSUCHIYA: 

    Studies of amino sugars. XII. The absolute 

   structure of kanamycin as determined by a cop-

    per complex method. Bull. Chem. Soc. Jap. 39: 
    1244-- 1248, 1966 

6) UMEZAWA, S.: The chemistry and conformation 

    of aminoglycoside antibiotics. In: Drug action 

    and drug resistance in bacteria. Vol. 2, p. 2-43, 

    S. MITSUHASHI, Ed., University Park Press, 

   Tokyo, 1975 

7) WAKAZAWA, T. & S. FUKATSU: Studies on 

   kanamycin C. J. Antibiotics, Ser. A 15A: 225-

   226, 1962 

8) MAEHR, H. & C. P. SCHAFFNER: The chemistry 

    of the gentamicins. I. Characterization and 

    gross structure of gentamicin A. J. Amer. Chem. 
   Soc. 89: 6787-6788, 1967 

9) MURASE, M.: Structural studies on kanamycin 

    C. J. Antibiotics, Ser. A. 14: 367-368, 1961 

10) DANIELS, P. J. L.: The elucidation of the 

    structures of gentamicin and sisomicin and the

    current status of clinical resistance to those anti-
    biotics. In: Drug action and drug resistance in 

    bacteria. Vol. 2, pp. 77-111, S. MITSUHASHI, 
    Ed., University Park Press, Tokyo, 1975 

11) UMEZAWA, S.; T. MIYAZAWA & T. TSUCHIYA: 
    Synthesis of paromamine. J. Antibiotics 25: 

   530- 534, 1972 
12) MAEHR, H.; C.-M. LIU, T. HERMANN, B. PROSSER, 

    J.M. SMALLHEER & N.J. PALLERONI: Microbial 

    products. IV. X-14847, a new aminoglycoside 
    from Micromonospora echinospora. J. Antibio-

   tics 33(12): 1980, in press. 
13) HASKELL, T. H.; J. C. FRENCH & Q. R. BARTZ: 
    Paromomycin. I. Paromamine, a glycoside of 
     D-glucosamine. J. Amer. Chem. Soc. 81: 

   3480-3481, 1959 
14) HASEGAWA, A.; D. NISHIMURA, T. KUROKAWA & 

    M. NAKAJIMA: Synthesis of paromamine and its 
    related compounds. Agr. Biol. Chem. 36: 

   1773 - 1776, 1972 
15) UMEZAWA, S. & S. KOTO: Studies on amino 

    sugars. XIII. The synthesis of paromamine. 
    Bull. Chem. Soc. Jap. 39: 2014-2017, 1966 
16) MAEHR, H.; J. SMALLHEER & J. F. BLOUNT: 

    Microbial products. V. The absolute configura-
    tion of aminoglycoside X-14847. J. Org. Chem., 
    in press.


