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Kaeugamycin (I) ie an antibiotic produced by Streutomycee 

kaeugaensii,and exhibits inhibition against various kinds of bacteria 

.including Pseudomonas and a strong preventive effect against rice 

blast.l) The structural elucidation of the three fragments, i.e., 

d-inositol, methylkaeugaminide (II), and kasuganobioeamine (III), 

obtained from the degradation of kasugamycin, have been described in 

the previous communications 2, in this series . The present studies 

deal with the etructure of the amino derivative at C,+ of the amino 

sugar moiety. The following results, considered with previous 

findings, 2-3) permit the assignment of the gross structure I to 

kaaugamycin, which has an un$que emidi,ne group. 
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The degradation products of kasugamycin were investigated 

toichiometrizally. Reaction of the hydrochloride of I with barium 

hydroxi.de at 100' for 10 hours gave III, oxalic acid, and ammonia in 

97%, quantitative, and 91% yields, respectively. The same reaction 

at room temperature for 36 hours gave III, kasugamycinic acid (IV), 

oxalic acid, and amznonia in 56, 35, 56 and 21% yields, respectively. 

11, Rl=RJ=Rj=H; R2=OCH 
3 

III, Rl=d-inositol; R2=R3=R4=H 

;z 
IV, Rl=d-inositol; R2=~3=~; R4=C-C-OH 

V, Rl=R3=H; R2=OCH 
3; s=iE 

II 
VI, Rl=R3=H; R2=OCHJ; R4=C-COoHO o 

1, 11 
VII, Rl=d-inositol; R2=~3=~; R4=C.-C-NH2 

These evidences show that the amino derivative at C4 is derived from 

equivalent amounts of III, oxalic acid, and ammonia and suggest 

either an amide structure (R4=CoCONH,) or an amidine structure 
NH 

(R~=c-C~~H). To clarify such point, the following reactions have 

been carried out. Methanolysis of the hydrochloride of I in 

saturated msthanolic hydrogen chloride gave an amine and d-inositol. 

The amine hydrochloride shows m.p. 213-213 
0 

(dec.), pK'a 10.8, 7.2, 

x~d beloa 2 and has a molecular formula,* C H 0 N. .HCl.l/2H2o. 
9 17 45 

Calcd: C 39.06, Ii 6.92, N 15.19, Cl 12.81; Found: C 58.86, H 7.09, 

N 14.99,.cl 12.98. Treatment of the amine with bzriun hydroxide 

gave II and oxalic acid, and oxidation with lead tetraacetate or 

. Although the molecular formula ws previously assigned to Clo- 

Hl,+J,+N3*HCl, 2a) it is nc'w revised to C H 0 N *HC1*1/2H20. 
93743 
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sodium periodate afforded a nitrile amine (VI, with evolution of 

carbon dioxide, showing m.p. 1.~3-126~, ~~2 2200 cm-l, and a positive 

test for nitroprusside reagents. 4) Calcd. for C8H1502N3: C 51.87, 

H 8.16, N 22.69. Found: C.51.63, H 8.03, N Z.637. Therefore, the 

structure of the amine is assigned to (VI). The'results show that 

the -W?CzN group of V is formed by oxidative decarboxylation and can 

be easily rationalized by the present understanding of such reagents 5-6) 

ae shown in the following shame. 

H 
R-?kCOOH - 

FMOAch R__X - 

I;H 

7 
- R-N-C-N + CO2 

On the other hand, the treatment of I with acetic anhydride-pyridine 

afforded heptaacetylated III, carbon dioxide, and acetylformamide, m.p. 

64-66', yz (cm-l 1 3250-3150,.1740, 1670, 1600, 1215, end 1180, n.m.r. 

(8) 2.21 (singlet, 3H, 8 - -CH3), 9.10 (doublet, IX, -CiiO), and 9.67 

(broad, lH, w - -1, which had been previously prepared by the reaction 

of ethyl formimidate and acetic anhydride by Pinner. 7) The formation 

of acetylfo rmamide can be explained in the folloring ray. 

R-ii?-C-COOH - R-N-C-COOH “” 
r 

-RNH2+ AC-N-CHb+COr 

IQ kH 
AC+-AC ic 
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Kasugamycin forms a chelate compound with basic cupric carbo- 

*ate81 , stable to acid9) and.unatable to heat and base. These 

evidences together with the reaulte obtained above strongly support 

an amidine structure for the amino derivative at Cq. Unumbiguous 

proof of the amidine structure has been succesefully achieved by a 

partial synthetic approach to I. The amide (VII) prepared by the 

reaction of III and methyl oxalate followed by ammonolysis'was found 

to be different from I spectroscopically and showed a different 

biological activity. 2d) The amidine compound has been prepared by 

the reaction of III with diethyl ester of oxalimidic acid lo) and 

subsequent mild acid hydrolysis with hydrochloric acid.' The synthetic 

material in state of hydrochloride has been found to be completely 

identical with the natural kasugamycin hydrochloride (mixed m.p., 

I.R., n.m.r., and bio-aseay). 

H 

III + EtO-$-_F-OEt - R-d-C-C-OR 
H+ ‘;’ 

- R-N-;-f-OH 

HN NH Hi iH HN 0 

Since the position of attachment of d-inositol in amino-sugar moiety 

has been decided by X-ray crystallographic analysis on the hydrobromide 

of $1 the whole structure of kasugamycin has been assigned to I. 

A large amount of expqrimental evidence 9) indicates that monosub- 

stituted amidines having different groups on the nitrogen atoms 

exhibit tautomerism. Supporting evidence for the existence of 

tautomerism in caee of kasugamycin lies in the fact that the hydrolysis 

with barium hydroxide produces a mixture of III and IV.' Therefore, 

the intrinsic structure.of kasugamycin is considered as follows: 
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R = d-inositol 

It should be mentioned also that the pK'a of kasugamycin shows 

7.1, 10.6, and below 2 which can be assigned to the amino group at C2, 

amidine, and carboxylic acid, respectively, and the infrared spectrum 

displays an absorption at 1670~ -1 for the carboxylic acid attached 

to the amidine. 

The authors wish to thank Mr. Mitsuo Hamada for his valuable 

assistance on this work. 

1) 

2) 

3) 

4) 

5) 

Acknowledgement 

References 

H. Umezawa, Y. Okami, T. Hashimoto, Y. Suhara, M. Hamada and T. 

Takeuchi, J. Antibiotics, Ser. A(18), 101 (1965). 

(a) Y. S&m-a, K. Maeda and H. Umezawa, ibid., Ser. A(18), 182 

(1965); (b) Y. Suhara, K. Maeda, H. Umeeawa and M. Ohno, ibid., 

Ser. A(l8), 184 (1965); (c) Y. ‘Sahara, K. Maeda and H. Umezawa, 

. 
IbId., Ser. A(l8), 187 (1965); (d) Y. Suhara, K. Maeda, H. Umezawa 

and M. Ohno, ibid., Ser. A(l8), in press. 

T. Ikekawa, H. Umezawa and Y. Iitaka, ibid., Ser. A(l9), in press. 

Ed. Hofmann and A, W'&sch, Naturwissenschaften, 4_5, 338 (1958). 

E. J. Corey and J. Casanova, Jr., J. Am. Chem. Sot., z., 165 

(1963). 



1211 No.12 

6) M. Lj. Mihailovi6, A. Stojiliko& and V. Andrejevib, Tetra- 

hedron Letters, 461 (1965). 

7) A. Pinner, s. l6, 1643 (1883). Reported m.p. 70'. 

8.) J. P. Greenstein and M. Winiz, "Chemistry of the Amino Hcide", 

John Wiley & Sons, Inc., New York, 569 (1961). 

9) R. L. Shriner and F. Iv. Newnab, Chem. Rev:, 2, 351 (1944j. 

10) J. U. Nef, AM., 2&, 282 (1895). 


