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Continuing investigations on the chemis t ry  of the olivomycins and chromomycins ,  we have undertaken 
a study of the parent  substance of this group - aureolic acid [3, 4] - and also the antibiotics LA-7017 [5] 
and mi th ramyc in  [6]. It has been found that each of the three act inomycetes  that produce these antibiotics 
form only one biologically active substance; i.e., in contras t  to the o l ivomycins -chromomycins  all three of 
these antibiotics are  s ingle-component  compounds. When careful ly purif ied samples  of aureolic acid, of 
LA-7017, and of mi thramycin  were compared,  it was found that in their  physicochemical  and biological 
proper t ies ,  and in those of their  acetates ,  they sca rce ly  differed (Tables 1 and 2). These resul ts  show the 
probable identity of the antibiotics mentioned which, however,  is contradicted by some resul ts  of invest iga-  
tions published previously  in which a definite difference between aureolic  acid, LA-7017, and mi thramycin  
with respec t  to biological activity and some other  proper t ies  was repor ted  [4-6]. 

In view of this, for  a definitive answer  to the question of the identity of the antibiotics compared we 

TABLE i .  
mycin,  and Antibiotic LA-7017 

Phys icochemica l  P roper t i e s  of Aureolic  Acid, Mithra-  

Antibiotic and its acetate 

Aureolic acid 

Mitilramycin 

Antibiotic LA-7017 

Aureolic acid acetate 

Mitnramycin acetate 

Acetate of antibiotic LA-7017 

(c 0.3 in 
et ha no 1), 

deg 

-51 

--50 

--60 

-32 

--30 

--29 

0,36 

0,36 

0,36 

0,54 

0,54 

0,54 

kma x run (log s)t 

229, 280, 317, 330, 417 
4,39 4,68 3,92 3,77 3,98 
229, 279, 317, 330, 415 
4,33 4,68 3,93 3,74 3,97 
229, 280, 317, 330, 415 
4,38 4,68 3,94 3,79 3,98 
224, 259i, 266, 319i, 326, 360 
4,39 4,65 4,80 3,95 3,99 3,57 
2"24, 259ti, 266, 319i, 326, 360 
4,41 4,65 4,79 3,94 3,99 3,56 
224, 259i, 266, 319i, 326. 360 
4,40 4,66 4,79 3,95 4,03 3,58 

* On th in- layer  chromatography in si l ica gel in the benzene-ace -  
tone (1 : 1) sys tem (for the antibiotics) and in the b e n z e n e - a c e -  
tone (3 : 1) sys tem ( fo r  the acetates).  
T i - inflection. 

* F o r  Communicat ion XXVII, see [1], and for a p re l iminary  communicat ion see [2]. 
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T A B L E  2. Ant ibiot ic  P r o p e r t i e s  of 
A u r e o l i c  Acid,  Mi th ramyc in ,  and Ant i -  
b io t ic  LA-7017 

Antibiotic 

Minimum concentration 
(.pg/m 1) to suppress 

. . . . . . .  

us i coides I is` lutea] tilis 

Auroelic acid 
Mithromycin 
Antibiotic LA- 7017 

0,05 0,005 0,005 0,005 
0.05 0,005 0,005 0,005 
0105 0,005 0,005 0,005 

inves t iga ted  the m o n o m e r i c  compos i t i on  of each  of them.  
I t  was  found that  the a c i d  h y d r o l y s i s  of all  t h r ee  ant ib io t ics  
f o r m e d  c h r o m o m y c i n o n e  (I) [7]* (Table 3), o l ivose  ill) [9, 
10], o l iose  (III), [9, 10], and m y c a r o s e  (IV) [1]. The  r e su l t s  
of  a quant i ta t ive  ana lys i s  of the m o n o s a c c h a r i d e s  in the h y -  
d ro lyza t e  us ing  t r i p h e n y l t e t r a z o l i u m  chlor ide  (see [11]) 
showed that  the o l ivose  (II) and the o l iose  (IID w e r e  p r e s e n t  
in a ra t io  of 3 : 1. To de t e rmine  the m y c a r o s e  we used  r e -  
duct ion by NaBH 4 fol lowed by exhaus t ive  ace ty la t ion  and 
gas - l i qu id  c h r o m a t o g r a p h y  (see [12]). The r e s u l t s  of ~car- 
bohydra t e  ana lyse s  and a l so  of a c o m p a r i s o n  of the E~°m 
va lues  f o r  au reo l i c  acid,  m i t h r a m y c i n ,  and ant ibiot ic  L A -  

7017, on the one hand, and of  c h r o m o m y c i n 0 n e ,  on the o ther  hand, showed that  each  of these  ant ib io t ics  
conta ins  one r e s idue  of c h r o m o m y c i n o n e  (I), one of D - o l i o s e  (II1), and one of D - m y c a r o s e  (IV), and t h r ee  

of  D - o l i v o s e  (II). 

OMe OH 
H0 " ~ M e  
Me ~ ~ . .  0 OH 

OH OH 0 ~" 

i 

Me Me Me 

HO OH~OH HO OH~  OH HoMe~_~ O~ 
HO 

*The identity of the aglycones of chromomycin and of mithramycin was f i rs t  reported by M. G. Brazhnikova 
et al [8]. 

TABLE 3. P h y s i c . c h e m i c a l  P r o p e r t i e s  of  C h r o m o m y c i n o n e  (I) and 
the Aglycones  of Aureo l i c  Acid,  Mi th r amyc in ,  and Antibiot ic  LA-7017 

Substance 

Chromomycinone 

A~ly~one of aureolic 

Aglycone of mithra-. 
mycln 

Aglycone ot antibio- 
fidLA-7017 

Aceta te  of chromo-. 
mycinone 

Acetate of the a~lv- 
cone of aureolic~id 
Acetate of the agly- 
cone of mithramydin 
Acetate ot me aulv- 
cone of LA-701T " 

R/ 

0,63 

0,63 

0,63 

0,63 

mp,OC [a~(c  1 
in EtOH) 

(micro)T deg ' 

(~npixical ;.,,~ta,OH. nm (log e) iformula $ 

0,65 

0; 65 

0,65 

0,65 

176--178[ +76 

176--1781 -+-76 

174-- 1761 +74 

176--177] +74 

1 ~4 I - -  

180--182L 

180--182 1 -- 

180--182 1 

232, 282, 326, 340, 412 
(4,42; 4,69; 3,83; 3,76; 4,09) 
232, 281, 326, 340, 412 

(4,38; 4,65; 3,80; 3,77; 4,04) 
232, 281, 326, 340, ~12 

(4,43; 4,68; 3,83; 3,77. 4,08) 
232, 281, 326, 340, 412 

(4,42; 4,67; 3,~3; 3,78; 4,06) 

260, 3n2, 364 
(4,80; 3,87; 3,46) 
250, 302, 364 

(4,80; 3,89; 3,49) 
260, 302, 364 

(4,79; 3,87; 3.48) 
260, 302, 364 

(4,82; 3,88; 3,48) 

C:jH2,O~ 

C.,, H,., ,O~, 

C~Ha~O~5 

CsaHa~Ol~ 

C33H~O1:, 

C33H:3,iOI5 

*On s i l i ca  gel in the b e n z e n e - a c e t o n e  (3 : 2) s y s t e m  (for the a g l y -  
cones)  and the ( 5  : 1) s y s t e m  (for  the ace ta te s ) .  
TThe ag lycones  w e r e  r e c r y s t a l l i z e d  f r o m  ace t ic  ac id  and the ace t a t e s  
f r o m  ethanol .  
$ F o r  the ag lycones ,  found, %: C 55.4-56.0;  H 5 .5-6 .0 ;  tool .  wt.  (m/e) 
420. C21H24Og.2AcOH. Calcula ted ,  %: C 55.6; H 6.0; mol .  wt. (with-  
out  AcOH) 420. F o r  the ace t a t e s ,  found, %: C 58.8-59.1;  H 5 .3-5 .4 ;  mot .  
wt. (rr~e) 658. C33H36015. Ca lcu la ted ,  %: C 58.9; H 5.4; mol .  wt.  658. 
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The facts  given above lead to the conclusion that aureol ic  acid,  antibiotic LA-7017, and m i t h r a m y c i n  
a r e  one and the s a m e  subs tance ,  which it is p roposed  in future to cal l  aureo l ic  acid, s ince it was  f i r s t  de -  
sc r ibed  under  this  name.  

E X P E R I M E N T A L  

F o r  genera l  in format ion  on the expe r imen t s ,  see  [13]. 

1. I so la t ion  of Aureol ic  Acid, Mithramycin ,  and Antibiotic LA-7017.  The producing agent of aureo l ic  
acid (S t rep tomyces  sp.) was  used to f e r m e n t  a medium containing soya f lour  (1.5%), s t a rch  (2.5%), NaCI 
(0.3%) and CaCO s (0.3%) with ph 6.9-7.0 at 28°C for  96 h; the producing agent  of m i th r amyc in  CA. a t rool ivaceus)* 
was  grown in the s ame  medium for  144 h; and the producing agent  of antibiotic LA-7017 (St reptomyces  sp. LA- 
7017) was grown for  96 h on a medium containing maize  ex t r ac t  (0.5%), s t a r ch  (1.5%), g lucose (1~), (NH4) 2 SO 4 
(0.4%), NaCI (0.5%), and CaCO s (0.5%). In each case ,  the myce l i a  we re  f i l t e red  off, and the f i l t ra te  was  
acidif ied with dilute HCI to pH 3 and ex t rac ted  with ethyl ace ta te .  The ex t r ac t  was  washed  with water ,  dried,  
and evapora ted ,  the res idue  was  t r i t u ra t ed  with e ther ,  and the resu l t ing  crude p r epa ra t i on  was pur i f ied  by 
t h in - l aye r  ch roma tog raphy  in s i l i ca  gel.  The p r o p e r t i e s  of the ant ibiot ics  and the i r  ace ta tes  (obtained by 
the act ion of Ac~O + Py,  72 h a t  20~C) a re  given in Table  1; by po ten t iomet r ic  t i t ra t ion  in 10% ethanol it 
was  found that  pH a = 7.6. 

2. Acid Hydro lys i s  of Aureol ic  Acid, Antibiotic LA-7017, and Mi thramycin .  A solution of i g of 
aureo l ic  acid in 50 ml  of 50%aqueous acet ic  acid was  heated  at  75°C for  3.5 h, diluted with wate r ,  and ex-  
t r a c t ed  with ethyl  ace ta te .  The combined ex t r ac t s  we re  washed  with wate r ,  dr ied,  and evapora ted ,  and the 
res idue  was ch romatographed  in the b e n z e n e - a c e t o n e  (3 : 2) sy s t em.  The zone with Rf  0.58-0.70 yielded 
300 m g  of ch romomycinone  (I), which c rys t a l l i zed  f rom acet ic  acid with two molecu le s  of the solvent  (see 
Tab le  3). 

Af ter  the ex t rac t ion  of the chromomycinone ,  the aqueous f rac t ion  and the wash w a t e r s  were  combined 
and evapora t ed  to d ryness ,  and the las t  t r a c e s  of ace t ic  acid were  e l imina ted  by dis t i l la t ion with ethanol.  
Then the resu l t ing  mix tu re  of suga r s  was  ch romatographed  in the b e n z e n e - a c e t o n e  (1 : 1) sys t em.  The 
zone with Rf  0.65 { on Whatman No. 2 p a p e r  in the n - b u t a n e l - e t h a n o l - w a t e r  (4 : 1 : 5) sy s t em [1]}, and the 
zone with R f  0.13-0.39 yie lded 420 mg  of a mix tu re  of ol ivose (II) and ol iose (HI). Af te r  t h r i c e - r e p e a t e d  
ch roma tog raphy  in the b e n z e n e - a c e t o n e  (1 : 2) sys t em,  the zone with Rf  0.42-0.53 yielded 173 m g  of ol ivose 
(II) with [~ ~ + 24 ° (c 1; water ) ,  Rf  0.52 (on paper) ,  and the zone with Rf 0.26-0.36 yielded 74 m g  of ol iose 
(HI) with [~]~I~ + 51° (c 0.9; water ) ,  R f  0.46 (on paper) ,  identified by a d i rec t  c o m p a r i s o n  with the products  
of the hydro lys i s  of the o l ivomycins  [10]. 

Mi th ramycin  and antibiotic LA-7017 were  hydrolyzed s imi la r ly ;  the hydro lys i s  p roducts  were  shown 
by d i rec t  c o m p a r i s o n  to be identical  with chromomycinone  (I) (see Table  3), ol ivose (II), ol iose (HI), and 
m y c a r o s e  (VII), r e spec t ive ly .  

3. Quanti tat ive De te rmina t ion  of the Monosacchar ides  in Aureol ic  Acid, Antibiotic LA-7017, and 
Mi thramycin .  Each of the ant ibiot ics  (30 mg) was hydroiyzed under the conditions of exper iment  2. The 
solution was  evapora t ed  to d ryness ,  and the res idue  was dissolved in 50 ml  of ethanol and, to e l iminate  the 
ch romomycinone ,  the solution was f i l te red  through 7 g of A120 s (activity g rade  V). The f i l t ra te  was evap-  
ora ted ,  the r e s idua l  mix tu re  of monosaccha r ides  was reduced in 3 ml  of an aqueous solution of 45 mg of 
NaBH 4 (2 h at 20°C), the excess  of reagent  was decomposed  with Amber l i t e  IR-120 r e s i n  (H+), the bor ic  
acid was e l imina ted  by repea ted  dist i l lat ion with methanol ,  and the resu l t ing  mix tu re  of alditols was ace ty -  
la ted with 1 ml  of Ac20 and 1 ml  of Py  (15 h at 20°C). Af ter  evapora t ion  in vacuum,  the res idue  was sub-  
j ec ted  to gas- l iqu id  ch roma tog raphy  (10% of polyethylene glycol succinate  on C h r o m o s o r b  W, 190°C, N9 
60 ml /min ) .  

The ra t io  of the amount of m y c a r o s e  (IV) to the total  amount of ol ivose (ID and ol iose  (HI) de te rmined  
in this way was  1 : 3.7, 1 : 4.2, and 1 : 4.5 in the three  r e spec t ive  cases .  I t  was  found by pape r  c h r o m a t o -  
graphy (see [11]) that  the amounts  of ol ivose (II) and ol iose (HI) in the hydro lyza tes  w e r e  in the p ropor t ion  
of 1 : 2.8, 1 : 2.9, and 1 : 3.0. 

The cul ture  of the producing agent  of m i t h r a m y c i n  was  kindly given to us by Academic ian  of the Aca-  
demy of Medical Sciences  of the USSR G. F. Gauze (Moscow), the cul ture  of the producing  agent of ant ibi -  

* Antibiotic 11,294, which is  f o rm ed  by this ac t inomycete ,  has p rev ious ly  been  shown to be identical to mi th -  
r amyc in .  
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otic LA-7017 by Prof .  P.  Sensi (Milan), the cul ture of the producing agent of aureol ic  acid by Dr.  J .  E.  
Philip and R. L. Girolami  (Chicago), and the sample of chromomyeinone by Dr.  K. Mori ta  (Osaka). 

SUMMARY 

1. It  has been shown that aureol ic  acid, antibiotic LA-7017, and mi th ramycin  are  identical.  
2. It  has been es tabl ished that aureol ic  acid is a glycoside of chromomycinone (I) and contains the 

~monosaccharides  D-ol ivose (II), D-ol iose (IH), and D - m y c a r o s e  (IV) in a rat io of 3 : 1 : 1. 

lo  
i .  

}}~ }{ 

37 
: i  
4 °  
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