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In a p reced ing  communica t ion  h]  we have shown that aureol ic  acid is a glycoside of chromomycinone  
(X) containing D-o l ivose  (II), D-o l iose  (III), and D - m y c a r o s e  (IV) in a ra t io  of 3 : 1 : 1. As the resu l t  of 
fu r the r  invest igat ions ,  we have es tab l i shed  that this antibiotic p o s s e s s e s  the s t ruc tu re  (I). 
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The act ion on aureol ic  acid of NaIO 4 oxidizes  the single m y c a r o s e  res idue  p r e s e n t  in it and one of 
the ol ivose r e s idues ,  while the th ree  o ther  monosacchar ide  res idues  a r e  not affected.  This  shows that the 
antibiotic contains two t e rmina l  suga r s  (in the py ranose  form) which is p robab le  only if there  is  one branched 
or  two unbranched ca rbohydra te  chains .  When the decabenzoate  of aureol ic  acid* was subjected to acid 
hydro lys i s ,  all  the s u g a r s w e r e  spl i t  off in the f o r m  of the benzoyl  de r iva t ives  (V-IX); consequently,  in each 
suga r  res idue  of the antibiotic at l ea s t  one hydroxyl  is f ree .  These  r e su l t s  e l imina te  the poss ib i l i ty  of the 
branching  of the o l igosacchar ide  p a r t  of the molecule;  i .e. ,  they show the p r e s e n c e  in aureol ic  acid of two 
unbranched ca rbohydra te  chains t e rmina ted  by m y c a r o s e  and ol ivose .  

The pos i t ions  of a t t achment  of these  chains to the aglycone were  de te rmined  in the following way. 
Aureol ic  acid s t rongly  and spec i f ica l ly  lowers  the pH of solutions of bor ic  acid (ApH 2.5), f rom which it 
follows (see [12]) that in the antibiotic the per i -d ihydroxynaphtha lene  grouping is f ree .  F u r t h e r m o r e ,  in 

*Under  the act ion o f b e n z o y l  chlor ide in pyr idine,  aureol ic  acid gives two benzoyl  der iva t ives ,  one of which 
is the product  of exhaust ive benzoylat ion (undecabenzoate) while the second is a decabenzoate  in which the 
t e r t i a r y  hydroxyl  of the m y c a r o s e  res idue  is f ree  (~ OH 3560 cm-1).  The hydro lys i s  of both benzoates  (more  
accura te ly ,  methanolys i s  with subsequent  hydrolys is)  leads to mix tu re s  of benzoyla ted  monosacchar ides  
containing the s ame  der iva t ives  of ol ivose and ol iose and differing only by the p r e s e n c e  of the mono-  or  the 
dibenzoate of m y c a r o s e .  
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the per iodate  oxidation of aureol ic  acid ment ioned above,  in addition to the t e rmina l  sugar  r e s idues ,  the side 
chain of the aglyeone is spli t  off, one mole  each of acetaldehyde and fo rmic  acid being l ibera ted .  The acid 
hydro lys i s  of the product  of the per iodate  oxidation of the antibiotic (XV) fo rms  chromomyeinonic  acid (XIV), 
which, f u r t h e r m o r e ,  has a lso  been obtained d i rec t ly  by the oxidation of ehromomyeinone  (X). It  follows 
f rom this that the hydroxyls  of the side chain of the aglyeone a re  also f ree ,  and the re fore  the two ca rbohy-  
drate  chains in aureol ie  acid a re  at tached to the aglyeones through 2-OH and 6-OH hydroxyls  (:X'I). 
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The s t ruc tu r e s  of these chains we re  de te rmined  by the pa r t i a l  hydro lys i s  of the antibiotic.  Thus,  the 
act ion on aureol ie  acid of 0.1 N HC1 yielded two i somer i c  ohromomyeinone  monool ivos ides  in which the 
ol ivose res idues  were  capable  of being oxidized by per ioda te  and, the re fo re ,  were  p r e sen t  in the py ranose  
form.  The UV spec t rum of one of these ol ivosides ,  like the spec t rum of unsubst i tuted ehromomycinone  
(X), underwent a ba thoohromic  shift  on alkal izat ion.  This  means  that the 6-OH in it is f ree  (see [3]) and, 
consequently,  the s t ruc tu re  of the glycoside will be (XIII) (for the configurat ions of the glycosidic  bonds,  
see below, Table 1). The UV spec t rum of the second olivoside did not change on alkal izat ion,  since in it 
the 6-OH phenolic hydroxyl  is blocked by a sugar  residue (XII). The fo rmat ion  of ehromomyoinone  2- and 
6-o l ivos ides  shows that both ca rbohydra te  chains of aureol ic  acid begin with olivose res idues  and, t h e r e -  
fore ,  the antibiotic is based  on the s t ruc tu re  (XVII), 
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TABLE 1. Calculat ion of the Configurations of the Glycosidic Bonds 
of Aureol ic  Acid 

Contribution 
Glycoside IM1 o of me 

sugar 

Chromomycinone I q-415 
6- Oliv os~Icht omomycinone (XII) [--56 
2 - Olivos),lct~omomycin one (XIII) --168 

Oliv °~yl°liv°syl°liv °sylchr°m ° m y c i n ° n e ( x  VIII) --552 

01i~ Io livosy lolivosy Io livosy lehromo- 
m'-"~ycl one (XIX) I --385 
MycarosyloliosyloUv osyloliv osyloliv osyl- [ --552 
r-'--dSF6~-~mycinone (aureolie acid) (D 

de~ 

--471 

--583 

2 × (--253) 

+177 

--167 

[M]D of Confi~ 
the ano- ration 
meric of the 
methyl 
glycosides gly" cosidi¢ 

J center 

a~-212 
~--138 
a+212 ~ 
~--138 
• -{-212 ~ 
~--138 

~+230" 

~-55 

*According  to [7] for  the corresponding 3-O-ace ta te .  

The hydrolys is  of aureol ic  acid under mi lde r  conditions (0.01 N HC1) yielded a glycoside containing 
all three  olivose res idues  of the initial antibiotic. The fur ther  hydrolys is  of this t r ios ide  led to the 2-ol ivo-  
sy lchromomycinone  descr ibed  above (XII) and its 6 i somer  (XIH), and the hydrolys is  of its benzoate formed,  
in addition to the dibenzoylolivose (l/I), 4-benzoylol ivose (V), which is stable to per iodate .  It follows f rom 
this that in the chromomycin  t r io l ivoside one of the hydroxyls  of the aglycone (2-OH or  6-OH) is g lycosyl-  
ated with an olivose res idue and the other  with an ol ivosyl-(1--3)-ol ivosyl  chain (XX): 

olivosyl-(1-- 3) -olivosyl-(1-- [6 or 2])~ 

olivosyl-(l-- [2 or 6]) / 

XX 

chromomycinone 

The Smith degradat ion of aureol ic  acid (oxidation with NaIO 4 and then reduct ion with NaBH 4 and mild 
acid hydrolysis)  shor tened each of the carbohydra te  chains of the antibiotic by one link (i.e.,  by m y ca ros e  
and olivose),  so that the substance obtained consis ted of a t r ios ide  of chromomycinonic  acid (XIV) and con-  
tained olivose and oliose in a ra t io  of 2 : 1. It  was found that in this substance the ol iose residue was oxi-  
dized by per ioda te ,  and on exhaustive benzoylat ion and subsequent hydrolys is  the dibenzoates of olivose 
and oliose (VI) and (VII1) and also the 4-benzoate  of olivose (V) were  obtained. This shows that in the prod-  
uct of the Smith degradat ion of the ant ibiot ic , the oliose res idue and one of the olivose res idues  are  t e r m i -  
nal (both are  p r e sen t  in the pyranose  form); i .e . ,  oliose glycosylates  the 3-OH of the olivose res idue d i rec t ly  
at tached to the aglycone (XXI): 

o l ivosy l - ( l ' -  [6 or  2 ] ) \  

chromomycinonic  acid 

o l iosy l - (1- -3) -o l ivosyl - (1- - [2  or  6]) / 

xxI  

F r o m  a compar i son  of the s t ruc tu res  of the oliosyldiolivoside (XXI) and the t r io l ivoside (XX) the 
a r rangement  of four of the five monosacchar ide  res idues  in the carbohydra te  chains of the antibiotic is as 
follows: 

olivosyl-(1-- 3)-ol ivosyl-(1--  [6 or  2])~ 

ol iosyl - (1--3)-ol ivosyl- (1-- [2  or  6 ] / c h r o m o m y c i n o n e  

XXII 
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In actual  fact ,  the hydro lys i s  of aureol ic  acid under  conditions mi lde r  than those requ i red  to obtain 
the t r io l ivos ide  (XX) yielded yet  another  product  of the pa r t i a l  degradat ion of the antibiotic.  This  substance,  
like aureol ic  acid, contained ol ivose and ol iose in a ra t io  of 3 : 1, but did not contain m y c a r o s e  and there  - 
fore  cons is ted  of the t e t ros ide  r e p r e s e n t e d  by the pa r t i a l  fo rmula  (XXII). The fo rmat ion  of this t e t ros ide ,  
in which the ol iose res idue  is  capable  of being oxidized by NaIO 4, shows that  in the initial antibiotic the 
ol iose is  s table  to per ioda te  because  it is blocked by the m y e a r o s e .  Since, however ,  when the benzoate  of 
aureol ic  acid was hydrolyzed the ol iose was obtained in the fo rm of the 3-benzoyl  der ivat ive  (VII), it mus t  
be linked to the m y c a r o s e  through the 4-OH hydroxyl .  On the bas i s  of what has  been  said,  the a r r angemen t  
of the monosacchar ide  res idues  in the ca rbohydra te  chains of aureol ic  acid is as follows: 

o l ivosyl - (1- -3) -o l ivosyl - (1- -  [6 o r  2 ] ) \  
N 

chromomyclnone  i 

/ 

m y c a r o s y l - ( l ~  4) -o l iosy l - (1- -3) -o l ivosy l - (1- -  [2 o r  6]) / 

To de te rmine  which of these  ca rbohydra te  chains is a t tached to the chromomycinone  through its  2- 
OH and which through i ts  6-OH, we p e r f o r m e d  a modif icat ion of the a roma t i c  nucleus of the antibiotic that 
labi l ized the bond between the aglycone and one of the ca rbohydra te  chains,  thereby c rea t ing  the poss ibi l i ty  
for  its se lec t ive  el iminat ion.  It  was  found that chromomycinone  (X) is read i ly  oxidized by po ta s s ium n i t ro -  
sodisulfonate ( F r e m y ' s  salt) [4] to a quinone, the s t ruc tu re  of which was de te rmined  in the following way; 
o n  i somer i za t i on  and deuterat ion under  the act ion of NaOD in D20 solution, chromomycinone  (X) fo rms  
2 ' , 5 -d ideu te ro i sochromomycinone  (XXVII), the posi t ions of the deutrons inwhich a r e  shown by the fact  that 
the ~ spec t rum of its t e t r aace t a t e  (XXIX) lacks  the s ignals  of the H 2, and tt 5 pro tons  (see the analogous 
convers ion  of olivin into 2 ' ,5 -d ideuterool iv in  [5]). When the deutera ted  i sochromomycinone  (XXVII) was 
oxidized with po ta s s ium ni t rosodisulfonate ,  the only a roma t i c  pro ton  of the initial compound (Hi0) was r e -  
tained, undergoing a pa ramagne t i c  shift  as  a consequence of desc reen ing  by the pe r i  carbonyl .  This  shows 
that  the t e rmina l ,  r e so rc ino l ,  r ing was oxidized, i .e.  the products  of the oxidation of chromomycinone  (X) 
and of i soehromomycinone  (XXVI) a r e ,  r e spec t ive ly ,  chromomycinone  5,8-quinone (XXIII) and i s o c h r o m o -  
mycinone 5,8-quinone (XXX). 
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The oxidation of aureol ic  acid with po tass ium ni t rosodisulfonate  gave a quinone glycoside which, on 
acid hydro lys i s ,  yielded the chromomycinone  quinone (XXIII), ol ivose (II), ol iose <IH), and m y c a r o s e  (IV) 
in equ imola r  amounts .  Consequently,  the oxidation of the aureol ic  acid to the cor responding  quinone labi -  
l ized the C 6 - O  bond (one of the a ry l  glycoside bonds b e c a m e  the vinylog of an acyl glycoside bond) and 
caused  the e l iminat ion of the ol ivosylol ivosyl  chain, fo rming  the t r ios ide  (XXV). It  follows f rom this that 
in aureol ic  acid the ol ivosylol ivosyl  chain is at tached to the aglycons through 6-OH and the m y c a r o s y l o l i o -  
sylol ivosyl  chain through 2-OH. 

To conf i rm this conclusion, we invest igated the analogous t r ans fo rma t ion  of ch romomycin  A 2, the 
s t ruc tu re  of which has been shown previous ly  by an independent method (XI; R = o l ivomosylace ty lo l iosyl ,  
R' = i sobutyrylo l ivomycosylol ivosylol ivosyl )  [6J. It  was found that the oxidation of this antibiotic with 
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po ta s s ium ni t rosodisulfonate  fo rmed  a glycoside not containing o l ivomose  and acetylol iose;  i .e. ,  the s ame  
se lec t ive  e l iminat ion  of the ca rbohydra te  chain at tached to the aglycone through the 6-OH took place  as was 
obse rved  in the case  of aureol ic  acid. 

Final ly,  the r e su l t s  of a c o m p a r i s o n  of the molecu la r  ro ta t ions  of aureol ic  acid and the products  of 
i ts  pa r t i a l  and comple te  hydro lys i s  showed, according to Klyne ' s  rule ,  that of the five carbohydra te  r e s i -  
dues p r e s e n t  in the antibiotic only the ol iose is p resen t  in the o~ fo rm,  and all the o ther  glycosidic bonds 
have the fl configurat ion (see Table  1). Thus,  aureol ic  acid is 2 - [ f l - m y c a r o s y l - ( l ~  4 ) - ~ - o l i o s y l - ( l ~ 3 ) - f l -  
o l i v o s y l ] - 6 - [ f l - o l i v o s y l - ( l ~  3) - f l -o l ivosy l ]chromomycinone  (I), and the products  of its par t i a l  hydro lys i s  
p o s s e s s  the s t r u c t u r e s  (XII, XAII, XVIII, and XIX). 

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

Chroma tog raphy  was p e r f o r m e d  in a thin nonfixed l aye r  of s i l ica  gel of "aqueous si l icic  acid" type 
( sma l l e r  than 150 mesh ,  act iv i ty  grade  III-IV).  The mo lecu l a r  weights were  de te rmined  m a s s - s p e c t r o m e -  
t r i ca l ly ,  except  where  shown otherwise .  The IR spec t r a  were  taken in mul ls  with para f f in  off, the UV s p e c -  
t r a  in 96% ethanol (i - inflection), and the NMR spec t r a  in CDCI 3 at 100 MHz (s - singlet;  d - d o u b l e t ;  t -  
t r ip le t ;  m - mult iplet) .  Chroma tog raphy  was p e r f o r m e d  on Whatman No. 2 p a p e r  in the n - B u O H - E t O H -  
H20 (4 : 1 : 5) sys t em.  

1. Benzoylat ion of Aureol ic  Acid. A solution of 300 mg of the antibiotic and 1.2 ml  of BzCI in 10 ml  
of pyr idine was kept  at 20°C for  72 h and was then heated at 80°C for  6 h; the pyr idine was dist i l led off in 
vacuum,  the res idue  was dissolved in ch loroform,  the solution was washed  with wa te r  and evaporated,  and 
the res idue  was ch roma tog raphed  in the b e n z e n e - a c e t o n e  (10 : 1) sys t em.  This  gave 60 mg of undeeaben-  
zoate with Rf  0.80 and 220 mg  of the decabenzoate with R f  0.70; benzoylat ion at  room t e m p e r a t u r e  led to 
the fo rma t ion  of only the decabenzoate .  

Undecabenzoate:  mp 175°C (f rom ethanol), [~]li~ -56@ (c 0.2; ch loroform);  Xma x 230, 262 i, 267, 325 
nm (log e 5.17, 4.87, 4.93, 4.14). 

Decabenzoate:  mp 173-176°C (f rom ethanol), [ ~ ] ~ - 5 4 "  (c 0.2; ch loroform);  ~max 231, 266, 327 nm 
(log e5.13,  4.87, 4.03). 

2. Methanolysis  of Aureol ic  Acid Decabenzoate .  A solution of 200 mg  of the decabenzoate in 10 ml  
of benzene and 10 ml  of 1 N methanol ic  HCI was heated at 75°C for  3 h. Af te r  cooling, the mixture  was 
neut ra l ized  with Ag2CO 3, f i l tered,  and evapora ted .  The res idue was d isso lved  in ethyl aceta te ,  the solution 
was  washed with wa te r  and evapora ted ,  and the pur i f ied  res idue  was ch roma tog raphed  in the b e n z e n e - a c e -  
tone (10 : 1) sy s t em,  giving zones with Bf 0.70-0.77 (A), 0.59-0.65 (B), 0.47-0.54 (C), 0.42-0.47 (D), 0.35- 
0.42 (E), and 0.28-0.36 (F). The subs tances  f rom zones A and B were  r e e h r o m a t o g r a p h e d  in the s ame  
s y s t e m  on s i l ica  gel, and the subs tances  f rom zones C - F  on a lumina (activity grade  II) in the b e n z e n e -  
acetone (10 : 1 and 5 : 1) s y s t e m s .  The subs tances  isola ted were  dissolved in 0.5 ml  of 0.4 N ethanolic 
KOH, and a f t e r  4 h the solutions were  neutra l ized with CO2 and evapora ted ,  and the saponif icat ion products  
we re  ex t rac ted  with ethyl ace ta te .  They were  then hydrolyzed with 50% acet ic  acid (2 h at 80°C), and the 
suga r s  obtained were  identified by p a p e r  chromatography .  To de te rmine  the posi t ions  of the benzene r e s -  
idues in the monobenzoates  of the methyl  g lycosides ,  the subs tances  were  hydro lyzed  with 50% acetic  acid 
(5-8 h at 85°C). The resu l t ing  sugar  benzoates  were  t r ea ted  with a 0.035 M solution of NalO 4 (24-28 h at 
20°C) and then with 0.4 N KOH, and the p roduc t s  were  ch romatographed  on pape r .  As controls  were  used 
the co r respond ing  methyl  glycoside monobenzoates  t r ea t ed  s i m i l a r l y  but without the per ioda te  oxidation. 
It  was  found that substance  A (37 mg) cons is ted  of the methyl  glycoside of debenzoylol ivose  (VI) (no VOH 
in the IR spec t rum) ,  substance  B (10.5 rag) the methyl  glycoside of 4 - b e n z o y l m y c a r o s e  (IX) [mp 47-48"C; 
tool.  wt. 280 (for CisH200 s, ca lcula ted  280)], substance  D (14 mg) the methyl  glycoside of 3-benzoylol iose  
(VII), and zones C, E,  and F (33, 45, and 18 rag) contained the methyl  g lycosides  of 4-benzoylol ivose  (V) 
Imp 60-61°C, [a ]5 + 107° (c 1.5; ch loroform) ,  mol .  wt. 266 (for C14HI805 ca lcula ted  266)] and 3-benzoylo l i -  
ose (VII). 

3. Pe r ioda te  Oxidation of Aureol ic  Acid. This  p r o c e s s  was  p e r f o r m e d  as  desc r ibed  ea r l i e r  for  
o l ivomycin  A [8]. The dis t i l la te  was found to contain 1.1 mole  of fo rmic  acid (by the ca lomel  method)  and 
1.0 mole  of acetaldehyde (de te rmined  in the fo rm of the dini t rophenylhydrazone).  The nonvolatile oxidation 
produc t  (X) was ex t r ac t ed  f rom the acidif ied reac t ion  mix tu re  with ethyl ace ta te  and was heated with 50% 
acet ic  acid (3 h at 75-80°C), a f te r  which the mix tu re  was diluted with sa tu ra ted  NaCI solution and ex t rac ted  
with ethyl ace ta te .  The aqueous solution was found by pape r  ch romatography  [9] to contain olivose (II) and 
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oliose (IH) in a ra t io  of 1.9 : 1, but no m y c a r o s e  (IV). Chromatography  of the ethyl aceta te  ex t r ac t  in the 
b e n z e n e - a c e t o n e  (3 : 1) s y s t e m  yielded chromomycinonic  acid (XIV). Yield 48%, Rf 0.34; the methyl  e s t e r  
was  obtained by the action of CH2N 2, mp 127-130~C (from ethanol). 

Found: tool.  wt. 404. C~0H20Os. Calculated: tool. wt. 404. 

4. Acidity of the Bora te  Complex  of Aureol ic  Acid. An 0.18 M solution of HsBO s in 30% aqueous e th-  
anol has  pH 5.55; when aureol ic  acid was dissolved in it to a concentra t ion of 0.009 M, the pH fell to 3.05. 

5. Olivosyl-(1-- 2 ) -chromomycinone  iX/H) and O l i v o s y l - ( l ~  6) -chromomycinone  (XI1). A mix ture  of 
150 mg  of aureol ic  acid and 15 ml  of 0.1 N H2SO 4 in 50% methanol  was heated for  1 h at  60°C, and af ter  
cooling, the mix tu re  was concent ra ted  to half  i ts  vo lume,  diluted with wate r ,  and ex t rac ted  with ethyl ace= 
tate.  The ex t rac ted  substance  was eh romatographed  in the b e n z e n e - a c e t o n e  (1 : 1} sys t em.  This  gave 25 
mg  of chromomycinone  iX), 17 m g  of 2 -o l ivosy lchromomycinone  (XIII), [~]~ -30  ° (c 0.4; ethanol}, R f  0.52, 

kma  x 232, 283, 324, 341,420 nm (log £ 4.13, 4.30, 3.54, 3.57, 3.70), ~°aSN KOH 290,420 nm (log e 4.17, 
3.75), and 13 mg  of 6 -o l ivosy lehromomycinone  iX/I), [~ ~I~ -10° (c 0.4; ethanol),  Rf 0.44, kma x 230, 279,319, 

331 i, 419 nm Clog e 4.27, 4.50, 3.70, 3.59, 3.78); ~0.05 N KOH , 'max 278,419 nm (log e 4.28, 3.50). 

Each of the monoolivosides  (XII) and (XIIl) was oxidized with 0.01 M NaIO 4 buffered with NaHCO 3 
(pH 6.9; 2.5 h at 20°C). The oxidation products  were  ex t rac ted  with ethyl ace ta te ,  hydrolyzed with 50% 
acet ic  acid (3 h at 70°C), and analyzed by paper  chromatography .  In nei ther  case  were  monosacchar ides  
detected.  

6. The Ol ivosylo l ivosylo l ivosylehromomycinone  (XVIII}. A solution of 100 m g  of aureol ic  acid in 5 
ml  of 0.01 N HC1 was heated  at 65°C for  1 h, and a f te r  cooling it was ex t rac ted  with ethyl acetate  and ch ro -  
ma tographed  in the b e n z e n e - a c e t o n e  (2 : 3) sys t em.  The substance  f rom the zone with Rf 0.35-0.45 was 
s epa ra t ed  f rom contaminat ion by the initial antibiotic by c rys t a l l i za t ion  f rom acetone.  This  gave 16 mg 
of the glycoside (XVIII} with mp 162-165°C, [ ~ - - 6 9 . 5  ° (c 0.3; ethanol}; ~max 2 3 0 , 2 7 9 , 3 1 7 , 3 3 4 , 4 1 5  nm 

Clog c 4.38, 4.66, 3.80, 3.68, 4.10); ~0.05 N KOH in EtCH 230, 279, 317 i, 334,415 nm (log e 4.30, 4.65, 3.58, Ynax 
3.50; 4.00}. Af ter  oxidation with 0.1 M NaIO 4 (3 h at 20°C) and heat ing with 50% acet ic  acid (3 h at 70°C), 
the amount of ol ivose (II) in the hydrolyzate  was de te rmined .  

7. Benzoylat ion of the Ol ivosylo l ivosylo l ivosylchromomycinone  (XVII1) and Methanolysis  of its Ben-  
zoate.  The t r io l ivoside (XVIID (37 mg} was benzoyla ted  with 0.3 ml  of BzC1 in 1.2 ml  of pyr idine (24 h at 
20°C}. Af ter  the usual working up and chromatography  in the b e n z e n e - a c e t o n e  (20 : 1) sys t em,  the zone 
with R f  0.68-0.82 yielded 63 mg  (80%) of benzoate  with [ ~  + 2 ° (c 0.2; chloroform}; ~rnax 230, 272,280 i 
nm (log c 5.16, 3.91, 3.77}; vOH absent .  

This  benzoate was subjected to methanolys i s  and fur ther  t r e a t m e n t  under the conditions of e x p e r i -  
ment  2. F r o m  60 mg  of the benzoate  were  obtained 17 mg  of methyl  g lycosides  of dibenzoylolivose (VI) 
and 13 m g  of methyl  glycosides  of monobenzoylol iv0se iV}. Acetic acid hydro lys i s  of the l a t t e r  followed by 
per ioda te  oxidation (0.03 M NaIO 4, 120 h at  20°C) with subsequent  saponif icat ion under the conditions of 
expe r imen t  2 led to the isola t ion of unchanged ol ivose (II). 

8. The Ol iosylo l ivosylo l ivosylchromomycinonic  Acid (XVI) (Smith Degradat ion of Aureol ic  Acid}. 
A solution of 200 mg  of aureol ic  acid in 75 ml  of 0.025 M NaIO4 (pH 5) was kept at  20°C for  3 h and was 
then sa tu ra ted  with NaC1. The oxidation product  was ex t r ac t ed  with ethyl ace ta te  and ch romatographed  in 
the b e n z e n e - a c e t o n e  (1 : 1) sys t em.  The substance  f rom the zone with R f  0.50-0.84 (70 mg) was dissolved 
in 1 ml  of 0.18 N KOH, and then 9 ml  of a 0.0095 M aqueous solution of NaBH 4 was added and the mix ture  
was  left  for  20 min.  Af ter  this,  50 ml  of 0.1 N HC1 was added, and a f te r  4 h the mix tu re  was ex t rac ted  
with ethyl ace ta te .  On chromatography  in the b e n z e n e - a c e t o n e  (2 : 3} sys t em,  the zone with R f  0.26-0.51 
yielded 23 mg of o l iosy lo l ivosylo l ivosylchromomycinonic  acid (XVI) with [~ ~I~ -54° (c 0.3; ethanol}; ~-max 
280,410 nm (log e 4.57, 3.85}. In the acet ic  acid hydrolyzate  of this substance,  chromomycinonic  acid 
(XIV) was identified by compar i son  with an authentic sample ,  and the ra t io  of the amounts  of ol ivose (I1) 
and ol iose (II1) was  found by p a p e r  ch romatography  to be 2.2 : 1. The per ioda te  oxidation of the t r ios ide  
(XVI) and subsequent  acet ic  acid hydro lys i s  yielded oniy ol ivose (H). 

9. Benzoylat ion of Ol iosylo l ivosylo l ivosylchromomycinonic  Acid (XVI) and Methanolysis  of I ts  
Benzoate .  A solution of 25 mg  of the t r ios ide  (XVI) and 0.1 ml  of BzC1 in 1.5 ml  of pyridine was kept at 
20°C for  12 h and was  then heated at 85°C for  6 h. Af ter  the usual working up and chromatography  in the 
b e n z e n e - a c e t o n e  (20 : 1) sys t em,  the zones with Rf  0.81-0.90 and 0.54-0.59 yielded, r e spec t ive ly ,  12.5 and 
8.5 mg of benzoates  differing in the degree  of benzoylat ion of the aglycone.  The acid methanolys is  of both 
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benzoates  under  the conditions of  exper iment  2 gave the same mixture  of c leavage products ,  by analysis ,  
as in exper iment  2. The zones with Rf  0.81-0.90 and 0,71-0.78 contained 14.8 mg of  methyl glycosides of 
dibenzoylolivose (VI) and of dibenzoylol iose (VIII), and the zones with Rf  0.43-0.48 and 0.38-0.43 contained 
3.6 g of  methyl glycosides of 4-benzoylol ivose  (V). The acid hydrolys is  of the monobenzoylolivosides with 
subsequent per iodate  oxidation and alkaline saponification gave unchanged ol ivose (II). 

10. Ol iosylol ivosylol ivosylol ivosylchromomycinone (XIX). A solution of 35 mg of aureol ic  acid in 
1.5 ml of 0.01 N HCI was heated at 65°C for  30 min, and the product  was ex t rac ted  with ethyl acetate  and 
chromatographed in the b e n z e n e - a c e t o n e  (2 : 3) sys tem.  The zone with Rf 0.35-0.45 yielded 13 mg of a 
mixture  of the initial antibiotic and the tr iol ivoside (XVII1) (see exper iment  6), and the zone with Rf 0.15- 
0.25 yielded 5 mg of the te t ros ide  (XIX) (the same substance was obtained in lower yield on hydrolysis  
under the conditions of exper iment  6) with [c~]~-41 ° (c 0.3; ethanol). By paper  chromatography,  an acetic 
acid hydrolyzate  of this te t ros ide  was found to contain olivose (II) and oliose (HI) in a rat io of 3.2 : 1 (no 
mycaro  sc was detected); on periodate oxidation and subsequent acetic acid hydrolys is  only olivose (II) was found. 

11. Chromomycinone 5,8-Quinone (XXIH) and Its Pentaaceta te  (XXIV). To a solution of 240 mg of 
potass ium nitrosodisulfonate [10] in 10 ml of water  and 2 ml of ethanol was added 100 mg of ch romomyci -  
none (X), and the mixture  was kept at 20°C for  1.5 h and was ex t rac ted  with ethyl aceta te .  The ex t rac t  was 
washed with sa tura ted  NaC1 solution until the wash waters  were  co lor less ,  and then the wash wate r s  were  
acidified to pH 3 and were  again ex t rac ted  with ethyl aceta te .  The substance isolated was r ec rys t a l l i zed  
f rom isopropanol .  The yield of chromomycinene  quinone (XXII1) was 45 mg (44%), mp 190-192°(] (decomp.); 
Xma x 226,238 i, 290, 395, 550 nm (log £ 4.39, 4.27, 4.47, 3.43, 3.22); Vmax 1600, 1660, 1693, 1721, 3440, 
3560 cm - i .  

Found %: C 58.0; H 5.4. C~Hr~O10. Calculated %: C 58.1; H 5.1. 

The pentaaceta te  (XXIV) was obtained f rom the quinene (XXHI) by the action on it of Ac20 and a ca t -  
alytic amount of H2SO 4 (48 h at 20°C) and was pur i f ied  by chromatography in the b e n z e n e - a c e t o n e  (7 : 1) 
sys tem (zone with R f  0.53-0.61). mp 194-196°C (from ethanol), [c~I~ + 26 ° (c 1; chloroform);  ~max 215, 
263, 345 nm (log e 4.51, 4.43, 3.43); Vma x 1600, 1645, 1675, 1720, 1750, 1770 cm -i ,  6 1.30 (3H, d, J 6.5; 
3H5, ), 2.00 (6H, s; O4,-Ac and CT-Me ), 2.17 (3H, s; O3,-Ac ), 2.25 (3H, s; O2-Ac), 2.34 (3H, s; O6-Ac ), 2.43 
(3H, s; Og-Ac ), 3.33 (3H, s; O1,-Me), 4.25 (1H, s; Hi,), 5.21 (1H, d, J 3; H3,), 5.40 (2H, m; H 2 and H4, ), 7.84 
(1H, s; H16 ). 

Found: tool. wt. 644. C~H~O15. Calculated: tool. wt. 644. 

12. I sochromomycinone  (XXVI), 2' ,5-Dideuteroisochromomycinone (XXVII), and The i r  Pentaace ta tes  
(XXVIH) and (XXIX). A. A solution of 200 mg of chromomycinone (X) in 20 ml of 0.1 N NaOH was kept in 
an a tmosphere  of argon for  1 h and was then acidified with dilute HC1 to pH 3 and ex t rac ted  with ethyl ace -  
tare,  and the ex t rac ted  substance was chromatographed in the b e n z e n e - a c e t o n e  (1 : 1) sys tem.  The zone 
with R f  0 .54-0 .62y ie lded  105 mg (52%) of i sochromomycinone (XXVI), mp 225°C (decomp.; f rom ethyl 
acetate) ,  ~ n a x  233, 280, 328, 341,418 nm (log e 4.37, 4.62, 3.84, 3.83, 4.05). (see [11]). 

Found: tool. wt. 420. C21H2409. Calculated: tool. wt. 420. 

Pentaace ty l i sochromomycinone  (XXVIH) was obtained f rom (XXVI) by the action on it of AccO + Py  
(48 h at 20°C), followed by chromatography in the benzene-ace tone  (3 : 1) sys tem (zone with R /  0.48-0.56) 
and reprec ip i ta t ion  f rom ethyl acetate  with hexane, [a ~ + 36 ° (c 0.1; chloroform);  2hnax 219, 253 i, 259, 
288 i, 300, 312, 365 nm (log £ 4 .32 ,4 .71 ,  4.75, 3.69, 3.84, 3.61, 3.45); ~max 1610, 1630, 1710, 1750, 1780, 
3500 cm-1; 6 1.34 (3H, d, J 6.5; 3H5,), 2.01 (3H, s) ,2.04 (3H, s), 2.07 (3H, s) (O4,-Ac, O2,-Ac and CT-Me ), 
2.30 (3H, s, O6-Ac), 2.36 (3H, s; O 8 - Ac), 2.44 (3H, s; O9 - Ac), 3.46 (3H, s; O1,-Me), 3.62 (1H, t, J 9.5; 
Hi,), 4.48 (1H, d, J 12; H2), 5.00(1H, q, J 6.5; H4, ), 5.16 (1H, d, J 9.5; H2,), 7.35 (1H, s; Hs, 7.46 (1H, s; 
H10 ) (see [11]). 

Found: mol.  wt. 630. C31H34014. Calculated: tool. wt. 630. 

B. _ 2 ' ,5-Dideutero isochromomycinone  (XXVII) was isolated by the action on 400 mg of ch romomyci -  
none (X) of a solution of 96 mg of Na in 4.5 ml of DzO under the conditions of exper iment  A. Yield 210 mg 
(52%); mp 223-227°C (decomp.; f rom acetone; 2~nax 233, 280, 328, 341,418 nm (log ~ 4.41, 4.61, 3.82, 3.81, 
4.08). 

The pentaacetate  (XXIX) was obtained as in exper iment  12A; [~ ~ + 44 ° (c 0.2; chloroform);  5 1.33 
(3H, d, J 6.5; 3H5,), 2.01 (3H, s), 2.03 (3H, s), 2.07 (3H, s)(O4,-Ac, O 2, - Ac and CT-Me ), 2.28 (3H, s; O6-Ac ), 
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2.36 (3H, s; Os-Ac), 2.44 (3H, s; Og-Ac ), 3.44 (3H, s; Ol,-Me), 3.60 (1H, d, J 9.5; Hi,), 4.43 (1H, d, J 12; 
H2), 4.97 (1H, q, J 6.5; H4), 7.44 (1H, s; Hi0). 

Foun& mol.  wt. 632. CmH32D2Oi4. Calculated: tool. wt. 632. 

13. Isochromomycinone 5,8-Quinone (X~X), 2 ' -Deutero is0chromomycinone  5,8-Quinone ( X ~ ) ,  and 
T h e i r  Te t r aace t a t e s  (XXXI1) and (XXXIII). A .  To a solution of 100 mg of i sochromomycinone (XXVI) in 4 
ml of ethanol and 20 ml of wate r  was added 270 mg of potass ium nitrosodisulfonate;  the mixture  was s t i r r e d  
for  3 h and f i l tered,  and ethyl acetate ex t rac ted  f rom the residue 68 mg (65%} of the isochromomycinone 
quinone (XXX). After  c rys ta l l iza t ion  f rom ethyl acetate  the rap of the substance was 145-152°C (decomp.); 
~max 225,238 i, 289, 395, 555 nm Clog £ 4.27, 4.16, 4.34, 3.66, 3.39}; ~max: 1615, 1655, 1675, 1720, 3500 
cm-'l.  

The te t raace ta te  (XXXII) was obtained by the action on (XXX) of Ac20 + Py (1 h at 20~C) with chro -  
matography in the b e n z e n e - a c e t o n e  (7 : 1} sys tem,  isolat ion of the mate r i a l  f rom the zone with R f  0.20- 
0.31, and reprec ip i ta t ion  f rom ethyl acetate  with hexane; [c~ ]2i~ + 85 ° (c 0.4; chloroform}; kma x 234, 257 i, 
284i ,298 i, 341nm Clog £ 4.28, 4.09, 3.76, 3.71, 3.78); Vmax 1600, 1680, 1740, 1780, 3500+cm-1; 5 1.38 (3H, 
d, J 6.5; 3H5, }, 2.04 (3H, s), 2.06 (3H, s), 2.14 (3H, s) (Oa,-Ac, O2,-Ac and CT-Me), 2.37 (3H, s; O6-Ac ). 
2.47 (3H, s; Og-Ac }, 3.50 (3H, s, Oi,-Me),  3.68 (1H, t, J 9.5; Hi,}, 4.60 (1H, d, J 12; H2) 5.02 (1H, q, J 6.5; 
H4, }, 5.17 (1H, d, J 9.5; H2, }, 7.92 (1H, s; Hi0 }. 

Found, %: C 57.7; H 5.4; m / e m a  x 604 (M + 2} (see [12]}. C29I-Is0014. Calculated, %: C 57.9; H 5.0; 
mol.  wt. 602. 

B. 2' ,5-Dideuteroisochromomycinone (XXVI1) (100 rag} was oxidized with potass ium ni t rosodisul-  
fonate under the conditions of exper iment  A. This  gave 68 mg (65%} of the 2 ' -deu te ro isoehromomycinone  
quinone (XXXI}; mp 143-150°C (decomp., f rom ethyl acetate}; kma x 226,238i ,  289, 395, 555 nm Clog £ 4.32, 
4.23, 4.34, 3.70, 3.35). 

The te t raace ta te  (XXXIII): 5 1.38 (3H, d, J 6.5; 3H5), 2.04 (3H, s), 2.06 (3H, s), 2.12 (3H, s) (O4,-Ac, 
O2,-Ac and CT-Me ), 2.37 (3H, s; O6-Ac }, 2.47 (3H, s; Og-Ac), 3.50 (3H, s; O1,-Me ), 3.68 (1H, d, J 9.5; Hi,}, 
4.60 (1H, d, J 12; H2), 5.05 (1H, q, J 6.5; H4, }, 7.92 (1H, s; Hi0 }. 

Found: m / e m a  x 605 (M + 2). C29H2sDOi~. Calculate& tool. wt. 603. 

14. The Mycarosylol iosylol ivosylchromomycinone Quinone (XXV). To a solution of 500 mg of potas-  
sium nitrosodisulfonate in 30 ml of water  and 5 ml of ethanol was added 200 mg of aureol ic  acid (I), and 
the mixture  was kept at 20°C for  7 h, acidified with dilute HC1 to pH 3, and ex t rac ted  with ethyl acetate .  
The ex t rac ted  substance (155 rag} was chromatographed in the b e n z e n e - a c e t o n e  (2 : 3) sys tem.  The zone 
with R f  0.55-0.64 yielded 10 mg of the quinone t r ios ide  (XXV}; kmax 227, 290,400,  550 nm (log c 4.41, 
4.50, 3.65, 3.00); Vma x 1610, 1670, 1715, 3450 cm -i .  

The oxidation of 200 mg of aureol ic  acid with ni trosodisulfonate in 50% acetic acid gave 22 mg; in 
0.03 N KOH 30 rag; and in 0.15 M KH2PO4, 23 mg of the t r ios ide  (XXV). 

The acid hydrolys is  of the quinone t r ios ide  (XXV) (0.05 N HC1, 2 h a t  70°c) led to the format ion  of 
the chromomycinonc quinone (XXIII}, identical with r e spec t  to its R f  values and UV and IR spec t ra  with the 
product  of the d i rec t  oxidation of chromomycinone (X) by F r e m y ' s  sal t  (exper iment  11), and also myca rose  
(IV}, olivose (II), and oliose (III) in a ra t io  of 1 : 1 : 0 .9 .1  : 0.9 : 1 (for the determinat ion of the sugars ,  
see [1, 8]}. 

15. Oxidation of Chromomycin  A 2. To a solution of 100 mg of chromomycin  A 2 [6] in 7 ml of 50% 
AcOH was added 140 mg of potass ium nitrosodisulfonate,  and the mixture  was s t i r r e d  at 20°C for  1 h. Then 
it was diluted with a sa tura ted  solution of NaC1 and ex t rac ted  with ethyl acetate .  The ex t rac ted  substance 
was chromatographed in the b e n z e n e - a c e t o n e  (3 : 2) sys tem.  The zone with Rf  0.57-0.64 yielded 8 mg 
(11%) of i sobutyrylol ivomycosylol ivosylol ivosylchromomycinone quinone. The substance was hydrolyzed 
with 50% AcOH (4 h at 75°C). Isobutyrylol ivomycose  [13] and olivose (II) were  found in the acetic acid 
hydrolyzed in a ra t io  of 1 : 2.1. 

S U M M A R Y  

The resu l t s  of the acid degradation of aureol ic  acid and of the products  of its benzoylat ion and oxi-  
dation have shown that this antibiotic has the s t ruc tu re  (I}. 

536 



L I T E R A T U R E  C I T E D  

1. Yu. A. Berlin, O. A. Kiseleva, M. N° Kolosov, V. D. Kuznetsov, E. I. Lupaeh, I. V. Severtsova, 
G. M. Smirnova, V. S. Soifer, and I. V. Yartseva, Khim. Prirodn. Soedin., 537 (19725° 

2. Ya° A. Berlin, I. V. Vasina, M. N. Kolosov, G. Yu. Pek, L. A. Piotrovich, and O. A. Chuprunova, 
Khim. Prirodn. Soedin., 304 (1969). 

3. Yu. A. Berlin, S. E. Esipov, and M° N. Kolosov, Khim. Prirodn. Soedin., 567 (1969}. 
4. H. Zimmer, D° C° Lankin, and S. W. Horgan, Chem. Revs., 7_~1, 229 (1971). 
5. Yu. A. Berlin, M. N° Kolosov, and L. A. Piotrovich, Khim. Prirodn° Soedin., 8, 519, 526 (19725° 
6. M. Miyamoto, Y. Kawarnatsu, K. Kawashima, M° Shinohara, K° Tanaka, and S. Tatsuoka, Tetrahedron, 

23,421 (19675. 
7. J . C .  Brimaeombe and D. Portsmouth, Chem. Ind. (London), 468 (1965). 
8. Yu. A. Berlin, S. E .  Esipov, M. N. Kolosov, and O. A. Chuprunova, Khim. Prirodn. Soedin., 561 (19695: 
9. Yu. A. Berlin, S. E. Esipov, O. A. Kiseleva, and M. N. Kolosov, Khim. Prirodn. Soedim, 331 (19675. 

10. P . P .  Singh, Can. J.  Chem., 4..~4, 1994 (19665. 
11. M. Miyamoto, K. Morita, Y. Kawamatsu, S. Noguchi, R. Marumoto, M. Sasai, A. Nohara, Y. Nakadaira, 

Y. Y. Lin, and K° Nakanishi, Tetra~edron, 22, 2761 (1966}. 
12. R.W.  Oliver and R. M. Rashman, J .  Chem. Soc., Ser. B, 341 (1971); R. T. Aplin and W. T. Pike, Chem. 

Ind. (London), 2009 (1966}. 
13. Yu. A. Berlin, S. E. Esipov, M. N. Kolosov, and V. A. Krivoruchko, Khim. Prirodn. Soedin., 405 

(1967}. 

537 


