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As a r e su l t  of the invest igat ions  descr ibed  in papers  [3-7],  we have establ ished that o l ivomycin A is a glycoside 
of ol ivin (I) and contains f ive res idues  of 2, 6-dideoxy sugars - -one  res idue  each of i sobutyry lo l ivomycose  (III), of 
o l ivomose  {VII), and of ace ty lo l iose  (XVI), and two res idues  of o l ivose  (XI). The next s tage of the es tabl ishment  of 
the s t ruc tu re  of the antibiotic was to answer  the question of just how these  monosacchar ide  r e s idues  are  attached to 
one another and to the aglycone. 

F o r  this purpose  we have invest igated the acid degradat ion of two acyl de r iva t ives  of ol ivomycin A, namely  its 
octabenzoate,  in which all the hydroxyl groups a r e  blocked, and the heptaacetate ,  in which the t e r t i a ry  hydroxyl of 
the o l ivomyeose  r e s idue  remains  f ree .  The acet ic  acid hydrolys is  of the heptaaceta te  of the antibiotic yielded olivin 
ace ta te  and also i sobutyry lo l ivomycose  (III), aee ty lo l ivomose  (VIII) [identified in the fo rm of the methyl  g lycosides  
(IX)], ace ty lo l iose  (XVI), and ace ty lo l ivose  (XII). The s t ruc tu re  of the la t te r  follows f rom its s tabil i ty to per ioda te  
and its convers ion into ol ivose  (XI) on alkaline hydrolysis .  In view of its lower solubil i ty and g r e a t e r  r e s i s t ance  to 
the action of acet ic  acid, the octabenzoate  of o l ivomycin A was subjected to a leoholysis  by heating it with a methanol -  
benzene  solution of HC1. In addition to olivin benzoate,  we isolated benzoyl i sobutyry lo l ivomycos ides  (VI) [the 
s t ruc tu re  of which was shown by hydrolys is  to the f r e e  sugar  IV, obtained independently by par t ia l  synthesis] ,  
benzoylo l ivomosides  (X) (one of which was shown to be identical  with the product of benzoylat ion of the ~ - a n o m e r  of 
IX), benzoylo l ivos ides  (XIV) [the subsequent  acid hydrolys is  of which yielded a benzoylol ivose  (XIII), stable to 
NaIO¢ and saponified by Ba(OH) 2 to o l ivose  (XI)], and aeety lo l ios ides  (XVIII) and the products  of the i r  deacetylat ion 

(XVII)**. 

Since i sobutyry lo l ivomycose  (III) and o l ivomose  (VII), each containing one f r e e  hydroxyl,  were  isolated in the 
fo rm of the O-acyl  de r iva t ives  IV, VIII, and X, it follows that these sugars  consis t  of the te rmina l  m e m b e r s  e i the r  
of one branched or  of two unbranched carbohydra te  chains. The only sugar  containing two f r e e  hydroxyls (and the re fo re  
capable of being at the posi t ion of branching of the carbohydra te  chain in ol ivomycin A) is o l ivose  (XI). Since it, too, 
was isolated not as such but in the form of the 4-acyl  der iva t ives  XII and XIII, the poss ibi l i ty  of branching is 
excluded and the p r e s e n c e  in the initial molecule  of two unbranched carbohydra te  chains te rmina ted  by i so -  

bu tyry lo l ivomyeose  (III) and by o l ivomose  (VII) is demonstra ted.  

The posit ion of a t tachment  of the chains to the aglycone was establ ished on the bas is  of the capacity of 
o l ivomycin  A, l ike ol ivin (I), for  giving an isopropyl idene der iva t ive  under the action of acetone in the p r e s e n c e  of 
Cu2SO 4 and of fo rming  a s t rongly acidic complex with bor ic  acid. The f i r s t  of these  react ions  shows that the 
antibiotic re ta ins  the 3', 4 ' -d io l  grouping of the aglycone, while the inc rease  in the acidity of a solution of bor ic  acid 
(ApH ~ 2.5) caused by ol ivomycin A is c h a r a c t e r i s t i c  in magnitude for  per idihydroxynaphthalenes  (see [3]) and shows 
that the phenolic 8-OH and 9-OH hydroxyls  in the antibiotic a re  also f ree .  Thus, the carbohydrate  chains can be 
attached only to the 2-OH and 6-OH of the aglycone so that the typical fo rmula  XIX follows for  o l ivomyein A. 

An independent proof of fo rmula  XIX follows f rom the following p rope r t i e s  of the antibiotic. We have prev ious ly  
found [7] that o l iv in  (I) has two acidity constants,  the f i r s t  of which (pK a, 6.3) is due to a 1, 8, 9-oxodiol  group and the 

*For  a p r e l i m i n a r y  communicat ion,  see [1], and for  par t  XVI, see  [2]. 
**In the benzoate  of o l ivomyein  A, the glycosidic  bonds a re  m o r e  difficult  to c leave  than in the aceta te  of the 

antibiotic,  in consequence of which fa i r ly  s e v e r e  conditions a re  n e c e s s a r y  for  its degradation.  At the same t ime,  the 
O-ace ty l  group of ace ty lo l iose  is compara t ive ly  readi ly  split  off under the action of mine ra l  acids [3]. Consequently,  
in the methanolys is  of the benzoate  of o l ivomycin  A the ace ty lo l iose  is isolated mainly in the fo rm of methyl  o l ios ides  
(XVII) and only to a smal l  extent (less than 10%) in the fo rm of methyl  actylol ios ides  (XVIII). 
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second (PKa,, 9.3) to the phenolic hydroxyl 6-OH, and that the ionization of this hydroxyl  causes a cons iderab le  
ba thochromic  shift of the s t ronges t  UV absorption maximum (277 ~ 286 n~) .  It was found that, in cont ras t  to olivin, 
o l ivomycin  A has only one acid group (pK a 7.2) and its UV spec t rum changes l i t t le  v~hen it is made alkaline. 
Consequently,  the phenolic 6-OH hydroxyl in the antibiotic is blocked by a carbohydrate  chain. F u r t h e r m o r e ,  on 
oxidation with an excess  of per iodate ,  o l ivomycin  A reduces  2 moles  of oxidizing agent and fo rms  acetaldehyde,  
f o r m i c  acid, and ol ivomyeinic  acid XX, the  mild  acid hydro lys i s  of which gives the ol ivinie  acid II that we have 
descr ibed  previous ly  [9]. This  convers ion  shows that in cont ras t  to the dihydroxyketone side chain, the 1, 2-ketol  
grouping in the antibiotic is :protected f rom per ioda te  oxidation, i. e . ,  the second carbohydra te  chain is attached to 
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In conclusion, it must  be mentioned that the product  of the d i rec t  per ioda te  oxidation of ol ivomycin A, 
o l ivomycinic  acid (XX), on hydrolys is  with 50% acet ic  acid, f o rms  all four  sugars- - I I I ,  VII, IX, and XVI~in  the same  
ra t io  as thai in which they a re  p re sen t  in the ini t ial  antibiotic. If, however ,  o l ivomycin  A is f i r s t  subjected to mild  
alkal ine saponification and then to the act ion of per iodate ,  oxidation of the o l ivomycose  res idue  takes place ,  and on 
subsequent  acet ic  acid hydrolysis  only o l ivomose  (VII), o l ivose  (IX), and ol iose  (XV) a re  formed.  This~further 
conf i rms  the fact  that the te rmina l  m e m b e r s  of the two carbohydrate  chains in the antibiotic a r e  an acylated 
o l ivomycose  and o l ivomose ,  which is s table  to per iodate .  

EXP.ERIMEN TAL 

Genera l  information on the exper imenta l  work has been given prev ious ly  [3]. Chromatography was ca r r i ed  out 
in a thin l ayer  of adsorbent  in b e n z e n e - a c e t o n e  (1: 1) (system 1), 2 : 1  (system 2), 3 : 1  (system 3), 9: I (system 4), 
and 20 : 1 (system 5). 

1. Heptaaceta te  of o l ivomyein  A. A solution of 1,2 g of o l ivomycin A in 60 ml  of pyridine and 60 ml  of acet ic  
anhydride was kept at 20* C for  3 days and was then evaporated.  The res idue  was dissolved in ch loroform and the 
solution was washed with dil HzSO4, water ,  sa turated NaHCO3, and water  again, and was dried and evaporated.  The 
res idue  was chromatographed on s i l i ca  gel in sys tem 3. F r o m  the zone with Rf 0 .37,0 .40 was isolated 600 mg (40%) 
of the heptaaceta te  of o l ivomycin A; mp 218-220 ° C (from absolute ethanol); [~]~-- o_17.5 (c 1; chloroform);  

THF 
Xma x n ~ :  222, 248 (shoulder), 258 (shoulder),  266, 320, 351 (shoulder) (log e: 4.57 , 4.60, 4.74, 4.89, 4.04, 3.68); 
Pmax, cm-1: 1570, 1632, 1688, 1752, 1784 (shoulder), 3480 cm -1. 

Found, %: C 57.7; H 6.5. C a l c u l a t e d  for  C72HsBO33, %: C 58.0; H 6.6. 

2. Oet;abenzoate of o l ivomyein A. To a solution of 2.4 g of o l ivomycin  A in 30 ml of pyr idine s t i r r e d  at 0 ° C was 
added 4 ml of benzoyl  chlor ide  and the mix tu re  was kept at 20* C for  2 days, af ter  which another 2 ml  of benzoyl 
ch lor ide  was  added and it was heated at 75 ° C for  8 hr. After  cooling, the mix ture  was  poured into ice  water  and 
extracted w£th ch loroform,  the ex t rac t  was t rea ted  in the preced ing  exper iment  and the substance obtained was 
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chromatographed on s i l ica  gel (column 300 x 30 ram) and was eluted with benzene.  F r o m  the f i r s t  500 ml of eluate was 
isolated 3.25 g (80%) of the octabenzoate of ol ivomycin A; mp 172-175 ° C {from ehloroform-hexane) ;  [(~]~ - 15  ° (e 1; 

THF 
chloroform); Rf 0.62 (on s i l ica  gel in sys tem 4); hmax, m#: 230, 258, (shoulder), 267, 320, 355 (shoulder); (log e: 
5.18, 4.83, 4.95, 4.08, 3.77); Umax, cm- l :  706, 1590, 1604, 1632, 1694, 1733, 1793. 

Found, %: C 66.9; H 5.9. Calculated for C~14Hl1603~, %: C 67.4; H 5.8. 

F r o m  the next 200 ml of eluate was isolated 0.25 g (7%) of the hexabenzoate of ol ivomycin A; mp 179-182 ° C 
THF 

(from chloroform-hexane) ;  [~]~ -31  ° (c 1; chloroform); Rf 0.31 (on s i l ica  gel in system 4); hmax, m#: 230, 258 
(shoulder), 267, 322, 355 (shoulder) ( loge:  5.06, 4.74, 4.87, 3.98, 3.65); Vma x, cm-t :  710, 1573, 1590, 1608, 1634, 
1698, 1735, 3440. 

Found, %: C 65.5; H 5.8. Calculated for  C100Ht08032, %: C 65.9; H 6.0. 

3. Hydrolysis  of the heptaacetate of ol ivomycin A. A solution of 1.45 g of the heptaacetate of ol ivomycin A in 
150 ml of 50% acetic acid was heated at 80 ° C for  5 hr and was then evaporated, and the res idue was dissolved in 
chloroform and washed with water.  After the solvent had been evaporated off, the chloroform solution Yielded 590 mg 
of a substance which was chromatographed on s i l ica  gel in sys tem 2. F r o m  the zone with Rf 0.60-0.65 was isolated 
400 mg of ol ivin acetate; the eluates f rom the other zones were combined with the res idue after the evaporation of the 
wash-waters  (900 rag) and were rechromatographed on s i l ica  gel (in sys tem 1). F r o m  the zone with Rf 0.60-0.80 was 
isolated 350 mg of a mix ture  of 4- i sobutyrylo l ivomycose  (III) and 3-acetylol ivomose (VIII), the zone with Rf 0.30-0.50 
yielded 380 mg of a mix ture  of 4-acetylol ivose  (XII) and 3-acetylol iose (XVI), and the zone with Rf 0.20-0.30 yielded 
100 mg (52%) of 3-acetylol iose  (XVI), which was shown to be identical with an authentic sample [3]. The mix ture  of 
III and VIII obtained was chromatographed on A1203 in system 3; this gave 180 mg (77%) of 4- i sobutyry lo l ivomycose  
(III), Rf 0.28, and 150 mg (73%) of 3-acetylol ivomose (VIII), Rf 0.42; the two sugars  were shown to be ident ical  with 
those reported previous ly  [4, 5]. The mix ture  of XII and XVI was rechromatographed on s i l ica  gel in sys tem 1. The 
zone with Rf 0.40-0.50 yielded 100 mg of 4-acetylol ivose  (XII), the zone with Rf 0.35-0.40 180 mg of a mix ture  of 
4-acety lo l ivose  (XII) and 3-aeetylol iose  (XVI), and the zone with Rf 0.30-0.35 30 mg of 3-acetylol iose  (XVI). When 
the 4-acetylol ivose  (XII) was t rea ted with a 0.02 N solution of NaIO a at 20 ° C for 48 hr, no consumption of oxidizing 
agent was observed.  The hydrolysis  of XII with a 0.3 N solution of Ba(OH) 2 (20 ° C, 3 hr) led to ol ivose (XI) with a 
yield of 95%, identified by compar ison  with an authentic sample [3]. 

4. Methanolysis  of the octabenzoate of ol ivomycin A. A solution of 700 mg of the octabenzoate in 30 ml  of 
benzene  and 35 ml of 1 N methanolie  HC1 was heated at 75 ° C for 3 hr, and after cooling it was neutra l ized with 
Ag 2 CO 3 and evaporated, and the res idue was dissolved in ethyl acetate and washed with water. The substance 
obtained form the ethyl acetate solution (670 rag) was chromatographed on s i l i ca  gel in sys tem 4. This yielded 120 mg 
(95%) of methyl 3 -benzoyl -4- i sobutyry lo l ivomycos ides  (VI), 96 mg (98%) of methyl 3-benzoylol ivomosides  (X), 120 mg 
(65%) of methyl 4-benzoylol ivosides  (XIV), 30 mg (16%) of the individual ~ - a n o m e r  (~-XIV), 5 mg (7%) of methyl 3- 
aeetylol iosides (XVIII), and 120 mg of olivin benzoate, which was not studied fur ther .  The res idue after the 
evaporat ion of the wash-waters  (55 rag) was chromatographed on A120 ~ in sys tem 1; f rom the zone with Rf 0.25-0.30 
was isolated 40 rag (70%) of methyl oliosides (XVII). 

5. 3-Benzoyl-4-1sobutyryiol lvomycose  (IV). A solution of 120 mg of the mix ture  of anomeric  glycosides VI 
obtained in Exper iment  4 in 15 ml  of a 0.2 N solution of H2SO 4 in 50% aqueous dioxane was heated at 80 ° C for  7 hr. 
after  cooling, the react ion mix ture  was neutra l ized with BaCOn, the prec ip i ta te  was separated off by centr ifuging 
and the solution was evaporated. The res idue was chromatographed on s i l ica  gel in sys tem 5. The zone with Rf 
0.74-0.78 yielded 14 mg (12%) of the ini t ia l  glycosides (VI), and the zone with Rf 0 . 3 6 - 0 . 4 5 , 6 8 m g  (60%) of 
benzoyl isobutyrylo l ivomycose  (IV); mp 115-120 ° C (from hexane); [oz]~ +7.5 ° (c 0.7; chloroform). 

Found, %: C 64.5; H 7.3. Calculated for C1~H2406, %: C 64 .3 ;H 7.2. 

The same sugar  was obtained by the benzoylat ion of the methyl 4- isobutyrylol ivomycosides  (VII) with benzoyl 
chloride in pyr idine (7 hr at 75 ° C) with subsequent  H2SO ~ hydrolysis  under the conditions descr ibed above. Yield 35%. 

6. Methyl ~ -3-benzoylo l ivomos ide  ((~-X). 96 mg of the mixture  of anomer ic  glycosides X obtained in Exper iment  
4were  ehromatographedon A1203 in system 3. This gave 70 mg (73%) of the methyl o -g lycos ide  (o-X), Rf 0.42; mp 
93-94  ° C (from methanol); [~]~ +125 ° (c 0.9; chloroform). 
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The same glycoside was obtained by the benzoylat ion of methyl  ~ -o l i vom os ide  (a-IX) [3] by BzC1 + Py (48 hr  at 

20 ° C). Yield 89%. 

7. Methyl o~-4-benzoylolivoside (~.-XIV). The substance isolated in Exper iment  4 had mp 60-61 ° C (from hexane); 
[o~]~ +139 ° (c 1; chloroform).  Vma x, cm- i :  707, 1724, 3380. 

Found, %: C 63.5; H 6.9. Calculated for  C14H1805, %: C 63.2; H 6.8. 

8. 4- t~enzoylol ivose (XIII). 87 mg of the mix ture  of g lycosides  XIV obtained in Exper iment  4 was hydrolyzed with 
a 0.2 N aqueous dioxane solution of H2SO 4 (4 hr  at 75 ° C), t r ea ted  as in Exper iment  5, and chromatographed on s i l i ca  
gel in syster~] 3. F r o m  the zone with Rf 0.40-0.50 was isolated 70 mg (85%) of 4-benzoylol ivose  (XIII); [~]~ +34 ° (e 1; 
chloroform);  ~max, cm-l :  707, 1712, 3370. The substance is s table to the action of NaIO 4 at 20 ° C. 

Found, %: C 61.0; H 6.8. Calculated for  Ci3H1605, %: C 61.5; H 6.4. 

9. Hydrolys is  of 4 -benzoylo l ivose  (XIII). A solution of 50 mg of benzoylol ivose (XIII) in 4 ml of a 0.4 N solution 
of NaOH in 75% ethanol was left  at 20 ° C fo r  4 hr  and was then neutra l ized with CO 2 and the ethanol was evaporated off. 
The res idue  was continuously extracted with e ther  (15 hr) and the substance ext rac ted  was ehromatographed on s i l i ca  
gel in the ch lo ro fo rm-e thano l  (3 : 1) sys tem.  The zone with Rf 0.35-0.40 yielded 25 mg (84%) of o l ivose  (XI), which was 
shown to be identical  with a sample  of the sugar  obtained by the hydrolys is  of o l ivomycin  A [3]. 

10. Acidity of the bora te  complex of o l ivomyctn A. A 0.18 M solution of H3BO 3 in 30% aqueous ethanol has pH 
5.55; when ol ivomycin  A was d issolved in it to a concentrat ion of 0.009 M, the pH fel l  to 3.05. 

11. 3',  4 ' - I sopropy l ideneo l ivomycin  A. A solution of 120 mg of o l ivomycin A in 6 ml of acetone was t rea ted  with 
2.7 g of CuSO 4 and the mix tu re  was s t i r r e d  at 50 ° C fo r  14 hr. Then i t  was f i l tered,  the f i l t ra te  was evaporated,  and 
the res idue  was chromatographed on s i l i ca  gel in sys tem 3. This gave 15 mg (12%) of the isopropyl idene der iva t ive ,  
[~]~ -13  ° (c 0.2; ethanol). The substance obtained was kept in a buffered 0.02 N aqueous ethanolic solution of NaIO 4 
(pH 6.9) at 20 ° C for  10 hr,  af ter  which it was ext rac ted  with ethyl acetate  and hydrolyzed with 50% acet ic  acid (5 hr  
at 75 ° C). The hydrolysate  contained olivin (Rf 0.70 on s i l i ca  gel in sys tem 1) and its carbohydra te  composi t ion was 
the same as that of o l ivomycin  A. 

12. Pe r ioda te  oxidation of o l ivomyein  A. At 0 ° C, 125 ml of 0.02 N NaIO 4 solution was added to a solution of 
150 mg of ot ivomycin A in 20 ml  of methanol,  and the mix tu re  Was kept at 0 ° C in the dark fo r  40 rain and was 
separa ted  irate three  par ts .  One par t  was acidified with dil H3PO 4 to pH 3 and was evaporated at 50 ° C/40 mm,  and 
the f o r m i c  acid in the d is t i l la te  was de te rmined  by the calomel  method [8]; found: 79% (in a control  exper iment ,  70%). 
To the second pa r t  was added an excess  of 0.1 N Na3AsO 3, the solution was evaporated at 15 ° C/40 mm, and the 
acetaldehyde in the d is t i l l a te  was de te rmined  in the fo rm of the 2, 4-dini t rophenylhydrazone;  found: 86% (in a control  
exper iment ,  87%}. The third par t  was acidif ied with dil H2SO a to pH 3 and ext rac ted  with ethyl acetate,  and the 
ex t rac t  was t rea ted  in the usual way and evaporated.  The o l ivomycinic  acid (XX) obtained was hydrolyzed by being 
heated with 50% acet ic  acid at 75 ° C for  3 hr. In the hydrolysate  the 4 - i sobu ty lo l ivomycose  (III), o l ivomose  (VII), 
o l ivose  (X1). and 3 -ace ty lo l iose  (XVI) were  de te rmined  by the method descr ibed  prev ious ly  [3] and w e r e  shown to be 
in a rat io of approximate ly  1 : 1 : 2 : 1. The hydrolysate  was diluted with sa turated NaC1 solution and ext rac ted  with 
ethyl acetate.  The solvent was dis t i l led  off and the res idue  was chromatographed in sys tem 3. The zone with Rf 
0.23-0.30 yielded ol ivinic  acid (II) (yield 56%), which was identical with a sample  obtained by the per iodate  oxi-dation 
of o l iv in  (I) [9]. 

C ONC L U S I O N S  

It has been shown that the f ive monosacchar ide  res idues  fo rming  the carbohydrate  moiety  of the antibiotic 
o l ivomycin  A fo rm two unbranched chains attached to the hydroxyls in posi t ions 2 and 6 of the aglycone and 
te rmina ted  by i sobutyry lo l ivomycose  and ol ivomose.  
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