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Of the group of ant i tumoraI  antibiotics,  the f i r s t  of which has been assumed to be aureol ic  acid [2], only two 
antibiot ics ,  o l ivomycin  [3] and chromomycin  [4], have been well studied and a re  used in oncologic p r ac t i c e  at the 
p re sen t  t ime. They have been studied in detai l  chemical ly ,  as a resu l t  of which the individual o l ivomycins  A, B, C, 
and D and chromomyeins  A2, A3, and A t have been isolated,  and thei r  s t ruc tura l  and spatial  fo rmulas  have been 
elucidated complete ly  [5-7].  In spi te  of the fact  that they a re  l ikewise of cons iderab le  in teres t ,  the other  antibiot ics  
of this group have hitherto remained  l i t t le  studied chemical ly .  Consequently,  developing our invest igat ions  in the 
field of o l ivomyein  and re la ted  compounds, we have studied two other  antibiotics of this group, namely  aburamycin  
[8] and NSC A-649 [9]. The p repara t ion  of the aburamyein and the antibiotic NSC A-649 was ca r r i ed  out by the normal  
aerobic  fe rmenta t ion  of the p r e v i o u s l y - d e s c r i b e d  producing agents, Str__eptomyces aburav iens i s  and St rep tomyces  
NSC A-649 [8, 9]. At the end of f e rmenta t ion ,  the cul ture liquid was f reed f rom myce l ium and acidif ied with dilute 
HC1 to pH 3-3 .5 ,  and the antibiotics were  ext rac ted  with ethyl acetate;  the ex t rac t s  w e r e  dr ied with Na2SO a and 
evaporated,  and the r e s idues  were  carefu l ly  washed with pe t ro leum ether.  Liquid p repara t ions  of the antibiotics 
obtained in this way were  subjected to p r epa ra t i ve  th in - layer  chromatography on s i l i ca  gel of the grade "vodnaya 
k r e m n e v a y a  kis lo ta"  [aqueous s i l i c ic  acid] type in tile benzene -ace tone  (1 : 1) sys tem.  It was found that aburamycin  
and antibiotic NSC A-649 each consis ted  of a mix tu re  of four substances,  and in each case  these w e r e  denoted by the 
l e t t e r s  A, B, C, and D. Components A (60-70%) and B (20-30%) substant ial ly predominated,  so that aburamycins  
C and D could be obtained only in smal l  amounts,  and the antibiotics NSC A-649 C and D were  hardly  avai lable  for  study. 

The individual aburamycins  and NSC A-649s that we isolated are  optical ly act ive substances;  they posses s  
feebly aeidic p r o p e r t i e s  and have UV and IR spec t ra  c h a r a c t e r i s t i c  for  the ant ibiot ics  of the aureo l ic  acid group. 
Under the action of acet ic  anhydride in pyr id ine  (72 hr at 20" C) each of them fo rmed  a mix ture  of two aceta tes  (in 
a ra t io  of approximate ly  4 : 3) possess ing  s i m i l a r  UV absorpt ions,  the main acetylat ion product  being a ch ro -  
matographica l ly  l e s s  mobi le  aceta te  re ta ining in the IR spec t rum the band of a hydroxyl  group at about 3500 era -~. 
An exception is fo rmed  by aburamycin  D which, under these conditions, fo rmed  predominant ly  the product  of 
exhaust ive acetylat ion containing no f r e e  hydroxyls .  All these  antibiotics exhibit a high act ivi ty against  g r a m - p o s i t i v e  
bac te r ia ,  and the i r  aceta tes  a re  comple te ly  inactive.  Information on the ant ibac ter ia l  p rope r t i e s  and the main  
phys icoehemica l  constants  of these substances  a r e  given in Tables 1 and 2, where  they a re  compared  with the 
cor responding  c h a r a c t e r i s t i c s  of the o l ivomycins  and chromomycins .  In r e spec t  of the [c~] values given in Table  2, it 
mus t  be mentioned that the optical  act ivi ty of the antibiotics of this group depends s t rongly on many fac to r s  (in 
pa r t i cu la r ,  on the adsorbent  used in thei r  isolation) and the re fo re  the [c~] values of the aceta tes  fo rm m o r e  r e l i ab le  
c h a r a c t e r i s t i c s .  

As can be seen f rom Table 1 and 2, the NSC A-649 antibiotics and the aburamycins  have p rope r t i e s  s c a r c e l y  
dis t inguishable  f r o m  those of the cor responding  ol ivomycins  and chromomycins .  F r o m  these resu l t s  it was poss ib le  
to assume that they a re  actually identical  with one another,  but this assumption requ i red  fu r the r  conf i rmat ion,  at 
least  in r e spec t  of the NSC A-649 antibiotics,  s ince other  workers  have prev ious ly  found a d i f fe rence  between 
o l ivomycin  and the total NSC A-649 prepara t ion  in paper  chromatography and have concluded that these antibiot ics  
a r e  not identical  [10]. Consequently,  for  a def ini t ive proof we undertook the acid dehydration of all the components of 

NSC A-649 and of aburamyein that we had isolated.  

It was found that, l ike the o l ivomycins  and chromomycins ,  each of the NSC A-649 antibiotics and the aburamycins  
is readi ly  decomposed by the action of acids,  fo rming  a mix tu re  of sugars  and an aglyeone containing all  the 
chromophor ic  sys tem of the ini t ial  antibiotic.  On comple te  hydrolys is  by heating with 50% acet ic  acid (4 h r  at 75 ° C), 

*For  par t  XV, see [1]. 
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Table 1. Antibacterial  Activity of the NSC A-649 
Antibiotics, the Olivomycins, the Aburamycins and 

the Chromomycins 

Ant ib io t ic  

NSC A--649 A 
B 

Olivomycin A 
B 
C 
D 

Aburamyc in  A 
B 
C 
D 

Ch . . . . .  ycin A~ 
A~ 

St.  aureus 

Minimum concen t ra t ion  suppressing* 
Sarcina 

lutea  

0,01 
0.01 

0.01 
0.03 
0.2 
0,5 

0.02 
0.02 
0.1 
0.5 

0.01 
0.01 

B. 
mycoides  

0.1 
0.2 

0. l  
0.2 
o.~ 

0,01 
0.02 
0.2 
1 

0.01 
0.02 

0.01 
0.03 

0.01 
0.02 
0.2 
0,5 

0.01 
0.01 
0.1 
0.5 

0.01 
0.02 

0.01 
0.02 

0.02 
0.02 
0.2 
0.5 

0.02 
0.02 
0.1 
1 

0.01 
0.01 

B. subtil is 

1000 
400 

1000 
500 
150 
20 

900 
1100 
800 
100 

1000 
1000 

*The figures given in the last co lumn were found  by the agar diffusion me thod  
and are expressed in o l ivomycin  uni ts  (act ivi ty  o f  1 ~g o f  o l ivomycin  A taken  as 
the unit  of  act ivi ty) ;  the  remaining figures were  obta ined by the  serial d i lut ion 
method  and are expressed in /ag/ml .  

Table 2. Phys i cochemica l  Proper t i e s  of the NSC A-649 Antibiotics,  the Ol ivomycins ,  the Aburarnycins, and 
the Chromomycins  

Ant ib io t ic  

NSC A--6~i9 A 

B 

Olivomyci~ A 

B 

Aburamyc in  A 

B 

C 

D 

Chromomye in  A2 

-, i [.]D 
%A I(EtOH ) 

1.00 

0.89 

1,00 

0.S9 

1.0;i 

0.93 

0.80 

0.69 

1.03 

0,93 

Constants  o f  the ant ib io t ic  

j E t O H  m# (lg ~) 
max 

28 

- 3 t  

-35 

--26 

--48 

-- t6 

--17 

--17 

--46 
--61 
--47 
--57, 
--47 

227, 279, 317, 332, 407 
(4.35; 4.68; 3.69; 3.46; 4.14) 
222, 279, 317, 332, 407 
(4.35; 4.65; 3.80; 3.66; 4.05) 

227, 277, 318, 333, 408 
(4.33; 4.7~; 3.78; 3.68; 4.16) 
227, 278, 318. 332, 405 
(4.27; 4.68; 3.72; 3.69; 4.15) 

228, 281. 317, 332, 412 
(4.45; 4.74; 3.94; 3.79; 4.08) 
226, 282, 318, 331, 415 
(4.35; 4.6I; 3.86; 3.67! 3.95) 
228, 282, 318, 331, 415 
(4.32; 4.60; 3.87;o3.71 ; 3.94) 
228, 282, 318, 3ol, 415 
(4.35; 4.55;'3.86; 3.69; 3.93) 

229, 279, 317, 331, 412 
24.22; 4.71; 3.90; 3.79; 3.93) 
30, 281, 804, 318, 3~0, 412 

(24.39; 4.72; 3.85;3.92; 3.84; 4.07) 
30, 279, 318, 3o2, 415 

(4.27; 4.67; 3.85; 3.77; 3.93) 

Constants  o f  the  aceta te  o f  the  ant ib io t ic  

Mp °C (mi- 
t72" ' I [~]D ~ E t 0 I I  rata (Ig e)~* 

cro, f rom CHCI max 
aoA E tOH)  :~ 

211--212 

167--16! 

212--2i~ 

167--16 ~, 

220--22~ 

-~11 --21,~ 

!19--221 

!234* 

l14v~: 

189--191 

--22 

-15 

--22 

--16 

-21 

--18 

-18 

+1 

-44 ~ 

-264, 

+4 

1 .00  

085 

1.00 

0.85 

1.05 

0.95 

1.05 

1.22 

1.05 

0.95 

222, 258i, 267, 330, 860i 
(4.45; 4.67; 4,81; 4.05; 3.69) 
222, 250i, 258i, 267, 329, 360i 
(4.50; 4,54; 4.69; 4.81; 4.02; 3.77) 

223, 249i, 258i, 267, 330, 360i 
(4.47; 4.47; 4.62; 4.75; 3.99; 3.63) 
223, 249i, 258i, 267, 330, 360i 
(4.44; 4.45; 4.61; 4.74; 3.92; 3.71) 

223, 250i, 259i,267, 320i, 329, 360i 
(4.49; 4.52; 4.69; 4.82; 4.01; 4.06; 3.57 
223, 259i, 267, 320i, 329, 360i 
(4.47; 4.71; 4.82; 4.02; 4.06; 3.78) 
223, 250i, 258i, 257~ 320i, 328, 360i 
(4.46; 4.50 4.63; 4.75; 4.01; 4.02; 3.6t) 
223, 250i, 268i, 267, 320i, 328, 360i 
(4.39; 4.45; 4.59; 4.72; 3.96; 3.97; 3.59) 

267, 315, 328 
(4,81; 4.00; 4.03)4* 
267, 329 
(4.82; 4.05)~* 
224, 266, 318, 328 
(4.47; 4.79; 3.98; 4.02) 

*Ratio of  the R f  value to  the  R f  value o f  o l ivomycin  A on silica gel in the  benzene-ace tone  (1 : 1) system 
2*Ratio e l  the R f  value to the  R f  value of  the  acetate  o f  o l ivomycin  A on silica gel in the  benzene-ace tone  (5 : 1) system 
3* 0 Inflecl:ion. 
4*According to the l i tera ture  [ 14 ] .  
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T a b l e  3. P h y s i c o c h e m i c a l  P r o p e r t i e s  of  t h e  A g l y c o n e s  of t h e  NSC A - 6 4 9  A n t i b i o t i c s ,  of  t he  O l i v o m y c i n s ,  o f  t h e  
A b u r a m y c i n s ,  and  t h e  C h r o m o l n y c i n s  

Substance 

Aglycone of NSC A-649 

Aglycone of the olivomycins 
(olivin, I) 

Agiycone of the aburamycins 

Aglycone of the chromomy- 
cins (chromomycinone, XI) 

Acetate of the aglyconc of 
NSC A-649 

Hexaacetate of olivin 

Acetate of the agiycone of 
the aburamycins 

Hexaacetate of chromo- 
mycinone s 

I~*(ao) 
E 

1.00 I80--18! I +66 
(from McCN) I 

1.00 182--183 I +60 
(from MeCN) 

1.07 175--- 77 i +77 
(from AcOH) I 

1,0 ~ t76---178 +77 
(from AcOH) 

i ,00 I%-200 --9 
(from EtOH) 

1.00 197--199 - 7 
(from EtOH) 

1.05 178--180 --14 
(from EtOH) 

- t 8 4  - -  

(from MeOH) I 

Mp, °C 589 [~] (c~* 1) 
(micro) m# ]578 m~ ]8~i6 m~ 

+73 

+67 

:80 

+8l 

--10 

--8 

--15 

J-99 

+99 

+ l f f  

--12 

--9 

--17 

k EtOH mlz (lg e) 3. 
max ' 

229, 276, 324. 340, 408 
(4.25; 4.58; 3,63; 3.51; 4.08) 

2;]0, 276. 324, 340, 408 
(4.27; 4.55; 3.64; 3.56; 4.03) 

2;32, 28:, 326, 340, 415 
(4.43; 4.68; 3.87; 3.84; 4.06) 

232, 282, 326, 340, 415 
(4.42; 4.69; 3,83; 3.76; 4.09) 

25Ii, 259, 3051, 316i, 360i 
(4.71; 4.83; 3.88; 3.83; 3.58) 

25Ii, 260, 304i., 315i, 360i 
(4.64; 4.74; 3.88; 3.77; 3.58) 

251i, 259, 302i, 316i, 364i 
(4.71; 4.86; 3.89; 3.72; 3.53) 

260, 302, 364 
(4.80; 3,87; 3.46) 

Empirical 
formula 

C2oH2aO9 

QoH2209 

2CHaCOOH 
C~ H2~O9" 

2CHaCOOH 

Ca2H3~OI~ 

Ca~Ha~O~ 

CaaHa,30 ~:, 

CaaHa60~ 

Found (calculated) 

C, % H, % M a* 

58.8 .5.7 406 
(59,) (5.5) (406) 
58.8 5.6 406 
(59.1) " (406) 
55.9 (5. ~)420 
(55.6). Go), (42o  
55.45 420 
(55.6) (6.0) (420) 

58.2 5.4 658 
( sf) (5.2) (&8) 

5.2 
(%82) (5.2) (558) 

5.3 (572 
(5598..19) (5.4) (672) 

5.4 
(58.9) (5.4) (672) 

*R0) ratio of the Rf  value of the aglycone to the R/value of olivin on silica gel in the benzene-acetone (3 : 2) system, Ra0 ) ratio of the Rf  value of the acetate of 
olivin on silica gel in the benzene-acetone (3 : 1) system. 

2*For the aglycones, in alcohol, for the acetates, in chloroform. 
3"i) Inflection. 
a'Determined by mass spectrometry 
5*According to the literature [ 12 ]. 
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all the NSC A-649 antibiotics gave the same aglycone with mol. wt. 406, while all the aburamycins  fo rmed  another 
aglycone with mol. wt. 420. The two aglycones are  ve ry  s i m i l a r  in their  spec t ra l  cha rac t e r i s t i c s ,  the second of them 
possess ing  UV absorpt ion of somewhat longer  wavelengths and, judging f rom its mass  spect rum,  being a h igher  
homolog of the f i r s t .  A detai led study of these  substances led to the conclusion that the NSC A-649 antibiotics have as 
thei r  aglycor_~e the olivin (I) p rev ious ly  isolated f rom the o l ivomycins  [11], while the aglycone of the aburamycins  
cons is t s  of chromomycinone  (II), which is also the aglycone of the chromomycin  [12]. A d i rec t  compar i son  of the 
p r o p e r t i e s  of the cor responding  aglycones and their  acetates  (Table 3) conf i rmed the c o r r e c t n e s s  of this conclusion. 

The carbohydra te  composit ion of the antibiotics studied was elucidated by the same  method as we have used 
p rev ious ly  in de termining  the s t ruc tu re  of the ol ivomycins  and chromomycins  [5, 13]. With this aim, the reac t ion  
solutions af ter  the acet ic  acid hydrolys is  of the antibiotics descr ibed  above were  chromatographed on Whatman No. 2 
paper  in the b u t a n o l - e t h a n o l - w a t e r  (4 : 1 : 5) sys tem.  In the qual i ta t ive de te rmina t ion  of the sugars ,  the reagent  fo r  
revea l ing  the spots was a 1% solution of SbC13 in chloroform.  F o r  quanti tat ive analysis ,  the ch romatograms  w e r e  
t rea ted  with a mix tu re  of equal volumes of 4% ethanolic t r iphenyl te t razo l ium chlor ide and 1 N methanolic  NaOH, 
and w e r e  then dr ied  at 65 ° C fo r  1 hr. The spots were  cut out, the t r iphenyl formazan which they contained was eluted 
with a mix ture  of ethanol and acet ic  acid (10 : 1), and it was de termined  in the eluate f rom the optical density of the 
solution at 430 rn#. The fo rmulas  of the sugars  detected,  III-VIII ,  a re  given below 

OMe OH H O ~ O H  

OH OH 0 
T R=H 

H R =-Me 

Me Me Me 

: ! ~ O H  ~O~__~OH ~IoOH~OR H'OoR~OH 
OH 
ill R=iPeC0 V i t] Vll R=Ac 
.~,' R=Ac VIH R=H 

and the resu l t s  of the quanti tat ive de terminat ion  of the carbohydrates  a re  given in Table 4. It can be seen f rom this 
table that in r e spec t  of thei r  carbohydra te  composi t ion the NSC A-649 antibiotics and the aburamycins  a re  complete ly  
ident ical  with the analogous ol ivomyeins  and chromomycins .  

Table 4. Carbohydra te  Composi t ion of the NSC A-649 
Antibiotics,  the Olivomycins ,  the Aburamyeins ,  and the 

Chromomycins  

o livomycose Sugars found, m o l e / m o l e  
Ant ibiot ic  o l ivomose  olivose 

4--O2CPr t 5--OAe (V) 
[ (Ill) (IV) 

olivose 
(VI) 

NSC A--649 A 
B o 

olivomycin A 1 
B 0 
C 1 

aburamyein A 1 
B 0 
C 1 
D 0 

chromomycin A 1 
al o 
A' 0 

3--OAc 
(Vlh 

3-OH 
(VIII) 

*According to the literature [ 14]. 

The resu l t s  obtained, as a whole, defini t ively show the identity of aburamycins  A, B, and D with chromomyeins  
A 2, A 3, and A4, and of the NSC A-649 antibiotics A and t3 with o l ivomyeins  A and B. We also conf i rmed this 
conclusion by a d i r ec t  compar i son  of the phys icochemica l  and an t imicrobia l  p rope r t i e s  of the samples  of aburamycin  
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A and chromomycin  A2, aburamycin  B and chromomycin A3, NSC A-649 A and olivomycin A, and NSC A-649 B and 
ol ivomycin B that we had avai lable  and also by a comparison of the proper t ies  of aburamycin  D with those descr ibed  
in the l i t e ra tu re  for  chromomycin  A 4 [14]. So fa r  as concerns  aburamycin  C and the C and D components of the 
antibiotic NSC A-649, isolated in smal l  amounts,  the chromatographic proper t ies  of the two la t te r  substances  showed 
their  probable  identity with ol ivomycins C and D, and the resul t s  on the monomer  composit ion of aburamycin  C (and 
the coincidence of the p roper t i es  of its acetate with those of the acetate of aburamycin  A) permit ted  it to be assigned 
the s t ruc tu re  of the previous ly  unknown 7-methylol ivomycin C. The undoubted biogenetic relat ionship of all the 
antibiot ics of this group make any difference in the configuration of their  glycosidic bonds extremely unlikely. 

Thus, aburamycin  is a mix ture  of chromomycins  A2, A3, and A 4 and 7-methylol ivomycin C, and antibiotic NSC 
A-649 is a mix tu re  of ol ivomycins A, B, C, and D. 

The cul ture  of the producing agent of NSC A-649 and a sample of this antibiotic was kindly given to us by Dr. 
H. Sehmitz (Bristol Labora tor ies ,  Syracuse,  New York), a cul ture of the producing agent of aburamycin  by Dr. G. A. 
de Vr ies  (CBS, Baarn),  and by Dr. A. Tseino (Kaken Chemical  Co., Tokyo), a sample of aburamycin  by Prof. A. S. 
Khokhlov (Institute of the Chemis t ry  of Natural  Compounds, AS USSR, Moscow), and samples  of chromomycins  A 2 
and A 3 and chromomycinone  by Prof.  K. Nakanishi (Universi ty of Tohoku, Sendal) and by Dr. K. Morita  (Takeda 
Chemical Indust r ies ,  Osaka). 

C O N C L U S I O N S  

1. The antibiot ics NSC A-649 and aburamycin  have each been separated by adsorption chromatography on s i l ica  
gel into the individual components A, B, C, and D. 

2. By a de terminat ion  of the monomer ic  composit ion of these components and by a di rect  comparison of 
physicochemical  and an t imicrobia l  p roper t i es  it has been shown that the antibiotic NSC A-649 is a mixture  of 
ol ivomycins  A, B, C, and D, and aburamycin  is a mix ture  of chromomycins  A2, A3, and A 4 and 7-methylol ivomycin C. 
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